
PI.7.
al a2 aJ

(a) A x (B x C) = Al A2 AJ

(~C3 - B:3C2) (B:3q - BtC3) (BtC2- ~q)

= (A2BlC2-A2B2Cl-A3BJCl +A3BlC3)al

+ (A3B2C3-AJB3C2 -AlBlC2 +AlB2Cl)a2

+ (AlB3Cl -AlBlCJ -A2B2CJ +A2B3C2)aJ

=(AlCI +A2C2 +AJCJ)Blal + (AICI +A2C2 +A3C3)B2a2

+ (AICI +A2C2 +AJC3)B3aJ - (AIBI +A2B2 +A3BJ)Clal

- (AIBI +A2B2 +AJBJ)C2a2 - (AIBI +A2B2 +AJBJ)C3aJ

=(A .C)B - (A .B)C

(b) (i) A X(B xC) + B X(C XA) + C X (A XB)

= (A .C)B - (A .B)C + (B .A)C - (B .C)A + (C .B)A - (C .A)B

=0

(ii) (AXB). (Bx C)x (Cx A)

= (AXB). [(BxC. A)C- ~A]
I'
0=(B xC. A)(A XB . C)

= (AxB. C)2



Pl.29. f (z, t) =10 cos (31t'X 107t + 0.1 n:z)

fez, 0) =10cos 0.1n:z

f(z,%XlO-7) =lOcos (~+O.lnz)

= -10 sin 0.1 nz

f(z,~XIO-7) =10 cos (1t'+O.lnz)

=-10 sin 0.1n:z

f

"l.

f (z, t) represents a traveling wave propagating in the -z direction with

velocity 15m =3 x 108 mfs.
6x 10-7 s



P2.3. (a) For a solution to exist, a necessary (but not sufficient) condition is that there must be

a point of intersection between the straight lines along the field vectors. Thus the

two vectors El =(2ax + 2ay + az) Vim at (2, 2, 3) and Ez =(ax+ 2ay + 2az) at

(-1, 0, 3) mustlie in a plane,or, the determinant
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must be zero. Since it is equal to (-8 + 12- 4) =0, the two vectors do lie in a plane

and hence there is a point of intersection. The equations of the two straight lines are

2-x 2-y 3-z
---y- =z- =--r- or, x=y,x-2z=- 4

and

-l-x O-y 3-z
-y- =---y-=-r or, 2x-y =-2, 2x-z=-5

and hence the point of intersection is (-2, -2, 1).
Assuming a point charge Q at (-2, -2, 1), its value required to produce El is

given by

Q(4ax +4ay +2az)

4nGO(16 + 16 + 4)3/Z =2ax+ 2ay +az

or, Q =4321rEQ. Value of Q required to produce Ez is given by

Q(ax +2ay +2az)

4nGo(l+4+4)3/Z =ax+ 2ay + 2az

or, Q = 1O81rEQ.Since the two values of Q are not the same, there is no solution to

the problem.

(b) Following in the same manner as in (a), we first check to see if El and Ez lie in a

plane. Since

'\



P2.3. (continued)

2

2

0

the two vectors do lie in a plane and hence there is a point of intersection. The

equations of the two straight lines are

I-x l-y l-z
-y-=-y-=--y- or, x=y,y-2z=-1

and

I-x 2-y O-z
-Y-=---r=~ or, x-2y =-3, 2y-z =4

and the point of intersection is (3, 3, 2). Value of Q required to produce E} is given

by

Q(-2ax -2a -a )y z

41t'Eo(4+ 4 + 1)3/2 =2ax + 2ay + az

. or, Q =-1O81rE{).Value of Q required to produce E2, is given by

Q(-2ax -a -2a )y z

41l'Eo(4+1+4)312 =2ax+ay+2az.

or, Q = -1O81rE{).Thus the solution is -1O8nco C at the point (3, 3, 2).

2 1

1
21=-6+4+2=0

1 -1



P2.22. qE + qv x B

=qE+q (EB~B) xB

.

~E=qE + -\(EBaEB xB)B
N

where aEB is unit vector perpendicular to both E and B and in the right-hand sense.

Noting that aEB x B =-B ~ and proceeding further, we have

qE + qv x B

=qE+ :2 (EB{-B ~)

=qE - qE

=0

Hence, the test charge moves with constant velocity equal to the initial value.

