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CHAPTER 1
Prob. 1.1

LetD=ad+pB+C
=(5a-B+8)a, +(3a+4p+2)a, +(2a+6p)a,

D, =0—>5a¢—p+8=0 A
D,=0->2a+68=0>a=-3f )
- Substituting(2) into (1),
-15ﬁ—,6+8=0—>ﬂ=%
Thus
3 1
o =-— , = —
2 p 2
Prob. 1.2

(a) A-B=ABcosf,,
Ax B =ABsinf;a,
(4-BY +|AxBf' =(4B)’ (cos* 0, +sin” 6, ) = (AB)

(b)a, -(ayxaz)=ax -a, =1. Hence,

a,xa, _a, _
=T

a,-a,xa,

az X ax a.l’

Il
R

a,-a,xa,

a,xa,

a
B

a,-a,xa,

Prob. 1.3
AB —1+12+15 26
A =A~ = = = =6.9
@ A=At =T = rars 14—
B-A)A  26(-1,6,5
©) B, =(B-a)a, - |A|2) 1 +(36+25))

= —0.4193a, +2.516a, +2.097a,

(9]




-1 6 5
=8a,+8a,—8a,
1 3 g

A unit vector perpendicular to both A and B is
8a,+8a,—8a, a,+a,—a,

(c) AxB =

Qg = = =0.577a, +0:577a, —0.577a
AT g l+1+1 J3 y :
Prob. 1.4
-.|-(a)Usingthe fact that

(4xB)xC=(4-C)B-(B-C)4,
we get
Ax(AxB)=—(4x B)x A=(B-A)A-(4-A)B
(b) Ax(Ax(AxB))= Ax[(AxB)A-(AxA)B]
=(AB) (AxA)-(AlA) (AxB)
=-A?(AxB)

since AxA=0

Prob. 1.5

(@) 1y =1y — 1 = (2,-1,3)— (- 1,48) = (3,-5,-5)

rrg =|Trol =/9+25+25 =7.681
) 1o = g — p = (-1,23)— (-1,4,8) = (0,-2,-5) = - 24, - 5a,
(C) 1yp =~Tpy =—3a, +5a, +5a,

Fon = te— 1y =(-1,2,3)=(2,-1,3) = -3a, +3a,

Top T, 9+15 24

cos@ =L & = =
orllror] VO +25+259+9 /18459
0=42.5T

(d) Area = %‘rgp X rQR|

-3 55
-3 30

Area =—+/15* +152 +6% =11.02

1
5 11.02

Yop XTor = =-15a,—15a,+6a,




() Perimeter = QP + PR + RQ =| ryp |+ 7o |+ 752 |

=59 +4+25+/18
= 7.681+5.385+4.243
=17.31

A Pl'Ob.l.ﬁ

Let R be the midpoint of PQ.
| r =%{(2,4,—1)+(12,16,9)}=(7,10,4)

OR =49+100+16 =+/165 =12.845

JOR 125 psoms

v 300

Prob. 1.7
(a) Let P and Q be as shown below:

Y 0

0,

|P| = cos” 6, +sin” 6, =1,|0| = cos? 6, +sin’ 8, =1,

Hence P and Q are unit vectors.

(b) P-Q = (1)(1)cos(6,-6)
But P-Q = cos 6, cos 0, +sin 6, sin6,. Thus,
cos(8, —6,) = cos 6, cos b, +sin g sin G,

Let P, = P =cosb,a, +sinfa, and
0, =cosb,a, —sinb,a,.
P; and Q; are unit vectors as shown below:




Py
mez

X
) .
0;

P, -Q, = ()(D)cos(6, +6,)
But P, - Q, = cos6, cos@, —sin0, sin0,,
cos(8, +0,) = cos, cosd, —sinb, sinb,

Alternatively, we can obtain this formula from the previous one by replacing
0, by -6, in Q.
(c)

1 1
5|P_ Ol= El(cose,— cosf ,)a, + (sinb , - sinb ,)a,

1 , , —
= 5,/cosze,+ sin’®, + cos’ 0, + sin’ 6, — 2cosb , cosB , - 2sinb ; sinb,

1 1
= ~2—\/2— 2(cosb , cosb , + sinf , sinf ,) = ~2—\/2— 2cos(8,-90,)
Let 0,-0,=0,the angle between P and Q.

I I ‘
'Z‘IP— o= 5\/2— 2'cosh

But cos 2A =1 —2 sin 2A.

i i
1P~ 0l -2—J2— 2+ 4sin?0 /2 = sinb /2

Thus,

1 0,-6
S1P= Q=lsin=* 5|




Prob. 1.8

w(l,~2,2 | -
) _(’5—2 = (1,-2,2), r=r,—1, =138~ (2-3) = (-163)

|t -2 2
U=wWXr= o 4=(-18,-5,4)

u=-18a, ~5a, +4a,

Prob.1.9

(a) H(1,3,-2)=6a +a, +4a,
. - (6,1,4)
J36+1+16
(b) | H [=10 = [4x>y? +(x+2)* +2*
or

=0.8242a_+0.1374a, +0.54%4a,

100 = 4x*y + x> +2xz +2° +z*

Prob. 1.10
(a) At (1,2,3), E=(2,1,6)

|E| =4 +1+36 = /41 = 6.403
(b) At (1,2,3), F = (2,-4,6)

_(E-F)F F)F

=1.286a, — 2.571ay +3.857a,

E,.=(E-ag)a, —(2 —4,6)

(c) At (0,1,-3), E=(0,1,-3), F = (0,-1,0)

0 1

ExF _
|E x F|

ExF = = (-3,0,0)

H

ap.p == a,




CHAPTER 2

Prob. 2.1
(@)
C ,,nx;:-..-pcos¢’ ..»y~=;‘fp,sin¢,

V = pzcosg- p’ singcosg+ pzsing

(b)
U=x2+y2+zz+y2+222
= r? + 7% sin® Osin® ¢ +2r” cos’ 0
=r*[1+sin® @sin’ ¢ + 2 cos’ G]
Prob. 2.2 (a)
r 7
x
2+ 2
F, cos¢g sing O p Tz
F, | =|—sing cosg O ——ZL——Z—
F 0 0 1||VP*?
__4
P +2 ]

1 . Yo
F =-——[pcos’ ¢+ psin’ §] = ——;
PP+ Jp*+2
1
F, = ————[-pcosgsing + pcosgsing] = 0;
¢ /p2+22
Fo=2
: /,02 g ’

F=—-—1—(p6—1p+4(—1:).
'p2+22

In Spherical:




x|

F sinfcos¢ sinfsing cosd | | ”

F,| = |cosOcos¢ cosOsing —sinf 4

. r

Fy —sing cos¢@ 0 4

L7

| F =Lsin*0cos®  +sin’ Osin® ¢ + Yeosh = sintO+2oos,
r r r r

F, =sin@cosOcos’ ¢ + sinfcos Osin’ ¢ — isin@ = sinfcosO— isintﬁ?;

r
F, =—sinfcosgsing + sin@singcos g = 0,

o F = (sin’ 9+foose)£z, + sine(oose—f)&g.
r r

(b)

xp’
. Npt+2
G, cosg sing O ,
: yp
G, | =|-sing cosg 0| |—F———
¢ 2 2
G. 0 0 1||VP*?
zp’
RS
G, =——i—[,0cosz¢+psin2 4] = .
Jpi+2 Ptz
G, =0
G -2
p2+zz
— p2 - -
G = (pap+za:).
p2+22
Spherical :

2

G=p—(xax +ya,+za,)=
r r

r2sin® @

r

22
ra, =r"sin" Oa,




Prob. 2.3 (a) |
cosf -sing 0| |p(z’+1)

Ax
A, | = |sing cosp O} |-pz cos(

A= p(z° + Icosg + pzsing cosd
X zZXy
- D A D)
ey R
Z

Xy
_ x(ZZ_i_])_‘_'—"\/_Z:—“_Z—.
Xty

Ay = p(z?'+])sin o - pchSZ(l)

— x2+y2 (ZZ+]) B -
x°+y’ x4y’
2
z




(b)
B, sinfcosg  cos@cosg —sing 2x
B, |=|sin@sing cos@sing cos¢ | {rcosfcosg
B, cosf —sin@ 0 —rsing

| ‘B, =2xsin@cosg+rcos’ @ cos’ g+rsin’ ¢
B 2)czv\/‘x2+y2 Jx +y +z28 X2 ) T (
IRV I X+ Ytz x + Y
\ﬁc +y \/; +y* 42 y* v
_ 2x* N X'z’ . Yy
N+ 4z (xz+y2)\/;2+y2—l-z2 x'+y ’
_ . . 2 . .
B, = 2xsin@sing + rcos Osingcos¢ — rsingcosy
_ ny\sz_'_yz \]x +y +2° (xyz) 2 2, 2 Xy
= e— X +y 4zt (5)
\/;+y\/;+y+z (x+y+z)(x+y) X +y
B 2xy N xyz’ B A+ Y+
NEE e (X + Y )X +y +2° Jxt+y? ’
B. = 2xcos@—rsin@cosé cos¢
2xz i +yr+z° (xz)«/x2+y2

\/;2+y2+z2 (x> +y* +2%) \/xz-l-y2

2xz

B Xz Xz
= _ _ :
\/x2+y2+z2 \/F+y2+z2 X+ yr+ 2

| 2x° N X’z N yzm]c—z N
e Gz ear

[ 2xy + xyz* B xy«/x2 +y° +2° ]c_z

Foyer Galerris | 2R

[—xf—TTT?]“

~B
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Prob. 2.4 (a)

a,sa,=(cospa, - singag)ea, = cos¢

assay = (cospa, - singag)ea, = - sing

Zly? &.p = (Sin‘(é&-p + COS¢&,¢,)' E’p. - sing

a,e ay = (singa, + singag)eay = cosg

(b)

In spherical system:
a, = sinf cosf a, + cosh cosd ae - sing ay.
a, = sinf sing a, + cosd sin¢ as - cosd ay.

a, = cosba, - sinb ae.

Hence,
axe a, = sinf coso;

a,® ag = cosd cosf;

a, a, = sinf sin¢;

a,e ay = cos sin;
a,sa, = cosb;

a,e ag = - sinf;

Prob 2.5 (a)
r= oty ezt = pt+

TE g
z

0= tan
or

p= x>+ y? = [r?sin® Ocos’ g+ r* sin’ Osin’ 4.
= rsind,

z = rcosb ¢

4.
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(b) From the figures below,

a

ar

sinfa,
coséa,

cosf a,

'sin@(-a,)

-aZ

ar =sinfa, + coséaz;

Hence,

ar

| =

o

sin@ 0 cosé Ao
cosd 0 -siné||aq,

0 0 -
a;

v

From the figures below,

cosbBa,

sinfa,

ar

A\ 4

Qs =cosfq, —sinfda, Qs =ay.

a, = CosOds + siNOQar; a;=Ccos@a,—siN@s; Ay =0y.

\4

\ 4
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ap sind cosd O a
as| =| 0 0 1| |as

a cosf -sind 0] | g

Prob 2.6

(@) d=+(6-2)+(-1-1)*+(2-5)*= 29 = 5385

d>=3+5 -203)(5) cosz+ (-1-5)* =100

b
® 4 i =10

©
o? =10+ 5° —2(10)(5)cos%cos%—2(10)(5)sin%sin%cos(7§——37”)

=125—100(cos%cos%—sin%sin%) =125-100c0s75° = 99.12
d=+/99.12 =9.956.

Prob. 2.7

(@ AeB=(52,-1¢(1,-3,4)=-5

5 2 -l
b) AxB= =5a,-2la,-17a
®) ‘1 -3 4, r__ ! :
(c) c:osé?AB=A.B - =-0.179 —— 6,,=1003"

AB  J25+4+11+9+16

AxB  (5-21-17) _(5-21-17)

a, = = =
) | AXB| /52 4+ 21 +172 J755

~0.182a, ~0.7643a, - 0.6187a,

(AeB)B _-5B
L/

(e) Ay=(Aeq;)a, = 2%

=-0.1923a, +0.576%9a, - 0.7692a,’
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Prob.2.8
At P(0,2,-5), 0 = 90°;

B, cosd) - sin¢ B,
B, | = smd) cos¢ B,
| B | B

N

0
0
1

(a) A+ B = (2,4,10)+ (-1,-5,-3)

0 0
= |1 0
10 1

B=-a.,-5a,-3a,

= ay-ay+7a..

(b) cosd,, _AeB_ 52

AB V4200

=52
= 143.36°.
\/4200)

e = COS” |

- 52
(C) AB: Ae adp = = - \/E = -8.789.

Prob. 2;9
(Cl) AfT,x= —'3,)/ =4,7= ],p - 5,COS¢ = _%

A =0a,— 5(1)( %) G+ 25(1) G

=3a4+250;

. 5 ]
r=x/ﬁ, §in=—— C0S0 =——
J26, J26

B= 26(——53—)6:r+ 2J26] 7%

=-15.60,+100y
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(b) In cylindrical coordinates,
B sin@ cos® 0} |-15.6

P

B,|=| O 0 ] 0
B cosé -sing O 10

z

|'B, = ~15.65in0 = =15:6(—==) =~15.3
. o

B, =10, B, =-15.6 cosg=-3.057

B(p.¢.z) =(-15.3,10,-3.059)
1 _(30-76.485)(-15.3,10,— 3.059)

Ao = (Aeds)ds = (AeBIB— o

B

=2.071a,-1.3540,+0.4141a;.

