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State TWO (2) fundamental laws goveming the electrostatic
TWO (2) examples of electrostatic application.

field. Then, give

(4 marks)

(a)

(b)

(a)

(c)

A simple experiment has been setup using rulers and glass rods. Explain how
the experiment can prove the characteristic of electric charges. Use diagrams
to support your answers.

(8 marks)

A spherical shell centered at the origin extend up to 2 m radius. If the volume
charge density is pu=2rzsin0cos62 Clm3, find the total charge contain in
the shell.

(8 marks)

using your own words, explain how the behavior of electric field can be
visualized using field lines between two point charges of an equal magnitude
but opposite signs. Use diagrams to support your answers.

(6 marks)

Two infinite uniform line charges of 5 nC/m lie along the positive and
negative x and y irxes in free space. Another finite line charge l0 nC/m lies
along z rxes as shown in Figure Q2 (b). Determine the total force, F exerted
on2 nC charge atP(2, - 4, - I).

(14 marks)

Describe the meaning of Gauss's Law. Then, state the formula that relates
Gauss's Law to Divergence Theorem.

(5 marks)

cylindrical surfaces at r s_2m , 2m^1r < 4m and r > 4m carry uniform
charge densities of 20nclm2, -4nc/m2 and 0 c/m respectively. By applying
Gauss's Law, find D everywhere.

(15 marks)

Q2

(b)

Q3 (a)

(b)
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(a) Define the work done in moving a point charge from point A to point B in an
electric field' 

(4 marks)

Q4

Qs (a)

Q6 (a)

(b) Find the work done in carrying a 6C charge from M(1, 8,

along path y:3x2+z and z=x+4 Given that the

E=-8xyi-4x2 !+2Ylm.

5) to N(2, 18, 6)

field vector is

(16 marks)

(b)

Distinguish between linear, isotropic and homogeneous dielectric materials.
Then, explain the importance of boundary conditions in evaluating the electric
field.

(8 marks)

Given that two homogeneous isotropic dielectric media with dielectric
constants €t=3and e,r=2are separated by x-y plane. At a common point,
E, = i - 5i - 42 Y lm. Find E, , D, and,the angle make with the normal.

(12 marks)

Magnetic field is characterized by B and.F vectors.
meaning of these two vectors and how are they related.

Briefly explain the

(6 marks)

(b) Consider a triangular loop carrying an 8A current is placed on y : 0 plane as
shown in Figure Q6(b). calculate the magnetic field intensity fr , at point
P(2,3,0). Then, find the magnetic flux density .8.

(14 marks)
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Q8 (a)

BEF 22903

(a) A square loop of wire in the x : 0 plane carrying current 2 mA in the field of
an infinite filament on the z-axis as shown in Figure Q7 (b). Calculate the total
force on the loop.

(12 marks)

(b) All moving charged particles produce magnetic field and
generated as well. Based on your understanding,
characteristics of magnetic force.

therefore forces are
explain the main

(8 marks)

Faraday's Law is a basic law of electromagnetism relating
principles of transformers. Draw structure of a transformer
operation.

to the operating
and explain its

(7 marks)

(b) consider an inductor which is formed by winding, N: 20 turns of a thin
conducting wire into a square loop centered at the origin and having l0 cm
sides oriented parallel to the x-y plane. It is connected to a resistor, R as shown
in Figure Q2 (b). In the presence of a magnetic field, E : Brx2 cos103t 2 and

4:100 Z. Calculate;

(D The magnetic flux, / linking a single turn of the inductor,
(ii) The transformer emf, Vt'"^f ,
(iii) The polarity of Vt'"^1 at t:0,
(iv) The induced current in the circuit for R: I kc) (assume the wire

resistance to be negligibly small).
(13 marks)
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Gradient

af^ af^ af^V/=:a+-V+"2
ox ov oz

vf ={? *!La *X-t' 0r 106' 0z

vf =qR*L4 6,t* | of 
a" AR R Ae Rsin? 0Q'

y.)=ou'*4t*4t-
Ax Ay 0z

Y. f =!1fu)1*!94_*oA"rl 0r ) ,A0 0z

y.f,=t-a(n',q^)* t la(.qrsine)fn I aA,

R' AR RsindL Ae ) nsine a6

Curl

y x ) =(+ _ *)r .(# _ 
*)o .(* _ +),

Y x 2 =(: h - *)' .(+ - *)' . :(ry - h),
Y x )= *h[ ry - #]^. t-l#w 9]'. *[# - #],

Y,f =44*t4.a'r- &z Av' 0z'

v, r =!!( ,a/.)* | a'.f *o'.f" r Ar\ A, ) ,' AO, Oz2

Y'f =!*( *'g). --1, 
g (",,r{\+J-(tA" Rz aR \- aR ) R2 sina ad ("^"" ae ) ' R2 sin2 llaf )
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Cartesian Cylindrical Spherical