ForE= Eo(2ax+2ay+az) andB= Bo(ax-2ay+2az)'

Eo(2ax +Zay +az) x Bo(ax -2ay +2az)
v = 2

IBo(ax - Zay + Zaz)1

= Eo~o (6ax -3ay -6az)
9Bo

= 3~ (2ax-ay -2az)



P3.2. F - dl = (xyax + yzay + ZX8z)- (dx ax + dy ay + dz az)

=xydx + yzdy +zx dz

From (0,0,0) to (1, 1, 1),

x=y= z, dx=dy= dz
z

F-dl=X2dx+x2dx +x2dx =3x2dx

r(l,l,l) r1 2 [ 3]
1

J, Fodl= J, 3x dx= x =1(0,0,0) 0 0

From (1, 1, 1) to (1, 1,0),

x=y= l,dx=dy=O

F-dl=O+O+zdz =zdz
x

r(I,I,O)F-dl= rO dz=
[

z2
]
0 =_1

Jcl,l,1) Jt z 2 1 2

From(1, 1,0) to (0,0, 0),

y = x, Z = 0; dy = dx, dz = 0

F-dl=x2dx +0+0=x2dx

r(O,O,O) ° _
1

0 2 _
[

x3

]
O- 1

J, F dl- x dx- - - --0,1,0) 1 3 1 3

.". ,{ F-dl= 1 1 1- 1
1c - 2 - 3-6

~.

(1.,1., l)

/ 1
/

/
/

/

y



P3.6. A =x2yzax + y2zxay + z2xyaz

For x = 0, y = 0, z = 0, A = 0

fA-dS=O

Forx =I,

A = yzax + y2zay + z2yaz

ciS = dy dz ax

A-dS =yzdydz

fA-ciS =II II YZdydz=- 4
1

y=o z=o

Fory= I,

A = x2zax + zxay + z2xaz

ciS = dz dx ay

A-dS =zxdzdx

fA - dS =II II zx dz dx =_4
1

. z=o x=o

Forz =I,

A =x2yax +y2xay+xyaz

dS =dxdy az

A-dS =xydxdy

fA-dS =II II xydxdY=- 4
1

x=o y=o

,( 1 1 1 3
:. J'sA-dS =0+0+0+4"+4"+4"=4"

z

x

y1



P3.24. J =xax + yay + zaz

fiodS + ~ JyP dv= a

- ~ JyP dv =fiods

(a) fi 0 dS =a + a + a + 1 + 1 + 1 =3

- :t fyp dv =3 A

(b) J =xax + yay + zaz

=rcare + zaz

fiodS =41t'x 2-21t'x 1

+O+(41t'-1t')x 1

=8n:-2n:+31t'

= 9n:

(c)

- ~ J p dv =9n:Ay .

J =xax + yay +zaz

=rsars

f J

1C/3

f
21C

J odS = 8 sin 0 dOdiP
s 9=0 ,p=0

f
7r:/3

f
21C

- sin 0 dOdiP+ 0
9=0 ,p=0

11i3
= 141t' [- CDS 8]0 =71t'

- :t fyPdv =71t'A

z

y

x

z

1. y

x

z

t

'/

x



P3.37. EE '1lX.nz
= 0 sm a sm d cos mt 8y

H u'1lX nz.
=nOI sm a cos d sm OJtax

u 1TX.nz.
-n02 cos a sm d sm mtaz

Using Ps = an .D = an . 4fbEO.we obtain

[ps]x = 0 = ax. 4EQLE]x = 0 = 0

[ps] =-ax. 4EQLE] =0x=a x=a x

[ps]y = 0 = ay. 4EQLE]y = 0 = 4EoEo sin ~ sin ': cosmt

[ps]y = b = -ay. 4EQLE]y= b = - 4EoEo sin ~ sin ': cosmt

[ps]z = 0 = 8z .4EQLE]z = 0 = 0

[PS]z = d = -az .4EQ[l!:]z = d = 0

Using JS= an XH. we obtain

[JS]x = 0 = ax X [H]x = 0 = HO2sin ': sin mt 8y

[JS] =-ax X [H] =R OOsin nzd sin mt a..
x =a x =a -Y

[JS]y = 0 = 8y X [H]y = 0 = -Hoo cos ~ sin ': sin mtax

H. . 1TX nz.
- 01sm a cos d smmtaz

[Js] b =-a.. X [H] b =Hoo cos 1lX sin nzd sin rotaxy= -~ y= a

H. . 1lX nz.
+ 01 sm a cos d sm rotaz

[JS] 0 =9- X [H] 0
=ROI sin 1lX sin mt a..