(¢) In spherical coordinates,

A, sinf 0 cosb || 0

Ay |=|cos® 0 -sinb| 3
A4, 0 1 0 25

A = 25C050 =22 = 4903

J26
5

A = 255N = —25(—2_) = —24.51
0 (\/%)
A, =3
& 4, g,
AxB= 4903 —2451 3| = —245.1a —95.83a, - 382.43q,
156 0 10
e = 2B 410.508G,-0.2064G5 + 0.82383.

464.23
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Prob. 2.10
(@ J,=(Jea:)a:.

=—ae.

At(2, /2, 37/2), a. =cos@a,—sinfas =

J. =—cos20singas = —coswsin(37/2)as =—as.

b)) Js= tan%lnr@ = tan"%'lnza,, =In2as=0.6931a,.

(¢) Ji=J-J, =J-J =—as+In2ay=—-as+0.6931ay .

(d) Jp=(Jeas)ax
a, = sinf cos} a,+ cosd cosd ao- sind ay = a,.

At (2, n/2, 3n/2),

:]p= 11’126—14,.
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CHAPTER 3
Prob. 3.1
(2)
dl= pdg; p=3
3
L=fd = 3[ap= 3(— —)— = 2356
i
(b)
dl = rsin6dg, r=1 68=30;
% T
L=[dl =rsing [ dp = (Msin30°[(5)-0] = 05236,
) 40
©
dl= rd0
3
L=jd1=rj (———)_—= 189
S
Prob.3.2
0 1
Hedl = [(x-y)d + [ 5yzd
I * x;[l(x Y) xy=0,z=0 FJ; yzzx=0,y=0
+ |(x* + zy)dy + 5yzd.
Jos* +andy = 0,2=1-y/2
0 2 yz 0
= [xdx+ |(y —Z)dy + |(102-10z%)dz
e fo=pe ]
=-1.5
Prob. 3.3

0 0 0
(a) Ved —5;(2xy)+5;(x2)+5(—y) =2y

IV o Adv = HIZ ydxdydz = Z?dx z'[ydy 2J.afz
o 0 0

=2(2)y—22(2)(2)=4(4—0)=1_§
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(b) VeA=2y=2psing
[veddv= [[[2psingpd pdpdz = 2sjp?dp2f,sin $do dez: 0
0 0 0

since-integrating sin‘¢-over 0 <¢:<2m is 0.

l(c) VeA=2y=2rsinfsing

4 2r T
[vedav= [[[2r sin 6sin ¢r* sin 0d6dgdr =2 [rdr [singdg [sin*d0=0
0 0

0

Prob. 3.4
(a)
_ ou-. dU- dU-
VU= Eax"}' an‘}' '?&—az
= 47° a.+ 3za,+ (8xz+ 3y)a;
(b)

vW:é—VZ&p.*__l__&_Vl/_&‘ﬁ_i_ﬂV_&_
ap p P oz

=2(z> +1)cosga,—2(z* +1)singas+4pzcosda:

(c)
vg=2H; Lo, Lo,
or r 99 rsin@ op
=2rcos€c0s¢£1,-—rsin@cosgéc_ze—rcotesingbc_w
Prob. 3.5

We convert A to cylindrical coordinates; only the p-component is needed.
A, =A. cosg+A, sing= 2xcos¢—z sing

But x=pcosd,
A,=2pcos’ §—z"sing

Y= IA-dS = ”Appd(édz = H[Zp2 cos’ ¢ — pz’ sin ¢]d¢dz
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(b)

(b)

/2

(1+cos2¢)d¢ l[arz -2 1jzzdz [ singdg

0

7l2

1
=2(2) | =
(2) (,Iz
/2 wl2
- =27-2/3=5.6165

0 O e . e ———

22 “cosg)
—_— —COS
310 '

=4(p+ % sin 2¢)

(x+ y+ z)dxdydz

D ey ™~
D e~

dy [dz= 35 D)

1
W
=
&
S e~

Ved=0. Hence, {A4dS=0

Prob. 3.7
a, a, a

(a) VxA= 9 2 2 =Z7d, —Xd,
ox oy oz
xy y? -xz

VXB = —]—2p225in¢cos¢ —Ojap +(2pz -2zsin* g)a, +l(2psin2 ¢ —0)a
P p
=4zsingcosg¢a, +2(pz —zsin’ g)a, +2sin’ ¢a,

= 2z5in2¢ cosga, +2z(p-sin® g)a, +2sin” ga,
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]
rsing

[—a— (rcos®@sin 6’] a - l[_@_ (r* cos? 9] a,
ryor

[fFedi=(] + [+[)Feal

1

00
2
©) -— [(2C0549)(—Siﬂ@)Sin9+cose(cos2 9)]ar_.cos 0
rsin@ o
3 )
_[cos’e 251n 0 cosb) o, ~2cos’ 6a,
sind
Prob. 3.8 +
1
1 2
3
0 | ,
(a)

Forl,y=x dy= dx,dl = dxa.+dya,,

JFchl= I x3dx—xa'x=-—l
1 0 4
For 2,y:—x+2,dy=—dx,c§l=dx&x+dy&y,
2
IFocil= '[(—x3 +2x° —x+2)dx=£
2 1
For 3,
_ _ 0
_[Foa’l= '[xzydx| =0
3 2 -
frear = -1+ Lo
7 4 12 _6

(2r)a,
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(b)

VXF:——Xzéz ; d§=dXdY(_aZ)

I(Vx FledS= - H(—xz)dxdy = 1J')]'x%:lydx + _[ _xr x2dydx

1 y=0

(c) Yes

Prob. 3.9

A

A 4

x=0,z=1

~ 34020+ 642 | | +300-2)+0=1

a, a, a
0 0 0

VXF = —  — |=(12xy -6yz)a, +...
ox oy @ or 12xy =éy2]

3y?z éx%y 9xz*

_[(VxF) -dS = H(l 2Xy — 6yz)dxdy’z _1 =1 22j'xdx lJ’ydy -6 ‘j‘ydyl]‘dx
N - 0 =

2

] —

=3x2

2
OY

2| (2)=34)(1-4)-601- 4) =18

jx YI ax + Jx y]'“ %l; + ?Xz(—X‘Jr 2)dx =
1

”0\|\I
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Prob.3.10

= r

" rsin6[(cos$—sin @) a.+(cos @ +sin @) a,]
rsin@

= r(cosg —sing)a.+r(cosg+sing)a,

| Q,v. | sinfcos¢ sindsing cos‘b Qx |
0,|= |cosOcosp cosfsing -sinf|| 0,
0, -sing cos¢ 0 0,
O = rsinfa, + rcosfas + ray
(@
dl= pdpay, p=rsin30°= 2(%)=1

z=rcos30°= \/3:

Q,=r-= NrETa

n

2
Joedi= [P +2 pdp=20)2n)= 4z
0
(b)
V x 0= cotba, - 2as+ cosb a,
For S,, dS=r’sin0dddja,

[(vx0)ed5s = [r*sin0cotodddp|
5 2z 30°
= 4Id¢ Icose do=4n

0 0
©
For S,, dS=rsin0dddrae

[(Vx0yed5=-2[rsin0dpdr|

S,

=30°

2 2m
- -2sin30 [ rdr [dp
0 0

=-A4n
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(e)

(d)
For S, dS=r?sinddgdoa;
L QedS=r° [sin2 9d9d¢| .
=8 Id¢ jsm 6de
«/—
_ 4nZ 3= 00767
[ 2 2.276/
For S,, dS=rsinddgdras
QedS = J‘r2 singcosddgdr|
s, 0=30°
48 5 ssn
3
®

%
YO ————(r sind) +

’
g—é,—é(smecos@ﬂ 0

= 2sinf+ cosOcotd

jV «QdV = j(25in9+ cosdcotf)r?sinddodgpdr

3

ré|2 %
= 0(27:) [(1+sin? 6)do
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CHAPTER 4

Prob 4.1

Q

1

(0]

Let r;, r; and r be the position vectors of Qi, Q2 and Qs respectively.

Given Q;=Q, Q. =3Q, dy+dy =2.

Any positive charge would not keep equilibrium. There must be brought a negative
charge Q3 and should be placed collinear with Q; and Q,. For Qs to be in equilibrium,

09, _ G0

4rg,dl 4w d)

d, o 1

d Vo, 3
d1r2 +d2r1 \/é:r2+@r1 _ r2+ 3r1

Therefore, I = = =

d, +d, JO, +0, 1+43

If Q2 is at equilibrium,
00, _ 00
4re, (d, +d,)’  Ame,d;
This gives,
0 - 24 _ & __0 _ 3
, = = = =
(dl +d2)2 (El_l_+l)2 (_1__+1)2 (1+\/§)2

d, NE)

, r,+43 1
The third negative charge must be : e

nd must be located at ——————
1+43
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Prob. 4.2

= J'PLle3’ R=-2a,, . 9 10 em
4re R 2 2rm

But a,=cosga,+singa,
Due to symmetry, contributions along y add up, while contributions along x cancel out.

P, : PL(2) P 0, o
E, =—"Lt _ |(-2sind)a 2dp =" (-1-1)2a,=——"—a =——F—a,
* 4me R’ ! ( Pa, 249 - 4ze,2’ 112, - Ame, ’  8n'g, 7 P = on
E. = QR — Q[(Oa 07 0)_(0’ —49 0) — Qa,v
° 4z R 47e,|(0,0,0)—(0,—4,0)[ 64z,
o, 0 O
E=E +FE,=— +—=—=0 —> =8 =L
RO 8ate,  64nme, o r
0=3197C _ 55 47ucC
jn AR
Prob. 4.3
(a)
Due to symmetry, E has only z — component given by
dE. =dEcosa
psdx dy

4rg, (x> +y* +h?) (x* +y* +hH)"?

”'[ fi[ dxdy
47Z80 = b(x2+y +h2 32

“ ! dxdy
5“ J(x +y? +h*)?

_ pshj' ydx T
0(x2+h2)(x2+y2+h2)”20

0

psh bdx
J‘(xz +h) (P +b+ R

By changing variables, we finally obtain

E,Z_Es—tan—l 2 azb 28172 _}‘_l:
T oms, h(a”+b" +h")

&y
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() 0= [p.dS=p,(2a)(2b)=107(4)(10) = 0.4 mC

-
E-—" tan 10 |4 =36x10*(0.0878 radians)a,
107 [10(4+25+100)
367r
=31.61a, kV/m
Prob 4.4

Let Q; belocated at the origin. “At the spherical surface of radius r,
=[|| DS = £E, (47
Or
_ 9

E = ~a, by Gauss's law
4rer

If a second charge Q; is placed on the spherical surface, Q: experiences a force

_ 90,
F=0E  Axer?

which is Coulomb’s law.

I‘

Prob. 4.5
oD
(a) pv=V0D=aD"’+ 'V+aD:=2yC/m3
ox Oy Oz
1
Y= |D-dS = ||x’dxd = |x*dx |dz=—
0 v oo e, e

(c) O= jpdv—”IZydxdydz-—ZIdeydyjd =1C

Prob. 4.6
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p,, O0<r<R
Pr= L0, elsewhere

£ e 3e 4Anr’ -
[JDed5 = 0. = [prdV = 5 = =bu)

_ 3er
" 127, R’

Prob 4.7
(@)

v=0,. atr=2

O, = [pydV = jﬂ-lr—(} r*sin@d0drdg

2 2z

10 [ ] ”jsinededrdg»
r=0 ¢=0 6=0

10(2) 27) (2) = (80 ) mC
Thus, v = 251.3 mC

At r=06;
0..=10 [dr [ap [sinodo

r=0 #=0 6=0
=10 (4)(27) (2) =1607 mC
w = 502.6 mC
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(b)
W= O
But y = [[DedS= D,[jdS = D,(4z )
At r=1,

1 2r .4
0,.=10 [dr [d¢ [sinodo
r=0  ¢=0 6=0
Q. =101)(27) (2) =407 mC
Thus,
Q.  40x

Anr*  4Am()

D= 10a, mC/m?

At r=5 0, =1607
0,. _ 1607z

D, = 2 2= 1.6
4zr*  4zm(5)
- 1.6a, mC/m’
Prob. 4.8
(a)
WAB=QIE°dZ, d7=dp51p
-W )
qAB = J(Z‘i’ ]) Sln(b dp I¢=(),z=0 -
Wyp=0
(b)
_W “ 30°
BC _ J(Z+1)COS¢P"'¢ =4sing | =2
$=0 p=4az =0 0

W,.=-2q=-8 nl
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(c)
-W. -2 -2
T [psingdz | = 4sin30°(z )= -4
q z=0) 9=30° 0
p=4
Wep=4g= 16 nJ
(d
Wp=Wp+ Weet Wep=0-8+16=38n]
Prob. 4.9
()
2
m% = eE; divide bym, and integrate once, one obtains:
dt m
2
y = Lt +et +¢ (1)

2m

"From rest" implies ¢, =0=¢,
At t=t, y=d, E=g— or V=Ed.

