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= The steps of solution of each problem should be shewn clearly in the space provided.
= \Write your answers in boxes provided, otherwise your answer will not be considered.

«  Useful constants: k = 1/4re, = 9x10° N-m%C? | sin30=1/2, cos30=1+3/2, e=1.6x10""C

QUESTION 1 (17 %)
A very long insulating rod carries a constant linear charge
density A =-+0.5x10"" C/m.

Find the work done in moving a point charge
g =+15 x107" C from point B to point A?

Assume that r, =60 cmand /5= 120 ¢m.

(TR " S —— S e o e oy

A B

Eold co5180°

A
V....\." :_SE"IL?::—
B 8

we

2

Since dd=-dr

-5 - ra
£; E'.-ELS:_
| D§ ' qe“ V#—VE - S Eolr
.~ i e £, (E i'mrl_): qL Eb
A i I 5 = . ¥ Bude
: : 2
i! .l"l ‘% g E - {-2
) A ds 2N,
{ 7 | _ "
:,--'i‘ i:j‘_: N a.g'xm'ﬂ = 9 /lns = é-zé\f
.c‘- (-‘\ t [~ __-_-_“._-
- {:111)(2-3“!0'%‘ work dese .
Bl C= Eds
- 2
= ({_24)(:5310 C)
il =+9.%6 gis? 7

here r i¢ ia  meter.

1 Wen=9.38%10° J
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QUESTION 2 (17 %)

A molecule having two atoms has a dipole moment of 6x1 0°*"Cm . The distance between the

atoms is known as 3.75x107" m. When the molecule is placed in an extemal uniform
electric field of magnitude 130 N/C, its dipole moment makes angle of 30° with that ficld.

(&) Draw the system
{1nside-the box given right) for
these conditions and
show the direction of the dipole
miment vector explicitly.

{b) Calculate the amount of charge that penerates the dipole moment

i £x1072° C.m

f:'-d_—-: = f’.,:;xro_MCE e

3.75 x10 'l m

{c) Calculate the magnitude of torque on the dipole.

(Zl= 17« Ef

= P E sin® = ({Xloisoc..,u)(ﬁo -c"—'_"'-) Sin 30

= 3.9 ?‘IO_ZS M.

{d} Calculate the potential energy of the molecule in that electric feld.
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QUESTION 3 (17 %)

The electrostatic force between two like ions are separated by a distance of 5.0x107" m is 3.7x 107" N.

{aYWhat is the charge on each ion?

2
= b 5 = &

~[q =
= [3:3%16° (o)

9 wio?

i = {5

= 3.2%10 =

(b) How many electrons are missing fom cach 1on?

n — q _ j.zx]ﬂﬂfﬁ C
i

=
-6 x5 ¢
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QUESTION 4 (17 %)
Consider a point charge 0 = +4.0 nC placed at the center of a non-

conducting shell which has the same charge @ distributed uniformly
in the sphere. The inner and outer radius of the shell are Ry, = 2 em

and &, = 4 cm, respectively,

(a) What is the magnitude of electric feld al a distanee r from the center of the shell iy =3 cm?

(‘fp g-’g-d? = qe,n-:'.

&7 (et el
fo E(4r?) = @ + 272 _ @
i":—r ( Rour - K;ﬂ)
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(W)lfc-'!;"ﬂn*njfgma-u)i [rl*f' 43_ 7 } = 1.2 %o ¥fc

E=1.2x105 ~#/c

{b) What is the magnitude of electnc field i a distaneé r fram the center of the shell ifr= 8 cm?

E.Q gg 9l_5f= qe_nc
s ELGRA)z R+ Q
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E= — = e
4nego T™ ($xig™)"

F= 1.4 xic* wm/e

QUESTION 5 (15 %)
"The electne potential in a region is given by Y(x, 3. z) = ¥ — 4y + 3yz” (volt) where x, y and z are in
meters. Find the direction of electrie feld in unit vector netation at the point P(1.0 m, 2.0 m, 1.0 m).
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QUESTION 6 (17 %)

A rectangular parallel plate capacitor having a=8cm
sides ¢ and # and separation d is filled with r = =T
three dielectric materials as seen in the V=60 V ; e b=4cm
Figure. -t NN ek
K=2 Ki=4 [|d=2mm
() Find the equivalent capacitance value of the S¥Ste. i
. -3 2
v, L _l_ l Plate areq : A= ab=(0.08)(0.04)=32%I0 m
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¢ = o K (an) _ o KA = (3-55 x5 = 2.8x10 F
d /2 e 2%i1g72
~R =3
&; = o K:. Cﬂ’h-) = &o Kg_a‘q 3 (Z-EFNQ ) fl) {32 %19 ): 2-3#!6‘]}:’
oliz ol 2% g3
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=1 .2 Xle
;= K (Af2) _ B KA _ (E-Esmn)('ﬁ)” );:J.-En"«lanl:
d 2 of (2) ( 2xi62)
(2 ! i =i
C = !1+ :_&..;.C‘-:‘?C'—FE .3Al0 F) = -2 xto F
9 C4c, 5 Z 2 2 2 (2 ) ¢

Cua= 4-2 %10 F

(b) Find the charge on cach capaeitor (dielectric).

ol 1 q-= ng Vo = @‘ixm‘?({c) = 2.6 X167 €

S e T 3
qg = G No = (2-87’459({9) = -#F Xl ° C

=9
-3
h=4=% Ga = 9-9; = (Z-S' — ) Ko = 0-Fx0 C

a=0-8 xio™3¢C |
G:= 0-Bx1g3C
= 11x16%
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