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CHAPTER 1
1.1 (a)Totaldistance—l+l+—l—+--— 1 =2m
" T2 4 1=l
(b)Distancenorth—l—l+—1—— . =0.8m
o416 1+l T
. 1 1 1 1 1 1
Distance east = §~§+§~---~§[1—Z+T6——---) =04 m

.. Final position is (0.8, 0.4)

(c) Straight line distance = +/(0.8)> + (0.4)? =0.8944 m

1.2. A+B+C=2a;+3a,+2a; — (1)
2A+B-C=a; +3a, —(2)
A-2B+3C=4a;+5a,+a; — (3)
(D+@2)—3A +2B =3a; + 16a, +2a; —(4)
2)x3+B)—=T7A+B="7a; + 14a,+a; —(5)
[O)x2-4)]+11 >A=a;+2a, —(6)
®-©x7—  B=a —
D =-©)-7)— C=a+a+a; —(8)

13. A+B)*(A-B)=A*A-A*B+B*A-B+B=4A>_p’
A+B)X(A-B)=AxA-AxB+BxA-BxB=2BxA
For A =3a; — 5a; + 4az and B = a; + a, — 2as,
A +B =4a; —4a; + 2a3, A — B =2a; — 6a, + 6as,
A?=9+25+16=50,and B*=1+1+4=6
(A+B)*(A-B)=8+24+12=44=A"-B*
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: Ay ay a,
(A+B)X(A-B)=|4 -4 2|=-12a,-20a,-16a,
2 -6 6
a, a, a,
=2/1 1 -2/=2BxA
3 -5 4

14. BxC=-4a,+2a,+ 8a,, Ax (B xC) = 8a, + 16a,
CxA =-a,-2a,+7a, Bx(CxA)=-12a,-8a,—-4a,
A xB =a, +2a, +3a,, Cx (A xB) =4a, - 8a,+4a,
AXBXC)+Bx(CxA)+Cx(AxB)=0
In fact, this quantity is zero for any A, B, and C.

1 i 1
1.5. Area= EAB sino = §|A><B!

For the points (1, 2, 1), (-3, 4, 5),
and (2, -1, -3),

A =4a, + 6a, - 4a,

B = 5a, + 3a, — 8a,

A X B =-36a,+ 12a, - 18a,

. Area = %\/(—36)2 +(12)% +(~18)* =21 units.

1.6. Area of the base = [Bx C|

Height of parallelepiped = Projection
of A onto the normal to the base

_ AL BXC
|BxC|

. Volume of parallelepiped = Area of base X height =A * B x C
For A =4a,, B =2a, + a, + 3a,, and C =2a, + 6a,, A+ Bx C=0.

Hence, volume of the parallelepiped is zero. The three vectors lie in a plane.
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1.7. The vector A must be perpendicular to both (-a, + 2a,) and (a, — 2a,).
Hence A = C(-a, + 2a,) X (a, —2a,) = C(2a, + 2a, + a;) where C is a constant. To find C,
we note that a, X A = a, X C(2a, + 2a, + a,) = 2a, - a,
s C=1land A =2a,+2a,+a,

Verification: a, X A = a, X (2a, + 2a, + a;) = a, - 2a,.

1.8. Vector from A(5, 0, 3) to B(3, 3, 2) = -2a, + 3a,—a,
Vector from C(6, 2, 4) to D(3, 3, 6) = -3a, + a, + 2a,

CD o6+3-2
Component of AB along CD = AB « = =1.8708
b ¢ (D J9+1+4
1.9. Writing the equation for the plane as % ‘iyi + EZ(—) =1, we find the intercepts on the x, y,

and z-axes to be at 15, —12, and 20, respectively. Thus
Ryp=-15a, - 12a,
Ryc=-15a, + 20a,
Ruc X Ryp = 240a, — 300a, + 180a, ~
_ RucxRy, 4a,-5a,+3a,

= lRAC ><RAB| - 542

Distance from origin to the plane = 15a,* a, = 6x/§ .