Substituting this in (1) yields:

, 2md
"=
e E
Hence:
{2md 2eEd \/ZeV
thatis, u « \/~
or u= k\/—
(b)
i [2e 2 (1.603) 107"
9.1066 (107")
= 5.933><105
(c)
Lom 9(10") — 1
V= = 100 _ 53557 kv

2¢  2(1.76) (10')
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Prob. 4.10

(2)

(b)

This is similar to Example 4.3.
ekt
Uy = T T Uy S U,
eEt
2m

t= _.)_C____ ]_0_(_@. - ]0 ns
u, 107
Since x=10cm wheny = Icm,
2my 2(107%)
et 176(10")(107)

y=‘ , X= uyt

E=

= 1136 kV/m

E=-1136a, kV/m

u, =u,=10",
2000

u, = ]—73(1.76)10”(10'8) = 2(10%)

u=(a,+02a,)(10") m/s
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CHAPTER 5

Prob. 5.1
I= jJOdS, dS = rsinOdddrayg

2 2z 4
_ . _ H 0)2 r 2 _ —
[=— [ [r*sin®odgdr |, .. =-{sin30°) o= —27 =6.283 A

r=0 ¢=0

LA -2 _ 8 3395m0
oS 3x10 xnx25x10°° 757 ===l

Prob.52 (a) R=

75
(b) 1=V/R=9x7§“—=2 50 A

(c) P=1IV=2.386 kW

Prob.5.3 (a) S, =ar" =z(1.5x10™ =7.068x107*
S =n(r, —r’)=m(4-2.25)x10" =5.498x107"
pl 11.8x10%8x10

R =P = =16.69x107
S, 7.068X10

ol 1.77x10°x10 »
R =10o - =3.219%10
° s, T 5.498X10™ g

-4
R=R /1R, =Fe _16.69x3.219x10° _ . o
R+R,~ 16.69+3.219

(b) V=ILR=IR, — L0 _""""" -0]929

I +1,=119291, =60 A

I,=503A (copper), I.=97 A (steel)

10x177x10”

© 1751x10~"

= (0.322m{?
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Prob. 5.4
(a) Applying Coulomb’s law,

D, _ Q
g, Amsr?’
D, Q

— = 5, a<r<b
& Amer

r>b

r

D, =¢,E (4a, +a,—a,)
D, =¢E (a, +3a,-a,)
D,=¢E (a, +a,—2a,)
D =¢,E,(6a,+5a,—4a,) C/m’
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Prob. 5.6
1
Q: Qae—l/T} N }Qa - Qae—t,/ﬂ. NN et,/T} =3
_4 \ _¢
(@ But T = Efo g = ol, _10 X18.§x10 _905.8
o &, 10 =
.36
t 20ps
b T=-1= =182
®) *“ 3 In3 b
g _~t,IT, _ _-=30/18.3 _ . 0
() o ¢ e =07923 e 19.23%
Prob. 5.7
f(x,y)= 4x +3y —10=0
da_+3
Vf—da 430, — a-=——L 250 080 4064
g [Vf] 5 ' g

D,=(D-a,)a,=(1.6-24)a, =-0.64a —0.48a,
D,=D -D, =2.64a —3.52a,+6.5a,
D,, =D, =-0.64a —0.48a,
D, D

— 2t It
E,=E, ——> —=—
€, &

D, = ?—D“ = % (2.64,-3.52,6.5) = (1.056,—1.408,2.6)

2

D, =D, +D, =0416a,~1.888a, +2.6a, nC/m’

D,ea =D ,|cosd, ——> cosb,= %" _ 08 =0.2469

6, =75.71°

Prob. 5.8 (a) The two interfaces are shown below

. glass .
oil glass air
—> —> —p —
1 2 2 3

oil-glass glass-air
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E,, =2000, E,=0=E,=E;

Dln = D2n = D3n ? SIEIM =82E2n = 83E3n

3.0
EZn = z—IEln = 85(2000): 705.9 V/m, 92 =0°
£, .

3.0
,E3n = V'—zi'Ej,',:: _]—5(2000) =6000 'V /'m, 9 3':'00
3 B
(b)
oil glass glass air
62

91 = 750

1 2 ) 3

E,, =2000c0s75° = 517.63, E; =2000sin75° = E,, = E;, = 193185

EZM = s_lEln = i‘(51763) = 1827, E3n = f‘I‘E‘In = i(51 763) =1552.89
€, 8.5 €3 1

2 2 -1 EZI o
E,=\E, + E,’ = 19405, 0,=tan" 2= 846,
2n
2 2 -1 E3t 0
E,=\E, + E,’ = 24786, 8;=tan” =512
3n
Prob.5.9
ps = Dn = goEn

-9

Q=p,4nr’ =¢ E 4nr’ = 1

x4x10° x47x0.1* = 4.444 uC
367 —
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CHAPTER 6
Prob. 6.1
vy £ 10
g, Jo,
1d ., 4dV 10
=L (pty=——
pdp = dp P |
piz=—10p+A — ﬂ=—10+~4
dp dp P
V=-10p+Anp+B
Vip=a)=V,=-10a+ Alna+B €))
V(p=b)=0=-10b+ Alnb+ B 2)
From (1) and (2),
Azl_()(l_y_—a)_—lfo_, B=10b—Alnb
Inb/a

=4.5mm, b=2mm, V, =40. Substituting these gives
A=49.3569, B=306.754

V =—10p +49.361n p+306.754 V

Prob. 6.2 (a)

o, o . .
= Ly L= _¢7sinx+e”’sinx=0

6x2 ay2

v,

2 2 2 2
© V=25 2 (2] (2] r =0
X a a

10 —Cos 1 cos cosg cos
©) V=Ll memh) Leosd oo cwosd_
p op p PP PP
Vzn:“l?ﬁ(_zo’”_lcosa)“‘ o i(—Sir16"10r_25in¢9)
@) r° or r*sin@ 06

20cos@ 10
= +

r r*sind

(—2sinfcosf) =0
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Prob. 6.3 From Example 6.8, solving V?V =0 when ¥ =7 (p) leads to

_ Vioinp/a _v In(a/ p)
Inb/a °In(a/b)

E=-VV=- Yo a,= Vo a,, =g =—-———€°g’v° a,
plnb/a plna/b plinb/a
e,eV
B ps‘=D,,'»‘=i' o’r’ o
plnb/apw,b

“I“In"this case, V=100V, b=5mm, a=15mm, &, =2. Hence at p=10mm,

100In(10/15) _
"~ In(5/15)

w

6.91

<

100
=————a =9.102a, kV/m
10x107°In3 7 o KV

9
D =9.102x103x]30

”2ap =16la, nC/m?

10~ 10°

= = =32 2

p,(p = 5Smm) T6m (2)51113 2nC/m
(p = 15mm) = ]0_9(2 107 107.3 nC/m’
Ps{P= =" 36r D sms - LY SnC/m

Prob. 6.4 (a)

V2V=£§(P%—V')=O ——> V=Alnp+B
p op p

Vip=b)=0 ——> 0=Alnb+B ——> B=-Alnb
Vip=a)=V, —— V,=Alna/lb ——> A=- 7,
Inb/a

v, Inp/b = V,Inb/p
Inb/a Inb/a

Vip=15 )—701n—2—124v
(p = 13mm) =707 0= 124
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(b) As the electron decelerates, potential energy gained = K.E. loss

e[70—12.4]=%m[(107)2—u2] — 10‘4—u2=-23><,57.6

m

2x1.6x107"

W2 =10" —
9.1x107

x57.6=10"(100-20.25)

1©=8.93%x10° m/s

Prob. 6.5 (a) Asin Example 6.5, X(x)= 4sin(nnx/b)
For Y,

Y(y) = ¢, cosh(nmy / b) + ¢, sinh(nmy / b)

Y(@)=0 —— 0=c,cosh(nna/b)+c,sinh(nma/b) ——> c¢; =—c,tanh(nna/b)

V= Z a, sin(nnx / b)[sinh(m'cy / b) — tanh(nma / b) cosh(nmy / b)]
n=1

o0

V(x,y =0) =V, =-> a,tanh(nza/b)sin(nzx/b)
n=l1
4V

b ~ o =
—o,,’ronh(n;ra/b)zg— [V, sinnax/bjax =z " odd
0

0, n=even
Hence,

AV, S sinh(nzy /b)  cosh(nzy /b)
V= 7 ,,g;dsm(mx/b)[n’ronh(nﬂo/b) n }

_ 4 i sin(nzx /b)
r Shansinh(nza/b

] [sinh (nzy / b)cosh(nza/b)—cosh(nzy / b)sinh(nza /b)]

_ 4V, & sin(nzx/b)sinh[nz(a-y)/b]
T 2 h nsinh(nza/b)
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Alternatively, for Y

Y(y) =¢;sinhnn(y—-c,)/b

Y@)=0 —— O=csinh[ni(a—c,)/b] —> c¢;=a

V=) b, sin(nmx /b sinh[nm(y —a) / b]

n=1

where
4V
- 2 = odd
b =1 misih(ma/b)’ O
0, n= even

(b) This is the same as Example 6.5 except that we exchange y and x. Hence

4V, i sin(nzy /a)sinh(nzx / a)]

V(X,y) =
.yl e nsinh(nzb/aq)

(c) This is the same as part (a) except that we must exchange x and y. Hence

4V, i sin(nzy /a)sinh[nz(b —x)/al

\/ , =
(x.y) oy nsinh(nzb/q)

Prob. 6.6 (a) X(x) is the same as in Example 6.5. Hence

Vix,y)= z sin(nmx / b)[a,, sinh(nmy / b) +b,, cosh(nmny / b)]

n=1

At y=0, V=V,
ﬂ/i, n=odd
had nn
V)= bsin(mx/b) — b, =
n=1 0, n=even

At y=a, V=V,

V, =Y. sin(nmx/b)|a, sinh(nma/b) +b, cosh(nma/b)]

n=]

ﬁ, n=odd

nn
a, sinh(nma / b) + b, cosh(nna / b) =

0, n=even

or
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47,
nusinh(nna / b)

(V2 —V, cosh(nna /b)), n=odd

0, n=even
Alternatively, we may apply superposition principle.

y V) 7, T 0
/ Y t /

n 0 00 0

¢ \Y% K’__’\\ v, / 4_\‘ Vg K/

ie. V=V,+V;
Va is exactly the same as Example 6.5 with 7, =7,, while Vg is exactly the same as
Prob. 6.19(a). Hence

4 & sin(nnx/b)

r-ty

T y=odd m[lfl sinh[nn(a - y) /b]+ v, sinh(nny /b)]

(b)
V(x,y) = (a,e”™ +a,e"*)(a;z sinay +a, cosay)
lim V(x,y)=0 —— a,=0
X—r 0

Vix,y=0)=0 —— a,=0

Vix,y=a)=0 ——> oa=nn/a, n=123,.

Hence,
Vix,y) = Z ane-mtx/a Sil’l(l’l’lty/a)
n=1
) 4V, _
Vix=0,y)=V,= Za,, sin(mny/a) —- a,={ m ,n=odd
n=l 0, n= even
W, < sin(ny/a)
Vix.y)=— Z " exp(-nnx/ a)

n=odd
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(c) The problem is easily solved using superposition theorem, as illustrated below.

l
1

N
~

Therefore,

V=V +V,+Vy+Vy
sin(nzx/ b)
4 & 1 |sinh(nzalb)

70 oia | sin(nzx/a)
sinh(nzb/ a)

[V, sinh(nz(a - y)/b)+V, sinh(nzy / b)]

[V2 sinh(nzy/a)+V, sinh(nm(b—x)/ a)]

where

v, - v, Z sin(nmx / b) sinh[nn(a — y) / b]
n

v nsinh(nma / b)
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4V, sin(nmx / a) sinh(nmy / a)
Vi = “2“ Z 4

- nsinh(nnb / a)

4V, sin(nmx / b) sinh(nny / b)
Vip = ”_3 z

= nsinh(nma / b)

v 4V4 Z sin(nmy / a) sinh[nn(b - x) / a]
s nsinh(anb / a)

n=o0dd

Prob. 6.7 If V(r=a)=0, V(=b)=V,, from Example 6.9,

:——-———2 Va . J=GE
r‘(l1/a—1/b)
Hence,
“ 2nV,c
I=JJ0dS—1/a m :[ J —r sm9d9d¢—-a—( cos0)|,”
1.1
r=Ve a b

I 2mo(l-cosa)
Prob. 6.8 For a spherical capacitor, from Eq. (6.38),

1 1

R4 b
4nc

For the hemisphere, R'=2R since the sphere consists of two hemispheres in parallel. As
b —> o,

Q[l_%} ]
R'= lim —9 -

b—w 470 2raoc

G=1/R'=21ac

Alternatively, for an isolated sphere, C=4nea. But
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Prob. 6.9
Fdx = dWy > F=

1
Wy = j%elElz dv = éaaa,.szad +380E2da(1_x)

where E=V,/d.

