CHAPTER 1

P.E.11
(@ A+B=(103)+(52-6)=(6,2,-3)

|[A+B|=~36+4+9=7

(b) 5A-B=(5015)-(52-6)=(0,-2,21)

(© The component of A along ay is Ay =

o

(d  3A+B=(309)+(52-6)=(823)
A unit vector parallel to this vector is
(8,2,3)

a, =——rt—
" J64+4+9

— +(0.9117a, +0.2279a,, +0.3419a, )

P.E.12 (a) r,=a,—3a,+53,

r, =3a,+8a,

(b) The distance vector is

T =Te — 1y =(0,3,8)—(2,4,6) =-2a, —a, + 23,

(©) The distance between Q and R is

|t FV4+1+4 =3

P.E.1.3 Consider the figure shown on the next page:
40
u, = u, +u, =-350a, +$(—aX +a, )
=-378.28a, +28.28a, km/hr

or

u, =379.3£175.72° km/hr

Where up, = velocity of the airplane in the absence of wind
uw = wind velocity
u; = observed velocity
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CHAPTER 2
P.E. 2.1
(@) At P(1,3,5), x=1, y=3, z =5,
p=+x2+y? =410, z=5, g=tan'y/x=tan'3=71.6°

P(p,0,2z) = P(410, tan™* 3,5) = P(3.162,716°,5)

Spherical system:

= Jx?+y2+ 7% = /35 =5916
0=tan™\/x* + y? [z = tan"\/10/5 = tan 1 0.6325 = 32.31°
P(r,60,p) = P(5.916,32.31°,71.57%)

At T(0,-4,3), x=0 y =-4, z=3;

p=X°+y?*=42=3,p=tan'y/x=tan-4/0= 270°
T(p,0,2) = T(4,270° 3).

Spherical system:

r=x’+y*+2*=560=tan" p/z=tan"4/3=5313.

T(r,0,¢)=T(55313,270°).

At S(-3-4-10), X =-3, y=-4, z=-10;
p=+X+y> =54¢=tan™ (_—gj =233.1°

S(p,¢,2) = S(5,233.1-10).

Spherical system:
r=x?+y?+z2 =55 =11.18.
0 =tan" 1"7_tan‘li—153.43°;

S(r, 6, $)=5(11.18,153.43°,233.1°).

(b)  InCylindrical system, p=+X* +Vy’; yz=12psing,
o _ Zpsing .
Q=—F— Q=0 Q,=—"F
/pz 472 Y /pz 472

15
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Q, cosg sing 0| Q,
Q, |=|-sing cosg 0| O |;

Q, 0 0 1|Q,

Q :QXCOSqﬁ:LM, Q¢:_stin¢:ﬂ
P /p2+22 /p2+22

Hence,

Q =L(cos¢ap -singa , —zsinga,).

/pz_l_zz

In Spherical coordinates:

Q.- rs'rnezsine;

Q, =—rsingsindrcosd 1 =—rsingcosdsin .
r

Q sindcos¢g sindsing cosé || Q,

Q, | = |cosfcosg cos@sing —sind || O |;

Q, —sing CoS¢ 0 Q,
Q,=Q,sinfcosg + Q, cos@ = sin* fcos g — rsin@cos’ sin .
Q,=Q, cos@dcosg — Q,sin@ = sinHcoscos ¢ + rsin® dcosOsin g.
Q,=—Q, sing = —singsing.

Q= sin@(sin @cos ¢—r cos’ Hsinqﬁ)ar + sin@cosO(cosg + rsingsing)a, —sindsinga, .

At T :
Q(xy,2) = %ax + %az =0.8a, +2.4a,;

Q(p.¢.2) :%(cos 270°a, —sin 270°a4 —3sin 270°a,

=0.8a,+2.4a,;
4 45 4 3 20 4
r,0,¢)=—(0-—(-1)a, +=(=)(0+—(-1))a,—=(-Da
Qr.0,9) = (0-—- (=1)a, + £ Q)0+ (=D)a, - (-1)a,
:ﬁar—ﬁaﬁiw = 1.44a, -1.92a,+0.8a,;
25 25 5

16
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Note, that the magnitude of vector Q = 2.53 in all 3 cases above.

P.E.2.2 (a)
A | |cosg —sing O|| pzsing
A |=|sing cosg 0| 3pcosg
A 0 0 1|]|pcosgsing

A= (pzcosgsing—3pcosgsing)ax + (pzsin® g+3pc0s” g)a, + pcosgsinga, .

But p=1/X+Y?, tan¢— , COS¢p= , Sing= y

X .
X +Y N
Substituting all this yields:

A= m[(xyz -3%y)a, +(zy° +3¢)a, +xya,].

B, sinfcos¢ cos@cosg —sing || r?
B, | =|sinfdsing cosfsing cosg 0

B, cosé -siné@ 0 sing

2 2

: X
Since r=\/x2+y2+zz,tan9=—+y, tan¢=l;

z z
X2 +y°

: z
and sind=—2=A—~—-="_ c0S0=——m—r7-——:
and sing = y COS ¢ = X :

X2 +y? X2+ y?
B, =r’sindcos¢ —singdsing = x-L = l(rzx—y),
ror

2 . . X 1,
B,=r"sin@sing + sindcosg = ry+? = F(r Y+ X).

2 1 2
B, =r‘cosé =rz=-—(rz).

r
Hence,
B= ;[{x(x2+y2+zz)—y}ax + {y(x* +y* +2°)+x}a,+2(x* + y* +2°)a,].
JXe+yi+7z°

17
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PE23 (a) At
(L7/3,0, H =(0,0.06767,1)

a,=cosga —singa, :%(ap —\/§a¢)
Hea = —0.0586.

(b)) At
L /3,0), as=cosfa,—sinda,

=—a;.

ap a¢ az
Hxa,=|0 006767 1|=
0 0 1

—0.06767 a,.

(©) (Hea,)a, = Oa,.

a, a, a,
Hxa, = |0 006767 1| = 0.06767 a,.
(d) o o0 1
|Hxa,| = 0.06767
P.E.2.4
(a)
AB = (3,2,-6) ¢(4,0,3) = —6.
32 -6
AxB| = =|6a, —33a, —8a,|.
4 0 3

(b)
Thus the magnitude of Ax B = 34.48.

()

At (1, 7/3, 5714), O=rl3,

a,= cosfar —sinfay = %a, —?ag.

(Aa,)a, = @ —Jéj[%a —?agj = -0.116a, +0.201a,

18
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Prob. 2.1
(@

p=+X+Yy> =+4+25=53852, ¢= tan?Y —tan12.5=68.2°
X
2 2
r=C+y?+22 =J4+25+41-5477, O=tan XY _ tanl@ — 79.48"°

VA
P(p,4,7) = P(5.3852,68.2°,1),  P(r,0,4) = P(5.477,79.48°,68.2°)

(b)
p=\x+y?=/9116=5 g=tan' Y= tan-1i3:360° ~53.123° = 306.88°
X

2 2
r=x*+y?+z° =5, 0=tan XY _tantoo—go°
z
Q(p, ¢, 2) = Q(5,306.88°,0),  P(r,d,4) = P(5,90°,306.88°)
(c)
p=X+y? =/36+4=6325 g=tan)= tan‘1§=18.43°
X

r=x*+y?+z° =+36+4+16 = 7.483,

X“+y? an-! 6.325
z —4

R(p,4,2) =R(6.325,18.43°,-4),  R(r,0,$) = R(7.483,122.31°,18.43°)

f=tan™* =180° -57.69° =122.31°

Prob. 2.2

(@)
X = pcos¢ = 2c0s30° = 1.732;

y = psing = 2sin30° =1;
z =5
R(x,y,z) = P (1.732,1,5).

(b) _
Xx=1c0s90°=0; y=1sin90°=1, z= -3.

P,(x,y,2) =R, (0,1, -3).

19

STUDENTS-HUB.com Uploaded By: anonymous




20

(©)
X =rsin@cos¢ = 10sin(xz/4)cos(x/3) = 3.535;

y=rsindsing = 10sin(xz/4)sin(z/3) =6.124;
z=rcosé = 10cos(rz/4) =7.0711
P,(X,y,2) = P,(3.535, 6.124,7.0711).

(d)

X =4sin30°co0s60° =1

y =4sin30°sin 60° =1.7321
z=rcosd =4cos30° =3.464
P,(x,y,2) = P,(1,1.7321,3.464).

Prob. 2.3

p=+X+y’ =+4+36 =6.324
(a) ¢=tan’ll:tan’1§:71.56°
X 2

Pis (6.324,71.56°,—4)

r=yx*+y*+z° =J4+36+16 =7.485

X“+y? tan-1 8324
z —4

Pis (7.483,122.3°,71.56°)

(b) O=tan™

Prob. 2.4

(a)
X = pCcos¢=5c0s120° =-2.5
y = psing =>5sin120° = 4.33
z=1
Hence Q =(-2.5,4.33,1)

=90° + tan_li =122.3°
6.324

20
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(b)

r :\/x2+y2+z2 :\/,02+z2 =+/25+1=5.099

2 2
o=tan* XY _antL _tan? ? =78.69°
z z

¢ =120°
Hence Q =(5.099,78.69°,120°)

Prob. 2.5

T(r,0,4) —— r=10,0=60°¢=30°
X =rsindcos ¢ =10sin60°cos30° =7.5

y =rsinédsing =10sin 60°sin 30° = 4.33
z=rcos#=10cos60° =5
T(x,y,2)=(7.5,4.33,5)
p=rsind=10sin60° =8.66

T(p,4,2) = (8.66,30°,5)

Prob. 2.6
(a)

X = pCoS¢, y = psing,
V = pzcos¢g- p’singcosg+ pzsing

(b)
U=x*+y*+22+y?+27°
=r’+r%sin® @sin® ¢+ 2r° cos’
=r?[1+sin? @sin’ ¢+ 2cos’ 4]

21
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Prob. 2.7
(a) i i
X
2 2
F, cosg sing O p oz
F,| =|-sing cos¢g O 2y =
F 0 0 1||VP *?
4
R

1 - P
F =——=[pcos’ ¢+ psin’§] = ——;
P /p2+22 /p2+22
1
2

F, = \/7[—pcos¢sin¢+pcos¢sin¢] =0;

PP +1

F

— 4 -
z /p2+22 '
= 1
F=———(pa,+4a,)
/pz_l_zz

In Spherical:
_Z_
F sindcosg  sin@sing cosd | | '
F,| = |cosfcosg cosdsing —sind %
F, —sing CoS¢ 0 4
1]
r.., 5 r., ., 4 . 5 4
F =—sin“dcos” ¢ + —sin“@sin“ ¢ + —cosd = sin” @ + —cosé,
r r r r

F, =sin@cosfcos’® ¢ + sin HcosOsin® —ilsin0= sinecose—fsine;
0
r r

F, =—sindcosgsing + sindsingcos g = 0;

- F = (sin? 0+ cos 6)a, + sinf(cos e—ﬂ)ag
r r

22
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(b) i .
Xp’
. Jp'+17°
G, cosg sing O )
: yp
G,| =|-sing cosg O||—
¢
G, 0 0o 1||VeHT
7p°
R
G, =p—2[pC052¢+pSin2¢] = p—a;
,p2+22 p2+22
G, =0;
G - P .
z /p2+22
pz
G =ﬁ(pap+zaz)
p+z
Spherical :
P’ r’sin®@ s s
G="—(xa, +ya, +za,)= ra, =r-sin” da,
r _
Prob. 2.8

y
B=pa, +=a, +1za,

B, cosg sing 0| p
B, |=| —sing cosg O y/p
B, 0 0 1| z

y .
Bp:pcos¢+;sm¢

B, = —psin¢+lcos¢

B,=z2

But y= psing

B, = pcosg+sin® ¢, B, =—psin g +sin gcos 4
Hence,

B = (pC0Ss ¢ +sin® g)a, +sing(cosg—p)a, + za,

23
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Prob. 2.9

A cosg —sing 0|2

A |=|sing cosg 0|3

A 0 0 14

At P, p=2  ¢=xl2, z=-1

A, =2cos¢—3sing=2c0s90° —3sin90° = -3
A, =2sin ¢ +3cos¢ = 2sin90° +3¢0s90° =2
A =4

Hence, A=-3a, +2a, +43,

Prob. 2.10

(a)
A cosg —sing O psing
A |=|sing cosg 0| pcosg
A, 0 0 1| -2z

A = psingcosg— pcospsing =0

A, = psin® g+ pcos’ = p=/x* +y?
A =-22

Hence,

A=x*+y’a, —2za,

(b)
B, sindcos¢g cosfdcos¢g -—sing| |4rcosg
B, |= | sindsing cosdsing cosg r
B, cosé —-sing 0 0

B, = 4rsindcos’ ¢ +rcosdcosgé
B, =4rsingsingcosg +rcosdsing
B, =4rcosfdcos¢g—rsing

2 2

But r=+x*+y?+127%, sing=X Y cosp=2
r r

_ Yy

X2 +y?

sing = COS¢ =

X

24
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B= ;[x@x +2)a, + y(4x + 2)a, +(4xz - X* —yz)az]
VX2 +y°

Prob. 2.11

Method 1:
F, sinfcos¢ cos@cosg —sing || 4/r?
F, |=|sindsing cosdsing cosg 0

F cosd —siné@ 0 0

z

F :ri'zsin gcosg, F, :rizsin gsing, F, :rizcose

2 2
. NG z
r’=x’+y*+12%, sing=— Y Y

cosf =

Yy X
. 4 X2+ P X 4x

Xy A7 X +y +2% X +y? Ty )
E - 4 X+ y 4y
Oy 2 [y e Py (K Yy H2)T
B 4 z B 47

X4y +22 (P +y +7Y) (P +yr+20)¥?
Thus,

sing = CoS¢ =

F

X

= 23,2[xax+yay+zaz}
(X“+y“+29)

25
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Method 2:
4a, r 4ra
F = r
r2r o3

= [xa +ya +za]
(X2+y2+22)3/2 X y z

Prob. 2.12

r=2, 6=xl2, ¢=37/2
(@) B =2sin(z/2)a, —4cos(3z/2)a, = 2a,

(b)
B singdcos¢g cos@dcosg —sing || rsind
B, |=| cosfcosg cosdsing cosg 0
B cosd —siné 0 ||-r’cos¢
B, =rsin’@cosg—r’singcosg, B, =rsindcosdcosp—r’cos’ ¢
B, =rsindcosé
’ 2 2
But r=«/x2+y2+22,cos¢9:£,sin¢9:£:$
r r Jx®+y*+z?
X X y y
COSp=—=—=—, SiNg=-—=
P X +y? P \XP+y
2 2
B, =X +y?+2P Y X (x+y?+2?) Y
" y x2+y2+zzm (+y )x2+y2
WX +y xy(xXC+y*+7°)
X2y +7° Xt +y?
’ 2
=Xt +y 427 = WX +y X (X+y2+7?) —
X2 +y?+z \/ +y? X2 +y
3 Xz X (X2 +y*+12%)
JC+y 42 X*+y?
B, =y e DAY WXy
g Xt 4y’ +2° \/x2+y2+22
B=B,a,+B,a, +B,a,
Prob. 2.13

26
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X = pCoS¢

® B=pcosga,

X=rsin@cos¢
(b) B=rsindcosga,, B =0=B,,B,=rsingdcos¢

B, sindcos¢g sindsing  cosé 0
B, |=|cosdcos¢g cosdsing —sind 0
B, —sing CoS ¢ 0 rsin @cos ¢

B, =rsinédcosdcos¢ =0.5rsin(26) cos ¢
B, =-rsin®dcosg, B, =0

B =0.5rsin(260) cosga, —rsin’ &cos ga,

Prob. 2.14
(@

a, xa, =(cosga,—singa,)xa, = cos¢
a, xay =(cosga, —singay)xas; = —sing
a,xa, =(singa,+cosga,)xa, =sing

ayxay =(singa,+singa,)xa, = cos¢g

(b) and (c)

In spherical system:
a, =sindcosga, + cos@cosga, —singa,.
a, =singsinga, + cosdsinga, —cosga,.

a; = cosfa,—sinda,.

27
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Hence,
a,xar = singcos ¢;
a,xa, = C0s 6 Ccos ¢;
a, xar =singsin g;
ayxay = cosdsin ¢,
a,xar = cos b,

ézXée = —Sin 0,

Prob. 2.15

(a)

a,=cosda, +singa , a, =-—singa, +cosga,
CcoS sin

a,xa, = _¢ ¢ =(cos’ g+sin*g)a, =a,

r —sing cos¢g 0O

a xa 0 0 singa, +Ccosga, =a

X = = — =

77 lcosg sing O * o
—sing cos¢g O .

a,xa, = 0 0 1:cos¢ax+sm¢ay:ap

(b)

a, =singdcosga, +sindsinga, +cosda,
a, =cosdcosga, +cosdsinga, —sinba,
a, =—singa, +cosda,

singdcosg sindsing cosé
cos@dcosg cosdsing —sind

Th2 H 2 H 2 Th2

= (—sin” @sin g —cos” dsin g)a, + (cos” &cos ¢ +sin” dcosp)a,
+(sin @ cos @sin ¢ cos ¢ —sin & cos dsin gcosg)a,

=-singa, +cosga, =a,

a, xa, =

28
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—sing cos ¢ 0
singdcos¢g sin@sing cosé
=c0sfcos¢ a, +cosdsinga, +(—sin dsin® g—sin dcos’ g)a,
=cosdcosga, +cosdsinga, —sinda, =a,

a,xa, =

cos@dcosg cosdsing —sind
—sing CoS ¢ 0
=singcos¢ a, +sindsin ga, +(cosHcos® ¢+ cosfsin’ g)a,

=sinfdcosga, +sindsinga, +cosda, =a,

aexa¢ =

Prob. 2.16
(a)

r=xt+y2+ 22 = \p*+ 2.

0= tan‘lg; b= ¢.

or

p= \/x"- +y?= \/rz sin® @cos” ¢+ r’sin” @sin® ¢.

= rsing,

Z = rcosé, g= 9.

(b) From the figures below,
cosba,
z A Z A
a, a,
a, a
-,
5 sinfda,, \9
cosfa, sinf(-a,)
p

29
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ar =sinfa, + cosfa,; ag =cosfa, —sinfa,; a, =ay
Hence,
a sing 0 coso]|?”
a | =|cosd 0 -sind|l a,
0 1 0
Ay a;
From the figures below,
a, = cosba, +sinfa;;a, =Ccosda, —sinda,;a, = a,.
z A
1 sinfa, ? by a,
cosba, / sinf(-a,)
ap
cosfa,
a
a
0 a, 0
p p
a sing cosd 0]
as | = 0 0 1] |ae
cosgd -—sing 0
a'Z a'Z
Prob. 2.17
z -1
At P(2,0,-1), ¢=0, 6#=cos’| ———— :cosl(—j:116.56°
X +y?+ 72 J5
(@ a,ea =cos¢g=1
(b) a,ea =cosg=1
(c) a, e a,=cosd=-0.4472
30
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Prob. 2.18
If A and B are perpendicular to each other, ALlB =0
AB = p’sin’ ¢+ p* cos® ¢ -p°
=p*(sin® ¢ +cos’ ¢ )-p°
:pz —,02
=0
As expected.

Prob. 2.19

(a) A+B=8a,+2a,-7a,

(b) AB=15+0-8=7
2 1
0 -8
=-16a, +(5+24)a, —10a,
=-16a, +29a, —10a,

3
c) AxB =
(c) Ax ‘5

(d) cosé _AB_ /! I
O AB J914+1425+64 +14+/89
=0.19831
0,, =78.56°
Prob. 2.20

G, cosg -—sing 0| G,

G, |=|sing cosg 0] G,

G, 0 0 1] G,

G,=G,cosg—G,sing=3pcosg— pcosgsin ¢
=3x—xsing =3(3) —(3)sin(306.87°) =11.4

G, =G,a,=114a,

31
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Prob. 2.21

G, cosg sing 0] yz
G, |=|-sing cos¢g 0| xz
G, 0 0 1 xy
G, =yzcosg+xzsing
X=pC0S¢p,y=pSing, YyZ=pzsSing,XZ= pzCOS¢p
G, = pzsingcosg+ pzcosgsing =2pzsingcosg = pzsin 2¢
G, =—yzsing+xzC0s¢ = pz(cos® ¢—sin’ ¢) = pz cos 2¢
G, =Xy = p° cosgsin g =0.5p°sin 2¢
G = pzsin 2ga, + pz cos 24a, +0.5p° sin 2¢a

z

Prob. 2.22
A, cosp -sing Of | A
A/| = |sing cos¢ O |A
A, 0 0 1| [ A

_ . ] y O_
\/xz +y° \/xz +y° A

_ y X 0
- \/XZ L yz \/XZ A yz A¢>
0 0 1 A

A, sindcos¢ cosfdcosg —sing| | A
A | =| singdsing cosdsing cosg || A,

A, cosd —-sing 0 A,
X Xz -y
\/x2+y2+z2 \/x2+y2\/x2+y2+z2 \/x2+y2 A
y yz X A

= \/x2+y2+zz \/x2+y2\/x2+y2+z2 \/x2+y2 A
z X2 +y? 0

32
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Prob. 2.23 (a) Using the results in Prob.2.14,

A, = pzsing = r?singcosdsin ¢

A, = 3pcosg = 3rsindcos ¢

A, = pcosgsing = rsingdcosgsin ¢
Hence,
A sin@ 0 cosO | r?sind coso sing
Aj|=|cos6 O -sinf| 3rsindcos¢
A 0 1 0 rsind cos¢ sin¢

AT, 0,0)= rsin@[sin¢cos€(rsin0+ cosg)a, +sing(rcos’ 6 -sindcosg)a, +3cos éaq,]

At (10,n/23n/4), r=100=n/2,0=3n/4

A=10(0a, +0.5a, —ia¢) =53, —-21.21a,

NG

(b) B.=r’=(p?+7%), B,=0, B,=sing=———
p-+1Z

B, sine cosd 0O} B,
B,|=| O 0 1| B,
B, cosb -sinb 0] B,

B(p,¢,Z)=«/p2+Zz[pap+ '02 a¢+zaZJ

PPtz

At (2,n/6,1), p=2,0=n/6,z=1

B =+5(2a, +0.4a, +a,) = 4.472a, +0.8944a, + 2.236a,

Prob. 2.24

(@) d=+(6-2)7+(-1-1)%+(2-5)*= /29 = 5385

d2=32+5 - 2(3)(5)cosz + (-1- 5)? = 100

b
® 4 o =10

33
STUDENTS-HUB.com Uploaded By: anonymous




34

(c)
2 2, g2 T 3r
d°=10"+5 2(10)(5)Coszcos€ - 2(10)(5)smzsm 5 cos(?— - —)

=125 -100(0.7071)(0.866)—100(0.7071)(0.5)(-0.2334)
=125-61.23 +35.33 = 99.118

=+/99.118 =9.956.

Prob. 2.25

Using eq. (2.33),

d? =12 +r7 —2rr,cos, cosd, — 2r,r, sin &, sin 8, cos(4, — 4,
=16 +36 —2(4)(6) cos30° cos90° — 2(4)(6)sin 30° sin 90° cos(180°)
~16+36—0-48(0.5)(1)(~1) =52+ 24 =76

d=8.718
Prob. 2.26
a, cosg sing 0]|a,
a, |= —sm¢ cos¢ 0]fa,
a a

Z z

a, _cos¢a +sm¢a a, =—singa, +cosga,
At (0,4,-1), ¢=90°
a,=sin90°a, =a,

H 0
a,=-sin9%0"a, =-a,

Prob. 2.27
At (1,60°,-1), p=1¢=60°,z=-1,
(@ A=(-2-sin60")a, +(4+2cos60%)a, —3(1)(-1a,
=-2.866a, +5a, +3a,

B =1cos60°a, +sin60°a, +a, = 0.5a, +0.866a, +a,
A'B = —1.433+4.33+3="5.897
AB =+/2.866% + 26 +9+/0.25+1+0.866% = 9.1885

AB 5897
AB  9.1885

C0SH,; =

~06419 —— 6, =50.07°
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Let D=A x B. At (1,90°,0),
(b) A=-sin90°a, +4a, =-a, +4a,

p=1¢$=90°2=0

B =1cos90°a, +sin90°a, +a, =a, +a,
a, a, a,
D=AxB=|-1 4 0|=4a,+a,-a,
0o 1 1
D (4,1-1)
a, =—=———2-=0.9428a_+0.2357a, —0.2357a
> D J16+1+1 2 ‘ :
Prob.2.28
At P(0,2,-5), ¢ =90°
B, cosg -—sing 0B,
B,| =|sing cos¢ O||B,
B, | 0 0 1|8,
[0 -1 0][-5
=11 0 0|1
0 0 1]|-3

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

(a) A+ B =(2,4,10)+(-1,-5,-3)
=a,—ay+/a,.

AeB  -52

AB \/4200

2 )= 143.36°.
o) T ==

V420

(b) cosé,, =

6,5 = COS (

AeB 52
(C) AB:A.aB = B :_\/%_

Prob. 2.29

35
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Bea, =B,

B, cosg -—sing OB,
B, | =|sing cosg O] |B,
B, 0 0 1(|B

BX:Bpcos¢—B¢sin¢:pzsin¢cos¢—(z—1)cos¢sin¢
=16(0.5) - (-2)(0.5)=8+1=9

z

Prob. 2.30
G=cos’ga_ + Wéy+(l— cos’ g)a,
i

= cos? pax+2cotdsingay+sin’ ga,

G, sindcos¢g sin@dsing cosé cos® ¢

G, | = |cosfdcosg cosfsing —sind | | 2cotdsing
. H

G, —-sing Cos¢ 0 sin® ¢

G, =sindcos’ ¢ +2cosdsin’ ¢ +cosdsin’ ¢
=sindcos® ¢ +3cosfsin’ ¢
G, = cosdcos® ¢ +2cotfdcosdsin® ¢ —sindsin® ¢

G, =-singcos® ¢ +2cotlsingcosg
G =[sindcos® ¢ + 3cosPsin® gla,
+[cosfcos® ¢+ 2cotdcosdsin’ ¢ —sindsin’ gla,

+singcosg(2cotd —cosg)ay,

Prob. 2.31
@ An infinite line parallel to the z-axis.
(b) Point (2,-1,10).
(c) A circleofradius rsind=5 , i.e. the intersection of a cone and a sphere.
(d  An infinite line parallel to the z-axis.
(e) A semi-infinite line parallel to the x-y plane.

() A semi-circle of radius 5 in the y-z plane.
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Prob. 2.32
(@ J,= ea,)a,.
At(2, =12, 3712), a,=coséa, —sinba, =-a,.
J, =—cos20singa, = —coszsin(3z/2)as =—a,.
(b)J, = tangln ras = tan%ln 2a, =In2a,=0.6931a,.
(€)J,=3-J3,=J-Jr=-ap+In2a4 = —a,+0.6931a,
(d) J.=(ea)a,

a, =sindcosga, +cosdcosga, —singa,=a,.

At (2, nl2, 37/2),
Jo=In2a,.

Prob. 2.33
Hla, =H,
H,| [cos¢ -sing O] p’cosg
H, |=|sing cosg O] —psing
H, 0 o 1)l o

H, = p>cos’ ¢+ psin® ¢
AtP, p=2,$=60°z=-1
H, =4(1/4)+2(3/4)=1+15=25

Prob. 2.34
(@ 5=r-a, +r-a,=x+y a plane
o) 10:|rxaz|:‘é 3(: i‘=|yax—xay|=w/x2+y2=p

a cylinder of infinite length

37

STUDENTS-HUB.com Uploaded By: anonymous




38

CHAPTER 3
P.E.3.1
=3 T T
(@ DH = [ rsingds =3@[Z-Z) = Z= 07854,
S r=3,90 3 4 4
§=40° | T T 5n
(b) FG=9=J;OOrde s = 5(;-5) = o = 2618
(c)
0=90° ¢=60°
AEHD = | [risinodods | = 9(-cose)l-2s: o=
=60° ¢=45°
1 =« 3n
= 9G)(,) = 5 = L78.
(d) 5 6=90
i 2lIr=5
ABCD = [ [ rdodr :55 E-Ty2 3% _ 4189
r=3 6-60 r=32 3 3 T
(e)
r=5 $=60° 6=90 r3 i J60° 1 1 7
Volume = I J j r’sin@drdddg = —| = (-cos6) |,% ¢ |¢;450= =(98)(%)
r=3 ¢=45°  6=60 3 3 2 11
_ 87 40,
P.E. 3.2
y A
3 2
60°
—> >
1 X
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flAedi=(+] +[)Aedi=C,+C,+C,
L 1 2 3
2 2
Along (1), C, = [ Aedl = [ pcosgdpl, = £ = 2.
5 20

Along (2), dl = pdga, Aedl =0, C,=0
0 pZ 2 1
Along (3), C, = pcos¢dp¢:600=—?| , =1
2

flAedi=C,+C,+C,=2+0-1=1
|

P.E. 3.3

ouU ouU ouU

(@) VU = ax+ ay+ a
X ay oz

z

=y(2x+z)ax+ X(x+2z)ay+xya;

b w=a tN N
op poP oz

a;

2
=(zsing+2p)a,+(zcos¢ — Z—sin 2¢)as+ (psing+2zcos’ ¢)a,
2

(©)
Vi =ﬂar+laf ap+ l of
or r oo rsin@ op
; ; ; 2
_ (cosesm¢ +2rg)a, - singsinginr a, + (cos&cos_¢|n r+r°) a,
r rsiné
:(cosesmqﬁ +2r¢jar_sm gsinglnr aﬁ[cot&cos«/ﬁln r, rcosec@]a¢
r r

P.E.34

VO =(y+2z)ax+(X+2)ay+(x+Yy)a;
At (1,2,3), VD =(5,4,3)

V®0a1=(5,4,3)o(2'—§'1):%=1,

where (2,2,1)=(3,4,4)-(1,2,3)
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P.E.3.5
Let f=x*y+z-3, g=xlogz-y?+4,

Vi =2xyax+ x*ay+a;,

X
Vg=logzax—2yay+—a.
z

At P(-1,2,1),
\YA (-4ax+ay+a,) Vg (-4ay—a,)
ng ==+ =4 , ng == ==
CTTvE Ji8 " v Ny
(=5)

cosfd =n¢.Ng =+ ——
T 18x17

Take positive value to get acute angle.

0 =cos™ =73.39°
17493 =
P.E. 3.6
o
(@) VeA= ﬁp&+ A + oA, =0+4x+0=4x.
ox oy 01 =
At (1-2,3), VeA=4,
(b)
oB
VeB = ii(po)+ 175 , 98
pp p op Pp
:£2pzsin¢—£3pzzsin¢ = 2zsing — 3z°sing
P P
=(2-3z)zsing.
At(S,%,l), VeB=(2-3)()= -1
(c)
oC
vec=1 2 (e )r— 2 (c,sing)+—— 20
r-or rsiné oo rsinéd cop

1
:r—26rzcosecos¢

= 6C0SHcos ¢
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At (1,%,%), VeC-= 6COS% cos% = 2.598.

P.E. 3.7 This is similar to Example 3.7.
W=[|DedS= W, +¥,+¥,
S
Y, =0="¥, since D has no z-component

¢=2r 7=

Y, =” p° cos® godepdz = p° I cos” gd ¢ Il dz
$=0 2=0

p=4
— (4)*7(1) =64r ‘
¥ =0+0+647 = 647

By the divergence theorem,
fiDeds =[f)ve Dav
S \Y

17, , 170 . oA
VeD=—— cos + ———17SIng + —%
. pap(p ) Py ¢ &

=3pcos’ ¢ + icos¢ﬁ.
P

¥ :IVo Ddv = j (3pcos® ¢ + icos¢))pd¢5dzd,o
0
\%

\%
4 2z 1 4 2 1
= 3jp2dp j cosz¢d¢_|'dz + jdpj cos ¢d ¢ jzdz
0 0 0 0 0 0
43
=3()a = G4r

P.E.3.8
(@)

VxA=ax(1-0)+ay(y-0)+a.(4y—2)

= ax+ yay+ (4dy—12)a;

At (1, _2,3) y VX A: aAx— 2ay —11az

(b)
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VxB = ap(0—6pzcos¢)+a¢(psin¢—0)+az1(6pzzcos¢—pzcos¢)
o

—6pzcosga,+psinga, +(6z-1)zcosga.

At (5,%,—1),V><B:5ﬁ

(©)

VxC =ar——(r*?cosd-0) + (—w—§ 1’2)+ (0+2rsin@cos )
rsiné sing 2
1’2coté?ar—(Zcotesin¢+ r?)ag+2sindcosgay,

T T
At (L%.3), VxC= L732a—45a,+05a,
P.E. 3.9

UjA-dl:j(vXA).ds

But (VxA):sin¢az+ZCOS¢ap and dS= pdgdpa,
[(VxA)eds=[[psing dgdp
S
2 60°
_ PP
92 |o( COS¢)|0
1
=2(-—+1) =1
(5+D=1
P.E. 3.10
a, a, a,
vawy =2 2 91
oX oy oz
oV v v
X 8y oz
oN N oN N oN N
= ( - )ax+( - )ay +( - )a. =0
oyor 0Yyoi OXO01 010X oxoy Jyox
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P.E. 311
(@)
o 0 o
VU =—(2xy + yz)+ — (X* + x2) + —(x
ax( y +yz) ay( ) ﬁz(y)
= 2V.
(b)
170 1 0 0
VAV = ——p(zsing+ 2p)+ —5 (- pzsing- 22> —sin gcos @) + — (psin g+ 22¢os’ @)
pp P ap a
1 1
= ;(zsin ¢+ 4p)- F(Zpsin @+ 27%C0s2¢) + 2c0s> ¢.
, , 27°
= 4+ 2C0S° ¢p— —5-C0S2¢.
Yo,
(©)
1 70 1 . 1 0 . .
Vif == —[r*=cos@sing+2r’g] + ——[-sin*@singInr
r’ ﬁr[ r ¢ g rzsineﬂé’[ pinr]

[-cos@singlInr]

r?sin’é

= rizcosesin #(1—2Inr—csc*Inr) + 6¢

P.E.3.12
If Bis conservative, VxB =0 must be satisfied.
a, a, a,
0 0 0

VxB= — — —
oX oy oz
Y+ZCOSXZ X XCOSXZ

= Oax+(CoS Xz — Xz Sin X2 —COS XZ + xzsin xz)ay+ (1-1)a,= 0
Hence B _is a conservative field.
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Prob. 3.1

(@)
dl = pdg; p=3

2 T T 3T
L=[d = 3_[d¢: 3(5-) =, - 235
4
(b)
dl = rsin8dg; r=1 6=30°
% T
L=[dl =rsino | d¢ = (Dsin30°[(5)- 0] = 05236,
0
(c)
dl = rdo
L= o||—|rfo|e—4(£—£)—4—’Z ~ 4.189
J 2 6 3 =
6
Prob. 3.2
(a)
dS = pdgdz
2 % T T 107
S=[ds = p[[dgdz = 2£dz £d¢ = 209)[ - 5] = = = 5236
3
(b)

In cylindrical, dS = pdpd¢g

3 3 z 0 J3
S=JdS=Ipded¢=Z(7)1= 3.142
1 0

(c) Inspherical, dS =r?sin6dgda

27

3 27
S= jd S =100 jsin 0do jd¢=100(27r)(—cos0)
z 0

N

/4

3
| =2007(0.5+0.7071)= 758.4
2 4

(d)
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(a) dV = dxdydz

1 -3

(b) dV = pdgd pdz

T

3

(c) dV =r’sin6 drdod¢

716

L=!d|=_[0pd¢p_

=M 16)=2004

Prob. 3.5
dS =r?sin6dad ¢
7l2

S:rzj

0

25T”(—co:~:(7z/4)+1) =11.502

zld

d¢j sin0do
0

Prob. 3.6

dv = pd pd¢dz
10 30 5

Vv =ZI dz [ dg | pdp=10(7z/6)(%2‘j

0 ¢4=0 p=2

dS =rdrdo
s-[ds :J:rdrjjde = ;[‘)(g- %) -
Prob.3.3 3

45

V = [ dxdydz = idxidyfdz -0 (-)(3--3)=6

5 4 z ,02 5 1 2
Vv =!,ml,o_jlolzjows=7|2 (4——1)(72'—%)25(25—4)(5)(?7[) =357 =110

3 , 5_ 2 r3 T T
V- jlr dr{smej;dd) :EE(‘ cos)| .G g)
2 6
1 1 = 26n
- @T-D()() =y - 4538

wl4
=25(x 1 2)(—cos @
=250z 12 )‘ .

‘%”(25—4) =54.98
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Prob. 3.7
dl =dxa, +dya,

I :IH odl = j(xyzdx+x2ydy)
L
But onL, x=y* — dx=2ydy

4 2y6 y4
I =[y*(2ydy)+y*dy = [ (2y°dy+y’dy) = (T + Tj
y=1

4
1

2 (4006) + 64— 2 -1 _1428.75
3 6 4

Prob. 3.8
The line joining Pand Q is y =x—2,dy =dx

| = J.(Zx2 —4xy)dx + (3xy — 2x%y)dy = .3[ [2x2 —4x(x— 2)]dx+[3x(x—2) —2x2(x—2)}dx

= J% [3x2 —2x—2x3]dx:(x3 +x2 —X?A] :j

x=1

=27+9-81/2=-45

Prob. 3.9
(a)

1 x=2 =3
_ 2 2 ~3xz°
J.F .dl - y.[O (X : )dy|X:O,Z:0 ’ x!OZXdely—l,Z—O " 2!0( 3XZ )dZ|X:2,y=l
X2 2 A
=0+20)>], - 327,
=0+4-54=-50

(b)
Let x=2t. y=t, z=3t

dx=2dt, dy=dt, dz=23dt;

1
jF odl = j(st2 —5t2 ~162t°) dt
0

1
= (t* - 40.5t*) =395
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Prob.3.10

zl4 3

w :IF odl = I zpd¢ |Z:Op:2+ j Cos ¢dz
L #=0 ' =0

¢=rl4

=0+cos(z/4)(3)=3cos45° =2.1211]

P — O

2 2 0
xdx+'[(y—y7)dy+J.(102 ~10z%)dz
0 1

=-1

ol

Prob. 3.12

Method 1:
1 1
B-dl =- d d
f J v y‘Z:O+szz
y=0 z=0

But z=y —— dz=dy on the last segment (or integral).

o 1+ I (—yzdy + xzdz)

x=1

2

7 1 0 1 y3 y2 0
B-dl = 0+—| + | (-y*+y)dy==+(-2+>
E[J 2oy[1(y V)dy =2+ (-+)

1
O e
2 3 2 3 =
Method 2:
EﬁB-dIzIVxB[dS
L S
o 0J 90
VxB=|0x oy oz|=ya —za,—xa, dS=dydza,
Xy -yz Xz
1y 1 31 1
V x BdS = dzdy = [y2dy = 2| == =0.333
-l. y.[Oz.!Oy y .(').y y 3 O 3 I

Prob. 3.11
0 1
Hedl = | (x-y)dx + | 5yzdz
[He i( N0 ZL vzl oy
x? + zy)dy + 5yzdz
+I( +2y)dy+5y x=0,z=1-y/2

0
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Prob. 3.13

1 2 222
W:jA[us:”zdxdz:jdszdz:(l)— =2
S 0 0 2 0

Prob. 3.14

T:ﬂjDodS:jVode
S Y

oD
VoDzaDX +—1 +6Dz =2xz2+3y° +2yz

ox oy oz
Y= IV e Ddv = J.” (2xz +3y* + 2yz)dxdydz

1 4 3 1 4 3 1 4 3
= 2_[ xdx.[ dyj zdz + 3I dxj yzdyj dz + Zj dxj ydyj zdz
-1 0 1 -1 0 1 -1 0 1

=0+3(2) [y—s 4} (3)+2(2) (y—z 4)(5 4} =6(64) +16(9-1) =384 +128
310 210/ 210
Y =512
Prob. 3.15

\P:UjA-dS:jV-Adv
S

\

VoA:izi(rzr)_l_ i(—SSiné’)—l—L_(S):S—:;COSQ-p 5
r°or rsin

rsin@ 06 rsin@ rsiné
dv =r?sin@dédrdg

¥ =3erzsin 9d9d¢dr—3jﬂrcoseded¢dr +m5d9d¢dr

7l2 3z/2 4 /2 4 7l2 3z/2

=3}r2drjsinede | d¢—3jrdrzfcos€d03.[ dg+5[dr [ do | d¢
0 0 0 0 0 0 0 0 0

2

- 3(“-5 g] (~cos 9)‘”(/)2(%/2) —3(% 3] (sin e)‘”é 2 (3212)+5A)(z 1 2)(3712)

=967 —367 +157° = 336.54

Prob. 3.16

(a) dv=dxdydz
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J'xydv = J' J' J' xydxdydz = j xde' ydyJ' dz

z=0 y=0z=0

x* |1 y*[1 |2
=—| 2| z| =(1/2)1/2)(2)=0.5
2020‘0( )(1/2)(2)=0.5
(b)
dv = pd pd¢dz
jpzdv—j j J.pz pdpd¢d2—jp2dp_[zdz_[d¢
$=02=0 p=1
PRz 2 (1) =(9 )(2) 54.45
-3)(2x
3 1 2
Prob. 3.17
N, v, v

a) VV.=—1a + a + a
@ Yooax Yoy Y et

=(6y-2z)a, +6xa, +(1-2x)a,

N, 10V, ov,
p +— a¢

8,0 p 0@ oz

=(10cos¢—1z)a, —10singa, — pa

(b) VV, = 2q

A

N, 1oV, 1 v

VV, = a, o +— a,
or r oo rsing o¢
(c) :—Ecos¢a +0+ ! [—gsin¢ja¢
r rsin@\  r
2 25|n¢
=——-C0S¢a, —
r2 92, Zsing "
Prob. 3.18

(@)
VV = (10yz - 4xz)a, +10xza, + (10xy — 2x*)a,

At P, x=-1y=4,z=3. Hence,
VV =(120+12)a, —30a, +(-40-2)a, =132a, —30a, —42a,

(b)
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VU =(2sing+z)a, +2cosda, + pa,
At Q, p=2,¢=90",2=-1
VU =(2-1a,+0a,+2a, =a,+2a,

(c)
VW:—%sin@cos;ﬁar+14coszcos¢ag+ 1 (—4sm¢293|n¢ja¢
r r r rsinéd r
At R, r=10=x/6,¢p=x12
VW :—%aqj =—4a,
Prob. 3.19
r=yxX*+y’+z%, r"=0¢+y’+2°)"?
Method 1:
g 2 ax+ar ay+ar az=E(x2+y2+22)”’2‘1(2x)ax+---
x oy Y a2

-2
=n(2+y’+2°) é(xax +ya, +za,) =nr"’r

Method 2:

Y a, = et Lo nen2y
or r

Prob. 3.20

VT =2xax+2yay—a:
At (1,1,2),VT =(2,2,-1). The mosquito should move in the direction of

2ax+2ay—a;

Prob. 3.21

VF =a,-2a, +a,
VF a,-2a,+a,

an = =
IVF|  J1+4+1

Prob. 3.22

—0.4082a, —0.8165a, +0.4082a,
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Method 1:
VT =a—Tar +la—Ta0+_La—Ta¢
or roe rsin@ o¢

=singcosga, +cosdcosga, —singda,
At P, r=2,0=60°¢=30°
VT =sin60° cos30°a, +cos60° cos30°a, —sin30°a,
=0.75a, -0.433a, - 0.5a,

|VT |=+/0.75% +0.433% +0.5% =1
The magnitude of T is 1 and its direction is along VT.

Method 2:
T =rsindcos¢g = X

VT =a,
IVT |=1

Prob. 3.23

Vi = ﬂaX +ﬂa
OX

At point (2,4,-3), x=2,y=4,2=-3

Vi =(16-32)a, +(4-32)a, +27a, =-16a, —28a, + 273,

1

, +%az = (2xy—2y*)a, +(x* —4xy)a, +3z°a,

a,+2a,-a,

a=——"o2 " (1,2,-1
Ji+4+1 \/6( )
The directional derivative is
1 99
Vila=(-16,-28,27)+—=(1,2,-1) =——=-40.42
( ) JE( ) 5 242

Prob. 3.24

(@ Let f=ax+by+cz-d=0
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Vf =aa, +ba, +ca,

2 - \Y%i :aax+bay+caz

TOVEL V@ +b?+c?

Let g=ax+pBy+yz-0
Vg aa,+fa +ya,

an
’ |V9| Jai + B2+ 92

aa+bp+cy
cosd=a,la, =
\/a +b°+c \/0{ + 2+
0 — cos™ aa+bpg+cy

J@ +b*+c?)(a® + 2 +72)

a=1b=2,c=3
() a=18=1y=0
0 =cos™ 1+2+0 —cos >~ cos 0.5669 = 55.46°
J@ + 22 +3) 0 +12 +0°) J28 E—
Prob. 3.25
A% :ﬁa +ﬂay +ﬂaZ =4ye’a, +4xe‘a, +4xye‘a,

ox oy 0z
At (31-2), x =3,y =12z = -2
VV =4e”a +12e”a, +12ea, =0.5413a, +1.624a, +1.624a,

This is the direction. The maximum rate of change is

|VV |=e?\4? +12° +12° =0.1353x17.44 = 2.36

Prob. 3.26
(a)

VUV ——(UV)a +ay(UV)a +—(UV)a

(Ua_V Vﬁ_Uj JuM v, (U@_V Va_U]
OX OX oy oy oz 0z

=UVV +VVU

(b)

STUDENTS-HUB.com Uploaded By:

anonymous



53

VV =10xya, +(5x* +22)a, +2ya,

UVV =30x*y*za, +(15X°yz +6xyz*)a, +6xy*za,

VU =3yza, +3xza, +3xya,

VVU = (15x*y?*z +6y°z* , +(15x°yz +6xyz*)a, + (15X°y +6Xy*z)a,

UVV +VVU = (45x°y*z +6Yy°z°)a, + (30x’yz +12xyz*)a, + (15x°y +12xy°z)a, — (1)
UV =15x°y?z + 6xy°z?

V(UV) = (45x*y*z+6Yy?z%)a, + (30X’ yz +12xyz*)a, + (15X°y +12xy°z)a, - (2)
From (1) and (2), the formula is verified.

Prob. 3.27

(a)v.A:aAX+aA/+8AZ =3y
ox oy 0z

x

V-B= l2,022 +1,023in¢cos¢+2psin2 ¢
(b) P P
=27% +siN2¢ + 2 psin® ¢

(c) V-C:%3r2+0:3

Prob. 3.28

16}
VDA:aA<+ Ay+aAl=2Xy+O+2y:2y(]_+X)
ox oy oz
(@) At (-3,4,2),x=-3,y=4

VIA=2(4)(1-3)=-16

oB
pop* " pop oz pop
(b) =6sin ¢ +8zcos’ ¢
At (5,30°,1),2=1¢=30°

VI B = 65in30° +8(1) cos?30° =3+ 6 =9

(3p°sing)+0+8zcos’ ¢
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10 18C 1

VIC _——(rZC )+ 0 —(r*cos@)+0=4rcosé
r?

r sin@ 6¢ Zor
(c) At (2,713,x12),r=2,0=x13
VIC = 4(2)cos(7/3) = 4

Prob. 3.29

2

VeH =kVeVT =kV T

2 2: 2
yrZT 2T
OX

2
= 505|n—cos h— ”y (—ﬁ— ”—) =0
2 4

Hence, VeH =0

Prob. 3.30
(a)

VeV A) =ﬁ(v /x)+§y<v Ay>+%<v A)

L R BV N BUVRL
(A&ﬁx +V )+ (AyﬁerV oy + (AZO,,Z+V >
oA 0”Ay 5AZ oV oV
- (ﬁx ﬁy ) A&&erAyo’JerAzo”z
=VVeA+ AeVV

(b)
VeA=2+3-4=1 VV =yzax+xzay+Xxya;

Ve(VA)=VVeA +AeVV
= XYyZ+2XyZ+3Xyz —4Xyz=2XYy1Z

Prob. 3.31
(@)
(Ver)T =3T =6yzay+3xy’ ay+3x°yza,

(b)
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Xﬂ+yﬂ+ zﬂ =X (Y? ay+2xyza;)+y(2zax+2xy ay+ x°za;)
O X oy oz

+2(2y ax+ X’y a,)

= 4yz as+ 3xy’ ay+ 4x°yza,

(c)
Ver(reT) =3 (2xyz+ xy* + x*yz?)
= 6Xyz + 3xy® +3x°yz’
(d)
0 0 o
reVrf =(X—+y—+z—)(xX* +y* + z°
(reV)re =( o yﬁy &z)( y )
= X(2x)+y(y)+ z2(22)
=2(x* +y? +27%)=2r?
Prob. 3.32

We convert A to cylindrical coordinates; only the p-component is needed.
A, = A cosg+ A sing=2xcosg—z°sing
But x=pcosg,
2 2 a3
A,=2pcos”¢—z°sing

¥ =[A-ds=[[A pdgdz = [[[ 20 cos’ - pz*sin g [dgdz

71'/21 72

=202y | E(1+cos2¢)d¢jdz—2jzzdz [ singdg

1
0

~4(g+5sin29)

7[/2_22
0 3

7wl2
(—cos¢)‘ o =27 ~2/3=56165
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Prob. 3.33

N z=

X

(@)

fiDeds= [ﬂl +jj1 +pjj5 IDeds

=— ” p?cos? gdgdp + ” p?cos? gdgdp + ” 2 p222d¢d2|p:5

— 2(5¢ f dg| 2°dz =+50(2ﬂ)(§ E.)

(b)VeD :li(szzz) =47°
pp

j VeDdv = j j j 47%pd pdgdz = 4j zzdzj pde dg
-1 0 0

3

_ax 2 %2 2007

3

=209.44

"(27)=

-1

Prob. 3.34

STUDENTS-HUB.com Uploaded By: anonymous



57

7l2 27
'[H[bIS = j j 10cosér®sin#dad ¢
S 6=0 ¢=0 r=1
2z 72 712

=10(1)" [ d¢ [ sin@cos0d® =10(2x) [ sin6d (sin )

=2
:ZOﬁ(Sm 6’)
2

Prob. 3.35
fiH-ds = [V -Hdv
S \%

/2
ﬂo —107 =31.416

[[]H -dS = —” 2xydydz
S

<=0 + ”2xydydz

e H(x2 +z°)dxdz

+'”.(x2 +z°)dxdz L

y=2 - H 2yzdxdy‘Z _ _1+ H 2yzdxdy

2 3 1 2 1 2
=0+ ijdyj dz+ Zj dxjydy +GI dxjydy
1 0 1

-1 0 1
=12+3+9=£
oH
V-H:aHXJr y+8HZ:2y+0+2y:4y
ox oy oz

J.V -Hdv = _m 4ydxdydz = 4_|l‘ dleydyji dz
\Y% 0 1 -1

-0 -2

Prob. 36
W =[f|H +dS = [V e Hav
S v

To find mHodS, let
S

Y=Y +¥, + P,
wher \¥,,¥,, and ‘Y, are the fluxes from the top, bottom, and side of the cylinder.
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For ¥,, dS=pdpdga,,
10 2z pZ 10

v, =—22‘Updpd¢‘z=3=—6!pdp£d¢=—127z7 , = 6007
For ¥,, dS=pdpdg(-a,),
Y, :ZZ'Updpd¢‘Z:
For W, dS=pdgdza,,
Y. =4p°||dgdz

o fjase]

=—-6007 +0+ 240007 = 234007 = 73,513.27

3 2z
1o = 4000 ! dz ! d¢ = 4000(3)(27) = 24000

To get jVo Hdv, dv=pd¢dpdz

v.H_ii(4p) 2=12p-2
p O

¥ = [[[ (12p—2)pdgd pdz zlszzdpfd¢jdz—2jpdpfd¢jdz
:12(10—??0)(2@(3) - 2@(2@(3) = 240007 — 6007 = 73,513.27

Prob. 3.37
Let y/:DjAEdS: j VOAdV

aAy LA
oz

=2(X+Vy+1z
ax (X+y+2)

VIA = 2(pcos¢+psm¢+ z), dv=pdpdedz
W= .[IIZ(pcos¢+psin¢+ z) pd pd ¢dz

2p° |1 z
=0+0+2| od dd—— 2——1642
++jppjzzj¢ ‘02 (27) == (16—4)(27)
=127 =37.7
Prob. 3.38
VeA=——(r —(rsin?@cos
20”r( 0+ rsmea ( 2

=4r + 2c0s6d cos¢
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'[V o Adv = Jﬂ4r%in 6dod gdr +I_fj2r2 sin @ cos & cos ¢d Od pdr

cos? 49

i
"sin K

0

rt ;s xl2
=4-|(~cos o) (%) | (-

=81(1)(£) +18(0+ %)(1— 0)

:%+9 136.23

v

X

fascs (][ [] +[]+ [ 1avas

¢=0 ¢=n12 r=3 O=rx/2

Since A has no ¢—component, the first two integrals on the right hand side vanish
7l2  7wl2 3 zl2

jA.ds j jrsmadad¢| + jo JO r*sin” Ocosgdrdg|

0=0 ¢=0

~81 (E) (~coso)|| + 9@sing|

=—— +9 =136.2

2 _

w
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Prob. 3.39
Let y = [[IF odS =y + v, + v, +y,
where v, v, , ¥,, v, are the fluxes through the top surface, bottom surface,
outer surface (p =3), and inner surface respectively.

For the top surface, dS = pd¢dpa,, z=5

F edS = p* z d¢ dz. Hence:
3 2z
Vi= J. p22d¢d2|z:5=
p=2 =0
For the bottom surface, z=0, dS = pdgdp(-a:)
FedS=-p°zdg dp =0. Hence, y,=0.

190 »
3

=198.97

For the outer curved surface, p=3, dS = pdg¢dza,
F edS = p’sing d¢ dz. Hence,

5 2z
v, = jdz s J sin¢d¢|p23:0
2=0 $=0
For the inner curved surface, p=2, dS= pdgdz(-a))
F edS = — p°sing d¢ dz. Hence,
5 2z
_ 3 [ o _
v, = - Iodz D ¢I05|n¢d¢|p_2_0

_ 190~ N O+0+0:190 T

p=[[|F edS = [VeFdv
10 . 10

VeF ==——( p’sing)+——(zcos¢g) + p
pop p P

=3psing— isin¢+,o
Yo,
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IVVode = ”_[(Bpsin¢—%sin¢+p) pdedpdz

:0+0+idZTd¢jp2dp
0 0 2

190

= =198.97
3
Prob. 3.40
a, a, @,
@ VxA:i 9 gzzay—xaz
oX oy oz
Xy y> -xz

(b) =4zsingcosga, + 2(pz - zsin® g)a, + 2sin’ ga,

=2zsin2¢a, + 22(p - sin® g)a, + 2sin’ ga,

VB = (lzpzzsin¢cos¢—o)ap +(@2pz-2zsin* g)a, +1(2P5i”2 ¢-0)a
5 p

[i(r cos’ Hsina} a — }[g(rz cos® 6} a,
r

STUDENTS-HUB.com

VXxC = —
rsiné| oo r
2
() S [(2cosé’)(—sin6’)sin6?+cosé’(cos2 6’)}aT—COS 0(2r)ag
rsing r
3,9 9ein2
_(cos’ ¢ 25|n Hcose)ar_ZCosz fa,
sing
Prob. 3.41
(a)
a, a, g
VxA= o 90 9 —y?ax+2zay—x’a;
oXx oy oz
X’y y’z -2xz
VeVxA= 2
Uploaded By
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VeVxA= —45|.n¢ +0+ f'r_wj =0
r'sin@ r'sin@

VOVXA:Q

Prob. 3.42

P

VxH =0a,+1a, +%(2,0COS¢—,DCOS¢)3.Z =a, +Cosga,

VxVxH = (—isinqﬁ—ojap +0a, +£(1—O)aZ = -lsin ga, +£aZ
p P

(b)
oA oA d(pA) OJA
VXA:(E%__vf)aer (_P_%)aﬁl( (pA,) 2) a,
p op 01 o1 op P p aop
= (0-0)a,+(p® —32%)ag+—(4p° —0)a,
Yol
= (p* -3 as+4p° a,
VeVxA=0
Vx Az [O—Smf}ar+1[__—1C0§¢—0}a¢9+1{2 M—o}%
©) rsinéd r rysing r rpor r
_sing N CoS ¢ a +cos¢a
r’sind " r®sing ° r®

P
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Prob. 3.43
Method 1: We can express A in spherical coordinates.
r a,
A = Far = F,
VxA:Vx(a—;):V(iZ]xar =_—§a, xa, =0
r r r

Method 2:
X .y
A:Fax-i-Fay-i'r—az
o 0 2
UxA=|X ¥ 7 :{—Ez(x2+y2+zz)‘5’2(2y)——§y(x2+y2+zz)‘5’2(22)}ax+...
X 'y z 2 2
R
=0
Prob. 3.44 r
1
1 ?
3
0 1
(a)
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[IFedl=( +[+[ )Fedl
L 1 2 3
For1y=x dy=dxdl =dxa.+dyay,

_[F odlzj. x3dx—xdx:—£
1 0 4

For 2, y=—x+2,dy =—dx,dl =dxax+dyay,

‘ 17
[Fedl=[(=x+2x* —x+2)dx ==
) 12

1

For 3,

_!Fodlzixzydxkzozo

(b)

VxF=-x%a; ; dS = dxdy(-a,)

(VxF)edS = —||(-x*)dxdy = lxxzdydx+ 2 _szdydx
00 1 y=0
= Jl'xzyIde + .fozy[wdx: EI: + j:xz(—x+2)dx: %
0 1 1 2
(c) Yes
Prob. 3.45
1 wl2 2 0

ond|=prSIn¢dp‘ =O+¢£0p2pd¢p=1+pjzlpsm¢dp‘¢=900+¢=£/2p3d¢p=:

r 1
_+_
2 2

4-D+ 8(—%) — -9.4956
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Prob. 3.46

45°

z/l4

[ﬁF-m:fzpzdp
0

=p2

2 /4
+(-6cos +p°
ot ¢ ¢)‘ o P

VXF:1[3zsin¢—0]aZ+...
yo,
2 /z'/43Z
[vxF)-ds= | I—sin¢pd¢dp‘
p=0 ¢-0 P Z=
=6(—cosz+1)=1.757
Prob. 3.47

V-A=8xe” +8xe” =16xe™
V(V-A)=16e"a, -16xe’a,

o
\ 4

N

X

+ | 3zsing pd
z=1£ dpdd|

(2)=(4—0)+6(—c037z/4+])+(0—4)=1-7ﬂ

=(-16e™ +16e)a, =0

a, a, a,
wowm-| 222
oX oy 0z
16e” -16xe™ O
Should be expected since VxVV =0.
Prob. 3.48
sin@cos cosé@cos sin
@ VvV =- 2 4 + = $ ) — r2¢ "

0
+ 2pzd
=2,z=1 .!.p pz

=32)-cosg) "y
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(b) VxVV =0
(c)
10
V-VV = VZV_—— —sindcos - —(sin@
r? ( 2 960(
—0+ °°s¢ S-2sin® 6) - C°S¢
risin r®sing
25|necos¢
-
Prob349
Q= 9r5|n6?[(cos¢ sing)ax+(cosg+sing)ay]
= r(cosg—sing)ax+r(cosg+sing)ay
Q singdcos¢g sindsing cosé || Q,
Q, | = |cosfcosg cosdsing —sind||Q,
Q, —sing cos ¢ 0 Q,
Q=rsinfa, + rcosfag + ray
(a)
dl= pdgas, p=rsin30°= 2(—) 1
Z=rcos30°=+/3
Q,=r=4p°+7°
2
[[]Qodl= J‘«/p2+22pd¢=2(1)(271)=4=71
0
(b)
VxQ=cotfar — 2a,+ cosfay
For S,, dS=r’singdddgar
[(VxQ)eds = [r*singcotododg|
Sy
= 4jd¢jcos9d9 4r
(c)

Cosecos¢)+ 1 (_sineco ¢)

r’sin® @ r
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For S,, dS=rsingdédras
[(VxQ)eds =—2[rsingdgdr|
S,

2 2z
=-2sin30[ rdr [ dg
0 0
=—A4r
(d)
For S, dS=r*sinddgdoa;
32
J‘SlQodS_r Ism ededqﬁLz
27 30°
=8 dg [sin®0do
0 0
= 4;;[1—£]= 2.2767
3 2 _—
(e)
For S,, dS=rsinddgdras
_[2q
'[sondS_ jr singcosodgdr,
4B g oess
3
(f)

17 ,,. o .
\Y =——(r’sin@) + ——(sin@cos @) +0
*Q rza”r( ) 0”0( )

rsin@
= 2sin@+cos@cotd

.[V eQdv = _[(25in0+ cosécotd)yr’sinddddgdr

r.3

2(27;) 3jo(1+ sin® g)do

300
_A% —£)= 9.532
3 2T T/
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Check: jv-QdVZ(jsl +L QedsS

J3

4 3
=—[r—— It checks!
3 [~ 5 1 ( )

Prob. 3.50

Since u=wxr, Vxu=Vx(wxr). From Appendix A.10,

Vx(AxB)= A(VeB)—B(VeA)+(BeV)A-(AeV)B
Vxu=Vx(@xr)

Vx(oxr)=w(Ver)—r(Vem)+(reV)w — (weV)r

=o@B)-w=2w

Alternatively, let x=rcoswt, y=rsinwot

O X oy
u= ax+_ay
ot ot
= —wrsinotax + orcoswtay
= —C()yax + a)X8.y
2 4 2
Vxu=|Jdx 2y JI|=2wa,=2w
-0y wox 0
ie., a)ZEqu
2

Note that we have used the factthat Vew =0, (reV)w=0, (weV) =
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o8,

1 2 (g sing)+—r L0
rsiné o¢

rsin@d 06
1
rsiné

140,,

VeB=——(rB, )+

* rzar( )
10
r2 or

_L[4r €0s 6 ¢0s 26 + 4r sin §(—2sin 26) ]
sin@

VeB =4r+4rcotfdcos28—-8rsin 20

(rf)+

i(4 rsin dcos 26)+0
06

=4r +

1
rsiné

1

r

VxB= 0

0B
i(B¢ singd)——2 |a, +
Y. og

All terms are zero except one.

sin@d 0¢ or

1| ©
VxB=0a +0a,+—| —(rB,)-0 |a
+08,+2) 2,) -0,

Prob. 3.53

@ V[(VVV):V[(V v
OX
5 5

OX oy

o Ry o

aXZ ayZ
=VVV+|VV [

ax+Vﬂay+V
oy
oV

Ve

82V(
+

oV

o)
V%)

3
v

T+(ay

Gl
OX

9
0z
G
OX

=V +V

0z°

J

Prob. 3.51
oH
@ veH =200 T M5y 6048
ox oy o0z T
9 o 9
(b) VxH=|0x oy oz |=8a,+2xa, +5ya,
2xy 5xy 8(y+2z)
Prob. 3.52

l£(4r2 cos 26’)a¢ =8cos20a,
ror —_—

v

0
—(rB,) -
ar( o)

1 oB
rB,) |a, +—
( »}9 ] B,

r

;

0z
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VXVA—L
A VA, wx

{ (\/Az)——(vm} [ wm—%(vm}ay{%M)—%M)}az
ooV on , v oA
{Azayway Ayaz az}

0z OX OX

N A N oA
+Ay6x+vax A&@y Vay}aZ

Jadv, V&AA sz aAZ}

MA:VK%_%}X{%_%jay{aﬁ_%)az}

0z oz oX ox oy
oV oV oV
L LS e
=VVxA+VV xA
Prob. 3.54
(a)
oB
V(B = B, +— +aBZ =2xXy+1+1=2+2xy
oXx oy oz
(b)
9 2 9
VxB=|0ox oy oz |=(-1+0)a, +(0-0)a, +(4x+x*)a,
Xy (2x*+y) (z-Y)
=-a,+X(4-x)a,

(c)

V(VIB)=V(2+2xy) =2ya, +2xa,

(d)
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o 0

VxVxB=|ox 5
-1 0
=2(x-2)a,

3
0z
(4x—x%)

Prob. 3.55
(@

V,=x*+y*+2°
AN, N, V.
VzVl= d(21+ @21-{— 0/‘221
2 2 ﬁ 2 2 2
d((3x)+@(3y )+0,X(32)
= 6X+6y+62=6(Xx+Yy+2)

(b)
V, = pz°sin2¢

1 i(pzz Sin2¢)— 4
p P

Yo,

V2V,

22. 2
0

2

3z
=(
Yo

+2p)sin2¢

(c)
V, =r’(l+cosdsing)
170

V3V, = —25[2r3(1+ cosésing)]
r

=0a, - (4-2x)a, +0a,

z° i
Sin2¢ + 0/)—(2,02 sin2¢)
z

_ 2 sin2g - sin2g + 2psin2¢
P

NI
r2sind o0

(-sin®* @sing)r? + r’(

cosésin )
0sé

) coséping
cosésing - “sinlo

r?sin?e

2sin@
sind
cosésing
sin’ @

= 6(1+ cos@sing) -

= 6+ 4cosésing -
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Prob. 3.56
(a)
U — X3y2e Xz
v2U — i(gxzyze xz+ Xsyzzex2)+ £(2X3y exz)_i_i(leyze XZ)
ox oy 2

=6xy’e “+ 3x’yze “+ 3x’y’ze” + x’y*z’e* + 2x°e® + x°’y’e*

= e (6Bxy” +3x°y’z + 3x°y’z + X°y?7% + 2x° + x°y?)
VU=€e'(6+3+3+1+2+1)=16e=43.493

(b)

V = p?z(cos ¢ +sin ¢)
vV :li[szz(cos¢+sin #)] - z(cos g +sing) +0
p Pp

=4z(cos¢+sing) —z(cos¢+sin g)
=3z(Ccos ¢ +sin @)

At (5,%,—2), VA = —6(0.866 + 0.5)= —8.196

(c)

W =e "sinfcosg
1 72 ) e’ o .