1.10. Fory = 2x, z =4y, we have dy =2 dx, dz =4 dy = 8 dx.
sd=deay+dyay+dza,=dxa,+2dxa,+8dxa,

= (a, + 2a, + 8a,) dx, independent of the point.

1.11. For x = y = 2, we have dx = dy = 2z dz.
Atthe point (4, 4,2), dx=dy=4dz
sdl=dvay+dyay+dza,=4dza,+4dza, +dza,

= (4a, +4a, +a,) dz
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1.12, Differential length vector having

1.13.

1.14.

1.15.

projection dy a, = dy a,
Differential length vector having

projection dx a, is

1
dxay+dza,=dxa,~ = dxa,

2
= (ax ——;—azjdx,

1 .
since forx+2z=2, dz=- 5 dx, independent of the point.

sodS = [ax—%aszx Xdya,= (%ax-kaszxdy.

One vector tangential to the
surface is dz a;. Another
tangential vector is given by

dl =dxa;+dya,

(2,4.1)

=dx ay + 2x dx a,
= (a, + 4a,) dx X
-. Vector normal to the plane = (a, + 4a,) dx X dz a,
= (4a, —a,) dx dz

4a,—a,

J17

Unit vector normal to the plane =

Denoting h(x, y) to be the height field, we have

x2+y2+h2=4,x2+y2§4

or, h= J4—x2-y2 ¥ +y" <4

The number field is x +y + z. /

.. Constant magnitude surfaces

are the planes x + y + z = constant.
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1.16. d(x, y, z) = xa, + ya, + za,
Constant magnitude surfaces are X+ y2 + 7> = constant, and hence are spherical surfaces

centered at the corner. Direction lines are radial lines emanating from the corner.

1.17.v=—rwsin ¢ a, + rawcos ¢a,

= aA-ya, + xa,)

1.18. f(z,1)=10cos (27 x 107t - 0.1 72)

' ! 1]
f,u t=0 °3 ':‘:
() 10 ¢ 4 / ‘/ /

7-07

°' 73,m
—7.07

-0

v

\'b -52.5-55 31’ 3=10
me/
0 (;,to [
-7.07
: -0

f(z, t) represents a traveling wave progressing with time in the positive z-direction.
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1.19. f(z, 1) =10cos (27 x 10"t +0.1 72)

' -1 .
%10 t=2x1w6 t=lxio t:'—xlo7 t=-0
5 4 8

8
@ LR

0 73,m
5 Y 15 \?-0 !

-7.01 )

-0

/
/

[
o
)
(o]
!
]'
~

£ '
(ORA
" W
° 0 f 3 l\ CREE
7.07 - < > . *
~10

f(z, t) represents a traveling wave progressing with time in the negative z-direction.

1.20. f(z, 1) =10cos 27 x 107t cos0.1 7z

@ Ty
(o
7.01

Y

Z,m

=707
~10

) Ta 30

10
7.01

-7

0 t}lo S

~7.07
-10

f(z, t) represents a standing wave.
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1.21. (a) The two components are in phase; hence, linear polarization.

(b) The two components are perpendicular in direction, differ in phase by 90° and equal in

amplitude; hence, circular polarization.

(c) The two components are perpendicular in direction, differ in phase by 90° but unequal

in amplitude; hence elliptical polarization.

1.22. F; and F; differ in phase by 90°.

{F1]:\/3+1 cos @t = 2cos ax, IFZIZ,/%+%+3 sin @t = 2sin wt .

. F; and F; are equal in amplitude.

33

kK= 5t 0. .. F; is perpendicular to F».

Thus Fy + F3 is circularly polarized.

1.23.

iITZE'____) . (.____,&I

The polarization is elliptical with major axis in the y-direction, minor axis in the

x-direction, and eccentricity equal to V2.

1.24. 10 cos (ax — 30°) + 10 cos (ax + 210°)

Ivn
10 7 + 107 =10 7

30° T 3007 Re
.. The sum is 10 cos (ax — 90°) = 10 sin ax. S~ '0//

1.25. 3 cos (ax + 60°) — 4 cos (ax + 150°)

'600 s o
3e’ - 4 /130

= 5 o J60°53.139) _ 5, j68T°

— 5 cos (ax + 6.87°).