2 r 2
Wp LYo ¢,-nda —> F=SeCzDVoe
dx 2 °4? 2d
Alternatively, Wy =§CV02 , where
C=C +C, = BoBr® €,€,.(I—x)
- v 2~ d d
2
dTml = éeo Vod" €, ~1)
X
P g, (e, -V, a
- 2d
Prob. 6.10
-9
27 % x100x107
_ 27l T 36n =1.633x10™° F
In(b/ a) 1n(600/20)
—~15
V=Q/C=i—56—(;3—,<—1—?F=30.62 \Y%
. X

Prob. 6.11 E = Q ~a,
4rer

Vo
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= % IS |Ef dv = m’é%—zjr;gﬂ sinédddgdr

2o )(z)jd’ 2 (i-2]

Q(b c)
8nebc

Prob. 6.12 (a) Method 1: E =£s~(—ax) , where p, isto be determined.

V, =~ [Eedl= jﬁdx psj—- d dx=%dln(x+d)d

d+x

V,=pdl =Ll - _ Lobo

o= Py Ps= dIn2
£ (x+d)In2

Method 2: We solve Laplace’s equation
Ve(eVY)) d ( dV) 0 - 4
e (¢ = —(E—) = e e
dx = dx dx

dar 4 Ad ¢
dx ¢ ao(x+d)_x+d

V=clnlx+d)+c,

Vix=0)=0 —-> 0O=¢lInd+c, —=> ¢ =-¢nd
Vix=d)=V, —> V,=¢/In2d-c/Ind=c/In2

_ 1
‘% 2

- lx+a’_ Vo1 x+d
ST T 2 4




43

av A
E=——a, =—-——7"2—q,
ax (x+d)In2
X+d eV e xV.
b) P=(g —T)g,E=- Y| g -0
®) P=le - (d ](x+d)ln20x dix+d)in2 ™

(c)

Pps |x=0: Pe (_ax) |x=0: 0

_ govo
2dIn?2

pps lx:d: P e ax |x=d=

Prob. 6.13 We have 7 images as follows: -Q at (-1,1,1), -Q at (1,-1,1), -Q at (1,1,-1),

-Qat (-1,-1,-1), Qat(1,-1,-1), Qat (-1,-1,1), and Q at (-1,1,-1). Hence,

2 2 2 (2a, +2a, +2a,) (2a,+2a,)
Fe Q2 _fax_Fay*ﬁaz_ 12372 + g3/2
4re,| (2a,+2a,) (2a,+2a,)
83/2 83/2

=0.9(a, +a, + clz)[—z ~m +$j

=-0.1092(a, +a, +a,) N
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CHAPTER 7
Prob. 7.1
A
b
o
3 (x
a
oy
¥
X y

H = L (cosa, —cosa,)ay
4mp

p=+x"+y*,cosq, =——C-Z——,cosoz2 b
Ja* + p’ b’ +p’

a,=da,xd, =azxap:a¢.Hence,

¢

o= I b B a
471'\/x2+y2 \/x72+y2+b2 \/xz+y2+a2 ¢
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Prob. 7.2
\y
1 A
02 6A
P
)
B > X
0 oy -t
= 1 _
= E;p—(cosaz—cosa,)%
1 2
o =135, a, = 45°, p = =2 = =
2 2
_ _ _ —-a, +a, -a, —a, 1-1 1 0
= X = X = —
T A% J2 J2 21-1-1 0
7 6 o o\—= 3_
H = (cos45 —cos135 )az = —a,
V2 T
4r——
2
H (0,0,0) = 0.954a, A/m
Prob. 7.3 y
20 C(0,0,5)
N\ 4A
P
p
B
= > X

A(2,0,0)

",

B(1,1,0)
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(a)  Consider the figure above.

AB = (1,1,0) - (2,0,0) = (-1,1,0)
AC = (0,0,5) - (2,0,0) = (-2,0,5)
AB-AC = 2, ie AB and AC are not perpendicular.
. AB-AC 2 2
: r-'cos....(‘ﬂl-ﬁSO ""’ai‘) = _|AB|]A—C| = 7_2_\/5__5 — cosq = — %
BC = (0,0,5) - (1, 1,0) = (-1,-1,5)
BA = (1,-10)
cosa, = BC-BA -1+l _
IBC||BA| |BC|BA|
ie. BC=p = (-1, -1,5), p = 27
-1, 1,0 -1, -1, 5 55,2
a¢=a[Mp:(ﬁ)x(@_): (J_5_4)

- 10 2 | (55,2) 5 (552
H = ——= |0+ = = : A/
: 47;@[ \/;J 221 T amf 21 T

= 2737a, + 27374, + 10.95a, mA/m

by H = H +H,+H, = (0,-59.1,0) + (2737, 27.37, 10.95)
+ (-30.63, 30.63, 0)
= -326a, -1.1a, +10.95a. mA/m

Prob. 7.4 a,

 z

v
v

».
L

H =4H,, where H; is due to side 1. a;

1
H, =—/cosa, —cosq, )a,
4rp
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p=a, a,=45, a,=135°, a,=ax-a,=a,

H __I_(LJ,J_}, __M
l 4”,0\5 V2) N
Therefore,

H=4H, =i_\/5a_: A/m
7a

Prob. 7.5
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(a) Consider one side of the polygon asshown. The angle
subtended by the Side At the center of the circle
360° 2n
n n
The field due to this sideis

H, = 1 (oos oL, —COS on,)
4np

V4 . T
where p=r, cosa,=cos(90-—)=sin—

n
. 7
cosa, = -—sin —
n
H = —— 2sin —
r n
H = nH, = A n X
2xr n
(b)) For n=3, H = —3—I—sin£
27y 3
rcot30° =2 —> r = —2—
3
H = ___—2325 ij_ - gﬂ = 179 A/m.
T T
75
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For n=4, H =__41_3in1c. = _4._>E.§_L
o 4 2m(2) V2

1.128 A/m.

T nl = I

H=1im——n—I——sin— = — .0 = =

e dAr n 27r n 2r
From Example 7.3, when h =0,

g= L
2r

which agrees.

Prob. 7.6

From Example 7.3, H due to circular loop is

— Ipz
g = £
1 2(p2+zz)a
2
@ H(0,00) = — X% _ 78+
2 (22 +0°)?
= 1.367, A/m
2
b H(0,02) =22 _ 3

2 (22+22)%
= 0.8843, A/m

5x2°

2 (27 +42)%

z
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Prob. 7.7
= = p NI
B = HOH = —L Y
_ Bl 5%1072%x3x107

el 4nx1077 x400x107
‘N = 7300 turns.

v_/\
o o0 0
@ T=V-H=|x & o 0 .
y —X 0 .| N
J=-2a A/m’

(b) JHdl =T
lye = [Td5 = [ Jj 2)dxdy = (-2)3)5) = —30A
JAdl = [yay| ,+[ ool +[vad,
+ [ Ex)a, = C106) + (3)6) + (4)-3)

- —30A
Thus, {ﬁ.di =1 = —30A

enc

Prob. 7.8

v = [B.ds =4, fz ff;l—obisin 2 pdé dz

50
v = 4rx107 ><106(0.2)(- °°“°‘22¢)

0

0.047 (1 - cos100°)
0.1475 Wb
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Prob.7.9 h
On the slant side of the ring, z = P (p—a)

where H, and H, are due to the wires centered at x =0 and x =10cm respectively,

W J‘I—B.d§ = j"uJ dp dz

~a).dz.d M Ih et
e s )

= K I (b— In g__l_)] as required.
27b a

If a=30cm, b=10cm, h =5cm, I = 10A,

=7
_ 27x107x10x0.05 (0.1—0.3111 3)
27(5x107)

= 1.37 x 10° Wb
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Prob. 7.10

For the outer conductor,

o= _ I _ I _ 1
’ ﬂ(cz—bz) 7(16-9)a’ Tra
Let A = A, a,. Using Poisson's equation,
VZAZ = _/,lon
1o () | ol
p Op op Ta’n
or _a_ p.%_ = /J"Ipz
op op Tra
Integrating once,
0A. ok
p__:_ = ——————/ua pZ cl
op l4ra
or % = _& + El_
op l4ra’ P

Integrating again,

H,1p°
A, = 22— +¢lnp + c
z 287Ta2 1 p 2

But A, = 0 when p = 3a.
9
0 = —ul + ¢ In3a + ¢
287[IL0 1 2

9

c, = —¢ In3a - —ul
7
2
re. A, = Aol %-—a + clln—p—
287 \ a 3a
But VxA = B = uH
Vxh = Pag o [ HlE o)y
op 147a P
At p=3a, [Adl =1 —> 27(3a)H, = I
I
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Thus Vx ‘X“p=3

u,H (p=3a) implies that

_(3_#_,,; ‘ &) A
147a 3a 6ra
or ¢, = Ay, Ou I 16ul1
2r l4rx 14
Thus,
DY /A S - B A S 2l
’ 287 \ @ Tr 3a
Prob. 7.11
@ Vv = v P+ L5 Vg
op p 0¢ oz
1 o'V 10V _ o'V oV ) _
= |— - = a, + - a,
p Ogoz p dz0g 0z0p 0p0z
1 (62V o ]5 _
p \0pod opdp ) -
— 04
(b) V-(VXA) = V. o4 _ %, 3,
p 0¢ 0z
04 04
+ (__/l - ?_A_) a, + _1_(_6_ (pA¢) - _/’] a
4 op p\ 0Op o0¢
1 0°4, 1 a( %) 1 0’4, 1 0°4,
= —_— = —_— —— p.— 4+ — —_ =
p opop  pop\ oz p 0oz p 0gop
04
;9 li(pA¢) _ o019,
oz\ p op oz\ p 0¢
04, 104, T4 1%,
0p0z p Oz 0z0p p Oz
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CHAPTER 8

Prob. 8.1
(@  F=mad=Q(E+iixB)

d L (U, u, u, - - -
‘—i;(ux,uy,uz)=2 —4ay‘+ 5 0 0 =-8a, +10u,a, —10u a,
du
ie. —~=0—->u, =4 1
dt T | W
du
—2 =-8+10u, (2)
dt
du
L =—-10u 3
dt ’ ®)
d*u
——2y=0+10d”2 ——100u,
dt dt

ii, +100u, =0 —> u, = B, cos10¢ + B, sin10¢

From (2),
10u, =8 +11, =8—10B, sin10¢ +10B, cos10t
1u,=0.8-B;sin10t +B,cos10t

Att=0, 4 =0—> 4, =0,B,=0,8,=-0.38

Hence,
u =(0, —0.8sin10¢, 0.8—0.8cos10r) “4)
u, = dx =0->x=¢
dt
dy .
u, =—-=-0.8sin10f - y = 0.08cos10¢ + ¢,
dt
dz .
u, = o =0.8-0.8cos10¢t - z = 0.8¢ + ¢; — 0.08sin10¢
Att=0, (x,y,2)=(2,3,-4) = ci1=2, ¢;=2.92, c3=-4

Hence (%, y, z) = (2, 2.92 + 0.08cos10t, 0.8t — 0.08sin10t — 4)

Att=1,
(x, y, 2) = (2, 2.853, -3.156)
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(a) From (4), at t=1, i =(0,0.435,1.471) m/s

K.E.= -;-m|a|2 =%(1)(o.4352 +1471%) = 11773

Prob. 8.2
1@  mid=—e(iixB)
md U, u, U P -
-———u,,u,,u)= X =u,B,a.—Bu.a
e dt( X y _) O O Ba y A X7y
du, =0—>u,=c=0
dt
du, Be B.e
L=y =-—u_ w, where w=
dt " m 7 m
du,
——=uw
dt ;
Hence,
o e 2
U, =-—wii, =-wu,

or i, + wzux =0—>u, = Acoswt + Bsinwt

u .
u,=——==Asinwt — B coswt
' w

£ = —Asinwi + Bcoswt
w

Att=0,uy=1u,,uy=0—-> A =1, B=0

l/ly:

Hence,

X u, .
U, =u,CoOSwt=— —> x=—=8Inwrt+c
d w

. dy u,
U, =u,sSInwf =—-—>y=——Coswt+c¢,
- dt

w

Att=0,x=0=y — ¢;=0, czr-kli . Hence,
w

u, . u
x=—-2sinwt,y =—2=(1-coswt)
w w

2 2
u . u u
-;(cosz wt + sin? wt)=|-2| = X2+ (y __0)2
w w w
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showing that the electron would move in a circle centered at (0, Y ). But-since the field
w

does not exist throughout the circular region, the electron passes through a semi-circle
and leaves the field horizontally.

(b) d = twice the radius of the semi-circle
_ m, 2u,m

w B,e
Prob. 8.3
e & . ullaxd
_lixBo>3=F g xp 2t
L 27p
a_x(-a, )4z =107 (~100)(200) )
(a) F, =— : =a_ mN/m (repulsive)

27 !