VAW =—— (-r’e"sindcos¢) + cos ¢ — (sin & cos @
rzo”r( 2 résiné ¢0”¢9( )
_e'sindcosg

r?sin?o

= riz(—Zrer sindcosg) +e " sindcosg

+& 8950 4 _osing)- & 050
resind resin@d
2 2

VAW =e"sin 49003¢(1—F—r—2)

At (1,60°30°),
VW =e'sin60cos30(1-2-2) =-2.25¢ " = —0.8277
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Prob. 3.57

(@) Let V =1Inr =Inyx® +y® + z°

ov 11
— == —(2X)(X*+y“+2°) —
OX r2( )0+t 2y NG
xa, +ya, +za;
VV:aVaX+aVay+§V 1 =— yzy
r

0oz

oX oy

(b) LetVV:A:rizz%ar

in spherical coordinates.

r
r

VZ@nr)=VLV (Inr)=V [A = —- 1 é,(r r): 2 (r)
r> or or
1
Na
Prob. 3.58
(a)
VU = ay . Qay Qa =y’Z’a, +2xyza +3xy*z° UaZ
X oy oz
2y =9 (6U)+i ] +i(a—uj:0+2xzs+6xyzz=2xz3+6xy22
~ x| ox oy\oy ) oz\ oz —_—
(b) _
Vv—ﬂa +lﬂa +ﬂazz_smz¢a +Cosz¢a¢+0:i2[—sin¢a +cos¢a¢]
op " pogp ' Pt p P ’
vzvzii pﬂ +i282\2+62\£ :ii(—pflsin6)+i2 _sing +0
pop\’ dp) p~op~ 0" pip p p
:Smf—igs ng=0
PP
oW LW, LW,
or r oo rsin@ o¢

(¢)

=2rsingcosga, +rcosdcosga,

—rsinga,
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VAV = 1 a(rzaw}r 1 a(meawj _12 62\/\2/
reor or r’siné o6 00 r’sin®é@ o¢
10 . 0
=——(2r’sin@dcos r’sin @cos 6cos
r’ ar( ¢) r’sin 9649( ¢>
—65|necos¢+i(cos 6 cos ¢ —sin 0005(/5)—M
sinéd siné@
_63|necos¢+£¢—23|necos¢— cos¢ =4sinfcos¢
sind sinf ———
Prob. 3.59
oV 10V oV , )
VV=—a +———a,+—a, =2pzc0sga - psinga, + p° COSpa
T R Tk ¢a, - prsinga, + p” Cos 4a,
VA = 1 a( ﬂ}r 1 oV azv 1i(2p22COS¢)—i2pZZCOS¢+O
pop\"ap) p?os? ra op p
=(4-1)zcos¢ =3zcos ¢
Prob.3.60
vV =ﬁar +1ﬂag +#ﬂa¢
or r oo rsind o¢
@ ——Ecos¢a 53|n¢
re " Psing
VIVV = vzv_l OV L —(sme—) _12 62\2
Zor or’ r*sin@ o6 r’sin®@ o¢
10 10cos ¢ 1 5cos¢
b =——r*(- +0+ —~
(b) r or ( ) rzsinze( r )
VivV _100(35;15_ ?c_oszgzﬁ
r r'sin 6
(c) VxVV =0, see Example 3.10.
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Prob. 3.61
ouU ou ou 2 2

VU=—a + a, +—a, =4yza, +(4xz° +102)a, + (8Bxyz +10y)a
o ayyazzyx( )a, +(8xy y)a,

VIvU :i(vux)+%(vuy)+§(vuz) _ 0+0+8xy =8xy
A

U ol azu
+

aXZ 8y2 6 2

Hence, VU =VIVU

VU = =0+0+8xy =8xy

Prob. 3.62

Method 1

VG| =V°G L2965 G,
p 7opt o pt

2 2 2

P P
_25in¢_25in¢+85in¢_25in¢ _6sing
P P P P P

:ii(zpsinm_2p5|n¢+0+8psm¢_2psm¢
Y2,

266 G

2 2

VG| =V*G,+
¢ Pt op p

4pcosg 4pcosg
2 2

P P
=0

:li(4pcos¢)—£4pcos¢+0+
pop p

_4cosg 4cosg N 4cosg 4cosg
P P P P

V3G

10 d
=VG ==——| p(z*+1) |+ 0+—(2z
. : pap[m )] — (22p)

:l(z2 +1)+2p
0

Adding the components together gives

VZG_6SIn¢a +{2p+ (z° +1)}
p p
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Method 2:
V’G =V(VIG) -V x(VxG)
Let V=VIG= li(2,02 sin ¢)+l(—4psin P +21p=22p
p op p
V(VIG)=VV =2za  +2pa,

Let A=VxG :{EO—O}ap +[0-(2*+1) |a, +£{ai(4p2 cos¢5)—2pcos¢}aZ
p plop

=—(z*+1)a, +6cosga,

VxVxG=Vx Az{—gsin¢+22}ap +(0-0)a, +1|:i(—p(22 +1))—0}aZ
p pLOp

= {22 —Esin ¢}ap —l(z2 +1D)a,
P P
V:G=VV-VxA

=2za,+2pa, —{22 _Sin ¢}aﬂ +£(z2 +1)a,
P P

:Esin ga, +[2p+£(22 +1)}aZ
P P

Prob. 3.63
VDA=%(XZ)+%(ZZ)+§(YZ)=Z+Y
V(VIA)=a, +a,
V:A=V*Aa +V*Aa +V’Aa, =0+2a,+0=2a,
V(VIA)-VPA=-a, +a, )
0 06 &
VxA=|0x 0y oOz|=-za,+Xa,
xz2 7° yz
o 9 9
VxVxA=|0x 0y o0z|=-a, +a, (2
-z x O

From (1) and (2),
VxVxA=V(VIA)-V’A
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Prob. 3.64

%)
VDA:6A‘+ A’+aAZ =14+1+1=3%0
ox oy oz

0 6 9
VxA=|ox oy 0z|=0
X y oz

1 B,
vms_li( B )+, B
p 0

L=4cos¢p—4cos¢g=0
a¢ ¢ ¢

oz op Pl op

p op oz

=0a, +0a, +%[—8psin¢+2psin ¢la, =—6singa, 0

2sin @

V[C:izi(rzsine)+0+0: #0
reor

VxC = l {i(rsinzﬁ)—O}ar +l{0—i(r25in‘9)}a¢9
00 r or

rsin@
1
+F[0_C°5 6] a,

=2c0s0a, - 2sinfa, -ga,ﬁ #0

(a) B issolenoidal.
(b) A s irrotational.

Prob. 3.65 (a)

a, a, a,
vxe=| = 2 2
OX oy oz

= Qax+(-1+1ay+(16x-16x)a, =0
Thus, G is irrotational.

(b) Assume that y represents the net flux.

10B, B oB, 0B 1| 0 oB
o B_{___ qap{ B 22 )

}az
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1//=|]jGOdS =IVOGdV
VeG=16y+0+0=16y

y = j j j 16 ydxdydz =16i dxi dzi ydy =16(1)(1)(y72 ;) =8

(C) v A

A

A 4
v

[ﬁG odl = Xr (L6xy —2)dx|,_, + yfsxzdy
L x=0 z=0 y=0

x=0
z=0

x=0 y=0
o+ I (26xy - 2)dx| ., + j8x2dy
=0 7, =0 L

0+80)y[ +160 [ +0
+8y], +160) 5] +
:8—8:9

This is expected since G is irrotational, i.e.

mGodI :I(VXG)odS: 0

VeT =—6+0=-6

Prob. 3.66

veE -1 (o) ;i(ij 0
pop pop
Hence, E is solenoidal.

oE oE
VxE=—*a,-—>a,=0
oz o

showing that E is conservative.
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Prob. 3.67

VxH =0
IHI =[(Vx Hyds =0
L S

Prob. 3.68

0 0o 0

3x°z+y? 2xy x°
showing that B is conservative.

Prob. 3.69

VOD=£(p0)+£(0)+0=0
p p

We conclude that D is solenoidal.

Prob. 3.70

1
rsiné sin@

:O+l{— 2k3|n0+ 2ksm0}a¢ 0

VxE =

r r r
showing that E is conservative.

VxB=| ox oy E=(0—0)ax+(3x2—3xz)ay+(2y—ZY)az=0

(0-0)a, +3(_io—ojag +1[3(kr-2 sing) - 2K(=SIN9) 9)}%
r rior r
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CHAPTER 4

P.E. 4.1
[5x10°°[(1,-3,7)—(2,0,4)]

[(1,-3,7)-(2,0,4)]
. (-2x10)[(1,-3,7)-(-3,0,5)]
[(1,-3,7)—(-3,0,5)]

45(-1,-3,3) 18(4,-3,2)
=[ 1932 N 0932 1 nN

=-1.004a, -1.284a, +1.4a, nN

(b) E=F—_1004a, ~1.284a, +1.4a, V/m

P.E. 42

establish the relationship between various forces.

Let q be the charge on each sphere, i.e. g=Q/3. The free body diagram below helps us to
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At point A,
Tsin6 cos30°= F, + F, cos60°
B
C4ne,d® 4ne,d?
39°
" 8re,d’
Tcos6 = mg

2

1
(E)

39°

Hence, tan#cos30°=——-——
87e,d“mg

But sin9=lﬂz

d ( 3)
A\ 4 2
Thus, */5 g 39

/Iz—d—z B 87¢,d°mg
3

4 d?
or qz — MO—;:g

2_7
34/l 3

Q
3
12ne,d’mg
d2
3

but q= . Hence,

Q*-

|2
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_ d’x - d’y_- d%z.
eE,(-2a,+ay) = m( e ayx+ e ay+ e a;)

where E, =200 kV/m
d’z
dt®

d’x oeE - -2eE,t*
dt? o T T 2m

mdzy: eE — y= eE,”

dt? 0 2m
At t=0, (x,y,2)=(0,0,0) ¢, =0=c,=¢;
dx dy dz
dt ' dt ' dt
Att=0 —b> c,=0=c,=¢
eE t*

0o — z=ct+c,

m +Ct+c,

+Cl+Cy

Also, ( )=(0,0,0)

Hence, (x,y) =

(_21 1)

ie. 2]yl =[x
Thus the largest value of is
80cm=0.8 m

P.E. 4.4
(@)

Consider an element of area dS of the disk.
The contribution due to dS = pd¢d p is

_ pdS p.dS

- Arg,r? - 4rgy(p* +h?)

dE

The sum of the contribution along p gives zero.

E_ P [ [ hedpds _hp T pdp
z ™ 4 I j 2 2\3/2 J‘ 2 2\3/2
&, (p”+h?) 2¢, L, (p"+h7)

p=0 ¢=0 p—0

= D ety a(pt) =0 (g + by 7]
dg, 4¢, 0
o) h
2, (W ey

]
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(b)

Asa —— 0,

E= £
2¢,

a

z

(c) Letus recall that if a/h <<1 then (1+a/h)" can be approximated by (1+na/h).
Thus the expression for E; from (a) can be modified for a<<h as follows.

2\ 2
E = ps 1 — 1 = ps 1 — 1 + a_ — > ps a
L 2¢ a2 2¢ h? a0 butpm’=Q = ¢ | 2h?

_p | m | Q
2¢, | 22h* | 4ze,h?

This is in keeping with original Coulomb’s law.

P.E. 45

2 2
Qs = Ipst: J J.12|Y| dx dy
25

2

- 12(4) jzydy= 192 mC

pst A pst | r—r |
Arer® " 47;50 lr=rp
where r—r'=(0,0,10)—(x,Y,z) = (-x,-Y,10).
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2 2

12|y |10~ (~x,~y,10)

E=
X—J.—Z -2 10_9 2 2 3/2
V=2 4 (=—)(x" + y“ +100)
367

—xdxdy a,

—y|y| dydxay

= 108010°)( [1y| |

2 2

+10a; | |

| y|dxdy

4 (X% + y? +100)*?

1]

(x* + y> +100)*?

*d(y)

2

E= 108 (107)a

(x* + y? +100)*?

]

-2 —2
2
2

1

[ZI o (X* +y? +100)*?

]dx

1

=-216(10")a, | [
IZ (x* +104)"2

~216(10")a, In|

2+JlT) (22228
+~/104
= —216(107)az(—7.6202 (107%))

—216(10")a, (In(

E = 16.46 a, MV/m

P.E. 4.6

y =-3 plane A )
line
charge

(X2 +100)"2

x+\/x2+104| 2
X++/X* +100 2

]dx

-2++/108

—2+\/]?))

/

x=2 plane

v
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E, and E, remain the same as in Example 4.6.

pLa

E, =
27e, p

0

a, =a,c0s45°—a, sin45°
1
= —(a, —a
\/5( X y)
~10(10°) 1
ST
2
(367

=907 (a,—a,). Hence,

a,)

E=E+E,+E;
= -1807a, + 2707a, +907a, -907a,

= —282.7a,+565.5a, V/m

P.E. 4.7
Q P
D=D, + D, = —<_a +%a,
N L Agrt T2
_ 30x10° [(0,4,39-(0,0,0)] 10x10°
47(5)2 5 2
:i(0,4,3)+5ay nC/m?®
5007

=5.076a, +0.0573a, nC/m’

This expression, which represents the field due to a line charge,
is modified as follows. To get a,, consider the z=-1plane. p= J2
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P.E. 4.8

(a) p,=VeD=4x
p,(=1,0,3) =4 C/m®

(b) ‘P:[ﬁDodS=”DodS X=O+'”D.ds

Q--2C

P.E.4.9
Q:J.pvdv: v = EﬁDOdS
For 0<r <10,
D, (4zr*) = [[[2r (r*)sinododrdg

4
2 erry 4
D, (4zr?) = 4x( 7 |0)—27zr

2 2

D, _ Ezr—ar nV/m

2 2¢,

-9
E(r=2)= 410 )ar =72ra, =226 a, V/m
2(367r -

For r>10,
D, (4xr?) =2zr1*, r, =10m

r4 r, 4
D, =% — E= a, nvVim

2r 2¢,1°

4 (19
E(r=12) =1S§Aa — 125073,
2 36, 144

=3.927a, kV/m

X:1+”Dod8y

=0+.|.IDodS y=1+-”|: edS z=0+-[
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P.E. 4.10
V=Y’ ——1C

L Aze, | r—rk|
At V(0)=0, C=0
Ir—n|=(-152)-(2,-13)|=/46
Ir—r, 1= (-15,2) - (0,4,-2) |- 18
|f—r3I=|(—152)—(000)|:f

10°° 5 3
V(_1’5!2)_ -9 [
i (10 f J18 f
_ 10.23 KV
P.E. 411
V= Q +C
Areyr
If V(0,6,-8) = V(r =10) = 2;
2=5(1—(_)9_9)+c — 5>  C=-25
4r(, )(10)
@ }
Vi=—15% S(107) _25
475 I(-32.6) - (00.0)]
. 3.929v
(b)

45
Ve ————
® TP +12+5°

(€) V5 =V,-V, = 2606 - 3929 = - 1233V

-25=269V

P.E. 4.12

(@)
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-W
?=_[Eodl = j(3x2+y)dx+ xdy
2 -1
= j(3x2+y)dx | + _[xdy |
0 y=5 5 x=2
=18-12=6 kV
W=-6Q=12mJ
(b)
dy =-3dx
W 2
——=|Eedl = |(3x* +5-3x)dx + x(-3)dx
-fea]
2
:j(sx2 —6x+5)dx=8-12+10=6
0
W =12 mJ
P.E.4.13
(@)
(0,0,10) ——> (r=10,6=0, ¢ =0)
-12
_ —jooc‘l)(s)? (1072 :—10109 o mv
7[‘90( ) 47[( ) -
367
-12
E= 10(1(;—2)[2003%r +sin0a,]
47 (=—)10°
367
=1.8a, mV/m
(b)
/i
At 1’_1_ )
( 3 2)
100cos ~ (1072)
V= 103_39 — 045V
4 n:
(360
-12
E= m(;(()l—g)(mosza, +sin%ag)
4 1)
(560
= 0.9a.+ 0.7794a, V/m
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P.E.4.14
After Q,, W, =0

QZ Ql
4me,(1,0,0) - (0,0,0)|

1(-2) (10°%)

After in W2: Qz 21~

- SRS 18
47(10 )ﬁ
After Q, ,
W, = Q, (V31 t Vaz) + QV,,
N 1 2
= 30910 ){|(o,o,-1)-(o,o,0)|+ 1(0.0-1)- (1L0.0) J - 18n
2
- 270 5)-18
= -2918 nJ
After Q,,
W4 = Q4 (V4l +V42 +V43) + Q3 (V3l +V32) + QZVZl
= — 4(9)(10°° ! -2 3 Y
= -4)107) |(001)—(000)| T 100.D)-(100) [00)-(00-1) |

36(1—\/—+ )+ W,
= -39.09-2918 nJ = -68.27 nJ
P.E. 4.15

E=-VV=—(y+D)a +(1-x)a, -23a,
At (1,2,3), E=-3a,-2a, V/m

1 1 111 ) )
W :EgOIEoEdv=EgojljJ;(x + Yy —2X+ 2y +6)dxdydz

—1-1—

=% ; szdx [[ dydz+ jl y’dy [ dxdz - 2_}1 xdlx [ dydz +2j1 ydy [[ dxdz +6(2)(2)(2)}
:% : _2%3 _11(2)(2) +O+O+6(8)} _580s,
~0.2358 nJ
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Prob. 4.1

(7,2,-5)

0Q 1, 5Q 1 _
4re, 82  4rzs, (34)°
Q =~ =24

9 ‘34
= —-8.3232 nC

)3/2 nC

(b)
F(5,0,6) = E(5,0,6)

If F, =0, then

Q . 3\Q  _
4re, (82)Y°  Are,(34)%?

82 82
:_3 PeN3I2 :_12 PeN3I2
Q Q2(34) (34)
Q, = —44.945 nC

nC

F, - QQ, (ry, —rozz _ -20(118‘:2)[(3 20)-(-4.06)] _ g 10
4l 1o, | =182~ (4,06 088.88
=-1.8291a,—0.5226a, +1.3065a, mN
Prob. 4.2 (a)
E(5,0,6) = Q [(5,0,6)—(4,0,—3)]3 L9 [(5,0,6)—(2,0,1)]3
4r¢,|(50,6)—(4,0,-3) 4re |(50,6)-(2,01)]
_ 9 @09 L% (3,0,5)
bre, (NB2)  dre, (34)%7
If E, =0, then
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Prob. 4.3
E:Zz: Qr-r) _ Q[(00,0)-(a00)]  Q[(0,0,0)~(-a00)]
S Ane,|r—r [ 4ze,|(0,0,0)—-(a,0,0) 4z, |(0,0,0)—(-a,0,0) ]
@ 0ra00 0@00) 0
C Azeal dns@®  2me@
0 E- Q[(0,2,0)-(2,00]  Q[(0,a0)-(-a,00)]
47s,(0,a,0)—(a,0,0) 47, | (0,a,0)—(-a,0,0)
— Q(_a!a10) _ Q(a,a,O) — _Q
4re,(2a*)*?  4ng (2a%)Y? 4x/§7zgoa2 "
(c)
_ Q[(a0,2)-(a,0,0)]  Q[(a0a)-(-a0,0)]
4re,|(a,0,8)-(a,0,0) 4rze,|(a,0,a)—(-a,0,0)
_Q(,02a) Qaba  Q . Q {1_ 1 }a
4re@®  dre,(53°)Y 10\Brea? ¢ dme,a’| 55
Prob. 4.4
FogE=mg —— E="9_298 _,qkvim
q 4x10° ——
Prob. 4.5
(@  Q=[pudi=[12¢%dx = 4¢'[mC=05C
(b) 4 2
Q=[pds= | [pzipdidz | =9(2n)%T nC
z=0 ¢=0 p=3 0
= 1206 pC
©
10, .
Q_J.p"dv_-mrsine r’sin@dodgdr
= 10_fd¢]§d9_([ rdr =10(27) (7z)4—22
=1579.1 C
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Prob. 4.6

2

{ p,dv = zii%xdxdydz =(a)(@)p, {—

X
2a

Prob. 4.7

1 zl2

Q=[n dv_jj [ 5p*2pdgd pdz mC

p=012=0¢=7/6
2 7°
400 2

Q=10.472 mC

1
0

7l2 5
/6=§(16)(1)(7z/2 716) =

::5151_

¢

Prob. 4.8
Q= Ipst = JA 6xydxdy

—X+4

= _[ JA 6xydxdy + JA JA 6xydxdy

x=0 y=0 X=2 y=2
—X+4
0

dx

dx+J.6

o[x%
= f (——0)dx+3j [(4-x%)*-0]dx

_ ~ _ 2 3
—6!; 5 dx+3£(l6x 8x° + x7)dx

4

_3X 4
4

2 4
+6(ex - X X—)
0 3

=12+3(128- 32—% 6—; +64—4)

=12+ 3(96—%48 +60)

Q =32C

a|_a'p,
0) 2

3

10z
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Prob. 4.9
y=3x/2, z=4 plane

2 3x/2

mC :10(4)j I x? ydydx

=4 x=0 y=0

3x/2 2
X dx :ZOJ. NG (gxzj
0 x=0 4

Q= .[pst = ﬂlezydedy .

S

X |2
0 =9(32) =288 mC

_40J' x2 y2

Prob. 4.10
Q= jpvdv = .”.[4,022 cosgpd pdgdz  nC

zl4

_4jp3dpjzdzjcos¢d¢ P (2) z

= (16)(0.5)(5|n 71'/4) =5.657 nC

/
sing)| ",

Prob. 4.11

() Q= ijdl jlzxzd 12’

(b) Method 1:

pLdI
47z8r

r =(0,0,h)-(x,0,0) = (-x,0,h), r=r|=vh®>+x*
_ 1 J-12x2 (=x,0,h)dx
Are? (W +x%)¥?
Since x<<h, we can ignore the x-component.

2
E_ h az.[12x3dx: Q a,
dre h 4dreh

E=

Method 2:
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The line charge can be regarded as a point charge because it is very far from the

observation point.

-9
E:4Q2a,: f(ﬁo a, = 4(9)8. =3.6x107°a, V /m
et 4 (L000)°
Prob. 4.12
di
= [£ 2 AR

| 4 R

R=-aa,+ha, R=|R|=va’+h*,dl =ad¢

B J. (—aa, +ha,)
4ne, ) (a®+h?)?

adg

Due to symmetry, the p-component cancels

c_pf heads | phea
Arg, % (a*+ h2)3’2 4re, (a*+ h2)3’2
out. -3 6
F-QE - 4x10 ><121>:)1_8 x4x3a, (27) = 260.58a, N
477 x x5°
6r
Prob. 4.13

_[(_pPS _ _
E _j%g R, R=p(-a,)+ha,,dS = pdgd p

_ I pdgdp
47750 < (p°+h )3/2\

Due to symmetry, the p-component vanishes.

p ha b 2z
E=5""=2 2 +h2 73/2d d
p, !p(p ) p! 4

Let u=p®+h*,du=2pdp

-pa, +ha,)

psha 1
E=—"227)|=u""du=
4re, ( )IZ

pha, 1/2u™%  pha, 1
2, -1/2 2¢, \/

y

p2+h2

E = ,Dsh |: 1 - ! :|aZ
4, | Na?+h? b +h?
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Prob. 4.14

(@) Fromeq. (4.26),

- 678.58a, V/Im, z>0
E=%a _12x10 a, =187(12)a, :{ ’

2, 5, 10° —678.58a, V/m, z<0
367
(b) Similarly,
- —678.58a, VIm, z>4
E=f g =220 5 18r(12)a, :
2¢, 5, 10° 678.58a, V/m, z<4
367

For z >4 and z <0, the fields cancel out. For 0 <z <4, they add up. Thus
E =2x678.58a, V/m=1.357a, kV/m

Prob. 4.15

A
\

T~

v

Let f(x,y)=x+2y-5; Vf=ax+2ay

a =i vt i(ax+2ay)
|VE 5

Since point (-1,0,1) is below the plane,

__(ax+2ay)

dn —\/g .
_ P 6(107°) (_(ax +2ay))
T2, | 2(10°/367) J5
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Prob. 4. 16
_ps
/ Ps \/
X
x=0 X=a
(@) Forx<O0,
E=E +E, =2 (-a)+ Cp) (-a)=0
2¢, 2¢, =
(b) ForO<x<a,.
E-Pig Py Py
2¢, 2¢, &,
(c) For x>a,
E=a + Cp.) (a)=0
2¢, 2¢, =
Prob. 4.17
(@) At P(5,-1,4),
3 -6 -6 -6
Pu 10x10 -20x10 30x10
E-= *a, = a, )+ a )+ -a
;28 nk 2x10_9(x) xlo_g ( y) xlo_g( z)
367 367 367
=367(5,-10,-15)x10° =565.5a —1131a ,—1696.5a, kV/m
(b) At R(0,-2,1)
E =367 [5(—ax) -10(a,) +15(—az)]><103 =-565.5a, ~1131a -1696.5a, kV/m

(c) At Q(3,-4,10),

E =367 [Sax—lo(—ay) +15a2]><103 =565.5a, +1131a +1696.5a, kV/m

Prob. 4.18
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2

F = ¢ >,
Are v
F e 1 1 (1.6x1019 ]2
T 2= -9 31
F, 4me, Gm® 4,410 Aﬁﬂxﬁmxloﬂ 9.1x10
=4.17x10%
Prob. 4.19
Let Q; be located at the origin. At the spherical surface of radius r,
Q =[|DrdS = ¢E, (471%)
Or
E= &zar by Gauss's law
drer

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

F_oE-Q% ,

4rer?
which is Coulomb’s law.

r

Prob. 4.20

, Q
For a point charge, D= R
P g 47R®

For the given three point charges,

5 ZL{QRl LOR, 2QR3}
iz R R R

R =(0,0-(-10)=(10),R =1

R, =(0,0)-(1,0)=(-10),R, =1

R, =(0,0)-(0,1) =(0,-1),R, =1

_Q 10)-200-D= L0272
D—4ﬂ[(1,0)+( 1,0)-2(0,-1)] 5 02=xa,
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Prob. 4.21

(a) Assume for now that the ring is placed on the z=0 plane.

(0,0,h)

v
<

R
. /
2
p dl
X

_(pdIR o
D_I—4ER3’R_ aa, + ha

_ p. " adg(-aa,+ ha)
4r im0 (a®+h?)¥?

Due to symmetry, the pcomponent vanishes.

D - p a(2zh)a,  p_aha,
47T(a2+h2)3/2 2(a2+h2)3/2
a=2, h=3 p =5uC/m

Since the ring is actually placed in x=0, a, becomes ax.

p-_OBa _ 434, ucm?
24+ o

(b)
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b - Q [3.00)-(0-30)] Q [(30,0-(030)]

° 47|(3,0,0)-(0,-3,0F 47]|(30,0-(0,3,0)[
_ QB30 QEB-30 _6Q00)
Ar(18)** = 4r(18)**  47(18)*?

D=Dy+D,=0
03200°)+ —22___¢
47(18)

. Q= —0.32(47[)(183’2)106% = -51.182uC

Prob. 4.22
(@ p,=VeD=
(b)
¥ =IDodS :Hyzdydz
S

oD
By (P B g o5 a-2x—4nCin’

ox oy oz

6
_2(6)* =360 nC
0 3 —

5 6 y3
= |dz| y3dy = (5) 2
- ! ly y=(8)7

Prob. 4.23

¥=[DedS=¢,[EedS, dS=dpdza,
S S

EZ'S[E.dS :—Hszsinqﬁdpdz

$=90°

63in90°j d jzdz 6[’02‘2][22 5] 3(4 0)1(25 0) =-150
. . 210/ 20 2
10°°

¥ = —150¢, = —150x

=-1.326 nC
36r —
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=0.5236-0.433=0.0906 nC = 90.6 pC

Prob. 4.24
(a)
pV:VoD=i2£(rzsin:93in¢)+ L i(S|n6?cos.9S|n¢)+
r<or 606
:gan69n¢+ ¢«n§0 sin® @) — Sing
sin rsiné
But cos’@—sin*@=1-2sin’4
ﬁ%:ggneﬁn¢+gn¢_2$nemn¢_gn¢:
r sing r siné@
At (2,30°,60°), r=2,0=30°¢=60
P, =0
¥=[Deds,  dS=r’sinododga,
S
60° 30°
j jr sin 0$n¢d9d¢
$=06=0
60° 30°
=4 [ singdg [ sin® 6do
(b) 0 0
But SHFH::%(l—cosze)
600 130° .
¥ =4| ~cosg|" j(l c0526)d@ = 2(—cos60° +1)
1.
=204/2+D(n/6—EMMn/$—O)
Prob. 4.25
oD
(a) P, = Vﬂ)—aD y+8DZ:8yC/mZ
ox oy oz
oD,
(b) p,-VD= li< D)+t L
p 0 a¢ 0z
:8mn¢—2$n¢+4z
=6sing+4z C/m®

5 (-sing)

1 j 7l6
0 —=sin 20
2 0
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190 1 0 )
C =VID == —(r’D ) + —(D,sin@)+0
© Pu r? ar( ) rsineae( %)
2 2c0sé
——r—4co 0 p
=0
Prob. 4.26

@Q=]pv=]

\

O ey N
O ey N

X2
12xyzdxdydz =12 [—

2\ y?
210/ 2

2\ 7?12
0)l 210

J =12(2)(2)(2) =96 mC
(b) ¥=Q=96 mC

Prob. 4.27

Gaussian surface

Apply Gauss’s law,
fiods =Q,

D, 4xr? = p,4ra’ + p,47b° =8x107° x47(1)* +(-6x10°) x47(2)* = -0.3016
-0.3016 =0.3016
D, = 2 2
Axr 47(3)
D=-2.7a, mC/m?

=-0.0027

Prob. 4.28
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For r<a.

fords =Q,, = [ p,av

S %

D, (471%) = [[[5r"°r* sin od 6d gdr = STsin 9d92fd¢jr5’2dr
0 0 0

r.7/2 r 40721.7/2
=5(2)(2 =
(2)( ﬂ)7/2 0

-
40mr™

Dr:goErzﬁzgrs’z

E, =%r3’2,0<r<a

Forr>a,

ioﬂawz
D, =¢,E, =L
Axr®
712
E, = 170a > r>a
g,r
Thus,
71—Or3’2a,,0< r<a
&
E=2 °
10a7/2
—ranr>a
80
Prob. 4.29
oD
@) p, =V0D=6DX +—1 +aDZ =2y C/m®

ox oy oz

(b) ‘P:ID-dS:HXZdXdz g1

(c) Q=]p,dv=[[2ydxdydz = 2idxj. ydyjdz =1C
\Y 0 0 0
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Prob. 4.30
(a)

z

10D, 2D
p O¢ oz
o= 4(z+1)cosg— (z+1)cosg+0

10
—VeD==—"1(pD )+
A pap(p ,)

o, =3(z+1)cosgp uC/m?

(b)
Qenc =jpvdv :_m3(z +1)cos¢ pdg dpdz
2 4 l2 2 2 4 12
- 3.£pdp.(|;(2 +1)dz _([ COS¢d¢=3(%p2 0)(%+ z)|0(sin ¢|O )
=3(2)(8+4)(1-0) = 724C
(©)

Let v =y +y, +ys+y, +ys =[ﬁD°dS
wherevy ,, v,, v,, v,, v, respectively correspond witn surfaces S,,S,,S,,S,,S,
(in the figure below) respectively.

A 83

’ 1

’/ 3
v

Sy

Ss

v

Sz
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For S, p=2,dS = pdgdza,
7l2

W, = _U 2p(z+1)cos ¢dS|p:2 = 2(2)2_‘|£(z +1)dz j cos gd ¢
—8(12)(1) = 96
For S,,z=0,dS = pd¢dp(-a.)

72

v, =—[[ p*cosg pdg dp=—[p%dp [ cosgdg

4
__P Pmy—_
- 4|0(1)_ 4

For S, z=4,dS=pdgdpa,, y,=+4
For S,,¢=7x12,dS =dpdza,

W, = —jjp(z +1)sin ¢ dpdz|¢:m = —(Singl[pdp-([(z +1)dz
- —/’72|§ (12) = ~(2)(12) = 24

For SS, ¢:O’ds:dpdz(—a¢),1//5:I'[p(2+1)$in¢ dde|¢:0=0
w =96-4+4-24+0=72uC

This is exactly the answer obtained in part (b).

Prob. 4.31
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3e
47 R3

O<r<R
elsewhere

P,
0,

o

U‘:ID.dS _ Qenczj.p\/dV _ 3e A4xrd

7R 3

D, (4rr?)

o 3er
" 127¢,R?
e’r

F=eE=——
dreyR

Prob. 4.32

Using Gauss’ law, when p<0, E=0

For a<p<b, Q. =[f DedS=[f| E«dS=5,E,(2pL)

where L is the length of the cable. But

2z L
Qencz_l.psds= J. J.%pd¢d2=p02ﬂ'|_

$=02=0

p2il=5E (2mpl) — E =Fo
&P
For p>b, Q,.=0. Thus,
Yo,
—a, a<p<b
E=16p " P
0, otherwise
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Prob. 4.33
(a)

v=Q,, atr=2

Que =[ A,V = jﬂlr—?rzsin 0dodrdg

=10 .2[ T ]r‘sinededrd¢

r=1 ¢=0 6=0
= 10Q) (27) (2) = (40 zr) mC
Thus, v = 1257 mC

At r =6;
Q.. =10 ider;ﬁ T singdeg

r=1 ¢=0 6=0
=10 (3)(27) (2) =1207 mC
w =377 mC

(b)
l’” = Qenc

But y = [|[DedS = D,[f|dS = D, (4r?)
At r=1
Qenc:O

—> D=0

At r=5 Q,.=120~
Q.. 1207

r — 2 = 2 = 1.2
Ay 47 (5)
D = 1.2a, mC/m?
Prob. 4.34
Q Q 30

v

“volume 4za’/3 4za

For r<a, m DS =Q,, = J.PvdV

3Q 4zr® Qr’
4ra® 3 as

D, Arr? =
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For r>a, mD[dS:Q

D,47rr2=Q —> D, = Q2
drr
Hence,
4Qr3 ., r<a
D J47a
Qza,, r>a
drr
Prob. 4.35
_Q , o _ 107 2 ~ 4
" Azeyr, 4, 47”@ |(1,-2,3)-(1,0,3)| |(L-2,3)-(-2,1,5)]
367
2 4
=9| —————==1325V
[2 \/9+9+4}
Prob. 4.36
V=4 Q . r=+a?+a?+h? =+/224+2213% =17 cm
4re,r
-9
V= 1‘:;_(98"10 = 6.985 kV
Arx—— x\17 x102
367
Prob. 4.37 (a)
/2
© Q/2
22
V= _ 2 _
Are, v Armegr
-6
R Y
47 x x4
67
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(b)
3()
V= = 135 kV
Are,r ———
(©)
Q
—=27(4)
Adreyr  Ame, v Armeyr
Prob. 4.38
(a)
V, = Q
47Z'| rp— Nk |
-3 . -3 -3
AdreN, = 10 + 2(107) + 3(107)
|(-1,1,2)-(0,0,4)| |(-1,1,2)-(-2,5,1) | [(-1,1,2)-(3,-4,6)|
1 2 3 1 2 3
4re,(10°)V, = - + = - £ , °
HOVs |(-11-2)| |(L-4D) [(-45-4)] 6 18 57
-9
4;;10 (10°) V, = 0.3542
367

-V, =3.008x10° V

(b)
ey
dre,|rp—rx|
dreN, = 10 + ~2(107) + 3(0°7)
(123-004)]  [023)-(251]  [(L23)-(3-46)]
, ~ 1 _ 2 3 — 1 2 3
4”‘90(10)\/9‘|(1,2,—1)| (G-32)| 1(-26.-3)| 6 v22 1
10°°

470 10°) V. = 0.410
367 0V
V, = 3.694 (10°)V
“Vag =V~ V, =0.686(10°) = 686 kV
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Prob. 4.39

oV 10V

-E=VW=—a +———a ,+—a
op © pogp * ozt
=2pe’singa, + pe* cos qrﬁa,ﬁ—,oze‘Z singa,
At (4,714-1), p=4,¢=rlbz=-1
—E =2(4)e'sin(z / 4)a, +4e’ cos(z / 4)a ,—~16e'sin(z / 4)a,
=2(4)(2.7183)(0.7071)a,, + 4(2.7183)(0, 7071)a ,~16(2.7183)(0, 7071)a,

E =-15.38a,—-7.688a ,+30.75a, V/m

ov

Prob. 4.40
@
oV oV oV
= _( a.x + a.y + a.z )
O X oy oz

—-2xy(z+3)a, —x*(z+3)ay—x’ya,
At (3,4,-6), x=3, y=4, z=-6,
E=-23)(4)(-3)a, -9(-3)a, —9(4)a,
=T72a,+ 27a,-36a, V/m

(b)
p,=VeD=¢gVeE =—-¢g,(2y)(z+3)

W =Que = [ A0V =25, [[ y(z+3)dxdydz

1 1 1 72 1
26, [ dx [ydy [(z2+83)dz=—2¢,(1)(L/ 2)(5+32) |
’ 0 0 0 ’ 2 0

—_7(10‘9
2 367

Q,, = —-30.95 pC

)

1
_30(5"'3) =

Prob. 4.41
(a)
2
Q=[pdv=[[p, (1—%Jrzsin 6d6d gdr
27 71'- a 4 3 3 871'
= défsinodof| rr = lar= p. 22| -2 | =% 53
p(,! ¢£ j[ azJ P4 ”’”(3 5152~
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(b) Outside the nucleus, r >a,
fods-o, —» E- Qe
S

_-4z%%r2 '
8za’p,
E__15 _ _2¥p
drer? " 15g,r° "

Vz—IE[dI:—IErdrzza—S'D"+Cl

15¢,r
Since V(x)=0,C, =0.
3
v = 28P
15¢,r

(c) Inside the nucleus, r <a

156, ¢, (20 6
2 2 2
C2=2a po 18P, _2°p,
15¢ 60¢ ¥

[0} 0o [}

yoBP[ ) ap,
g, 20a*> 6 4g,

(d) E is maximum when

2
G _o-2[1 30 ), grosa’
dr &\ 3 5a

J5

r= ?a = 074543.

2

. d°E
We are able to say maximum because =—

rZ

6r

5a

<0.
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Prob. 4.42

v
<

D:j/’stR, R=—pa +ha, R=R|=+p?+h?,dS=pdgdp
47R? r ‘

Q Q

P7S T2 -ad)

D:&Ipd¢dp(—pap+haz)
47[ (pZ +h2)3/2

Due to symmetry, the component along a, vanishes.
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pdgdp
pIMIO T

psh -1 bpsh[ 1 1}
2| Jpt+n® |2 JaZ+h® b2 +h’

. Qh 11,
2z(b*~a%) | Ja?+h? b2+h? | "

Z

h o\ }
=2 @) (0 +0%) ¥ pd p

Prob. 4.43

oD
p, = VDD_aD y+8DZ=4—20y+22
ox oy oz
At P(1,2,3), x=1, y=2, z=3

p, =4-20(2)+2(3) =-30 C/m°

Prob. 4.44

For r<3cm, Q,.,=0 —— D=0
For 3 <r<5cm,

fjords =Q,, =10nC

D,4zr*=10nC —— D, =

iy 46
Forr>5cm,

fords =Q,, =10-5=50C —— D, =

Arr
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Thus,

0, r<3cm
10
4rr

~a, nC/m?,  3<r<5cm

5
Axr

~a, nC/m?,  r>5cm

Prob. 4.45

2
p VD=V E-+ O [&EP ) 288 o g
\ 6] pap a

Prob. 4.46
Let us choose the following path of two segments.
(2,1,-1) > (5,1,-1) > (5,1,2)

W =—q[E edl
W 5 2
——:IEodI = I 2xyzdx + I x*ydz
a X2 z=-1y=1 =1 x=5y=1
215 2
— 22+ (5)2(W)z| © =—21+75=54
2 |2 -1
W =-54q =-108 xJ
Prob. 4.47
(a)
p,=VeD=VecE
Pu_veE =li(12p22 cos¢)+£(—6pz cos¢@)+0
€ pop p
=24zc0s¢—6zCc0oS¢ =18zcos¢
At A(2,180°,-1), p=2,4=180°2z=-1
oy 107 10°° 5
p, =18¢zcos ¢ =18(-1)cos(180°) x = =0.1592 nC/m
6r 27 T
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(b)

W =—QjE.d|, dl = pdga,
L

00
W=0Q j 6,25in ¢ pdg
$=180°

p = 2, =
= 48Q =48x10x10"° = 480 1)

Prob. 4.48
(@

From Ato B, dl=rd&auy,

90°
W, =—Q [ 10rcosdrde

0=30°

r=5
(b)
From Ato C, dl =drar,
i : (1 ,)\10
W,. =-Q j 20rsin@dr | =-Q(20)(sin30°) =r =-3750 nJ
r=5 0=30° 2 5 -
(c)
FromAto D, dl=rsindd¢ a,,
W, = —QjO(rsin 0)dg=01
(d)

Woe =Wyp + W +Wee
where F is (10,30°,60°). Hence,

10
W, = —Q{I 20rsin@dr
r=5

6=30°  9=30°

100[§+ %] nJ = —8750 nJ

Prob. 4.49

B 5
Ve == Eldl == =dr
A 1

—:LI—\
N O

105 .1
=—[°=10(=-1) =—8V
=2 =106-1)

| + 9])'0 10rc050rd0|

= Q6(2)2(—1)(—005¢

OO
180°

~24Q(-1-1)

=—Q(L0)(5)?(sin 9)‘28: ~1250 nJ

}

r=10
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Prob. 4.50
Method 1:

W :—Qj Efdl, dl = pdga,
L

E, cosg sing O E,

E, |=|-sing cosg O] E,

E, 0 0 1]|E,

E,=-E,sing+E, cos¢=-20xsing+40ycos¢
X=pCOSg,y=psing

E, =-20pcos¢sin g+ 40psin gcos g =20pcosgsin ¢

W =—Q[ Erdl = -2x10°[ 20 p cos gsin gipd ¢
L

p=2

Tl?2

l2 =2
sin" ¢ ) =cgom

=—-2(20)(2)’ [ singd(sing) mJ =160—=

Method 2:

W

—— = | E[dI = [ 20xdx + 40ydy
o

W 0
o [ 20xdx +40(2-x)(-dx) = [ (60x-80)dx
x=2

2 0
_ 60X gox ,=40

W =-40Q =-80 mJ

Method 3:
o o 2
VxE=|0x oy oz |=0
20x 40y -10z

V= —I Efdl = -10x* —20y® +5z° +C
L

W =Q(V, —V,) = Q(-20x 4 +10x 4) = -40Q
W =-40Q =-80 mJ
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Prob. 4.51

W=—Q_[EEUI

E=La =Pa =dxa,

n X
2¢, 2¢,

1
W :_%Idxz_%(_z)z%
2¢, 1 2¢, £
 10x107°x40x10°°
BT
367

0

=400x367x10°° =45.24 mJ

Prob. 4.52
(@ E=-VV = _8_Vax _8_Vay _8_Vay =—4xa, —8ya,

p,=VID=¢gVE=¢ (-4-8)=-12¢, =-106.25 pC/m°’

(b) E=-VV :_a_vap _la_va(/j _a_vaz
op p 0P 0z

=—(20psing+6z)a, —10pcosga, —6pa,

p,=VID=¢gVE=¢, (—3[40psin¢+6z]+105in ¢J
P

= —(SOSin ¢+Ej g, Clm®
P

©E-vvoDg 1N, 1 N,
or r oo rsind og¢

=—10r cos#sin ga, +5rsin &sin ga, —5r cot & cos ga,,

p, =VID=¢ VIE

5rsing

r 5rcotdsin ¢
rsiné

rsin@

2sin@cosf +

Pv _ riz(—30r2 cos @sin @) +

0

p, = &,(5singcsc® @cos @ —20cosPsing) C/m®
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Prob. 4.53

(a)

-E=VV :a—vap +£6_Va¢ +a—VaZ =e ‘singa, +e’ cosga, — pe’singa,
op p 0P oz

E=-e"singa,—e*cosga, + pe *singa,

(b)

ok oE ok
vxE=| 1% Sl | T B a¢+i i(,oE(,))— £ la,
pop oz |” | oz op ol op ¢

= {lpeZ cosg—e” cos¢} a, +[e’Z sing—e *sin ¢] a, +1[—e’Z cosg+e” cos¢] a,
P P

T
o

since each component is zero. Alternatively,
VxE =VxVV =0.

Prob. 4.54

V =-r*sinfcos¢

VAP LIPS B Y
or r oo rsind og¢
—4 -
=-3r*sin@cosga, +r* cosdcosga, + ' S_:ge (—sing)a,
i
E = %sin dcosga, —%cos@cos;ﬁa& +ﬂa¢
r r r

At (1,30°,60°),r=1,6=30°,¢=60°
E  =3sin30° cos60°a, —cos30° cos60°a, +sin60° a,

=0.75a, —0.433a, + 0.8664a,

10°

D=¢E= (0.75a, —0.433a, +0.866a,)

T
= 6.635a, —3.829a, +7.657a, pC/m’

Prob. 4.55

For a<r<b, we apply Gauss’s law.
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[ﬁDmS:Qenc:Q
S

2y _ _b_ Q
Dr(47z-r )_Q — Er - = 2

g, Ameyr

b b b
V=Bl =& [Lar-L 2P D 1_1]

A Are, o ¥ dre, rla  4dmg,\a b
Prob. 4.56

zl2

2r wl2 2 .-
pdS  p, r 5|n9d0d¢: P (2ﬁ)jsin0d0
0

s
r

V = J' _
s dmer  Ame, /2060 Are,r

/2
= | _coso|"
2g,r 0 JIr=a
v =FPs
2¢,a
Prob. 4.57
VxE=0 —— VxD=0
oD oD
yxpo| LD D], [, D], 1[0 o,
pop oz |” | oz op ol op

=0a,-0a, —12,0c05¢aZ =0

Hence D is not a genuine EM field.

zl4 1 74 1
W:jD[dsz j jzpsin¢pd¢dz=2j sin¢o|¢jdzp2
S $=0 2=0 0 0 pP=
!4 )
=—2C0S ¢ 0 D@ =-2(cosz/4-1)=0.5858 C

oD
P az
o¢ }
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Prob. 4.58
(a)

d?y o : .
mF = eE; divide bym, and integrate once, one obtains:

dy eEt
U=—= = —+¢,
dt m

e Et?
y = > m +ct+c, (@)

"From rest" implies ¢, =0=c,
At t=t,, y=d, Ez\di or V=Ed.

Substituting this in (1) yields:

2 2md
e E
Hence:
,_ 8E [2md \/ZeEd _\/2ev
m eE m m
thatis, u a W
or u=k WV
(b)
(_ [2e _ [2(603) 107
m 9.1066 (107
— 5.933 x10°
(c)
1
) 9(10%) =
v=4m_ 100 _ 2557 kV

2e  2(1.76) (104)
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Prob. 4.59

(@)

This is similar to Example 4.3.
eEt

y — m’ x_uO

y - eEt? ‘- ut
2m 0

_ x_10(10?)
Ty, 107
Since x=10cm when y =1cm,

2my 2(102)
T Tet? | 176(10%)(10° %)

=10 ns

E

= 1.136 kV/m

E=-1.136 a, kV/m

(b)
u =u,=10",
2000
u, =——(1.76)10"(10®%) = 2(10°
) =g (LT6010°(107) = 2(10°)
u=(a,+0.2a,)(10") m/s
Prob. 4.60
pcosé kcosé
V = 2 = 2
Are,r r
At (0,1 nm), €=0, r=1nm, V=9
thatis, 9= k(?g , . k=9(10")
1(107°)
V = 9(10%%) —C(;f_e
At (1,1) nm, r:\/i nm, 0 =45°,
V= 9(10*°)cos45° 9

= 3182 V

1082 22
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Prob. 4.61

The dipole is oriented along y —axis.

\ :p—°r2; per=Qd ayea, =Qdsinfsing

Are,r
Qdsin@sing
v I R
Areyr
Eo—ww=-DV, 1V, 1 N ay
or roe rsind 2d¢
d | 2sin@sin cosédsin Ccos
= Q : 3I¢ar— 3I ¢a(9— 3¢a¢}
4re, r r r
Qd o .
E-= 5 (2sin@singar—cosdsingao —cosgay,)
Are,r
Prob. 4.62

Using eq. (4.81),
bre, |r—r'f
r-r'=(4,01)-(23-1)=(2,-32)

Ir—r'=v4+9+4 =17

pe(r—-r")=(2,6,-4)e(2,-3,2)=4-18-8=-22

_ -6
ve 220 198 s oeoskv
A x 10 ><173/2 70.093 -
67
Prob. 4.63

E =k(2cos¥fa, +sinba,)

E, sind cos@ 0] 2kcosé

E,|=| O 0 1|| ksin@

E, cosd -—sing 0 0

E, = 2k cos® @ —ksin® @ = 2k cos” @ — k(1 - cos” 6) = 3k cos” # — k
Setting this to zero gives

3cos’d=1 — COSH:i%:iO.5773 —  0=54.74° 125.26°

STUDENTS-HUB.com Uploaded By: anonymous



122

Prob. 4.64

Q
W =W +W,=0+Q)\V,, =
v AV =Q, 47, |(2,0,0)—(0,0,1) |

_40x107° x(-50)x10"° _ 40x9x(-50)x10~°

5
4ﬁx;0|(2o _1)) Va+1

=-8.05 zJ
Prob. 4.65
E=-VV _—a—VaX —a—vay =-4xa, -12ya, VIm
OX oy
1 1 1 1 1
W=>g[lEFdv=24g, [ ] j (16X +144y?)dxdydz
2 v 2 z=-1y=-1x=-1
3 1 -9
1l X r1aaa) L y'1)_110
2 31 3-1| 236x
=1.886 nJ
Prob. 4.66

Given that E =2rsinfdcosga, +rcos&cosga, —rsinga,
E? =4r”sin” @cos’ ¢+’ cos® @cos’ ¢+ r’sin’ ¢
=1 cos” ¢(4sin” 0 +cos’ 0) +r’sin’ ¢
= r?cos’®¢+3r?cos’ gsin® @+r’sin® ¢
=r* (1+3cos® gsin® 6)
W =fjﬂ52r2sin odrdod

:—jr“dr j j(1+3cos #sin® 0)sin 0dod ¢
0=0 ¢

—gj(ﬂSin ¢9+37”sin26?)d¢9

9
16 10 (4r )_E nJ=0.36 nJ
5 36 45
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Prob. 4.67

Method 1:

%!psVdS :%lpsds =%QV

W:aDoEdv:lgoﬂEF dv=2t

4

2VV 2
5_0 _([dxjdz

0

y51 X3
=2(4)| 22" |+ 40)| 2=
()[ 50} ()(3
_16,256  64x64 139609

5 9

-9
Wzlxlo

x1396.98=16.176 nJ

67

But V= Q
4re,a
2
w=-2
8rg,a
Method 2:
W :ljDDEdv:lgojEzdv
2V 2 \
1 Q Y
_ 26
80»”-[(47[5 rzj resinodedrd¢g
:-g jd¢jsm9d9j o 2 2 —d
2
w=-2
8re,a
Prob. 68

goj( y' +4x°y? +162° ) dxdydz

j y'dy +4I xzdxj dzj y’dy +16I dxj zzdzj dy
-1

)

2

(2)()622

v

3

y

3

J+16(2)(2)( .

7314
0

0
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Prob. 4.69

E=-VV =- a—Va +£a—va¢+a—vaZ
op ' pog 0z

=—e'singa, —e~ cosga, + pe *singa,

(@)

ELE = E '=e**sin*g+e?* cos’ g+ p’e *sin* g =e** + p’e *sin’ ¢

W =4, [IE P
2

s [1E Pdv=[[[(e™ + p%e™ sin” ¢)od pd gz

&,
2z 2

b) = jpdpj dgfe?dz +jp3desin2 ¢d¢_2[e‘22dz
0 0 0 0 0 0

oo 1) 2L 4 sz e 1)
X ajolz 4 Jjo{-2]0

-2
= 7(-1/2)(e™ 1) +%(7z—0)(—1/2)(e4 “1)= 5?”(1—e4) =1.9275

2
0

1
0

_P

2

1 10°
—X
2 36rx

w =%€o (1.9275) = (1.9275) =8.512 pJ

STUDENTS-HUB.com Uploaded By: anonymous



125

CHAPTER 5

P.E. 5.1 dS = pdgdza,
2n 5
I:IJodS:I JlOzsin2¢pdzd¢|p:2 =
¢=02z=1
22|21 , a1 1. 27
102)~| [ >@-cos2¢)dg=10(5"~1%)>| p—=sin2¢ || =10(24)7 =240z
2], 32 2" 2 0
1=754 A
P.E.5.2

| = pWu =0.5x10°x0.1x10 = 0.5 A

V =IR=0.5x10"°x10" =50 MV

P.E.5.3 ©=5.8x10" S/m

6
JeoE — E=2-849 _138vim
o 58x10 ————
6
J=pu — u=i—ﬂ=4.42xlo’4m/s

p, 1.81x10%

P. E. 5.4 The composite bar can be modeled as a parallel combination of resistors as
shown below.

R
‘Li Re

STUDENTS-HUB.com

Uploaded By: anonymous



126

For the lead, 4
R, = =973.8.02

(5x10° )(g—ijlo-“

For copper, R, = L c
O-CSC

R, = 4
5.8x107 x%xlo-“

=878.5 1O

_ RR, 973.8x8785
R +R, 973.8+8785

= 461.8,0Q

P.E.55 p,=Pea =ax’+b

pps x=0 - P.(_a&)‘x:o - _(aX2 +b)‘x =0 =b

_ (a2 2
Pos| =Pea, ‘X:L_(ax +b)‘X:L_aL +b
Q, = [ pyedS = -bA+ (al? +b) A= Aal?

Poy =—VeP= —%(ax2 +b)=-2ax

x=0

f=)
o]
k=)

<

P pv

L
Q = Ip oV = j (—2ax) Adx = —Aal?
0
Hence,
Qr =Q,+Q, =—Aal® + Aal? =0

P.E.5.6

R =——, I:4m,SL:d2—7zr2:9—% cm?, o, =5x10° S/m

S, =nr’ z%,ac =5.8x10" S/m cm?
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V 10°

d> " 2x0°

a, =500a, kV/m

-9

P=y.6,E=(2.55 —ZI)X:I'0

x0.5x10°a, =6.853a, uC/m?
367

Pps =Pea, = 6.853C/m’
P.E.5.7 (a) Since P=¢g,x.E, P, =¢,x.Ey

-9
R = 3x10 iX367zXlO9 =2.16
¢ E 10z 5 —

0—X

Xe =

P 367x10° 1

(b) E= (3,-1,4)10° =5a,-1.67a,+6.67a, V/m
Xe&o 216 10«
()
srP_3.16( 1) 2 b
D=¢.,E= =516 101 (3-14) nC/m"=1397a,-466a,6+1863a, pC/m

e

P. E. 5.8 From Example 5.8,

2
F:pSS psz :ZSOF
2¢g,

Y
But ps =&,E = 80?". Hence

0.2 _280F 8o Vy® V2:2Fd2
; S d2 RPN
i.e.
2
Vy =V, -V, = 2Fd
€45
as required.

P.E. 5.9 (a) Since a,=a,,
D,, =12a,, D, =-10a,+4a,, D,, =D, =12a,

€, Dy

Eyx=Ey ——> Dy= :2—15(—1an +4a,)=-4a, +16a,

€1

D, =D,, + D, =12a, —4a, +1.6a, nC/m’.

STUDENTS-HUB.com Uploaded By: anonymous



128

S (G R G0

n = =
tano, D, 12

(b) E, =E, =E,sind, =12sin60° =10.392

0, =1975°

v

B, =52 g, =1 12005600 = 24
€1 2.5

E,=+E,’ .E,’ = 1067

_ &y Ey

grl

g-Fu__ Ea

tan =
Eln (grl / & r2)E2n

gr2 E2n ‘9r2

Note that 0, >0,.

P.E. 5.10

-9

o g 10
~ %057 36,

=—Ltang, = %tan 60° =4.33

(60,20,-30)x10°° = 0531a, + 0.177a, - 0.265a, pC/m’
X y z

— =TT

107°
36n

p.= D, =|D|= (10)v/36 + 4+ 9(107%) = 0619 pC/m?
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Prob. 5.1
| =jJ edS, dS=dydza,

| = ﬂ e cos(4y)dydz

713 4
A2
5= e j cos(4y)dy'([dz

/3
_ e 2[5'”44y ﬁo j (m(—) Oj:—0.1172A
Prob. 5.2
Method 1:

I_ondS ”10 20 2smd6?d¢$t_2mS C_am

V4 2z
=10(4)e™**" [ sinodo | dg = 40e”(2)(27) =1607e”?

