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1.1.

1.2,

1.3.

CHAPTER 1

1 1

: 1
(a) Total distance = 1 + —2—+Z+~--—1_% =2m
(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

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)

(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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a

‘ x y z
(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.

1.5. Area= lAB sino = %|A><B!

2
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.

1.8.

1.9.

1.10.

1.11.

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,.

Vector from A(S, 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  6+3-2

Component of AB along CD = AB - = =1.8708
b ¢ (D J9+1+4
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,
Rac X Ryp = 240a, — 300a, + 180a, <
_ RucxRy, 4a,-5a,+3a,

= lRAC ><RAB| - 542

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

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

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

For x =y = 7%, 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
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.

1.13. 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,
Unit vector normal to the plane = ——=—.
V17

1.14. Denoting A(x, y) to be the height field, we have

x2+y2+h2=4,x2+y2§4

or, h= A4—x2—y2 ¥’ +y <4,

1.15. 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,

= aX-yay + xay)

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

[ X 1]
. t 4
() tol‘( 4 / ‘/ . \/
7017 ) /
o'/ . ) —
-7.07 v

-0

v

EXAA

7.01

~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)

P {;:.‘ixto E:%x\o:l l‘:ix\o’.‘ t:é—xlo;’ t=0
@ 1 | Ny ) ¥
7~01‘\\
0 : ’ 4
5 10 15 \?_0 3,
-7.01 )
-0
=\o 327§ 3:5 21):2-5 3=0
(%) fof“ LR v y )
) N > -
i ,7': 3 \ t,\o7.5
-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

@ Fy
(o

7-01

=707
~10

) 4

10
7.01

0

~7.07
-10

f(z, t) represents a standing wave.

© 2009 Pearson Education Inc.




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

5x107° x j10°T +127 =13¢™”

13 13 _ e

12+ i =13.1 = =
or, (124 j5)I =13,1 2475 13,267

I

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, + e ~a
4714(99) 47e,(101)

E

4

__Q 101-99%
- 4mey 992 %1012

O (100+1D?-(100-1)° 0 400
= ) 7477 7 2 d
478 (100-1)2 x (100+1) 7€y (1007 —1)

0 400 0

= a = a
470 100* ° 100’75,

4

Z

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

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

E__
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2a,+2a +a,

1.29. E= e

+

032 T

Q |a,+2a,+2a, 2a .+a +2a,
4re,

a,+a,+2a, . 2a, +a, ta, . a,+2a,+a,
632 632 632

+

N 2a,+2a,+2a, a,+a, +azJ

1232 + 32

_ 0|5 4 2 1
e 3 (6 (12 (f3)

}(axﬁ-ay +a,)

= —Q—(O.18519+0.27217+O.04811+0.19245)(ax +a, +a,)

47,

0.0555
:—-————————80 Q (ax +ay +az) N/C

1.30. For the ith segment,

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

2 5107 1

a
47, 50 327
0 45 (224—1)
50
_10—5 d e N2 -3/2 -4
- [10 (2i—1) +1] a,
l:
. - . -3 2i—-1
1.31. For the ith segment, z = —1—60—,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 B 13
oo X107 Q2i=D)(2j -1 =4x1032i -2/ -1/ C

4 i o 4x107P 21— 1)(2j - 1)°

"~ 4ng, (2 +y? +1)Y? ‘

charge =

=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?
=6 7
(b) Al =J+AS =0.4485x10 " sin27 %10z 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
dt q
sm
5 E cos wt
dx 0
or, m—(—l~2— +kx=mg + qEo cos ax ’g
t

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
: d E .
- Velocity = Zo __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, = I, dya, x| L2
47(1)
_ Hy _ My
-—12 dyayXZiI] dxaz—-ﬁlllz dxdyax

11

© 2009 Pearson Education Inc.



—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
ﬂofdx
4\/_7[ —ay+az)
(b) For (2, 2, 2) a,+2a, +oa, R=3,and
or y & yAR = =, =23, an
3
Uy Ldx(ay+2a,+2a,) (a,+2a,+2a))
=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 faf2im1Y 17
100 ) ° o
1 2i—1 d 1
=R o0 e / .
Ml 1 (2, 1L x 1
~an SOazx[aY (100 s i
2007R>
50 50
_ _ Mol . 2T
B—ZZ;dB— Lo .1[1+10 Qi 1)} 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 B
= maz = 0179/10132
1.42. Equating the magnetic force to the

centripetal force, we have

nv? my
€VB()= —_— O, = —
r eBO
v eB e
= —= _—O-
room »
w eB,
Orbital frequency = — = —9
q y 27 27wm

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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CHAPTER 2

2.1. dl=0.1a,+0.3a, F=[(i—1)0.1]%,, F » dl = 0.003( - 1)’