(b) F, =—F, =—a, mN/m (repulsive)

. 4. 3. 3. 4.
C axd,=a x(-—a,+—d,)=——a,——a,p=>35
() 1 () z ( 5 x 5 y 5 x 5 yp

B, _47rx10_7(—3><104)(_§a -fa)

3 27(5) 5% 57

=0.72d, +0.96a, mN/m (attractive)

(d 133:[?314'1332

-7 4
47 x107 x6x10*) (@, xd,)=-4a, mN/m(attractive)
27(3)

F, =-3.28G, +0.96d, mN/m

Fy =

(attractive due to L, and repulsive due to L)

Prob. 8.4
-7
() F= 4 1y dpd,xa f‘i”_xm_
2ﬂp
=21n3 G uN =2.197a, uN
®) B = [ndx5

u"I'IZ J. [d +dza ]x d

@)% 34,
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= fontz "217‘[[2 j—:;[dpa, —dzd,)|

But p = z+2, dz=dp

47 %1077
2

F,= 5 j . lapa, - dzd,,|

p=4

- ZIn%(Zz'z—Ep'),uN=l.386Ep ~1.386a,uN

,E.:%éj;l;[dpaz—dzﬁp]

Butz=-p+6,dz=-dp

47 %107 &0 I p[dpaz i ]

p=6

F =

21n%(5z +d,)puN =—0.8109G, —0.8109, N

F=F+F,+F,
=ap(1n4+ln4—1n9)+a:(ln9—ln4+ln4—ln9)
=0.575a, uN

Prob. 8.5 A

From Prob. 8.7,

__luoIIIZ - o
" o ap 60
- - - B
S =Fac+ foc
- - 47x107 x75%150 _
|fAC l=‘ch |= =1.125%107

27 %x2
f =2x1.125c0s30°d, mN/m

=1.9494, mN/m
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j: ’
7['(b2 a2) z orp
- IB
= f 5 ja_dvaoap=———20L2—-JdV
n(b*—a’) (b —a’)
B @ -b)
n(b”—a”)
2=§=130a¢
Prob. 8.7
2,10A 30 cm
1. 10A
O O
\ A
\
, P
40 ecm
v
O @)
3,10 A
4, 10 A

Let B=B, +B,+B,+B,
B = ﬁﬂ@
27p
For (1), a,=a,xa, = a,x(-a,)=a,

where

47 %1077 x2000%10 _ -
5 a, =0.2a,
27x20x%x10

B =
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For (2), p=6a,-2a,,

. (63,-2d,) (-2d,-6a,)
a¢ = —az X m = \/21,6
B = 47%x107" x2000%10
2 27 x400%107°

(-2d, —6a,)

=-0.02d, —0.064,
Jf-For(3), p=6a,+6a,,
. (63,+6d,) (-6d,+6d,)
a¢ = az X \/7_2- = \/7—2

B 47x107 x2000x10
3T 2rx720x107
=-0.03333a, +0.03333a,
For (4), a; =-a,xa, =a,,

4107 ><2000><10

T ax60x107

:(2+/ / /)xlo-a+(/ /)xlOa

0.21333d, —0.02667a, Whb/m?

i

(=64, +6a,)

=0.06667a,

oo o

Prob. 8.8
(a) From H;; — Hy = K and M = %,,H, we obtain:

Xm  Am2

Also from By, — B2, = 0 and B = pH = (W/ym)M, we get:

mM,, _ 1, M,,
Zml sz
(b) From B1c0591 = Bln = an = B200$E)2 (1)
and BSNO ki H,, =K+ 228N @
H Hy

Dividing (2) by (1) gives
tand,  k N tanf, tan6, L+ ku,
K Bycosh, H B, sin6),
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ie. tand, _ 1+————k‘u2
tand, u, B, sind,

Prob. 8.9
(a) The square cross-section of the toroid is shown below. Let (u,v) be the local

“Coordinates and 'p; =mean radius. Using Ampere’s law -around a circle passing

through P, we get
v
©,p,) u
HQ@x)p, +v)=NI —> H=—
27n(p, +v)
The flux per turn is
al? al2
= .[ j Bdudv=’u"NIaln p,+al2
u=—al2 v=—al2 27 ,00 —-al?2

2
LN _ N m(Zpo +a)

I 27 2p,—a
(b) The circular cross-section of the toroid is shown below. Let (r,0) be the local
coordinates. Consider a point P(7cos@, p, +rsiné) and apply Ampere’s law

around a circle that passes through P.

N N (1_rsin9J

HQr)p,+rsind)=NI ——> H= - ~
27(p, +rsinf) 27p, P,
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a 2w . 2
Flux perturn W = j IﬂNI (1—rsmg}drd9=§N[ ? (2rm)

r=0 @ 2ﬂ-pa po ﬂpo 2
[ N¥Y uN’a’
1 2p,

Or from Example 8.10,

NS  u/N’ma® p,N’d’

L=r1=%"
[ 27p, 2p,

Prob. 8.10

We may approximate the longer solenoid as infinite so that B, = —’ul]l—v‘—Il . The flux linking
1
the second solenoid is:

NI
v, =N,BS, =:”ol = '””12DN2
I
1) I,

Prob. 8.11
F =

2 2 -6
BS_¥v . 4x10 —=53.05 kN
2u, 2uS 2x4rx107x03x107 T
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27w

CHAPTER 9
Prob. 9.1 - =\ = = _
(a) v = j(uxB)-dl, dl = dya,
uxB =23, x0.13, = —023,
y = x since the angle of the v-shaped conductor is 45°. Hence
vy = xo= ut At t=0,x=0=y
v = -fo2dy = —02y, y=mt=2t
v = —04V
(b) v = I(;xﬁ)-di dl = dya,
uxB = 2a, x0.5xa, = —-xa,
But y = x and x=ut. When t=0, x=0=y
2
v = —dey = —Jydy = _yé
But x=y = ut = 2t
v= -2V
Prob. 9.2
— I -
B=" (—a,)
2y
L - 1 %7 I +
v = jBodS:/"" I Idzdy _Hla, pta
27 0,2, Y 2r P
oy ow Op ula d
= T e - _ 1o _1 + _1
enf 8t ap at 2” uo dp[n(p a) np]
_ Bla | 1 1) u,a’lu,
2r °| pta p| 27ap(p+a)
| where p=p, +u,t
Prob. 9.3
p+a +
Vot = j3a,x Kol a,*dpa, =—3—’u‘1{lnu
,  2mp 2z P
_4zx107

x15x 3ln@ =-9.888uV
20

Thus the induced emf = 9.888uV, point A at higher potential.
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Prob. 9.4
Vs =—j—-dS+ [GixByedl

where B = B, coswtd,,ii =u,cosotd,,dl =dza,

Y = j _( B, sin wtdydz — IB u,cos’ wtdz

z=0 y=—a
= B,wl(y+a)sinot — Bouolct)szcot
Alternatively,

Iy
v = jﬁ ods = j J' B, cos wtd, e dydzd, = Bo(y+a)lcoswt

z=0 y=-a
Vet = v B,(y+a)losinwt - B, ﬁlzlcosa)t
' ot dt
But Eiz—=u =u,cosmt —> y =% sinwt
dt ()

Vems = Bool(y+a)sinot — Bouolcos ot

= Bouolsinzmt + B walsinot — Bouolcoszc)t
= -B,u,lcos2mt + Bowalsinmt

=6x 10” x 5[10 x 10sin10t — 2c0s20t]

Vems = 3sin10t — 0.06c0s20t V

Prob. 9.5 -Vt

EOdi=—i BedS
JBedi ==,

=I(R; + Ry

9B 5 - I(R, +R,) (1)
dt
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dB

Also, {Eedl =V, -V, =——e8 2
| = @
R
Hence, V, = IR, = — Sk, dB
R +R, dt
R
v, ——Ir, - 9B
R +R, dt
1010 X104 5 x1507sin 1507t = 0.0628sin150m V
o PPy
v, =—1—()><T1;)—X§x0.2x1507rsin150m — ~0.0314sin1507t V
Prob. 9.6

V= I(ﬁxf?)-di , where ii = pwi,, B =B,a,

P2 (l)B
V= Ipradp = ——5—”—(,022 - )

P
V= 60><15-10"3(100—4)-10‘4 =432 mV
Prob. 9.7
If J=0=p,, then VeB=0 ()
VeD=p, )
. OB
VxE=—— 3
P ®)
vxi=j+2 4)
ot

V.VXFI:—EV.E:O
Ot

showing that (1) and (2) are incorporated in (3) and (4). Thus Maxwell’s equations can be

reduced to (3) and (4), i.e.
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Prob. 9.8

%y
ot

VeJ=(0+0+3z")sinl0%t=~
p,=—[VeJdt =— {32’ sin10*1ds = 32 s10°14C
’ 10* °

If p,1..,=0, then C,=0 and

p, = 0.3z cos10*t mC/m’

Prob. 9.9
VeE=0
_6_ _8_ —| OE oE
VxE = Ox oy Oz|= a"ay— ‘a,
E(zn 0 o &0

_ Borb H,sin(zy/b)cos(wt — fz)a, + wpH, cos(zy/ b)sin(wt — fz)a,
T

VxE:—yai{- —, w--1 [V Edt
ot 7
pb . .
H =-"—H sin(zy/b)sin(wt - fz)a, + H, cos(my/b)cos(wt — Bz)a,
7T
which is the given H field.
2 2 2 -
Vx H = ax ay Oz =(Qg—{—:——— a'v)ax
o H, H| 7 &

_@ H, sin(zy/b)cos(wt — fz)]a,
T

= [-%HO sin(7y/ b)cos(at — Bz) —

vxH=:22 E=lijHdt
ot P

2
E= [———75—H0 sin(zy/ b)sin(wt — fz) - pb H, sin(zy/b)sin(wt — Bz)]a,
wbe THE

Setting this equal to the given E,

2
oMby _ g Py
T wbe THE

2
T
—_—> ﬂ2=—b—2+a)2ﬂ€
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2
’ T
B= a’zﬂg—?

Prob.9.10  From Maxwell’s equations,
OB

VxE=—— 1
X > 0))
vxd=j+2 @
_ ot
Dotting both sides of (2) with E gives:
E-(vxﬁ)zE-hE-%? 3)

But for any arbitrary vectors A and B,
Ve(AxB)=Be(VxA)—Ae(VxB)

Applying this on the left-hand side of (3) by letting A=H and B=E, we get
- - L. . - o - =
He(VxE)+Ve(HxE)=EeJ+ 1V —(DeE 4

(VxE)y+Ve(HxE)=EeJ+})—(DeE) 4)

From (1),

_ - OB 0 = =
He(VxE)y=He|-—|= 1/ —(BeH
(VxE) -(aJ Voo (BeH)

Substituting this in (4) gives:

o - - no .- o ~ -
Y 2 (BeH)-Ve(ExH)=JeE+V,—(DeE
Voo (Be )=V o(ExH) + Yoo (DB

Rearranging terms and then taking the volume integral of both sides:

. - 0 . - -
| —
vjv-(ExH)dv_ até vj(E-D+H-B)dv ijOEdv
Using the divergence theorem, we get

(Exiyeds =-ZL ~ [ e Edy

v

or 5_1/;’ = ——m (ExH)edS - IE e Jdv as required.

Prob. 9.11
vxi=L2 (pE)a, =L L (pe )i,
p op p op
= (2 - p)te—p—laz
a—B=VxE‘—>Z§ =—ijEdt= j(ﬁrz—)t
Ot 14
Integrating by parts yields

e P'dt .
az
du
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B=[(p-2)te " + j( p—2)e P dt1a,

=(@2-p)1+1)e "G, Wb/m’

Jevxi=vx B o L1%:g

H, M, Op

1 it
=——(+£)(-1-2+ p)e”"a,

[

_+0B=p) L

!

d, A/m
47x10” ’
Prob. 9.12
With the given A, we need to prove that
2
V?A = ue
T

V24 = ps(jo)jo)A =—-o’usA
Let B> =w’uc, then V’A=-[>A istobe proved. We recognize that

A=t gl ity
drr )
o Ibr .
Assume @ = , A=-%e
T

-
1 0 . 0p 1|0 -jpB 1)
V2 = —_— 2S 6-——— = — 2 ( S JBr
4 rzsine[ar(r - a’r)] rz[ar(r) ro 7 ¢

1 ) N —iBr e P
= (=pr 4 jB=jB)e =~f = —==F¢
Therefore, V*A=-’4
We can find V using Lorentz gauge.
ot [V ddt=- L Veu
Iuogo -]a)/’logo
— i( £, e'fﬂ"ej””)= -l (—J'B —Lz)e_m"ej“” cosé
jou, or\ 4rxr jos,(4m)\ r r

V= ICOSH (jﬁ+l)ef(m,—ﬂ»-)
jarnwe v r
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CHAPTER 10

Prob. 10.1 If

1 y2=jou(s+ joe)= -~o’pe+ jopo andy =a + jB, then

@ =) a7 = @+ B = a4 B
1.e.

0l +B2=op (o’ +0’?)

(M
Re(y’)=a’-p*=-0’pe
B?-0’=0’ps )
Subtracting and adding (1) and (2) lead respectively to
u 5\’ 1
I
*=0 2 ¥ 0t
7]
B=o0 ke 1+(—0—) +1
2 (0F3
(b) From eq. (10.25), E (z)=E,e"a,.
VxE=-jouH, ——* H, =L VxE, = L (—y
OU
E .
But H (z)=H, ""a,, hence H,= "=——JY—E0
n O
,don
¥
(¢) From (b),
___ Jop _[Jon _ _Aule
L Jjop(o + joe) o+ joe .G
- j—

[ORA
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/g -
e e J“,tanzef(ﬁ) _ o
G 2 c 0eE
()
0E

| Prob. 10.2 (a) m%‘: tan20 = tan60° = 1732

1207 .