0= $=0
= 68.03

>

Method 2:

| = jJ odS = ﬂ%e‘mds :$e-1°3‘(4;zr2)

since r is constant on the surface.
I=407re? =1607e> =68.03 A

Prob. 5.3
5 V.4

| =[Jrds :jj%sin@od;zsdzzlojdzjsin¢d¢
0 0

—10(5)(cos ¢)"g ~100 A

Prob. 5.4
I:jJOdS :5I jelo”pd¢dp 5Id¢j pedp

p=0¢=0 p=0
710p

_5(2;z)[ (-10 —)j‘a_lo’g e (-10a-1)-1(-0-1)], a=0.004

T 004 T
=—1/\e —0.04-1)+1|=—(0.00078) =244.7 uA
10[ ( )+1] 10( )=244.7 uA
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Prob.5.5

I=[Jeds, dS=r’singdodga,
S

2 xl2 200050 , 7l2

. 20(9) % .
resin@daod =—2|d cosdsindo
! ¢‘r:3 6 ! ¢ | cosos

=3.978x10"* S/m

=-607(0—cos®(z /4)) = -60x(-1/2) =+ 307

oS 3x10°7(25)10° 757

157z

() 1=V/R=9x—2==2651 A

() P=IV=2.386 kW

Prob. 5.8

@ E:\i:i=90mV/m
| 100 =

M RrR=Y-2 _300
I 0.3
| I 100
R=— —_—> O':—=—2_6
oS RS 30(zx22)10

$=006=r/4 r+3 w4
zl2 2 /2
=30(27) [ cosfd(~cos6) = 607 o
rl4 T 4
| =94.2 A
Prob. 5.6
| | 2x107?
R=— — o0=—c=— —
oS RS 10°(z)(4x107)
-2
Prob. 5.7 (a) R=— 810 _8 _3305m0

=2.653x10° S/m
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Prob.5.9

If Rand S are the same,
R1:L:R2: fz e flzfzﬁ

0,5 0,5 o,
If 1 corresponds to copper and 2 to silver,
o, =5.8x10" S/m, o, = 6.1x10" S/m

0,=1, % =0.951¢,

That is, the copper wire is shorter than silver wire or the silver wire is longer.

Prob. 5.10
R:i:! - O'ZI—E, S =zr?
oS | SV
2(5) 10’

=6.635x10* S/m

6 = =
7(2°x107°)(12) 48x

Prob.5.11 (a) S =71’ =z(1.5¢x10™ =7.068x107"
S, =(r?—r’)=x(4-2.25)x10* =5.498x10"*
_pl 11.8x10°x10

R=£ S -16.69x10™
S 7.068X10

n _ Lol _L177x10°x10
° s, 5.498x10°

o

=3.219x10™*

RR, 16.69x3.219x10™

R=R /IR, = =0.27TmQ
R +R, 16.69+3.219
(b) v=LR =1,R, —— Ji _Ro 08219 9999
l, R 1669
l; +1,=119291, =60 A
I, =503 A (copper), I, =97 A (steel)

Alternatively, using the principle of current division,
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I, =60 R =50.3A
R +R,
=602 —97 A
R +R,
-8
© R=LTTA07 6 414mo
7(27)x10 —_—
Prob. 5.12
From eq. (5.16),
ol nl g pl_pd
S ab S, ac
ol oyt 2
R=R R, = RR, ab ac _ ppt

R +R, :pil£+p72£ B acp,l+abp,!

_ 2ned 2x5x10% x1.602x107° x107*®

ab ac
__ Pt
a(cp, +bp,)
Prob. 5.13
Relo LV
oS rnrio |
2 -3\2 7
-y nro =127[(0.84><10 )" x6.1x10 13086 A
/ 12.4 o
Prob. 5.14
|Pl=n|pl=nQd =2ned = y.¢,E (Q=2e)

=0.000182

;(e - -9
&E 107 x10*
367

¢, =1+y,=1000182
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Prob. 5.15
N N
Zqidi Z P
P — i=1 — i=1
\' Vv

1P =N ple 2x10° x1.8x107 =3.6x10°
\"

P4Pla =3.6x10"%a, C/m’

P 36x10°
e E (107°/367)10°

0

=0.0407

But P=y.¢E or x. =

g, =1+, = 10407

Prob. 5.16
Q a

= —2 .
4dre g1

-3
P=yeE=2 5 _ 3(10)102 a, =596.8a 4C/m?
4me, ¥ 4r(4)L

Prob. 5.17

P  100x10°

P=yeE — E= ap:2.261aka/m

= 9
XEy 50" (9
367

10°°
3671

D =¢,6 E =35x——2.261x10°a, =70a, nC/m*

Prob. 5.18

10
P =-VIP =—=—(p,p") =-2p,
p op

The surface polarization charge is

QD

_po

= Pla =
Ps ol p=a

Prob. 5.19
(@)
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Q. = [ Prds,ds =r’sindodg(-a,)
S

=—[[arr*sinodods r=1.2cm

=—4(1.2)° (10-6)2f d¢j|£sin 6do(10™)

=-6.912(27)(2) x107*8
=-86.86x10" C

(b)
Q, =[Prds, ds=r’sindodg(a,)

= —H4r r’sindadg¢ ‘2 6em

—4(26 (0°) | dg[sin 000 ™)

= —4(2.6)*(27)(2) x107*® =883.5x 10

O

(c)
Py =—VIP = —%§(4r3) pC/m® =-12pC/m®
r or

Q. = [ ppdv=-12[[[dv= —12Tsin od ezfdgﬁm r2dr(10%)
v 0 0 1.2
3

- —12(2)(2;;)% fs (10) = —167(2.6° —1.2°)(10°%)

=-796.61x10" C

Prob. 5.20

-9
D=¢,6E =2.1x 10
36

(6,12,-20) =0.1114a, +0.2228a, - 0.3714a, nC/m?
T

10°°
367

P=y.¢E=11x

(6,12,—20) =0.0584a, +0.1167a, —0.1945a, nC/m’

Prob. 5.21

AtP(-2,5,3), X = -2,y =52z=3
V = 4(4)(5)(27) = 216 kV
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E=-VV=- ﬂaX +gay +ﬁaZ =—(8xyz’a, +4x°z%a, +12X°yz°a, )
OX oy 0z
At P,

E = —(-16)(5)(27)a, — 4(4)(27)a, ~12(4)(5)(9)a, = 2.16a, —0.432a, —2.16a, kV/m

-9
1107 (5160,-432,-2160) =133.69a — 26.74a, ~133.69a, nC/m?

P=y.&E=

Prob. 5.22
(@) E=-VV = —(a—va +6—Vay +%—\Z/azj =—20xyza, —~10x°za, —10(x’y — z)a,V/m

ox oy
(b) D=¢E =5¢E =-0.8842xyza, —0.4421x"za, —0.4421(x’y — z)a, nC/m’

() P =y.&,E =4¢,E =-0.7073xyza, —0.3537x°za, —0.3537(x*y — z)a, nC/m*

(d) p, =—eVV
vV _—(20xyz)+ (10x? z)+ (10x y—10z) = 20yz -10

p, =—5¢,10(2yz —1) = —0.8854yz +0.4427 nC/m®
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Prob. 5.23
Using Gauss' law,

Q.. =[[|DedS

Forr<a, Q,.=0 —> E=0=D=P

Fora<r<b, Q,. =4C
4 a
4=D,(42r’) - D=—>a =—1
o ) 4rr® " gr?
£ D_D_ a_
& 2&, 2¢,7r
P=4.6,E=()zE=—"t
2zr
For b<r<c, Q,. =4-6=-2C
A a
-2=D (47r’) - D= a =——"
o ) 4rr® " 27r?
E = E = D = — ar 2
e 5S¢,  10g,7r
4a 2a

P=yeE=(4)e E=-—%_ __ %%
e Ty e

For r>, Q =4-6+10=8C

enc

8 2a
8=D,(4zr’) — D= a =—:
r( ) 4rr® " xr?

g, &

P=y.E=(0)s,E=0

Prob. 5.24 (a) Applying Coulomb’s law, we obtain the electric field intensity due to a
point charge as

&_ QZ, r>b
E_) % 4re,r
3: QZ, a<r<b
& Arer
p-571p  (D-gE)
gl‘
Hence
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a<r<b

1d

()

pps = P.(_a'r):_ Q

Ara’

&

(

r

pps = P.(ar):_4jg)2 (grg—_l)!

Prob. 5.25

Prob. 5.26
(@) By Gauss’s law,

fods=q, — D=
S

SRR
& Arer
1

W=[Ze|EF dv,

2

2z

<

[EEN

W==¢
2

—

o] Qz
J: 167%&%r*

A
$=0 0 r=a

Q

Axr?

(b) ppv :_V.P:_r_za(rzpr)zg

8_ 1)’

r=a

dv =r?sinédrdgd g

r’sin@drdgdé =

QZ

8rca
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(b) D, remains the same but

E D _ Q _ Q
e a¥ Az (r+a)2
47Tr2€0(1+rj 0

W = j e|EF dv__I .’f IQZrzslanrd9d¢o(r+aJ2

¢og Or=a 1672'282 I’+a) r

? 1 |o 21
(4m )I 2 9 - = Q -
327r &, (r+a) 87rgo r+aja) 8re, 2a
QZ
=16a7u90
Prob. 5.27
(a)
Pos O<r<a
Pv=1 o, r>a
3
For r<a, , (4nr?)=p, ¥ E, =P
3e
por’
V=-|Eedl=-F" 4
'[ 6¢ “
3 3
For r>a, ek, (4nr?) = p, 272 E, =%
KN
pod’
V=—jE-d|=380r e,
AS r——>o, V=0and c,=0
At r=a, V(@)= V(@)
p0a2 poaz poaz
-———+C, = —> =——(2¢ +
6¢,¢, 3¢, = 6gogr( -+
2
V(r=0) = ¢, =22 +Y
6s,¢,
a’
(b) V(r=a)-= p
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Prob. 5.28

X

y 0o

O O O
[ENTNEN
R oW

1
1
21| -1

z

D, = &,E, (4+1-1) = 4¢,E,
D, = &,E,(1+3-1) = 35,E,
D, =¢,E,(1+1-2) =0

D =¢,E,(4a,+3a,) C/m?

Prob. 5.29

Since Py

0, VeJ =0 must hold.

(a) Vel =6x’y+0-6xy=0

(b) Vel=y+(z+)#0 —

170

(c) Vel==———(z")+cos¢#0
pp

170

(d) Vel == (sin6) =0

o

Prob. 5.30

L9,

oy

=-1C/m3

oJ,
OX

op,

0J
+

Vil =
0z

Hence,

Prob. 5.31
@ veg=—L1d 00 100
pPap p

ap, Ve :_105)
ot p

v
|

>

This is not possible.

—

This is possible.

2z =2e?Ycos2x—2e 2 cos2x+1=1=—

This is possible.

This is not possible.

o,
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® 1=]3eds=[]"Poapar =2

Prob. 5.32

P= P o tm

where p,, is the initial value (t=0). When t=80us,

2 1
[ d¢[dz =1007 =314.16 A
0 0

p= %on- Then,

% Dy = P EO 5 (80x107°) /T, =In2
6
T :80|X120 _115.42us
n _—
-9
) 7559 2
T =2 5 o=2-—_37_ _5746x107 S/im
o T, 80x10
Prob. 5.33

From the continuity equation,

ap.
Vel =——"+ 1
ot @
But J=pu

Applying the vector identity
Ve(VA)=VVeA+AeVV
Vel=p,(Veu)+ueVp, (2)
Substituting (2) into (1) gives

UeV)p, + (Vo) + L0

as required.

Prob. 5.34

P, =Vel]= 0J, =0.57cos X
ot OX

At P(2,4,-3), x=2

% =-0.57 cos(27) =—0.57 = —1.571 C/m’s

STUDENTS-HUB.com

Uploaded By: anonymous



141

Prob. 5.35
(@)
-9
c 3.1><10
Lo 3bm _5741x10' s
o 10 —
-9
c ﬁxjé(é
(b) —= 10_15” =5.305x10" s
-9
c 80><:|:;(€)3
) —=—22T =707 us
© o 10 a
Prob. 5.36
-9
122220 s
o 5x107° x36x
Lo :9:4;:29.84 kC/m®
v ?ﬂxlo_e’xB

D, = P& " =29.84e72'** =18.98 kC/m®

Prob. 5.37

The normal component of a solenoidal vector field is continuous across an interface.
Hence, since V ¢ J =0,

Jin = Jap

Similarly, the tangential component of a curl-free vector field is continuous.

Hence, since Vx(J/o)=0,

du_o

Jy 0,

Alternatively,

E :E2 N &zh or i:ﬂ
1n n

o, 0, Jy 0,
as required.
Prob. 5.38
(a)
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E, —5E, - (40a,)= 21338,
&, 7.5

E, =60a, —100a, +21.33a,

9

P, = Yué,E; =3x% ];é (60,-100,40) =1.591a, — 2.6526ay +1.061a, nC/m?
T

(b)

E, = E, =60a, —100a,

D,, =D, - &E, =gE,

E, =E,=-10a, +8a,

D,, =Dy, - &k, =¢E,

Eln = é E2n = 280 (6ax) = 3ax
& 4g,
E, =3a, -10a, +8a,
107° 2
P = ZutoEy = 3% 25—(3,-10,8) = 79.63, ~ 265.3a, +212.2, nC/m
T
107 2
P, = x.,6,E, =1x 36 (6,-10,8) =53.05a, —88.42ay +70.74a, nC/m
T
(b)
W, = %gl E2 = %(450)(9 +100 +64) = 346¢, = 3.0593 nJ/m’
W, = %gz EZ= %(280)(36 +100 +64) = 200¢, =1.7684 nJ/m’
Prob. 5.40

f(x,y)= 4x +3y -10=0
—(4a, +3a
Vf=4a +3, —> a,=- vi _—(4a,+3a))
| VT | 5
The minus sign is chosen for a, because it is directed toward the origin.

D, =(D,-a,)a, =(1.6-2.4)a, =-0.64a, —0.48a,
D, =D, -D,, =2.64a,-3.52a, +6.5a,
D,, = D,, =-0.64a, —0.48a,
D D

_ n _ Py
E,=E, —> —=—
€, &

-9

D, =¢.¢,,E, =7.5x ;(()3 (60,-100,21.33) =3.979a, —6.631ay +1.414a, nC/m?
A

Prob. 5.39

(a)

=-0.8a, —0.6a,
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D, =<2D, :%(2.64, ~3.52,6.5) = (6.6,~8.8,16.25)

1

D, = D,, + D, =5.96a, —9.28a, +16.25a, nC/m’

(a,+2a,+a,)=6.667a, +13.33a, +6.667a, V/m

6, = cos 222 _ g7 66°
1D, |
Prob. 5.41
(a)
Let f(X,y,z)=x+2y+z-1=0
Vf=a,+2a,+a, — a, =i=i(ax+2ay+az)
Vil 6

Eln = (El.an)an :i(20_20+40)i

Js 7
E, =E,-E, =13.3a,-23.3a,+33.3a, V/m

(b)

E, = E, =13.3a,-23.3a, +33.33,
D2n = Dln - ‘92 E2n = glEln
_&

2n T
2

E,=E, +E,,=16a,-18a, +36a, V/m

E E, = % (6.667,13.33,6.667) = 2.7a, +5.3a, +33.3a,

Prob. 5.42
10°°
367

(@ P =¢gx,E =2x

(10,-6,12) = 0.1768a, —0.1061a, +0.2122a, nC/m?

(b) E,=-6a, E,=E,=10a,+12a,

y

D,, =Dy, > &E,, =&k,
& 3¢
or E, =LE,=—2 (-6a )=-4a
2n 82 1n 4.580 ( z) y

E,=10a,—-4a,6 +12a, V/m

E, 102 + 122
E,, 4

tan0, =

=3905 ——  0,=7564°
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1 1 )
c) w.=—DeE=—¢|E
(¢) W, =7 DeE="s|E]|

1 107°

1
W, = 1|E1|2:EX3X

(10% +6% +12%)=3.7136 nJ/m®

T2 367

1 107°

W, = %gz | E, F= > x4.5x——(10% + 4% +12°)=5.1725 nJ/m’

2 367

Prob.5.43 (a) D,,=12a,=D,, D,, =—6a, +9a,

D D
Ex=Ey — ?n = S—Zt
1 2
& 3.5¢,
D, = g—l D, = L5z, (-6a, +9a,) =-14a, + 21a,

D, =12a,-14a, +21a, nC/m’

 (12,-14,21)x10°°

E, =D /¢ 5 =387.8a, ~4524a, +678.6a,
3.5x
367
(0) P, =&,7,E, =056, 22 =0%% 12 69)=4a —2a,+3a, nC/m’
g, Llbg,
p,=VeP,=0
2 2 2 -18
© wy=lpegoLDitD_ 1020414 420pA0" ) o
2 2 e, 2 10 —
3.5x
367
2 2 2 -18
_1D,eD, 1(12°+6 +9_)x10 0,839 ud/m’
22 ¢¢ 2 107° —_—
ovr2 1.5x
367
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Prob. 5.44

O

2

2
Q-=[Dds =glE,4”Tr+ng 47[Tr:27rr2(81+52)Er

r

Q

—_—, r>a
E =1{27(g+&,)r?

0, r<a

Prob. 5.45

E, =E, =5co0sfa,

D, =D,, - gk, =¢E,,

E, =%2E, =% (10sing)a, =30singa,
& 2¢,

E,=E,+E, =30sin#a, +5cos¥a,

D, =¢E, =2¢,E, = ¢,(60sinfa, +10cosba,)

Prob. 5.46
(a) The two interfaces are shown below

. glass .
oil glass air
—> —> —> —>|
1 2 2 3
oil-glass glass-air
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Eln = 2000, Elt :0 = E2t = E3t
Din =Dy =D3,  ——  &1Ey, =8By, =¢3E;,

30
By = Eip= ¢ (2000)=7059 V/m, 0, = 0°

2

30
E, - E—lEm = Jo (2000)= 6000 V/m, 0,=0°

3

(b)

oil glass o glass air
2

91 :750

E;, =2000c0s75° =517.63, E; =2000sin75° = E,, = E5, = 193185

E, = SLE, ——> (51763)=1827, E,, =<LE, - (51763)= 155289
€ 85 €3 1

E
E,=+E,2+E,?=19405 0,= tan*lE—Zt: 84.6°,

2n

E
E,=+E,’ +E,>=24786, 0,= tan‘lE—St: 51.2°

3n

Prob. 5.47
-9 [
p.=D,=¢,E= 10 \/302 +40% +20° x107° = 2900 pC/m2
367 367

=0.476 pC/m*

107°
Prob.5.48 (a) p,= D, = &,E, = 2~ V15% + 8% = 0.1503 nC/m?

(b) D, =p, =-20nC/m?
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D= D,a, = (-20 nC)(-a,) = 20a, nC/m?

Prob. 5.49

At the interface between ¢, and 2¢,,
E,, =E,cos30°, E,=E,sin30°
E, =E, =0.5E,

D,, =D,

> gk, =6E,,

4E = 2‘9— (0.866E, ) = 0.433E,
&

&

EZn =
0

The angle E makes with the z-axis is

0, = tan Szt — gan1 9
- 0.433
At the interface between 2¢, and 3g,,

E, =E, =05E,

=49.11°

— E

2%, (0.433E,) = 0.2887E,
3¢

0

“fp -
3
The angle E makes with the z-axis is

05 _ gpe
0.2887

D3n = D2n

3n

-1

E
0, =tan" =% =tan
E3n

At the interface between 3¢, and ¢,
E, =E, =0.5E,

— 83

4n —

&,

The angle E makes with the z-axis is

405
0.866

D, =D, ——> E E, = %o (0.2887E,) = 0.866E,
&

0

E
0, =tan" =% =tan
4n
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CHAPTER 6
P.E.6.1
vw=-£ d2\2/=—’0°x
& dx ga
poX*
V=- + Ax+ B
6¢ca
2
E:_d_VaX: &_A ax
dx 2¢a
If E=0at x =0, then
0=0-A —— A=0
If V=0at x =a, then
3 2
0=_P2 g __, p-P?
6¢ea 6¢
Thus
2
V =p_°(a3 —X3), E =&ax
bsa 2&a
P.E.6.2 V; = AXx+B;, V,=AX+B,
Vi(x=d)=V, =Ad+B; — B, =V, -Ad
V;(x=0)=0=0+B, —— B,=0

Vi(x = @)= V,(x = @)

Din = Dy,

——> aA+B =Aa

€
1A = Ay — A2=8_1A1
2

—

Aa+mf—&d=ELWM —_ V0=A4}a+d+§£%

€, €
or
_ VO A2 _iA 81VO
! d-a+gale, € 182d—82a+sla
Hence
-V a‘x
E =-Aa, = ° E,=-Aa, =

_Vo a,

d-a+gals,

a+e,d/g—¢,aleg
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P.E. 6.3 From Example 6.3,

- Yo ,, D=¢gE
PP,

ps = Dn(d= 0)—— ¢

The charge on the plate ¢=0 is

b
1

Q:Ipst———I j —dzdp:——LIn(b/a)
z=0p=a
C:g:ilnB
Vo ¢, a
3 4mm
4R°
a
asin 45° =2 a= 2 =5.226 mm
sin22.5°
-9
15*;% 1000
C= p- 7 5]n = 444 pF
4

Q=CV, =444x10"* x50 C=22.2 nC

P.E. 6.4 From Example 6.4,

V., =50, 6,=45°, 0,=90°, r=+3"+42+22=29, ¢=tan'L-=

Z
tan‘lg — 5  6=682°; tan45° =1

_ 50In(tan34.1%)
In(tan22.5°)

% ~11.35a, V/m
\/53|n68.2°ln(tan 22.5°%)

=22.125V,
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P.E.6.5
From Example 6.5,

V(X.y) = 4V, i sin(nzx/ b)sinh[nzy / b]
Y= e nsinh(nza/ b)
oV oV
E=-vW=-""a -Z=
OX & oy !
__4, 3 1 [cos(nzrx/b)sinh (nzylb) a, + Sin(nﬂX/b)COSh(nﬂV/b)ay}

b % sinh nza/b

(@) At (xy) = (a, a/2),

v = 29963775 0.0313 + 0.00394 — 0.000585 + ...) = 44,51V

T

E=0a, +(-115.12+19.127 - 3.9411+ 0.8192 - 0.1703 + 0.035-0.0074 +...)a,

= —99.25ay V/m

(b) At (x,y) = (3a/2, a/4),

v = 299 6.1238 + 0.006226 — 0.00383 + 0.0000264 +...) =16.50 V

T

E=(24.757 - 3.7358 - 0.3834 + 0.0369 + 0.00351- 0.00033 +...)a,
+(-66.25-4.518 + 0.3988 + 0.03722 - 0.00352 - 0.000333 +...)a,

=20.68a, —-70.34a, V/m

P.E.6.6

V(y=a)=V,sin(7nx/b)= ch sin(nnx / b) sinh(nhwa / b)

n=1

By equating coefficients, we notice that ¢, =0 for n=7. For n=7,

. . . V,
V, sin(7 nx /b) = ¢; sin(7 mx / b) sinh(7 na / b) C; = Sinh(Z7a/b)
Hence
V, _ _
V(x,y) = WSIHGWX/b)SInhGHy/b)
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P.E.6.7 Let V(r,0,0)=R(r)F(6)® ().
Substituting this in Laplace’s equation in spherical coordinates gives

@F d [ ,dR RO d dF RF d?®
— -\ =]+ n—|+—————5=
r2 dr\ dr/) r2sine do do/ r?sin?6 d¢
Dividing by RF® /r?sin*6 gives

sin® 0 i(r R)+ Sinei(sineF')— 1d°0 Y
R dr F do N

O"+)*0 =0
1d .0y, 1 d 2 7 ein?
Rdr(r R)+ Saing dp (SINOF) = 2% /sin”0
1d,, v A 1 d
Rdr(r R)_sinze Fsin® de(smeF)
2rR'+ r’R" = 1°R
or
" g 1 “_2 —
R+ ZR--;R=0
r r
sin® d
= de( SinOF) - A%+ p%sin6 =0
or

F "+ cos@F '+ (1’ sin@— A% cscd)F =0

P. E. 6.8 (a) Thisis similar to Example 6.8(a) except that here 0< ¢ < 2n instead of
O<¢p<mn/2. Hence

| T

Ve oV, "
“In(b/a) 1 2mto

(b) This to similar to Example 6.8(b) except that here 0 < ¢ < 2n . Hence

Vo }]-“pd d _Vcn(bz—a )
t
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| = '[ JedS = JE {f Jpdo + 2J.ﬁ\lzpdd)]dZ: V—Otlj[ncﬁ nc?_]
6

z=0| ¢=0 o=n In—
a
Inb
v b
R= 2= a
| TC|[61+62]
dne . .
P.E.6.10 (a) C-= 1 1 C, and C, arein series.
a b
107° 2.5 107° 3.5
C,=4rx =5/3 pF, C,=4xx =7/9 pF
M eer| 107 10° | TP T e 100 107 TP
2 3 1 2
C.C 5/3)(7/9
c- & _ _BIOTI9) = 053 pF
C,+C, (5/3)+(19)
2ne .
(b) C-= 1 1 C, and C, arein parallel.
a b
10°| 25 10°| 35
C, =2 =5/24pF, C,=2 =71/24 pF
L 362|107 10° T ETRETE P

1 3 1 3

C=C+C,=05pF

P.E.6.11 Asin Example 6.8, the solution of Laplace’s equation yields
V(p)=AInp+B
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Using the boundary conditions V(p=a)=0, V(p=b)=V,,
0=Alna+B
Vo=Alnb+B
Solving this yields
_ Olnp/a’ E__vVo_ V, 3
Inb/a plnb/a ”
0 _ Vo2mel
szgE.dS_lnb/ Ij nb/a
_2_ 2nel
C_V “Inb/a
P.E.6.12

(@) Let C;and C; be capacitances per unit length of each section and Cr be the total
capacitance of 10m length. C; and C; are in series.

-9
- 2re,8, _27%2.5107 342.54 pF/m,
Inb/c In3/2 36z

-9
- 278,58, _ 27%x3.5107 _ 280.52 pF/m
Inc/a  In2 36z

__CC, _ 3425428052 o0,
C,+C, 342.54+280.52

C,=Cl=154 nF

(b) C; and C; are in parallel.

-9
C=C+C, - Tenso | MEpbo _ (e + )6, _ 6710 _151.7 pF/m
Inb/a Inb/a Inb/a In3 367

C,=Cl=152 nF

P. E. 6.13 Instead of Eq. (6.31), we now have

[ _Qr j Qr  _  Q yp/a
b

4n8r 4n108° 2 40me,
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= 2: 40—n£: 113 nF
V| In4/15 36n
P.E.6.14 Let
F=R+E+RKR+F+FK
where F, i=12..5 areshownon inthe figure below.
02 .
Fy
015} t F,
O1¢ 4
005 -
OF i
005t .
01} .
015t .

0z 1 1 1 1
02 015 -0 005 o o0o: o1 015 02

Feo Q? .\ Q’(a,sin30° + &, cos30°) Q*(a, cos30° +a, sin30°)

Are 1 % Are (2r cos30°) Are (2r)
Q’a, ~ Q’(a, cos30° —a, sin30°)
4re (2r cos30°) Are 1?
2
Q_{_ay+1[ﬁ+&}_1(&+3}1%_&+1}
4re ¥ 3| 2 2 4| 2 2 3 2 2
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=9x107° {ax E —ﬁ] +a, (_—5 + %H =-52.4279a, —-30.27a, uN

8 8

|FE60.54 uN
Note that the force tends to pull Q toward the origin.

Prob. 6.1

(@)
E=-VV= —(a—vax +6_Vay +a—vazj
OX 0z 0z
=—(15x’y’za, +10x°yza, +5x’y*a,)
At P, x=-3, y=1, z=2,
E =-15(9)(1)(2)a, +10(-27)(1)(2)a, ~5(~27)()a, = -270a, +540a, +135a, V/m

(b) p,=VeD or p,=-¢VV

2
VA = az\g + 0 \g + az\g =£(15x2y22)+£(10x3yz)+£(5x3y2)
ox® oyt oyt o oy oz
=30xy’z +10x°z
At P,
-9
0, =—&VA =—2.25x% ;2 [30(=3)(1)(2) +10(-27)(2)] =14.324 nC/m°
i =202 N/
Prob. 6.2
(@)

—-E=VV = —z—gcosesin ga, —gsin gsinga, +#¥cos€cos¢a¢
r r rsind r

At P(1,60°,30°),r =1,6 = 60°, ¢ = 30°

1 10cos60° cos30°
. a
sin60° 18 ¢

E= 2—,?cosGO0 sin30°a, +¥sin 60°sin30°a, —
1 1

=53, +4.333,-5a, V/m
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2

(b)
10 [—20c0595in¢)+ 1 9 (—1Osin295in¢j

vV T2 A 2 o

re<or r resind o r

1 10cos@sing
r?sin?g r
_20cos@sing 20sin@cosdsing 10cosdsing
- r - r‘sing ~ r*sin?@
10cos@sin ¢
T r'sin?e

10&, cos@sin ¢
r*sin®o

vy =-f p,=—&eVV =

&
At P, r=1, 6=60°, ¢p=30°
-9 0 Q: o]
10 cos469 §|n300 =20.47 pCIm’
36z 1'sin“60 _—

p,=10x

Prob. 6.3
vy = £
&
-9 -9
dz\g __y10°_ vy 1079 _ 225y
dy A Ae, 4w 410
367
2
N osY g
dy 2
V =-0.375y° + By +C
V(1) =0=-0.375+B+C (1)
V(3)=50=-10.125+3B+C )

From (1) and (2), B=29.875 and C=-29.5
V =-0.375y° +29.875y —29.5

V(2)=27.25V

Prob. 6.4
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av y y
E=-VV= —Eap =—(0.8)(10)p**a, =—8(0.6) **a, =—8.861a,

1%

pdp(" dp & pdp
-9 -1.2
p,=—-&VV = —6.4><&p*1'2 __54(06) © nC/m® = -0.1044 nC/m®
367 367
Prob. 6.5
2 2 -6
v o OV oy SO-yA0C e
dx £ £
-6
where k= % = 6007 x10°
Ix—
367
dv

——=—k(y-y*/3)+A
dy

4

2
= _l{yT_i/_zj + Ay+B=50710%y* —300m.10%y2 + Ay + B

When y=2cm, V=30X10°,

30x10° =507 x10° x16x10° —3007 x10° x4x10™* + Ay + B
or

30,376.77=0.02A+B 1)
When y=-2cm, V=30x10°,

30,376.77 =-0.02A+B (2)
From (1) and (2), A=0, B=30,376.77. Thus,

V =157.08y* —942.5y* +30.377 kV
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Prob. 6.6
vy =2

d?v _ P

&
vV _ A
dz 2¢&d

3

+ A

v =_Fo
6ed

z=d,V =V,

A=£+@

d 6¢
Hence,

z=0V=0 —>

3
V::—fﬁi—+(Y9+
6ed d

7

—£—+AZ+B

— Vo=_

&jz
6e

dz?

0=0+B,

ed

ie. B=0

2
&+Ad
6
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Prob. 6.7

— E x107*

VZV:—&z p - =_0.17T
£ 10 P

3.6
36r

v
P,

Let «=0.1r.

vVa/ __g_li(
p pdp

SOV N\
dp pdp

pd—vz—ap+A
dp

av A
—=—+—

dp p
V=-ap+Alnp+B
At p=2, V=0
At p=5, V=60 —— 60=-5a+AIn5+B
Subtracting (1) from (2),

——— 0=-2a+AIn2+B

_ 60+3a

60=-3a+ Aln5/2 > A= =66.51
In25

From (1),
B=2a-AIn2=-45473

E=—d—Va =(a—é)a =(O.3142—@)a
dp 14 P 14 p) 4

@)

(2)
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Prob. 6.8

1df vy __p
pdp pdp £

VI _pp
dp pdp £

Integrating gives
2
V__pp L, VN A

dp e 2 H; 2¢ Yo,
Integrating again,
2

V=-EF L Anp+B

4e
where A and B are integration constants.

Prob. 6.9

-9
vzvzii(rdej:_&:_loxlo _ 60z

rPdr dr & 10° r
6r x
367
i(rz d—V] =-60zr — r’ v _ —-307r* + A
dr dr dr
d—V=—307r+A2 - V =—307rr—é+ B
dr r r
V(r=)=0 —> 0=-30r-A+B @
V(r=4)=50 —» 50=-1207-A/4+B (2)
Solving (1) and (2) yields A = 443.66, B = 537.91
Thus,
V =-307zr - 44366 +537.91
r
V(r=2)=-607— 44366 +537.91=127.58 V
Prob. 6.10
(a)
VA, = 82\21 + 62\21 + 62\21 =0+0-2=0
ox® oy* oz

It does not satisfy Laplace's equation.
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(b)
VY, =

It does satisfy Laplace's equation.

(¢

VA, = —g[rz(—r’ZSSin 0) |+

=0+ (1 2sin’0) =0

rsin
It does not satlsfy Laplace's equation.

Prob. 6.11
2 2 2
VZU—alﬁJr@g ali—ny+0+2c 0
a2 oy oz
c=-3xy
Prob. 6.12
oV 2y
@ §_4xyz =4yz
N _ 2x%z-3y%z N _ -6yz
oy y?
N oty y? ﬂ—0
oz y=y oz

VA =4yz-6yz+0 = -2yz

(b)

VZV :_pV

—=-2y1 —> p, =2y
€

Q=[pdv= ﬁj(Zng)dxdydz - 2g@y
0=8854pC

iai[p(—p2103in¢)]+i2(—105i”¢j 19 (p2)ysing -
P AN

7 1 i[siné’
sing 06

va&/ =0, V does not satisfy Laplace’s equation.

02

105|n¢ 0

(5cos 0)}
r2

211
0

=el2=2¢,/2=¢,
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Prob. 6.13
&Y, =1i[pd—VJ=o > V=Alnp+B
pdp(" dp

Leta=1cm, b=15cm, V, =50V
V(p=b)=0 — 0=AInb+B or B=-Alnb

V(ip=a)=V, — V0=Alna—AInb:AIn% or A= V°a
In—
b

V= Alnp—Alnb=A|n§

E=-VV :—d—vap =—éap =— V"aap
dp P p'”g

50(4) 10"
e,eN, 03— 400(50)

p,=D,=¢E, == =—— = nC/m? = 436.14 nC/m’
aln® 107Inl5 36zInl5 E—
a
Prob. 6.14
2
vzvzd\;:o > V=Az+B
dz
When z=0, V=0 B=0

When z=d, V =V, | V,=Ad or A=V,/d

Hence,
Vo V,z
- d
E=-VV :—d—VaZ :—\iaZ
dz d
D=¢E :—eoer\iaZ
d

Since V, =50V and d=2mm,

V=252kV, E=-25akV/m

107°
367

D=->—"—(1.5)25x10%a, =-332a, nC/m’
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p,=D,=1332nC/m’

z=0.

Prob. 6.15 From Example 6.8, solving

The surface charge density is positive on the plate at z=d and negative on the plate at

v/ =0 when v =V (p) leads to

p=ab

~ 100In(10/15)

=36.91V
In(5/15)

#a =0. 102a kV/m
10x10°In3 ”

D= 9.102x103xlO

6r

_Vyinp/a |, In(@/p)
~ Inb/a  °In(a/b)
E-VW=— Yo g - Yo _g poge=_ fofite
plnb/a ” plna/b ”* plnb/a ”
€0&/ VY,
Ps = n_im

In this case, V,=100V, b=5mm, a=15mm, ¢, =2. Hence at p =10mm,

105

ps(p=5mm)=

-9

10°
2
367 &)

15In3 ~

p.(p=15mm)=-
Prob. 6.16

1d%
p dg?
V =As+B
0=0+B

=0

—> B=0

100

50=Ar/2 —— A=

VA
A 100
-—a,=-—a

p’ @

E--vw=-1%,

pd¢¢ ¢

=322 nC/m?

-107.3nC/m?
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Prob. 6.17
(a)
2
N v+ 2 ysing
op p
2

pa—V=vo<p+a—)sin¢
op
o oV
— p \Y (1——)S|n¢
6/0( 6/0] P’
ii(pavj V(———)sm¢
pPop\" op P’
o a’, .

=-V,(p——)sin
oF o (p p) ¢

2

LNV A sing
p-o¢ p P

popl" op 5¢

(b)
If p°[ a°, then aZPZD 1 and V[V, psing

E=-VV _—a—va —la—va =-V,singa, -V, cosgda,

op " pog’

Prob. 6.18
vwde
dx
Atx=20mm=0.02m,V =0
0=0.02A+B

E =-100a, —d—VaX
dx

=0 — V =Ax+B

—@)

—A=110— (2)

From (1) B=-0.02A=-2.2
Then V =110x-2.2
Atx=0 V==22V

At X =50 mm=0.05m,
V =110%x0.05-2.2=3.
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Prob. 6.19
vV =0 ——> V=-A/r+B
At r=0.5, V=-50 > -50=-A/05 +B

Or
-50=-2A+B 1)

Atr=1, V=50 —— 50=-A+B (2
From (1) and (2), A =100, B =150, and

V= —@+150
r

E=-VV :—Azar :—@ar V/m
r r

Prob. 6.20 From Example 6.4,
v, In( tanelzj
tan6, /2
In(tane2 /2)
tan@, /2

V, =100, 0,=30°, 0,=120°, r=+3%+0%+4%=5 O=tan'p/z=tan"'3/4=3687°

V:

( tan 18.435")
tan15°
V =100 =117V
n( tan60°) =
tan15°
sec’ /2
10V -V,a, tang, /2 -V,a,
YT 2] tan@/2 - tan @
r oo tan .
rinl —=\| 4 n 2 12sin(@/2)cos(0/2
g mare o[fng psmor2ensor2
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-V, a, —-100a,

E= =— - =-17.86a, V/m
: tang,/2) 5sin36.87°In6.464
rsin@in| —=——
tan g, /2
Prob. 6.21
(a)
vzvzli(pa—vjzo ——> V=AInp+B
pop\ Op
V(p=b)=0 ——> O0=AInb+B —— B=-Alnb
V(ip=a)=vV, ——> V,=Alna/lb —> A=- Yo
Inb/a
_ A p/b:VOInb/p
Inb/a Inb/a
V( —15mm)—70|n—2—124v
P ~ Vlinso T ==

(b) As the electron decelerates, potential energy gained = K.E. loss

e[70—12.4]:%m[(107)2—u2] 10— =576
m

2x1.6x107%

uZ — 1014 _
9.1x10™*

x57.6 =10 (100 — 20.25)

u=8.93x10° mi/s

Prob. 6.22 This is similar to case 1 of Example 6.5.
X =CX+Cy, Y=Cy+¢Cy
But X@©0)=0 —— 0=c,, Y0)=0 —— 0=c,
Hence,
V(X,y)= XY =a,Xy, a,=CCq
Also, V(xy=4)=20 —— 20=4a, ——> a,=5

Thus,
V(x,y)=5xy and E=-VV =-5ya, —5xa,
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At (xy) =(1.2),

V=10V, E=-10a,-5a, V/m

Prob. 6.23 (a) Asin Example 6.5, X(x)= Asin(nnx/b)
For Y,

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

Y(@)=0 —— 0=c,cosh(hma/b)+c,sinh(nra/b) —— ¢, =-c,tanh(nna/b)

V= Z a, sin(nnx / b)[sinh(nmy / b) — tanh(nma / b) cosh(nmy / b))

n=1

V(x,y =0)=V, ==Y a,tanh(nra/b)sin(nzx/b)
n=1

2 b %

-a, tanh(nra/b)= j V, sin(nzx/b)dx =4 nz

0

0, n=even

n=odd

Hence,
Voo 4V, Z sin(nx/b) sinh(nzy/b)  cosh(nzy/b)
T S ntanh(nza/b) n

= No 5o SNMTXID) rnnnzy /b)cosh(nras b) - cosh(nzy /bsinh(nza/b
7 JSdansinh(nza/ b)

~—
| I—

EA'A i sin(nzx/b)sinh[nz(a-y)/b]
T S nsinh(nza/b)

Alternatively, for Y

Y(y) =c;sinhna(y—c,)/b

Y(a@=0 —— O0=gsinh[nn(a—-c,)/b] —— ¢c,=a

V = Z b, sin(nnx /b) sinh[nr(y —a) /b]
n=1
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where

a,
b, -1 nesinh(nra/b)’ - °%

0, n= even

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

Vi )_4Vo i sin(nzy / a)sinh(nzx/ a)]
Y 4T hsinh(nzb/a)

(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)/ a]

V(X,y)= .
x.y) T Sda nsinh(nzb/a)

Prob. 6.24 (a) X(x) is the same as in Example 6.5. Hence

V(X,y) = Z sin(nnx /b)[a,, sinh(nmy /b) + b, cosh(nmy /b)]

n=1
At y=0, V=V,
ﬁ, n = odd
i nm
Vi = bysin(inx/b)  —— b, =
n=1 0, n=even
At y=a, V=V,
Vv, = Z sin(nnx / b)[a,, sinh(nra / b) +b, cosh(nma / b)]
n=1
%, n = odd
a, sinh(nza /b) +b, cosh(nra/b) =
0, n=even
or
4v,
——=——(V, =V, cosh(nra /b)), n=odd
nnsinh(nna/b)( 2~V cosh(nma /b))
a, =

0, n=even

Alternatively, we may apply superposition principle.

y v, v, 0

/ v Y
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i.e. V=V,a+Vg
Va is exactly the same as Example 6.5 with v, =V, , while Vg is exactly the same
as Prob. 6.19(a). Hence
4 & sin(nox/b
Voo Z (nm ) [

+ 2 Tenh(oma /b)Lvlslnh[nrc (a- y)/b]+V,sinh(nny /b)]

(b)

V(x,y) = (a,67* +a,e"*)(az sinay +a, cosay)

lim V(x,y)=0 —— a,=0
X——> ©

V(x,y=0)=0 —— a,=0

V(x,y=a)=0 —— a=nmn/a, n=123,..

Hence,
V(x,y) = z a,e"™"sin(nny / a)

n=1
- Mo odd

V(x=0,y)=V, = Zansin(nny/a) — a = "0
n=1 0, n=even

A, § sin(nny/a)
V(X,y) = . Z — exp(-nnx/a)

n=odd

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

4
l
—I_C
}

0 0 - Vi 0
VIII V
4
0 0
Therefore,
V=V 4V, +V, +Vy
sin(nzx/b) . .
———— 2|V, sinh(nz(a-vy)/b)+V,sinh(nzy/b
41 sinh(n;za/b)[ isinh(n7(a—y)/b) +V; sinh(nzy /)]
&0 sin(hrx/a) ., . .
————— 21V, sinh(nzy/a)+V,sinh(nz(b-x)/a
+ Sinh(nbfay L2 SN2V /&) Vo sinh(n7 (0 - )/ 2)]
where

v — sin(nnx /b)sinh[nr(a—y) /0]

o~ nsinh(nra/b)

A, ~=~ sin(nnx/a)sinh(nmy / a)
=t 2

- nsinh(nnb/a)
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4N, ~= sin(nnx /b)sinh(nmy /b)

n=odd

nsinh(nra/b)

nsinh(nzb/a)

4V, <= sin(nry/a)sinh[nr(b—x)/a
V|v=—42(y)[()]

n=odd

same arguments, we have
V(x,y) =) c,sinh ( nijsin ( nzyj

Applying the condition at x=a, we get

(3] (2 )

This yields
(n;zaj V,, n=1
c,sinh
b 0, n=1
Hence,
smh( b jsm(iyj
V(x,y)=V,
za
smh( )
b
Prob. 6.27
10 (p av) 1 0%V

VAV == —| p—
pop\ Op

Prob. 6.25
E-vw--Na N,
oX oy '’

E, :% Nz sin(nzy/a) exp(—nzx/a)

7T n=odd a n
E, = _H, > Nz cos(nry/a) exp(-nzx/a)

7T n=odd a n

a  n=odd y]

Prob. 6.26

This is similar to Example 6.5 except that we must exchange x and y. Going through the
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If we let V(p,$) = R(p)D(9),

L2 o)+ L Re=0
P op p?
or
p 0 . o
£ (pR)=——=2
R6p(p ) o
Hence
O"+AP =0
and
SER)- =0
p
or
LA
p p
Prob. 6.28
2V_1 a(rza—\/)+ ! —(sn6—) 0
rZor or r?sin® o0

If V(r,0)=R(r)F(0), r=0,

d R
F ——sneF 0
o R ede(' )=

Dividing through by RF gives

ii(rZR'):
R dr ino de

Hence,
sinOF "'+ cosOF '+AF sin®0 =0
or

F''+cotOF'+AF =0
Also,

i(rzR')—xR=o
dr
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or

S
r r

Prob. 6.29 If the centersat ¢=0 and ¢=n/2 are maintained at a potential difference
of V,, from Example 6.3,

E,=—%, J=of
mp
Hence,
No b or1 N, ot
I:J.JodS: OGI I—dpdz: o n(b/a)
T p T
p=az=0
and
Vo _ T
I 2ctIn(b/a)

Prob.6.30 If v(r=a)=0, V(r=b)=V,, from Example 6.9,

V,

S TN U
r‘(x/a-1/b)
Hence,
V. ] 21V,
| =[Jeds=— % —r?sin0dod¢ = 0~ (~cos0)|,"
j * 1/a—1/b~[ j 2 o= a1/p %%
8=0¢=0
11
R:\i:—a b
I 2nc(l-cosa)
Prob. 6.31

This is the same as Problem 6.30 except that « = 7. Hence,

R_;(E_EJ_L(E_E)
_27r0'(1—COS72') a b) 4rzcla b

Prob. 6.32 For a spherical capacitor, from Eq. (6.38),
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For the hemisphere, R'=2R since the sphere consists of two hemispheres in parallel. As

b — o,
5 {1 - ﬂ 1
R'= lim —2
b——» 4o 2rac
G=1/R'=2nac
Alternatively, for an isolated sphere, C=4rca. But
RC=% —» R=-1
c 4nac
, 1
R'=2R = or G=2rac
2nac
Prob. 6.33
(a) For the parallel-plate capacitor,
S
From Example 6.11,
1 Vv £ €S
C :—nglElde ZWJ‘Sd—OZdV :d_ZSd Z?

(b) For the cylindrical capacitor,

E-= Vo
plnb/a
From Example 6.8,

0

1 eVy
—0 _pdpdpdz =
m(plnb/a)z pdedz (Inb/a)?

(c )For the spherical capacitor,

VO
~Pla-1/b)
r2(L/a-1/b)

From Example 6.10,

€
dn —2=

—r 2 sin0dodrd¢ =
VZ-” . (1/a-1/b)?

1/a 1/b
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Prob. 6.34

Assume V(p=a) =0 and V(p=b)=V,. Following Example 6.8,

V=Alnp+B=—e|n2
b a
In—

a

J=0cE=-0VV, dS=pdgdza,

2z L
oV _9Y,
I:ondS:jj Spdgdz = —p
s #=02=0 pn 3 In N

(2zL)

The conductance per unit length is
B E _2ro
T %

In—
a

Gl

Prob. 6.35

From eq. (6.37) or from previous problem

b
In—
__ a
2oL
_V?® 2oLV’
R InE
a

The power loss per unit length is
_P_2n0V?
=" b

In—
a

P =Vl

P 1

Prob. 6.36
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-9 -6
c=8 ., -0 20107 o b sess om?
d g6 4x10°/367 e
Prob. 6.37
This can be regarded as three capacitors in parallel.
Ci—— — G Co—
gogrksk
C=C,+C,+C, =) —ork=k
d,
= =2 [3x15x102x20x10? +5x15x102x 20102 +8x15x10 2 x 20x10°2 |
2x10
-9 -2 -2
J10° 10720407 5 5, g1- 2122 nF
367 2x10 =
Prob. 6.38

The structure may be treated as consisting of three capacitors in series.

C1=8°A, szgrgoA’ C3=80A
a a a

a a a

1 1 1
—=—+—F—= + +

C C C, C gA g&A gA
A2 1 241

gogr gogr
c e A

C — or
a(l+2¢,)

Prob. 6.39

d C

l
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1

-

where E=V,/d.

2

ﬁ —_—
C2 -
C, T
From the figure above,
=ﬁ+c3
C, +C,
here
C1=8°A/2=8°A, szsosrA C3—8°A
d/2 d d 2d
g’ N1d* g A gA(1 & ) 10°10x10°(1 6
= + = — = —| =+ |=6pF
g(e,+DA/d 2d d (2 &+1) 367 2x10°\2 7) =
Prob. 6.40
c=%> g %
d &,
-3
=—1"in0 =367 x10°
107 /367
S =1.131x10°* m*
Prob. 6.41
Fdx = dW o W
dx

Ze|EP dv = %808, E%xad +%8052da(1— X)

2 _ 2
%zlgoh(gr_l)da N F_So(er—DVo'a
dx 2 °d? 2d
Alternatively, W =icv02, where
2
cgeax ege& (L—x
C =C1+C2 — o-r + [o] I‘( )
d d
dwe 1 V,%a
o 2% g Cr Y
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2
Fo go(e, —V,a
2d
Prob. 6.42
(a)
-9 -4
c_5S _10 200><1E)3 _50 pF
d 367 3x10 —
(b) p,=D,=10"°nC/m?. But
80V0 _
Dn _SEn - d =Ps
or
V. =29 0% 43510 x 367 x10° =339.3 V
gO
(c)
2 2 -12 —4 9
_ Q _ P S :10 x200x107" x 367 x10 ~1131mN
2S¢, 2¢, 2 =
Prob. 6.43
C, = E,E,:S - £,
d d
&:g, — r:%:1.75
C, RuF =
Prob. 6.44
-9
S 6.8x10 x0.5
@ c=22-_— 86z _7515nF
d 4x10 E—
P. =9, c.2 Q=CV
®) SCV 7V515 107°x9
po=t=— =t ;5 *2 — +135.27 nC/m’
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Prob. 6.45

S g
3d

- Q,=CV

, C

w

Q=CV =(C,/3V=0Q,/3

eV v
3d

E,
3
1,21 2
W=—CV7=2(C,/39V’ =W, /3

This indicates that two-thirds of the energy stored is lost in the connecting wires
and source resistance.

Prob. 6.46
£,6,4S £4€129

(a) C==012, =t

gogrls gongS gogrlngS

-9 -4
GG _ d_d _ d 107400 4x0_48 o) 4spr
C,+C, 808,13+808r23 Eqtép, 367 2x10”° 4+6 367
d d

(b) C:% > Q=CV =509.3pC
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(c)C, and C, are in series as shown above
Q:Cj_vl +C2V27 Vl +V2 :V =12
Solving these gives

VL R VL P P
C,+C, 10
S v-tao-4s

+C, 10

C,
EI:%:36kV/m
Vaiy

E,= 4= 2.4 kV/im

D=D, =D, =¢F, =12732x10" C/m’
P, = 7,.6E =9.549x10"° C/m’

P, = %..6,E, =1.061x10"° C/m?

Prob.6.47
()

by ATX2 25><]:;067Z
C=T71-771 1 2PF

a b 5x102 10x107
() Q =C Vo= 25x80 pC

Q 25x 80
Azr®  Arx25x107*

Ps =

pC/m* =63.66 nC/m?
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Prob. 6.48
—_— G
p - — ©
—_— G
111 1
C C C, C,
_ Are, 4re, _ Are,
where Cl_l_i’ Cz_l_l’ Cs_l_l’
b a c b d c

Prob. 6.49
We may place a charge Q on the inner conductor. The negative charge —Q is on the outer
surface of the shell. Within the shell, E =0, i.e. between r=c and r=b. Otherwise,
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Q
Are r’
The potential at r=a is

:_IEEUI —jEdr—jE dr IE dr

Q Q ja-dr_ Q (1_1)

r _47zgc dre,\a b

E =

al’

Prob. 6.50
We can regard this as having two cylindrical capacitors in series.
C, = 2me €L ’ c,- 2ne €, ,L
C b
In— In—
a C
27rgogrlL 2re, 8,1
In In b
— ClCZ _ 5 E 272-‘6"0‘6"r1‘("r2|—
C,+C, 2mg,s,L N 27r€0€r2L £, In b ve,In c
C b C
In— In—=
a C
Prob. 6.51
-9
2 el 27T X 2.5><10 x3x10°
C= - 367 —0.8665 uF
In(b/a) In(8/5) —_—
Prob. 6.52

Let the plate at $=0 be 0, i.e. V(0)=0 and let the plate at ¢=n/4 be V,, i.e. V(n/4)=V,.
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vz\/=i2d2\£:o N A V=Ap+B
p-dg dg
V0)=0 —— 0=0+B —— B=0
V(zl4)=V, —— V, =Azl4 , A=
T
E=-VV =—£d—va¢ =—Aa¢ __ %, a,
p dg p 7
D=sE=-2e gy
7p
Ps:Dn:_4€V°
P
b L
Q=[pds=- j48V° dpdz ==Y | In(b/a)
p=az=0 ﬂ.p 4
ngzﬂln(b/a)
Vo, =~
Prob. 6.53
Since V =V (9),
VAV =0 %ﬂw
p-dg
But p=0, dz\ﬁ: VA V=~Ap+B
dg dg
For ¢=0,v=0 —> 0=0+B — B=0

For ¢:6¥,V:VO - VOZAa RN A:V_O
(04
E-w--1&, __A,
pdg 7 p7”
A
ps =D, =¢E,=—g¢, dS =d pdz
Yo
Py L A p V p
Q=[pds= [ [Zedpdz=AsLinf2="ccLInt2
S p:plz:Op IDl a 101
c-2_ L
Vo a p
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_ GG,

27e, 8,

Prob. 6.54
-9
_ 27x 29 4100%10°
= o __ 3bx ~1.633x10% F
In(b/a) In(600/ 20)

-15
V=Q/C=50LO%=30.62 v
1.633x10

Prob. 6.55
_ 2me _ 2re,
' Inb/a)’ " In(c/b)

Since the capacitance are in series, the total capacitance per unit length is

TC,+C, &In(b/a)+e,In(c/b)

Prob. 6.56
(@) This is similar to Example 6.10.
()
V=0 —> V= 11
a b
E=-VV :—d—Var — a,
o (1D
a b
At r=a, P = Dn :gEr :LFVO
(1 1
a -
a b
psaz(l—éj 4oox10-9(4x104)(;—ij132
£ = f‘/ - T —16(367)1072(1/ 4) = 4.524
%o = (100)
367
(b) 9
10°
Arx——4524
T - S - Y
11 (1_1j1 9(1/4)
a b 2 4)107
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Prob. 6.57
Each half has capacitance given by
C 2 2neab

1 1 b-a

The two halves may be regarded as capacitors in parallel. Hence,
2%@b+%wﬂb_%ﬂq+gmb

C=CrC, = b-a b-a b-a

Prob. 6.58
E = Q

Arer?

a‘r

Vo

:_I3|E|2 dv = ”j 2 . 4.9rzsin6d6?d¢5dr

Q 1 1
32 @ )(2)] (———j

c b

~ Q*(b-¢)
~ 8nehc

Prob. 6.59
(@) Method 1: E:&(—ax), where p, isto be determined.
&

d
vo:-jE-dl:-j‘T”de=psjgi d

dx =2 din(x+d)©
0 Eo A+ X & 0
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V.=pdind _ Yot
o_ps d — ps_ d|n2
o, V.
E=_fsg-——_ Y
£ % (x+d)ln2aX

Method 2: We solve Laplace’s equation
d dv
VO(SVV)Z&(E&)=O — e——=A

v A Ad c,

dx & e, (x+d) x+d

V =c, In(x+d)+c,

V(x=0)=0 —» 0=c¢/Ind+c, —> ©¢,=-c/Ind
V(x=d)=V, —-> V,=c/In2d-c,/Ind=c In2
c—V°
' In2
V—clnx+d—v° Inx+d
St d Im2 d
E__d_V —_—V°
dxa" (x+d)|n2a‘
x+d eV e XV
b) P=(s —De,E=- —1|—2eo =0T _
by P=e—de (d j(x+d)|n2ax dx+d)n2

()

T x=d
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x=0

pps Ix:O: P .(_ax)lx:oz 2

eV
:P =—_00
ppS IX:d .aXIX:d 2d|n2
d E= aX:—Q aX:—Q a,

& &S go(1+g)s

V=-[Emdl=- Qj dxx -2 4m2
6‘OSa(1+7) &,
d
ngz £,
V din2
Prob. 6.60

We solve Laplace’s equation for an inhomogeneous medium.
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VE(gVV):i gd—v =0 — gd—V:A
dx\ dx dx
v A A (sz
_— == | 14| =
dx & 2¢, d
A x®
=—(X+—)+B
26‘0( 3d2)
When x=d, V=V,
v-2d+Yye s v -2Adg O
26, 3 3¢,
When x = -d, V=0,
0- A d-Yyi8 5 o0--2A.p 2
2¢, 3 3,
Adding (1) and (2), V,=2B —— B=V,/2
From (2),
g_2Ad _V, 36V,
3, 2 4d
X 2
{L{dj } )
E=—VV:—d—VaX:—éaX: Sl a = Molq (X a,
dx & 4d 2¢g, 8d d
p. =Dla =¢E, NI CAZ
x=d 4d
3Se Vv
= [ p,ds = p,§ = -0
Q Sps 5 2d
ngz 3¢,
V,  4d
Prob. 6.61
Method 1: Using Gauss’s law,
— — 2 _ Q _‘c"ok
Q=[Deds=4r’D, — D=_"5a, &=°5
E=D/e=
¢ 47[50kar
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Method 2: Using the inhomogeneous Laplace’s equation,

1d(ek ,dVv
Ve(eVV)=0 —> — rr—;,=0

r2dr\ 2 dr
dv dv
ekK—F—=A — —=AorV=Ar+B
dr dr
V(r=a)=0 —— 0=Aa+B ——» B=-Aa
\Y/
V(r:b)=V0 — Vo:Ab+ B:A(b—a) > A: b_oa
dv V
E=——"+— =-Aa =-— o
dr S hoa
D - V, gk
Ps= n__b_a r2 |r=a,b
Vogok 1 2 . Vosok
Q= [p.ds = -2 [[ o’ singdody = - 24
_@_ 4ne k
C= V, b-a
Prob. 6.62

-9

C=4dreca=4nx x6.37x10° =0.708 mF

67
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Prob.6.63

& 2zple, 31+ p)

V:—IE[UI

67Z'L6"[ (l+ P)
Lt —+ A, B
p+p) p 1l+p
Using partial fractions

A=1,B=-1
__Q [{dp jdp
brg,L|s p 1+p
Q

- In p—In(L b
6%L[np N+ p)]la

0

= Q [In b —In a}
6re,LL 1+b  1+a

If a=1 mm, and b=5 mm

:lxl 9591 nF
“1n0.8333-In05 6

C =0.326 nF
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Prob. 6.64

b-a_D_,_y
a a

107°
X

K(‘l) 4
/A nF/m = 46.34 pF/m
In11 36In11 —_—

T

Prob. 6.65
(a) From eq. (6.46),

—Qh -10x107°(10 -10~
Ps = 2 Qz 27312 ( )3/2 = 32 —12.107 pF/m2
27[x“+y“+h?] 27[4+16+100] 27(120)

(b) Q,=-Q=-10nC

Prob. 6.66 :
anC 3nC | anC _AnC

4 3 2 1
() Qi=-(3nC-4nC) =1nC
(b) The force of attraction between the charges and the plates is

F=R;+R,+F3+F,

IF| ~5.25 0N

22 32 42

B 1078 {i B 2(12) N E}
47x107° /367

Prob. 6.67
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 (Ra, +2a,+2a,) (2a,+2a,)

2 |Te AT 3/ T3 & 3/2 + 3/2
_Q | 2 2 2 12 8
4rze,| (2a,+2a)) (2a, +2a,)
+ 83/2 + 83/2
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1 1

= Og(ax + a.y + az)[—z—m-i'%] = —01092(ax + a.y + az) N

Prob. 6.68

+3 [
f‘"e: -------- a‘

] o) }h+g

45° g

+Q ':3' 'ﬁa —
'\-‘_\h& --------- ’ -g’-"z
QT +0

360°
N:( —1j:7

=

)

45° =
Prob. 6.69
(@
2me,\ P Py 27 % @
367

_ 18X16[(—1 0-) (-10.7)
2 50

E=E +E =L(% apzjzlfixlog{ (2-23)-(3-24) (2-23)-(3-2- }
S 1(2,-2,3)-(3,-2,4) [ |(2,-2,3)-(3,-2,-4)

} =-138.2a, -184.3a, V/m

(b) ps =Dy

a

a
D=D, +D. :&(_Pl_
2

27\ P P

:g[(z,o,—4)_(2,o,4)

} nC/m? =-1.018a, nC/m’
20

T

2 |_16x10°| (5,-6,0)-(3,-6,4) _ (5,-6,0)—(3,-6,—4
- 1(5,-6,0)—(3,-6,4)F |(5,—6,0)—(3,-6,-4)F
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p.=-1018 nC/m’

Prob. 6.70

y=2 y=4  y=8 y=4 y=0 y=2 y=4  y=8
At P(0,0,0), E=0 since E does not exist for y<2.