z = -z z = a-Y

[JS]z = d =-az X [H]z = d =HOl sin ~ sin mt ay

b Y



P4.2. (a) E =Eo cos 3n:zcos 910x 1O8tax

ax ay az

dB =-VxE=-1 0
at 0 ~ I =- a~x ay

Ex 0 0

=37tEosin 3n:z cos 910X 1O8t ay

B = 3n:Eo 8 sin 3n:zsin 910x 1O8tay91OXIO

- Eo .
- 3xlO8 sm3n:zsin91Ox lO8tay

(b) E=Eoaycos [31t'X lO8t+O.21O(4x+3z)]

ax ay az

dB_- VXE --
I

J... 0 J...
/

=dEY a _dEY aat - - ax dz dz x ax z

0 Ey 0

= Eo(-O.6nax + O.8naz) sin [31t'x 1O8t+ O.21O(4x+ 3z)]

EO(-O.6nax+O.8naz) cos [31t'x 1O8t+ O.2n(4x + 3z)]
B =- 31t'x 108

- Eo(O.6ax-O.8az) cos [31t'x 1O8t+O.2n(4x+3z)]- 3x1O8 .



P4.4. E = EOe-O'Zcos cotax

aEx -O'Z
= -azay = - aEoe cos OJtay

aEo -O'Zsin cotayB --e- OJ

B - aEO e-O'Zsin cotayH = J.lo - OJJ.lo

aHy - a2Eo e-az sin cotax=- Tax - OJf.1o

aD a
(at = at eOEoe -O'Zcos cot a x)

£o1c_11 -O'Z .=- ~Oe sm cotax

aD a2 E
For V x H to be equal to -s;-, ~ must be equal to -OJl:{)Eo.or a2 must be equal to

O£ OJJ.lo

-aPf.1oEo.Since this is not possible for real values of a, the pair of E and B do not satisfy

Ampere's circuital law in differential form.

ax ay az

-=VXE=I 0
0 a

Ck

Ex 0 0

ax ay az

VxH=lo 0 a
Ck

0 Hy 0



1 a 3 2 1 () . 1 ()=_
2
_a (r cos 8)+ ~ 8 :In (-r cos 0 sm2 9) + ---:-n :y,(0)r r rsm vv rsmu v'l'

= 3 cos28+ ~ (sin3 0- 2 sin Ocos2 9)smu

= 3 cos2 0+ sin2 0- 2 cos2 0

=1

P4.8. (a) V .(zxax + xyay + yzaz)

() () ()
= Jx(zx)+ Jy(xy)+ ()z(yz)

=z+x+y

=x+y+z

(b) V . [3ax+ (y - 3)ay+ (2 + z)az]

() () ()
= Jx (3) + ()y (y - 3) + ()z (2 + z)

=0+1+1

=2

(c) V. rsin f/Ja

"I a 1 (). a
= r ar (0) + r ()f/J(r sm f/J) + az (0)

=cos f/J

(d) V . r cos 0 (cos 0 ar- sin 8 a8)



P4.16. (continued)

(b) A =cos y ax - x sin y ay

feA 0 dl =fe(COSy ax -x sin yay) 0 (dx ax +dy ay +dz az)

=feCos ydx-x sin ydy

= fed(XCOSY)

Xt.YI.ZI

= [xcosY]Xt,Yt,Zt

=0 for any C

ax ay aZ

V'xA = a
ax

a
dy

a
ik

cosy -x sin y 0

=(-sin y + sin y) az

=0

:. JiV'XA)OdS =OforanyS

Thus Stokes' theorem is verified, without choosing any particular path.



P4.18. (a) V.VxA

ax ay az

( d d d )
I

d d d
= axax+ay()y+aZdZ . ax ()y az

Ax Ay Az

- 2...
(

dAz - dAy
)

+ 2...(dAx - dAz)+2...
(

dAy - dAx
)- ax ()y az ()y az ax az ax ()y

=0

(b) v x Vel>

ax ay az

d a a
=Iax ()y az

()c'p()c'p()c'p

""JXayaz

=0