1,3.0) 10
J Fedl~ 20.003(1‘—1)2
(

0,0,0) i=1
=0.0030+1+4+9+16+25
+36+49 + 64 + 81) =0.855

2
—_ 1 3 = [ — 1 . -——i | — 2

(1,3,0)
3 2n —3n +n 3 1
J( Fedl= Z—( ~1)? = R

0,0,0)
n 5 10 100 oo
3 1
1- Fot—5 0.82 0.855 0.98505 1
n M2

2.3. For the straight line path y =3x,z=0, dy =3 dx, and dz = 0.
dl=dxa,+3dxa, Fedl =x"a,* (dxa,+3 dxa,) = 3x"dx

(1,3,0) 1 1
J. Fedl~ J.3x2dx:[x3] =1
(0,0,0) 0 0

24. (a) Fory=x,z=0,dy=dx,dz=0, dl = dx a, + dx a,,
E=xa,+xa, Eedl=xdx+xdx=2xdx
(1,1,0) 1 1
j E'dIzJ-Zdez[xz} =1
(0,0,0) 0 0
(b) From (0,0,0)to (1,0,0),y=0,z=0,dy=dz=0,dl =dx a,,
(1,0,0)
E=xa,E*dl=0, I Eedi=0
(0,0,0)

From (1,0,0)to (1, 1,0),x=1,z=0,dx=dz=0, dl = dy a,,

15
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(1,1,0)
E=ya+a, E*dl=dy, J-

1
Eedl= j dy =1
(1,0,0) 0

(1,1,0) (1,0,0) (1L,1,0)
" ‘[ E'dl j E-dl+J. Eedl=0+1=1
0,0,0) 0,0,0) (1,0,0)

(c) E+dl=(ya,+xay)* (dxa,+dya,+dza,) =ydx+xdy=d(xy)
(1,1,0) (1,1,0) (1.1,0)
J. E-dl d( )= ](0’(’)0) =1-0=1, independent of the path
0,0,0) (0,0,0) "

followed from (0, 0, ) to (1, 1, 0).

2.5. Cﬁ dl = (j-) (dxax+dyay+dzaz)
C C

[geful g b

2.6. From (0,0,0)to (-1, 1, 0):
y=—x,dy=~dx,dl =dxa,—dxa,

4
Jz
¥
i
F=-xa,—xa,Fedl=0
(—1,1,0) . —g
|

_[ Fedl=0 -1
(0,0,0) '

P

? X

From (-1, 1 0) to (0, ~/2 , 0):

y=(J2 —Dx+ 2, dy= (2 — D dx,dl=dra, + ({2 - 1) dxa,
F=[(~2 - 1x+ 2 ]a,—xa, Fedl = /2 dx

ofo

j( Fedl = f\/_dx

(

-1,1,0)

From (0, v/2,0)t0 (0,1, 0): x=0, dx =0, dl = dy a,,

(0,1,0)
F=ya, Fedl=0, I Fedl=0.
(o,ﬁ,o)

16
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2.7.

2.8.

From (0, 1, 0) to (1, 0, 0): x2+y2= 1, dy= ~§ dx,

X
dl = dx a, T dx ay, F= 1-x° a, —xa,,
1—-x

(1,0,0

1 ) | 7
e [rean [l
Jim dong) ofi-x? 2
From (1, 0,0) to0 (0,0, 0): y=0,dy =0, dl = dx a,, F = —xa,,
(0,0,0)

Fedl=0, J. Fedl=0
(1,0,0)

Fed=

/

Thus (JSF-d1=o+J§+o+ 5

+O=\/§+%:2.985.

From (0,0,0)to (1,1, 1): x=y=z,dx=dy=dz
dl=dxa,+dxa,+dxa,
F= xzax + xzay +xzaz, F e« dl = 3x%dx

J‘((l,l,l)F.dl _ J';3x2dx:[x3]:) -1

0,0,0)

From (1,1, Dto(1,1,0):y=x=1,dy=dx=0, X
dl=dza,F=a,+za,+za, Fedl=zdz

(1,1,0) 0 1
I F-d:Izdz=—~.
(1,1,1) 1 2
From (1, 1,0)t0(0,0,0): z=0,y=x,dz =0, dy = dx,
dl = dx a, + dx a,, F = x’a,, F + dl = X’dx.

(0,0,0) 0
j F'dl:J’Xde:—l.
(1,1,0) 1 3

1 1 1
Thus ¢CF dl—l—a—é——g.