At Q(-4,6,2), y=6 and

P 107°
E-Y P g - _30a, +20a, —20a, —30a, )= 187(-60
2 26, 0 T ax107 /36, 0% +208, ~ 208, ~30a,) =18(-60)a,

=-3.4a, kV/m
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10
* 4z(5)

-a, +a,

J2

&)
(1+

PE.7.2
2
47(2)

3
V13

@ H=

J

CHAPTER 7
A

PE. 71 7

a a

il_ ) 2

2

p=5, cosa, =0, cosa, = >
a, —axa, =| Y| T
¢ 1 7% \/E z \/E

—30.63a, +30.63a, mA/m

|

a, =0.1458a, A/m

12
— /3% 4+ 42 =5a,=0,c05¢, =——,
() * 2 ST

la

At (0,0,-1cm), z =2cm,
_ 50x10°x25x10™*
C2(5°+2°)”*x10°°

(b) At (0,0,10cm), z =9cm,

3a,—4a, | 4a,+3a,
a, =-a,x =

5 5

— 2 (1+Ej(4ax+3a2]= 1 (4ax+3az)

47(5) 13 5 267
=48.97a, +36.73a, mA/m
P.E. 7.3
(@) From Example 7.3,

a, =400.2a, mA/m
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-3 -4
_30 ><210 2><325><1076 a —57.3a mA/m
2(5% +92)¥% x10 —
PE.74
3 -3 _
H :M(COSHZ _cosd))a, = 2x10°x50x107°(cos b, —cos ¥, )a,
2L 2x0.75
100
= 1—5(0059 cosel)aZ
0.75
a) At (0,0,0), 6 =90°, cosb, = —
@ AL0.00) ? J075%+ 005
=0.9978 0,
H =1 0.99780)a,
15
= 66. 52 a, A/lm
(b) At (0,0,0.75), 6, = 90°,cosb, = -0.9978 o I =
§
(O 978)
66.5 a, Alm
(c) At (0,0,0.5), cosh, = 05 _ 0905
U Jos2 40052
0.25 0
cosf, - 0.9806 & 0
" J0.25% + 0052
100
H = E(O 9806 + 0.995)a,
=131.7a, A/m
PE. 75
1
H=—-Kxa,
2
@ H(O,O,O):%SOaZx(—ay):ZSaX mA/m
(b) H(@5,-3) :%SOaZ xa, =-253, MA/m
P.E.7.6
|H| ,p a<p<p+a, Yp<ll
0, otherwise
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(@) At (3,-4,0),p=+32+4% =5¢cm < 9cm
H[=0
(b) At (6,9,0),p=162+92 =117 <11

3 -3
|H|:10 x100x10 _1471 A/m
27117 x102  ——

P.E.7.7
(a)

B=VxA=(-4xz-0)a, +(0+4yz)a, +(y* - x*)a,
B(-12,5) =20a, +40a, +3a, Wh/m?

(b) = j B.dS = j j (y2 = x?)dxdy = j yzdy—5j x2dx
-1 0

y=—1x=0

~Lieasn-2 =20 Wb
3 3

Alternatively,

w = j Adl =jx2(—1)dx+f yz(l)dy+j)‘x2 (4)dx +0

:—§+§:20 b
3 3
PE. 7.8
Z A
R
A
—
—
k y
—>
—> ds
X
kdS xR
H= ,
-[ 47R3

dS =dxdy,k=k,a,
R=(-x,~y,h),
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kxR =(ha, +xa,)k,,

k, (ha, +xa, )dxdy
A7 (X2 +y? +h?) 2
k ha, .[ J- dxdy k N8 J- .[ xdxdy
LA h)/ L% (¢ +y? +h?)?

The integrand in the last term is zero because it is an odd function of x.

k ha, t pdgdp k h27zax T(pz +h2)_% d(pz
A o(p +h )/ dr 5 2

k,h 1L K,
= ay ‘O =78
2 prentys )7 2

Similarly, for point (0,0,-h), H = —%kyaX
Hence,
1
=k a_, z>0
H = % y X
=k a_, z<0
2 Y X
Prob. 7.1

(@) Seetext
(b) LetH=Hy+H,

For HZ:—2I a, p=1(-3)2+42 =5
7P

4 - ax (-3a, +4a,) _ (3a, —4ay)
b 5 5

=20 a, +3a,) =05093a, +0.382a,
~ 2n(25)

For H, =2La¢, p=4(-8)?+5% =34
mp

(-3a, +5a,) 3a,+5a,

a, =a. X =
¢ y \/a \/ﬂ
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10
Y 27(34)

H=Hy+H,
= 0.7433a, + 0.382a, + 0.1404a, A/m

(5a, +3a,) =0.234a, +0.1404a,

Prob. 7.2

Ho ' p=t o2 10 g 431
27p 27H  272(10x107) ~«

Prob. 7.3

Let H=H,+H,
where H, and H, are respectively due to the lines located at (0,0) and (0,5).

leﬁaw p=5 a,=3xa, =a,xa, =a,
10 a,
=—a =2
o) Y
I
Hz:%aw p=5V2, a,=a,xa,a, =-3,
Sa,—5a, a,-a,
a = =
SN V2
4 - a x a,—a, )| -a,-a,
R W] V2
10 (-a,-a 1
H, = L |=—(-a,—-a
’ 27[5\/5[ V2 ) 27f( 2

a
H=H,+H, =211 (a —a)=-01502a, +01592a,
T 2z
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Prob. 7.4
H =dH =—'j';§ =H,+H,
T
For H, R=(31-2)-(0,000=(31-2), R=+9+1+4=414

0 0

1
IdIx R = 4x10°® 5 2‘:4><1o-5(o,2,1)

-5

H, =220 Q2D _ 4 6.01215,0.006076)10°°
47(14)

For H,, R=(31-2-(0,0)=(31-3), R=v9+1+9=419

0 1
ldl x R=6x107" 3

0
3‘ = 6x107°(=3,0,-3)

L _6x10°(-3,0,-3)
! 47[(19)3/2

H=H,+H,=(-0.0173,0.01215,-0.01122)10° = (-0.173a, +1.215a, -0.1122a,) uA/m

=(~0.017,0,-0.017)10°®°

Prob. 7.5
Let H=H +H,
For H,, HZ:—I a,

27p
where =20, p=-3a,+4a,, p=v3°+4’ =5
—3ax+4ayJ_‘ 0 0 -

a,=a,xa, =—az>{

5

=0.8a,+0.6a
-0.6 0.8 011 g

H, 20
27(5)

(0.8a, +0.6a,) = 0.5093a, +0.382a,

For Hy, H :La

y 27Z'p (4
where =10, p=—3a +5a,, p=+v3’+5’ =+/34

0 10
a,=a,xa ‘:L(Sax+3az)

1
p‘m‘—s 0 5 34

, = 10 (5a, +3a,) = 0.234a, +0.1404a,
27(34)

H=H, +H, =0.7432a, +0.382a, +0.1404a, A/m
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Prob. 7.6
YA
1 A
a2 6A
P
p
B
- S X
o a1 1
H = %(cos%—cowl)%
a, = 135°, a, = 45°, p = 15 - V2
2 2
a, = a xa —a *a _ 1110
= X = = =
v J_ 2111 0]
6 o o 3
H = (cos45 —cos135°)a, = —a,
2 e
Ar——
2
H (O, 0, O) = 0.954a, A/m
Prob. 7.7
10
(@) At (500), p=5 a,=a,, cose, =0, coso:zz—E
2
a, =28.47la, mA/m
4 (5) \/12 )
10
b) At (55,0), p=5V2, cose, =0, cOSa,=—u
(b) At (5,5,0), p ] =I5
a —a x a,+a, | —a,+a,
S NG V2
2 10 -a, +a,
=13(-a, +a,) MA/m
T 472(52) \/15 )( J2 j 8. ra)
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(c) At (5,15,0), p:\/250=5\/E, cose, =0, cos%:%
5a, +15a, | b5a, -15a,
a¢ =a,x =
5410 510
2 10 .( —15a, +5a
H= - Y 1=-5.1a +1.7a, mA/m
47r(5J1_0)(\/350)( 510 ] - !
d) At (5,-15,0), by symmetry,
H =51a +1.7a, mA/m
Prob. 7.8
ZA C(0,0,5)
> Y
ol
2
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) = (-20,5)
AB-AC = 2, i.e AB and AC are not perpendicular.
AB-AC 2 2
180° — = = = = = - |=
cos ( o) ABAC NN —  COs o >3
BC = (0,0,5) - (4 1,0) = (-1, -1,5)
BA = (1,-10)
BC-BA ~1+1
Ccos a, —_— = = 0
IBC||BA| IBC||BA|
ie. BC =p = (-1 -15), p = V27
(-140) (-1 -15) (5 5, 2)
a, = axa, = = ==
PR NN T J54
- 10 0+\/z (552) 5 _(5,5,2)A/m
4727 29 ) 227 2729 27
= 2737a, + 27.37a, + 10.95a, mA/m
() H = H, +H, +H, = (0, -59.1,0) + (27.37, 27.37, 10.95)
+ (-30.63, 30.63, 0)
= -326a, -1.1a, +10.95a, mA/m
Prob. 7.9
YA
-
(a) Let H = H,+H, = 2H, 1
H = —— —
§ 47T'0(cos,(;z2 cosa, )a, ‘ EA "
0 = > X
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(o] 0
where a, = -axa, = -a, o = 180°, a, = 45

H, = 4:(2)(003 45° —cos 180°) (-a,)=-0.3397a,

H=2H,= -06792a, Alm
() H = H +H,

where H = 47[5(2)(1—0) a, a, = —a,x-a, =a,
= 198.9a, mA/m
H, = 0 since o, = a, =0
H = 0.1989a, A/m
€ H = H+H,
where H, = 47[5(2)(1—0) (-a,xa,) = 198.9a, mA/m
5
H, = 47[(2)(1—0) (a,xa,) = 198.9a mA/m
H = 01989a, + 0.1989a,6 A/m.
Prob. 7.10

For the side of the loop along y-axis,

|
H, = %(cosaz—cosal) a,
where a, = -a, p=2tan30° = i a, = 30°, o, = 150°
Ne
H, = 5 43 (cos 30° —cos 150°) (-a,) = —EaX
4r 2 87
H = 3H, = -179%, A/m
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- |l -

Prob. 7.11
Let H = H+H,+H;+H,
where H,, is the contribution by side n. @ @
@ H = 2H,+H,+H, since H, =H,

H, = L(cosw AL 10 (i i]g}

1 47[10 2 1) %4g ( \/E \/E z

o = e 2o - O(ZLa

47(6)\ " 40 4z(2)\ 2
5

(b) At (4,2,0), H = 2(H1+H4)
10 8 10 4
H, = —a,, H, = —— a,
' 4z(2) J20 47(4) 20
H = & (1+£j a, = 178a, A/m
T 4
(c) At (4,80), H = H,+2H,+H,
10 4 10 8 1
H, = 2- a, H, = —=——a,
! 47(8) ( 4\/§j i ? 47(4) (4\/5 ﬁj
10 2
H. = — —
: 47(4) ( 2} (-a.)
H = = (a,) (i-i-i—i = -0.1178a, A/m
87 5 5 2
(d) At (0,0,2),
_ 10 (L—OJ (a,xa,) = 10 a
! 47[(2) \/@ g 7[\/@ !
R (¢ ( 4 —OJa y (2a2—8axj _ 5(a, +4a,)
? 47/68 \ /84 g J68 177+/84

5
671\/]5
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H=4H, = 4L(COSa2 —C0Sa,)a,
Arp

p=a=2cm,| =5mA a, =45°, ¢, =90° +45° =135°

a,=a, xa,=a,x(-a,)=a,
-3
Mot (L Ly 2l N2E0C e
ra 2 2 ra rx2x10 _—
Prob. 7.13

H 10 ( 8 0) . 2a,—4a, a, +2a,
= — — x —_— —
: 4720 \ fs4 g J20 721
10 4 -5a
H, = —— |0+—— | (-a.xa,) = X
e A G [ I
( 5 5 J ( 1 10 ] ( 20 2
= - Lt —————1a, + +
347[@ 7[@ 21 7[\/& 347[@ ﬂ\/ﬂ
= 034573 - 031653, + 0.1798a A/m
Prob. 7.12

Ja

z
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il
2r
which agrees.

H =

(a)
subtended by theSide Af the center of the circle
360° _ E
n n
The field due to this side is

1 (cosa, —cosa,)

H. =
! 47p

T . T
where p=r, cosa, =c0S(90—-—)=sin—
n n

. T
cosa, = -sin —
n
H, = — 2sin 2
zr n
H = nH = n—IsinZ
2rr n
31 .z
() Forn=3, H = — sin —
2rr 3
rcot30° =2 — r = 2
V3
H = —2325 % E ;1_5 = 1.79 A/m,
T
"2
For n=4, H:ismE = 4x5 i
2t 4 2n(2) 2
=1.128 A/m
(c) As n—oowx,
H = |imn_lsin£ = n_IE = L
n—w 27r n 27r n 2r

From Example 7.3, when h = 0,
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Prob. 7.14
@f |3
k (0.5]
Let H = H,+H,+H,+H,
H = —a, = L_zaZ = 6254,
4a 4x4x10
4
H = —— (cos a,—cos 90°)a. , = tant — 2.29°
2 4 4rx4x107° ( % ) 2 % 100
= 19.88 3,
| 100
= 2 cos fa. , = tan* =— = 87.7°
10 .
= — 2 cos 87.7°a, = 0.06361 a,
4r
H = (62.5+2x19.88+0.06361) a,
102.32 a, A/m.
Prob. 7.15
y
A
3
|
7
./
7 4 2
7
b
0 < > X
P, 1 p
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Let H=H,+H,+H;+H,

RICY I rACH
"= 4rmpy I')-d¢_ 4rp,

Similarly, for H,,

H , = I ¢o (_az )
47p,

H=H,+H,+H,+H,= Iﬂf; [pi_pijaz
1 2

Prob. 7.16
From Example 7.3,
| la®
H =—a, H,=———=52,
1 2a z 2 2[a2+d2]3/2

which correspond with sides 1, 2, 3, and 4 as shown in the figure above.
H, and H, can be found using eq. (7.12). It can be shown that

H,=-H,
Idl xR
FOf H4, dH4 :W, dl:p1d¢a¢)R:_p1ap
_lpidda,x(-a,) _1dg(a,)
dH, = 5 =
4rp; 4rp,

_500| 2+ |a, —202.67a, Alm
3 125]7 /2

Prob. 7.17

2
H:H1+H2:l £+2a—m a.Z:E 1_2+
2la [a“+d7] 2 | 3x10

32
a
[32 +42]3/2 (10—2):| z
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H| = n?I(cos 6, —cos ;)

1
cos 6, = -cosf, = #

(o + AR

nl/ 0.5x150x 2x107?

|H| B % - 3 \/2 2 69.63 A/m
SYAY: 2x10 x /4% +10 -
Z(a + A)
(b)
o a 4 o
@ = 90°, tanfh, = — = — =02 > 6, = 1131
b 20
H| = n?Icos 0, = 19005 0s11.31° = 36.77 Alm
Prob. 7.18
ET
y
oP(4,3,2)
X
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a, =a xa =azx(

Let H = H, +H,
H = Laaﬁ
27p
p = (432)-(1-22 = (350),
4 - 3a, +5a, a —a
P _\/374 ’ | z

P

Nen

-5a, +3a
H = 27 [ 2% 15009 = (~147a, + 0.88a,) mAM
2 34
H = ik xa - l(100><1o—3)a x (-a,)
p 2 n 2 z X
H = H, + |-|p = —-1.47a,-49.12 a, mA/m

3a, +5ayj _

—0.05ay A/m
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Prob. 7.19

(@) See text

(b)

For p<a, mH-dl =1, =0 > H=

Iiz(pz—az)
For a<p<b, H,-270 =
P ¢ P ”(bz_az)
I > _a?
H¢ = ,02 2
27p \ b°—a
For p>b, H,-27p =1 —» H, = 2I
P
Thus,
0, p<a
2 2
H, = 2' ['gz azj, a<p<b
7o -a
,  p>b
| £7P
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Prob.7.20

H =Z%K xa,
L 20 L 20
_E( ax)x(_ay)+5(_ ax)xay
= 10(_8‘2) _10(8‘2)
=—-20a, A/m

Prob. 7.21

H, :lkxan :EloaxxaZ =-5a
2 2

! a, = ! (ax—a)—La
20 272(3) ’ Vs

H =

HP+HL=—5ay+6Lay:O —> 1=30r=94.25 A
T
Prob. 7.22
(a)
From eq. (7.29),
lp
a,, O<p<a
_|2za®? P
H= |
—a,, >a
27p ! L
(b)
1d La <a
J=VxH==_"—(pH,)a, = 7a’ r
pEp 0a,, p>a
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Prob. 7.23
ForO<p<a
i Hdi =1, = [Jrds
2r f ‘]o
H 4]527@0:.&:O I ;pd(,lﬁdp
p=0

=J,27p
H,=1J,

For p>a
[ Hral :IJ[US:T j%’pdgﬁdp

$=0 p=0

H, 27zp=J,27a

H, = J.a
Y2

J,, 0<p<a

Hence H, =< J.a

p>a

Prob. 7.24

o 2 9
(@ J=VxH=|0x oy o0z|=2(x-Y)a,
2 2 -

y° x= 0
(b)  dS =dxdya,,

—=4(4-0)-2(25-1)=16-48=-32 A

Prob. 7.25

@ J=vxH=29(pH)a =19
pdp pdp
(b)For p>a,

| = !J odS = j j (2x—2y)dxdy = 2j dyi xdx -2i dx_j[ ydy = 2(4) [’;@ -2(2) (y?z

2
(k, 2)a, =
a

y

2k,
a
a

z
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a

2z 2 a
fiH-di=1,, =[3.ds= | j2k°pdpd¢=2—k°(2ﬂ)p—
—0 = a a 2 (0
p=0¢=0
k a
H¢27zp:27rk0a —> H,=-°
o,

H:ko(i}aw p>a

o,
Prob. 7.26
9 90 9
J=VxH=|ox oy az|=(2x-2y)a,
y> x> 0

At (1,-4,7),x=1,y=-4, z=17,
J =[2(1)-2(-4)]a, =10a, A/m*

Prob. 7.27

(a)
3=VxH=2L(oH,)a, =12 (10°p?)a,
pop pop

=3px10°a, Alm”

(b)
Method 1:

| = [3rds = [[3p pdgd p10° =3x103ip2ded¢
S 0 0

3 ,03 2 3
=3x10° (27) 7| =167x10" A= 50.265 kA
Method 2:
2z
| =[[|HIdI <10° [ p* pdgp =10°(8)(27) = 50.265 kA
L 0

Prob. 7.28

3=vxH=29 (oH)a, =1 9 (4p%)a, =8a,
pdp pdp

| =[J edS =JS =8(ra”) =87 x10™* = 2513 MA
S
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Prob. 7.29
y7A
a) B=—-a
(a) 27
At (-3,4,5), p=b.
-7
B :M% =80a, "Wh/m®
27(5) S
! 6 |4
szBOdS :yol J-J-dpdz _ 47 x10 lenp ,

(b) 2 yo, 2r 2

=16x107 In3=1.756 Wb

Prob. 7.30
Let H = H,+H,
where H, and H, are due to the wires centered at x = 0 and x =10cm respectively.
(@ ForH,p=50cm, a, = axa, = a,xa, = a,

H = — > a, = @a
b 2z(5%x107) r
ForH,,p=5cm, a, = -a,x-a, = a, H,=H,
H = 2H, = @ay
VA
= 31.83a, A/m

2a, +a, 2a, -2,
(b) ForH,, a, = a,x = —=

NG 5
H, = > {_ax+2ayJ = -3.183a_+6.366a
! 27545 x1072 J5 " Y
ForH,,a,= -a,xa, = a,
H, = Lax = 15.915a,
27[(5)
H = H,+H,

= 12.3a, + 6.366a, A/m
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Prob. 7.31
@l = j Jrds

- f j 30(1_’2_22)pdpd¢ =Jofd¢i(p—§—j)dp

#=0 p=0
2 4 2
Y A Rl PO
2 4a 2 2
=17ra2\]0
2

(b) [fjHrdI = 1,, = [Jrds

For p <a,
H,27p = [ J1dS

For p > g,

fHd =] 9,ds =1

H¢[127r,0=%7za2\]0

2
H¢=aJo
4p
2
Py P 4
4 a2 )’
Hence H¢:
al, .
4p P
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Prob. 7.32
B - X o a
27p ’
d+a gb |
y = [Bds = | L 4pdz
p=d J2=02 77
Ib. d+a
- Moy,
21 d
Prob.7.33
For a whole circular loop of radius a, Example 7.3 gives
2
H :'a—azy2
2[a2+h2]
Leth——0
=t

2a

For a semicircular loop, H is halfed
Hela
4a

y78|
B=yH="-a
ILlO 4a z

Prob. 7.34

(a) VoB=aBX+aBy+aBZ=0
ox oy oz

showing that B satisfies Maxwell’s equation.

(b) dS =dydza,

4 1 ) y3 1
‘P:JBodS=.[ j y dydz:?‘o(z)

z=1y=0

4
=1Wb
1
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©)VxH=] — J=vVxo
H,
0 0 9
VxB=|0x oy o0z|=-2za,—2xa,6—2ya,
y2 ZZ XZ
2 2
J=-—/(za, +xa, +ya,) A/m
H,
(d)
Since VeB=0,

W=[f|BedS = [VeBdv=0
S v
Prob. 7.35

On the slant side of the ring, 7 = %(p—a)

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

- [Bds - j”—o'dpdz

at adzd JIh par
_ j bjz(p yazadp ‘gﬂ-b J'pz:(l_ij dp

Yo,
= ’u"—lh (b—a In aLbj as required.
27b a

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

-7
_ 47 x107" x10x0.05 (0.1_0-3 In ﬂj
2;;(1ox10*2)

= 1.37 x 10°® Wb
Prob. 7.36
s0° 10°
y = [Bds = ,uoj j —sm2¢pd¢dz
cos 2 ’
v o= 47z><10’7><106(0.2) (— > ¢j
0

— 0.04r (l—cos 1oo°)
—  0.1475 Wb
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Prob. 7.37
rld 2 rl4
jB[us | j—sm ¢ pd pdg = zojdpjsm ¢d
= Op—l

7[/4

_20(1)J'—(1 cos2¢)d¢ = 10(¢——SI 2¢)‘

:10(———) =2.854 Wb
4 2 =
Prob. 7.38
= j BIdS, dS =rsinddadga,
S

2z 713

% ='Ur—23c056’ rzsin49d6’d¢5‘r e 2! d¢£ cos@sinfdé

713 .2 /3
=2(27) [ sin6d (sin 6) = 47 . ‘9‘”0 — 27sin?(z/3)
0
— 4.7123 Wh
Prob. 7.39

M, I xR
B=yH==2 dv
Ho 47rI R®

Since current is the flow of charge, we can express this in terms of a charge moving with
velocity u. Jdv = dqu.

_ My | QUxR
_E[ R }
In our case, u and R are perpendicular. Hence,
_ M, qu 47 %107 1 6x107° x 2.2x10° 1.6x107%

4r R? Ar (5.3x107)? (5.3)2 x107%
=12.53 Wh/m?
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F can be neither electrostatic nor magnetostatic field.

Prob. 7.40
(@ VIA = —-yasinax # 0
Rl 2 2
VxA = OX oy 0z
Yy COS ax 0 y+e™
= a, +e’a, — cosaxa, = 0
A is neither electrostatic nor magnetostatic field
() V-B = li(pgp) = ii(zo) =0
p op pop
VxB = 0
B can be E-field in a charge-free region.
(c) V-C = — i(rzsinéi) =0
rsiné o¢
VxC = —+ O (r* sin? a)ar-lg(r%ine)ag # 0
rsind o6 ror
C is possibly H field.
Prob. 7.41
(@ V-D =0
9 L 9
VxD = oX oy 0z
v’z 2(x+1)yz -(x+1)z°
= 2(x+l)ya, + ... # 0
D is possibly a magnetostatic field.
0 VE = 2% zincosg)+ L[Nl g
p Op o\ p
VxE = izcoseap+ ... = 0
o
E could be a magnetostatic field.
10 1 0 (sin@
c) V-F =——(2c0s0) + — =0
© r ar( ) rsineae( r? ]
VxF = 1{3 (rsing) + ZL?Q}aH # 0
r | or r
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Prob. 7.42
IL
A:J‘ﬂom' _ KLa,
drr drr
This requires no integration since L <<r.
B=vxa=-2y A
pop " Op

,ﬁ+f

#1La,
1/2

CAx(p?+72)

0 IL 0
A _#IL O o
op 4m Op

a,

Butr

IL
Zum:%
) —47[(
_ HIlpa, :,uOILpa¢
471(,02 + 22)3/2 4rr?

Prob. 7.43

o o 2
ox oy 0z

10sinzy 0 4+cosxzX

0
B=yH=VxA=

H="

[sin mxa, —10cos rya, ]
Ho

0

J=VxH=""ox

0

oy

sin X

9
0z
—10coszy

-
Ho

2
J= ﬁ—(lOsin mya, +Cosxa, )
Hy

Prob. 7.44
(@)

VoA:r—lzg(rzAH L i(Agsine)+O:

rsin@ 00

2sin@cos@ =0

4 -

—%2c030+
r r'sin@

—%)(pz +22)%2(2)

= rsinrxa, —10z cosrya,

(107[ sinzya, + CoSXa, j

0

=
or

r2

2cosd
r

sin’ @
r3

1 0
rsin@ o6

Jrramazal )
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(b)

—vxA=—Lt | 9 Asing-Poly L1 LA O
B=V A_rsine{ae(A“’sme) a¢}af+r{ (rA¢)}ag

110 ay_9A
i [ar () ae}a"’

1| 0 (sin@\ 2siné@ 1| 2sin@ 2sin@

o

rior\ r r r r ri
Prob. 7.45
0 0 0

() B = VxA = ox oy oz
2X°y+yz  xy’—xz® —6xy+2z%y?
B = (—6xz+4x2y+3x22)ax+(y+6yz-4xy2)ay+(y2—z3—2x2—z)aZ Wh/m?

(b)
v = J‘::O'[;O(—ze+4x2y+3x22) dy dz

x=1

= jjo(—ze) dy dz + 4.[ _[0 x’ydy dz + 3] J.O xz° dy dz
= —GIOZdzjozdy + 4jozdz J.OZ ydy+3idyjzzdz
0 0

2

2 32
= —62)(2) + 42 | L] |+3@ | L] | = -24+16+16
2|, 3],
v = 8Wb
0A
(c) V-A = A, + Y + A, _ 4xy+2xy—6xy = 0
OX oy 0z
V-B = —6z+8xy+32°+6z-8xy+1-32°-1 = 0

As a matter of mathematical necessity,
VeB=Ve(VxA)=0
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Prob. 7.46
B=VxA= 1 —(A S|n0)—aA9 r+— L%—i(rAyﬁ) a,
rsiné o¢p sin@ 0¢ or
1 2 1 A
—— f)a, ———(kr~)sinfa
“rsing r? 60( )2 rar( ) v
k ksin@ 2k cos 4 ksing
= 2sinfcosfa, +——5—a, = s t———3&,
“rising r r r
Prob. 7.47
B - vxA= =%, A,
p 0¢ % op *
15 Dy
= ;e cosga, + 15e”singa,
V4 1 1
B|3 =,-10| = 5e® —=a + 15e° —
(2510) - 3 e e o
7
H- B :££e3(a+a¢j
My 4z 2

H = (14ap + 42 a¢)-104 A/m

= J'B-dS = ”%e‘” cos ¢ p d¢ dz

= 15z (sin ¢)\;% e® = 150e”° =  y =1011Wb
Prob. 7.48
B=VxA= 1 —(A sm&)—ﬁ a, +1 ;%—g(r@) a,
rsin@ op rysinéd ogp or
0
22 m)- 2,
_ 1 E25|n6?c056?a —1—(10)sm0a +0a,
rsingr ror

B= 2—?cos fa,
r

At (4,60°, 30°), r =4, 0=60°

T

- cos60°a } 4.974x10°a, A/m
u, A4rx107
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Prob. 7.49

H,-27p

Prob. 7.50

Applying Ampere's law gives
‘Jo : ﬂpz

0o 0 0

BovxA=lx oy a2 |=Pg A,
0 A(xY)

T . X . 7wy
=——SIN—SIn—

0

4 TX T
a, ——C0S—-C0s—-a,
2 2 2 2

Prob. 7.51

B=VxA=

rsing r?

1 0

] 10
A sind)a, ———(rA))a
rsineﬁe( Y )2, rar( 2%

_ ! i(Zsin dcosb)a, — A sin@(-r?)a,

=%(2003 fa, +sinba,)

r
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Prob. 7.52

0 0 0
(@ J=VxH=|0x o0y 0z |=(-2yz—x%)a, +(2xz-2xy)a,
2

xy> X’z -y’z
At (2,-1,3), x=2,y=-1, z=3.

J =2a,+16a, A/Im?

(b) —%:V-J —0-2x+2x=0

At (2,-1,3),
%P _ 0 C/m3s
ot
Prob. 7.53
(a) B=VxA

= l%_% a + % aAZ _|__ 0 (,D )__
pop oz |" | oz ap p| op ¢

=— aAZa =20pa, 1Whb/m?

op ’
H=B =20 a, pA/m
Hy Ho

1=VxH=2L(pA)a,
p op

= i(—40,o)aZ = iroaZ LAImM?

0 ILIO

_40 2 2z
(b) 1=[Ids=—=[ [ pdgdp, dS = pdgdpa,

Mo p=04-0

0] pip a9 =22 2

_ 6
_ 807r><2><]7.0 __A00 A
47 %10

STUDENTS-HUB.com

Uploaded By:

anonymous



226

Prob. 7.54 H= -VW._ - V. = —IH-dI:—mmf
la’
From Example 7.3, H = —yaZ
2 (2°+a?)?
2 3 _
(VAR _la (zz+a2)4dz = L 7 te
2 2 (2% +a?)?
Asz > oo, V, = 0, ie
0 = . +C —> C= !
2 2
Hence,
| z
V., = —|1-
2 [ \/zz+a2}
Prob. 7.55
H = L a,
27p
But H = -V, (J=0)
Jas L, Ly s e
2mp p 0 7 P
At (10,60°,7), ¢ = 60° = Z, v, = 0> 0 = Lz
3 7 3
or C = I—
6
| |
V. = —— -
" 27r¢ 6
VA
At (4,30° -2), = 30° = =,
( ) ¢ ;
voo ez 111
27 6 6 12 12
V., = 1A
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Prob. 7.56
For an infinite current sheet,
A= 1k« a, = E5o€1yx a = 25a
2 2
But H = -VvV, (J=0)
25a, = —%a - V, = -25x +cC
OX
At the origin, x=0, V,=0, c=0, i.e
V. = -25x
(@ At (-2,0,5), V, =50A
(b) At (10, 3,1), V, =-250A.
Prob. 7.57
@ VxVV = Vx N a + la—vaqj + aVa
p " pog
o (1ov 1V oV
p dgoz p dz0¢ % dz6p apaz %
(ﬂ A P
0pog ogd p
oA
(b) V~(V><A) = V. 10A A
p 0¢ oz
oA oA,
+ P A a, +li(pA¢)——
oz op p\op o¢
_1oA ia(p%] L LT 1A
p 0pop  pop\ 0oz p O¢oz p Ogop
oA
L9 li(pA¢) _ 9[19%,
oL\ p op oL\ p 0¢
A, 10A, A 1oA _
- gpor  p oz 020p p oz
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Prob. 7.58
[ s
= (-2 (2) (xox0a, [ -y) (z-2) ] s aanaa, tems
T ®
R = |r-r| = [(x—x) +(y_y-)z+(z_z.)1%
vi - (% a, + %ay + gaj (x4 (y-y) +(2-2) ]
= ‘% 2 (x=x) a, [(X—X')z+(y—Y')2+(Z—z')ZT% +a, and a, terms
—[(x—x‘)az+(y—y')ay+(z_zv)az%a . R
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CHAPTER 8
P.E.81
@) Fzma—u:QE:GazN
ot

ou 0
b) —=6a, =—(u,,u,,u,) =
() 6t z 8t(x y )

aux=0—>uX=A

ot

ou

—1=0-u,=8B

N: 6y —6t+C

ot

A=B=C=0

Since u(t=0)=0,
Ux=0=uy u,=6t

—%=0—>X:A

X

u :Q:an:B
ot

y

u =g=6t—>z=3t2+Cl

z

At t=0, (x,y,2) = (0,00) - A;=0=B;=C;

Hence , (x,y,z) = (0,0,3t%),
u = 6ta, at any time. AtP(0,0,12), z=12 =3t — t=2s

t=2

(7]

(c) u==6ta, =12a, m/s.

ou
== m
a p 6a, AZ

(d) K.E :%m|u|2 =%(1)(144) =72)

P.E. 8.2
@ ma =euxB = (eBouy, -€BoUy, 0)

d'x_eB,dy _ dy

> =w
dt m dt dt

(1)
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d’y eBodx  dx

= —)—
dt? m dt dt
2
97 _g%_c,
dt dt
From (1) and (2),
3 2
dx_ dy__ .o
dt® dt? dt

(D?* + W?D)x = 0 — Dx = (0, jw)x
X = Cp + C3C0Smt +CaSinmt

dy 1d%x .
—=———>=—C,wCoswt —C,wsIn wt
dt o dt
At t=0, u=(,0,p). Hence,
Cl=,B,C3=0,C4=g
o

%z aCOSa)t,ﬂ:—asin a)t,E:ﬂ
dt dt dt

(b) Solving these yields

a . a
X=—sinwt,y =—cosat,z = St
@ @

The starting point of the particle is (0, 3,0)
w

2
© X+y’= %,Fﬁt

showing that the particles move along a helix of radius %) placed along the z-axis.

P.E. 8.3

@) From Example 8.3, QuB = QE regardless of the sign of the charge.

E=uB=8x10°x0.5x10°=4kV/m

(b) Yes, since QuB = QE holds for any Q and m.

(2)
(3)
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P.E.8.4

By Newton’s 3" law, F,, = F,,, the force on the infinitely long wire is:
FIZ_F:’U°I1|2b(i_ 1

2t p, p,t+a

_471><10‘7><50><3(1 1)

27 23

P

a,=5%5, uN

P.E.85
m=1Sa, =10x10™* X50(2L7,—3)

=7.143x10° (2, 6, -3)
= (1429, +4.286a, - 2.143a,)x10° A-m’

P.E. 8.6
_4 _
T=mxB=10X10 x50(2 6 -3
(a) 7x10 6 4 5
=0.03a, —0.02a, -0.02a, N-m

(b)  [T|=1SBsing— [T| =ISB

-3
1T o= 22297 64, +4a, +5a, = 0.04387 Nm
PE.87
@ o =t-46y,=p -1=36
Ho
3.y
(b) H =E—Maz Alm =1730ea, A/m

U 4z x107 x4.6
(©) M =y, H =6228eYa, A/Im

P.E. 8.8
3a,+4a, 6a,+8a,
a = =
" 5 10
6+32)(6a, +8a
B, =(B,ea)a, = ( (G, Y)
1000
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—0.228a, +0.304a, = B,
B, = B, - B,, =-0.128a, +0.09a, +0.2a,
B, =2B, =10B, =-1.28a, +0.96a, +2a,

H
B, = B,, + B, =—1.052a, +1.264a, +2a, Wh/m’

P.E. 8.9
(a) B1n = BZn - /ulHln = IUZHZn

or yyH,ea , =u,H,ea
(60+2-36) 21 (6H,, —10-12)

Ho=—— A .
35=6H,,
H,, =5.833 A/m

(b) K=(H,-H,)xa,,=a,x(H,—H,)

= an21x[(10,1,12)—(3y'_5’ 4)}
6 2 -3
2% 6 8

K =4.86a, —8.64a, +3.95a, A/m

- L
7

normal to the interface.
H,ea B 26

cosé, = = =0.2373
b |H|  74100+1+144
6, =76.27°
cosd, = Hooly, _ 13
H,|  7,(5.833)° +25+16
6, =77.62°
P.E. 8.10

(@) L'= u,14,n°S = 47 x107" x1000x16x10° x 4x10™*

=8.042 H/m

(© Since B=xH, B, and H, are parallel, i.e. they make the same angle with the

=0.2144
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P.E.8.11 From Example 8.11,

() W '= % L'1? :%(8.042)(0.52) =1.005 J/m

L’ext =L -L%n=12-0.05

() L’'= &FHnd;ﬂ
27| 4 a
nd-a_2zL" o0 _
a4

=6-0.25=5.75

d-a
a

=e>"® =314.19

d —a=314.19a =314.19x
d =407.9mm = 40.79cm

27x1.2x10°°
47x107

2.588x10°°

@ L=t =27 - 005 yH/m

=1.15 pyH/m

-0.25

=406.6mm
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P.E. 8.13
This is similar to Example 8.13. In this case, however, h=0 so that
1,1,a°b
Holid® o @
=——9e 27Zb = -
do a0 o
m _ P _ poma’ _ Arx107" x 7 x4
Yo, 2b 2%3
=2.632 uH
P.E.8.14
L. = Ho _ Ho27p, _ 47 x107" x10x1072
in Py r 1
=31.42nH
P.E. 8.15

(@) From Example 7.6,

B NI _ 4N
ave I 27z_p0

_ NI .

¢ = Bave S 2
G728
20,  2x10x107x0.5x10°°

ﬂaZ

or | = =
wa®N 4z x107" x107* x10°
=795.77A
Alternatively, using circuit approach
_ U 2mp, _ 2mp,

M S g’

s=N = @, as obtained before.
N ga°N
2x10x1072

ER: 2100

9
5= ———— =1.591x10
wa®  Arx107" x10

I =¢R = 0.5x10°x1.591x10°=7.9577x10°

| = ﬁ =795.77 A as obtained before.

(b)  1f u=500ps,
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| = 795.77 =1.592 A
500 -
P.E. 8.16
2 2 -4
5 B%S _ @.5) ><10><1_(7) _ 22500 _ 895.25N
24, 2x47x10 8r
Prob. 8.1

At P, x=2,y=5,2=-3
E =2(2)(5)(-3)a, +(2)*(-3)a, + (2)*(5)a, = —60a, —12a, +20a,
B=(5)’a,+(-3)’a, +2°a, = 25a, +9a, +4a,

F=Q(E+uxB)
1.4 -32 -1

uxB = =-3.8a, —30.6a, +92.6a,
25 9 4 Y

E +uxB =(-60,-12,20) +(-3.8,-30.6,92.6) = (—63.8,—42.6,112.6)
F=Q(E+uxB)=4(E+uxB) mN
=-255.2a, —-170.4a, +450.4a, mN

Prob. 8.2
F =ma’r =9.11x10* x (2x10")?(0.4x107"°) =14.576 nN

Prob. 8.3
(@

10 -2 6
F=Q(uxB)=10"

0 0 25
=-0.05a, —0.25a, N

‘ =107°(-50a, —250a, )

(b) Constant velocity implies that acceleration a = 0.
F=ma=0=Q(E+uxB)

E=-uxB= 50a, + 25an Vim
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Prob. 8.4

F, =qE, F,=quxB

F E 20x10°
T R 8 - =80
F, uB 05x10°x5x10" =
Prob. 8.5
ma=QuxB
u, u, u
10%a=-2x107°* ¥V ¢
0 6 O

%(ux,uy,uz) =(12u,,0,-12u,)

. du
le. —2X=12u 1
dt Z ( )
du
d—ty=0—>uy e Ai (2)
du
z=_-12 3
=1, ®)

From (1) and (3),

i, =120, =—144u,

X

or

U, +144u, =0 —>u, =c, cosl2t +c,sinl2t

From (1), u,= - c1Sinl12t + c,cos12t

At t=0,
Ux=5, uy=0, u;=0 — A;=0=cy, ¢1=5

Hence,
u=(5co0s12t,0,-5sin12t)

u(t =10s) = (5c0s120,0,-5sin120) = 4.071a, —2.903a, m/s

dx .
_2r -5
u, = i 5c0s12t » x = 425|n12t +B,

dy
uy:E=0—>y=B2

u, = % =-5sin12t >z = %200512t + B,
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ALt=0, (x, y, 2) = (0, 1, 2) — B1=0, B,=1, 53:%

(X,y,2) = (isin12t1£00512t+gj 4)
8= 1 12 12
At t=10s,
5 . 5 19)
1 ) =\ 1Aa =P 1A :%l
(X,Y,2) (125|n1201 T cos120 + T 0.2419,1,1.923

By eliminating t from (4),
X*+(z-19{)? =(%{,)?, y=1 which is a circle in the y=1 plane with center at

(0,1,19/12). The particle gyrates.

Prob. 8.6
@) ma =—e(uxB)
m d u, u, U, -
——(u 1u 1uz = =Uu BOaX_BOUXa
e dt( oy ) 0 o Y
M oy, —c=0
dt
du, B.e _ Bge
=—u =-u,w, wherew = —2
dt Y 'm Y m
du
_y_uXW
dt

Hence,

Wl = w2
l, =-wu, =-wu,

or i, +w?u, =0 — u, = Acoswt + Bsinwt

u .
u, = ——2% = Asinwt — B cos wt
w

Att=0, Ux = Uo, Uy =0 > A =U,, B=0

Hence,

dx Uy
U, =U, COSWt =— — X =—2sinwt+c,
dt w

. dy u
u, =uosmwtza—> y:—W"coswt+c2
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Att=0,x=0=y — ¢;1=0, CZ:U—O. Hence,
W

u, . u
X =—-2sinwt, y =—(1—coswt)
w w

u2 u 2 u
—(cos® wt +sin® wt) = (_OJ = %%+ (y——2)?
W w W

showing that the electron would move in a circle centered at (0, u—°). 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

_2u, _2u,m
W B,e
Prob. 8.7
A E 4 A
A q
0
v M

mg 0.4x107°x9.81

g=4 9=F 1.5%x10° —
Prob. 8.8
szldeleLxB
a, a, a,
=4.5(0.2)a, x (2.5)(a, +a,)10° =45(05)[1 0 0| mN
0 1 1

F =225(-a, +a,) mN

Prob. 8.9

3
_E_1240° 1200 g 714 whim?
U 140 4 ——

gE=quB —> B
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Prob. 8.10
I,l,a xa
=ILxB —> 3:52 l,a xB, _ Mol Xy
L 27p
a, x (—ay)47z><10’7 (-100)(200) )
@ Fo = =4a_ mN/m (repulsive)

27 =

(b) F, =-F, =—4a, mN/m (repulsive)

4 4
(© a xa,=a, X(_§a+ ay)—— . gay,p=5

Arx107"(-3x10*)( 3 4
31— - a'x I a'y
27(5) 5 5

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

(d) F=Fy +F;

A7 x107 x6x10%)
27(3)

F, =-3.28a, +0.96a, mN/m

Fsz =

(a, xa, ) =—4a, mN/m(attractive)

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

Prob. 8.11

-7
_ H 1,  4rx10 (10_)210 100 4N
27mp 27(20x107°)

Prob. 8.12
W=-[Fed, F=[LdixB=3(2a,)xcos%}a,

F :Gcos%§¢ N
W :—TGCOS%pOd¢:—6pO x33in%
0

= -1.85in2?” =-1.559 J

2z J
0

Prob. 8.13
j “O 1 2d pa, 4’”10 (2)(5)In/a

_2In3aZ uN =2.197a, uN

(@)
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(b) F:jldl x B,

ﬂ"lllzj [dpa, +dza, |xa,

”°I1|2I [dpa, —dza, |

But p = z+2, dz=dp

F, - 4’”10 47x10 5y 9y j [dpa, - dza, |

21n A(az ~a,)uN :1.386ap —~1.386a,a, 1N

F, =%I%[dpaz ~dza, |

Butz=-p +6, dz—-dp

47 %107
FS_”Z—(5)(2) j [dpa ~dza, |

2In %(aZ +a,)uN =-0.8109a , —0.8109a, uN
F=F+F+F

=0.575a, uN

Prob. 8.14

From Prob. 8.7,

f = i1, a
2mp  ”
f="Ffc+f
-7
| oo H fo = 47 x107" x 75x150 _1125x10°

2w %2
f =2x1.125c0s30°a, MN/m

=1.949a, mN/m

=a,(In4+In4-In9)+a,(In9-In4+In4 -

In9)
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Prob. 8.15
The field due to the current sheet is

B=£K xa, =&10aX x(-a,) =5u,a,
2 2
L
F=1,[dl,xB=25[dxa, x(54,a,) =25Lx54,(a,)
0

%:12.5><47le07 (a,) =15.71a, uN/m

Prob. 8.16

F = [1dIxB = ILxB =5(2a,)x40a,10° = 0.4a, N

Prob. 8.17

m = ISa, =10(2x6)(a,) =120a,

1 0
T :mxB=120axx4.5(ay—az)=540‘ JJ:540(ay+az) N.m
0

Prob. 8.18
f(x,y,2)=x+2y-52-12=0 —— Vf=a,+2a -5a,

vi a,+2a,-5a,

a

"TIVEL RO
L, (@, +2a,-5a,))
m = NISa, =2x60x8x10 _ =17.53a, +35.05a, —87.64a, mAm
V30
Prob. 8.19
m=1s — 1=2-"T0
S xr
22
= % =6.275x10° = 627.5 MA
7(6370x10°) —
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Prob. 8.20
Let F=F+F,+F

0
F, = [1dIxB = [ 2dxa, x30a, mN
5

0
:-60ayx =300ay mN
5

F, =|2dya, x30a, mN

O ey U1

5
=60a, y 0" 300a, mN

5
F, = IZ(dan +dza,)x30a, mN
0

5
=60(-a, )X 0= —300a, mN

F=F+F,+F, =300a,6+300a, -300a, mN=300a, mN

Prob. 8.21
For each turn,

For N turns,
T =NISB =50x4x12x10"*x100x10% = 24 mNm

T=m xB, m=1Sa,

Prob. 8.22

F =de| xB ——> F=IB/=520x0.4x102%x30x107
F=6.24mN

Prob. 8.23

M=y.H=x, 5 ZnB

ottt (L+ x0)

T=mxB=1Sa, xB= 2(%)(5)(5)ay x30a,10° =0.75a, N.m
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Prob. 8.24
B
@ M= xH = 27—
Mot
o 899 1S 1103x10° A/m
5000 47 x10
N
2. m,
b M = K
(b) v
If we assume that all m, align with the applied B field,
6
M = Nm, 5 om - M 1.193><12(:
AV '\/ 8.5x10
AV
m, = 1.404x10* A-m?
Prob. 8.25

=Yy +1=65+1=75

2
M=zH —» H=M_24",
Y, 65
At y=2cm,
-4
o280, g 4778, mAm
6.5 _—
9 98 9
sevano® O Tty
0o o 2| *
6.5
At y=2cm,
-2
J :MaX =0.1477a, A/m?
6.5
Prob. 8.26

(@ wu=80y, —> =80
b)  xn=#-1=79
20xa,10°°

© H=2__"%" _1989xa Am
7 y
4 80(4rx107")
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(d) M=y, H=15713xa, KA/m

J 9 9
(e) J,=VxM =|0oX oy 0z|=15.713a, kA/m
0 15.713x O
Prob. 8.27
When H = 250,
__2H _ 2250) _) 4586 mwbim?
100+ H 100+ 250
But B=g, u H
-3
“ B _ 14286x10° _,

T uH  4rx107x250 ——

Prob. 8.28
fiH-dl =1,
7o’ I p
H,-2 = 1 - H, =
070 za’ ’ 2za’
lp
M = H = -1 a
Am (,ur ) 27z'a2 ¢
190 I
J, = VxM = —— (pM_ ) a, = -1) —a
b ,08,0 (IO ¢) z (:ur ) 72'3.2 z
Prob. 8.29
(@ From Hy; — Hy = Kand M = yH, we obtain:
M My
Ami  Am2
Also from Bj, — Bz, = 0 and B = uH = (uw/ym)M, we get:
My, _ 1My,
Zml lm?_
(b) From B;c0s6; = By, = B2y = B,C0s6, 1)
B,sing, B, siné,
and +—==H, =K+H,, =K+ —=—-= 2

H H
Dividing (2) by (1) gives
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tandy K +tan¢92_tan¢92 1+ ke,
1 B,cosd, 1, Ly B,siné,
. tané
o 1AN0y _ A 1+&
tand, u, B,sind,
Prob. 8.30

B, =B, -=1.8a,
H,=H, — By _ By
Hy,

B, = = B, = aics
H 2.54,
B, =B,, +B, =9.6a,-6.72a,+1.8a, mWb/m’
b _ B, 10°(9.6,-6.7218)
o, 4x 47 %107
=1,909.86a, —1,336.9a, +358.1a, A/m

(6a, —4.2a,)=9.6a, -6.72a,

BZn

tan 6, = Bon _ 18 —0.1536
B, /9.6%+6.72
6, =8.73°
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Prob. 8.31

B,, =B, =12a,

H 2t = Hlt — ﬁ = ﬂ
M,
B, =2 B, = 2" (4a,-10a,) =163, - 4a,
H Si,

B, = B,, + B, =1.6a, —4a, +12a, mWh/m’

1 s By (1.6°+4°+12%)x10°
21 T T T ()4 x107)

=32.34 Jm?

Prob. 8.32
6
62
tan 6, = Hy : tan 6, _Hy
1in HZn
But H,=H,
B,=B, — mH,=mH, — H, =*H
n 2t Py, = KM, 2n 1n
Hy

H, _ H, _65H,
H2n 1 Hln Hln

6.5

f 6-42, tandz - 5 Hu_gg004

1n In

tand, =6.5(0.9004)=5.832 —» 4,=80.3°
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Prob. 8.33

X <0

Vx

x>0

(H,-H,)xa,=K —> H;xa =K+H,xa,
H, xa, =(10a, +6a,)xa, =6a,

HZXax =(H2x’ H2y’ HZZ)XaX = HZZay _HZyaz

6a, =12a,+H,a, -H,a,

Equating components,

6=12+H,, —> H,,=-6,
Also, B, =B, - wH,=uH,
H, =*AH, = %(max) = 5a,

2 /uo

H, =5a, —6a, A/m

Prob. 8.34

H, =H, =aa, +03,
BZn = Bln — M, H2n =/”1Hln

H,, =22 H,, =1 ga,

2n
2 r2

H=ca + a Ba, +0oa,
/urZ
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Prob. 8.35

H, = Hy — i = B
H Hy
g _ 2 _
B, = /J_zBZt - 5 (10a, - 20a,) = 4a, - 8a,
Hence,
B, = 4a, +15a, — 8a, mWb/m*
2 4% +15° +8°)x10°°
O w - teon - B e
2 214 2x2x47mx10
w,, = 60.68 J/m’
2 10° +15° +20°)x10°°
w, = 2z - ( )_7 - 577 3/’
24, 2x5x47x10
Prob. 8.36

f(x,y,2)=x-y+2z
Vi =a, —a, +2a3,
\%i 1
a,=——=—(a,—a,+2a
TR )

(a)

(a, —a, + 2a,)
H,,=(H,a,)a, =(40-20-60) ———

=-6.667a, +6.667a, —13.333a, A/m

(b)
Hz = H2n + H21

But 4, =B, —— i,H,=uH,

B, =1,H, = 1,H,, + 1,Hy = i Hyy + 1, Hy = 11, (2Hy, +5H,,)
=47 %107 [(—13.333,13.333, —26.667) +(233.333,66.666, —83.333]
= 47x107"(220,80,-110)
= 276.5a, +100.5a, —138.2a, 1Wh/m’
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Prob. 8.37
a, = ap
B,,=B,, = 22,uoap
H, =H,; > & :i
H, H
H Ho _
B, = ZZ B, = m(45/¢0a¢) = 0.05625,uoa¢

B, = 4,(22a, +0.05625a,) Wh/m®

Prob. 8.38

I

n=-3a,, H, =10a, +15a,
H, =H, =10a, +15a,

I

oy o (3ay-—0015a
2 200

H, =10a, +15a, -0.015a,
B, = u,H, = 200x 47 x107 (10,15,~0.015)

B, =2.51a, +3.77a, —0.0037a, mWhb/m’

tana = 220
2t
or a=tant——2903"  _p047°
N2.51% +3.777
Prob. 8.39

@ H :%Kxan :%(30—40)axx(—az):—5ay Alm

B =u,H =47x10"(-5a,) =—6.28a, 1 Wh/m?

() H= %(—30—40)ay =-35a, A/m

B = u,u,H =47x107(2.5)(-35a,) =—110a, xWb/m?
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© H= %(—30+40)ay =5a,

B = u,H =6.283a, 1 Wh/m’

Prob. 8.40

r = a is the interface between the two media.

B,, =B, —— B, (l+1.6)cosfa, =B, cosba,
2'6801 = Boz (1)
H,=H, — ﬁ :i
H,
1By = 14,By,
H, Bol(_o'Z)Sin 9&5 =My Boz (_Sin e)ae
1,
— 00 2
# =028, (@)

Substituting (1) into (2) gives

H
=-—2(2.6)=13
/Jz 02( ) :uo

Prob. 8.41
@) 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

©,p,) !

NI

H@27z)(p, +V) =Nl  — " 27(p, +V)

The flux per turn is
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al2 al2

Y= Bdudv =

u=—al/2v=-al2

,uoNIaIn p,+al2
2r p,—al2

2
L NY _ 4N a 2p,+a
I 2r 2p,—a

(b)

around a circle that passes through P.

H@27z)(p, +rsind)= NI

—> H=

The circular cross-section of the toroid is shown below. Let (r,0) be the local
coordinates. Consider a point P(rcosé, p, +rsiné) and apply Ampere’s law

NI

27(p, +rsinb)

N NI 1_rsin¢9
27p, Po

a 2z -
Flux perturn W = J IﬂNl[ rsm&}d rdg = ANE a
oo 270, Po 27p, 2
L= NY uN?a’
l 2,
Or from Example 8.10,
L_Ll HN?IS _ pN’ma® _ p,N*a’
& 271p, 2,

— (27)
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2

Prob. 8.42

%(3+5):4cm

In{Zp0 +a}
2p,—a

27L

a=2cm
1 N’a
27

L=

N2 = 27(45x10°%)

uoalano*ﬂ 47 x107(2x107%)1
Po~

N =148.4 or 148

Prob. 8.43
Lo ,uﬁ 47 x1077 (40) _ 20x107 =2 uH
87 87 S
Prob. 8.44
L=l Al aya)
87 27
_ Mol gl
If L, =2L,, sy o =" In(b/a)
8t «&
In(b/a)zé b_ V8 =1.1331

b=1.1331a =7.365 mm

(8+2j
n -
8-2

=22,023.17

Prob. 8.45
-7
L:ﬂ_ﬂ{m%_l}:‘mxm (10){In 2x10 —1}:2x10_6(|n1000—1)
27 a 27 2x10
—2(5.908) uH =11.82 uH
Prob. 8.46
Pota
o= [Bieds= | j&dd Holby At py
p=p, 2= 0 2 Po
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M12 — NWlZ _ N:uob |n a+,00

I 2 P
ForN=1,
M, = Yz _ by 3t P,
I1 27[ po
-7
_ 4407 ying = 0.1386 H
Prob. 8.47

We may approximate the longer solenoid as infinite so that B, = M. The flux linking
1

the second solenoid is:
N, I
v, =N,BS, = ﬂol = '7”12DN2

1

M = & :—/JON]_NZ .ﬂfiz

I1 I1
Here we assume air-core solenoids.
Prob. 8.48

For a straight infinitely long conductor,

Bﬁﬂ_o'
27p
h b+w h a+b+w1
Y= jB-ds Hl {j j—dzdp | J.—dzdp}
7=0 p= bp z=0 p=a+b
b b
_Hlh Inp +W—Inpa+ +W =yolh[lnb+w_|na+b+w}
27 a+b 27 b a+b
W :,uolhln (a+b)(b+w)
2r b(a+b+w)
Prob. 8.49
oo
2mp
1 |?
=—‘U| | 2 Ar 2[02

=jwmdv=jijyT;/)2pd¢dpdz =$,ul2Lln(b/a)
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T

Alternatively,

Prob. 8.50

Wm

W, =251
Prob. 8.51

10°

= 4ix4x47z><107 (625x107°)3In(18/12) = 304.1 pJ

W:%!BoHdv:

T (30)47 %107

W:£|_|2:

2
5 1ﬂ—l‘lngxlzz—'uI L in

b
227 a 4 a

1
- ZuH-H
S H

2\,452

'z

2y,25,4

SH (25x"y*z* + 100x + 225x°y’z

)

= jwmdv

% 7 [25.[01 x*dx joz yzdyfl z°dz + 100.|‘01 x2dx joz y“dyfl z%dz

+ 225.|‘01 x2dx joz yzdyfl zdz}

1 32 2

[l |

3mJ

4 3

j j i (42 +12%)10 ° dxdydz

z=0 y=0 x=0

2
JIBI dv
V2K
320

(16 +144)(2)(3)(4) = 2= =101.86 J
- Lol86)

1
 2(15)47 x107
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Prob. 8.52

NI:HI:B—I
Y7,

N = BI 1.5x0.6x7
ol Arx107 x600x12
=313 turns

Prob. 8.53
F=NI=400x0.5=200A.t

R, :@ MAt/Wb, R,=R, :i MAt/Whb, R, :E MAt/Wb
A iy A7

- RF g0
R,+R;,+R /IR, =——

oo

At

H, = i _ 190.8
| 1x1072

a

=19080 A/m

Prob. 8.54

Total F = NI = 2000 x 10 = 20,000 A.t
. (24+20-0.6)x107

R, =—2%—= - ~ =0.115 x 10" A.t/m
Mo, S A x107" x1500% 2x10~
-2
Ry=—te = 000" _5a57510" Atim
Hott,S  4rx107"()x2x10
R=R,+R.=2502x 10" At/m
3 20,000 4 2
==y =y =——"—"_ =8x10" Wh/m
R VATV T om0 T
5 - R, o 2387x20000 14009 a
R, +R, 2.502 ——
5. - R, o _0115x20000 o o o,
R, +R, 2.502 =
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Prob. 8.55
Rc

F=NI=500x0.2 =100 A.t

| 42x10°* ~ 42x10°

C

° T uS - 4rx107 x10°x4x10™* 167

Rt _ 10°° _10°
4SS Arx107x4x10* 167
8
R +R, = 1.42x10

167

~F 1672x100 167
R.+R L142x10° 142 "

7

-6
B, =¥ - 10010 _gg 5 mwbim?
S 142x4x10* ————
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Prob. 8.56
The equivalent circuit is shown below.

R1

R3

R,

Prob. 8.57

/ 4.4x107°

©0.2282x10°

=7.2643x10* A.t/Wb

R: = = e
u,S  4rx107(4.82x107)

Prob. 8.58

c_Bs_ v 4x10°°

2. 24,5 2x4zx107 x0.3x10°

Prob. 8.59
(@ F=NI=200x10%x750=150A..

Rt _ 10°°

o uS  25x107°y,
L 27 x0.1

- Ho kS B ,uo><300><25><1076
3 150
" R,+R  107(3.183+20/3)

=3.183x10’

7

=6.7 x 10’

=15.23x10~"

T

=53.05 kN

(&3]

\ 4

R

~

R.
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F_BZS_ y? 2.32x107"
2u, 2u,S 2x4rx107 x25x10°°
=37 mN
3 150
b)If R=0p=—=_ 2
O 4= o0 R =0y = o= = oo

2x1073x5x107% x150

F, = 1,dl,e B, = 1,dl, 22 =

F, =1.885 uN
Prob. 8.60
Y2 Y2
3
& | Ra i: =
_5 3 2_3 Sy = 3
l//l I//le/ll y Ra 3Ra l//Z 3Ra

W 2 v 3 2 2
F=2 N IR 6 S o N .
2,5 ) 21,8 Au,S 3R, 1S

1,83 Arx107 x200x107* x9x10°

Since u — o for the core (see Figure) , R; = 0.

a0 +X
:w[Ra&):_w(é )
2 HoS

S 3.183x10" x25x10°°

3l,’ 3x10°
3
=247 x10°=mg - m _ 24mx107 7694 kg
Prob. 8.61
3
“ R B = |
RJ2

]

P B
"
<
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w(2x+a)
T 2uS
B’SS , 1 1 . N?12442S?
2u. " 2uS 215 (a+2x)?

2N%1%4,S
- (a+2x)?
F =—Fa, since the force is attractive, i.e.
Fo —2N?1%4,Sa,

(a+2x)?

R
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CHAPTER 9
P.E.9.1
(8) Vi =[(uxB)-dl =uBl =8(05)(0.1)=04 V
v
(b) | =" _ 94 20 mA
R 20 =

(c) F,=11xB=0.02(-01a,x053,)=-a, mN

(d P=FU=1°R=8 mW

or P=

P.E.9.2
(&) Vi =[(uxB)-di
where B=B,a, =B, (singa,+cosga,), B, =0.05Wb/m?