© 2009 Pearson Education Inc.


https://ebookyab.ir/solution-manual-electromagnetics-for-electrical-and-computer-engineering-rao/

https://ebookyab.ir/solution-manual-electromagnetics-for-electrical-and-computer-engineering-rao/
Email: ebookyab.ir@dgmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

1.26. Replacing % by j106l_, iby I ,and 13 cos 10% by 13¢7"", we have

5x107° x j10°T +127 =13¢™”

13 13 267
1245 13002262

I

or, 12+ j5)I =13,1

Thus i = 1 cos (10% ~22.62°) = 1 cos (10° — 0.1267)

1.27. From the construction shown,

2
Q—/ng =tan45° =1

47ey -2l 2

or, 0= 87Z£Ol2mg

1.28. (a) At the point (0, 0, 100),
-9 ~a, + 0 ~a,
4714(99) 47e,(101)

E

__Q 101-99%
- 4mey 992 %1012

__0Q (00+)*-(00-1* _ Q 400
47€y (100-1)2 x (100+1)% © 47 (1002 -1)% °

0 400 0

= a = a
470 100* ° 100’75,

Z

(b) At the point (100, 0, 0)

3 20 a 1
47y (100% +12)¥2 ¢ 1
2716,(100°)

E=
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129, F = 0 ax+2ay+2az+2ax+ay+232+2ax+23y+az
+ax+ay+2az+2ax+ay+az+ax+2ay+az
632 632 632
+2ax+2ay+ZaZ+ax+ay+az
1232 332
—Q5+4+2+1(a+a+a)
e 3 6y (12 W37 T T
=—Q—(O.18519+0.27217+O.04811+0.19245)(ax+a +a,)
47, yoor
0.0555Q
:—-————————80 (ax+ay+aZ)N/C.

1.30. For the ith segment,

2i~1 107
2= 750 and charge = =0 C.

2 5107 1

a
4 50 327
0 45 (22 +1)
50
_10—5 d e N2 -3/2 -4
2 [10 (2i—1) +1] a,
l:
. - . -3 2i-1
1.31. For the ith segment, z = ST charge density = 10 100 C/m,
s 2i-1 1 10°
and charge = 10 100 S0~ 3 (2i-1) C.
50 .
po 2 10°@2i-1) 1
B 47[80 Z 5 2 3/2 ay
i=1 (z +1)
107 &

=— Y @i-n[10™*@i-1+ 1]_3/ a,
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1.32. Dividing the circular ring into n segments and using the symmetry of the field about the

z-axis, we obtain

¥
LN\ 27(2)x107 1 ]

47z><10‘3 _0. 08944 %107 N
3 2
47[8 .5 o ‘ 2 4

=1.012x10"a, N/C.

X
1.33. For the (ij)th area,
o 21i0_01 V= 21]561’ and ;'\Mr
charge = 10300 X107 =4x107C
2L —7y
=l j=1 x
4XIO_7§i[10_4(21 D2 410742/ 1) +1} /ZaZ
=1 j=1
2i-1 _ 2j-1

1.34. For the (ij)th area, x = 00 Y= o0

. . 2
charge density = 107 ( 2110“61)(%81) =107 2i-1)(2j -1 C/m?

— 4 _ _ -13
charge = o= X107 (2i=1(2j -1 =4x10 2= )2 -1 C
4 i 41073 (21 ~1)(2j ~1)2
- 4y (2 +y? +1)Y? ‘

=l j=1

50 50

_4x 10‘13 (2i-1)(2j-1)?
ZZ 372 8

Z
e [10“4(21' ~D2+1074 27 -1)? +1] /

10
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2
135. ) J = Nev = X% By sin ar a,
ma

12 2 ~38
o AT X0 7108 Gin o x 107 a,

9.1083x1073! x 277 %107

=0.4485x107%sin 27107t a, A/m?
(b) AI = J + AS = 0.4485x 10 % sin 27 x 107t a, +0.01 (a, +a,)

= 0.4485x10 8 sin 27 x 107t A

1.36. Denoting x to be the displacement,
we write the equation of motion to be

d2

X
m——- =mg - kx + qEo cos
dr 9d,m
5 E, cos wt
dx
or, m—— + kx=mg + qEq cos ax ’g
dt

The steady state solution consists of two parts.