JE, 1207 n?
b) Inl= 240 = X = e =1 21234
(®) i J1+3 2. Br= g T

-9

(©) &, =8(1—j~0-—) =1.234><—19—(1—j1.732)=(1.091—j1.89)x10““ F/m
e 367

(d)

2 6 2
g2 e 1+(i) -1 =2’”‘12 \[lﬂ—[\/l 3—1]=0.0164 Np/m
c 2 e 3x10 2 8 _—

Prob. 10.3 (a)

Tel)f=2n/0 - 20220
- =T m_nxJOS_ o

(b) Let x= 1+(i)2

0E
o (x-1\"
—B—= (x+ ])

8
Jr1=—2% _01x3x107 ) 6750 — 5 x =1.0046

" ’,u,,g,, 7x10°2
2

_(x+])”2 _(2.0046)”201_2088
P=\=7) *\oooss) 7%
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2
=21/ =S ges=3m
Jils 377

= = 2188.]
©) ni Jx 2410046

2
X2 1+(—G—) - 10046
e

— =009 =tan20, ——> 0, = = 274°
0e

n=188.1£274°
E, =nH,=12x188.1=2257.2
a,xa, =a,—>agxa, =a,——a; =4,

E =2.257¢"V sin(rx10°t —2.088y +2.74°)a, kV/m

(d) The phase difference is 2.74°.

-6
Prob. 10.4 (a) — = 10 _=3.6x107 <<1

27 %107 x 5% .
367

Thus, the material is lossless at this frequency.

7
(b) B =ouE = 2;’ Xlz(z J5%750 =12.83 rad/m
. 12.83

(c) Phase difference = p/= 25.66 rad

() n=+Jule= 1207:\/;'—120 ‘/75 =4.62kQ
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Prob. 10.5
Let E ,=E +jE, and H =H, + jH,
E =Re(E,e’™) =E, cos ot — E, sin ot
Similarly,
H = H, coswt — H,sin ot

9 =ExH=E,xH, cos’ot+E,x H,sin’ a)t——;—(E,.xHﬁEixHr)sin 2wt

T T T T
2, 1 J.fl’dt =-l joosz wd(E, xH )+l Isinz adt(E, xhﬂ)———l—— jsinZaxz’t(E; xH +ExH)
TO T TO 2TVO

0

_ %(E,_ «H, +E xH)= %Re[(E,, +JE)x(H, - jH)]

9= Re(E, xH,)

as required.

Prob. 10.6
(@ H, = J30BLAL Ge " a,
12077
where a,xa,=a, —> a,Xa,=a4, —— a;=4a,
H, = Msinﬁe'fﬁ"%
4rr

308%12dl* sin® 0 0= 154°1dl* sin® 9,

r

(b) P,

ve

=lRe[ES><H:]=—1—Re[
2 2

47r* 47r?




Prob. 10.7 (a) B By’ P By P B,
rop. ./ (a iave — s rave ’ ave
/ 2, 2, ! 2,
2
R:R',avezEmZ:]—.zi(nl—n!)
B,ave EIOZ LER:

2
}Eo__ ,P.a 2
: R : ».:-‘82 A ‘8»1 i : ( “&‘El o V’“bgl}
H_o+ b_ \)Pogl+\/p082
€ y

Since 7, = cy[l €, = Cyfl,E s My = CyfH,E s

4nn,

B _mE, _m =My =
(nl+n2)2

R,ave 772 Ei02 772 772

(b) If R',ave = Pt,ave B RB,ave = TI)i.ave —> R=T

ie. (n,-n)’ =4nn, —- n’ - 6nn,+ n’ =0

2
or (f‘_j —6(—’-1‘—}+1=0, SO
n, n,

Yo 348=5828 or 01716

n,
(Note that these values are mutual reciprocals, reflecting the inherent symmetry of the

problem.)
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Prob. 10.8 (2) = fBc=3x3x10°=9x10° rad/s

(b) A=27/B=27/3=2.094m

(c) 2= : 4 - =27 =6.288
we 9x10°x80x10~ /367 E—
o .

tan20, = —=06.288 —-> 0,=4047°

NITSYAS 377/~80

n,l= == —= 1671
\[(G ) 1+ 4n
(1+| —+

0E,

n,=1671/4047° Q

16.71£40.47° =377 —0.935.179.7°

1—* _ 772 _771 —
16.71£40.47° +377

m, 1

(d)

E, =TE, =9.35£179.7°

E. =9.35sin(wt —3z+179.7)a, V/m

2 3
B 1 Y T R _2x10 \/§9—[\/1+4n2 —1}:43.94 Np/m
c 2 wE, 3x10° V 2

8
g - 9x10 J@_[Wﬂ]:sms rad/m

“3x10°\ 2

oy _ 2IGTIZA0ATT (oo sag g
4, 16.71£4047°+377

E, =tE, =0.857£38.89°

E, =0.857¢"* 5in(9x10°1 +51.482 +38.89°) V/m
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Prob. 10.9
If A is auniform vector and @ (r) is a scalar,

Vx(®A)=VDx A+D(VxA)=VDx A

since VxA=0.

N VxE= '(5—' a + —;—ay‘+ —57— a;)x Ea'ej (kerthyy k=) - jka, +ka,+ka Ye!* I < E,
X y z

= jkx E,e’*"™ = jkxE

Also, —-i,—f=ja)yH. Hence VxE =—%I;— becomes kxE =wouH

Prob. 10.10 (a) k, =4a, +3a,

k,ea, =k cos§, —> cosf=4/5 — 6,=36.87°
(b)

p 1

ave

2 8% +6%) (4a, +3a.

£, ak=( 8 +67)" (4, a’)=106.1ay+79.58a_ mW/m®
2 2x1207 5 - :

(c) 0 =0,=3687°. Let

Re( E,xH, )=

ke

E




75

From the figure, k, =k,a,—k,a,. But k =k=35
k, =k, sin®, =5(3/5)=3, k,=k.cosb, =5(4/5)=4,

Hence, k, =-4a, +3a,

CyH By 373

n
sin®, = —Lsinf, = sing, = ——=03
n, CoeyRE, 4

0, =17.46, cosf,=0.9539, 1 =n,=1207,1,=n,/2=607

770 .
r = Eru _ 772 Ccos 9, _'771 COSQl. _ _5(09539) 170(0'8)
/e =

E, 11,0080, +1,0080, T () 9539)+7 (0.8)
2 o

=-0.253

E,=T,E, =-0253(10)= -2.53
w7ty 127z

But (E a,+E.a,)=E,(sinb.a, +cos¢9,.az)=—2.53(%ay +—2—a2)

E, =—(1.518a,+2.024a,)sin(wt +4y —3z) V/m

Similarly, let

E, =(Eja,+E,a,)sin(ot -k, o r)

z7z

k = Bzz(’)\/uzgz = (D\/Zp’oso
But ki=Bl:(D\luoso

k, =k, cosb, = 9.539, . =k, sinb, = 3,
k,=9.539a,+ 3a,

Note that &k, =k, =k,=3
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E, 2n, cosb, 1,(0.8)

Tw

= = =0.6265
E, 1,cosb,+n,cosh, n_,,(09539)+n 0.8)
2 or

E, =1.E,=6.265
But

(E,a,+E.a)=E,((sinba, - cosBa.)=6.256(0.3a,—0.953%a.)
Hence,

E, =(1.879a, —5.968a,)sin(x —9.539y —3z) V/m

Prob. 10.11

B =3+4 =5=w/c —> w=pc=15x10"radls

Let E, =(E,.E,,E,)sin(wt+3x+4y). In order for
VeE =0, 3E, +4E, =0 ®
Also, at y=0, Eitan = Eotan = 0

E,..=0, 8a +5a,+Ea.+E,a =0

Equating components, E, =-8, E,=-3

ox oz

From (1), 4E, =-3E, =24 E =6

oy

Hence,
E, =(-8a, +6a,—5a,)sin(15x10° +3x +4y) V/m
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CHAPTER 11

Prob. 11.1
(a) Applying Kirchhoff’s voltage law to the loop yields

V(z+Az,t) =V (z,t)~ Rz, —LA_Z%I;—

; ‘I(z,t) I
‘But I, =‘I(z,t)—-§Az—ﬂ%‘:’—t)—§AZV(z,t)

Y
A 4

]

c oV G ol C oV oV
V(Z+ AZ,t)= V(Z,f)- RAz I(z,t)—zAz————ﬂAzV - LAz| —-—Az— - T Az——

Hence,

ot 2 ot 2 ot
Dividing by Az and taking limits as Ar — 0 give
V(z+hz2,0)-V(2,1) 81 RC, &V RG LC, &V LG, OV

a2 =, —m | ~RI-L—+—Az—+—— A2V +— Az —— +—— Az—~
Az ot 2 ot 2 2 Ot 2 ot |

or ——€K=R]+Lé£
oz ot

Similarly, applying Kirchhoff’s law to the node leads to

I(z+Az,t)—1(z,t)=-GAz

(V(z,t)+V(z+Az))_CAZ_O”_(V(Z,t)+V(z+Az,t))
2 Ot 2

Let Az——>0, we get
ol ov

——=GV+C—
Oz ot

(b) Applying Kirchhoff’s voltage law,

V(1) = R%ll(z,t)+ L%’—g—f(z,m Viz+ Al 2,1)

or

V(z+ Al/2,t)— V(z,t) _ ol
- 4112 =R+ Lo,
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As Al -0, —5—V—RI Lél—

Oz ot

Here, we take Al=Az.  Applying Kirchhoff’s current law,

ﬁV(Z+A%,t)
1(z,t)=1(z+ALt)+GAIV (z+Al/2,t)+CAl
| ot

or

(z+ALt)-I(z,t) LGV (24 AI21) 4 C OV (z+A112,1)
Al Ot
As Al -0, —M = GV(z,t)+CM
Oz ot
Prob.11.2
()
y =J(R+ joL)(G+ joC) = joLC |(1+ —5—)(1 + -i—)
joL joC
o R G
=Je \[ o LC ]C()L joC

As R<< oL and G<<oC, dropping the o® term gives

y = Jw\/—_\/+——+—=1wx/—[l+ G}

(25w

2oL 2joC

(b)
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G G_gc_zomsxm‘”
c L 03x107

G=42%x10"2S/m

o=vRG =20x42x107° =0.2898

B=oLC=2nx120x10°V0.3x 107 x 63x 107 =3278

v =0.2898+ j3.278 /m

6
=Q =M =2.3x108 m/s
3.278 —
0.3x107°

63x107"

69 Q

(b) Let V, be its original magnitude

Ve =02V, e =5

1
z= ;1115 =5554m

T 4
c) Bl=45°=" >l=—=
Of A 4B 4%x3.278

[=0.2396 m
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Prob. 11.4
(@) T, = v, _ Z,1, _ 27,1,
I/o+ %(VL_'-ZoIL) ZLIL+ZoIL
_ 27,
Z,+Z,

Z,-Z .2Z
1+, =1+ =—=° L

ZL+ZO= Z, +Z,

2nz 2n
b) ()7 = o =
®) @z nZ,+7Z, n+l
(i) 7, =, —">0= 2o
' 1+Z°
ZL
- 27
i) 7, = im0 = L =
(i) 7, z; 0 Z,+Z,
27
iv) 7, =—2=1
iv) 7, 27,
Prob. 11.5
From eq. (11.33)
Zsc =Zin Z,_=0:Zo tanh}/l
Z
Z =2 = °>— = 7 cothly!
oc in|Z;=o tanhyl OCO (Y)

For lossless line, y = jB,tan(yl) = tanh(jBl)= jtan(Bl)

Z,. = jz,tan(pl), Z,, = - jZ, cot(p1)
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Prob. 11.6
V=V (z=0)=V,+V; )
V,=V,(z=D) =V, e +V,¢" )

AR

ZO ZO

L=1(z=0)= 3)

SR AT A
L=-I(z=l)=—"2¢"+2¢" (4

o (]

W)+ @) 5V =S F+Z1)

21
(1)-6) =7, =5(Vx -Z,1,)
Substituting ¥," and ¥, in (2) gives

v, =-12-(Vl +Zo[l)e"' +%(Vl —Zoll)e”

- %(e” +e YV, +%Zo(e'” -,

V, =cosh ylV, - Z sinh ylI, )
Substituting ¥, and ¥, in (4),
1

_ 1
12 :—EZ_(VI +ZOII)6 n +5Z_(Vl —-ZOI,)e”

o 7]

=—2—lz—(e” -y, +%(e7’ +e )],

I, =—ZLsinh}/lVl—cosh;/lIl (6)
From (5) and (6)
coshyl  —Z, sinhyl

AN 4
L ~Z—sinhyl —coshyl || [,

o

But
coshyl  —Z, sinhyl - coshyl  Z, sinhyl

- —Zl— sinhyl —coshyl - El— sinhyl  coshyl

o 7]

Thus
coshyl  Z, sinhyl

AN i £
L 7sinhyl coshyl || -1,

o
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Prob. 11.7

60— j40

Using the Smith chart, z, = =0.8-,0.533

1232 35700 =540°
4 4

lAtc, .z, =75(0.8654+ j0.5769) =65+ j43 Q
65443
" 100
A 720°

z—

1

=0.65+ j0.43

=360°

AtB, Z, =65+ j43
65+ j43

in

=1.2981+0.8654

720 ~130°

A
e
4

AtA,
Z, =50(0.53—j0.35)=26.7— j17.8 Q

Prob. 11.8

o

14 :
g= Vo 095 5,
V. 045 —

min

—

|

AN

=225-14=85 — A=17cm 1

¢ 3x10°

A 017

l=3.20m=£/1 — 135.5°
17
Vmin O

~ N>

=1.764 GHz

AtP, z =1.4-;0.8 S
Z, =50(1.4- j0.8) =70~ j40Q PXZ1
(Exact value = 70.606-j40.496 €2) Q
- —44.5°
= 2= 0357, 6 =45
s+1 3.11

['=0.357£-44.5°
(Exact value = 0.3571.£-44.471°)
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Prob. 11.9
l 150
a) t=—= =0.5us,
@ =m0 T
_Z,-2, _150-50 _1 . _Z%,=%, 25-50_ 1
LoZ,+Z, 1504150 27 % Z,+Z, .75 3’
zVv v :
e s02) g Ve 12 o
cZ,+Z, 75 ZgH+Z, 75
|
g—% r=1 F31/3 =—1
8V 160
4 0.5ps -80 0.5ps
1ps _a lps _8
3 3
- 1.5us £ 1.5us
2us 2 2us I
9 9
1 2.5us -2 2.5us
3us 1 3us 0
27
3.5us 3.5us
(Voltage) (Current)

The bounce diagrams are for the leading pulse. The bounce diagrams for the second
pulse is delayed by 1us and negated because of -12V.