(uxB)-di = —poB, sin gdz = ~0.27sin(wt + 7/ ) dz
0.03
= j (uxB)-dl =—67zcos(1007t) mV

0

\Y

emf

At t=1ms,

Vi =—67€0s0.17r =-17.93 mV
oV
| =

eF':f = 6077 cos(1007.t) mA
At t=3ms, i=-607c0s0.37=-110.8 mA

(b) Method 1:
Po Zy
Y= J' B-dS = j Bot(cos¢ap —sin ¢a¢)-dpdza¢ = —I j B,tsingd pdz =—-B, p,z.tsin ¢
00

where B, =0.02, p, =0.04, z, =0.03

¢=a)t+%

¥ =-B,p,z,t cos wt

oY

Vo = e B,p,z, cos wt — B, p,z,tewsin wt

emf
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=(0.02)(0.04)(0.03)[cos et — wt sin wt ]

= 24[cos wt — wtsin wt] v
Method 2:
oB
Vv, =—j5-d3+j(u>< B).dl

B =B,ta, = B t(cosga, —singa,), 4 = a)t+%

6@—? =B, (cosga, —singa,)

= constant because it is transformer (stationary) emf. Thus,
Po Zo 0
V. =—B, I I (cosga, —singa, ) d pdza, + j —p,®B,t cos ¢dz
00 Z
=B,p,2,(Sing—wtcosg), ¢ = a)t+%

=B, p,Z,(cos wt — wtsin wt) as obtained earlier.
At t=1ms,

V., = 24[cos18° 1007 x107sin18°]uV

=20.5uV
At t=3ms,
i = 240[cos54° —.037sin54°ImA
=-41.93 mA
P.E. 9.3
dy dy
B Ve m ey
Vo Ny o Np, o 300x120
V, N, N, 500 —
P.E. 94
oD . I
@) Jy = Pl —20we, sin(wt —50x)a, A/ m

Note that only explicit dependence of B on time is accounted for, i.e. we make ¢
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oH
b VxH=J, > ——2
(b) x d X

a, = —20we, sin(wt —50x)a,

or H= 2056880 cos(wt —50x)a,

=0.4ws, cos(mt —50x)a, A/m

oH OE 2
(c) VXxE=-pu, ~ - a—yaZ =0.4p,0°e, sin(wt —50x)a,
X

2

1000 = 0.44,,0° = 0.42’—2

or =15 x10' rad/s

P.E. 9.5
2 2
1+ | 2z45° .
a V| = | =-j|%£ £14313°
@ J(Z—j] J{\/Ez—ze.se"} J% )
=0.24 +j0.32

(b)  6£30°+ j5-3+e'* =5.196+ j3+ j5—3+0.7071(1+ )

=2.903 +|8.707

P.E. 9.6
P=23in(10t+x—7%)ay :Zcos(lot+x—%—%)ay,w=10

— Re (Zel(x3%)ayejwt) — Re(PSeJWT)
y

R i(x—37,
ie. P,=2¢'" 773

Q=R,(Qe™)=R,(e""(a, -a,))sinzy

=sinzycos(wt +x)(a, —a,)

oH 1 0 . 10
VxE = —(E,sin®a ———(rE))a
ot 8 rsineée( ¢ )2, r@r( )%
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2Cosgcos( wt — pr)a, —ﬁsmesm(a)t pr)a,

2cos¢95m( wt — pr)a, —Lsmecos(a)t pra,
Lor

H=-—

Hor’

,
p= ©_6d0 .2 rad/m

c 3><108 =

H=- ! ~c0sdsin(6x10" —0.2r)a, — L
127r 1207zr

sin@cos(6x10" —0.2r)a,

P.E.9.8
3c 9x10°8

r Jue 10
E =—.[Vx Hdt = —icos(a)t—3y)aX
&

-6
9><1o8 J10 -

TR ©)

E = —476.86c0s(2.846x10°t —3y)a, V/m

=2.846x10° rad/s

cos(awt —3y)a,

Prob. 9.1
V=_6_W=_g BOdS=—6—BOS
ot ot ot

= 3770 sin377t x (0.2)% x 103

=0.4738 sin377t V
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Prob. 9.2

- w=[[Beds=Bs

emf 6t ’
Vemf =_@S
ot
V . 4
() Ve _ (4x208IN200(2x10%) 160 . o0 ey
R 20+30 0

i(t) =0.32sin20t mA

Prob.9.3
w = B[S =(0.2)° #[40x107°sin10°t
V= oy _ —167 cos10*t

ot

i= V_ 16—”coslo“t
R 4

=-12.57cos10%*t A

Prob.9.4

Measuring the induced emf in the clockwise direction,
Vos =[] (ux B)(dl

12 0
= I (53, x0.2a, )dya, + J (15a, x0.2a,)dya,
0 1.2

=-[way- | @y

=-12+12x3=-12+3.6
=24V

Prob. 9.5

16 16
Vet = I(u>< B)edl = '[ (2a, x10cos Bya,) edya, = - I 20cos Bydy
0

y=0 y=
__20sinpBy[l.6 _ 20sinl6p
B0 B
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Prob. 9.6

y7n|
B=—-(-a
2”y( )

a p+a

w:IBodS:y"l J~ Idzdy:uolalnp+a

27 02, Y 2r o,

v, =-OV_ v b __tla
ot op ot 27
A S u,a’lu,

27 °| p+a p| 27zp(p+a)

where p=p, +u,t

Uy [In(p +2) - In p]
dp

Prob. 9.7
pta
Vo = I 3a,x K| a,edpa, =—Mlnp—+a
, 27p 2r P

-7
_ _Arx107 e 3In% - 9.888.V

u=pwa,, B=Ba,

2|l _ @BL*

L
V=I;mﬁﬂp=%w%p 0 5

p=0

= 3_20x60><103 (8x107%)* =5.76 mV

Prob. 9.9
Vv =—N6_'//:_NEIB[US _ S8
ot ot dt

emf

d d¢
— _NB/— — _NB/p—==—NB/
m (0d) P4t ol

= -50(0.2)(30x107)(60) = 1.8V

27
Thus the induced emf = 9.888uV, point A at higher potential.
Prob. 9.8
V= j (ux B)dl
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Prob. 9.10

Method 1:
We assume that the sliding rode ison —/ <y </

¢ =x/3=5t/3

“ 25t2
Vit = [ (uxBYdl = 5, x0.6a, edya, =3 [ dy =-3x(2¢) = —6>{
4

NE

] = —86.6025t>
Method 2:

The flux linkage is given by

5t x4/3
w=] | 06xddy=06x—x125 /3= 28,8675
X=0 y=—x/~/3 \/5

emf

__W _ _gp.602
it ———

Prob. 9.11

Vo =[ (uxB)-dl =uBlcos®

_(120%10°
3600

=2.293c0s65° = 0.97 mv

m/ sj(4.3><105 )(1.6) c0S65°

Prob. 9.12

V. =UB/=410x0.4x10°x36 =5.904 mV
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Prob. 9.13

dy =0.64 - 0.45=0.19, dt = 0.02

Using Lenz’s law, the direction of the induced current is counterclockwise.

Prob. 9.14
V =[(uxB)edl, where u=poa,, B=B,a

07z

P2 CUBO

V= Iprodp: > (02— p*)
P

V= 60x15

¢10°(100—4)¢10™* =4.32 mV

Prob. 9.15

Jg = JoDy —>|st| = wek, :a)g\;—s

max

_10°  27x20x10°x50
367 0.2x107°

=277.8 AIm?

l,=J, oS :%xz.sxlo-“ =77.78 mA

Prob. 9.16

oD oE
== —
ot ot
|J.FolEl |4 Feo] E

If 1, =1, then |J,HJ,| — o=¢w

J.=cE, J,

w=2rf=2
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Prob. 9.17 Jo_of o
Jg weE o

2x107°

O
@ " 10
D& %107 x81x——
or

o 25
by 2 =
(b) —

107°
6r

27 x10° x 81 x

2x10™

-
27 x10° x5x 0
367

© ==
we

Prob. 9.18

_ 400(18) _

—=0.444x10"°

Il
o
ol
()]
ol

=7.2x10"

(0]

10°°
6r

27 x10" x81x

27f =127x10° ——>

81

w=—=

€ 3

f =600 kHz

8.89

107
10°
X
367

=127 x10°
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Prob. 9.20

J, = oE =0.4cos(27 x10°t)
E= 0;4005(27rx108t)
o3

J, = eﬁ = —%(Zﬂxlos)sin(Zﬂxlost)
ot o

9
0.4x45x9

- _TW(ZﬂxlOB)Sin(Zﬂxlogt)

= -100sin(27 x10%t) A/m?

Prob. 9.21

VxH =J+(’3—D=J+Jd
ot

Since the regin is source-free, J=0.

0 0 0
Jy=VxH=| ox oy oz|= oH, a, =—H,(-p)sin(et - B7)a,
H(z) 0 ©0

=pH, sin(ot - Bz)a,

Prob. 9.22
oD OE
Jy=—=¢6—
ot ot

-9
I =[3,0dS=13,S _Eg_10
! ot

5 25x10° c0s10°t(2x5) = 2.2105x10° cos10°t
T

| =22.1cos10%t nA

Prob. 9.23
(a) VeE, :p%,VoHS =0

VxE = jouH;, VxH =(o-jows)E
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If J=0=p,, then

oD
() VeD=p >0, B0,
ox oy oz
0B
VoB:O—>aBX+ y+8BZ:O
X oy oz
oE
v p_ 0B OE OB 3B
ot oy oz ot
OE, OE, _ 0B
0z oX ot
OE, OE, _ 0B,
x oy @t
oH
V><H:J+8—D—>6HZ——V=JX+6DX
oy o at
oH, oH, . D,
oz OX Yoot
oH, oH, _, oD,
x oy b at
Prob. 9.24

VeB=0
VeD=p,

Vsz—a—B
ot

VxH=J+6—D
ot

Since VeV x A=0 for any vector field A

VOVXE=—2V08=O
ot

VeVxH :—QVQD: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.

VxE:—E, VxH :@
ot ot

&
@
©)
@
©)
©)
™)
®)

1)
(2)

(3)
(4)
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Prob. 9.25

VIE=0 — ()
VH=0 —— (2

VXE:—,LJ% — (3

o 9o 9
OX oy oz
VxE =
0 E/(xt) O
OE, i
=—a, =—E sinxcosta,
OX

H = _EJ'VX Edt = Esinx sinta,
H H

VxH= g% — (4)
ot
0 o 2
oxX oy 0z
VxH =
0 0 H,(xt)
oH E .
=——2a, =——2cosxsinta
ox o u, ’

E ZEIVX Hdt = E, cosxcosta,
g y7%

which is off the given E by a factor. Thus, Maxwell’s equations (1) to (3) are satisfied,
but (4) is not. The only way (4) is satisfied is for z, & =1 which is not true.

Prob. 9.26
VXE:—@
ot
o o oJ 0°E
VXVXxE=-—VxB=—-y—VxH=—uy——1u¢
2t o o 1 5
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But
VxVxE =V(VeE)-V’E

Z O°E
V(V.E)—VZE Z—IIJE—,UEF, J=cE

In a source-free region, VeE =p, /e=0. Thus,

0°E
atZ

JE
V2E = uo=~—+ ue
y2 ot y2

Prob. 9.27

Vel =(0+0+32%)sin10%t = —%

_ _ 2 i 1nd _322 4
ey _—IVont_—.[Bz sin10”tdt _Fcoslo t+C,
If p,|,.,=0, then C, =0 and

p, =0.3z%cos10’t mC/m’®

Prob. 9.28

VeD=¢gVeE =p,

E .
%, =-¢,E,sinzcost
z

p,=eVeE =g,

Prob. 9.29
Let @=10°
vxH=3+P _0:.E E:iijHdt
ot ot &
o 9 9
VxH =|0ox oy 0z| =40 cos(wt + fX)a,

0 40sin(wt+px) O

E-= EIV x Hdt :@sin(a)t + fX)a,
&

e,
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VxE = —@ =— ﬁ
ot ot
o 9 o
OX 0z 2
VxE = 2 40 __408 cos(wt + Bx)a,
0 0 —'Bsin(a)t + fX) @&,
oH
— U, — p =—-40u,wcos(at + BX)a, (2)
Equating (1) and (2) gives
2
40u, @ = 05 B = ue,0°
&

0

= w\|&, 14, =108\/ r

; =0.333rad/m

Prob. 9.30

‘Jd =8_D=go
ot ot

% _50% (_10%)sin(ot - k2)a,
P

4.421><10*2

@

2

sin(10°t —kz)a, A/m

%sm(logt kz)a,
P

1 50k

10710, cos(10°t —kz)a,
T X

H:—iijEdt—

H =ﬁcos(108t—kz)a¢ A/m
27p

oH, 2
VxH=—"—""a = 2.5k sin(10%t —kz)a
oz "’ 27p r
-2 _ 2
VxH=J, 44210 Sin(0°t —kz)a, = 2.5k
k? =%><4421><10-2 ——> k=0.333

sin(10%t —kz)a
270 ( )a,
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Prob. 9.31

VXE:—,an—H —> H:—iIVxEdt
ot M,

10 10 .
VxE ==—/(rE,))a, =——|10sin@cos(wt — fr) |a
8 r6r( )3 r6r[ (ot =fm)]a,
:gsiné?cos(a)t—,ﬁr)avj
H o 108
ur

108

=——sin g cos(wt - Br)a,
oY

sin ejsin(a)t—ﬂr)dt%

Prob. 9.32

@) Jd:i—[: — D=3t
_ —60x10°
109
oH D oH
VxE—,uE O 8——;15
o o 0
ox oy ot

D cos(10°t — Bz)a, = -60x107" cos(10°t — Bz)a, C/m?

V2 - _ 1 (£60)(-1)x10 2 sin(10%t - p2)a,
&

D, 0 O

X

= %xm’12 sin(10°t - Bz)a,
&

-12
H :_ljvxgdt :_1(—1) 60/3)(10 5 cos(logt—,b’z)ay
Y7, € U e 10

_508 10 cos(10°t — Sz)a, A/m
UE
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(b)) VxH=J+J,=0+J,

¢
o 0 9
o, 0, 0,
3, =VxH = _CAEDEOS | 102y sinao’t - pa)a,
0 H, 0 He
Equating this with the given J,
60x10~° = 605" x107%
HE
-9
/32=,u€Dl018=2><47r><10‘7><10x10 :M
367 9
£ =14.907 rad/m
Prob. 9.33
VeD=p, VxH-= J+8—D
ot
VOVxH:V0J+aV.D=O - V0J+a’0tV 0
o ves=-2
ot
Prob. 9.34
From Maxwell's equations,
VeD=p, =0, VeB=0, xE:—@, VxH = J+@
ot ot
VxVsz—,uéVxH — V(VeE)- VZE——,ua(J-i-a—D)
ot ot ot
But VeE=0, J=cE, D=¢E
0 ocE OE 0°E
~V?E =— E+—— |=—po—-
”at( th oo T
oE 0°E
V’E — uo—— e =0
iy el
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Prob. 9.35

@ VeA=0
o 0 0
x oy o1

VxA= =—§EZ—(X’t)ay¢0
0 0 Ext) X

Yes, A isapossible EM field.

() VeB=0

VxB =1i[10cos(a)t—2p)]aZ #0
pp

Yes, B isapossible EM field.

(c) VeC =£i(3p3 cot gsin wt)_wi 0
pp
V€ :li(cows”‘ wt)a, —3p2i(cot¢sin wt)a, #0
p b ap

No, C cannot be an EM field.

] o, .
d) VeD= sin(wt —5r)— (sin® @) # 0
@ Ve r2sind (@ )0”49( )
oD 170 1. ]
VxD=—-—""%a +=—(rD,)a, = =sin@(-5)sin(wt —5r)a, =0
X §¢rr5r( 9)¢r (=5)sin(wt —5r)a,

No, D cannot be an EM field.

Prob. 9.36
From Maxwell’s equations,
oB
VxE=—— 1
p 1)
VxH=J +@ 2
ot

Dotting both sides of (2) with E gives:
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Ee(VxH)=Ee J+Eo% @®)

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
0
He(VxE)+Ve(HxE)=EeJ+ 7/, —(DeE) (4
*(VXE)+Ve(HxE)=EeJ+})—(DeE) (4)
From (1),

He(VxE)=He ( %?] %% BeH)

Substituting this in (4) gives:
_}/Q(B.H)_v.(ExH):J oE+}/ﬁ(DoE)
2 ot 2 ot

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

jv-(ExH)dv=—§%j(E-D+H-B)dv—jJ-Edv

Using the divergence theorem, we get

JIExH)e ds_———jJ e Edv

S

or %:—m(Ex H)edS - IE e Jdv as required.
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Prob. 9.37
oH 1
VXEI-/JOE — H=——IVxEdt
22 2 oE oE
VxE =|0x o0y oz |= Zax—azay
0 0 E(XV) y "

= — c0s(127x) cos(10"t —ay)a, +127sin(127x)sin(10"t —ay)a,

1
H = ﬂoijEdt

-t [—a cos(lZ;zx)j cos(10"t —ay)dta, +127si n(lZ;rx)j sin(10"t —a y)dtay]

(]

= ﬁcos(ﬂﬂx) sin(10"t —ary)a, + %Sin(ﬂﬂ) cos(10”t~ay)a,

0 0

oD oE

But VxH="=¢ —
ot ot
8E 11 11
SOE=30(10 )cos(12zx)cos(10-t —at)a, @
229,
VxH=| ox y - [ - a:yxjaz
X
H,(x,y) H,(xy) 0
(1277) 11 o 11
= 7 C0s(1277X) cos(10™t — ary) + ——7 €os(127x) cos(10-t —ary) |a (2)
#,10 #,10"
Equating (1) and (2),
2 2
£,(10%) = (12”)11 2 _ 5 4e00%)=(27) +a’
10° 4,10
10‘g 10°

47zx10*7x3 (10%)=— 5 =144r* +a* —> «a=331.2

11 -11
‘1"011 _ 3‘11'2?;07 —2.636x10°, 1?311 zlj” Xig7 _3x10°°
H, % 1, 7

Thus,
H =2.636cos(127x)sin(10"t —ay)a, +3sin(12zx) cos(10™t — ary)a, mA/m
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Prob. 9.38
Vsz—yoa—H — H=—iIVxEdt
ot Ho
o o o]
VxE=| ox 0oy oz|=—"a,=-pE,cos(1200xt- fz)a, @
E,(z) 0 O
—u, % _ _#Eo (1900) cos(12007t - p2)a, (2)
n
Setting (1) and (2) equal,
pE, =#eEe (10007) >  p=1200%h 3)
n n
But VxH =g, &
ot
00 0 e
VxH=[0x oy 0z|= —a—yax :&cos(lzooﬂt - p1)a, (4)
z n
0 H(z) O
oE
&, P &,(12007)E, cos(1200zt — fz)a, (5)
Setting (4) and (5) equal,
p=¢,(12007)7 (6)
From (3) and (6),
120074, =¢,(12007)y — 7’ —to
80
-7
= oo [P0 190, -377
& o 10° =
367
From (3),
-7
p = 12007, 12007 x47x10° _ 46 107 1 257x10°5 radim
n 1207
Prob. 9.39 Using Maxwell’s equations,
V><HZO'E+<9E (c=0) —> EZEJ‘Vdet
ot £
But

STUDENTS-HUB.com

Uploaded By: anonymous



280

1 O/H 170 12sin @
VxH=- a +=—(rH,))a sin(2z x10°t - Br)a,
* rsind ap ' rar( 0)3 = pin(2m > AN
£ =220 5 sin(2rx10°t - pr)dta,
(o]
= 125|n0ﬂc os(awt — fr)a,, o =27x10°
2 0
Prob. 9.40
With the given A, we need to prove that
ViA= gaZA
arFt

VZA = us(jo) jo)A=-o ue A
Let p°=w’ue, then V*A=—p%A isto be proved. We recognize that
A=Lo_gingitig
4rr ’
o ifr "o
Assume ¢@= : A:Ar—"e“"t pa,
r

1 op.] 1 s 1) i
Vip= r’sin@ == e b
v rzsine[ar( dr)} 2[ (¥ )( r
1 N g e i
= (B +ip-ip)e " =-p———=-p

r r
Therefore, V*A=-p°A
We can find V using Lorentz gauge.

V = 1 IVOAdt= - 1 VeA
HEy Ja):uogo
-1 5(% e—Jﬁfeiwtj: 1 [_jﬂ—ije‘jﬁrej“’tcosé’
jouge, or \ Axr jog,(4r)\ 1 1?
V- cosd (jﬂ+1Jej(wtﬁr)
J4nwe,r r
Prob. 9.41

Take the curl of both sides of the equation.
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VxE =-VxVV —%VXA

But VxVV =0 and B=Vx A. Hence,
oB

VxE =—-——
ot

which is Faraday's law.

Prob. 9.42
oV oV X

V-A:%:E, — =—XC, —,uogo—:zc:5
0z ¢ ot ot ¢ C

Hence, V- -A=-pu.¢, N
ot

(a)

E=-VV —%:—(ﬂaX +ﬂaz)+ xa, =—(za, +xa,) + xa,
(b) ot OX 0z

E =-za,
Prob. 9.43

VDA:0=—;¢5% ——> V =constant

@ E=-VV —% =0-Awcos(wt - fz)a,

=—A wcos(at - fz)a,

(b) Using Maxwell’s equations, we can show that
B = o\ e,

Prob. 9.44
(a)
z=4,/30°-10,50° =3.464+2)—6.427 — j7.66 = —2.963— j5.66

=6.389/-117.64°
7Y% =2.5277/ -58.82°

(b)
1+ j2 2.236.63.43° 2.236/6343°

6-j8-7/15° 6- j8-7761- j1812 9.841/26557°

=0.2272/ - 202.1°
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© 2= 5313°)*  25/106.26°
" 12-j7-6- j10 18028/ -70.56°
= 1387,/176.8°
(d)
1.897/ - 100° 00349 - 66°
(576£90°)(9.434/ - 122°)  ——
Prob. 9.45

(@) H=Re[He"] 0=10°
H =Re[-10e/“*"¥a, | - H,=-10e""a,

(b)E, = 4cos(4y)e 1¥*a,

(c)sinA = cos(A—-90°)
D =5cos(wt—7/2+7/3)a, —8cos(wt—7/4)a,

D. =5e %3 —8e /"'*a

s X y

Prob. 9.46

(@) A =10e""?a, +20e'""a,

_ jot7 _ j(wt+7/2) j(ot-712)
A=Re[Ae’]=Re|10¢’ a, +20e! a, |
=10cos(wt + 7/ 2)a, +20cos(wt -7/ 2)a,

A=-10sinwta, +20sin wta,

(b)
B =Re[B.e']= Re[4ej(“"‘2“”’2)aX + 6ej(“’”2x’ay} = 4cos(wt — 2x+ 7 / 2)a, +6cos(wt + 2x)a

= —4sin(ewt - 2x)a, +6sin(ewt +2x)a,

(C)CS — 2ej71/2e—102e—j71/4aZ
C =Re[C.e/"]=2Re[e!“"* " e?g =267 cos(wt -z / 4+ 71 2)a,

=-2e""sin(wt -7/ 4)a,
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Prob. 9.47
(a) H, :%e‘32a¢
() VxH=5% > E=—[vxHt
ot £,
oH
But VxH :——¢ap li(,oH¢)a —isin(wt—3z)ap +0
oz PO p

0

E= —ijisin(a)t —3z)a dt :icos(a)t—Sz)ap V/m
&P PED

oE
(c) VxE=—Fa,= J sin(et —32)a,
oz PELQO
_%B —y(,%:Msin(a)t—Sz)%
o ot P
vxe--8 9 _ue
ot PELO P
2 9 3 8 8
0'=— -5 o= =3x3x10° =9x10° rad/s
/uogo :uo‘c"o
Prob. 9.48

We can use Maxwell’s equations or borrow ideas from chapter 10.

i

H,=o= 1OX9—02387
n 120 ——
® 27 x10°
p=ofus =&, =7~ 5-BL=607 =1885 radm
C X =
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S z

jou, @' pe,
Equating this with the given H,

(jo)*Y +4joY +Y =220°, w=3
Y(~o® +4jo+1)=2

2 B 2 2
~0* +4jo+1 -9+ j12+1 -8+ j12
=0.1387£-123.7°
y(t) = Re(Ye!) = 0.1387 cos(3t —123.7°)

VeD=p,/le=0, VeB=0

VXE:—@, VxH:J+é’—D
ot ot

Prob. 9.49
VxH, = jos,E,
o 0 96
VxH =|ox oy 0z |=-jl2ae'™a,
0 0 12/
Es _ V_X HS :—12aejaxay
Jog, WE,
But VxE, =—-jouH,
o0 2 o :
VxE, =|0x & az=85ya1:_j12_“
0 E,(x) 0 @&
2
H :_VxEs_ 12 oioxg

, 9 -16
12= 12205 - at=o’ue, — a’=00")x4zrx107 xlo =(10%)? X&

e 367 9
o=20_3333

3 - 5333
g, =12 girg 120073) cuowsy — _40(367)e™"a, = 4,533 a, kV/m

" , 10 y ! -
0 10° x
367

Prob. 9.50

=-0.0769— j0.1154

Prob. 9.51 We begin with Maxwell’s equations:

STUDENTS-HUB.com

Uploaded By: anonymous



285

We write these in phasor form and in terms of E; and Hs only.

VeE, =0 1)
VeH =0 (2
VxE, =—jouH, (3)
VxH, =(o+ joe)E, 4)

Taking the curl of (3),
VxVxE;=-jouVxH,
V(VeE,)-V’E, =—jou(c + jos)E,

VZE, +(0’ue - jouc)E, =0 —— V’E +y°E, =0

Similarly, by taking the curl of (4),

VxVxH,=(c+ jos)VxE,
V(VeH,)-V?*H, =—jou(c+ joe)H,

V?H, + (0’ pe — jouoc)H, =0 ——  V’H_ +y’H =0
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CHAPTER 10
P.E.101 (3)
T=2_ 2% _ 314 s

o 2x10

A=UT =3x10°x31.42x10° = 9.425 m
k=p=2r/k= 0.6667 rad/m
(b) t,=T/8=3.927ns

(c)
H(t=t)=0.1cos(2x10° —~
(t=t) (21075

as sketched below.

014

P.E.10.2 Let x,=+/1+(c/0¢)?, then

16
o= m\/“‘)zg" wee, (x,-1) :% ?Jxo—l

ac  1/3x3x10° 1
or X, —1= = =— —» x,=9/8
a)\/g 108\/§ \/§

81
x2=—=1+ (o /oc)? 2 05154
6 0e

—2x/3)a, =0.1cos(2x/3—x/4)a,
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X, +1
E: ot 2 17
o X, —1
V17
@ Pp=a~v1l7 = 3 - 1.374 rad/m
(b) ——-0.5154
(OX
u 120n+/2/8
c = = =17772
n=17772,1363°Q2
o 10° ;
d u=—= =7.278x10" m/s
B 1374 ———

0.5
177.5

P.E. 10.3 (a) Along -z direction

2
(b) % :%:ZnIZ: 3.142m

fo0 100 o M
Ton o | =2IeMEL

B=oyhe =0 fuse,qfne, = %«/(1)%

108

(€) 0,=0.nl=+/ule=Ju,le,41/c, =

a =agxa, —» —a,=a,Xxay

tan20, = 05154 ——> 0 =1363°

(e) a,=a,xa — a,xa, =a, —

a, =a,

e sin(10°t - Bz -13.63°)a, = 2.817e *"*sin(10°t — Sz -13.63°)a, MA/m

8
or\/zzﬂclw=M=6 _

1207

= 20n

—

& =36

a, =a

X
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H =%sin(a)t +B7)a, =795.8sin(10°t + 2z)a, mMA/m
T

P.E. 104 (a)
-2
o_ 10 Lo =0.09
we 10° 7z x 4 x
367
a=w ”—5_1+3(£j2—1_ -9 Jue i—&(z)(o 09) = 0.9425 Np/m
B 2 2\ we 2c H "we 2x3x10° ' '

_ —
f=w \/“—‘9 1%(1} +1 =310£8 J2[2+0.5(0.09)°] = 20.965 rad/m
X

E =30e %% cos(10° 7zt —20.96y + 7 / 4)a,
Att=2ns, y=1m,

E =30e **** cos(27 —20.96+ 7 /4)a, = 2.844a, VIm

, 10m
(b) By=10°= 180 rad

or

y=ZLl_ 7 _g35mm
18 4 18x20.965

(c) 30(0.6) = 30 e

1
0.0425 Mo - 242mm

1
y=-—"In(1/06)=

(d)

|7 |=
[1+1
4

ple 807 190910
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20, =tan"009 0, ,=2571"
ay =8, xag =a,xa, =a,

30

= me‘o.%ﬁy COS(109 nt—20.96y+7/4— 2.5710)ax

Aty =2m, t=2ns,

H = (0.1595)(0.1518) cos(—34.8963rad)a, =—22.83a, mA/m

P.E.105
= [ 9.0y = 3, @[ dy[er oz = Lo OW0
00 0 0 1+ J
|| |_ JXS(O)WS
2
P.E.10.6 (a)
Eac EZE or %\/ﬂxm?xmxlo x35x107 = 24.16
dc
(b)
3
Eac L0 10° x4z X107 x35x107 =341.7
dc
P.E. 10.7

E =Re[Ee"]= Re[Eoej“"e‘j%\X + Eoe‘j”’zej“"e‘mzay]
= E, cos(wt - Bz)a, +E, cos(wt - fz—n12)a,
= E, cos(wt - fz)a, +E, sin(at - f7)a,
At z=0, E =E, cosat, E, = E sinwt
cos’ wt+sinwt=1 —— (ET J{Ejz =1
E E,
which describes a circle. Hence the polarization is circular.

0
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(@) Let f(x,2)=x+y-1=0

vi a +a,

a =——= y dS:dsan
Vil 2
1 a +a
P=|P.dS=PSa = =nH %a, =L
t J‘ n 277 0 X \/E

1 2 2 _
=, 75 (1207)(02)" (01 = 5331 mW

1
(b) dS =dydza,, P=[%.dS = S1H.’S

1
P = 5(120“)(0'2)2“0'05)2 = 59.22 mW

P.E.10.9 n, =7,=1207,7, :\/Zzﬂ
&

2
2 _
_ P :2/3,F=M:_1/3
Nt My N+ 1My
E =TE = E
ro io — 3
10

rs

E,.= —?e”"ﬂaX V/m

where f, =0 /c=100n/3.

20
Eto = rEio = ?

E —%e‘”’zzaX Vv/m

ts

where B, = 0./e, /c= 28, = 2007 /3.
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P. E. 10.10
0 =0, B=2Jme =22 5 50=5c/2=75x10°
C C

T2 _ 01 _127

5
7.5%10° x 4x
367

e,

o, = %\/g[\m 14472 - 1] _ 6021

B, = %\/g[\/u 14472 + 1] _7.826

60
S - 95445,1, = 1207.c,, = 754

In,|= 77—
27 41+ 1441

tan20, =121r—-0, =3757°

n, = 95.445/37.57°

(@)
_m,-n, 95445/3757°-754

= = =0.8186/17108°
n,+n, 95445/3757°+754

1=1+ 7 =0.2295/33.56°

o LIl _1+08186 o
~1-|I'| 1-08186 =——

o

Ero = FEio = 0.818681.171'080 (50) = 40.93€j171-08°
Er — 40-93ej5x+j171.08°a

y

E, = Im(E,.e'") = 40.93sin(wt +5x +171.1%)a, Vim

ay = xag =—a, xa, =-4q,

(b) E, =50sin(wt—5x)a, = Im(E,e*"), where E, =50e'™a, .
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40.93

) N sin(wt +5x+171.1%)a, =-0.0543sin(wt +5x+171.1°)a, A/m

(c)
E, = 1E,, = 0.229¢%%" (50) = 11.475¢1%5’

E, =11.475¢ /135 g g

E, = Im(Ee’) =11.475¢ % sin(wt — 7.826x + 33.56°)a, V/m

a, =a xa; =a,xa, =4a,

~11.495

= g -6021x sin(wt —7.826x + 33.56° —37.570)3.2
95.445

=0.1202¢ *%*sin(wt — 7.826x - 4.01°)a, A/m

(d)
E. . E.

R =5 -8+ (-a,) = [50%a, —40.93%a, ] =0.5469a, W/m?
2n, 2n, 2(2407) _—

2 2
e = ——2—€7°" c0s 0 a, _ (LA7) 37.57°¢2%%q =0.5469¢ ***a, W/m®

2|n,| " 2(95.445)

P. E. 10.11 (a)

k=-2a,+4a, —>k =22 +4? =20

@ = ke = 3x108/20 =1.342x10° rad/s,

A =2x1k =1.405m

a xE (-2a,+4a,)

R = = Jao(200)

x(10a, +5a,) cos(wt —k.r)

= —29.6605(1.342x10°t + 2y —4z)a, MA/m
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|E, | 125 (-2a,+4a,)
_ a =

c) 9. = = =-74.15a, +148.9a, mW/m?
( ) ave 2770 k 2(120”_) m y z
P.E. 10.12 (a)
Y A
\ki\
0. ke
—rf
Br >/
/ Z
kr
tane—ﬁ—E 0. =2656=20
|_kiz_4—_>i_ ~Y = Yy
. Ho8g 1. . o
sinf, = sinf, = -sin26.56° —— 0, = 12.92
o€, 2 —_——

() n,=n,m,=n,/2 Eisparallel to the plane of incidence. Since p,=p,=p,,

we may use the result of Prob. 10.42, i.e.

) tan(, - 6,) _ tan(-13.64°) 02946
7 tan(e, +0,)  tan(39.48°) '
2€0s26.56° sin12.92°
V7 5in39.48° cos(- 1364°)

=06474

() k,=-psinda, —pcosfa,. Once k isknown, E;is chosen such that

k,.E, =0or V.E, =0. Let
E, =

tE, (-cosf,a, +sind,a,)cos(wt + f,sin 6,y + 3 c0s 6, z)

Only the positive sign will satisfy the boundary conditions. It is evident that
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E; =E,(cosfa, +sinda,)cos(wt +2y —4z)
Since 6,=0,,

E, cosb, = I E, cosd, = 107}, = -2.946
E, sinb, = I,E;sinb, = 57, = -1473
p,sinB, =2,p,cosb, =4

i.e.
E, = -(2946a, - 1473a,)cos(ot + 2y + 42)

E,=E; +E, =(10a, +5a,)cos(wt + 2y —4z) +(-2.946a, +1.473a,) cos(wt + 2y + 42)

Vim

(d) k,=-p,sinda, +p,cosfa,. Since k, o E =0, let

E, = E,(cosfa, +sinfa,)cos(wt + B,ysing, — B,2¢0s6,)

Po=0use, = Bm/;: 2420

1 9
sinf, = —sme cosh, = ——
t 2f V20

B,cosh, = 24/20 5 - 8718

19
E,, c050, = 1,,E, €080, = 06474+/125, 7 =7.055

1
E, sinb, = 1, E, sinf, = 064744125 20" 16185

Hence

E, = E, = (7.055a, +1.6185a,) cos(wt + 2y ~8.7182) V/m

(d) tand,, = i—z S2— 50, = 6343°
Ve, Uy = 0945
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P.E. 10.13

S 1+04 14 a3
'"1-04 06 =
o - 1+02 12 4
°71-02 08 =

Prob. 10.1 (a) Wave propagates along +ay.

(b)
2 27
T=—"n= =1us
w 27rx10° L
izz—ﬂzz—ﬂzl.047m
p 6
6
:%:2“10 —1.047x10°m/s

(c) At t=0, E, = 25sin(-6x)=-25sin6x

. 2n T . T
At t=T/8, E, = 25sin( T8 6x) = 255|n(4 -6Xx)
o 2n T .
At t=T/4, E, = 255|n(?z— 6x) = 25sin(-6x+ 90°) = 25c0s6 x

o 2n T . .
At t=T/2, E, = 258m(TE_ 6x) = 25sin(-6x+ 1) = 25siN6X

These are sketched below.
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af
0
A
_20 i 1 I‘ 1 1
0 04 1] 15 2 25 3
ol : : : :
D o
ol ?$+UT!8
1 1 1 1
0 04 1 1 15 2 25 3
I . : . .
X A +UTH
+u
_20 i 1 + 1 1
0 0.5 1 [ 15 2 25 3
ol . : . . .
0
A +uTr2
-0f s i s

1
25 3

[}
[}
o
o
[gul

Prob. 10.2
8
@) z:%: 3220 ~5x10° m
8
(b) A= zxige ~150 m
o° —20m
8
©)a=20 _o5m
120x10° =——
8
(d) 4= 23:1509 ~0.125 m
4 X
Prob. 10.3
(@) ©=10° rad/s
8
) p=2= 31—0108 — 0.333 rad/m
C X -

(c) A= 277[ =67=18.85m
(d) Along -ay
At y=1, t=10ms,
(e) H =0.5c0s(10%t x10x10°° +%><3) =0.5cos(1+1)
=-0.1665 A/m
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Prob. 10.4
(a)
% _ _sin(x+ at) —sin(x— at)
OX
0°E
vl —COos(x + at) —cos(x — wt) = -E

% — —sin(x+ ot) - sin(x— at)

O’E _ 2 2 _ 2
pve =—° COS(X+ wt) — @ coS(X— wt) = —w
2 2
OF 2 CE_ ErwE=0
ot OX
if @ =u’ and hence, eq. (10.1) is satisfied.
(b) u=w
Prob. 10.5 If

v2= jop(o+ joe)=-0’ue+ jops andy =a + jp, then

[121= V(0” - B2 + 40 ’p? = (a® +p?)* = a®+ B’
i.e

a?+pi=0py(c’+0%?) 1)

Re(y?)=a’-p*=-0’ue

BP-a’=0’ne (2)

Subtracting and adding (1) and (2) lead respectively to

(b) Fromeq. (10.25), E (z)=E, e a,.
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VXE:_ja)/'le EEEE— HS:LVX ES:L(_]/EOe—;/Zay)
wu U
But H,(z)=H,e"*a,, hence HOZ_o:_J_"/E0
N op
_ jou
T]—_
Y

(c) From (b),

i, - jou I G
Viop(e + joe) Vo + joe \/1_ A
0e

Prob. 10.6 (a)

From eg. (10.18),
H - 1/2
y=v jou(o + joe) Z\/ja),uja)e(l—J—o-) = jo ue (1_J_Gj
we WE

Assuming that T 1, we include up to the second power in 7 and
& &

neglect higher-order terms.

2 2
¥ :z\/Z 1- O; + jonf ue 1+% =a+|p
2 V¢ e 8we

Thus,
2

O
ﬂ:w\/ﬂg (1+8T

[
Prob. 10.7
()
o 8x107° _3
o _ =
WE o o BOX10° x3.6% 0

6r
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2
UE o _ 27x50%10° \/2.1><3.6
a=w == 1+ —| -1| = J65-1] =5.41
2 (ng 3x10° 2 [ |
6‘_ O ? |
B=w [ 1+(—j +1| =6.129
2 wE

B 27 x50%10°

=5.125%x10" m/s
6.129 —_—

SRS

m"s:

(d) Inl=

tan29n -2 8——o 9n = 41.44°
we

n=10141/4144°Q

H, :akx5
n

(€)

n n

6 _ 6 _ 1440
a x—e’'a, =——e"a, =-59.16e " * e7*a mA/m

Prob. 10.8

-2
10 _15

(@ tang= g
&

10°°
6r

277 x12x10° x10 x

10

(b) tan@ = —=3.75x10"

10

67

27 x12x10° x 4 x
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4

\I

(c) tand= 74.0

10°°
6r

27 x12x10° x81x

B 27 x15x%10°
3x108

\/1>< 9.6
2

s-1_685m

(04
(b) A=al=0.146x5x10"°=0.73x10"° Np
Prob. 10.10

If o=c¢w, the loss tangent is 7

[\/1+ 9x10°® —1}

2
B=w L 1+(ij +1|=27C 22 +1
2 e A, V2
8 -9
_M\/Ex47rx107x4x10 (1.5538)
12x10 2 36
=115.06 rad/m
8
_o_z2re_  2mx3A0 ) a650410° mis
B Ap 12x1072x115.06
Prob. 10.11

For silver, the loss tangent is

EQ
2
a=o || ] 2| -1 _a)\/“g[\/uf —1}2(0 £[J2-1]
2 wE 2 2
SR
ﬂ’o
9
Z”C,/”‘g 2”X3X120 \/— a7 x107 x 4x 20 (0.6436) = 47.66 Np/m
12x102 \2 367 BASAATE
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-
i—&_a 1x18x10° 0 1

P TE
67
Hence, silver is a good conductor

For rubber,

-15
< - 10 :1—81 1040 1

9
277 x10° x3.1x 10

¥4
Hence, rubber is a poor conductor or a good insulator.
Prob. 10.12
o 4

= — - = =9,000>>1
we 2rx10°x80x107 /367

5
azﬁzdauzlo- :\/272';10 x4rx107" x4 =0.47

5
() u:wlﬂzzmdo =5x10° m/s
04r
2n
(b) A=21/p=——=5m

() 3=1/a =5, —=07%m

(d) n=n£6,,0, =45°

(

n=0.4443/45" Q

=0.4443

| ﬁa)g \/47zx10_7x27zx105
&

4

Prob. 10.13 (a)
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T
T=1/f=2n/0=—""7=201s
2
(b) Let x-= 1+(ij
me
a X—l 1/2
FZ(H 1]
But oc=9 alad Xx-1
cV 2
8
x 1= ¢ 0310 aerer L x—1.0046
. [Hée 7x10°/2
2
X+ 1) vz (2.0046]1’2
Y AR [ 1=2
p (x—l 00045 012088
2n
h=2n/p = ee=3m
Jule 377
C = = :188.1
©) i Jx T 2410046

2= 0096 = tan20, ——> 6, = 274°
n=1881/274° 0

E, =7/H, =12x188.1= 2257.2

a, xa, =a, ——>a, xa, =a, ——a; =4,

E =2.257e " sin(zx10°t —2.088y + 2.74°)a, kV/m
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(d) The phase difference is 2.74°.

Prob. 10.14

This is a lossy medium in which p=p,.

o 2
Let x:(—j
&

jou j2rx10°x4rx
T, T 100+ j200
E, =0.05x35.31=1.765

a; =a, xa, =-a
Thus, we obtain

E =-1.765c0s (27 x10°t —200x + 26.57°)a, V/m

8
= W3) :a'_02100><3><10 :E

) 27 x10° pa

=35.31£26.57

A

gr%:4.776 — & =1432
o 4 o
tan 26,7 === — 6,7 =26.57
we 3
377
17 |- Jule 1432 _ ;49
Nn+x  5/3

E, =|n|H, =77.175x50x10"° = 3.858
aE = _(ak ><aH ) = _(ax ><ay) = _az
E =-3.858e'® cos(27 x10°t — 200x + 26.57°)a, V/m
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Prob. 10.15

O - 1 = =45

D& 2 rx10°xdx
6r

2
a=w ’u—g{ 1+(i] 1]
2 wE

= 27z><109\/477[><107 ><4><9><]'0

-9

[\/1+ 452 —1}
T
_ 2077+/2[\/21.25 —1] =168.8 Np/m

2
b= ”7‘9[ 1+(i) +1] = 20774/2[/21.25 +1] = 210.5 rad/m
weE -

tan26, = —4.5 —> 0,=3873

,u/s 12071\/9/

=263.38
41+ 452
41+
a)e

n=263.38/38.73° Q
o 27x10°

B 2105

vis

=2.985%x10" m/s

Prob. 10.16
@  B=65-0Jus, ="

o= 8¢ =6.5x3x10° =1.95x10° rad/s
_2% 2% 9666 m

B 65
(b) For z=0, E,=0.2coswt

Forz=1/2, E, —OZCOS(a)t—ZTﬂ—)——O 2C0s wt

The two waves are sketched below.
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200

=
o
o

M2

Amplitude (mV / m)
A
o
o o

R
o
o

_300 | I |

Time t (ns)

() H=H_,cos(ot—-6.52)a,

E,_02_ 5.305x107*
77

0

o
ag xa, =4a, —> a xay =a4a,
H =0.5305cos(wt —6.5z)a, mMA/m

Prob. 10.17

_2_7[_ 27

ﬂa)\/E

A

\/Zz’%zﬁzz.zss — & =5224
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Prob. 10.18 (a) Along -x direction.

(b) =6, w=2x10°,
B:w\/u_:%,/u,sr

8
J& = el o 6;3;‘;:) =9 — =81

E=6,6, = x81=7.162x10"" F/m
ju —==cr=

) n=Jule=JuleJule, =%=41.89 Q

E, =H,7=25x10" x41.88 =1.047
ag xa, =a, —>a; xa, =-a,—a; = a,

E =1.047sin(2x10°t +6x)a, V/m

-6
Prob. 10.19 (a) 2 = 10 - =36x10" <<1

we 27 %10’ ><5><1

6z

Thus, the material is lossless at this frequency.

7
(b) B =wuz =%\/Sx750 —12.83 rad/m
. 12.83

(c) Phase difference = pl= 25.66 rad

) n=fule= 1zo;r\/‘Tr 1207 /75 _ 462 kO
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Prob. 10.20
()
o 1087 =«
s =—=—"_=22-1.0472 rad/m
OVHE =TT 5007 3 ——a
(b)

10°t, — X, =7

1087z><5><10‘3—%xo=7r — >  x,05x10°m

(c)
H = H, sin(10°zt — #x)a,
E, 50x10°

n 1207

ay = xag =aq,xa, =-4a,
H =—132.63sin(10° 7t —1.0472x)a, uA/m

Prob. 10.21
This is a lossless material.

\f 377 \/’T 105 @)

_7.6x107 @)
R

From (1)

#1056 5785 (Da

& 377
From (2),

7
1 _76x10 49533 2)a

e 3x10°
Multiplying (1)a by (2)a,

1

—=0.2785%x0.2533=0.07054 —— ¢, =14.175

Dividing (1)a by (2)a,

E=0 —— sin(l0®zt,—pBx,)=0=sin(nz),n=12,3,...
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Prob. 10.22
a, a, a,
oE
VxE = ﬁ i iz__yax+£ay
(@) OX oy 0z 0z oz
E.(zt) E/(zt) O

= —63cos(at — fz)a, +8sin(at - fz)a,

But VxE =—ﬂ@ — > H :—iijEdt
ot 7,
H= %sin(a)t - p1)a, +%cos(a)t - B2)a,
y770) y770)
6
(b) f = ofue =2 Ja5 = 2400 e 1 977 radim
c 3x10 =
L2 2T apas
g L1777
u 1207
=,[—=—F—==177.72 Q
7 & 45
1 c  3x10°

=1.4142x10° m/s

Prob. 10.23
(a) E=Re[E.e""]=(5a,+12a,)e** cos(wt—3.42)

At z=4m, t=T8, ot- = _T
IR S B

E =(5a, +12a,)e™* cos(z / 4—13.6)

| E |=13e*®|cos(z/4-13.6)|=5.662 V/m

(b) loss =ad4z=0.2(3)=06 Np. Since 1 Np=238.686 dB,

loss = 0.6 x8.686 = 5.212 dB
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a X—1)l/2

B_(x+1 =02/34= -

x-1

m=1/289 e X = 100694

@ =o0que/2dx-1= 0%\/erZ\/X—l

tn20, = = {x'-1-0118 —> 0, =3365°
7 =36.896./3.365° Q

Prob. 10.24
2a° 2x122
—> o=

8
g et 0230 .5, 4 -10368
2 oJx-1 10°/0.00694
M, 1
&, \/g_r 1207
17 ]= _ —36.896
NN J103.68x1.00694

ouc
o= = =
p 2 ou  2rx10°x47x10”

n=ln|26, = |2 45°

O
e %_\/27r><106><47z><10"7
T\ 36.48

E, =7|H, =0.4652x20x10"° =9.305x10"°

ag =a, xa, =a,x(-a,)=-a,

E =E,e “sin(wt+ fz)a,

—9.305e ***sin(27 x10°t +12z + 45°)a, mV/m

=0.4652

=36.4

oo
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o ()
Prob. 10.25 For a good conductor, E» 1, say E> 100

-2
@) 7 _ 10 =15 — lossy
w

9
27 x8x10° x15x =0
or

No, not conducting.

Prob. 10.27 (a)

L 600

= == - - =2.287Q
oS ora® 5.8x10"x7x(1.2)°x10

b) R, = :
() Re c2nad
(see Table 10.2).

R - 600
*  5.8x10"x27x(1.2x107°)x6.6x10°

=207.610

-3
) Re_2_ 5_ ) 86:1x10

R, 20 Jf

(b) 9 - 0.025 10° =3515 ——>  lossy
D¢ 27 x8x10° x16x
67
No, not conducting.
(c) 9 - 25 107 =6944 ———  conducting
we 27 x8x10° x81x
367
Yes, conducting.
Prob. 10.26
1
a = = —
d 0

But u :%:&o: 0.02x10° x 27 x100x10° = 47 x10° =1.256x10* m/s

At 100 MHz, 6=6.6x10" mm =6.6x10° m mm for copper
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\/T 3 66.1x2x10°° _ 66.1x2
a 1.2

> f=12.137 kHz

Prob. 10.28

(@) Copper is a good conductor.
a = Jrt uo = rx10° x4z x107 x5.8x10" = 27x10°/5.8
a =1.513x10° Np/m

1 1

(b) - -~ __-6.609x10" m
a 1513x10° 77—
©) p=ifl_ 1) - =26.09(1+ j)x10”° O
oo 5.8x10"x6.609x10
Prob. 10.29
o= 1 > = 5 1
Jrtuo o muoc
— L _ ~1.038 kHz
4x10° x x4 x107" x6.1x10" =
Prob. 10.30
) ! ! ! =8.531 mm

- \/ﬂf,ua - \/7Z'X5.8X107 (60)47 %1077 B 274/5.8(60)
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Prob. 10.31

This is a good conductor.

n= /%4450
o

6 -7 2
24.6:\/27Z'X12><10 x 477 %10 :\/167r (0.6)
(o2 (o2
2
- :M:O.BGG S/m
2460 @ ——
ﬂzaziziz8.333 rad/m
5 012 ———
4227 27(012)=0.754 m
B
u=2 = w5 =27x12x10° x0.12 = 9.05x10° m/s
Prob. 10.32
o _ 0.12 5 =01623
DE 2w x2.42x10° x5.5x%
671
This is a lossy material.
2
a=aw |2 1+(ij -1
2 s
o |4z . 10° >
= 27x2.42510°) [0 x107 x5 5x [\/1+0.1623 —1J
T
=15.21(10°)(10°)+/0.01308
~17.39
1
0=—=57.5mm
(04
Prob. 10.33
5 ) -6
t=55= = ~2.94x10"° m
Jrfuo rx12x10°x47x107 x6.1x10"7 —
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Prob. 10.34
g - 4 =15
P8 rx2x10°x 24x——
367
-9
. oV 47rx10‘7><24><£ .
a=w = 1+(—j ~1| =27 x2x10° 367 [ 1+(L5) —1}
2 we 2
=130.01 Np/m
10°E, =E e ™™
Taking the log of both sides gives
Sin0=—ad — d=1110_5IN10_ 4 0ee6 m
a 13001 =———

Prob. 10.35

(a) Linearly polarized along a;,
(b) w=27xf=27x100 —— f=10"=10 MHz

(c) g
Jo 2P 303, —205.8
o 27x10 =
Let H =H,sin(ot-3y)a,
n e Je 1432
(d) Ho:i=0-456
26.33

a, =@, xag =a,xa, =34,
H =0.456sin(27 x10"t —3y)a, A/m

Prob. 10.36

E =(2a, —5a,)sin(at — Bx)
The ratio E /E, remains the same as t changes. Hence the wave is linearly polarized
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Prob. 10.37

(a)

E, =E,cos(wt+By), E,=E,sin(at+py)

E,O.t)=E,cosat —— cosat= )
E,(0.t)

E,(0t)=E,sinot —— sinot=

2 2
E
cos® wt +sin wt =1 —> [%) +(—yJ =1

0

Hence, we have circular polarization.
(b)

E,=E,cos(wt—pBy), E,=-3E,sin(at-AYy)
In the y=0 plane,

Ex(oat):EOCOSG)t _ COSa)t:EX(O’t)
; . -E,(0,1)

E,(0,t)=E;sinot —— sinot=—7"—-—
3E,

2 2

E

cos?ot+sinfat=1 — |B| [ E] 4

E, 9 E,

Hence, we have elliptical polarization.

Prob. 10.38

(a) We can write
E =Re(E.e") = (40a, +60a,) cos(wt —10z)

Since E,/E, does not change with time, the wave is linearly polarized.

(b) This is elliptically polarized.
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Prob. 10.39
(a) The wave is elliptically polarized.

(b)
Let E=E,+E,,

H, = H, cos(at - pz)a,,
H,, _40_ 40 5106
n, 1207
a,, =a xa =a,xa, =4,
H, =0.106 cos(at — fz)a,
H, =H,,sin(at - pz)a,,
H, =90_ 50 4150
n, 1207
a,, =8 xag =a,xa, =-a,

H, = -0.1592sin(wt — f2)a,

where E, =40cos(wt - fz)a,, E, =60sin(at - B2)a,

H=H,+H,=-159.2sin(wt - fz)a, +106 cos(wt — fz)a, MA/m

Prob. 10.40
We can write Eg as

E,=E (2) +E,(2)
where

(ax o jay)e_mZ

0

1
E.(z2)==E
() 5

E,(2) = % E,(a, + ja,)e "

Prob. 10.41

(a)
When ¢ =0,

E (y,t) = (Eolax + E02az) COS(a)t - ﬂy)

(b)
When ¢=1x1/2,

E, =E,,cos(wt - By +7r/2)=-E_,sin(wt - £Y)

The two components are in phase and the wave is linearly polarized.

We can combine E, and E, to show that the wave is elliptically polarized.

We recognize that E, and E, are circularly polarized waves. The problem is therefore provjed.
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(c)
When ¢ =1,

E(y,t) = E, cos(at - py)a, + E,, cos(wt — Sy + 7)a,
= (Eol a, — E02ay) COS(a)t _ﬂy)
Thus, the wave is linearly polarized.

Prob. 10.42
Let E,=E,+]JE and H,=H, + jH,

E = Re(E.e'") = E, cos ot — E; sin et
Similarly,
H =H, cosat — H, sin ot

P=ExH=E, xH, cos’ ot + E, x Hisinza)t—%(Er xH, +E, xH,)sin 2wt

T

T T T
B0 == [ Pt =2 [cos® @OH(E, x H,) + = [ sin’ @0t(E, x H,)~ = [ sin 200t(E, x H, + E, H,)
0 TO TO 2TO

1

ve T
1 1 . .

:E(EI’ x Hr + Ei x Hi):ERe[(Er + JEi)x(Hr - JHI)]

‘(J?ave :% Re(ES X HS*)

as required.

Prob. 10.43
(@

8
Jg—r:EZSX?)XglO _94
10

S

5.76

=5.76
(b) f7=\/z= My 1377 157,
£ &, \/Z 2.4

9
) u =%=%=1.25x108 m/s

(d)

e
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Let H =H_cos(10°t+8x)a,
E 150

H, =—2=—"2"-0.955
n 157.1

a, =a, xa. =—a,xa, =a,
H =0.955c0s(10°t +8x)a, A/m
(e)
2 = E x H = -150(0.955)cos? (10°t + 8X)a,
=-143.25c0s”(10°t +8x)a, W/m?

Prob. 10.44

2

E
= ExH =—2cos’(wt-102)a,

2
p— [ 2, o5 =Es3 (40 xr(LE)’ _ (60 ..
! 27 2x120r 240

=

Prob. 10.45
(a)

Let Hszisiné?e‘j“aH
r
E, 10 1

0

° "y, 1207 12z
Ay = X3 =a,xa, =4,

H, :ismﬁe Jsra A/m

127zr
(b)
10

P :lRe(E H,)=————sin’*#a,
2 2x127xr

P = [£.0S, dS=rsinododga,

ave
S

n 7l6
avez% I rZSin3 6do =§—i—0007145

7T 50620 r=2 8
=7.145 mW

STUDENTS-HUB.com

Uploaded By: anonymous



318

Prob. 10.46

IESI)_ 8’
[7|" 2|n|

-0.2z
€

1 o 1
a) P, =-Re(EH))=
() ave 2 ( S S) 2

a_vX-1_1/03=1/3
p X+1
x1 1 ——> x=5/4
X+ 9
2

S 1+[2] — Z-3/4
4 we ws

“ -

g _1207/N8L _ o7 657

Vis
F F
a)g

e "% =0.8541e*** W/m?

2(37 4657)

(b) 20dB=10log~ —— - _100
PZ P2
Po_gon_ L em_ggg
P 100

z=5l0og100=23 m

STUDENTS-HUB.com

Uploaded By: anonymous



319

Prob. 10.47
fc 2x3x10° o
@ u=w/ —> w=uf= = =2.828x10° rad/s
g d V4.5 V4.5 -
1207
M= = 17770
45
H=akxE=ix4—Osin(a)t—22)ap: ' Ssin(a)t—Zz)a¢ A/m
n n p

(b) P=ExH :%sinz(a)t—ZZ)aZ W/m?
P

€) 2. =%ap s = pdgdpa,

3mm 2r
Pre=[ P edS =45 | 9o [ dg = 45In(3/2)(27) = 11.46 W
0

2mm

Prob. 10.48

2

P=ExH= E"Z sin®@sin’ w(t-r/c)a,
r

2

.
ES .
P..= le‘fl’ dt =—2_sin’ fa,
0

2nr

Prob. 10.49
B=2 —  w=pc=403x10°)=12x10° rad/s

- 12x10" rag/s
E =1ij Hdt

&

9 9 9

VxH =|0ox oy 0z

0 10sin(wt—40x) —20sin(wt—40X)
=800 cos(awt —40x)a, —400cos(wt —40x)a,
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E= lex Hdt :—@sin(a)t —40x)a, —ﬂosin(wt —40x)a,
& & e

800 : 400 .
=——————sin(wt - 40x)a, ————————-sin(wt - 40X)a,

12x10° x —— 12x10° x ——
67 367

=—7.539sin(wt —40x)a, —3.77sin(wt —40x)a, kV/m

0 E, E,
P=ExH=

o 1 n|"EH-EH

=[20(7.537)sin’ (wt — 40x) +37.7sin* (wt - 40x) |a 10°

Poe = %[20(7.537) + 37.7]aX103 =94.23a KW/m?

Prob. 10.50
E2
P=- °©  —— E2=21,P=2(1207)10x10"° =7.539
7,
E, =2.746 V/m
Prob. 10.51
Let T=ot-pz.
5 2 2 2
_E =VxE=| ox oy oz
cosT sinT O

—y%_l = pcosTa, + psinTa,

H= —E_"[cosTaX +sinTay]dt = —isinTaX +£C03Tay
U HQ Ha
cosT sinT 0 5
P =ExH= : =-L-—(cos’T +sin’T)a
8 B Gint LoosT 0 ,ua)( )2,
HO HO
:ﬁaz = Ea'z
H@ u

which is constant everywhere.
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«=| 2.8, dS=pdpdga,
S

2r b

e

Since n, = cyue,

= C\/l"’ogl’

Prob. 10.52
2
poro
27,
2 3\2 —4
P_ps_ E.S _ (2.4x10%)° x450%10 _3438 W
21, 2x377
Prob. 10.53
| .
P =ExH=—722——sin’(at- B2)a
H = tinra) " (AR
17 A A 1
a ¢7) —|Pdt=——2>°> sin t— [z dta =——20 _ 3
@ T-([ 2 In(b/a)T-[ (@t=p2) 2707 In(b/a) 2
AR
47zp In(b/a)
(b)

V1 1 VI
—00 =—2°_ _(27)In(b/a
47rln(b/a)¢jop-[a PP ainora) MO
:Evolo
2
Prob. 10.54
E.’ E,.’ E,’
(a) i,ave = ° Prave = n ! P ave = °
2n,’ ’ 2n, " 2n,
2
R = F)r,a\ve _ Ero2 _rzz(nz_nlj
I:)i,ave Eio2 nZ + T‘ll
/ /Ho
(\/“081 \/“oazj
M051+\/H082

n,=c

MOSZ’
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_ 'tawe 771 Et02 Zﬂfz :ﬂ(l_i_l")z :ﬂ

Pae ™ Eq 7, 7, (n,+ n2)2

(b) If P = Pt,ave E— RI:)I ave = TF)I ave R = T

r,ave

ie. (n,-n)*=4nn, —— n’-6nn,+n? =0

2
or (ij —6(&j+1=0, S0
I"|2 n2

h=3s J8-5828 or 01716

2
(Note that these values are mutual reciprocals, reflecting the inherent symmetry of the
problem.)

