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Attempt any FIVE questions

Q1I: (A) [6 marks] A field is given as

. 25 X A
G =m(xax+ya},)

Find:

1) A unit vector in the direction of G at P (3,4, -2).

ii) The angle between G and @ e @k,

ii1) The value of the following double integral on the plane y = 7:

4 2
ffc';’.aydzdx
0 0

(B) [6 marks] Given the points M (0.1, -0.2, -0.1), N (-0.2, 0.1, 0.3) and P
(0.4, 0, 0.1), find the vectorﬁMN, and the dot product ﬁMN. ﬁMp.

Q2: (A) [6 marks] A 100 n_ point charge is located at A (-1, 1, 3) in free space.
Find: i) The locus of all points P (x,y,z) at which E, = 500 V/m. ii) yp if P
(-2, ¥4, 3) lies on that locus.

(B) [6 marks] Uniform line charges of 0.4uC/m and -0.4uC/m are located
in the x = 0 plane at y = —0.6, and ¥ = 0.6 mtr respectively. Let ¢ = €05
find:

1) The electric field vector E at P (x,0, z).
2) The electric field vector £ at Q (2, 3,4).
Q3: [12 marks] Calculate the divergence of D at the point spccificd if:

1)D = (1/2z*)[10xyz @ ,, + 5x2z dy+(22° = 5x%y)a ] at P (-2, 3, 5).
2)D — (5224, + 100z ,) at P (3, 450, 5),
3)D = (2r sinf sing P @, +rcos @ sin@ a ,) at P (3, 45°, -459),




Q4: (A) [5 marks] Let E = 4004 , — 300a ,, + 5004 , in the neighborhood of

point P (6, 2, -3). Find the incremental work done in moving a 4-C charge a
distance 1 mm in the direction specified by @ x + ay,+as,

(B) [7 marks] Given a surface charge density of 8 nC/m? on the plane x =
2. a line charge density of 30 nC/m on the line x =1, y =1, and a 1nC
point charge at P (-1, -1, 2), find V4 for points A (3, 4,0)and B (4,0, 1).

Q5: [12 marks] Two perfectly-conducting cylindrical surface are located at p =

Qe6:

3 and p =5 cm. The total current passing radially outward through the
medium between cylinders is 3 A dc. Assume the cylinders are both of
length 1. Find:

a) The voltage and resistance between the cylinders, and E in the region
between the cylinders, if a conducting material having 0 = 0.005 S/m is
present for 3 < p < 5 cm.

b) Show that integrating the power dissipated per unit volume over the
volume gives the total dissipated power.

[12 marks] Using the solution of Laplace’s equation and referring to the
figure given below, find the capacitance of a parallel-plate capacitor.
Considering the potential is function of only x-direction.

_._.,.._..———-—-—-—-""— L e
Conductar surface i—ps

Unifor: surface
charge density

Conductor surface 1 = )

Physical constants you may need:

Permittivity of free space €9=8.854*1 02 F/m.
Permeability of fiee space po=410r 7 H/m.
Electron charge e = 1.602%1 0 C.

Good luck L7’\’/




Q1: (A)

A field is given as
25

BT A

Find:

a) aunit vector m the direction of G at P(3, 4, —2): Have G, = 25/(9 + 16) x (3, 4, 0) = 3a, +4a,.
and |G,| = 3. Thus ag = (0.6, 0.8, 0).

b) the angle between G and a, at P: The angle is found through a; - a, = cosé. So cosf =
(0.6,0.8.0)-(1,0,0) = 0.6. Thus & = 53°.