For the ijth square, x = (2 —= 1) 0.05 and y = (2j - 1) 0.05;

2i-1)? 00502
B = @i-1)” 0052 Da, dS =

400 100 %

100

17
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107 .
)2 e—0.05(2] 1)

*dS = ——(2
10 0
Z Z (2~ 2 ,70.05(2j-1)
i=1 j=1

4 10 10
_ 104 eo.osz (2i- 1)2Ze~0.1]
i=1 j=l

-4 ~0.1_ L1
= —1%—60'05 (1330) & =0.21009

-
) 21 2j-1 1
2.9. For the ijth square, x = 7 Y=o ,dS = i) 4z
N2 2 24t
:(21 1) e 2”3 B-dS~-——(21 1) e n
2n an*

2j-1

1 n n
St
an’ 3 j=1

2(41 —41+1)Z Uy
4n

_ 414 |:4(2n3 +3n2 +n) 4(n2 +n) +n}( 1-¢ ! ]6—51;
n _

6 2

(4n® -1 1-¢7! S
12nd 1=

n 5 10 100 oo

v 0.20825 0.21009 0.21070 0.21071

2.10. B + dS = X’ a, » dx dy a, = x°¢” dx dy

1 1
v = J j x%e Ydx dy =l(1—e“1) =0.21071
=0 Jx=0 3

18
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2.11. We note that A = xa, + ya, + za, is directed radially away from the origin and hence is

normal to the hemispherical surface everywhere on the surface. Also 'A| =2+ y2 +2% is

constant on the hemispherical surface and is equal to 2. Thus
J-A asS= |A{ X JdS =2 (area of the hemispherical surface)
=2x2m2)" = 167
2.12. Consider the volume bounded by the surface S to be comprised of a number of infinitesimal
rectangular boxes. Then the total vector area of the surface is equal to the sum of the vector

areas of the surfaces of the individual boxes since the contributions to the sum from the

interior surfaces cancel. Now, since the total vector area of each infinitesimal box is zero, it

follows that the vector area of the arbitrary closed surface S is zero, that is, (j-) dS =0 for
S

any S. Then CJSA-dS=A-(j§dS:O.
s s

2.13. For the surface x =0, J = (y - 3)a, + (2 + 2)a,, dS = —dy dz a,,
J*dS=0, IJ'dS=O.
For the surface x = 1, J = 3a, + (y — 3)a, + (2 + 2)a,, dS = dy dz a,,
3 2
JedS=3dydz, J'J'dS:J- I 3dydz=18.
z=0 Jy=0
For the surface y = 0, J = 3x a, — 3a, + (2 + z)a,, dS = —dz dx a,,
1 3
J *dS =3 dz dx, J‘J-dS:J 3dzdx=9.
=0 Jz=0
For the surface y =2, J =3x a,—a, + (2 + 2)a,, dS = dz dx a,,
1 @3
J*dS = —dz dx, jJ'dszj j ~dz dx=-3.
=0 ¢/z=0
For the surface =0, J =3xa, + (y — 3)a, + 2a,, dS = —dx dy a,

2 1
J o dS=-2dxdy, jJ'dSzj J- —2dxdy=-4.
y=0 Jx=0

19

© 2009 Pearson Education Inc.



2.14.

2.15.

© 2009 Pearson Education Inc.

For the surface z =3, J = 3xa, + (y —3)a, + 5a,, dS = dx dy a,,

J+dS=5dxdy, JJ%ZS j' 5dx dy=10.

x=0

CJ‘)J° dS=0+18+9-3-4+10=30A.

From (j') E'dl:—g— "‘B'dS
C dt

and noting that the normal to the
surface is directed toward the
positive-z side in accordance with
the right-hand screw rule, we have

time rate of decrease of magnetic flux
- [Beas= ¢ Eea
dt c

y

1
:J‘ —xa,cosatedxa,+ (ya,—a,)cosaxedya,
x=0

y=0

0
+| (Pa,—xa,)coswre(dra, +3x7dxa,)
x=1

1 0 1
=0+ J' —coswt dy + "- ~2x3coswzﬁdx:—§cosa)t.
=0

x=1

(jSB-dS I—a -dzdxa

Xota pzoth
- | _[ %o g ax
X=Xy

= Byb [(11’1()60 +a)-— In xo]

<j§ E-d1—~——jB dS:——{BOb[ln (x +a)~Inx, 1}
C

From the motional emf concept, the induced emf'is

20

y=x3, dy-3x7dx




B B .
(vo x—ob ~Vo J(:a bj , which agrees with the above result.
0 0

xta pzntbpg
2.16. J-B-dS .[ _[ Ocosa)tdzdx

= Bob cos ax - [In (xo + @) — In xo]