Prob. 10.55

0 770 O 770
16¢,
-1

2 770/4 770/2 _1’ = 1"+1_§

f71+772 4+, l2 3

E, = _5(60)sin(a)t +102)a, —%(BO)sin(a)t +10z+ 7 /6)a,

=—20sin(wt +10z)a, —10sin(wt +10z + 7 /6)a, V/m

E = % (60)sin(wt —10z)a, + % (30)sin(wt —10z + 7 / 6)a,

= 40sin(wt -102)a, + 20sin(wt —10z + 7z /6)a, V/m
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Prob. 10.56
n, =n, =120, n, = 2 &=ﬂ=40ﬂ'
& 9¢, 3

ro/=h _M/3=m _ L 1sr=t
mt+n n,13+n, 2 2

E =TE,=-E, /2, E =rE =E, /2
_|EF_E;

lave 2771 2770

o IEF__4% El3

2n, 2n,13) 27,4
Ptave §: 75
Piave 4 I
Prob. 10.57
(@) Ni1=To

E, = E, sin(wt —5x)a;
E., =H,n, =1207r x4 =480~
dg Xay = ——>aqg xa, =a, ——>a =-a

z

E, =480z sin(wt —5x)a,

g [ _120m o
4g, \/Z
“m. 607 - 120
po 2= IRZ2EOR g8 14T =2/3

n,+1n, 60n+120n
E,, =TE,, =(-1/3)(—4807) =1607

E, =160z sin(wt +5X)a,

E, =E, + E, =-1.508sin(wt —5x)a, +0.503sin(wt +5x)a, kV/m
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(b) E, =1E, = (2/3)(4801) = 320n

E,’ . (3207)°

P=—0 g = , = 2.68a, kw/m?
2n, 2(607) —_—
4| 1+1/3
= = :2
© = n 11372
Prob. 10.58 1, = /%=no/2, =,
1
r=2"M g3 L _1ir-4/3
T]z"'nl

E, =TE, =@1/3)(5)=5/3, E,=7E,=20/3
W 108
=—. =———~4=2/3
p=me, =g
S 8
(@ E, =§cos(10 t—2y/3)a,

E, =E, + E, =5c0s(10°t +% y)a, +gcos(108t —% y)a, V/Im

E ? 25 1
b P =—° (—a + Erg a)= —>)(-a, ) =-0.0589a, W/m?*
(b) el 2771( y) ( y)= 2607 )( 9)( v) y
c) 2 =Et_02(_a ) = 4—( a,) =-0.0589a W/m?
M2 2m, 0 YT 9(2)(1207) Y
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Prob. 10.59
9
o= ot = oz = 216 =22~ 300(4) ~1200
X
9
,—o Z 90><1(t)3 300
3x10

\/7 / / Ay ’7° =307, n, =n, =120z
/.

- ’70’4 S .
772+771 770+770/4 5 5
L =ExH
602 (60X§)2
P=P+F=——cos’ (ot - fz)a, +——2—cos* (ot + B,2)a,
U h
3
2 2 (60x -)?
007 _ 80" _ 38107, — 5 1375
m 307 Ui
2 =38.197 cos® (wt — B,2)a, +13.75¢c0s’ (wt + B,z)a, W/m?, where S, =1200
(60><§)2
2 =F=—3—cos’ (et - f2)a,
8
(60x—-)° 2
5 - % _ 5446
n, 1207

= 24.46cos’ (ot — B,2)a, W/m?, where £, =300

Prob. 10.60
@) Inair, p, =LA, =2n/p,=21=6.283 m

o = f,c =3x10° rad/s

In the dielectric medium, « is the same.

@ =3x10° rad/s

R N
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2 2
L, ==L - 36276 m
, 3 =
E, 10
b) H,=—>=-——=00265
(b) ° 1, 120z

ay =3, xa; =a, xa, =-q,
H, =-26.5cos(wt — z)a, mA/m

€) m=n, m=n,13

Mo~ 1M, (1/\/5)_1
I = - -_0268, t=1+T =
n,+n, (L/43)+1 ———

o
N
w
N

(d) E,=tE, =732, E,=IE,=-268

E, =E; + E, =10cos(at - z)a, —2.68cos(at + 2)a, V/m

E,=E, =7.32cos(awt-2)a, V/Im

P :i(az)[Eio2 ~E = #(az)(loz —2.68%) =0.1231a, W/m?
2m, 2(1207)
2
P = By (a,)= V3 (7.32)%(a,) = 0.1231a, W/m?
2n, 2x1207
Prob. 10.61
n, =n,=1207

For seawater (lossy medium),

. - 8
"= o, _ J27x10" x4 =104+ [9.333
OTIOE 4t j27rx10° x81x -

67

r="2""h _(9461,177.16
n,+mn

IT?=0.8952, 1-|T'|=0.1084

R _1084%
R

B _g951%,
R
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roL=h _ 7.924 /43.975-377
n,+n, 1.924/43.975+377
The fraction of the incident power reflected is

=0.9702.178.2°

% | T"[/=0.97022 = 0.9413

The transmitted fraction is

L —1-|T P=1-0.9702° = 0.0587

-o|o

Prob. 10.62

(@)
1207 u, 1207
= |[= =——=188.5, = /— =——==210.75
Th A Ja U é, 32
ro= _ 210.75-188.5 _ 00557, 7= 2, _2x21075
n,+mn, 210.75+188.5 n,+mn, 210.75+188.5

E, =TE, =(0.0557)(12) =0.6684 E, =E, =1.0557(12) =12.668

8
Bi=w /ﬂlgl :%\/Z — s w= B.c = 407(3x107) =67 x10° rad/s

1.0557

2 2
(b)
9
B, = ofle, =232 = I0NIZ 1154
c 3x10

E, =E,, cos(wt +407x)a, = 0.6684cos(6x x10°t + 407x)a, V/m

E, = E,, cos(wt — 3,x)a, =12.668cos(67 x10°t —112.4x)a, V/m

Prob. 10.63 (a) @ = fc=3x3x10% =9x10° rad/s

(b) A=2x1p=27213=2.094 m

©) T=— 4 _y-p.288
we 9Ix10°x80x10" /367 —_

tan20, = —=6288 —— 0, =4047°
e

Ju,le, 3771480

In,l= =
? o. )2 A1+4n?
414| —2
oe,

=1671
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n,=167124047° Q

@) 1ol 167174047377

= =0.935/179.7°
n,+m,  16.71/40.47° +377

E, =TE, =9.35/179.7°

E, =9.35sin(wt -3z +179.7)a, V/Im

a,

2 8
o O T T Y L ﬂ[\mmﬁ —1}:43.94 Np/m
c 2 e, 3x10° V 2

8
B, - gxigs %[\m 4 +1} ~51.48 rad/m
X

0
e 2, _ 2><16.7144?.47 —0.0857./38.89°
n,+n, 16.71240.47° +377

E,, =E, =0.857./38.89°

E, =0.857e%%7sin(9x10°t +51.48z +38.89°)a, V/m

Prob. 10.64

Induced Currents on the surface

o = 0 Standing waves of H _

CurveOisatt=0;curve lisat t=T/8; curve 2 isatt=T/4; curve 3isatt= 3T/8, etc.
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Prob. 10.65 Since p, =

sinf —8
i

t1 = 8
sing,, =sing, /

Prob. 10.66

Li=Ho,s

-03333 —o 0, =1947°

OOII—‘

04714 —— ,=28.13

j —j jk —jk
E - ZO(GJkXX —e ]kXX) (eJ yY +e ] yY) .
S j2 2 z
__ j5[ej<kxx+kyy) 4otk _ gmilxkyy) _ omilxkyy) ] a,

which consists of four plane waves.

S S

o, O,

VxE, =-jou,H — 5 H=T vxg = (&E _°E ayJ

H, =320 sin(k,sin(k, y)a, +K, cos(k,x)cos(k, )a, ]
ou,

Prob. 10.67
m=n,=317Q
For 7,,

o, 4

= 10" =12
wé, 27rx1.2x10° x50 x ——
67

tan26, = 92 _12
P we,

ule  1207+1/50

|772 |: =
2 14122
o)
we,

71, = 42.658.£25.1°
o= _42.658£25.° ~377

=0.8146.£174.4°
n,+n, 42.658,25.1° +377

— §, =251

=42.658
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Prob. 10.68
(a)
P=@-ITP)PR
I L N |r|=s__1
1-|T| s+1

ﬂ_l_(s—lT _4s
P s+1)  (s+1)?

2
® r-pen — o B[S
PR

Prob. 10.69
If Aisauniform vector and @ (r) is a scalar,

Vx(PA)=VOxA+DP(VxA)=VDx A

since VxA=0.

oy oz

= jkxEel*"™ = jkx E

From this, a, xag =a,
Prob. 10.70
k = k |= /1242 +124% + 263° =316.1

A :2%:19.88 mm

0 0 0 i (K, sk, yrko 2 . i (kor—
VX E :(aax +_a‘y +_az)x Eoel( xXHKyY+K;Z ot) — J(kxax +kyay +kzaz)el(k r a)t)>< EO

Also, —%=ja)yH. Hence VxE:—% becomes kxE =wuH

STUDENTS-HUB.com

8
k=ofue =220 5 ¢ X _BODSAD 1500361y
c 2r 2 -
124 ,
kea =kcos§, —— c0sO,=—— 6, =66.9° =6
316.1 y
0, =cos™ 263 _ 33600
361.1
Thus,
6,=6,=66.9°, 0§, =33.69°
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Prob. 10.71
k=-3.4a, +4.2a,

KLEE=0 —— 0=-34E +4.2

E,=—==1.235

34 =——
k= k= B =(-3.4)* +(4.2)% =5.403

_2T_ 2% 446
B 5.403
8

2340 58 MHz

1 1162 =

H, = kxE, = KkxE,
U@ ke

1
A7z x107 x5.403x3x10°

where Ao — e—j3.4x+4.2y
H, =4.91A, 10| 4.2(3+ j4)a, +3.4(3+ j4)a, +(-3.4—-4.2E,)a, |
=0.491[ (12.6 + j16.8)a, +(10.2+ j13.6)a, —8.59%, |e 1***** mA/m

34 42 0
E, 1 3+j4

Prob.10.72
VeE = (iax +iay +iaz) i Eoej(kXHkywkZPwt) = j(kxax + kyay + kzaz)ej(k'r”"t) [ E0
OX oy oz
= jkeEe'®™™ ™ = jkeE=0 ——> KkeE=0
Similarly,

VeH=jkeH=0 —— keH=0

It has been shown in the previous problem that

B

VxE=- > kxE =awuH
ot

Similarly,

VxH:aD » kxH=-coE
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From kxE =ouH, a, xag =a, and
From kxH =-swE, a,xa, =-a;
Prob. 10.73
I po=py=py M= =, =
0 1 20 1 \/;’ 2 £,
1

1
——C0s0, - ——=c0sb;

‘\lgrz 8r1

1 1
——=C0S0, + ——=1C0S6.
‘\ISrZ ' ‘\lgrl I

F\\:

Je, sind sind fro_ SING,
.= —_ = .
€ i €r2 t e, sino,
c0s8, - Vi cosh
o t sing, ' sin6, cosf, - sin6; cosh,
AN sing, si inod. :
Cos8, + Vi cosh, sinf, cosf, + sin@, coso,
sin®,
_sin26,—-sin20, sin(6,—6,)cos(6, +6,) tan(6, - 6,)
sin26, +sin26,  cos(6, —-6,)sin(6,+6,) tan(6,+6,)
Similarly,
2
——C0S0,
B €y 2cosh,
fn = sing,
——C0sb;
sinf,

1 1 -
——=C0s0, + ——=co0s0. cosf, +
‘V8r2 t ‘\lgrl I t

2c0s0,; sinb,

sin®, cosd  (sin® 0, + cos® 8;) + sind, cosh; (sin® 0, + cos’ 0, )
2cosb, sinb,
(sin6, cos@, + sin 6, cos 0,)(cosH; cosb, + sin 6;sin 6,)

_ 2c0s9; sinb,
" sin(0, +6,)cos(d, - 0,)

STUDENTS-HUB.com
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1 1 sing,
cost; - cosd, cosh, - — -cosb,
r oo Nt € ~ sinf, _sin(6,-0;)
o1 1 - sing. = _
cosf, + cosf, cosh; + . cosh, sin(, +0;)
grz 8(1 Slngt
——2C0s0, _
br2 2cosb); 2c0s0); sinb;
T 1 ) sing, " s
——co0s6, + ——cosh, cos6, + —.——cosh, sin®, + )
Ve NG sing,
Prob. 10.74

@ n =1 n,=cJue, =c\6.4s, x p, =~/6.4=25298

sin g, = gin 6, =
n, 2.5298

=120, n, =120r, /i =47.43x
6.4

E, o cos6, —n, cos@,  47.437cos4.714° —1207 cos12°

sin12° =0.082185 —— ¢, =4.714°

Eio 1, COS 6, +17, COS 6,  47.437c0s4.714° +1207 c0S12°
_ 47.27-117.38 04258
47.27+117.38
& L 217, C0S 6, _ 2x47.43c0s12 _ 92.787 05635
E, n,c086,+n,cos6  47.27+117.33 164.65 —
Prob. 10.75

(@ ki =4a,+3a,
k.ea, =k cos§ —— cos@=4/5 —— 6 =36.87°

(b)
I:)ave:1 Re( Ests ): EO ak:(\/m) ( y z)
2 2 2x1207 5

=106.1a, +79.58a, mwW/m?

(c) 0,=0,=3687°. Let

E, =(E,a, +E,a,)sin(wt -k, er)
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VA
ki
Eﬁ
k. E,
er et .
0 y
U

From the figure, k, =k,a, -k a,. But k =k =5

k, =k sinb, =5(3/5)=3, k, =k cosd =5(4/5)=4,

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

sinf —&sine —C—“ulglsin(a —£—03

6,=17.46, cos6, =0.9539, 7, =n, =1207,57, =1, /2 =607

7o
__E,_m,c000-npcos0,_ 7 (0.9539)-1,,(08)
N = =

Eo 7,C080, +7,c086, "o (0.9539) + 7. (0.8)
2 [o]

=-0.253

E, = I,E, = -0.253(10) = - 253

But (E,a, +E,a,)=E,(singa, +cosba,)= _2,53(§ay +%az)

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

Similarly, let

E, =(E,a, +E,a,)sin(wt -k, or)

27z

STUDENTS-HUB.com Uploaded By: anonymous



335

kt = BZZ (D\/MZSZ = (0\/4}1080

But Kk =p,=0H.8,

kt

=2 o ke=2k=10

k, =k cos0, =9539, k,=ksinb, =3,
k, =9.539%, + 3a,
Note that k, =k, =k, =3

2n, coso, ~ n,(0.8)

] e 9 = 0.6265
n, CosSv, + n, COSY; T]70(0.9539) +1,(08)

E, =7, E, =6.265
But

(E,a, +E,a,) =E,(sinfa, —cosfa,) =6.256(0.3a, —0.9539%a,)
Hence,

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

Prob. 10.76
(a)
tan LSS - 0,=0,=1947°
i iz—\/g R S
/ 1
sinf, =sinf, [+ =-(3)=1 ——> 0,=90°
€, 3
b)) B=—i&,= ><3 10=k+1+8=3k —— k=3.333

(c) A=2n/B, A,=2n/p,=2n/10=06283m

B,=wlc=10/3, A, =27!p,=27x3/10=1.885m
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@ E; =nH, xa, =407(0.2) cos(wt -k er)a, x@
= (23.6954a, —8.3776a,) cos(10°t —kx — k\/§z) V/m
© 2cos0; sinf, 2c0s19.47°sin90°

7 5in®, + 0,)cos(8, - 0.)  sin19.47°cos19.47°

cot19.47°

Let E,=-E,(coséa, —sinda,)cos(10’t— B,xsiné, — B,zcosb,)
where
E, =-E, (cosfa, —singa,)cos(10°t — B xsin g, — B,2¢cos E,)
sin6, =1, cosb, =0, P,sinB,=10/3
E, sind, = t,E, = 6(247)(3)(1) = 1357.2

Hence,

E, =1357cos(10°t —3.333x)a, V/m

Since I'=-1, 6,=6,

E, =(213.3a, +75.4a,) cos(10°t —kx +k~/8z) V/m

(f) tand,, = /z—2= /988" -1/3 —>  §,,=1843°
1 o] -

Prob. 10.77
(@) E;, =5cos(wt-0.57x-0.866717)a,

E, =(4a,—3a,)cos(wt—0.57x—0.86672)

(b) Comparing E,, with eq. (10.115a),
4a, —3a, =(cosfa, —sinba,)E,

tan g = sin g, =§
cosg, 4

6, =36.87°

STUDENTS-HUB.com Uploaded By: anonymous



337

Prob. 10.78

& E &
tang, = /—1= Sor _ g
B 82 80 r

g, =tan’ g, = tan’ 68 = 6.126

Prob. 10.79

Prob.10.80

Microwave is used:

(1) For surveying land with a piece of equipment called the tellurometer. This radar
system can precisely measure the distance between two points.

(2) For guidance. The guidance of missiles, the launching and homing guidance of
space vehicles, and the control of ships are performed with the aid of microwaves.

(3) In semiconductor devices. A large number of new microwave semiconductor
devices have been developed for the purpose of microwave oscillator,
amplification, mixing/detection, frequency multiplication, and switching.
Without such achievement, the majority of today’s microwave systems could not
exist.

Prob.10.81
(@) In terms of the S-parameters, the T-parameters are given by

T11 = USp1, Ti2=-S22/S21, To1 = S11/S21, Ta2 = S12 - S11 S22/Sn
(b) Tu=1/04=25 Ti,=-02/0.4

T21=0.2/04, T, =04 - 0.2x0.2/0.4=0.3
Hence,

25 -05
T=
05 03

Prob. 10.82
Since 2, = Z,, T' =0.
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;= 811 =0.33 - -|0.15
[y =(Zy-Zo)l (Zg + Zo) = (2-1)I(2 + 1) = 1/3
F0=Sy + S155,4T g /(1-311 r g )

= 0.44 — j0.62 + 0.56x0.56 x(1/3)/[1 - (0.11 — j0.05)]

= 0.5571 -j0.6266

Prob. 10.83 The microwave wavelengths are of the same magnitude as the circuit
components. The wavelength in air at a microwave frequency of 300 GHz, for example,
is 1 mm. The physical dimension of the lumped element must be in this range to avoid
interference. Also, the leads connecting the lumped element probably have much more
inductance and capacitance than is needed.

Prob. 10.84
8
1 =cff = 3x10 :
8.4x10

=35.71 mm
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CHAPTER 11

P.E. 11.1 Since Z, is real and a = 0, this is a distortionless line.

R

Z =.— 1

e 1)
L C

r —== 2

or —=2 (2)

a=+RG (3)

ﬂ=wL\/§=§—L @

1) x (3) > R=aZ, =0.04x80=3.2Q0/m,

@)+ 1) >6=2=2%_s5.10¢/m
Z, 80 —————
L P2 15x80 o H/m
T 0 21x5x108 SS—m——
C :E:Exlo_8 X 0'04>< 1 =5.97 pF/m
R 7 80  0.04x80 ———
PE. 11.2

(a) Z. - R+ joL 003+ j2r x 0.1x 10°°
° VG+joC \ 0+ j21x002x10°

=7073- j1688=7075/ -1367°Q

() 1= (R+ joL)(G+ joC) = {(0.03+ j0.2r)(j0.4x 10 )

=2121x10" + j8.888x 107/ m

3
(c) u :Q=2”;10_3:7.069><105 m/s
£ 8.888x10
P.E.11.3

@ Z,=2,- Z, =2,=30+ j600
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ya
() V,, =V, =——"—V_ =-2=-75/0°V,

Vs Yy s
" Z,+Z, 2Z, 2(30+j60)

in

=0.2236£-63.43° A
assuming that Zy = 0.
(c) SinceZ,=7Z, T=0->V, =0V, =V,

The load voltage is V, =V (z=1)=V, ‘e

e—vl _V°+ _M15Z480
V. 5/-48°7

eleiB —15,48°

e” =155 a= Tlln(1.5) = % In(15) = 0.0101

0

eIl _ o Tl ops a0 =002094

y =0.0101+ j0.02094 /m
assuming that Zy =0.

P.E. 114

(a) Using the Smith chart, locate S at s = 1.6. Draw a circle of radius OS.

Locate P
where 6,=300°. AtP,

|F| :gz 2.1cm _02
0OQ 9.2cm

" =0.228.£300° KNS

Also at P, z, =1.15-j0.48,

Z, =77, =70(1.15-j0.48) = 80.5-j33.6Q2

0=0.64 — 0.6x720°=432°=360°+73"

From P, move 432°to R. At R,z = 068 - j025

1 7In

STUDENTS-HUB.com Uploaded By: anonymous



341

Z, =2,Z, =70(068- j0.25)= 476~ j17.5Q

(b) The minimum voltage (the only one) occurs at 6, =180°; its distance from the

180-60
720

. A
load is A= E =0.1667A

Values obtained using formulas are as follows:
r=371 3000 - 0.2308./300°
s+1

Z, =80.5755-j34.018 Q
Z, =48.655- j17.63 Q
These are pretty close.

Z -7 60+j60-60 |
@) =t >2*) - 0aa72/6343°

S Z,+Z, 60+ j60+60 2+ ]

. 1+ 1404472 261
C1-|r| 1-04472 ==

o

Let x =tan(pl) = tanzTTtI

7 _ ZO{ZL +iZ, tan(Bl)}
Z,+ jZ tan(Bl)

120 j60 = 60 60+-j60+j-60X
60+ j(60+ j60)x

or 2—j:w—>l—x+j(2x—2):0
1-x+ jx

Or x=1=tan(pl)

) hy
e I= §(1+ 4n),n=0,1,2,3...
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) 2 2807 J60_
VA 60

[¢]

Locate the load point P on the Smith chart.

=28 41N _ 644570, =62°
0OQ 9.2cm

I =0.4457 /62°

Locate the point S on the Smith chart. At S, r=s=2.6
Zin (120460 _, _ j, which is located at R on the chart. The angle between OP

Zy, = -
Z, 60
and OR is 64°-(-25°) = 90° which is equivalent to SOr 2 Q
720 8 > 64°

Hence I=&+n&=£(1+4n),n:0,1,2 ........
8 2 8

(z,) = sz, = 2618(60) = 157080
aX

o
(Z)win = Z, /5= 6012618 = 2292 0 \>Rk

-26°

62°

- 720°

| A =0.0851A

P.E.11.6

%z 375-25=125cm Or A =25cm

|=375-355=2cm= 2r
25

Vimax
| =0.08% — 57.6°

z, =1.184+ j0.622

Z, =Z,2, =50(1.184— j0.622)

=59.22 + j31.11Q)
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P.E.11.7 See the Smith chart

7, :%:133— j1.067
132°- 65
I, = T?» = 0.093)

I _M_02727\1
B~ 7200 T e e

d, =L —01260
720

dg =05n-d, =0374%

Y =t 1095 _ +j1267 mS

sT 7y LT
P.E.11.8

1 lim ZL_ZO

d F:_,F: —_— :—1

@ fo=3.01=2 °Z,+2,
. . Vv Y
V, =, iy L V,=0, 1, =, —"o——" _ Y 12 o0ma
L Z,+2, : Z,+Z, Z, 100

Thus the bounce diagrams for current and waves are as shown below.

e=1 ro=-1 e=—1 r=1
4V veo 80mMA =0
V=4 Y t, I = 80 80 ty
2ty _s V=0 2t _& | =160
v=-133 1 3, 1=1333 — % 3ty
4ty s V=0 4t 0 | = 106.27
V = 0.444 . 5t 1=115.6 8 5t;
9 9
ot o V=0 ot % | =124.4
27 27
(Voltage) (Current)
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A(RN
oV
/ > t(us)
V(0,0),
4V
av A
4
3
s W
0 ) | > t(us)
2 — Ay 6
: 3
| e e e e - - < _______
4
1LY, 160mA
124.45
106.67 |
80
- > <---
1 80
1 9
: Fo> <o
0 i i : : > t(us)
L - _> (- - _:
_ 80
3
1(0.1) 133.33
115.5
80mA 80
- _> <_ -
80
9
e > -
! 1
0 : T > t(us)
6
_______ 4
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1 lim Z -7
by I,==,0 =, —0», —+—°2=1
( ) G 3 L Z, ZL + ZO
_ 7 . Vv
V=, 05,V =V =1V, | =, /5, —2—=-0
ron zZ+Z, ° ¢ TR Z +Z,
The bounce diagrams for current and voltage waves are as shown below.
FG:% r=1 FG:_% ry=-1
4 V=0 80mA =0
V=4 4 t1 1=80 -80 t
24 3 V=8 2t 8 1=0
V =9.33 4 3ty | = 26.6 -8 3ty
4t N V =10.67 4t 80 1=0
9 9
| =8.89
V=1111 2 Sy _% 5t
bt n V =1155 6ty
27
V=117
(Voltage) (Current)
V(1,0 A
11.55 12v
10.67 |
8V |
4V
- - - _> <_ - -
e #
i . t(us)
t 1 t L t > t(us
0 2 4 6
(1,
KOA
} t >t
5 ; £ (us)
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=

1
2

11.11 12v
N 9333
V(0,1) 22
4V 4V
__> <___
4
.——————>3<—————>—<§
0 1 1 ; >t (us)
2 4 6
1(0,)
N
80mA 80
__> - —— 8%
8% 803
__>___
} } } > t(us
. 3 ; p (ps)
: I_____<_ ______
: —8
I_____<_ ______
P.E.11.9 -80
1 1
FG :—E,FL 27,1:1:2#5
Vv
(1) =( o)on =20 _ 100ma
max 7 +Z, 100

The bounce diagrams for maximum current are as shown below.

r=-1

2ty

4ty

6t1

00mA

_ 10%

— 5%
o
o
3 343

125
343

t

3ty

oty

Tty
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I (0,)mA
T l/loo
41521
N N ./I AN
T 1 T /t
0 2 4\1> 8 o 10
N
| (LOmA 21.43
T /85.71
¥ k t t >t
0 2 4 G\T o )
N6.122
P.E. 11.10
@ For win-os, o= 20 21
TEO e T T YTog) T2
(b) Z, = iIn(i+%) = 36.181n10.2 = 840302
°” J275 \08 4/ =
© 7= 3107 1509 mm
100275 =———
P.E.11.11
o _ [Fih, :\/nx20><109><47tx10_7
s R 58 x 107
=369x107?

R, _8686x369x10
wZ,  25x107% x50
= 2564 dB/m

o, =8685
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Prob. 11.1

S5 1 3 1
\/ﬂf,uac \/7r><500><106 x4 x107" x7x10’

5 =2.6902x10"°

2 2
Woo.  0.3x2.6902x10° x 7x107

c

R =

=0.0354Q/m

Cpd Anx 107 x12x 107
Cw 03

L =50.26 nH/m

oo SV 107 0.3
= = X
d 361 12x107?

=221 pF/m

Since s =0 for air,

Prob. 11.2

DU S ! —7.744x10°
Jrfuo, rx80x10° x4z x107 x5.28x10"

1 1
[ St 3} 3
1 { 1, 1} ~10.8x10°  2.6x10 _10°(1.25+0.3836) _ ) cacg (v

2760, a b 27zx7.744x10°x5.28x10’ 2569.09
-7
L= gD _4mx107 126 oer 107 Him
27 a 27 0.8
-5
=20 22107 pas10° Sim
b 2.6
In= In=—
a 0.8
-9
2 7e 27z'><3.5*10
c=2%_ 367 1 65x10™° F/m
b 2.6
In= In—
a 0.8
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Prob. 11.3

Method 1:
Assume a charge per unit length Q on the surface of the inner conductor and —Q on the
surface of the outer conductor. Using Gauss’s law,

E = Q , a<p<b
P 2mep

; Q
V=—IE[dI=—In(b/a)
" 2re

J=oE=2%
27ep
2z
= [ards = [ 2L @pdg=22
d 20 27ED £
oQ
G:L £ 2o

Y, &In(b/a) In(b/a)
27e
Method 2:

Consider a section of unit length, Assume that a total current of | flows from inner
conductor to outer conductor. At any radius p between a and b,

I
J=——a, a<p<b
2rp P
E:i: ! a
o 2mop ”
b
|
V=-|Ell =——In(b/a
~£ 2no ( )
_L_ 2o
V In(b/a)
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Prob. 11.4
2
a R=——
@) Woo,
1 1 107
6= = = =4.67x10"°
Jrfo.u  Nwx200x10°x5.8x10" x47x107  27/200(5.8)
R= — 2 —~ - = 20 _0.24610/m
30x107 x4.67x107 x5.8x10° 3(4.67)5.8 —
-7 -3 -7
L :ﬂ: 47 x10 ><2;<10 _ 47 x10 _83.77 nH/m
w 30x10 15
-3 -3
G_ow_10 xso:lo 15 mS/m
d 2x10 —
10°° i
4x——x30x10 o
c=2"-_ 36z _  _ 00107 _ 05305 nF/m
d 2x10 %r

() 7=(R+ joL)G+ jaC)
7% =(0.2461+ j27x200x10°x83.77x107°)(15x107 + j27 x 200x10° x 0.5305x10°%)

= (0.2461+ j105.3)(15x107° + j0.6667)
»=0.104+ j8.379 /m

z- [RrJob) | 02461+ J1053) _ ), ges, jo.1266
(G+ jwC) \ (15x10°+ j0.6667)

Prob. 11.5

nel nel

C= cosh(d/2a)  In(d /a)

since (d/2a)’ = 11.11 >> 1.

-9
T X x16x107°

c=—367 =0.2342 pF
In(2/0.3) e

1 1
Jrfuo, zx10"x4zx107 x5.8x107

) =2.09%x10° m<<a
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-3
R == L _=1.4x107 O
radoo, nx0.3x107x2.09x107°x5.8x10" =

Prob. 11.6

We use the two-wire line formulas in Table 11.1

2
d_15mm_., g (1] ~39.10 1
a 1.2 2a

Hence, coshfliD Inﬂz In12.5=2.526

2a a

-7
L= Hoosht 3 Ay 4 _47x107 %2526 1 163,107 1,01 yHim
T 2a 7 a V4 —_—

-9
ce ™ 7 % 410 44105 pE/m

cosht & 9 2526 367

2a a
-6
Z, =\E= ,/Lloﬂ =151.16 Q
C 44.105%x10 —_—

Prob. 11.7

V(z+Az,t) =V (z,t)- LAz

ol(z,t)
ot

or
V(z+Az,t)-V(z,t) L ol(z,1)
Az ot
oV (z+Az,t)
ot

@

I(z+Az,t)=1(z,t)-CAz

or

I(z+Az,t)-1(z,1) __C oV (z+Az,t) )
Az ot

As Az — 0, we obtain

NzN__a

0z ot

a_ v

0z ot
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Prob.11.8
(a)

y=J(R+ jol)(G+ jaC) = jwﬁ\/(1+.l)(1+.i)
jolL JoC

RG R G
= joLC |1- +
=Jo \/ @ LC joL  joC

As R<< oL and G<<wC, dropping the ®* term gives

y;ja)\/LC\/1+_l+_i;jw\/LC{l+ _R + G }
joL joC

2joL  2jwC
R |C G |L .
2 &5 S jedic
(2\[+2\EJ+W

(b)

L ( G R j
= =1+ ]| ————
C{ 20C 2wl

Prob. 11.9
(@) R+ joL=02+j2rx12x10° x40x10° =0.2+ j247(40) =0.2+ j3015.93

G+ joC =4x107° + j2rx12x10% x25x10° =4x107 + j507(12)
=4x107° + j1884.96
7 =R+ joL)(G + joC) = \/(0.2 + j3015.93)(4x107° + j1884.96)
=8.159x107% + j2.384x10° /m
(b) Since R<< wL and G<<wL, we may use the result in Problem 11.8(a).

L 40><10*6
C  25x10°

( \/E G\/7J+j (O]é+4><20 V1. ]+]27r><12x106><\/40x10 x25%107°

=8.159x102 + j2.384x10° /m

=16, LC=40(25)x10"=10"
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Prob. 11.10

(a) 1, (wt—pz) travels along +z direction.
(b) Fromeqg. (11.18),

z, _V _ Vs
I I‘

0

Hence,
V(z,t)=Z (ot - pz)-Z 1, (0t + p2)

Prob. 11.11
Z, = M @)
G+ joC
y=a+jf=(R+joL)G+ joC) 2)

a =0.04 dB/m _% Np/m =0.00461 Np/m
8.686

Multiplying (1) and (2),

R =50x%0.00461=0.2305 Q/m

L=—0%25 __ 03316 uHim
2rx60x10° =——m————

Dividing (2) by (1),
ﬂ =G+ J(()C

a 000461

=92.2 uS/m

C= p = 25 s =0.1326 nF/m
2rx60x10° x50

Prob. 11.12

H*T"SW e

Z—no =

Z(a+jpf)=R+joL —— 50(0.00461+ j2.5)=R+ jolL
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d

Z, = no—=T5

w
W w=1.04w
B w

i.e. the width must be increased by 4%.

Prob. 11.13
@ 7 - R+ joL 6.8+ j27x10°x3.4x10°°
° \G+joC \042x10°+ j27x10°x8.4x10°

_qo0 | 08HJ2L36 s o7
042+ j52.78 ————= <

7 =+J(R+ joL)(G + joC) =10"°,/(6.8+ j21.36)(0.42 - j52.78)
= (5.415+ j33.96)x107° /mi

3
) u=2-_2"10 _85.10° miss
f 3396x10° —————
© 1= 18500 mi
f 33.96x10° ——
Prob. 11.14
Using eq. (11.42a),
Z,=—]Z,cotpl
8
z,-250, 4=S-310 _475n
f 400x10
ﬂg:z_ﬂ-f: 27z><0.1:480

A 0.75
Z. =—j(250)cot48° =-j225.1Q

Prob. 11.15
Assume that the line is lossless.

STUDENTS-HUB.com Uploaded By: anonymous



355

o
C

From Table 11.1, L :ﬁlng, cC="2=

b z 75
N2 =27z Lo = 272,252 ~1875
a NE TN o0x

E _ al8rs

e — > a=be™ =3¢ mm=0.46 mm

Prob. 11.16

(@) Foralossless line, R=0=0G.

7= jovLC — B:m\/LC:mJuocO:%

u=

o =
p x/
(b) For lossless line, R=0=G

i ne

d
~cosh™*—,C=
T

L=

d
-1
cosh 22

z _\/7 /,u 1 cosh .9 d 12072' h"l d
T TE 2a 72'\/7

Yes, true for other lossless lines.

Prob. 11.17
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d 0.32
H cosh— = 4x 107 cosh ™ —>%

L= 2a 012

L=0655puH/m

-9

- _nx36nx3.5

d - -1
Cosht & Cosh™2.667
2a

C-=

C=594 pF/m
-6
Zo=\E= 0655x10° _)4es
C 59.4x10 —
or

Z - ﬁcosh-l 2667 = 10502
° 35 T ==

Prob. 11.18
For a distortionless cable,
R =% _ , RC=LG )

L
Zoz\/g:GO ()

1 l 4

o _
/] LC t 80x10°

0

al =0.24dB = 0.24 Np =0.0276
8.686

©)

a =+ RG =0.00069 (4)
From (2) and (3),
1 60x4 _8x10°

= C
C 80x10
From (2),

L = (60)*C =3600x333.3x10"° =1.20 mH/m

=333.3 nF/m
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From (1) and (4),

19 _ LG G2 0.00069>
G 0.00069° 60°

G = 200009 4, 5 4S/m

From (4),

R:%0692 =0.00069x 60 = 0.0414 Q/m
Prob. 11.19

20x 63x 10°%
03x10°

(a)B_E G_BC_
L c_ >TL°T

G=42x10"°S/m

a=+RG =/20x42x1073 =0.2898

B=0+LC =21 x120x 10°4/0.3x 107 x 63x 107

y =0.2898+ j3.278 /m

6
u= % _ 27>x120x10° xglzgglo =2.3x10° m/s
-6
Z, =\E= 23D _s90
C 63x10™"* =——
(b) Let V, be its original magnitude
Ve ™ =02V, »>e* =5
1
z=—In5=5554 m
(0]
Vs 4
c) fl=45° =7/ > |=—= =0.3051m
© 5 A 48 4x32718 =

Prob. 11.20

(@) a=0.0025 Np/m, p=2rad/m,

=3.278
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2,-2, '1_300-2,

S Z,.+2Z, ~ 27300+ Z,
I(I'):lzz—OeOOOZS' cos(lO8 +2l ) (;O g 00025t cos(lOst—ZI')

0 0

> Z,=1000

—1.2e%%%! ¢og (108 +2 ) —0.6e 9% ¢og (108t ~2 ) A

Prob. 11.21
a=10°, p=0.01

y=a+ jf=0.001+ j0.01=(1+ j10)x10~° /m

4
_o_2mx100 ¢ 503,10° mis
4 001

Prob. 11.22

06><106

Z, =
82x10° 82x102

RC=LG =—
L

-3
o= JRG = R&:i:mxlo
L Z 85.54

— wJLC = 27 x80x10°/0.6 x107° x 82 x 1022
=3.5258 rad/m

7 =1.169x10 + j3.5258 /m

=1.169x10* Np/m

Prob. 11.23
R+ joL=65+ j2n x 2x 10° x 34x 10™° = 6.5+ j4273

G+ joC =8.4x10"+ j27x2x10°x21.5x107 =(8.4+ j0.27)x10"°

7 - R+ joL 6.5+ j4273
° \G+joC  \(84+ j0.27)x 107
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Z,=7171/39.75° = 5512+ j45.8502

v = J(R+ joL)(G+ joC)
=0.45+j0.4 /m

P
o« B

t=l,butu=2,
u

(P _ 039x56

o 27x2x10° =M

Prob. 11.24
(a) Foralossy line,

Z +Z tanhyt
°l Z,+Z tanhy/

For a short-circuit, Z, =0.

Z =7

in

Zsc = Zin

L

tanh M:Q: 30— !12
Z 80+ j60

vl =al+ jB¢=tanh™(0.168— j0.276) = 0.1571— j0.2762
0.1571
a =
2.1
0.2762
2.1

=Z tanh y/
o

=0.168— j0.276

=0.0748 Np/m

p
(b)
Z =(80+ jGO){

=0.1316 rad/m

(80 + j60) + (40 + j30)(0.168— j0.276)
=61.46+ j24.43Q

(40+ j30) + (80 + j60)(0.168 - j0.276)}

- \/(43.19481.34")(8.4 x1073

41.840)
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Prob. 11.25
2 -7, {ZL +Z,tanh 7(}

Z,+Z tanhy/
yl=al+ jpl=14x05+j2.6x05=0.7+ j1.3
tanh ¢ =1.4716 + j0.3984

200+ (75+ j60)(1.4716 + j0.3984)

(75+ j60)+200(1.4716 + j0.3984)}
=57.44+ j48.82 Q

Z = (75+ jGO){

Prob. 11.26

@1 Voo Zl 22,1,
L

A _%(VL+ZOIL): Z Il +Z,
ZL
Y

0

N

Z -Z
Z +7Z

_ 2z,
. Z,+Z,
. 2nZ 2n

(b) ()7 = —=

nZ,+Z, n+1

0

1+7 =1+

lim — 2

(i) 7, =,

lim — ZZL —
Z +Z,

b4
o

(ii) 7, =,
27

iv =—2=1
()TL 57

0

Prob. 11.27

= - + =7 - N
a r L Iz +12,=2, -2

Z +Z, : ° o
ZL

1+FZ

Hence, .
1-T

Z,(C-1)=—(C+1)Z,
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(b) z, =1O0LAS g 1424+ J0424 o 1 254 j1.6586)(50)
1-0.6./45 0.5751— j0.424
—62.6+ j83.03 0
Prob. 11.28

r _Z.-Z, _200-j240-120 _ 80— j240
Y Z,+Z, 200-j240+120 320- j240
S:l+|1“L|:1+O.6325:4.441
1-|T, | 1-0.6325 =——

=0.52—- j0.36 =0.63252—34.7°

ol

Prob. 11.29

y = \/(R + joL)(G + joC) = \/(3.5+ j27x400x10° x 2x107°)(0+ j27 x400x10° x120x10 ™)
= \/(3.5+ j5026.55)(j0.3016) =0.0136 + j38.94

a =0.0136 Np/m, £ =38.94 rad/m
u _o_ 27 x400x10°
p 38.94

= |Reieb _ 35+]502655 100, o045 0
Gt joC j0.3016

=6.452x10" m/s

Prob. 11.30

From eq. (11.33)

Zsc = Zin ZL:0= Zo tanh 7'
Z
7 =7 = °— - 7 cothlyl
oc in|Z =o tanh'}’l 0 (y )

For lossless line, y = jB,tan(yl) = tanh( jp1) = jtan(p!)

Z, = jz, tan(pl),Z,, = - jZ, cot(p1)

Z,, = jZ,tan (1) = (65+ 38) tanh[(0.7 + j2.5)0.8] = (65+ j38) tanh(0.56 + j2) = 75.25.43).3° —ngiggg
X .00 -
=7.86.£60.3° =3.89+ j6.83
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Prob. 11.31

r_ZL—ZO_(1+j2)—1_ b 1,90
Z +Z, (+]j2)+1 1+) J2.45

Prob. 11.32
(d) T = £ =2, 120290 _ 4948
Z +2, 170 =/

~

For resistive load, s= % =2

0

. Z +jZ, tan(A)
®) 20 =207 iz, tan(p)

=60°

2r A
p-=s

2

120+ j50tan(60°)
50+ j120tan(60° )

Z, = 50[ } = 34.63/ — 40.65°Q

Prob. 11.33

(a) Bl= %xlOO =25rad =1432.4° =352.4°

) :60{ j40+ j60tan 352.4

= j29.375Q
60-40tan352.4° | ————

Z,  __i29.3751040°

V(z=0)=V, ==V =— .
Z,+Z, ° j29.375+50 j40
_ 293.75£00° _ o o0
51116/ -12° ————

(b) Z. =2, = j40Q.
+ Vg

; =m (1'is from the load)

=0.7071£-45°
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V (1+1) .
L (eJﬁI +1"e Jﬂl) _—

(c) Bl :%x4 =1rad =57.3°

Z —60 j40+ j60tan57.3 __{3471.88Q.
60—40tan57.3° —_—
V, (el +Te ™)) .
V=" "~ -2274,0° V

(&' +Te %)
(d) 3m from the source is the same as 97m from the load., i.e.

I =100-3=97m, pl = %><97 =24.25rad =309.42°

=—18.20

60 —40tan 309.42°
Vg (ej97/4 +Fe—j97/4)
B (e’ +Te /%)

7 - 60{ j40+ j60tan 309.42 }

=6.607£180° V

Prob. 11.34
V=V (z=0)=V, +V, (1)

V,=V (z=1l)=VSe " +V ¢ 2)

AR
l,=1,(z=0)=—>-— 3
1 s( ) Z Z ()

o 0o

1 (z=l)= Yo g 4 Yo g @)

z z

0 0

|2
®) + @) >V =M%+ Z,1)
D@ >V, =5 04-Z,1)

Substituting V," and V, in (2) gives

Vo =2+ Z e+ - Z e

= %(e7'+e7')vl+%zo(e7'—e7')ll

V, =cosh yIV, —Z sinh yll, (5)
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Substituting V" and V. in (4),

1 _ 1
|2 :_Z(Vl-’_zoll)e ! +E(\/1—ZO|1)E7I

=%(e7I —e‘y')V1+%(e7' +e M,
1 .
l, :Z—smh yIV, —cosh y11, (6)

0

From (5) and (6)
hyl —Z_sinh 1
cosh y ,sinhy |:V1:|
I

Vv, B 1
—1, | —Z—sinhyl cosh y1

0

1

But
coshyl -z sinhyAT" [ coshyl  Z, sinhyl
—isinh yI - coshyl B Zisinh vyl coshyl
Thus

coshyl  Z sinhyl
Vl 7/ 0 I 7 V2
=1 .

Z—smh vyl coshyl

0

1, I,

Prob. 11.35
@ z2,-22-%9_154
Z. 50
Z. 60+ j40
b _5 _12+j0.8
b) z 2 0 J
© 2,=2-30"0120 45 04
z 50

The three loads are located on the Smith chart, as A, B, and C as shown next.
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Prob. 11.36
gL B0,
Z, 100
or F:ZL Z, _110
Z +Z, 310
1+
M4
1-|r]
V

But s=-" -V __ =sV_,
V,

min

Since the line is % long, %—> 720

=120°

Hence the sending end will be V. , while the receivingend at V.
Viin =V /S =80/2.1=38.09
\Y =38.09290°

sending
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Prob. 11.37

0

We locate z, on the Smith chart.
A 720°
—

4

=180°

2=0.2—j0.4
Z =17, =(0.2- j0.4)Z,

Prob. 11.38
(@ Method1l: AtY,

7 _7 Z +]Z, tan pr
"l Z 4§z, tan gl

Z, =(1+j2z, — 1z, =%=1+ j2

We move 180° toward the generator and locate point Q at which

ﬂﬁzz—ﬂizn, tanz =0
A2
ZL
Z =2,—~=7Z,=150Q
Z
At X, Z, '=150Q
ﬂ€=2—ﬂ-£=ﬂ/2, tanz /2=
A4
12, tZLz z:
Z,= lim 2, anzﬂ =Zo
an fl—o jZL'+ o ZL
tan g/
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Method 2: Using the Smith chart,
g A 150_,

Z, 50
Since /¢=A/2, we must move 360° toward the generator. We arrive
at the same point. Hence,
Z =27 =150
Z,'= @ =2

75
(= 4 —180°

4

We move 180° toward the generator. z._ =0.5

n

Z, =75(0.6) =37.5Q

(b) From the Smith chart,
s = 3 for section XY
s = 2 for section YZ
= Z -7, 150-50

(©) = =05
Z -7, 150+50 =

Prob. 11.39
, 2o _100-1120_, o,

Z, 50

8

A:E:M:OAM g:O,lm:i

f 6x10 4

If 1—720° then A4/4—180°

We move 180° counterclockwise from z,, to get z, on the Smith chart as shown below.
z,=02+j025 — Z =Z,z, =50(0.2+ j0.25)=10+ j12.5Q

From the Smith chart, s=5.19
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AR
S
in

Prob. 11.40
g =L _A0J5 8 jos

Z, 50
We locate this at point P on the Smith chart shown below
r 2P _24Mm o3 — _gp

OQ 8cm

r, =03£-96°

AtS, s=r=181
(=0272 —— 0.27x720°=194.4°

From P, we move 194.4° toward the generator to G. At G,
z,, =1.0425+ j0.6133
Z, =2,z =50(1.0425+ j0.6133) =52.13- j30.66 Q
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Prob. 11.41
A —720° implies that 0.21 —144°. The minimum voltage is located at s on the Smith

chart. We move 144° from there to locate the load z, as shown on the Smith chart below.
At z , we obtain

z, =046+ j0.26, — Z, =100(0.46+ j0.26) =46+ j26 O

roT| 26, =22 s1ag0 = 330
0Q 8.4cm

/144° = 0.4167 /144°
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Prob. 11.42

(@ 0124 —— 0.12x720° =86.4°

We draw the s=4 circle and locate V, ;.. We move from that
location 86.4° toward the load.
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93.6° Z, =22.294 41.719 O

At P, z, =0.45-j0.83
Z =50(0.45- j0.83) =22.3— j41.72 Q

(b) the load is capacitive.

(c) V,;, and V,_ are A/4 apart. Hence the first maximum

occurs at
0.124+0.254 =0.374

Prob. 11.43
Z, 75+ j60 :
a 7, =L = —1.5+ j1.2
(a) =7 " j
T 2P 38 o475 g —a2°
OQ 8cm
[ =0.475/42°

(Exact value = 0.4688 £ 41.76°)

(b) s=2.8
(Exact value = 2.765)
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(€) 0.24-»0.2x720° =144°

z. =0.55— j0.65

Z, =2,z =50(0.55+ j0.65) = 27.5+ j32.5 O
(d) Since 6. =42°, Vnmin Occurs at

4—22 =0.058331
720 @ ———

(e) same as in (d), i.e.. 0.058334

Prob. 11.44

YL
I
ape

If A —>720°, then %_’ 120°
z, =035+ j0.24

Prob. 11.45
;. £ _100+60 jl.2
Z 50

We locate z on the Smith chart. We move 180° toward the generator
to reach point Q. AtQ, y=0.36-j0.22

Y =yY, :5—10(0.36— j0.22)=7.4— j4.4 mS
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Prob. 11.46
8
2=4 023046575 m
f  160x10
Il C SN TTLY
Z, 50

0

We locate z at P on the Smith chart. We draw a circle that passes through P.
We locate point Q as the point where the circle crosses the I', —axis. At Q,
z, =18

Z,=2,z,=50(1.8)=90 Q

The angular distance between P and Q is 6. =73.3".

A

0

73.3°

If 1-—->720°, 733 > -

733

00

1

%x0.9375=0.0954 m
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73.3°

Prob. 11.47
Z, = o0 _ 0.6
100

Z, =50(0.84) =42 Q

Prob. 11.48
(a) I'= Z -7, _ 0.5—1.—1
Z +Z, 05-j+1

If 2 —>720° then A/2—360° This means that the input impedance is
located on the same spot as z, on the Smith chart.

Z,=2,2,=60 — z,=60/50=1.2
Al4—180°, z,,=0.84

=0.0769— j0.6154 = 0.6202/ —82.87°
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(b)

=
z, +1

z, =1.931+ j0.7771
Z, =(1.931+ j0.7771)Z,

z, -1 , 14T 1+0.4/25°
L 1-T 1-0.4.,25°

Prob. 11.49

(@ z, :ZAZM:L%_ j1.5

Z, 80
8
PR 0.8x3x10 —20m
f 12x10°

L =22m = ﬁ=1.1/1 — 720°+72°
20
281

I, =28m = W=1.4/1 — 720°+72°+216°

To locate P(the load), we move 2 revolutions
plus 72° toward the load. At P,

_ 5.1cm
~9.2cm
6. =72°-47°=25°
', =0.5543,25°
(Exact value = 0.5624£25.15°)
Z;,,max =sZ,=3.7(80) = 296Q
(Exact value = 285.59 Q)

Z,,,min = Z._ 80 _ 21.6220
s 37 =

=0.5543

op
r|=—
Im| 0Q

(Exact value =22.41 Q)
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(b) Also,atP, Z =23+ j1.55

Z, =80(2.3+ j1.55) =184+ j124Q)
(Exact value = 183.45+j128.25 Q)
At S, s=3.7
To Locate Z,,, we move 216° from Z, toward the geneator.

in?

At Z,
z,,=0.48+j0.76

Z. =80(0.48+ j0.76) = 38.4 + j60.8Q

(Exact=37.56+j61.304 Q)

(c) Between Z, and Z,, we move 2 revolutions and 72°. During

the movement, we pass through Z, 3 times and Z,

in, max in,min

in?
twice.

Thus there are:

37 and 2 Z.

in,max in,min

Prob. 11.50

a0°
1207

I ‘(\ﬁ&\ ima
180°
0

N

-g0-
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@ /21 =120cm > A =2.4m

f _u_ 3x108
A

404 A

) _404_A 720
240 6 6

Z, =22, =150(0.48+ j0.48)
=72+ j72Q

(Exact value = 73.308+j70.324 Q)

1 16
© |r= % =5 = 0444,

I'=0.444/120°

u=~fA-> =125MHz

40cm =120°

Prob. 11.51
()
Z

=L

Lz

100 1075 5 —Zn
80

o o

%0,
80

distance between them is

106.26°

126.879

360° — (126.87° —106.26°) 1
720°
I, =1,106.26°

=0.47144

(b) s=o0,

0.5

The two loads fall on the r=0 circle, the outermost resistance circle. The shortest
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Prob. 11.52
Il EERY WY
z,” 50

0

Locate this load at point P on the Smith chart. Draw a circle that passes through
P. Locate point Q where the negative I", —axis crosses the circle.

6, =97°. The angular distance between P and Q is
6=180+6, = 277".
720° > A

277° > (= LZ??" =0.38471
720° A

96.277°
/// 3 w‘\‘\\
g \ o 1Lﬁﬂ
M‘\ f’/ \ / \'\ 1 ﬂx\ \\\
- N | —A3)
7\'*1.,5 P(0 8/40.5) i )< /,Lﬁ\\ )
i * / >\ o
o { Q i . H&_ i
180 - S,
\ = ﬁ(’F £ :
==l 3 y s -H__F_ / |
A o f_f( )
// \ >< ZZ 3( & /
s / \‘\___k ‘t*" o i
V3
\\ i \ //
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Prob. 11.53
In ﬁzlﬂ |i'32 L
ziiﬂ Eil.z
ZZ
(@) FromEq.(11.43), Z,, = Z°2
L
2 2 2
2, =L _7 ez =%u_fu

L

~
o1

" Zin2 Zo Z
Z,=2, i = 301/@ =24.5Q.
7 ootk

Z

z, (z
(b) Also, =2 =| %02 | 57 =%
Z, z

Z,

(1)

ol

2
Also, ;“ =( J > (Z2,,) =2,2¢ )

3 227}
From (1) and (2), (Z,,)° =Z,Z[ = 77 3)

ol

or Z, =428z, =4/(50)*(75) =55.330

From (3), Z,, = 3Z,,Z? = 3/(55.33)(75) = 67.74Q.

Prob. 11.54
21807 7, = =148, *=06756
4 50 Z,

This acts as the load to the left line. But there are two such loads in parallel due to

the two lines on the right. Thus

)

Z = SOT = 25(0.6756) =16.892

7, = 16892 _ 0.3378, z,, = i =2.96
50 Z,

Z, =50(2.96) =148Q.
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Prob. 11.55
From the previous problem, Z, =148Q
Vq 120

=0.5263A

Ly = =

" Z,+Z, 80+148
1, 2 1 2

P.ie =E|I‘”| R,, = (0.5263)° (148) = 20.5W

Since the lines are lossless, the average power delivered to either antenna is10.25W

Prob. 11.56

27
a | =—
@ B 1

A
—_—=—, tan Bl =
4 2 P

z, .
Z, +jZ, tan gl tan gl iz,
Zin:Zo[ZL !Zot Ijzzo 7
O+J L anﬂ o] +jZ|_
tan gl

As tan Sl — oo,

2 2
2 G Py
7, 00 ==
(b) If Z, =0,
2
2,=% == (open)
(©) Z,=25/o0=22_ 2525:259
+o 4,25
o0
2
zm_%_zoog
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Prob. 11.57
A z: Z

1, :Z_)Zinl =Z_L or VYin =Z_E
~ 200+ j150

Yint = (100)2 :Llsms
2 Z +jZ, tan~
== Zin2 =z |i_mOZ° — 4 = jZ
8 Z,+]Z, tan%

. 1z
7 Zeze’) g
= —) — —

(Zo + JZ; tan 7;[) (2,-12)

But
Yi= Y+ Yie = 20+j5 mS
1 1000

z,=— = —=47.06- j11.76
y, 20+j5

Z,-jz, _  100-47.06-11.76
Z,(Z, - iZ,) 100(47.06-j11.76-1100)
=6.408+ j5.189 mS

yin3 =

If the shorted section were open,
Yy =20+ j15 mS

jtan 7 i
1] Vs ] j10 mS

7 Z 100

in2 0

yin2 =
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(Zi+jzotan7fj 2.z, - jz,)
I\°>:__>Zin3:Zo = 1%

(ZO + jZ. tan Z[j (z,-iz)

Yi = Yine + Yina =20+ j15+ j10 =20+ j25mS
1 1000
Ty T 20+ j25
Z,-jZ; _  7561-j1951
z,(z,-jz,) 100(19.51- j124.39)

=19.51- j24.39Q

yin3 =

= 2.461+ j5.691mS

Prob. 11.58

, _ 4. _15+j100 15+ 2
Lz 50 '

Locate z, on the Smith chart. Draw the s-circle passing through z, .
Extend the diameter through O to y, . Locate points A and B where the
s-circle intersects the g=1 circle. AtA,y,=—jl.7andatB, y, = j1.7.
Locate points A" and B' where the stubs admittance is j1.7 and -j1.7
respectively. Calculate

d,= @ﬂ =0.03684
720
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B’, ys=-J1.7

YL

Prob. 11.59

d,=0.1214 — 0.12x720° =86.4°
[,=031 — 0.3x720° =216°

(@ From the Smith Chart below,
z, =0.57+ j0.69

Z, =60(0.57+j0.69)

=34.2+ j41.4Q
(b) dB:M — 0384
720° —=
4 (-624°--82°)
BT 7200 -
(c) s =265

(Exact value = 2.7734)

A, ys=jL7

~

da
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0.4721 ),

0382

Prob.11.60
7 =L 1200 I20 5 44 jaa
Z 50

We follow Example 11.7. At A, ys=-j3 and at B, ys=+j3. The required stub
admittance is
Y=Yy =3 _ijooss
50
The distance between the load and the stub is determined as follows. For A,value =
0.2308%.)

For B,
|- 180+10+17
° 720
The length of the stub line is determined as follows.

d,= ﬁi =0.02644
720

A =0.28754

(Exact value = 0.0515 1)

d, = 30719, 047364
720

(Exact value = 0.4485). )
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0.2308 A
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Prob. 11.61

y

+0.07225 ),

.
o
D

0.4003 ")

AtA, vy, =1-j1561
Yeup = j1.5614
Position of the stub = 0.07234

Length of the stub = 0.40931
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Prob. 11.62
90°

hE _1:§:o.e
+1 5
Vmin 0
A 25 cm—5cm =20 cm +180° 0
2 S#4
— A=40cm i\»/

. . P
The load is I=5cm from Vi, i.€.
|:2:i — 90° -90°
40 8

On the s = 4 circle, move 90° from Vi, towards the load and obtain Z, = 0.46 — j0.88 at
P.

Z. = Z,z. = 60(0.46 —j0.88) = 27.6—j52.8 Q
(Exact value = 28.2353 —j52.9412 QO)

6. = 270° or -90°
r = 0.6£-90°

Prob. 11.63

Ve _095_
V., 045 ==

min

§=22.5—14:8.5 5 A=17cm <!

8
_3x10" _ 1 764 GHz
017 —————=

<
A

|—32em=321 s 1355°
17
Vmin O
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AtP, z, =14-j0.8
Z, =50(1.4-j0.8)=70- j40Q2
(Exact value = 70.606-j40.496 Q)
|F| os-1 111

=202 10357, 6 =445
s+1 311

'=0.357£-445°
(Exact value = 0.3571/-44.471°)

Prob. 11.64

roRe=R _0-50
* R,+R, 0450 =

- _R-R, _80-50

= = =0.231
R +R, 80+50 ——
Prob. 11.65
Z2,-7, 052,-Z, 1
“Z,+2, 15Z, 3
_ZQ_ZO_ZO _1
°Z,+7, 32, 3
| Z Vv
=—=2us, V,=-—=-(27)=9V, |, ====180 mA
L=y =oms Y 320( ) Z,
= 2L vg=%(27)=5.4v, Iw=Vi=216mA
Z,+Z, ° 25 Z,

The voltage and current bounce diagrams are shown below
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6t

(Voltage bounce diagram)

r. =

3t

ot

From the bounce diagrams, we obtain V(0,t) and 1(0,t) as shown below:

— 3ry:—% r;
=0 z

z=1

2= 180mA

60mA

Y

2t

[\

<20mA

3t
—-6.667MA

i

4t

2.222mA

I

ot

i

0.741m

<—0.25mA

(Current bounce diagram)

6t

STUDENTS-HUB
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Ev —2448V 1 5 305y
%
%/
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Using Thevenin equivalentat z =0 gives
R, =R =4Z,=200Q
V, =R =10x 200x107° =2V

F_ZQ_ZO_4ZO_ZO_§
°Z,+Z, 4Z,+Z, 5

- 272, _22,-7, 1
bz, +2, 22,+Z, 3
4 10

=—= =50 ns

h u 2x10°

The bounce diagram is shown below.

1(0,t) 220mA 216.05mA
' 215.5mA
180mA
60mA
|
4 8 12 t(us)

-20mA

Prob. 11.66
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I,=0.6 13
2V
t1
2/3
0.4
Bt,
5t

The load voltage is sketched below.

V() a 3.4136
3.2
2667
2
T R I —
; ...... L3
0 &1 oty 3ty sty sty
1(.1) :V(ﬁ,t) =V(ﬁ,t)

zZ 100
To get I(1,t), we just scale down V(1,t) by 100.
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Prob. 11.67

Z,-Z, 32-75

=0.4019

= -
°Z,+2Z, 32+75
Lo Z,-Z, _2x10°-75

b= T e

Att=20ns = 4t,,

2ty

4t

YT Z,+Z, 2x10°+75
-2
¢ 50x10 _25ns

The bounce diagram is shown below.

V =8+8-3.2152-3.2152=9.57 V

I’y =-0.4019

8V

-3.2152

-3.215

1,293

t1

3ty

Sty
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Prob. 11.68

-2
t = I— = w =01.6ns,

u 2.5x10°
- _Z,-Z, 100-50 1

r _Z=Z, _40-50_ 1

‘z,+z, 150 3
ZV, 50(12) 20

V, = = == =6.668V
Z,+z, 90 3

°Z,+Z, 90

The bounce diagram is sketched below. From it, we obtain V(0,t) and V(L,t).

9

1
r ==
L 3 >
1
r,=—= |0 20/3 L
9
> 1:1
20/9
2ty 4
3ty
-20/243
4ty Y
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V(0,1)

6.667

8.889

8.642

0 2ty

V(4,1)

8.889

4t

8.56

> t(ns)

0 2ty

Prob. 11.69

V, =8V = Z,

41

V
Z,+7, °

2t =4us ——

¢ =ut, =3x10°x2x107° =600

> t(ns)

<
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Prob. 11.70
20 z
=2 107 =0ps, V,=—22
20 a Z,+2,
Z,-Z, 10-50

r,= = =-2/3
Z,+Z, 10+50

r - Z -7, _0-50 _ 1
Z +Z, 0450
The voltage bounce diagram is shown below

50
V, =—(12) =10V
0 =012

L’ =-5\3 I
10V
ty
-10V
2t}
6.667V
-6.667 VV 3t
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From the bounce diagram, we obtain V/(0,t) as shown. V(I,t) =0 due to the short circuit.