(b) For each time interval, we add the contributions of the two pulses together.

For 0 <t<1lps, V(0,t) =8V

For 1 <t<2pus, V(0,)=-8 +4—4/3=-5331V

For 2 <t <3ps, V(0,8) = -(4-4/3)-2/3 +2/9 = -2.667 -0.444 = -3.11V
For 3 <t <4ps, V(0,t) = 0.444 + 1/9 -1/27 = 0.444+0.0741 = 0.518V

For4 <t <5ps, V(0,t)=-0.0741-0.0124 =-0.0864V

We do the same thing at the load end.

For0<t<0.5us, V(£H)=0

For 0.5<t<1.5us, V(£)=8+4=12
For 1.5 <t<2.5us, V(£,)=-12 + (-4/3 -2/3)=-12-2=-14
For 2.5 <t<3.5us, V(£,)=2+2/9 +1/9=2.333
For 3.5<t<4.5us, V(£,t)=-0.333-1/27-1/54=-0.3886V
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The results are shown below.

V(0,t)
8V
0.518V
» t(ns)
( 1 2 3 4—--5 6
-0.0864V
-3.11V
-5.333V
V(£,1)
12V
2.333V
_ t(us)
of 0.5 1.6 2.b 315 4.5 557
-0.3886V
14V

V(%) _ Vbt

, we scale V(¢,t) by a factor of 1/150 as shown below.
Z, 150

Since I({,t) =
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I(4,1) (mA)
80
15.55
G 05 1.5 2|5 352525
933
Prob. 11.10
For w=0.4 mm, w_0d4mm_ 0.2 — narrow strip
h 2m
For fh"— ~02, &, =5851, Z, =91.53Q

For % =04, £, =6072, Z,=73.24Q

Hence,

73.24Q < Z, <91.53Q
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CHAPTER 12

Prob. 12.1 a/b =3 > a=23b

7 u' u' 3x10°
= — — a= =
" 2q " 2f., 2x18x10°

|| A design could be a=9mm, b=3mm.

m =0.833cm

Prob. 12.2
® u' 3x10°

=—= = =6.975x10° m/
“Tp JI=(L1 /) 1-(65/7.2) orme

_9x10"
u

u =1.2903x10% m/s

g

21 300

- =2325 s
u,  12903x10° =="

Prob.12.3

In evanescent mode,

2 2
k2 =a)2,ug<(_n_17.r_) +(ﬂ)
a b

2 2
p=0, y=a= \/(Tﬁ) +(ﬁb§) K = JAx" s [}~ ps

a

o =\/;E\/47Z’2f02 —4n’ f* =2nfusf, }1_(%j
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Prob. 12.4 (a)

=%\Rm/a)2+(n/b)2,B=B' I- (£, f)

u' A
c0 /B A=21/p= F——
v Ty N T ye

(b) If a=2b=2.5cm, f, = %\ﬁ/mz +4n’ . For TEy,
a

8 8
f=——x10 —1+4=13.42 GHz, u= 3x10 =4.06x10° m/s
2%2.5x10 Ji—a3.42/200 —
8
l=u/f=iof@<—l(:—=2.023 cm
200x10°  ——
FOI’TEzl,
8 8
f=—2X10 441697 GHz, u= 3310 _5.669x10° mis
2%2.5x10 JI-1697/20¢0 —
8
=t f=20009 ) 634 om
200x10°  =——

Prob. 12.5 Substituting E, = R@Z into the wave equation,

o7 d RZ ,
—~ = (pR)+—5 D"+ ROZ"+k’ROZ=0
p dp p

Dividing by R®Z,

] d @H ZH

R 2 = _ _ 2
Rp dp (p )+ (DPZ +k Z kz

ie. Z"-k:*Z=0

I d Qj' +k>)=0

Rp dp : 0
(pR)+(k’+k Yl = Q:kz

Rd o

or
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"tk D=0

d
" d_p(pR.),r«.(kp -k R=0, where k= k" + k. Hence

Prob. 12.6

3 10"
7= 220 [n10025) + (n1001) = 15\/n’ + (m/ 2.5 GHz

fclO =6 GHZ, fczo =12 GHZ, chl =15 GHz.
Since fy0, foi0 > 11 GHz, only the dominant TE;o mode is propagated.

()

1
— =11
S-Sy ey =

W

2 2
J (B[ +|E,,} )dxdy
0

——(7/a)E, cos(rx/a)sin(zy /b)e™*

E = _]B ——(n /b)E,sin(nx/a)cos(ny/b)e jbz

ys

1 pin? 1
2 __ZJ'
0

b
cos’ (nx / a)dx | sin’ (nx / b)dy
20 s K’ Fl).

ave ~

K b
+ 57 ;)[sinz(nx / a)dx;!.cosz(nx/b)dy]

1 p’n?

i My

11
E/—+57)al 2)(b/2)
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2 2 2 2
o a’+b
Notethat h’=—5+-—5=—551°

a’? b a’b’
) BZEOZ a3b3
ave 8752T] - a2+b2

Prob. 12.8 (a) For TE;o mode,

f u , C
=, u'=
¢ a V211
8
- 3x10 = 4.589 GHz

¢ J2.11(2x2.25%10?)

2R I b
(b) CTEI) = - 3 {—"' —(f. /f)z}
e S e JI- (/7 L2 a

9 -7
R = mfu _ x5x%10 ><47r7><10 3796107
o, 1.37x10

2x%3.796x1072[0.5 +—1i(4.589/5)2]
= 2.2 =0.05217 Np/m

a, =
1.5x1074(259.54)/1 - (4.589/5)’
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Prob. 12.9 For TE;o mode,

. 2R, [1 g(f)}
1= 1Y

1
{-But.a=b, R =—-= ’_tfﬂ
o \‘ T,

o 1, oy
e 1, k). W73 |

S a'J1- () ) f JI-(fl £

where k is a constant.

Je

/
k _ (L=
[1-( 7

21/2_1_ -1/2 i 2 —52_51 12 2 p-3/2 2 p-3 _
do., V= ST S LIRS U
df 1-(f,1 )

)2]-”2

Prob. 12.10 For the TE mode to z,
E,_ =0,H_ = H, cos(mnx/a)cos(nny/b)sin(pnz/c)

y 0E_, jou 0H jop . )
E, = “ 7 3y + 2 ox ——h;—(mn / a)H, sin(mnx/ a)cos(nny / b)sin(pnz/ c)

as required.

g, - L% Jou i, J(”“( /b)H, / /b /
%= 777 ox oy nm cos(mnx/a)sin(nny/b)sin(pnz/c)

From Maxwell’s equation,

g 9 2
_ja”LEL;:‘7xla:= ox 49}’ oz
E, E, 0

1 OE,,
]cou 0z

Xxs

1
== (mn / a)(pr / ¢)H, sin(mnx/ a)cos(nny/ b)cos(pnz/c)
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Prob. 12.11 Maxwell’s equation can be written as

— ja) 8 aE‘ZS l__ 6}'1'2.5’
=7 B2 o9y K ox
For a rectangular cavity,

W=k’+ ky'2-= (mn / @)’ + (nn / b)’

A 'For'TM mode, H,s=0 and

E, = E, sin(mnx/a)sin(nny /b)cos(pnz /¢c)
Thus

o o= joe OE, _ jog

R Oy W
as required.

(n ! b)E, sin(mzx/ a)cos(nmy/ b)cos(prz/c)

_ Jos 0E, v 0H
=T pr oox K 0y

= - J—;lozi(mn / a)E, cos(mnx/a)sin(nny/b) cos(pnz/c)

From Maxwell’s equation,

9 4 9
joeE, =VxH, =|0x 0y oz

H, H, 0
E ——I—aH’“ _1 /b /c)E, si / /b /
» = Joe 0z = (nz | b)(pr ! ¢)E, sin(mrx/ a) cos(nry / b) cos(prz c)
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CHAPTER 13
Prob. 13.1
VxH = D._ SQE— —> JjweE =VxH,
ot Ot
Es = —.1—VX Hs
joe

| But B, =puH =VxA4 — HslexAs
H

! ! [V(V-AS)——WAS]

- VxVxA =—
jous joue
But V2A +0’usd, =—pJ, =0 —— VA =-0'ucd,

E =

E =-— a)zlugAs+y_(:YD_AS_):_ijs+\_7(_.VDﬂ2
joue joue e
as required.
Prob. 13.2
)
Br
(a) Azs =%tj‘_ '[ IO(I.__le_ZI)eJBZCOSQaZ
r
7
7 IV 5o,
= € Io _[ (1 —_H) COS(ﬁZ CcoS H)dz + ] I (1 _M) Sln(ﬂz cos e)dz
4y ./ I b l
!
o,
 dar 2, IU‘ 7) cos(pzcos0)dz

0

Le 2 Bl ]
~ 2nrpicos’ 1 {]_ cos( écose)

E =—joud——>  E, = jousinf4, = jpnsin04,

) l
E. = n Ioe'jBr sme[l— cos(Bé cose)]

s nrl B cos’0
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(P— cosf)’

If B/ «r1, cos(B/cose) ]——2—2.—— Hence

jnla —-jBr 2
E, = —S;r—Ble Psin® , H, =Ey/n
BT
ave = -_ZT’ Rad jBIvedS
2nm
181
= ”2( 8n) P} sin’ 07 sinbdd dy

00

2
I
= 107’17 (X) 41, R

i 2
or Ry =20n2(1—)

2
(b) 0.5=20n’ (i—) —> [=005A
Prob. 13.3
Change the limits in Eq. (13.16) to + % ie.

_ M, g /PCost (]B cosf coth +B sth)
4nr ~p2cos’ B+ B’

pIe’B’__I__ iﬁ—l-o(E£ SQ)—C 0c Egi(E—l-coOj
Inr BSlnE)sn2cs2co 0S8 oszsnz S

Vi
7

But B=uH =VxA

119 A,
o)

where A, = -4, sinb, 4, = 4, cosb

I e™( j [ [ I .
H, = 21tor eﬁ (Sijfej[sm—cos(—cose) - cosf cos% sm(ﬁz—coseﬂ Zﬂ‘;z e (...

For far field, only the ! _term remains. Hence
r
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Jl

/ l
[sinﬁ—cos(ﬁ—cose) - cosb cosﬂsin(ﬁ—l cose)]
o e 2 2 2 2

H =
o onp sinf

Bl ) B!
cos( 5 cosf | — cos 5

1 (® f6)=

“sinf

cos(m cosB) + 1

For I=L,f(8)= <in®

[ eon)
COS| 2 COS

sin6

3\
For l='—2—,f(9)=
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cos @sin (27 cos 0)

FOI‘IZZ/I, f(e):: -y
sin

Prob. 13.4

@) Pu= J P,..0s= P, 2w’ (hemisphere)

3
P = R.adz _200x10 T
27rt 27(2500%10°)

P, =12.73a, uW/m* .

ave

(B
©) By =T

ave

Emax = vzﬂl’m = \/24011: x 1273 % ]0_6
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Prob. 13.5

. l pl
; - jbr E__ ) _ L
]nIoeb [cos( 5 cosf | - cos 2}

2nrsind

| From Prob. 1310, Eq;=

Forl=}»E£=‘2—Tc L
12 7\"2

nl, |cos(z cosd)+1
IEQ I — [ ]

27rsind

1E9s
f(0)= IE

Os

_ cos(n cosb) + 1

sin0

max

It is sketched below.
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Prob. 13.6

2 2 1.2
P _IE | 4 _1I,sin Ha

ave

m T
By = L2 [0, G0 0a0dg = Lo (27 [ 1-co5' O)d(~c050)
> rad 277 . .r2 iAo s R : :
2 3 2 2
_ L (050 o)=L (1/341-1/341) =2
1200 3 0 120 790

I =90P,, =90x50x107

—— I,=2121A

Prob. 13.7

This is similar to Fig. 13.10 except that the elements are z-directed.

i ~ibn ~Jjbn
E =E,+E, = ]n'fl"dl [sin@, © a, +sind, ¢ am:l
V1

4l h

where rlsr—icosﬁ, r2§r+%cosé’, 6,=6,=0,

E = j’?fladl sin6 a, [ejﬁdcose/z +e—jﬂdcos€/2:l
T

= Jnpldl sin @ COS(-l— Bd cosO)a,
2 2
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Prob. 13.8
(a) The resultant pattern is obtained as follows.