. m ! )
Oneisx; = ——kig- due to mg. To find the second part x;, we write

(jCU)szTZ +kxy = qEOejO, or, (k— a)zm))?2 =qE,

E E,
Xy =—g—%——.Thus X=X +x :f—l‘—g—ﬁ-——q—%—— cos wt
k—wm ko k—aw’m
E
- Velocity = ax = __q# sin wt
dt k—w'm

Lol dy ayx(~ay)}

1.37. dF, =1, dxa.x
Pty { 47(1)>

=0

I dxa_xa,
dF, =1, dya,x o e
47(1)

_ Hy _H
-—12 dy ayXZiI] dxaz ——4;[1[2 dx dy a,

11
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—a_ -+a,+a
1.38. (@) For (0, 1, 1), ag= ——2 "% R=4/3,and
NG
to Ldx(a,+2a,+2a,) (-a,+a,+a,)
= X
4z 3 J3
_ M I dx
40\/_7Z (-a,+a,)
(b) For (2, 2, 2) a,+2a, +oa, R=3,and
or ) &y y AR = =, =0J,an
! V3
o Idx(ax+2ay +2a,) (ax+2ay+2az)
=L X
47 9 3
=0

1.39. (a) At (0, 0, 1), the components of B
perpendicular to the z-axis cancel,
whereas the z components add. Thus

B luOOOIa x(—0.005a, +a,)
iz (1+o 0052)%2 "z |

-5
. [—";‘Zﬁ (0.00005a, +0.01a,) 'az} a, = S—Q%f’laz
(b) At the point (0, 1, 0),

Lo 0.01 0.01
=) - sa,+ 54,
47| (1-0.005) (1+0.005)

_00la, X(-0.005, +a,) 001a, X (0005, +a,)
(1+0.005%)¥2 (1+0.005%)%/2

_Hp| 001x4x1x0.005 ~ 2x0.01x0.005
4z (1-0.005%% % (1+0.005%)¥? ¢

107
47 Tar “

12
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1.40. For the ith element, dl = —1—

502
oo o[22 2 17
100 ) ak
1 2i—1 d 1
=R M 00 )t / L7
Ml 1 (2, 1L x 1
~an SOazx[aY (100 s i
20077R’
50 50
_ _ Mol . 2T
B—ZZ;dB— Lo .1[1+10 @i-n?] "a,
i= i=

1.41. Dividing the loop into n segments
and using the symmetry of the field T 3
about the z-axis, we obtain

Nl 2
47 n (22+12)3/2 z

B

1

8yl

- 47[><53/2 az = 0179/10[32

1.42. Equating the magnetic force to the

centripetal force, we have

2

i my
evBp= ——, o1, r=
r

= 2By
€
room -
. w eBO
Orbital frequency = 5 =

For By =5x107,

13
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1.7578x 10"

%x5x107° =1.3988x10° Hz
27

orbital frequency =

=1.3988 MHz.

143.F=gE+vxB)=0
~E=-vxB

= —vo(3ax — a, + 2a,) X Bo(a, + 2a, — 4a,)

=-voBo(14a, + 7a,)
1.44. (a) gE + gqvpa, xB =0 — (1)
qE + qvoa, x B =0 —(2)
qE + gvo(ay + a,) X B = —qEa, —3)
(D) + @) - @) — qE = gEoa,
= E = FEpa,

1)-@2)— (ax-a)xB=0

~. B = C(a, —a,) where C is a constant
To find C, we use (1). Thus,

qEoa, + gvoa, X C(a,—a,) =0

or, gkpa, — gvoCa, =0

E,
Thus, E = Epa,and B = V—O (ay—a,)
0
(b) For v = vo(a, - ay),
Ly
F=gFEoa, + gvo(a, —ay) X - (a;—a,)
0

= qEOaz

14
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