V(0,t)
A 10
._’.._
6.667
4.44
2.963
0 0.1 04 03 04 05 06 0.8 "1(s)
. -6.667
: | —.—
A <10
Prob. 11.71

The initial pulse on the line is

z

V. = oV 1
°Z,+Z, ° @
The reflection coefficient is
Z -7,
=7 (2)
Z,+Z,

The first reflected wave has amplitude I'V,, while the second reflected wave
has amplitude T"°V,, etc. For a very long time, the total voltage is
V, =V +TV, +T%V, +...
2 3 1
=V,+T'+I°+T +...)=VO(—) 3)
1-T
Substituting (1) and (2) into (3) gives

v

VARSIV R S . XV} 1 Y

z,+2, °| | 2%, Z,+2,-2,+2, 2
Z,+Z,
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Prob.11.72
w=1.5cm, h=1cm, =1
@ s _(6+1)+ g-1 ,__ 086 18
e 2 21 +12h/w V1 +12115 =
0o = 377 = 281 =771.77Q
J1.8 (1.5 +1.393 +0.667 In (2.944))  3.613
R
b = :
®) e wZ,
R _ 1 |unf _\/19 x 2.5 x 10° x 4z x10?
o, 0 o, 1.1 x10’
=2.995 x 107?
-2
o - 8.686 xi.995><10 _ 0.223dB/m
1.5x10™ x77.77 E———
c u 3 x10°
u = 5 A= = 8.944 %107
o fﬂ/ ~ 25x10° V1.8
0.8(2. 2) 2 x10? 96.096
= 27.3 x 5 =
12 1.8 8.944x10" 14.3996
a, = 6.6735 dB/m
() a = a, + o, = 6.8965dB/m
af=20dB—>f=§=A=2.9m
6.8965 —
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Prob. 11.73
(@) Let x=w/h. If x <I,

60 8
50 = —In|= + X
\4.6 (x j

5V4.6 -6In (E + x} =0
X
we solve for x (e.g using Maple) and get x = 2.027 or 3.945
which contradicts our assumptiom that x < 1. Ifx >1,

1207

50 =
V4.6 [x + 1.393 +0.667 In(x + 1.444)]

We solve this iteratively and obtain:

x=1.8628, w = xh =14.9024 mm
For this w and h,

&4 =3.4598
[ONER
() p=—""F
C
pro—aso = T _ O
4 c
B 7C B 3 x10°
&g 2nf 8 x +/3.4598 x 8 x10°
¢ = 0.00252 m
Prob. 11.74
For w=0.4 mm, %: O'; mm _ 0.2 — narrow strip
m
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For %:o.z, ¢, =5.851, Z, =91530

For Y=04, ¢, =6072, Z,=73.240
h

Hence,

73.24Q0 < Z, <91.53Q

Prob. 11.75

W= 0.5+%In(5><11'2j —0.5+0.1279 = 0.6279

7 - 377 |1, 4x12 8xL2  4ac,
272 7x0.6177| 4x0.6279

= 42.43In {1+ 2.49(3.822 + 3.354} = 42.43In(20.255)
=127.64 Q

Prob. 11.76

Suppose we guess that w/h < 2

A= P33 13 (o5 (O g
60V 2 33 23
A
wo_ 8 2444 3331 & w= 3331h = 4mm
h e -2 7337 —

If we guess that w/h > 2,

2 2
B= 60 607z 5906

zoe, 7523
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wo_ 2{4.266— In9.412 +

T

— 1.665 <2
Thus % ~ 3331> 2

E In4.206+0.39 —E
4.6 2.3

% x = 0.1*0.1*100
for k=1:100
x(k)=0.1*k
fac=x(k);
ee(k) = el + e2/sqrt(1 + 12*fac);
end
plot(x,ee)
xlabel ("w/h*")
ylabel("ee”)

Ep = 33 + 13 =1.953
2, /1 + 12
3.331
8
o= 3220 1467 x 10° mis
+/1.953
Prob. 11.77
_ Z -7, _ 100-150 _ 02
Z +Z, 250
RL=-20log|T"|=13.98 dB
Prob. 11.78
The MATLAB code and the plot of the effective relative permittivity are presented
below.
% Plot effective permitivity versus x = h/w
er = 2.2
el = (er + 1)/2; e2 = (er -1)/2;
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2.05 T I T I I T I 1 I

1951 T

B 185
1.8 -
1.75 i

1.7 7

1.65 1 1 1 1 1 1 1 1 1
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CHAPTER 12

P.E.12.1 (a) For TEy, f.=3GHz,

J1-(f. /)7 =1-(3/15)* =096, B, =w/u, = 4xf Ic

9
ﬂ:ﬂ,/og :%\/0.96 =615.6 rad/m
c x E—

9
u= @ 2mxA5x10° ) oot 108 mis
B 6156

'—\/2—60 _60—1!_1924[2
n= e T, N1 = 096 :

(b)For TMyy, f.= 3725 GHz, 1- (f / f)* =0.8426

9
B 4r f (0.8426) = 47 x15x10 20.8426)
c 3x10

=529.4 rad/m

9
_ @ _2mxI5A0 4 26 90° mis
5 5294 @ ———

Ny = 607 (0.8426) = 158.80
P.E.12.2 (a) Since E, # 0, thisisa TM mode
E,. = E,sin(mzx/a)sin(nzy /b)e

m n
E, =20, —%=40r —> m=2 -—~-50f —> n=1

b
i.e. TMp; mode.

' 8
(b) f, =u§\/(m/a)2 +(n/b)* = 310" /407 +507 =1.5¢41 GHz

2
9
B =aJue1-(f, 1 ) =%,/f2 —f2 = 2;”1102 J225-92.25 = 241.3 rad/m.
X
©
E,. = 7 (407)20c0s 407xsin 50 ye ¥
h
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. _-if

ys h2

(507)20sin 407x cos50zye

E
E—y: 1.25 tan40nx cot 501y

P.E. 12.3 If TEj3 mode is assumed, f.and g remain the same.

fc =28.57 GHz, § =1718.81rad/m, y = j§

37712

J1- (2857 /50)?
For m=1, n=3, the field components are:

Mte1z =

=229.69 O

EZ: 0

H, = H, cos(zx / a) cos(3ry / b) cos(wt - fz)

E, =- ﬁ—f( 3b ) H, cos(zx / a)sin(3ry / b) sin(wt - fz)
E, = ﬁf( )H sin(zx/a)cos(3zy/b)sin(at — fz)

H, = hﬁz ( )H sin(zx / a) cos(3zy / b) sin(wt - fz)
H, = hﬂz (3 j H, cos(zx / a)sin(3zy / b) sin(wt - fz)

Giventhat H,, =2= _r%(” la)H,,

oy

H = _r']‘%(&z/b)H0 =6a/b=6(15)/8=1125

2h’a  —2x14.517% x10* x1.5x107

Hy, =H,=- = : =-7.96
pr 1718.81r
2
Eo = a)_él(g) H, = _% = 215 = 4594
3a
E,, = ~E,, 7 = 4594(45/08) = 25841

E, = 2584.1cos(zx / a)sin(3ry / b)sin(wt - fz) V/m,

E, =—459.4sin(xx/a)cos(3zy/b)sin(wt — fz) Vim,
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H, = 1125cos(zx / a)sin(3zy / b)sin(wt - fz) A/m,
H, = -7.96cos(zx / a)cos(3ry / b) cos(wt - fz) A/m

; —

P. E.124

8 2
1 i:M\/1I8.6362+1/4.3182 ~3883 GHz

ul
cll_E a +b

u - 3x108
" 1-(3.883/4)

=12.5x10% m/s,

16
u, = 9107 _ 7.2x10" m/s

Y 12.5x10°

P.E. 12,5 The dominant mode becomes TEy mode

C
fan = 5 = 375 GHz, 71;¢ = 40670

From Example 12.2,

E, = -E,sin(3zy /b)sin(wt - fz), where E_ = WTﬂbHO.
Pave = .[:zo j.ybzo%dxdy = %ﬂab
Hence E,=63.77 V/m as in Example 12.5.

7E, 7x63.77 6334 mAm

H = =
° oub 27x10°x47x107 x4x107  =—
P.E. 12.6 (a) Form=1, n=0, f. =u’/(2a)

o 107 10"

= = <<1
we 27x9x10°%x2.6x107°/(367) 1.3

Hence,
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3x10°8

=2.2149 GHz

u'z =cl/426, f. =
«/u 2x2.4x107%4/2.6
S on' 10 x377/+/2.6

Forn=0, m=1,

2R,

—+—(f_/f)?
a. = bﬂm[ (c )]

23267 x9x10° x1.1x10” x 47 x10°"
377x1.5x102 x1.1x107 /1 (2.2149/9)?

P.E.12.7 ForTE;; ,m=1=n,

H,. =H_cos(zx/a)cos(zy/b)e”

E, :Jh_‘z"(ﬁ/b)Ho cos(x/a)sin(zry /b)e "

H = :]_f(;z/a)Ho sin(zx/a)cos(zy/b)e "

H, = :]_f(ﬂ IbYH, cos(zx/a)sin(zy/b)e "
E_ -0

zs

For the electric field lines,

d_y_E_-(a/b)tan(x/a)cot( /b)
dx E, " i

For the magnetic field lines

= = =1.205x107** Np/m
2J1-(f, 1 £)2  241-(2.2149/9)*

[0.5+(2.4/1.5)(2.2148/9)*] = 2x102 Np/m

(b)Since a, >>a,,a =a, +a, = a, =2x107

loss = al =2x107%x0.4=0.8x10" Np =0.06945 dB

E, = —‘E"—j‘(yz/a)Ho sin(zx/a)cos(zy/b)e
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d_y_i_ (a/b)cot(zx/a)tan(ry / b)
dx  H, g i

X

Notice that Sy 1
otice tha (E)(H)_—

X X

showing that the electric and magnetic field lines are mutually orthogonal. The field
lines are as shown in Fig. 12.14.

P.E.12.8
L

R
¢ 1.5x10"
TE101 = \/—

1
Qretor = E’ where

st 1 ~1.5x10°°

\/” fiotto, \/7[X1.936><109 x 47 x107" x5.8x10’

J1/25+0+1/100 =1.936 GHz

10°
= =10,929
QTElOl 61X15 _

P.E. 129

(@) By Snell’slaw, n;sin 1= nysin §,. Thus

6, =90° y Sinf,=1

sin@,=nyn;, 61=sin"tn,/n; = sin11.465/1.48 =81.83°

(b) NA= \/n?-n,? = 1482 - 1465 = 0.21
P.E.12.10
a | =10 log P(0)/P(I)=0.2 X 10 =2
P(0)/P(l) = 10%2, i.e. P(I) = P(0) 10°? = 0.631 P(0)

ie. 63.1%
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Prob. 12.1

u' 3x10°®
a) For TE. mode, f =—=—""_—=2.
@ 10 ° 2a 2x6x107?

N
(@) ]
@
I
N

(b) f =3f =7.5GHz

ol ]

s :15><%=5 GHz

f.01 =3.75 GHz, f.0, =7.5 GHz
f.0 = 2.5 GHz, f.0 =5.0 GHz
f.,, =6.25 GHz, f.30 =7.5 GHz

2 2
f, =15 (lj +(3] =7.91 GHz
6) (4
2 2
f, =15 (1) +(1j = 4.507 GHz
6) |4

The following modes are transmitted
TE,.TE,,,TE,,, TE,,, TE,,, TE,;, TE,,

™, TM,,
i.e. 7 TE modes and 2 TM modes

Prob.12.2

u' u' /1 1 u'
fao=r— fu =[5+ =2
cl0 23. cll 2 a2 az 2a

Since the guide can only propagate TE,, mode,

UT<2a<u?\/§ - /1<2a</1\/§

A A
—<a<—=

2 2

ut [m* n? 3x108x102 [(m ¥ (n
fcmn = _2+_2 =5 — | | =
2Va" b 2 6 4

u' u'
fo<f<f 5> —<f<—2 S u'<2af <u'\2
cl0 cll 2a 23.
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Prob. 12.3

/
) () A ) )
° 2\W\a b 24/2.25x107% |\ 2.28 1.01
1/2
15 m 2 n 2
= + GHz
J2.25 {(2.28) (1.01) }

Using this formula, we obtain the cutoff frequencies for the given modes as shown below.

Mode f . (GHz)
TEo1 9.901
TE1o 4.386
TEwu 10.829
TEo 19.802
TE» 21.658
TMyq 10.829
TMy, 20.282
TMyy 13.228
Prob. 12.4

(a)

For TE,, mode,

' 2 8
oy (1) __ 30655 GHe
2 a 2x2.4x10 e

For TE,, mode,

, 2 8
oy (&j __30 15 56h
2\\b 2x1.2x10 —

For TE,, mode,

, 2
f =L (Ej = 2x6.25=12.5 GHz
2\\a ==

For TE,, mode,

2 2
B) =2x12.5=25GHz

(b)Since f=12 GHz, only TE,, mode will propagate.
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Prob.125 ab =3 _____, a=3b

o L 3x10°
0" 2a > 2f,, 2x18x10°

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

m = 0.833cm

Prob. 12.6  For the dominant mode,

8
i =0 3101875 Mz
2a 2x8

(@) It will not pass the AM signal, (b) it will pass the FM signal.

ul
Prob. 12.7 (a) For TE;p mode, f, = 2
u' 3x10°
2f  2x5x10°

c

Or a= =3cC

3

uI
For TEp; mode, f =—

po U _ 3x10°
Or 2f 2x12x10°

c

=1.25¢cm

(b) Since a>h, 1/a < 1/b, the next higher modes are calculated as shown below.

Mode f. (GHz)
TE1o 5
*TEpo 10
TEso 15
TE40 20
*TEo 12
TEo2 24
*TEy 13
TE2 15.62
The next three higher modes are starred ones, i.e. TEy_TEg1, TE1;
: 1 C 8
(©) u \/E T2 2x10° m/s

For TE;;1 modes,
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3x10° 1 1

f=—— 2" | - __-867 GHz
© 2x102%2.25\3 125 —
Prob. 12.8
Let F, = /1 °12 / E —0.7806
8
2 =830 50075 m=75x10"m
f  40x10°
-3
fy= 2 S TAOTM g 608,109
F, 07806 ———
' 8
Uy, _ U310 5 843x10° mis
F, 07806 —————
B _2r :2—”73 =653.95 rad/m
A, 9.608x10° ————
n' 120z
/- — 482.950)
e = 70,7806
Prob. 12.9

For TE,, mode, m=1, n=0,

' 8
3 _u C_ 3x10 2—3GH
2a 2a 2x5x10
9 10°
= o\ ue, 1 — —27z><125><10 47 %1077 ><36
=254.15 rad/m
9
u:Q:—Z”Xlz'Sxm —3.09%10% m/s
B 254.15 _—
e == 2% 38830

¢ V2 ~0.9708
1)

2
1- ( ) 7854(o 9708)
125
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Prob. 12.10
_u ¢ 3x108

—375GHZ
£ 2a 2a 2><4><102

2
/ _ 27x24x10° / 3, 75 4807r
J 0.9877
SOV T 3x10° 24 (0.9877)
=496.48 rad/m

272' 27
,B ~ 496.48

=0.0127 m

Prob. 12.11

1 8
u=2_ u __ 3810 —6.975x10° m/s

B \1-(f,1f)? 1-(65/7.2)

9 x10"
B u

=1.2903x10° m/s

u, 1.2903x10° ——

ol

1S

Prob. 12.12
1 8
2a 2a 2x2.4x10 =

f =1.25f =7.813 GHz

n___ 37 _31 _eog300
06 —=t==

Prob. 12.13

(a) fc10 = U_ = :
2a 2afs,
3 3x108
 2x1.067x102/6.8
30

=——  GHz
2x1.067/6.8
=5.391 GHz
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(b)

2
- 1_@
f

2
_ 1_(5.391}
6

—0.439
u' C 3x108
7 F Fe 0439xV68 —————
(c)
"
ﬁ—i—ﬁ— c 3x10°
FF  fFJs 0439x6x10°x+/6.8
__ 107 004368 m= 4368 cm
2x0439/68 -
Prob.12.14

In evanescent mode,

2 2
k? = @ ue < (%j +(n—7[j
a b

2 2
£ =0, 7=a=\/(Mj +(%Tj —k? =\/47r2,ugf02—a)2u£

a

2
o= \/E\/47r2 f2—4r*f? = 272'\/Efc 1—(%]

Prob. 12.15
E, # 0. This mustbe TMy; mode (m=2, n=3). Since a= 2b,

2 3)(108
¢ 4b 4x3x1072 21

T = 377/1-(15.81/159.2)? =375.1 Q)

2 2
IEFHIELF,
217y

ave z

f=l misan? =—2X2° /41436 -1581 GHz, f = —-—-1592 GHz

10 12

2n
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2 2
= Zﬂh“Eo [ (2713’ cos®(2zx/ a)sin’ 3y /b) + (37 / b)’ sin’ (2zx/ a) cos’ 3y /b) |a,
Thm

P = [Rads= | | 2. tkya,

x=0 y=0

_BES ab {4;;2 N 971_ BE ab
2h'yy 4| @° b 8h° 77y
But
12
ﬂ:%/l—(fcl f)? = 310108 J1-(15.81/159.2)* =3.317x10°
X
477 97% 107x°
= a2 + b2 = b2

h? =1.097x10°

 (3.317)*x10° x5 x18x10™*
8x (1.098x10°)x375.1

=15m

=

Prob. 12.16 (a) Since m=2 and n=1, we have TEj; mode

(b) B = ﬁl\ll_(fc/f)z = 0O4HoE, \Il_ ((")c/("))2
Be=Jol-02 _ 2= /wz_Bzcz

2.2 16
f :&:\/fz_ﬂc :\/36x1018—“41%:5. 73 GHz
- 2202

0 i 377 .
Ji-(f./ )2 |J1-(5973/6)

(C) Ne= 39780

(d)For TE mode,
E, = T]—l:(mn [a)H, sin(mrx/a)cos(nrny /b)sin(ot- pz)

H, = ;—E(mn [a)H, sin(mnx/a)cos(nty/b)sin(ot - fz)

p=12, m=2,n=1

STUDENTS-HUB.com Uploaded By: anonymous



414

p

E :F(mn/a)Ho

0 0ox

Ou
y = h—z(mn/a)Ho, H
E_%_ 27 x6x10° x 47 %1077

H, A 12

)¢

=47%%x100

e =

E, 5
Hy=—%=— =1.267 mA/m
e 4r°x100

H, = -1.267 sin(mnx/a)cos(nny /b)sin(ot-fz) mA/m

Prob. 12.17 (a) Since m=2, n=3, the mode is TEjs

2nf
() B=p1- (1)) == 1= (f/ )

But

3
2%

. =UEI\/(m/a)2+(n/b)2 _

3 27 x50x10°

T J1-(46.19/50)? = 400.68 rad/m
X

B

v = jB = j4007 /m

n ~ 377
Ji-(f./ )2 \1- (46.19/50)2

= 985.302

(c) n =

Prob. 12.18 In free space,

No c 3X108

= T, fC:_:—
T J1-(f 1 1)? 2a  2x5x107

= 40670

J1-(3/8)°

=3 GHz

n, = LBt n'= 120r = 80r, f :i u':i
- (f /)2 225 et 2at e,

8
xllg_z J(2/2.86)? +(3/1.016)? = 46.19 GHz, f=50 GHz
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3x10° 807
_ —2GHz, 5, =— _ _25957Q
2x5x102+/2.25 " J1-(2/8)?
r=1""h _ 02008
M, +11,
L IT1 1 5667
-r| ——

Prob. 12.19 Substituting E, = R®Z into the wave equation,

oz d

& —(pR")+ —cD"+RcDZ"+k ROZ =0
p

Dividing by R®Z ,

1ld o K

2__ =2 _ g2
Rp do —(R)+ op? +k - K,

ie. Z"-k/°Z=0

1 d Q"

R i (pR)+@p2+(k2+k) 0
ﬂi ' 2 2 2__@_“_ 2
de(PR)+(k +K, )p” = o =k,
or

"k, 0 =0

d
p—(pR")+ (k. >p?-k,>)R=0, where k > = k? + k.. Hence
dp p ¢ p z

pZR”+pR'+(kp2p2 - k¢2)R =0

Prob. 12.20

The MATLAB code and the plot of the phase and group velocities are presented below.
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c=3*10"8;
for k=1:91
F(k)=9+k

end

8
55 x 10

plot(f,up, “r*, f, ug,
xlabel (" frequency %)
ylabel ("phase vel (red) & group vel (black)"®)

k)

fac = sqrt( 1 - (B/F(kK))™2 );
up(k) = c/fac;
ug(k) = c*fac;

% Plot U p and U_g versus frequency T (10<f<100) in GHz

A
o

N
T

w
T

phase vel (red) & group vel (black)
N w
(&) (&)

15

10

50 60
frequency f

70

80 90 100
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Prob. 12.21

(@)
For TE,, mode,
_u'_ 3x10°
° 2a 2x7.2x107?

2 2
Let Fo | fe] = 1_(@j —0.942
f 6.2

oF  27x6.2x10°%x0.942
=\ sk = =
B 7 .

=2.083 GHz

=122.32 rad/m

3x10°%
8
u =2 _ 310" 5195108 mis
»T B F 0942
U, =u'F =3x10°(0.942) = 2.826x10° m/s
n' 377
2 400210
e T Tooa  ——===
(b)
1 ¢ 3x10°
u'= = = = 2x10°
Jus Je, 225
1 8
u 210" _) 389 GHz

¢ :2_61: 2x7.2x1072

2 2
Let F=,/1- T = 1—[@j =0.9746
f 6.2

oF J&,  27x6.2x10° x0.9746x1.5
3x10°

B =\ usF = =189.83 rad/m

U _o_ 27 x6.2x10°
B 189.83
U, =u'F =2x10°(0.9746) =1.949x10° m/s
n' 377

- ST _a57880
e 15%0.90746 —=——==

=2.052x10° m/s

STUDENTS-HUB.com Uploaded By: anonymous



418

Prob. 12.22
1
1 8
fo=a = NHE 3x10 ~1.315 GHz
2a 2a 2a\/— 2x7.214x107%/2.5

Let F= ’1 ‘/ 1315 =0.9444

F
p=w yeF=w\/:—r
1) C 3x10° 8
U === = =2.009x10° m/s
" B FJs 09444x.25
8
U, =U'F = cF 3x10 XO9444—]M
\/— / _——
Prob. 12.23
® oA A _cKp
Up:E:E - w:ﬂup—ﬂclz 472 ) (/1:27Z'/ﬂ)
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Prob. 12.24

m @
ol ] o

D|V|d|ng (1) by (2),

2
1— ‘;j 1—(‘]}
1/4 _ L — —0.5625=—1
1/3 2 (f
1-| = 1-| =
(f fz

() ot (:J]

Assuming f_ is in GHz,
f2 0.5625f?

=o.5625—TSc — f?=9844 — f =9.9216 GHz
From (1),
U= 0.25¢c _ - 0.25¢ : _ 0.4444c
. f, 1_(9.9216)
f, 12
1 c
But u'= =—
NN
c 1 Y
——=04444c > g = =5.0625
Jer 0.4444) =——
Prob. 12.25
f=at
2a
2
2 2 2
u 8
TPRETEN (T L. N L0 U o L8107 _ 0208
¢ f u 3x10

=+/0.208f =2.0523 GHz
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u' 3x10°8
2f,  242.2x2.053x10°

=4927 cm

Prob. 12.26

Let F=41-(f,/f)?=1- (16/24)? = 07453

8
u'
U= 1 3x10 —2%10° U -

Juz  J2.25 R

= —T 3700
e = N1IF = 5407453 - 222

m/s

Prob. 12.27

For the TE,, mode,

H,=H cos( Je 7
a

H.,. _Jpa Hosin(”—xjemZ
a

e_jﬂz

ys _ * *
* H - Eystsax - EySHxsaz

= Ja)’uaH cos oupa’

X X
sin a, +——
V3 a a V3

a)ﬂ’gaszsinz X la
27° ° a )"’

1 "
y;ve :ERe[EsXHs]:

Prob. 12.28

2 2
_IEs P +[Ey |
2n

2.2 2
_ou'r

P =
* 2nb*h?

ave

H,’sin? zy/ba,

where 7= gy -

:I I:)ave'ds = an

x=0 y=0

H J..[ sin’ zy / bdxdy

Hsm(

Uy, =U'F =2x10°x0.7453 =1.491x10°

7TX
a,
a
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2.2 2
ORaTI?

P =
ave zn b2h4

H, 2ab/2

2

But h?=(mx/a)?+ (nn /b)? = —

(a) For TEyp mode, eq.(12.57) gives

a, + B, = \/—a)z,ug+ k,”+k,*+ jouo,

12
= —0)2/U2+¥+ jO)qu

b_z,
b _ o ’p’ab’H,’
ave 41'EZT'|
Prob. 12.29
9 -7
R = mu f =\/7r><12><10 ><477r><10 _ 2.858%10°
o, 5.8x10
1 8
fo= = 2104651 GHz
2a  24/2.6x2x10"
u. 1 1 1/2
fc11 = E{a—2+ b—2] =104 GHz
w3
'= [ =—=—== 2338102
L € 26

=0.012682 +j373.57

o4 = 0012682 Np/m

2R, [1+b(fc)2]
o, = —+—(=
by'y1- (. /f)2[2 a f

2
27 x12x10° T
=l 2o | GO+ o=
3x10 (2x107)

2

+ j27x12x10° x 47 %107 x10™*
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2x2.858x10° [1 1,4.651

= = —(—)} 0.0153 Np/m
10‘2(233.81)\/1—(4.651 /12?12 2 -

(b) For TE;; mode,

g+ By =02/ u*+1/a’+1/b%+ jopo,

2

= \/— 139556.21+ —— + ]9.4748 = 0.02344 + j202.14

(10 %)
a4 = 002344 Np/m
2R, (b/a)’+1| 2x2.858x107 (1/8)+1
Ge 2| la)?+1| 192 2
bn'y1- (f,/ )7 [(b/a)*+ 1] 102(233.81)/1— (10.4/12)7 | (1/4) +1

o.=00441 Np/m

o

Prob.12.30 ¢, =¢'-je''=¢- ja

Comparing this with

c

g, =16¢,(1- j10*) =16z, — j16¢, x10™

e =16s,, L =16¢,x10"
w
For TM,; mode,

u' m2 n2 1/2
fc :E|:—2+b—2j| =2.0963 GHZ, f :1.1fc =2.3059 GHz
a

-9

& =166,0x10™ =16x 27 x 2.3059x10° x 20— %10 = 2.0525x10°*

6r
&

on' 4.1x10* x 307z
a, = =
21-(f. /1) 2J1-1/1.12

=0.0231 Np/m

Ee“’-08E, ——  2--1In(L/0.8)=9.66m

ay
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Prob. 12.31
For TMj,; mode,
2R,
.=
by'J1- (f,/ f)?
9 -7
R = 1 _ [zfu :\/7Z'><2.3059><10 >7<47r><10 —0.0246 O
o0 o, 1.5x10
a, = ix 0.0246 —0.0314 Np/m
47 x10°x307x0.4166
Ee %) =0.7E, e In(1/0.7) = 6.5445 m
a,. +0!d
Prob. 12.32
1 8
f,= o 30 _556h
2a 2x6x10
' 377
e = 7 == - =483 Q)
0
f 4
From Example 12.5,
2 2 6 —4
 _ E;ab _ (2.2)*x10° x6x3x10 —9.0196 mW
2n 2x 483 —
Prob. 12.33
For TEyp mode,
1 8
Lo 0 sisieH:
2a  2/2.11x4.8x10°
()
(@) losstangent = —-=d
0e
» 9 107 4
o=0ws=3x10"x27x4x10° x2.11x 5 =1.4086x10
T
1207z
‘= =259.53 Q
7 \v2.11
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_ 1.4067 x107* x 259.53

2\/1 (f /£)? 2\/1-(2.151/ 4)?

9 7
(b) R = uftr =\/7r><4><10 ><477le0 _1.9625x102 O
o, 4.1x10

=2.165x107* Np/m

a

2R, [1 b b (£ 1 )2} ~3.925x107%(0.5+0.5x0.2892)
2.4x107 x 259.53x0.8431

Ty i(f/f) L2 a

=4.818x107° Np/m

Prob.12.34
wfu

: 2 |—— 2
2R, 1 b(f, o, 1 1( f,
acz— _-|-_ —_ [ R
£ 212 alf f 2 2 f
T
f
24 =10 x;z\/—x— { [szl
0.5x107 x (1207 / /2.25)+/5.8x10’ f

2 f
30 (5.8/2.25)\/1—(];"]

The MATLAB code is shown below

k=10"(-5)/(30*sqrt(5.8/2.25));
fc=10"10;
for n=1:1000
f(n)=fc*(n/100+1);
fn=f(n);
num=sqrt(fn)*(1 +(fc/fn)"2);
den=sqrt(1- (fc/fn)"2);
alpha(n) =k*num/den;
end
plot(f/1079,alpha)
xlabel(‘frequency (GHz)")
ylabel(‘attenuation’)
grid
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The plot of attenuation versus frequency is shown below.

—~

wy/dN) uonenuane

frequency (GHz)

Prob. 12.35

=]
)
S
o
e
€

N
I
c I
-mG
o O
T W
o ©
<=
— |l
S |
=1k~
c | X
g X|g
T
L <
Y—
-
(v

©
g =8
o

The surface resistance is

23.91x10° Q

5.8x10’

7x8.4%10° x 47 x1077

J

For TEo mode,

ntu
o

n'=n,=377

0.781,

6.56
8.4
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" 2x23.91x10°° [ 1.016

= 0.5+=—(0.781 2}
1.016x107% x377+/1-0.7812 (0781)

2.286
_ 47.82x107°(0.5+0.2711)

- 3.83x0.6245

=15.42x107° x8.686 dB/m = 0.1339 dB/m

=15.42x10"° Np/m

Prob. 12.36

u' 3x10°
a f,o=—=—"
@ fao 2a 2x3.8x107

2
U, =Uu’ 1—[%] =3x10°%/1—(0.3947)% = 2.756 x10° m/s

b)) a=a,+a,
a, =0 since the guide is air-filled.

10 -7
R - ﬂf,u:\/ﬂxlo ><47r7><10 _2609%1020
o, 5.8x10
2
a-— 2 o502 L
% al f
bn', [1-| =%
L)

-2
_ 2x2.609x10 2 {0.5+g(0_3947)1 _5.218x0.5656
1.6x102(377),/1-(0.3947) 554.23

=5.325x10" Np/m
a,(dB) =8.686x5.325x10° = 0.04626 dB/m

=3.947 GHz

Prob.12.37

u' c 3x108

f = —= =
“ 2a 2afeu 2x25x10742.26

=3.991 GHz

2 2
- L) 1_(%j ~0.8467
f 7.5

27 x7.5x10°/2.26
3x108

B=p'F= 0.8467 =199.94 rad/m
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on' on, _  107(377)

a, = = =
" 2F 2Fs 2x0.8467+2.26

2
ac :L 05+9(L]
f ]2 al f

=1.481x10"* Np/m

by, [1-|
A
9 -7
R = nfu :\/zrx7.5><10 xélzz'xlo 00519 O
o, 1.1x10
2
2x0.0519 o.5+1'5(3'991j
250 7.5 0.1038x0.6698
%= 377 "7 31848
1.5%x107% x x 0.8467 '
\/2.66
=0.02183 Np/m
u' c 3x10° 8
u =—-= = =2.357x10° m/s
" F Fs 084674226
8
o, =u'F = 2x10 <0897, 659,.10° ms
\2.26 -
1 8
4= ¢ 310 =0.05 m =5 cm(= 2a, as expected)

©f. f.fe, 3.991x10°/2.26

r

Prob. 12.38 (a) For TEjo mode,

C

fo=—-) U=
°~ 2a J211

B 3x108
V2.11(2x 2.25%1072)

c

=4.589 GHz

2R 1 b
D) ey = : [—+— f/f 2}
(b) TE10 b’ 1—(fC/f)2 2 a( )

9 -7
R = nfu :\/zrx5><10 ><4ﬂ7><10 _3796x102 O
o, 1.37x10

=T 250540

2.11
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2><3.796x10‘2[0.5+£(4.589/5)2]
o, = 2.25
1.5x107(259.54)/1— (4.589/5)°

Prob. 12.39 For TE;g mode,

=0.05217 Np/m

%R [1+9L2]
" by 1-(f /)22 af

08

1 f
But a=b, Ry=—¢= ala
G0 c

c

iy 1 f,
2 {1 f } kﬁ{z”f)}

o, 1 fel_
YT 1= (F 1) 2+ (%) 1= (F.1 1)

where Kk is a constant.

3
da 2

C

fooponl e K1 ) ) fooor
k[l— (T)?_]UZ[Z f V2 ¥ fCZf 5/2]_ E[E f 1/2 + fCZf 3/2](2 .I:ch 3)[1_ (T)Z] 1/2

df 1- (f, /)2

da

. =0. Thisleadsto f=2.962f..

For minimum value,

Prob. 12.40 For the TE mode to z,
E,. =0,H, = H, cos(mrx/a)cos(nty/b)sin(prnz/c)

7 0E, jop OH,

»TTh gy R ox

= + = - J::Zu (mn /a)H, sin(mnx/a)cos(nry /b)sin(prz/c)

as required.

y 0B, Jjop 0H,  jop

E -_
*h* ox h* oy h?

From Maxwell’s equation,

(nm /b)H, cos(mnx/a)sin(nny/b)sin(prz/c)
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o 4 2
_Ja)luHS:Vx ES = 5)( ﬁy 52
E« Es O
1 0E 1 .
H,= m > - —h—z(mn la)(pn /c)H, sin(max/a)cos(nty /b)cos(pnz/c)

Prob. 12.41 Maxwell’s equation can be written as
_ Jog 0B,y 0H,

*" h?2 gy h? ox
For a rectangular cavity,

h? = k2 +k,? = (mn/a)’+ (nm /b)?
For TM mode, H =0 and
E,. = E,sin(mnx/a)sin(nny/b)cos(prz/c)
Thus
_Joe FE,  jwe

* h? gy h?
as required.

(nz /b)E, sin(mzx/a)cos(nzy/b)cos(prz/c)

~ jo)_aﬁEZS v 0H,
" h? 9x h? oy

= - 1;028 (mn /a)E, cos(mnx/a)sin(nny/b)cos(pnz/c)
From Maxwell’s equation,
g 2 7
joeE,=VxH_ =|0x 2y 01
He H, O
1 0H, 1 _
E.=— =—(nz/b)(pz/c)E,sin(mzx/a)cos(nzy/b)cos(przz/c)
B joe 0z h?
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Prob. 12.42

f = UEI\/(m/a)Z +(n/b)’+ (p/c)’

The lowest TM mode is TMyo with . = —,|—

u'

Hence the dominant mode is TMjo,

(c)If a=c>b, l/a=1/c<1/b,

Hence the dominant mode is TE;q;.

where for TM modetoz, m=1,2,3,..., n=1,2,3,...., p=0,1,2,....
and for TEmodetoz,m=0,1, 2, 3,..., n=0,1,2,3,...., p=1,2,3,..., (m+n)=0.
@ If a<b<c, 1/a>1/b>1/c,
The lowest TM mode is TMyqo with f, = % 1 b12
The lowest TE mode is TEg1; with f, =— biz ciz UE é b_12
Hence the dominant mode is  TEo:;.
(b) If a>b>c, l/a<l/b<l1lc,
u' 1 1

The lowest TE mode is TEjo; with f, =— /—+i2 >_ iz+i2
2\a*> ¢ a® b

u 1 1
The lowest TM mode is TM1qo with f, = E ¥+ b_2
"1 1 u 1l 1
The lowest TE mode is TEjpy With f, = — |+ 5 <12+ 7
a- ¢ 2Va® b

STUDENTS-HUB.com

Uploaded By: anonymous



431

Prob. 12.43

3x10°

1 ¢
Jus e, V46

S DRORC

For the dominant mode, m =1, n=0, p=1

(@ u

' 2 2 2
S
2 a b c
1V (1Y
f g0 =1.5%10% (Ej +(Zj =1.5x10'"°/0.1736 = 6.25 GHz

frreon =1.5x10%, /$+% —1.5x10°+/0.2225 = 7.075 GHz

L =1-5><101°,/%+6—125 —1.5x10"+/0.2711 = 7.81 GHz

, 2 2 s 10
Py (lj {1) J3a0 1 b 30 37267) = 2.606 GHz
2 \\a c 24/4.6 V9x10 36x10 2(2.1447) E—
(b) B (@*+c?)abc
5[2b(a3 +c’)+ac(a’® + cz)]
1 1
o= = =2.49%10° m
\/77 f 10101, \/7Z'>< 2.606x10° x1.57x10" x 47 x10”"
o (9+30)(72) x102 32.42 47077
S5[8(27+216)+18(9+36)] 249x10°(2754) ——
Prob. 12.44
(a)
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Prob. 12.45
1 c 3x108
u'=——— s 75 =1.897x10°

A

—9.485,/m? +0.25n? +0.111p> GHz
i =9.485V1+0+0.111 = 10 GHz
ou  =9.485y0+0.25+0.111 = 5.701 GHz
o =9.485,0+0.25+0.444 =7.906 GHz
o =9.4850+0.25+0.999 =10.61 GHz
o1 =9.485,0+1+0.111 =10 GHz
Thus, the first five resonant frequencies are:
5.701 GHz(TE,,,)
7.906 GHz (TE,,,)
10 GHz (TE,, and TE,)
10.61 GHz (TE,,, or TM,,,)
11.07 GHz (TE,, or TM,,,)

R AR e——,

Prob. 12.46

(a® +c?)abc
c$[2b(a3 +c*)+ac(a’ + cz)]
When a=b=c,

2a’a’ 28> a
5[2a><2a3+a2 x2a2] " 6o’ ZQ

Q=

Q=

Prob. 12.47
(a) Since a>b <c, the dominant mode is TE,,,

8 2
rloru? iz Ciz 3X10 <10 ‘/ ——1677 GHz

n

2

J+(2)
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B (a®+c?)abc
(b) QTElOl - 5[2b(a3 +C3) N ac(a2 +Cz):|

_ (400+100)20x8x10x10°® 3.279x10°°
S[16(8000 +1000) + 200(400 +100)] )
—4
But o= ! = ! = 10 m
S Taotte  \J716.77x10° x 47107 x6.1x107  200.961

200961 _ 659,51

Qreyor =3:279x10°°

Prob. 12.48

C
f = 2_a“/m2 +n°+ p’

The lowest possible modes are  TEig;, TEp11, and TMy10, Hence

c 8
f, = —2 a ¢ 3x10 =7.071 cm

2a - frﬁ:\/ix3x10g

a=h =c=7.071cm

Prob. 12.49
@ a=b=c

u
f =—m*+n’+ p?

2a
For the dominant mode TE,,,

f, =u—\/1+ =£\/§
2a 2a

a:cﬁ: 3x10°/2
2f,  2x5.6x10°
a=b=c=3.788 cm
(b)
For ¢, =2.05, Uu'=——

=0.03788 m

o cv2  0.03788 002646

C2f.\Je, 2,05

a=b=c=2.646 cm
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Prob. 12.50

(a)

This isa TM mode to z. From Maxwell’s equations,

VxE, =-jouH,

|l 2 2 _
H,———t VxE,—d[ox oy @ L(ﬂﬁ]
Jou o 0 0 E.(xy) ou\ oy oX
But
1 1 107

E,. =200sin30zxsin30zy, — = - —=
ou  6x10° x47rx10 247

102
H, = J;f x 200 x 307r{sin 307xcos30xya, —cos30xxsin 307ryay}
V/a
H =Re (Hs e

H= 2.5{—sin 307xcos30xya, +cos30zxsin 307zyay} sin6x10° 2t A/m

(b)
EZEZaZ; H:Hxax+Hyay
EH =0
Prob. 12.51
8
@ a=b=c —b> frlOlzﬂ:]'ZXlog
a2
_ﬂ—l 77 cm
J2x12x10° =
S
TE101 35 3
2 9 -7 7
:1,77x10 \/7Z'><12><103><47Z'X10 x5.8x10 _ 976761
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Prob. 12.52

e DRORC)

P 3x108
r101 2

L 1 44186 MHz
(10.2)° " (3.6)

! +L MHz =45.093 MHz

f., =150 |——
rout (8.7)%  (3.6)

f.., =150 L >+ L >+ L > MHz =47.43 MHz
(10.2)° (8.7)° (3.6)

f =150 |2+ 1 MHz=22.66 MHz
(10.2)°  (8.7)

f =150 |— —+ 4 ~ MHz =84.62 MHz
(10.2)? " (3.6)

f 0 =150 4 -+ L ~ MHz =51 MHz
(10.2)° (3.6)
Thus, the resonant frequences below 50 MHz are

frllO’ frlOl, frOll’ and frlll

Prob. 12.53

8
n=clum = 220 = 14286
2.1x10

Prob. 12.54

NA=/n? —n = 1512 ~1.45? =/0.1776 = 0.421

Prob. 12.55

(@ NA=n?-n= +/1622-1604° = 0.2271
(b) NA=sin 0,=0.2271 or 0, =sin *0.2271 =13.13°

d —6
© V= 70 A = 7 x50x10 xf)g.2271 _ 97441
A 1300x10

N = V?/2 6 modes
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Prob. 12.56
d x2x5x107°

V :—«/n2 —_nd =m0 E T (/1.48%-1.46% =5.86
AVt % 1300x107°
V2

N :7:17.17 or 17 modes

Prob. 12.57
(@ NA=sin 6,= n? -n,2 = {1532 - 1452 =0.4883
0. =sin 10.4883 =29.23°

() P(I)P(O) = 104710 = 1904510 = g 633
ie. 63.1%
Prob. 12.58

P(ﬁ) — P(o)lo—a/,/l() :lOX10—0.5x0.85/10 — 90678 mW

Prob. 12.59
As shown in Eq. (10.35), logip P1/P2 =0.434 In P4/P;,

1 Np=201logioe =8.686dB or 1 Np/km =8.686 dB/km,
or 1Np/m = 8686 dB/km. Thus,

a,, =8686a,,

Prob. 12.60

-3
—1'2X196 —30.792
1x10

al =10log,, :‘” =10log,,
out

7=04dBkm = 2% Npkm
3.686
30792 30.392 dB

/ =
a 0.4 dB/km

=76.98 km

Prob. 12.61
P(O) - P(I) 10a 1/10 - 02 X 10 0.4 x 30/10 mW = M

Prob. 12.62 See text.
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CHAPTER 13
P. E. 131
(a) For this case, r is at near field.

H :M(£+ lje‘jﬂr, ﬁr:z—n.&=72°
r

2

s 4 r -
8
o 10 A3
(0.25)-%% sin 30° i3 | .
H, = 100 - S e =02119£-20.511°mA/m
4 6rx/5 (67/5)

H=Im (H{ﬁsej‘”t a¢) Im is used since I=1,sin ot

=0.2119sin(10° —20.5°)a, mA/m

(b) For this case, r is at far field. g = 277[>< 2004 =0°

1(0.25)25) -2 sin60°e 1 B
- 4100 ~0.2871e/™" uA/m

H s
47(67x200)

H = Im (H,a,e’) =0.2871sin(10°+90°)a, xA/m

P. E.132
()I—£—15m
a =5 = Lom,

(b) I, = 83.3mA

(€) Riad =36.56Q2, Prag = %(0.0833)236.56

=126.8 mW.
(d) ZL=36.5+ j21.25,

365+ j2125-75

= =0.3874/140.3°
36.5+ j21.25+75 038 03
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1403874

= =2.26
1-0.3874

W

P. E.13.3

4nU

D =
F)ratd

(a) For the Hertzian monopole

U@,9)=sin’0, 0<f<x/2,
%2 2% . 4n
j sin” sin6dod¢ = 3

0=0 ¢=0

0<p<2r, Upax =1

P

rad

(b) For the % monopole,

3
2
sin® 0

cos’(cosh)

U(O,(I)): aUmale

n
2

2

" 25 cos’ (= cosh)

sin0dod¢ = 27 (0.609)

P

rad —

620 420 sin

4n (1)

- 328
21(0.609)

P. E.134

(@) Prg= n,P, =0.95(0.4)
o 4Up, _ 41(05) _
- P, 04x095

47(05)
03

16.5

w

(b) D=

N

0.9

N
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P.E.13.5
% 2n 2
o n
Prad I sin® sin0d0dy = —, Upax = 1
0=0¢=0 2
dn(1
: nnz( ) _ 2546
7
P. E.13.6
1
(a) f(0)= |cos6|cos{§(ﬁd cosf + oc)}
where o=n, pd :2_“&:,5
A2

f(0)= |c039|cos{%(n cosh + n)}

unit pattern group pattern

For the group pattern, we have nulls at
7/ (cosO+1)=%7/ , 0=+7/
and maxima at
%(00894—1):0,72' - 5 cosd=-11 ——> 6=0,7
Thus the group pattern and the resultant patterns are as shown in Fig.13.15(a)

(b) T(06)= |cose|cos{%(ﬁd cosf + a)]

where az_%, pd=x/2

1(rx
f(0)= |Cﬁs€|cos{5 Ecose—%ﬂ

unit pattern  group pattern

For the group pattern, the nulls are at

%(cos@—l):—% 65 180°

STUDENTS-HUB.com

Uploaded By: anonymous



440

and maxima at

cosf-1=0 > 0=0

Thus the group pattern and the resultant patterns are as shown in Fig.13.15(b)

P. E.13.7
(a)

c%c%o %o

—> ‘—Be—

ﬂ 1:2:1

1:2:1
X X
>

%

Thus, we take a pair at a time and multiply the patterns as shown below.

°
°
X
>
>
11

(b) The group pattern is the normalized array factor, i.e.
N(N-1) ;,, N(N-D(N-2),
X e+ 3 (S

1 . )
(AF), = = |1+ Ne' + +e'(N-bv

)

N-1/\ ~ ~ ~
where Z= Zl:[ i] =1+N+ N2!1+ NN ;)!(N 2)+ ...........

_ (1+1)N—1 _oN-1

1 NS 1 | v/ -iv ju /N1
(AF), = s e ev " 2 e Ve e LM
N-1 N-1
= ! 200si = cosi
2N-1 2 2
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P. E.13.8
22 ¢ 3x10°
= —G ﬂ e I ———— 3
4 f 10 o
For the Hertzian dipole,
G, = 15sin’ 0
}\’2
A = 5(1.5 sin”0)
1502 15x9 1074 m?
= = = A m
Ae,max 41_[: 41_[: == -
By definition,
-6
PrerPave Pave:&zsx:]-o
— A, 1074
= 2793 uW/m2
P. E. 13.9
21E?
4nr?P,, anr 2 n  2nrE?
(@) Gy= = =
Prad Prad nPrad
_ 277 x400%x10°x144x107° — 0.0006

12077 x100x10°

G =10log,, G, =-20.18 dB
(b) G=7,G, =0.98x0.0096 =9.408x10"°

P. E.13.10

rzx%fc%d%
(4n)® PR
3x108

where 2= = 5 =005m
f 6x10

A =07ra’=07n(18)% =7.125m

Gy = 2 _ AN(TA29) _ 500, 408

2 25x107*

STUDENTS-HUB.com Uploaded By: anonymous



442

STUDENTS-HUB.com

1
‘e 25x107* x(3.581)* x10° x5x 60x10° %
(47)’ x0.26x107°

=1168.4m =0.631 nm

At T = "max ) =584.2m,

_GyP.y _3.581x10"x60x10° _ 501 Wim?

P 2 2
4rr 47(584.2)

Prob. 13.1

Using vector transformation,
A= Agsinbfcosd, A= A cosbcosd, A =—A sing

5 —ipr

(sin&cosga, +cosbcosga, —singa,)

Vx A T 100(:os6’sin¢§e,jﬂr
7 ° 4r*sin@

a, —5—02(1— jprysinge ""a,
ur

?2 cos@cosg(l+ jprye " a,

At far field, only % term remains. Hence

j50

H, ==—pe " (singa, —cosfcosga,)
ur
i —ipr
E,=-na, xH, :M(singiﬁ% +cosfcosga,)
ur

E= Re[ Esej“’t] - S(ZI_’:ﬂsin(a}t — pr)(singa, +cosfcosga,) V/m

H= Re[ Hsej“‘] — %roﬂsin(a)t — pr)(singa, —coscosga,) A/m
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[Eye =77, | H,y |=0.1885 V/m

() |H, [=0.5 mA/m)|

dl

1
(d) Prad :E| Io |2 Rrad

Prob. 13.3
c _ 3x10°
f 50x10°
jl adl

4rr
dl =10cm << 4

2r 27
ﬂ: = =

A

=6m

; —ipr
5o = sinfde ",

/3

T
Ioﬂdl B 20x=x0.1

4z

=0.1667

A

. _10.1667 o Ge " a, A/m
r

H

j0.1667x377 .
=————si
r

E

—jmr/3 _
. node "a, =

Prob. 13.2
8
(a) :EZLOtSZOJSm
f  400x10
2 2
- 2d _ 2(0.021) g
A A
1.e. r is in the far field.
H,, = AP G g
dxr
3x 2z x0.021 xsin 90°
I,8dl . A
|Hy [=—=——sinf =
4rr 47(60)

2
(¢) R, =807 (7) =807(0.02)" =0.3158 O

1
S OX0.3158) =

E, =nH

=5%x10"* =0.5 mA/m

1.421 W

@s

10283 fe " a, V/m
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Prob. 13.4
A=c/f,

Prob. 13.5

(@) A=

e—Jﬁf
47

r

I e’ iBr

inl,e

rad (_

I, =18.68 A

i

2

% 2z
21, [ @- “)cos(pzcost)dz

T 21 rB? cos®

E, = jouA—»

R

2
ol = =807 (dlj
A
rad
rad
2
b £
goz> ™ ( de]

1 J—
807>

3x10°
140x10°x2x1072

1
807

2 2
j 12( ) =348.93

dl

e i
| .- || |)elﬁmseaz

"y

22| o)
(l—l—) cos(fzcosB)dz + | J (l—l—) sin(fz cos 0)dz
P2

|

2
61

[1 cos(B/cose)}

= jousinGA, =

jpr s1n6[1 COS(B/COSG):i

1B sinOA,

7 rl

If B/ «l,
Hence

inly
8

|Ees|

2n
]
00

Boe=grr P

S

P

ave —

E

2l

B cos” 0

cos(B/cose) 1-———

ECOSG)

le® sing , H

¢s:EHs/77

P..dS

ave

Prad__[

) — sin’ 0r® sin0do d¢
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2
=1on2|02(%j =10 15°Reag

2
OF Ry = ZOnZ(%)

2
(b) 05= 20n2(%) — > 1=0.051

"R +Z, 40+73+ )42

Rrad = 73

rad »

1
I:)rad :E| I |2 R

I:)rad = %(01991)2 x73 :M

Prob. 13.8
Let us model this as a short Hertzian dipole.

Prob. 13.6
2
R, =807 (ﬂ]
y)
8
a=c/t=220 _os0m
1.2x10
2
(ﬂ] = Ras _ 05 _ 633410+
A 80 &0
%=2.516x10‘2 —  dl=2.516x107%%250=6.29 m
Prob. 13.7
AR
24V
Vv 24

=0.1866— j0.0694

Zin = 73442
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2
R,, =807 (%) =807%(1/8)* =12.34Q)

1

Pag =5 1oRa =4 ——  1,=08052A

o' ‘rad

Prob. 13.9
Change the limits in Eq. (13.16) to i% ie.

ol el (jB cos0 cosPt + B sinBt)

A Y
4rnr ~B%cos’0 +p°

Pz

2nr B sin’ 0 2 2 2 2

But B=yH =VxA
10 A
Hos = pr{ar(rAe)_ 30 }’

where A =-A sin0,A = A, cosf

!
=" 2nr B

sinf 2

For far field, only the %-term remains. Hence

Bl (Bl Bl (Bl
. sin-—cos| = cos0 | - cosf cos - sin| - cosl
H - i, o i 2 2 2 2

wle™ 1 [ Bl (Pl Bl (Bl
= sin—cos| —cosb | - cosf cos—sin| — cosH

el ( ip ){Sinﬁ—lcos(%lcose) - cosb cos%lsin(ﬁ—zlcosej ] +

s 2nr sinf

o)y
COS| 2 COoS COS 2

(b) f(8)=

sinf

cos(m cosf)+ 1

For I=),f(0)= sin®

| .
o (..
2nr? ( )
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3
cos(7T cose)

3h
For I= 2 §(0)=
orl==7,10) sin®

cos@sin (27 cosd)

For | =24, f(0)= -
sin @
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Prob. 13.10
(@)

4

= =1.975

6r

2
p=w ’u—g! 1+(ij +1]
2 wE
_27r><460><106

3x10®

2
B
=2

weE

27 x450x10° x81x

C
x11.4086 =109.91

A=—=0.0572

=28.58 mm

Prob. 13.11
(@)
3x10°

=————=260.8m
1.150x10°

3 27 x460x10°

I
2

[ 1+(1.975)" +1}
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(b)
8
S Y 33330
f 9010
1=%-08333m
4
(c)
8
e 20 3 5m
f 8010
1=%-09375m
4
(d)
_C_ 3x10° B
. 600x10°
r=%-0.125m
4
Prob. 13.12

I{(x ,hence it is a Hertzian monopole.

L(dY (1Y
R =807"| — | =807"| = | =12.34 Q
A 8
Prob. 13.13
8

@ 1=5=210 _3p

f 10x10

_nnl,S . |- E, . I

max r)\‘Z o~ T]TCS

| ~ 50x107° x3x30?
° 1207°7(0.2)’100

=9.071mA  (S=Nzr?)

_3207'S®  3207°7°(0.2)* x10°*

b) R
( ) rad 14 304

=6.077Q2

P.==1"R, =%(9.071)2 x107° x6.077
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A'R

rad

R_+R 12646391

Prob. 13.16

@ 10 cos(Zcost

sin0

=025 mW
Prob. 13.14
8
f  80x10
S =Nuznp;
3207*S*  3207°N*z’p! >
Rrad = 14 = 44 .
4
NZ= GTBoig006 > N498
3207°(1.2x107%) -
Prob. 13.15
3207452
(a) Rrad = 24
S =ap} = 7(0.4)* =0.5027 m’
8
f  6x10
4 2
L 3207 (0.54027) 196 mO
(50)
® P =%|02Rrad =%(50)2x1.26x10‘3 —1.575W
a a /! al 272R [ufr
c) R,=— Il Vrtuo = -
© o5 Y 280S 207a’ s 2ra \ o©
R R |ufz__04 \/4“107)(6)(106)(”—63 91 mQ
"“a\ o 4x10° 5.8x107 -
= —Rons 126 100% =1.933%

T 3207°(1.2x107)
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30

Prob. 13.17

P

radl

ohmi

P

P

P

From (1) to (3),
P

rad2

(b) The same as for % dipole except that the fields are zero for e>% as shown.

Y e e e .

Let P, and P_;, be the old and new radiated powers respectively.

Let P, , and P, , be the old and new ohmic powers respectively.

0% = — a1
T ip s

But Pohml = E
1
e = 1R, 202 =2

=—I’R
rad1 o}
2

_ 2
rad 2 =—I,R

= rad1l (3)

y)
x 807> (%T
y)

77Y2 ) Pradz + P

ol —33.3%

T4P_ +2P

ohm2
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Prob. 13.18
P R
77r — rad — rad
Pln Rrad + RZ
R, =730, R=—='_
oS o.ra
8
r=% a=er1=21% Csom, r=25m
2 x10
R, = - 2 5 —= 25 =0.09528Q
58x10° x (1.2)" x10 262.4
n, :7—3= 0.9987 =99.87%
73+0.09528 e
Prob. 13.19
(a) Let H, =820 gimy
7,0
ag xa, =4q, —> QyXxay =a, —> ay =3,
- cos 20 e,
12071

E. [’ cos’ (26
) Py =oila -2 B0,
n nr

2 V4
Pras =~ [[ 2% 5in 0d6dg = —— (2)] cos” 205in 040
2n r 240z 0

But cos28 =cos’@—sin’ @ =2cos* -1

Vi

1
=———|(2cos*@—-1)>d(cos 8)
120!

rad

— _LI(4COS4 6 —4cos’ @+1)d(cosO)
1204

T

+cos 9]
0

1 4cos56_4cos39
120 5

IR T S U SIS O
1200 5 3 5 3 120 15

=7.778 mW
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(c)
1 120°
) = —— I (2cos* @—1)>d(cos )
120 60°
1 (4cos’@ 4cos’é 120°
= - +cos@

120 5 °
Z_E[S(__)__(__)_E_E(g) —(—)——]—a[ﬁ E—g]
=5972 mW

which is ﬂ=0.7678 or 76.78%
7.778 =

Prob. 13.20

‘ZV :ERe(EsX Hs)25n| H¢s | a'r

212
P.= jy;ve[us =177” 6’8 °—sin” @ cos’ ¢ r’ sinAdOd ¢

npl; ¢ npl, (4
= ° |'sin’ 8d@ | cos’ gpd¢p = 1+ cos2¢)d
327[2! I “pdg =" J( $)dg
_np’l, ij np’l,
32727\ 3 24
2
Rrad — 2F);ad 7718
I 127
Assuming free space, 7=120r,
2
Rrad = IOﬂ
T
Prob. 13.21
(a) Py = J. ad (0S =P, 271> (hemisphere)
3
= P 200A0T gy oy

27xr* 27(2500%10%)

P, =12.73a, uW/m®*.

(E

N —max/ )

©) Py, =
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E, . =+2NPoe = V2407 x1273x10°°
=0.098 V/m
Prob. 13.22

U(0,4)=r’P,, =ksin’*@sin’ ¢

ave

u(,
Gy(0.9)=— "0
Uave
k k : k [* ’
U,.=—[lU(8,¢4)sin0@dOd¢ =—| sin’ gd@|sin’ 0d@ =—| | (1—cos’ g)d (-
=3 JU (. 9)sin 00009 = [sin’ gdg [ sin A!( cos” g)d( cos¢)}
_LH_&
4| 3 O
G,(0,9)= i—jkzk sin’ @sin’ ¢ = 7.069sin’ fsin’ ¢
D =Gy ..x = 7.069
Prob. 13.23
From Prob. 13.11, set g:ﬁ’ P =2—”ﬁ:37z
2 A2
(2::13/1 j (2;z13/1j
.. |cos| ——=—-cosf |—-cos| — ——
jle’r A22 A22
H¢s: .
2xr sin @
cos 3—7[0059 —Cos 3z
e’ 2 2 )] jl,e”" cos(l.57cosd)
C2ar sin @ ©2ar sin &

Hence, the normalized radiated field pattern is
cos (1.5 cos6)

sind
which is plotted below.

f(0)=
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Prob. 13.24
The MATLAB code is shown below

N=20;

del= 2*pi/N;

sum=0;

for k=1:N
theta = del*k;
term (1 — cos(theta))/theta;
sum = sum + term;

end

int = del*sum

When the program is run, it gives the value of 2.4335
increasing N.

Prob. 13.25
jnIOBd . —iBr
(a) Ey= Anr sinfe
d)?
R.q = 80 2(—)
rad n }\
4zr? i|E i
47”2Pave 21 os
G, = =—
Prad 7'02Rrad
C4ar® 1 (Ajzlnzlozﬁz(dl)zsinze
© 1,2 '8or2\dl) 16n°r?

. The accuracy may be increased by
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G, =1.5sin* 8

(b) D=G, _=1.