¢) the value of the following double integral on the plane v = 7:

4 p2
/ f G- a,dzdx
o JO

%2 2% 4350
f f — 3 (ac + ya,) - a,dzdx _f f x 7dzdx —f dx
o Jo x2+y 0 X- +49 0o X2+49

1 4
=350x = |tan"![{=)=0| =2
’ X?[ (7) ] =

Q1: (B)

Given the points M (0.1, —0.2, —0.1). N(=0.2, 0.1, 0.3). and P(0.4, 0. 0.1). find:
a) the vector Ryy: Ryn =(=0.2.0.1,0.3) - (0.1.-0.2,=0.1) = (=0.3,0.3, 0.4).

b) the dot product Ry - Rup: Ryp =1(04,0.0.1) - (0.1, -0.2, =0.1) = (0.3,0.2,0.2). Ryw
Ryp = (=03, 03,04)- (0.3,0.2,0.2) = ~0.09 + 0.06 + 0.08 = 0,05,

¢) the scalar projection of Rysy on Ryyp:

(03,02,02) 0.5

Run -agyp = (=0.3,0.3,0.4) - =
i JO09+0.04 1 0.0 Vo7

=012

d) the angle between Ry and Ry p:

By = cos™! (———RMN Rur ) = cos™! (———0'05 ) =78°
J IRy |IRyrpl J0340.17) —




Q2 (A)

a) Find the locus of all points P(x, v, 2) at which E, — 500 V/m: The total field at P will be:

100 x 1072 Rap
P : -
4meg  |IRapl’

where I}AP = (x + Dax + (y — Day + (2 — 3)az, and where [Rap| = [(x + 124+ (-D>+
(z — 3)2]"/2. The x component of the field will be

100 x 1077 [ x+1 0y
£ = =35
' e LG+ 12+ 0 -DF+G@-I? i

And so our condition becomes:

x4+ =056+ +0-D*+G- )

b) Find y; if P(=2, ¥1, 3) lies on that locus: At point P. the condition of part @ becomes

a

3.19 = [1 + (- 1)3]’

from which (y; — D)? = 0.47.0r ¥ = 1.69 or 0.31

Q2: (B)

a) Find E at P(x,0,2): In general, we have
P=3 -
dmep | |IR+pl  IR-pl

where R.p and R—p ate. respectively. the vectors directed from the positive and negative line
charges to the point P. and these are normal to the 2 axis. We thus have R+p = (X, 0,2) —

(0, —.6,2) = (x, 6.0).andR-_p = (x,0,2) = (0,.6.2) = (x, —.6,0). So

xa. + 0.6a, xa,—0.6a, Ax107¢[ l2a, 8.63a,
o1 [t . +06a, xa a']:0 x 10 [ y ] 3a, KV/m

E - : = —
d 24062 x2+(0.6) Tnes  LA2+036] x2+0.36

B )




b) Find E at Q(2, 3,4): This field will in general be:
By = [R+Q B R—Q}
~ 2ng [[Rypl  IR-g

whereR+p = (2,3.4)—(0.-.6.4) = (2,3.6,0).andR_p = (2.3,4)— (0, .6.4) = (2, 2.4, 0).
Thus

Eg =

2a, +3.6a, 2a,+24a, .
P [ bl A -J=—625.83_,(—241.63)-\:/111

meg | 2+ (.62 22+ (2472

Q3:
a) D= (1/2) [10xyza, + Sx%2a, + (22 - 5x%y)a.] at P(=2,3, 5): We find

7
~ ~u

10 102 ;
V-D:[—l+0 ‘,-‘} = 8.96
7 =235

b) D =5z%a, + 10pza. at P(3. —45°. 5): In cylindrical coordinates. we have

1 9 19Dy, aD, [57
V-D=——(pD)) + ———?‘-I-——':

(3.—45°.5)

+10] =71.67
pdp dg 4

¢) D=2rsmosinga, +rcosfsingay +rcosgay at P(3,45°, —45°): In spherical coordinates,
we have

14 1 1 4D
V.-D= D e —_—
Ag 0ty 939( Do)+ Cne o9
" '
:[6si11951'n¢'+ Ob',gsm(b-spw = =)
sm o S0 ;45 _g50y T