<j§ E-dl:—iJ‘B-dS:BOba)sina)MnxOJra
c dr Jg Xo

2.17. j BedS = Byb cosawr-[In (xy +a)—In x]
s

CJSE-dl=~i IB-dS
g dt

, + 1 d.
= Bybwsinwt -In X4 —Byb coswt - —— |22
X Xota xy ) dt

+
= Boba) h] -x() a

sin wt — Byb v (
X0

1 1
—— | COS Q.
x0+a .XO

2.18. Considering the surface bounded
by the closed path to be comprised
of the four crosshatched surfaces
plus the surface in the xy-plane,

we obtain

(ﬁE-dI—-~—~ B dS

—J- J Bycoswta, *dx dya, = Byw sin at
x=0 v y=0

since the four crosshatched surfaces do not contribute to the flux enclosed.
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2.19. From considerations similar

to those employed in Prob. 2.18,

we obtain

@ E'dlZZBoa)Slnwt
C

2.20.dS =dl xdza,
=dl (cos it a,—sin wit a,) X dz a,

=dl dz (cos wnt a, + sin @yt ay) 7,

B« dS =By dl dz cos gt cos ant
B+ dS = ByA cos wt cos ayt { ,
J- 0 1 a)Z J\ds&}
ByA 7 ’
:%[cos (@ + @)t +cos (@, — @, )t] / dL | 7
* - )

d
CJ-)E dl———CE '[B ds

:-;‘B()A(C()l +a)2) Sin (CUI +C()2)t+“;‘BOA((01 —CUZ) Sin (a)l _a)Z)t .

2.21. Using dS from Prob. 2.20, we obtain
B dS = By dl dz (cos® ant + sin® ant) = By dl dz

JB °dS = BoA

d d
@E’d]-—_a J.B'dS —"?d—t“(BoA)—O.

Note that the emf is zero because B is circularly polarized with the rotation in the same
sense as and with the same angular velocity as that of the loop so that the flux enclosed is a

constant.

2.22. Using dS from Prob. 2.20, we obtain
B« dS = By dl dz (cos* at - sin® my?)
= By dl dz cos 2ant
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IB *dS = ByA cos 2axt

CJSE'dl:—% jB-dS=2BOA@ sin 2ayt .

2.23. (a) CJSH'dl=O+—CZ—"- D-ds,

d
=0-4 LID as,

79
— DdS=0
dt S1+S2 JE‘

(b) cﬁH-dl=12+iJ' D-dS,

d
- Il "E SlD dSl

%)
— DedS=1,-1
dt Js+s, b

2.24. Considering the closed path C 34 ds

shown in the figure and noting

that JJ *dS is zero for the

surfaces Sy, Sa, S3, S4, and S _ ]
1 el :

but equal to -’- j cos wt dxdz X
=0 Jz=0

or, cos ax for the surface Sg, we have

(ﬁH-dlzo—i J-D-dSlJrJ- D-dSZ+J‘ D-ds3+_[ D-dS,
c dri Js, S, S5 Sy

+ D'dSS}:coswbk—Cg— DedSg
s dt Js
5 6

Thus —C—Z— 45 DedS=—coswr.
dt Js
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2.25. We first note from symmetry considerations
that H is directed circular to the axis of the wire
and is dependent only on the radial distance r.
Applying Ampere’s circuital law without
the displacement current term to a circular path
of radius r, we then obtain

2

Jogzr for r<a

27rH =
Joﬂa2 forr>a

{ Jor/2  forr<a

- Joa2/2r forr>a

2.26. From symmetry considerations, we first
note that H is directed circular to the axis
of the wire and is dependent on the radial
distance r. Applying Ampere’s circuital law

without the displacement current term to a

circular path of radius r, we then obtain

0 forr<a
27rH = Jo(fzrz—ﬂ’az) fora<r<b

Jo(eb® —ma®) forr>b

0 forr<a

H=<—J—Q—(r2—a2) fora<r<b
2r

é%(bz —a®) forr>b
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2.27. (a) From Ampere’s circuital law,

(j} Hedl=1
C

Then from symmetry considerations,

1
Hedl=-—.
Ldb 4

(b) From Ampere’s circuital law, (ﬁ Hedl =0, or,
adbca

civeular

™\ bath
/v Y

J'H-dl+J-H-dl OorJ. Hedl - J‘H'dl 0
JHa’l JH'dl——

2.28. Charge enclosed = (ﬁ D« dS, where
s

S is the surface of the box. The only

contribution to the surface integral

comes from the surface y = 1, since

D = ya, is zero on the surface y =0

and is parallel to the remaining three surfaces. Thus

1 1-x
0= J j la, edxdza —J dx dz
x=0

x=0 ¢z=0

! 1
= L(l—x)dx:—z—C

2.29. Displacement flux = Cﬁ DedS= J pdv
s 14

1
= J' 'f f ve dvdydz =~ (-1 =031606 C.
x=0 Jy=0 Jz=0 2
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