(9]

d,max

A2 1.51%sin’ @
(©) A\a == Gd =
A A

2
d) R, =807 (%) =3.084 O

Prob. 13.26
47U (6, 47 f2(0
G,(0,9)= 220D __JxT(O)
P [[f(@)d0
f(0)=sind
2 < 2
Gy(0.4) == 200 %”fﬁf: 1.5sin’ 0
| [ sin® odo 7(4/3)
$=0 6=0
D:Gd,mang
Prob. 13.27
(a)
8
_c_ 3><106:250
f 1.2x10
(=% _625m
4

(b) Fromeq. (13.30), R_, =36.5Q

rad
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(c)
For A/4-monopole,
cos(gcos 0)
f@)=—2 —  0<O0<x/2
sin @
47 cos’ (% cos )
4z (6 in>
Gy(0. = O sin’ 0
,[f @), cos*(Fcos)
2 4edg
0% sin @
A cos2(% cos6) 1 3.282 cosz(% cos6)
T il 272(0.6094) sin @
D=G,,,. =3.282
Prob. 13.28
(@) Unax =1
U — I:)rald — JUdQ
Y 4r 4
RN
= I Hsm 260 sin6dodo
= L(27;)}(2 sin@cos8)’d (—cos8)
4 0
= 2.[ (cos4 0 - cos’ G)d(cose)
0
_ 9 cos’0 cos’0 ||
75 3 o
2 2 8
- 2[- 5* ﬂ 15
u,, = 05333
D= Yo = 1875
B UaVe ) .
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(b) Unx=4

:_IudQ_—”SSlEIZdHM

=—Id¢I cosec/dd ——lnf
oy

O
g
S

N
2
=
NG
et

ave 4r

Zij sin ¢d¢j (1— cos’ O)d(— cosf)

12,
, 41 3 -

u =L um:i”zsirﬁ Osin’ ¢sin 0dOd ¢

[SSH=
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Prob. 13.29
U,
@ Gy 0.9)=2
Uave
1 2r &
U,.=— j I 10sin @sin’ ¢xsin 0dOd ¢
47[¢=09=0
= ETsin2 ¢d ¢]£ sin*0d@
4z 0
_El(e_sinZQ] 2n1(¢_sm2¢j %
47 2 2 02 2 0
10 Sm
=—Q2r-0)(r-0)=—
1672'( 7= 07 =0) 4
. . 2
G, (6,4) = ‘ms‘iﬂ —2.546sin Osin’ ¢
zr
D=G,  =2.546
1 f f . 2 . 3 .
(b) U,.=— I J. 2sin” @sin” ¢ xsin ddHd ¢
4

$=0 6=0

= %I sin’ ¢d (/ﬁi sin’60d@ = iﬁ (1-cos® g)d(—cos ¢)}

0 4

3 2
2 3 0| 273 187
1872- . 2 . 3 . 2 . 3
Gd(9,¢)=?2sm fsin’ ¢ =2.257sin” @sin” ¢

D=G =7.069

d.max
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2r &
(©) Uavezi j j 5(1+sin> @sin’ ¢) x sin 0dd ¢

4 $=0 =0

:%Esin@d@zfd¢+1.sin3 Hdé’zfsinz d¢}

i 2

3 | 2n(ccos)|” + 2L _Sin28 127

41 0 32 4 70
=i{47z+i7r}=§
4r 3 3

G,(0,9)= %5(1 +sin® @sin’ @) = 0.75(1 +sin” fsin’ @)
D=G

=1.5

d.max

Prob. 13.30
Umax :4
1 1 P
Uave:—JUdQ:—I 4sin” @sin—sin #dHd ¢
4 4r 2

17 ., T 9 17 ) o |7
=— 0do —dg=—|(1- 6)d(—cos ) (-2
”Ism }[smz i/ ﬂ'([( cos” #)d(—cos)(—2cos )0

) 2
1 4 8
=2
(3)() 3
D= _ 4,37 _ 4710
Uave 8
Prob. 13.31
2 2 2
P ave=|Er| a - I smzt9ar
2n 2nr
12 ¢¢sin’ @ |2 ¥
P =—0 r’sin@d@dg =—2>—(27) | (1-cos’ &)d(—cos
S | 0= Ja0m 2] ( )d(~cos6)
2 3 2 2
e (LR AR T W B P W\ L
120 3 0 120 90
12=90P,, =90x50x10° ——» | =2.121A
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Prob. 13.32

_LIE P r? 14007°128%sin’ @

U@d,¢)=rP,, =r , where 7=1207

e 2n 27 r’at
U(6.4) = 1207°1S%sin’ @ 607°12S”sin’ @
’ 24" A
Prob. 13.33
E* o&°I?
ave :Z = 27]['2
2Py 2P, . ., 8xr*ad’l? 4ma® 4Arma® o
Rrad:|—2:|—24ﬂ.r = |2 2 2: = = —
nr n 1207 30
Prob. 13.34

According to eq. (13.10),

P = kJ‘sin3 0do = %, where k is a constant.
0

: =3 3 /3
P =kJ‘sin30d0=k{COZe—cosﬁ}ﬂo =k[ ! —l—l+1}=ik
0

rad

3x8 2 3 24
Sk S
Fraction = 24 _ 2 _ 0.1562
4 32
3
Prob. 13.35

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

inpldl| . e e
E.=E,+E, :M sing ——a,, +sinf, ——a,,
A rl r2
d d
where I, =r——cosd, n=r+—cosd, 6,=6,=60, a,=a,=3,
2 2

E = Jnﬂlodl sin@ae I:ejﬁ’dcosﬁ/z +e—jﬁdcos6‘/2:|
s
4
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E _ mﬂl

S

s1n6? cos( pdcosB)a,

Prob. 13.36

AF = 2cos(m cosf)

(b)Nulls occur when

cos(mncosf)=0 —>
or

6 =60°,120°

(¢) Maxima and minima occur when

df

—=0 —>  sin(ncosf)nsinf =0

do

ie. sin6=0 —— 0=0°180°
cosb=0 —-> 6=90°

or

6 =0°,90°,180°

(d) The group pattern is sketched below.

30 30

an

,,,,,,,

160

(a) AF = 2005{1(Bd cose+(x)} o=

2
pd =29 = 21

0
’ A

ncosh =+n/2+3n/2,...

Group Pattern

190
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Resultant Pattern

: e A = i B H
90 [----- E  EEEE R B < B e b i | 90

160

Prob. 13.37

f(6) = cosE(Bd cosf + a)}

(a) a=74.pd =27".x=2n

f(0)= cos(n cosf + %)

3
Nulls occur at © cosf + % =+ %,i %

Maxima occur at %=O — sinf = 0——> 06=0°,180°

,...0r 6=755°1386°

. Vs
Or sin (75 cos@+ Z] =0 0 =414°1045°

With f_ =07L1.
Hence the group pattern is sketched below.
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3 2n L m
by e="mbd=0m%2
3
f(0)= cos(zcos(iﬂ?nj
Null t Tooshsmo L3 >
ulls occur a cos g ~ iyt —

.. . . T RY/4
Minima and maxima occur at sin & cos (Z cosf+ ?j =0

ie 0=0°180°— f(0)=0.383,0.924

30 30

d =24, x=3n/4

a0

180

6 =60°
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2n 3L 31
() 0=0pd=5"7=7%
3
f(0)= cos(—ncose ‘
4
n 3n
It has nulls at Tcose = iz,ir 7,...—) 0 = 48.2°,131.8°

f
It has maxima and minima at —= 0 - sin0 sin(%cos@j =0

do
ie. 6=0°180°> f(0)=07L1, 6=190°,—> f(0)=1

0

0= 0°, abs(f) = 1/N2=0.707
0=90° abs(f) =1,
0 = 180". abs(f) = 1/7N2=0.707

Prob. 13.38
1
(a) ForN=2, f(8)= cos{g(ﬁd cosf + a)}

A

4

1(2n A T
f(0)= COS{E(T.ZCOSO + Oﬂ = cos(zcose)

Maxima and minima occur at

4 (3 e) -0
do COS| 4COS =

sin0 sin(%cose) =0

a=0,d=

sinf=0- 0=n,0 and f(0)=0707

e
sm(zcose) > cos=0- 0=90°"f(9)=1
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3z

Nulls occur as %Cosé’ = i%’iT ...(No Solution)

The group pattern is sketched below.

Group Pattern

80 40

180

(b) For N =4,
sinZ(Bd cosf + 0)

sin;(ﬁd cosf + O)

sin40 ~ 2sin 20 cos20

sind - Sin = 4¢0s20 cosf

ow,

1
AF = 4cos(Bd cose)cos(EBd cose)

f(e)_ [2_7[ & 9) (12_11&) 0
= COS| 7L.4COS COSZ}\ 4 COS

= cof st o s
= COS§ 2COS COS 4.COS

The plot is shown below.
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Group Pattern
M=4

Prob. 13.39

for n=1:180
phi=n*pi/180;
p(n)=n;

fun=sn*cn*cn/sd;
f(n)= abs(fun);
end
polar(p,f)

Polar plot

' T
180 feeeen Feoees

0%,

2rm

s T

The MATLAB code is shown below.

sn=sin(2*pi*cos(phi));
cn=cos(0.5*pi*cos(phi));
sd=sin(0.5*pi*cos(phi));

) e SR g0

The polar plot and the xy plot are shown below.

| i i ]
0 20 40 60 a0 100 120 140 160 180
Wy oindegrees —
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Prob. 13.40

(a) The resultant pattern is obtained as follows.

1£0° 1£0° 1£0° 120

oM o M o M O
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(b) The array is replaced by by  + +
£0° % /L7 /2

where + stands for . — .
£0° s

Thus the resultant pattern is obtained as shown.

1£270°

1£0° 12£90° 1£180°

O M o WM& o M O

® A2, T

~"

Prob. 13.41

G,(dB)=20dB =10log,, G,
c 3xl10®

f 10x10°

A2 9%10™*
A=—G;=

47 47

— > G, =10>=100

=3x107?

100=7.162x10" m’
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Prob. 13.42

P __ R 29k

’*:PWJErVWErF
2n

_ 2x1207x2x10° 487

Prob. 13.43
Friis equation states that

P 2
F 47Z'r

8
ﬂzﬁzﬂ:um

f 200x10°
G,(dB) =15dB =10log,, G,

r

25x10°x10° 250

r=238,857x1.609x10° =3.843x10"

—— G, =10"""=31.623

=34.55%10"

P

t

G, =

A 1.5

Prob. 13.44
Using Frii’s equation,
2
66, [ Z } P
4rr
[47”}
C 3><108

A=—=""—0.],
f 3x10

G,(dB)=10log,, G, =25
G,(dB)=10log,, G, = 20

[4ﬂx42x103j23><10_6

PI'

R

P=

t

0.1 31623

(ﬂjz P _(47r><3.843x108)2 4x10”

G, (dB)=10log,, G, =10log,,34.55x10'" =115.384 dB

r=42 km

— > G, =10
— > G, =10°=100

=2.642 kW

120x107

=316.23
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Prob. 13.45

Gy =10*,G,, =10%% = 1585

8
_ e _3X10 _hoom=L
f  15x10° 50
9 2
N 002
P -GG (_j R, =10* 1585( ) 320
PR ) (1585) 47 x 2.456741x 107

=2.129x107" W =21.29 pW

Prob. 13.46
/1 2
Pr = GdtGdr (4_7”) Pt
8
ﬂ =%=—230>< 11006 = 15 m’ Gdt = Gdr = 1.64
X
2 3 2
b (ﬂj _0.5x10°¢| ZX80XI0 ) o35 005w
G,G, 1.64x15
But R, =omi_73 5 |2=2Fe 2X835025 )05,
1 73 73
|, =4.783 A
Prob. 13.47

30dB = 1og% - % =103 = 1000

r r

3 2 Gy )
But Pr=(Gd)2(—) Pt=Pt( d )
50 x4nx12 800w

(Gdjz_&_ 1 _( 1 jz
800/ P, 1000 10410

or Gy =0T _ 79476

10410

G, = 1010og79.476 = 19 dB

STUDENTS-HUB.com

Uploaded By: anonymous



472

Prob. 13.48
2
E P..G 2407P.., G
(a) PiZiz rad 2d _>|Ei|= re12d d
2n,  A4nr Anr

|Ei|=%~/60Prade =m\/60x200><103 x 3500

=1708 V/m

2
Elo 17087 x 8
E| =\/ S _1136 uV/m

E —
4rr? 47 x 14400 x 10°

5| =

(b)

b - poo 1708?
© R=Ro="i0n

(8) = 30.95 mW

E’ (11.36)° x 107%
_JEF (136) <107 1oy 10 wimt

d ) — =
@ R 21, 240n
8 2
_ 3x10 = 02m, Ay = A°G =0.04><3500
15x 10 An 47

P =PA, =1712x107*® x 1114 = 1.907 x10*

(G4) oPg  (0.2x3500)% x8 x 2x 10°

4n)®rt 4n)® x 124 x 1016
(47)

or P =

=191x 102 W

Prob. 13.49

P — (/IGd )zo-Prad

' (4r)’r*

G,(dB)=30dB=10log,,G, —— G, =10’
c 3x10*

:T:4x109
332 3
(0075100 x12x80x10° _ o 4y
(47)*(10x10°) -

=0.075m
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Prob. 13.50

3
=E=M=£x10‘4 =1.067 ms
u 3x10 3 =

8
(b)yA=c/f :ﬂ 0.075m, P = A\eo-GdZPrzad
4x (471?)

0

@

2
A°G, N Gd=477:°\3

But A = 4r A2

2 2
P =4rc L; P :47z'><5( 2 - 6] (60x10°)=2.59x10"*W
4mrA 0.075x47x160" x10 —

(C) r= 2’ZGSO-Ld 1/4: 120_ (47[)2'0\92 Prad 1/4: A:O' I:)rad "
(47)’

(4z)’ P 2P 474° P,
[osxa o101
47(0.075)> 8x107" —
Prob. 13.51
4
I:)r = kpzad - Prad = r? I:)r
r

4

4
If R=2r, P —@P=16%R=16P

rad — k r rad

i.e. the transmitted power must be increased 16 times.

Prob. 13.52
P

4n  (4nnr, 2 ,
LT Y
dt dr o

But G, =36dB=10%° =3981.1

G, =20dB =10> =100

8
=239 g6
f 5x10

r, =3km, r, =5km
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oo (411 x 15x 106)2 8x 10712
rad — 3081.1x 100\ 6x107 24

= 1038 kW

Prob. 13.53
(a)

= rfL 7x300x10°%x50%x107°

R 20
IL=10log,,(1+ F*) =10log,,(1+2.356%) =8.164 dB

(b)
F=7fRC =zx300x10°x10x10°x60x107"2 =180z = 565.5

IL=10log,,(1+F*)=10log,,(1+565.5%) = 55.05 dB

=2.356

Prob. 13.54
Zy I I
) +
A B v, 7L
C D
By definition,
Vi=AV,-Bl, (1)
Il = CV2 — DIz (2)

Let V,and V, be respectively the load voltages when the filter circuit is
present and when it is absent.

V,=-1,Z, :L
Cz +D
_ V,Z, _ V,Z,
Z, W (Cz, +D) Z, + AV, =Bl (Cz, +D)
1, CV, - DI,
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V,Z,

z,+ 2278 ez 4 D)
CZ, +D

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

_ v,z

T (z,+2)

Ratio and modulus give

=<

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

Insertion loss =

2

(z,(cz, +D)+AZ, +B)

\Y
IL = 20log,, vl 20log,,

2

which is the required result

Prob. 13.55

b 10°
(a) Rdc_ O'S

0.96x107 x6.1x10

Rac = o>
®) oWo

1 1

Z,+Z,

=17.1mQ /km

7a2=08x1.2=0.96 or a=0.5528

5:

1000x12.1x 7 x10°
= - 1.93Q
1.2x107 x6.1x10 -

N

ac

Jrfuo \/7r><6><106><47r><10_7><6.l><107 12.1x7x10°
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Prob. 13.56

E 6
SE =20log,, £ 20log,, oxl0* " 20log,,(3x10%)

0

=109.54 dB

STUDENTS-HUB.com Uploaded By: anonymous



477

CHAPTER 14
P.E.14.1 The program in Fig. 14.3 was used to obtain the plot in Fig. 14.5.
P.E. 14.2 For the exact solution,
(D*+1)y=0 —» y=Acosx+ Bsinx
y(@=0—> A=0
y(1)=1 —> 1=Bsinlor B=1/sin1l
Thus, y=sinx/sinl

For the finite difference solution,

Y(x+8)-2y(9) + y(x-4) |

y'+y=0 % X

y=0

or

y(x) = v Az)fA)Z(X_ 2) y0) =0yl =1,A=1/4

With the MATLAB program shown below, we obtain the exact result y. and FD result
y.

y(1)=0.0;
y(5)=1.0;
del=0.25;
for n=1:20
for k=2:4
y(K)=( y(k+1) +y(k-1) )/(2-del*del)
x=(k-1)*del;
ye=sin(x)/sin(1.0)
end
end

The results are listed below.

y(X) N=5 N=10 N=15 N=20 Exact
Ye(X)
y(0.25) | 0.2498 0.2924 0.2942 0.2943 0.2940
y(0.5) | 0.5242 0.5682 0.5701 0.5702 0.5697
y(0.75) | 0.7867 0.8094 0.8104 0.8104 0.8101
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P. E. 14.3 By applying eq. (14.16) to each node as shown below, we obtain the
following results after 5 iterations.
0 0 25

10.01 28.3

ik
R

50

[EEN
N
o
o1
N
©
w
N
&
a1
\I

gty
;
§

50

[
o
o
=
N
oo
w

thihis
bk

0 0 25

P. E.14.4 (a) Using the program in Fig. 14.16 with nx = 4+1=5 and ny = 8+1=9, we
obtain the potential at center as

V(3,5) = 23.796 V

STUDENTS-HUB.com Uploaded By: anonymous



479

(b) Using the same program with nx = 12+1=13 and ny = 24+1=25, the potential at
the center is

V(7,13) = 23.883 V
P. E. 14.5 By combining the ideas in Figs. 14.20 and 14.24, and dividing each wire into
N segments, the results listed in Table 14.2 is obtained.

P.E. 146
(@)

For element 1, local 1-2-3 corresponds with global 1-3-4 so that A; = 0.35,

P;=0.8, P,=0.6, P3=-14, Q:=-05 Q,=05,Q3=0

06357 01643 -08
c® =101643 04357 -06
-08 -06 14

For element 2, local 1-2-3 corresponds with global 1-2-3 so that A, =0.7,

P1=0.1, P2=14, P3=-15, Q1=-1, Q2=0,Q3=1

03607 005 -04107
c®=| 005 0.7 -0.75
-0.4107 -0.75 11607

The global coefficient matrix is given by
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1 2 2 1 2 1
C( )11 + Cll( ) ClZ( ) Cl?_() + Cl3( ) C13()

C — C21(2) CZZ(Z) C23(2) 0
C21(1) + C31(2) C32(2) C22(1) + C33(2) C23(1)
C3l(1) 0 C32(2) C33(1)
09964 005 -0.2464 —0.8
| 005 07 -075 0
-0.2464 -075 1596 06
08 0 075 14
(b) 3
2
4

For element 1, local 1-2-3 corresponds with global 1-2-4 .
P,= 0.9000; P,;= 0.6000; P;= -1.5000
Q1= -15000; Q.= 0.5000; Q3= 1,

A= 0.6750;

1.1333 -0.0778 -1.0556
c® = | -0.0778 0.2259 -0.1481
-1.0556 -0.1481 1.2037

For element 2, local numbering 1-2-3 corresponds with global numbering 2-3-4.
P,= 0.8000; P,= -0.9000; P;= 0.1000;
Q1= -0.5000; Q2= 15000; Qsz= -1,;

A= 0.3750;
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0.5933 -0.9800 0.3867
c® = -0.9800 2.0400 -1.0600
0.3867 -1.0600 0.6733

The global coefficient matrix is

C (1) 1 C12 (€N 0 C13 (€]
C-= C21(1) sz(l) + C11(2) C12(2) Czs(l) + C13(2)
- 0 C (2) C (2) C (2)
12 22 23
Csl(l) Csz(l) + C31(2) C32(2) Css(l) + C33(2)
1.1333 -0.0778 0 -1.0556
c - -0.0778 0.8193 -0.9800 0.2385

0 -0.9800 2.0400 -1.0600
-1.0556 0.2385 -1.0600 1.8770

P. E. 14.7 We use the MATLAB program in Fig. 14.33. The input data for the
region in Fig. 14.34 is as follows:

NE = 32; ND = 26; NP = 18;
NL=[12 4

= 010 W ol
© o101 b~

09
6 10
11 10
8 12
8 13 12
89 13
9 14 13
9 10 14
10 15 14
10 11 15
11 16 15
12 13 17
13 18 17
13 14 18

~NOoO ook WwNDN
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14
14
15
15
16
17
18
18
19

20
21

19 18
15 19
20 19
16 20
21 20
18 22
23 22
19 23
24 23

19 20 24
20 25 24

21 25
26 25];

0.0 0.0 0.0];

X=[1015201.0152.00.0 051.015 2.00.0051.01.52.00.00.5 1.015
2 0.0 0.51.01.52.0];
Y =[0.0 0.0 000505 051.01.0 1.01.0 1.0 1.5 1.5 1.5 1.5 1.5 2.0 2.0 2.0
2.0 2.0 2.5 25 25 25 25 ];
NDP=[1 236 11 16 21 26 25 24 23 22 17 12 7 8 9 4];
VAL =[0.0 0.0 15.0 30.0 30.0 30.0 30.0 25.0 20.0 20.0 20.010.0 0.0 0.0 0.0

With this data, the finite element (FEM) solution is compared with the finite

difference (FD) solution as shown in the table below.

Node # | X Y FEM FD

5 1.5 0.5 11.265 11.25
10 1.5 1.0 15.06 15.02
13 0.5 1.5 4.958 4.705
14 1.0 1.5 9.788 9.545
15 1.0 1.5 18.97 18.84
18 0.5 2.0 10.04 9.659
19 1.0 2.0 15.32 15.85
20 1.5 2.0 21.05 20.87
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Prob. 14.1 (a) Using the Matlab code in Fig. 14.3, we input the data as:
>>plotit([-121],[-10;02;10],1,1,0.01,0.01,8,2,5)

and the plot is shown below.

(b) Using the MATLAB code in Fig. 14.3, we input the required data as:
>>plotit({11111],[-1-1;-11;1-1;1 1;0 0],1,1,0.02,0.01,6,2,5)

and obtain the plot shown below.

STUDENTS-HUB.com Uploaded By: anonymous



484

i
I
]

1

X

Prob.14.2
The exact solution is
V(X) Leileldy
6 2 3
so that V(0.5) = 0.3125. For the finite difference solution,
V(x+A)—2VA(2x)+V(x—A) il

which leads to
V(x) :%[V(X+A)+V(X—A)—A2(X +1) |
We apply this at x = 0.25, 0.5, 0.75 for 5 iterations as tabulated below.

No. of iterations  V(0) V(0.25) V(0.5) V(0.75) V(1.0)
0 0 0 0 0 1
1 0 -0.03916 -0.0664 0.4121 1
2 0 -0.07226 0.1232 0.5069 1
3 0 0.02254 0.2178 0.5542 1
4 0 0.06984 0.2651 0.5779 1
5 0 0.09349 0.2888 0.5897 1

From the table, V(0.5) = 0.2888 which is smaller than the exact value due to the fact that
the number of iterations is not sufficiently large and also A= 0.25 is large.

Prob. 14.3 (a)

dV _V(X+AX) -V (x —AX)
dx 2AX
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For Ax = 0.05 and at x = 0.15,

dv.  2.0134-100

-

O o0osxz il

dV V(X +AX)—2V(x)+V(x—Ax) 2.0134+1.0017 — 2x1.5056 _15
dx? (Ax)? (0.05)? =

(op}

(b) V = 10sinh x, dV/dx =10 cosh x. At x=0.15, dV/dx = 10.113
which is close to the numerical estimate.
d?V/dx? = 10 sinh x. At x=0.15, d*V/dx? = 1.5056

which is slightly lower than the numerical value.

Prob. 14.4
VAV = N XA oV 0
ot pop art

The equivalent finite difference expression is

V(po +Ap’ Zo)_zv(po’ Zo)+V (po _Ap’ Zo) +iv(po +Ap1 Zo)_v(po _Apl Zo)
(dp)’ P, 200

V(p,,z,+Az)- 2N (p,,2,) +V(p,,2, - AZ)
+

(82)° =0

If Az=Ap=h, rearranging terms gives

1 1 h
Vi(po:20) = 3V (po. 2o + ) + 7V (po, 2, — ) + (14 g)V(/JJr h,z,)

h
+(1- a)V(p -h,z,)

as expected.
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Prob. 14.5
ON 1N 10NV
VA = ——+5—5-=0, 1
§p2 + ,0 ﬁp + pZ 0')¢2 ( )
0’)2V Vm+1n - van +Vm+ln 2
VS @)
0,)2V an+1 _ 2an +an—1 3
W@y ©)
N V-V 4
5,0 mn — 2Ap ' ( )

Substituting (2) to (4) into (1) gives

1 -1
\ nm+1 -V nm—l Vm+ln - 2an + Vm+1n me - van + an

\% 2V = + +
mA p(24p) (Ap)? (mApA ¢)*
1 1 1 1
- 1__V n_zvn 1 _V n n+1_2Vn Vn—l
(Ap)z ( 2m) m-1 m + ( + 2m) m-1 + (mA¢)2 (Vm m + m )

as required.
Prob. 14.6
V. =V1+V2 sz +V, _ 10—40;50+80 _25v
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Prob. 14.7
Iteration 0 1 2 3 4 5
9
V, 0.0000 | 25.0000 |35.6250 |38.9063 [39.7266 |39.9316
V, 0.0000 | 26.2500 |32.8125 |[34.4531 |[34.8633 | 34.9658
Vs 0.0000 | 16.2500 |22.8125 |[24.4531 |24.8633 |24.9658
V, 0.0000 | 15.6250 18.9063 19.7266 19.9316 | 19.9829
Prob. 14.8
V, = %[0 +100+100+V, ] =%(\/b +200) @
1 1
v, =Z[O+O+Va +V°]:Z(Va +V.) (2)
1 1
A :Z[Vb +1OO+100+O]:Z(200+Vb) (3)
Using these relationships, we obtain the data in the table below.
Iteration 1st 2nd 3rd 4th 5th
Va 50 53.115 56.641 57.08 57.135
Vp 12.5 26.56 28.32 28.54 28.57
Ve 53.125 56.64 57.08 57.135 57.142

Alternatively, we can solve (1) to (3) simultaneously.
From (1) and (3), V,=V,

\Y

From (2), V, :?a

Thus (1) becomes

a

V=%(%+ZOOJ — V,=400/7=51.143=V,

V

V, =2 = 28,57
2

Prob. 14.9
(a) We follow Example 6.5 with a=b.

. (nzx)_.  (nzy . (nzy)..  (nzX
N oo sm(jsmh() N o sm(]smh(}
VoV 4y, =y a AL a a

nsinh(nz) nsinh(nz)

7T n=odd 7T n=odd
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(b) At the center of the region, finite difference gives
V(a/2,al2) =%(0+0+v0 V) =\%= 25

Prob. 14.10
2 -9
k="P 104, 5020 18, _0.5655
£ 10
367
At node 1,
V, = %[O +V, +V;+k] —— 4V, -V,-V,=Kk 1)
At node 2,
V, = %[O +V,+V,+k] — 4V,-V,-V, =Kk (@)
At node 3,
V, =%[O+2V1+V4+k] —  A,-2V,-V, =Kk (3)
At nde 4,
Vv, :%[O+2V2 +V,+k] —— 4V, -2V,-V, =Kk 4)

Putting (1) to (4) in matrix form,
4 -1 -1 0|V, 0.5655

-1 4 0 -1{V,| |0.5655
2 0 4 -1||V,| |0.5655
0 -2 -1 41|V, 0.5655
Using a calculator or MATLAB, we obtain

V, =V, =0.3231V, V, =V, =0.4039 V

Prob. 14.11

@ ) -
-4 1 0 1 0 O07|V.| [-200
1 -4 1 0 1 O0/|V,| |-100
0 1 -4 0 0 1]||V.| |-100
1 0 0 -4 1 0}|V,| |-100
0 1 0 1 -4 1]V, 0
0 0 1 0 1 -4/|Vi| | 0

[A] [B]
(b)
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4 1 0 1 0 0 0 o]V -30
1 -4 1 0 1 0 0 0]V, |-15
0 1 -4 0 0 1 0 O0]/V,| |=-30
1 0 0 -4 1 0 1 0/v,| |-75
0 1 0 1 4 1 0 1|vl| | o
0 0 1 0 1 -4 0 O0/V,| |-75
0 0 0 1 0 0 -4 1(V,| |0

(00 0 0 1 0 1 —4|V,] |0

[A] [B]

Prob. 14.12 (a) Matrix [A] remains the same. To each term of matrix [B], we add
-h?p,l¢.

(b) Let Ax=Ay=h=0.25 sothat nx = 5=ny.

p, x(y-1D10"°
Lo XY=0 a6 x(y—1
;109736 oD

Modify the program in Fig. 14.16 as follows.

H=0.25;
for I1=1:nx-1
for J=1:ny-1
X = H*I;
Y=H*J;
RO = 36.0*pi*X*(Y-1);
V(1,J) = 0.25*( V(I1+1,J) + V(I-1,J) + V(1,J+1) + V(1,J-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:
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V.= 4.6095 V,=9.9440 V.=11.6577
V4 =-1.5061 V,=3.5090 Vs=6.6867
V= -3.2592 V, =0.2366 V,=3.3472

Prob. 14.13
\ =%(0+0+V2 +V,) =%(\/2 +V,)

Vv, :%(0+50 +V, +V,) :%(50 +V, +V,)
1 1

V, :Z(O+1OO+50+V2)=Z(150+V2)
1 1

Vv, :Z(O+50+V1 +V;) :2(50 +V, +V;)
1 1

V, :Z(0+0+V4 +V6):Z(V4 +V;)
1

Ve :Z(0+50 +V, +V,) :%(50+V5 +V,)

v, :%(0+1oo +V, +50) =%(15o +V,)

Initially set all free potentials equal to zero. Apply the seven formulas above iteratively
and obtain the results shown below.

n 1 2 3 4 5
V1 0 6.25 9.77 10.63 10.97
V> 12.5 24.22 25.83 26.15 26.25
V3 40.625 43.55 43.96 44.04 44.06
V4 12.5 14.84 16.70 17.73 17.97
Vs 3.12 7.03 10.29 10.93 11.05
Vs 13.281 24.46 25.98 26.23 26.28
\%, 40.82 43.62 43.99 44.06 44.07
Prob. 14.14

10, +0i ™, 200, Ol +D 0, 207,
c? (A1)? ) (AX)?
O mnit + O s - 20 75,
(Az)°

If h= Ax= Az, then after rearranging we obtain
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q)j+lm,n = Zq)jm,n —®j71m,n +a(q)jm+l,n +q)jm—1,n —Zq)jm,n)
+0((cDjm,n+1 +cDjm,n—l —ZCDjm,n)

where a = (cAt/h)?.

Prob. 14.15

oV oV V(X +AX,1) = 2V (X,1) +V (X — AX,1)
= SN =
ox>  ot? (Ax)®
V(X t+At)—2V (x,t)+V (X, t —At)
(At)?

V(X t+At)=| — | [V(X+AX, 1) =2V (X, 1) +V (X=AX, t[+ 2V (X,t) =V (X, — At)
i ]

or
V(i j+D) =a[V(i+1 j)+v(i-1 )]+20-aV (i, -V (i, j-1)

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

programs was developed.

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

[t,x]=meshgrid(td,xd);

Va=sin(pi*x).*cos(pi*t);%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
V(2:N-1,k+1)=-v(2:N-1,k-1)+v(1:N-2,k)+Vv(3:N,k);

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
shown below.
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Prob. 14.16

The MATLAB code and the plot of F(u) are presented below.

% Integration using MATLAB

N=40;
del=pi/N;
for k=1:21
u(k)=0.1*(k-1);
sum=0.0;
for n=1:N
theta=del™n;
num= u(k)- cos(theta)
den=( 1 +u(k)”™2 - 2*u(k)*cos(theta) )"1.5;
term = num/den;
sum=sum + term;
end
(k) = sum*del;
end
plot(u,f)
title("f as a function of u")
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f as a function of u

Prob. 14.17 Combining the ideas in the programs in Figs. 14.20 and 14.24, we develop a
MATLAB code which gives

N =20 , C=194pF/m

N =40 , C=13.55pF/m

N =100 | C=12.77 pF/m

For the exact value, d/2a =50/10 =5

-9
C e _ 7x10 /367r=12.12 oF/m

2 d o coshis ==

cosh
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Prob. 14.18

- [

h
To find C, take the followiny sieps:

(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, yx) for the center of each segment.

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

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

X =[h+ A (k-1/2)] cos 6, k=N+1,N+2,... 2N

where h is determined from the gap g as

9
h_23in0/2

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

y V,,k=1..,N
€7 -V, k= N+1.2N

A
A, =4 dreR; ’
2InA /a,i= |

|

where R, = G5 %)+ 0 ,)
(4) Invert matrix [A] and find [ p] = [A]™ [V].

(5) Find the charge Q on one conductor
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N
Q=ZpkA=AkZpk
=1

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

below. Z, =100 Q.

N Zo, inQ
10 97.2351
20 97.8277
30 98.0515
40 98.1739
50 08.2524
Prob. 14.20

2N
Vi = z A1jpi
=1

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

0 C (in pF)
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. 14.19 We may modify the program in Fig. 14.24 and obtain the result in the table

We make use of the formulas in Problem 14.19.
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where N is the number of divisions on each arm of the conductor.

The MATLAB code is as follows:

aa=0.001,
vo=10;
eo = (107(-9))/(36*pi);
L=2.0;
N=10; %no.of divisions on each arm
NT=N*2;
delta=L/(NT);
x=zeros(NT,1);
y=zeros(NT,1);
%Second calculate the elements of the coefficient matrix
for i=1:N-1
y(i)=0;
x(i)=delta*(i-0.5)
end
for i=N+1:NT
x(i)=0;
y(i)=delta*(i-N-0.5);
end
for iI=1:NT
for j=1:NT
if (i ~=J)
R=sqrt( (x(1)-x())"2 + (y(i)-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.
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Charge distribution

Segment X y p inpC/m
1 0.9500 89.6711
2 0.8500 0 80.7171
3 0.7500 0 77.3794
4 0.6500 0 75.4209
5 0.5500 0 74.0605
6 0.4500 0 73.0192
7 0.3500 0 72.1641
8 0.2500 0 71.4150
9 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. 14.21(a) Exact solution yields

C =27¢/In(A/a)=8.02607x10™ F/mand Z, = 415590

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

Prob. 14.22 We modify the MATLAB code in Fig. 14.24 (for Example 14.5) by
changing the input data and matrices [A] and [B]. We let

xi=h+ A (i-1/2), i=12,...N, A =L/N
yi:h/Z, j:1,2,... N, Zk:t/Z, k:1,2,... N

and calculate

R, = \/(Xi - Xj)2 +(Y; - Yj)2 +(z; - Zj)2

We obtain matrices [A] and [B]. Inverting [A] gives
N
Z a;
[a] = [A]* [B. [p]=[qV(hta), C=--
The computed values of [p,]and C are shown below.
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I £, (x10°)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. 14.23 From the given figure, we obtain
1 X
A1 ’
a, = K: ﬂl X, Y= ﬂ[(xzya = X3Y,) + (Y2 = Ya)X+ (X5 - X3) V]
1 X Y,

as expected. The same applies for «, and «,.
Prob. 14.24

(8 PR =15P =05P =-2Q =-1Q,=15Q,=-05

1
A= E(PzQS -RQ,)=1.375

1
Cij =ﬂ[P€Pj +Qin]
0.5909 -0.1364 -0.4545

C=|-0.1364 0.4545 -0.3182
-0.4545 -0.3182 0.7727
(b)
P=-4P,=4P,=00Q,=00Q,=-3Q,=3
1
A:E(PzQs - P3Q2) =6
0.6667 -0.6667 0
C=|-0.6667 1.042 -0.375
0 -0.375 0.375
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Prob. 14.25 (a)

1 1/2 1/2
2A=11 3 1/2/=15/4
1 2 2

4 1 4
@, = 7[(6- 1)+ (-15)x+ (-1)yl= - (6-15x- )

3

—X 3 ]—i(15x 15y)
2 X ¥ s y

4
a, = 1—5[(1— 1)+

4 5 4
a, = E[(1/4— 3/2)+0x+ Ey] = E(—125+ 2.5Y)

V=oV +a,V,+a,V,

Substituting V=80, V; =100, V, =50, V3=30, a,, a,,and a,leadsto
20 =7.5x + 10y + 3.75

Along side 12, y=1/2 so that

20=15x/2 + 5 +15/4 ____ x=3/2, i.e (1.5,0.5)

Along side 13, x =y

20 = 15)_(/2 +10x + 15/4 , x=13/4, i.e. (13/14, 13/14)
Along side 23, y=-3x/2 +5

20=15x/2-15 +50 +15/4 —*  x=-5/2 (not possible)
Hence intersection occurs at

(1.5,0.5) along 12 and (0.9286, 0.9286) along 13

(b) At (2,1),
4 6 5
“1795 %27 150 %7 15

V(2,1) = oV, + a,V, + aV,= (400 + 300 + 150)/15 = 56.67 V
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Prob. 14.26

1 1

a, = 5[(0— 0)+ (4-0)x+(0-1y]= 5(4X— y)
1 1

a, = 5[(0— 0+ (0+Dx+(2-0)y]= §(x+ 2y)

a, = é[(8+ D+ (-1-4)x+ (1-2)y]-= %(9— 5X - y)

Vo=aV, +a,V,, +azV,,

V(1,2) =8(4-2)/9 +12(1+4)/9 + 10(9-5-1)/9 =96/9 = 10.667 V
At the center o,= a, = a, = 1/3 so that

V(center) = (8 + 12 + 10)/3 = 10

Or at the center, (X,y)=(0+1+2,0+4-1)/3=(1,1)

V(1,1) = 8(3)/9 +12(3)/9 +10(3)/9 = 10V

Prob. 14.27
(3.12) (8.12)

(3.12)

(8.0)

(0.0) (8.0)

For element 1, local numbering 1-2-3 corresponds to global numbering 4-2-1.

P =12,P, =0,P3 =-12,Q; =-3, Q2 =8, Q3 =-5,
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A=(0+12x8)/2=48

1

C. =
U 4x48

[PiP+Q;Q]
0.7969 -0.125 -0.6719
C®=| -0.125 0.3333 -0.2083
~0.6719 -0.2083 0.8802

For element 2, local numbering 1-2-3 corresponds to global numbering 2-4-3.

P, =-12,P, =0,P3 =12,Q; =0, Q2 =-5,Q3 =5,
A =(0+60)/2=30

1

C. =
U 4x48

[PP+QQ]
12 0 -1.2

C®=l 0 0208 -0.208
-1.2 -0.208 1.408

1 1 1
C( )33 Czs( ) 0 C31( )
(1) (1) (2) (2) (1) (2)
C- Czs C22 + Cll C13 C:21 + Clz
- 0 C (2) C (2) C (2)
31 33 32

® ® (2) (2) (2 ®
ClS C21 + C21 Czs sz t C11

0.8802 -0.2083 0 —-0.6719
| —0.2083  1.533 -1.2 -0.125
- 0 -1.2 1.4083 -0.2083

-0.6719 -0.125 -0.2083 1.0052
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Prob. 14.28
4 3
0,2)r3 2 (2,2)
® 3
1 @
1 1 2 2
(0,0) (4,0)

For element 1,

P=0PR=2PR=-20Q=-2Q,=0Q,=2
A=%(4—O)=2, 4A=8

. 4 0 -4 05 0 -05
c:<1)=g 0 4 -4(=| 0 05 -05
4 -4 8 -05 -05 1

For element 2,

P=-2P=2R=0Q =-2Q,=-2,Q,=4

A:%(B—O):4, 4A=16
. 8 0 -8] [05 0 -05
C<2>:E 0 8 -8/={ 0 05 -05
-8 -8 16| |-05 -05 1

The global coefficient matrix is

0

@)
C33

C, C, Cy Cul| |CP+CP CP CP+Cf Cf
C: CZl C22 C23 C24 — Cg) Cg) Cg)
Cy Cp Cy Cy| |CH+CH CY CH+CH Cf
Cn Cp Cy Cy Cy 0 Cy)
1 0 -05 -05
| 0o 05 -05 o0
|-05 -05 15 -05
05 0 -05 1
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Prob. 14.29

0.1)

3

(L.0) (1,0) (3,0

For element 1, local numbering 1-2-3 corresponds to global numbering 1-2-4.
P1=-2,P, =1,P3=1,Q1 =1, Q2=-2,Q3 =1,

A=(P,Qs -P3sQ; )2=3/2,i.e. 4A=6

1

G = ﬂ[PjPi + Qij]

5 -4 -1

co-t_4 5 -1
6

-1 -1 2
For element 2, local numbering 1-2-3 corresponds to global numbering 4-2-3.

Pl :0,P2 :-2,P3 :2,Q1 :2, Q2:-1,Q3 :-1,

A=2 4A=8
. 4 -2 -2
C(2)=§—2 5 -3
-2 -3 5

The global coefficient matrix is
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C 1) 1 C12 1) 0 C13 (1)
(1) (1) (2) (2) (1) (2)
o Cy C, 7 +Cy Cy Cp” +Cy
B ) ) )
0 Cy Cas Ca

(O @ @ (2) ® (2)
Cis Cp’ + Cy Ca Cy '+ Cy

08333 -0.667 0 -0.1667

-0.6667 14583 -0375 -04167
0 -0375 0625 -025
-01667 -04167 -025 0833

Prob. 14.30 We can do it by hand as in Example 14.6. However, it is easier to prepare
an input file and use the program in Fig. 14.54. The MATLAB input data is

NE = 2;
ND = 4;
NP = 2;
NL=[124
4 2 3]
X=[00 1.0 3.0 2.0];
Y=[10 0.0 0.0 2.0];
NDP=[1 3];
VAL =[10.0 30.0]

101
18
Theresultis V =130
20

From this,
V=18V, V4,=20V
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Prob. 14.31

NL = [1

O©C OO N~NOOUOITEEPRRWWNDDN -

N [ o

NNNMNNENPFRPNNENENNEPENRPRPRPRPPRPPPRPORPORPORPROIPFARAREWODNO©
PNOOO0WPRARNWONOIUOOEFPLPPAAONORFRL,NOO (63} i

NE =50; ND=36; NP=20;

7
8

8

9

9

10
10
11
11
12
13
14
14
15
15
16
16
17
17
18
19
20
20
21
21
22
22
23
23
24
25
26
26
27

Compare your finite element solution to the exact or finite difference solution:
Vs=25V

Prob. 14.32 AsinP. E. 14.7, we use the program in Fig. 14.33. The input data based
on Fig. 14.64 is as follows.
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shown below.

21 28
21 22
22 29
22 23
23 30
23 24
25 32
25 26
26 33
26 27
27 34
27 28
28 35
28 29
29 36
29 30

27
28
28
29
29
30
31
32
32
33
33
34
34
35
35
36];

X=[0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0 00 0.2 04 060.8 1.0
0.0 02 04 06 08 1.0 0.00.2 04 06 0.8 1.0 0.2 0.4 0.6 0.8 1.0];

Y =[0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 020.20.2020404040404

0.40.6 0.6 0.6 0.6 0.6 0.6 0.8 0.8 0.8 0.8 0.8 0.8 1.01.0 1.0 1.0 1.01.0];

NDP=[1 23456 12 18 24 30 36 35 34 33 32 31 25 19 13 7];

VAL=[0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0 100.0 100.0 100.0
100.0 50.0 0.0 0.0 0.0 0.0];

With this data, the potentials at the free nodes are compared with the exact values as

Node no. FEM Solution Exact Solution
8 4.546 4.366
9 7.197 7.017
10 7.197 7.017
11 4,546 4.366
14 10.98 10.60
15 17.05 16.84
16 17.05 16.84
17 10.98 10.60
20 22.35 21.78
21 32.95 33.16
22 32.95 33.16
23 22.35 21.78
26 45.45 45.63
27 59.49 60.60
28 59.49 60.60
29 45.45 45.63
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Prob. 14.33 We use exactly the same input data as in the previous problem except that
the last few lines are replaced by the following lines.

VAL=[0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 29.4 58.8 95.1 95.1
58.8 29.4 0.0 0.0 0.0 0.0];

The potential at the free nodes obtained with the input data are compared with the exact

solution as shown below.

Node no. FEM Solution Exact Solution
8 3.635 3.412
9 5.882 5.521
10 5.882 5.521
11 3.635 3.412
14 8.659 8.217
15 14.01 13.30
16 14.01 13.30
17 8.659 8.217
20 16.99 16.37
21 27.49 26.49
22 27.49 26.49
23 16.99 16.37
26 31.81 31.21
27 51.47 50.5
28 51.47 50.5
29 31.81 31.21
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Prob. 14.34

V3.

1 4
Vo = _C_Zvicio

oo i=1

Coo = i Coj(e)

j=1

2x1

Cou = th[PP QQl= 2[—hh—0]=—

2x1
Cox = 3 AP, +QQ.] =55 [-hx0+hix (-h)] =
Similarly, Coz =-1=Cp. Thus
VOZ(V1+V2+V3+V4)/4

which is the same result obtained using FDM.

For element 1, the local numbering 1-2-3 corresponds with nodes with V , V,, and

sy (h+0)x4=4
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Prob. 4.35
1 V,
\ ZZ(0+0+100+V2) = 25+Z

V, :%(O+1OO+V1 +V,) = 25+M

V, :%(O+O+1OO+V2) :25+\%

Vv, :%(0+0+1OO+V5) :25+\%

V, = 104041004V, +V,) = 25+ Ve tVe)
4 4

Ve :%(0+0+100+V5):25+\%5

We initially set V1 =V, =V3 =V, =Vs= Vg =0 and then apply above formulas
iteratively. The solutions are presented in the table below.

iteration 1st 2nd 3rd 4th 5th

V, 25 32.81 35.35 35.67 35.71
V> 31.25 41.41 42.68 42.83 42.85
V3 32.81 35.35 35.67 35.71 35.71
V4 25 23.81 35.35 35.67 35.71
Vs 31.25 41.41 42.68 42.83 42.85
Vs 32.81 35.35 35.67 35.71 35.71

V,=V,=3571V, V,=V,=4285V, V,=V,=3571V

Alternatively, if we take advantage of the symmetry, V, =V, =V, =V, and V,=V,. We
need to find solve two equations, namely,

V,=25+V, /4

V,=25+V,/2

Solving these gives

V, =35.714

V, =42.857
Other node voltages follow.

Prob. 14.36
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A e

>

1
V4 = Z(Vz +V3)

Applying this iteratively, we obtain the results shown in the table below.

£ = &0

£2 = 3E0

No. of iterations 0 1 2 3 4 5... 100
V1 0 125 1757 19.25 19.77 19.93 20
V, 0 15.62 18.65 19.58 19.87 19.96 20
V3 0 3.125 5566 6.33 6.56 6.6634 6.667
V4 0 4688 6.055 6.477 6.608 6.649 6.667
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Prob. 14.37

The MATLAB code is similar to the one in Fig.14.40. When the program is run, it gives
Z,=40.587 Q.

Prob. 14.38

The finite difference solution is obtained by following the same steps as in Example 14.8.
We obtain Z, =43 Q

Prob.14.39

\'A =%(\/2 +100+100+100) =%V2 +75
V,= %(Vl +V, +2V;)

1 1
V, =Z(V2 +V; +200) ZZ(VZ +V;)+50

V, =%(V2 +V; +2V;)

V, =%(\/3 +V, +V, +V,)

V, =%(\/5 +V, +200) =%(\/5 +V,)+50
1 1
Vv, =Z(V4 +2V, +0) ZZ(V4 +2V)

1
Vs = Z(Vs +V7 +V9)

\'A =%(V6 +V; +100+0) :%(\/6 +V;)+25

Using these equations, we apply iterative method and obtain the results shown below.

1st 2nd 3rd 4th 5th
V1 75 79.687 87.11 89.91 92.01
V> 18.75 48.437 59.64 68.06 74.31
V3 54.69 65.82 73.87 79.38 82.89
V4 4.687 19.824 34.57 46.47 53.72
Vs 14.687 35.14 49.45 57.24 61.78
Vs 53.71 68.82 74.2 77.01 78.6
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\Vo" 1.172 6.958 18.92 26.08 30.194

Vs 4.003 20.557 28.93 33.53 36.153

Vg 39.43 47.34 50.78 52.63 53.69
Prob. 14.40

Applying the difference method,

\'A =£+\£+25
4 2

Vv, :%(\/1 +V,)+50

1
vy =5 (Vo 2V,)

1
V4 = Z(Vz +V3 +V5)

v, =Y 450
4

Applying these equations iteratively, we obtain the results below.

Iterations 0 1 2 3 4 5... 100
V1 0 25.0 5468 64.16 70.97 73.79 74.68
V, 0 56.25 67.58 74.96 78.23 79.54 80.41
V3 0 6.25 17.58 33.91 38.72 40.63 41.89
V4 0 15.63 35.74 41.96 44.86 45.31 45.95
Vs 0 5391 58.74 60.49 61.09 61.37 51.49
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N
\ A
A
Up y w > E
\ ™
P
S
P.E.14
Using the dot product,
AeB -13 13

€09 = a8 = J10ves - V50

0,5 =120.66"

P.E.15

@E, =(E-a ). = EFJF_-1004-105)

FP 141
= -0.2837a, +0.7092a, —0.3546a,

a, a, g
(b ExF={0 3 4|=(5516,-12)
4 -10 5

ag. = +(0.9398,0.2734,-0.205)

P.E. 1.6 a+b+c=0 showing that a, b, and ¢ form the sides of a triangle.

a-b=0,
hence it is a right angle triangle.

Area=Ljaxb|=Zoxc|=[cxa|
2 2 2
£|axb|zi‘4 0 _W:i|(3,_17,12)|
2 211 3 4| 2

Area = %\/9 +289+144 =10.51
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P.E.1.7

(a) PR, :\/(Xz _)(1)2 "‘(yz - y1)2 +(Zz _21)2
=~/25+4+64 =9.644

(b)rp =1, + /1(er - rpl)
=(1,2,-3)+ A(-5,-2,8)
=(1-54,2-24,-3+81).

(c) The shortest distance is

d = P,P;sing =|P,Py xay |

_1]6 35
- J93-5 -2 8
1
== |(-14,-73-27) =8.2

Prob.1.1

o =4a,—5a, +2,

_fe __ (45D —0.6172a, - 0.7715a, +0.1543a

z

a, =
® ree | J(16+25+1)

Prob. 1.2
Method 1:

Mg =T —Ta foe =1 —Ig, fea=Ta— I

Mg +lge +lepa =l =M+l =T +r,—1. =0

Method 2
Mg =l — I, =(-2,0,3)-(4,-6,2) =(-6,6,1)
e =1 —r; =(10,1,-7)-(-2,0,3) = (12,1,-10)
fep =1, — 1. =(4,-6,2)-(10,1,-7) =(-6,-7,9)
Mg+ lec +1ca =(0,0,0)=0

Prob. 1.3
(a)
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A-3B = (4,-2,6)—3(12,18,-8) = (4,2, 6) — (36,54, -24)
= (-32,-56,-30)

(b)
2A+5B = 2(4,-2,6) +5(12,18,-8) = (68,86, 28)

|B|=+/122 +182 + 8 = /532 = 23.065
(2A+5B)/| B |- (68,86,-28) / 23.065 = 2.948a, +3.728a, —1.214a,
(c)

1 0 0
a,xA= =-6a, —2a,
4 -2 6 4
(d)
12 18 -8
Bxa, = =-8a,—18a,
1 0 0 ’

(Bxa)ea, =-8
Prob. 1.4

(@) A'B =(10,-6,8)(1,0,2) =10+16 =26
10 6 8
1 0 2
=-12a,-12a, +6a,

AxB :‘ =(-12-0)a, +(8—20)a, +(0+6)a,

(b)

(c) 2A-3B=(20,-12,16)(3,0,6) =17a, ~12a, +10a,

Prob. 1.5

(@) A—B+C =(=2,5,1)+(~10,-3)+(4,-6,10) = (1, —1,8)

1 3
BxC = = (18,2,-6)
(b) 4 —6 10
Ae(BxC)=(-2,5,1)e(18,2,—6) =—-36+10—6 = —32
AeB -2+0+3
c) cosd,, = = =0.05773 —> 60,,=86.69°
© AB J4+25+141+9 he
Prob. 1.6
11
BxC = =a,—2a,+a,
(a) 01 2 y

A(BxC)=(10,~1){L-21)=1+0-1=0
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1 0 -
AxB = =a,—2a,+a,

11 1
(AxB)C =(1,-2,2)10,1,2) =0-2+2=0

(b)

(c) Ax(BxC) L0 e 2a2a
x(BxC) = =-2a, — -
1 -2 1 x Ty T

(d) (AxB)xC =

1 -2 1‘

=-b5a, —-2a, +a,
0 1 2 4

Prob.1.7

@ T=(4,6,-1)and S= (10,12, 8)

(b) rg=r,—r =(10,12,8)-(4,6,-1) =6a, +6a,+9a,
(c) TS=r |=+v36+36+81=12.37

Prob. 1.8

(@) If Aand B are parallel, B=kA, where k is a constant.
B,=kA, B,=kA, B,=kA
For B,, 3=k(-) —»> k=-3
B, =a =kA =(-3)(4)=-12
B, = S =KA, =(-3)(2) =6
Hence, a=-12,/=-6

(b) If A and B are perpendicular to each other,
AeB=0 —— 4a+2-3=0

Prob. 1.9
10 5 -2
(@ Axa, = =2a, +10a,
Y101 0] =/——
(b) Aea,=-2
(©) cosd, =128 2 6, =100.14°

= —
Vv100+25+4 11.358 !
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Prob. 1.10

(a) A-B=ABcosd,,
AxB=ABsinf,.a,

(A-B)" +|AxB|" =(AB)’(c0s’ f,5 +5in’ 0,5 ) = (AB)’

(b)a, ~(ay ><az):aX -a, =1. Hence,
ayxaz :a_X:aX
a,-a,xa, 1

a, xa, a

Prob. 1.11

@ P+Q=(6,2,0),P+Q-R=(71-2)
|P+Q-R|=v49+1+4 =+/54 =7.3485

2 -1 -2
b)P.QxR={4 3 2 =2(6—2)+(8+2)—2(4+3):8+10—14:£='r
-1 1 2
QxR= 43 2‘:(4,—10,7)
-1 1 2
P.QxR=(2,—1,—2)~(4,—10,7)=8+10—14:i
4 3 2
(C)Q><P=‘2 ¥ _2‘=(—4,12,—10)
QxP[R=(-4,12,-10)-(-11,2)=4+12-20=-4
-1 1 2
or QxP-R=R-QxP=[4 3 2|=—(-6+2)—(-8-4)+2(-4-6)=-4
2 -1 -2
(d) (PXQ)-(QXR)=(4,—12,10)~(4,—10,7)=16+120+70=£3
(e) (P><Q)><(Q><R):t11 _1?} 170‘:16ax+12ay+8az
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PR (-2-1-4) 7
0S8, = = = = 09526
M " |P|R| Va+1+4v1+1+4 36
_ IPxQ| 16+144+100 +/260
(9) sin 6eq P[Q  3/16+9+4 329
Oy = 86.45°
Prob. 1.12

A'B = (4,-6,1)(2,0,5)=8-0+5=13
(@) |Bf=2°+5"=29
AB+2|B[*=13+2x29=171

(b)
a, =+ AxB
| AxB |
4 6 1
Let C=AxB= =(-30,-18,12)
2 0 5
a, =+ ¢ _, (3501812 =+(-0.8111a,—0.4867a, +0.3244a,)
|C| 30° +18° +12°
Prob. 1.13

PQ =(2,-6,5)1(0,3,1) =0-18+5=-13

PxQ 2 75 3 _ 514 -2a +6a
X = = — -
0 3 1 X Y :
P.Q -13
c0S O, = = =-051 —— 6,,=120.66°
" PQ 10465 P
Prob. 1.14

P and Q are orthogonal if the angle between them is 90°. Hence
PeQ=PQcosf#=0

PeQ=(2,4,-6)e(52,3)=10+8-18=0
showing that they are perpendicular or orthogonal.
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Prob. 1.15

(@) Using the fact that
(AxB)xC =(A-C)B—(B-C)A
we get
Ax(AxB)=—(AxB)xA=(B-A)A-(A-A)B
(b) Ax(Ax(AxB))= Ax[(AeB)A-(Ae+A)B]
= AeB) (AxA)} AeA) (AxB)
=-A° (AxB)

since AXA=0

Prob. 1.16 P,

C Ps

a=r,—r,=1-2,4)-(5-31)=(-413)
(@ b=r;-r,=335-@1-24)=(251)

c=r,—r,;=(5-31)-(335)=(2,-6,-4)
Notethat a+b+c=0

alb=-8+5+3=0 —— perpendicular
b-c=4-30-4=0

c-a=-8-6-12+0

Hence P, isaright angle.

-4 1 3
2 51

Area = %|a><b|:l

2

1
‘ = E' (1-15)a, +(6+4)a, +(-20-2)a, |
(b)
1 1
= E' (-14,10,-22) |= E\/196 +100+ 484 =13.96
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Prob. 1.17

Given r, =(-1,4,8), r1,=(2,-13), r,=(-123)

@ |PQI=v9+25+25 :Lsu
(b) PR=-2a -5a,
)
QP =(-14,8)-(2,-1,3) =(-3,5,5)
QR=(-12,3)-(2,-1,3)=(-3,3,0)
QPR  9+15+0
IQP|[IQR| /59418
ZPQR = cos™ (0.7365) = 42=640
-3 55
-3 30

(e) Perimeter = PQ+ QR +RP =+/59 ++/18 ++/29 =17.31

=0.7365

1 1
(d) Area = §|QP xQR|= >

Prob.1.18
Let R be the midpoint of PQ.

Iy =%{(2,4, 1)+ (12,16,9)} = (7,10,4)

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

(~OR_12845 ) 05 ms

v 300
Prob. 1.19
Area = Twice the area of a triangue

4 1 5
12 3 =[(3-10)a, +(-5-12)a, +(8+1)a, |

= (-7,-19,9) |= /49 +361+81 = 22.16

:|DxE|:‘

Prob. 1.20

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

y Q

01

‘ =0.5|(-15,-15,8)| = 0.5v/225+ 225+ 36 =10.677
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P|=cos® 6, +sin? 6, =1,|Q| =cos® 6, +sin® g, =1,
Hence P and Q are unit vectors.
(b) P-Q =(1)(2)cos(6,-6,)

But P-Q =cosé, cosé, +siné, sing,. Thus,
cos(é, —6,) = cosé, cosd, +siné, sin b,

LetP, = P =cosf,a, +sinda, and

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

y

/M Pl
0,+0,
\HQ\L X

Q1

P Q1 =@ Cos(el + 02)
But P, - Q, =cosé, coséd, —sind, sind,,
cos(é, + 6,) = cosé, cosd, —sind, sin g,

Alternatively, we can obtain this formula from the previous one by replacing

0, by -0, in Q
(c)
%l P-Q |:%| (cos &, —cosd,)a, +(sing, —sind,)a, |

_1\/ 2 §02 2 £ 02 2 25 ;
=5 cos“ 6, +sin“0,+cos"6,+sin“0,-2cosb, cosb, - 2sinb, sinb,

1 1
= E\/Z_ 2(cosh, cosh, + sind, sinb ) = E\/Z_ 2co0s(0,-0,)
Let 6,-6, =6, theangle between P and Q.

%|P—Q|:%\/2—Zcos¢9
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But cos 2A =1 -2 sin A,
1 1 -2 ;
E||3_Q|=§J2—2+4sm 012 =sin6/2

Thus,
2P -QHsinf24
2
Prob. 1.21
wo(l,-2,2
w:%:(l,—Z,Z), r=r,—r,=0134)-(2,-31)=(-16,3)
1 -2 2
U=@XI = =(-18,-5,4)
-1 6 3

u=-18a, —5a, +4a,

Prob. 1.22

F=@LLY, r,=(01)-(010)=(-11)

cosg= e _@=14D) _1 , c0s3
n, J3J3 3 —

Prob. 1.23

T-S _ (2,—6,3).(1,2,1) :__7
S| J6 76
S-T ~-7(2,-6,3
(b)ST:(S'aT)aT:( TZ)T: (72 )
=-0.2857a, +0.8571a, —0.4286a,
T - ~1211
(c)sin B :M:‘Z 6 3‘: |( NS 0)| _ J245
Tsl o2 1 7 76

= 0, =65.91"

@T,=T-a =

=0.9129

Prob. 1.24
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Let A=A, +A;
A-B
AB] :(A‘as)aB i

B-B
Hence,

B

A-B

=A-A, =A-—"B
Ao = A=A, = A=

Prob. 1.25

(@) AeB=20+0-10=10

(@ H(L3,-2)=6a, +a, +4a,
a (6,1,4)
" J36+1+16
(b) |H|=10= \/4x2y2 +(x+2)*+7*
or

=0.8242a, +0.1374a, +0.5494a,

100 =4x*y? + x> +2xz + 2>+ 7*

Prob. 1.28

20 15 -10
(b) AxB= =15a, —30a, —15a,
1 0 1 4
© A =(Asa)a, - A2DE TETE) gy 15
Prob. 1.26
Aea =A =Acosa — COSa—i—;—02673 -  a=745
" A Ja+16+36 —
Ay —4 o
cosff=—=——=-05345 —> =122.31
NN = p=122.31
A _ 6 o
cosy=—-=—=0.8018 — =36.7
NN~ 7=07
Prob.1.27
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R=Ra;, R=4
a, - PxQ
| PxQ]
P><Q:2 N =-2a, +a, +8a
1 2 0 Y ’
ag = ~2a,*a, 18, =-0.2408a, +0.1204a, +0.9631a

R =Ra, =4(-0.2408a, +0.1204a, +0.9631a,) = —0.9631a, +0.4815a, +3.852a,

An alternate choice of R is  —0.9631a, +0.4815a +3.852a,

Prob. 1.29

@ At(1,-2,3), x=1,y=-2,z=3.
G=a,+2a,+6a, H=-6a +3a, -3a,

(b) GH=-6+6-18=-18

oSOy, = CH___ 18 538
) GH  6.403x7.348

Oy =112.5°
Prob. 1.30

(@ H=10(2)16)a, —8(-8)a, +12(4)a, = 320a, +64a, +48a,
Let F=a -a,

(b)

H,=(Hea.)a, = (HeF)F _(320-64)(1-10)

- F? 1+1

=128a, ~128a,

Prob. 1.31
(@) At (1,2,3), E=(2,1,6)

|E| = V4+1+36 = /41 = 6.403

(b) At (1,2,3), F = (2,-4,6)
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E-F)F 36
Er =(E-a)ac Z#Z%

=1.286a, —2.571a, +3.8574a,

(2,-4,6)

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

0 1 -3
ExF = =(-3,0,0)
0 -1 0
ExF
a == =ta
ExF |EXF| X
Prob. 1.32

(a)AtP,x=-1, y=2,Z:4

D=8a,-4a,-2a,, E=-10a +24a, +128a,

C=D+E =-2a,+20a,+126a,

Cla, =Ccosd, —— c0sb, = Cha, _ 2 =-0.01575
(b) C 224207 +126°

6, =90.9°
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