Q4: (A)
LetE = 400, — 300a, + 500a, m the neighborhood of point P(6, 2, -3). Find the mcrement
done in moving a 4-C charge a distance of 1 mm in the direction specified by:

2) a, +ay +a;: We write

al work

dW = —qE - dL = —4(400a, — 300a, + 500a;) - P a;Jr %) (107
D
(4 x 1073)
= —— (400 - 300+ 500) = —L.39]
J

Q4: (B)

know to be 0
Vp(r) — :

dmeor

Dotential functions for the sheet and line charges can be found by taking indefinite integrals of the

olectric fields for those distributions. For the line charge, we have

Vi) = — [ =P—dp+C1 = —5o—In(p) +Cy
Qmegp 2meg

For the sheet charge, we have




The terms i this expression are not referenced to a common origin. since the charges are at different
positions. The parameters r. p. and x are scalar distances from the charges. and will be treated
as such here. For point A we have r4 = /G — (=1))2 4+ (@ = (=1))2 + (=2)? = V45, p, =
V3 =12+ (@4 -2)2 = /8. and its distance from the sheet charge is x4 = 3 — 2 = 1. The potential
at A is then

1076 30 x 107° x 1079
V= - Inv/8 — ———(1) +&
! dmegV/45 2rep 2¢0
Atpoint B.rg = /(4 — (=1)2 + (0 — (=1))2 + (1 - 2)2 = V27.
pp =+ (A —1)2+ (0 — 2)? = V/13. and the distance from the sheet charge is xz = 4 — 2 = 2.
The potential at A is then

1076 30 x 107° 8 x 107°
Ve = . mvI3—-———(2)+C
2= dme T 2mep 2eg -~

Then

10767 1 ] 30 x 1072 \/? 8 x 1079 |
s _ il J— | = =D =195
Va—Vp= dmeg I:\/ ~/27] 2meg 1( 13) 2¢p ( ) >

Q5:

a) Find the voltage and resistance between the cylinders. and E in the region between the cylinders.
if a conducting material having o = 0.05S/m is present for 3 < p < 5 cm: Given the current.
and knowing that it is 1adlally-dn ected. we find the current density by dividing it by the area of a
cylinder of radius p and length /:

2 )
J=——a, A/m°
2mpl /

Then the electric field is found by dividing this result by o

3 2.55
E= a, = ——a, V/m

2wopl P pl

The voltage between cylinders is now:




b) Show that integrating the power dissipated per unit volume over the volume gives the total dissipated
power: We calculate

3 5\ 14.64
fE Jdu-f[ [0 (2n)* 92(05)1"'O g :;—(07)!]11(5)_—1—“

We also find the power by taking the product of voltage and current:

488 14.64

which is in agreement with the power density integration.

Qeé:
vV
d*V
— =10
dx?
dV _ 4
dx
V = Ax+ B

To be very general, let V=Viatx=xand V' = V> at x = x3. These values are

then substituted into (12), giving

Vi =Ax) + B Vy=Ax2+ B
= . Vx>
x| — X2 o Xy— X3

and
Vi(x — x2) — Valx — x1)
X — X2

V=




A simpler answer would have been obtained by choosing simpler boundary
conditions. If we had fixed V=0at x=0and V' =V at x =d, then

I(_.-O
A=— B=10
d
T
d

1. Given V, use E = —VV to find E.

2. Use D = €E to find D.

3. Evaluate D at either capacitor plate, D = Dg = Dyan.

4. Recognize that pg = Dy.

5. Find Q by a surface integration over the capacitor plate, Q = [ psdS.

Here we have

X
V = Vo—
d
Fo
E=——a
d
VO
Fo
Dg = D = —
. x=={) ‘ d o
ay = al\
l/.
Dy = —€— = ps
== ' l'.. < l‘.’ LS'
O = [ 08 — e
Js d d
and the capacitance i1s
o =12l _ =5
I"’() d
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