0
120 1200 1£0° 120

o M O'”?\JZ' ‘0 M2 O

N0 4
0 5 N
= & < >
Group Patte <
" - s Pan

X =
(b) The array is replaced by by  + +
00 X snn
4
where + stands for  e— .

Thus the resultant pattern is obtained as shown.




1200 1Z£90° 1.£180° e
o Mk o M o MO
® A2
\ .
Y

Ag
< o>
fok

/ 3

Prob. 13.9
Al a
A :_“G .9 At =_Gl
(a) = an dr e 47 d
2 2 Y Ar A 2
= 0Ol 3y ) B\ 2 % ) 22 )\ dr
R, PR (472-}/) t (22 er )(iz et)(47l'”}
Pr AerAe’
or Ez )\'2’,2

A, A -
(b) E',maX = )\c}r;t ‘Pt 3 Ac]. = Acl = 4_n(168)
c 3 X ]08 3m’

£ 100x10°

2\2
r,max )\'2 (103) -
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Prob. 13.10
4n [4nr,rzj2 P
c

P,
A

rad = GdtGdr
But G, =36dB=10%% =3981.1

G, =20dB=10" =100

3x108

5x10° 0.06

£
f

l’1=3k'm, r2 =5km

P

rad = 3081 1% 100

4n (47: % 15x 10")2 8x 1072
6x 107 24

= 1038 kW

Prob. 13.11

present and when it is absent.

1,Z,

e T Y
L

Z, I, 1))
| + T+
V, \z A B Vs
C D
By definition,
V] =AV2—B12 (1)
11 = CVz - DIz (2)

V43

Let 7,and 7, be respectively the load voltages when the filter circuit is
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VZ, _ V,Z,

V. ' f AV, —BIL, ;. :
Z +-LlCczZ, +D Z +—2 "2\CZ, +D
(g ,j( ,+D) ( cn_DIZJ( ,+D)

1

VeZ,

£ CZ,+D

V,Z,
(z,(cz, + D)+ 4z, +B)

- _ VA
' (z,+2,)
Ratio and modulus give

(z,(cz, +D)+ 4z, + B)
Z,+Z,

7,

"

Insertion loss =

IL = 201og,, II?

2

(z,(cz, +D)+ 4z, + B)
Z,+Z, |

= 20log,,

which is the required result
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CHAPTER 14
Prob. 14.1
vy o 52V+15_V+ v

Tt pdp 0

|| The equivalent finite difference expression is

V(p, +8p,2,) =2V (P, 2,) +V (P, —Ap,2,) 1 V(p, +8p,2,)~V(p, —AP,2,)
(Ap)’ p, 2Ap

' Vp,,z, + Az) -2V (p,,z,)+ V(p,,2z, = Az)
(Az)’

=0
If Az= Ap = h, rearranging terms gives

1 1 h
Vip,,z,) = ZV('DO’ZO +h)+ ZV('O"’Z" -h)+ (1+ Ep_)V(p +h,z,)

ke

+(1-
( 2p,

W(p-h,z,)
as expected.
Prob. 14.2

52V+lﬂ/—+—l~ﬁ2V~0 €))
St pop ptopt

0,)2V V;"+1n _ 2V n + V n

m m+1

) 2
p” % 2)

0”2V V n+l 2V n n V n-1

m m m

, 3
0’)V V“m+l - V”m—l 4
Of)p mn 2A,0 . ( )

Substituting (2) to (4) into (1) gives
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V 2V Vnm+1 _ V"m—l Vm+1" _ 2an + Vm+1n 17mn+l —‘2Vm" + an—l
= + +
mAp(24p) (Ap)?  (mApAg)?

1 1 1 1
= 1-—)yW " =-2V" +(1+ —)V " +
(Ap)Z ( 2m) m-1 m ( zm) m-1 (mA¢)2

(lel+1 _ 2I/mn + an—l )

as required.
Prob. 14.3 (a) Matrix [A] remains the same. To each term of matrix [B], we add
-h*p, /.

(b) Let Ax=Ay =h=0.25 so that NX=5=NY.

p. x(y-D107
L= =36ax(y-1
g 107 /367« =D

Modify the program in Fig. 14.16 as follows.

H=0.1;
for I=l:nx -1
for J=1:ny-1
X =H*I,
Y=H*J;
RO =36.0*pi*X*(Y-1);
V(1) = 0.25%( V(I+1,]) + V(I-1,J) + VI, J+1) + V(LJ-1) + H*H*RO );
end
end

This is the major change. However, in addition to this, we must set

vl =0.0;
v2 =10.0;
v3 =20.0;
v4 =-10.0;
nx =5;

ny =5;

The results are:

Va= 4.6095 Vp=9.9440 V. .=11.6577
V4=-1.5061 V,=3.5090 V=06.6867
V= -3.2592 V;=0.2366 V;=3.3472
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Prob. 14.4

i+l i1 . . . ) .
i (D I m,n + (D / mpn Z(D jm,n _ (D jm+l,n + (D Jm—l,n - 2(1) Jm,n
2 (At)? (Ax)?

(D jm,n+1 + q) jm,u-l - 2(1) Jm,n

9

| If A = Ax = Az, then after rearranging we obtain

. . i1 . . .
(D/Hm,n = ZCDJm,n - (DJ m,n + a(q)jmﬂ,n + (Djm—l,n - zq)jm,n)
+a(q)jm,n+l + q)jm‘n—l - 2q)/m,n)

where a = (cAt/h)*.

Prob. 14.5
oV o V(x+Ax,t) =2V (x,t)+V(x—Ax,t)
o’ o ’ (Ax)?
V(x,t+At)=2V(x,t)+V(x,t —Atf)

(A1)’

V(x,t+Af) = (%) [V (3 + Ax, 1) =20 (x, £) + V (= Ax, 1]+ 2V (x,0) =V (x, £ — Ar)

or
V@i, j+) =al[V i+ j)+vi-1 )]+20-a)V G, )=V (i,j-1)

2
where a = (%) . Applying the finite difference formula derived above, the following

programs was developed.

xd=0:.1:1;td=0:.1:4;

[t,x]=meshgrid(td,xd);
Va=sin(pi*x).*cos(pi*t); %o Analytical result
subplot(211) ;mesh(td,xd,Va);colormap([0 0 0])
% % % % Numerical result
N=length(xd);M=length(td);

v(:,1)=sin(pi*xd");
v(2:N-1,2)=(v(1:N-2,1)+v(3:N,1))/2;

for k=2:M-1
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v(2:N-1,k+1)=-v(2:N-1,k-1)+v(1:N-2,k)+v(3:N,Kk);
end
subplot(212);mesh(td,xd,v);colormap([0 0 0])

The results of the finite difference algorithm agree perfectly with the exact solution as

~i-'shown below.

ST

Analytical solution ¥V

MNumerical solution V

Prob. 14.6
(a)Points 1, 3, 5, and 7 are equidistant from O. Hence

1
Vo= 2 (Vy +V3 +Vs +Vy) (1)
Also points 2, 4, 6, and 8 are equidistant from O so that
1
Vo= Z (Vy +Vy +Vg +Vs) (2)
Adding (1) and (2) gives

1
2V, = Z(Vl +V, +V;3 +V4+ Vs + Vg +V; +Vy)

or

as required.
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Prob. 14.7

1 e

h
To find C, take the followiuyg steps:

(1)Divide each line into N equal segments. Number the segments in the lower conductor
as 1, 2, ..., N and segments in the upper conductor as N+1, N+2, ..., 2N,

(2) Determine the coordinate (X, yi) for the center of each segment.

For the lower conductor, yx =0,k=1,...,N, xx=h+ A (k-1/2), k=1,2,... N

For the upper conductor, x¢=[h+ A (k-1/2)] sin 6, k=N+1, N+2,...,2 N,

xx=[h+ A (k-1/2)] cos , k=N+1,N+2,... 2N

where h is determined from the gap g as

g
h=—"—
2sinf /2

(3)Calculate the matrices [V] and [A] with the following elements

y V.,k=1,..,N
KT\ -V k= N+1,.2N

AL
A, =1 amsr,” T
2InA /a,i=j

where R, = \/(x,. -x) (- y)?
(4) Invert matrix [A] and find [ p ] = [A]" [V].

(5) Find the charge Q on one conductor
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N
Q= ZPkA = A’;pk

(6) Find C =|Q|/2V,

Taking N= 10, V, = 1.0, a program was developed to obtain the following result.

0 .+ | C(inpF)
10 8.5483
20 9.0677
30 8.893
40 8.606
50 13.004
60 8.5505
70 9.3711
80 8.7762
90 8.665
100 8.665
110 10.179
120 8.544
130 9.892
140 8.7449
150 9.5106
160 8.5488
170 11.32
180 8.6278
Prob. 14.8
We make use of the formulas in Problem 14.21.
2N
Vi = Z Aijpi
=

where N is the number of divisions on each arm of the conductor.

The MATLAB codes is as follows:

aa=0.001;
=2.0;
N=10; %no.of divisions on each arm
NT=N*2;
delta=L/(NT);




108

x=zeros(NT,1);
y=zeros(NT,1);
%S Second calculate the elements of the coefficient matrix
for i=1:N-1
y(1)=0;
x(i)=delta*(i-0.5)
end
I-fori=N+1:NT
x(1)=0;
I y(i)=delta*(i-N-0.5);
end
for i=1:NT
for j=1:NT
if (i ~=)
R=sqrt( (x(1)-x())"2 + (y(1)-y())"2)
A(i,j)=-delta*R;
else
A(i,j)=-delta*(log(delta)-1.5);
end
end
end
%Determine the matrix of constant vector B and find rho
B=2*pi*eo*vo*ones(NT,1);
rho=inv(A)*B;

The result is presented below.

90
= 85 \.| ;
2 4 /
=
2 80 \\ /
3 5, /
2 75 /
\ /
S N v

70 4 N . /
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Segment | X p in pC/m
1 0.9500 89.6711
2 0.8500 0 80.7171
3 0.7500 0 77.3794
4 0.6500 0 754209
5 0.5500 0 74.0605
6 0.4500 0 73.0192
17 0.3500 0 ] 72.1641
8 0.2500 0 71.4150
49 | 0.1500 0 - | 70.6816
10 0.0500 0 69.6949
11 0 0 69.6949
12 0 0.0500 | 70.6816
13 0 0.1500 | 71.4150
14 0 0.2500 | 72.1641
15 0 0.3500 | 73.0192
16 0 0.4500 | 74.0605
17 0 0.5500 | 75.4209
18 0 0.6500 | 77.3794
19 0 0.7500 | 80.7171
20 0 0.8500 | 89.6711

Prob. 14.9 (a) Exact solution yields

C=2ne/In(A /a)=802607x10""" F/m and Z, = 41.559Q

where a = 1cm and A =2cm. The numerical solution is shown below.

N C (pF/m) Z,(Q)
10 82.386 40.486
20 80.966 41.197
40 80.438 41.467
100 80.025 41.562
(b)For this case, the numerical solution is shown below.
N C (pF/m) Z,(Q)
10 109.51 30.458
20 108.71 30.681
40 108.27 30.807
100 107.93 30.905
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Prob. 14.10 We modify the MATLAB code in Fig. 14.26 (for Example 14.5) by
changing the input data and matrices [A] and [B]. We let
xi=h+ A (i-12), i=1,2,... N, A =L/N

yi=h/2, j=1,2,... N, z=t2, k=12,...N

{-and-calculate

Rij = \/(x,. ”xj)z + _yj)z + (2, _Zj)2

We obtain matrices [A] and [B]. Inverting [A] gives

[q] =[A]" [B], [p,]1=I[ql/(htA),

N
Z_:qu‘
T

The computed values of [ p, ] and C are shown below.

i P, (x107*)C/m’
1,20 0.5104
2,19 0.4524
3,18 0.4324
4,17 0.4215
5,16 0.4144
6,15 0.4096
7, 14 0.4063
8,13 0.4041
9,12 0.4027
10,11 0.4020
C=17.02 pF
Prob. 14.11  From the given figure, we obtain
1 x
4 1 I
a, = Ve ﬂl Xy Vo= 2_Af[(x2y3 = X3,)+ (¥, = y3)x+ (x5 - x,)y]
1 x5

as expected. The same applies for «, and a,.