Coordinate
parameters X,ltZ t,Q,z R,e'0

Yector 2 A,*,+ Ary + A,2 A,i+Ar$+A,2 l^R+ Ar0+Artp

Magnitude

A

Position

vector, OP

xr?+ yrj + zri for
pointP(x, , /t, zt)

r{ + zlz
forpoint P(rr, Q, zr)

R,fr. for point

P(Rr,0r, Qr)

Unit vector
product

Xox=y.y=|oi=l
xoy = j.2:|ci=0

ixf :i
fxi=i
2x i:9

r.r=q.q = 2oi=l
aog = 9.2:2o? =0

txlQ = 7

tpx} = i
2x?=6

RoR=0o0=QoQ=l
R.0=0.,fr=0.R=0

n*e=0
0xQ=P
tfrxn=e

Dot product

l.E A,B,+ArBr+A,8, A,B,+ArBr+A,8, A^B^+AoBe+AdBo

Cross
product

l"E

t^
l*
lo'
lB,

t2
Av A"

Bv B,

t^
l" e z

lA, A^ A,

bi,, ;, B,

R00
AR Ao Aa

BR Bo Bd

Differential

length, d(.
dx*.+ dyy + dz 2 dr?+rd{A+dzi dRR+ Rde6+Rsinla

Differential

surface, E

ds, = dy dz f;

ds, =dxdzy

&,=dxdyt

ds,

&,
ds,

=rdddzi

=drdzQ

=rdrd02

dsn

&'
dsa

R2 sin? de dQfir

Rsind dR dAg

RdRdee

Differential

volume, 6 dxdy dz rdrdQdz R2 sin? dR de dd
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Transformation Coordinate
Variables

Unit Vectors Vector Components

f-. )y:lx-*!-
-1 ,

Q=Ian'ly/x)

i = icos/ +f sin/
0 = -isin/ +f cos/
2=2

A,=A,cosf+ArsinQ

Ao = -A,sin{+ Arcos(

A,: A,
Cylindrical
to Cartesian

x=rcoSQ

y=rsint
i:icos/-tflsin/
f=isin/+tflcos/
i=2

A,: A,cosQ- Arsin{
A, = A,sin/+ Arcos{

A,: A,
Cartesian to

Spherical
R=,,17 +r\*
e =611"1.{S a r' 111

Q=tan-t(y/x)

R = isindcos/
+!sin?sin{ +icos?

0 = icosdcos/
+f cosdsin/ -isin?

0=-isin/+icos/

An = A,sin?cos{
+ l, sindsin ( + A"cos?

A, = A, cosdcos/

+ A, cos?sin{ - A,sin?
A6 = -A,sin{+ ArcosQ

Spherical to
Cartesian

x = Rsin9cos4

!: Rsin9sin4
z: Rcos4

i = fl.sindcos/ +
A^0cosdcos/-<psin/

y = Rsindsin/ +
A^0cosdsin/+t[cos/

2 = fr.cosd-Osind

A, = Ansin9cos|
+ Arcos9cosS- Arsin|

A, = A^sin9sin4

+ Arcos9sinf+ Arcos[

A, = A^ cos d - Au sin?

R:J; *4
0:tan-t(r I z)

0=0

fr. = isind+ 2cos0

6 = icosg- 2sin0

0=0

A* = A,sind+ A,cos?

Ae = A,cosd- A,sin?
Aa=Ao

r = Rsin9

Q=Q
z = Rcos9

i = fr.sind+0cosd

0=0
2 = fl.cos9-0sind

A, = Ansind+ Arcos0

Ao=Ao

A"=A^cosd- Arsin9
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Q = I o,dt,

Q = lo"ds,
Q = [o,n
F,"= QtQ' a^" 4te oRt ^r2

n =F .
a

=-OL = ____:______O 
o

4te oR' "

E = | Pd( - ^,
J 4tre oR"

E=l P'ds=a"
J 4ttt oR"

o = l-2"h-6,t 4tt€ oR' "

D=eE
rp,"=ID.dS

Q"," = {n. aS

P" =Y tD
B

Vn=-ln.aV=
A

4ne r

V = fPtd(r 4ter

{E'av = o

VxE=0
E =-YV
Y2V =0

R= |
oS

t=[7.d5

Id(.:J"dS=Jdv

{A.aZ=r"n,= lJ,as
YxH = j
y.= lE.as

v^={E.d,S=o
t-

V,=1aodt
VoB =0
E=tH
E=YxZ

tti

V = lFotarr 4nR

Y2V = -prj
F = e(E +, ,E)= *{

dt
dF = IdVxE
T =FxF =mxE
fr = 156,

v .--0weml"ot

V",r =-l4.aS- 'ot
V,^r = !("- "E). at

- f- .- ADIo = lJo.dS,J,t -:--J0t
/=a+iF

l'--llr-2

+l^lt*l-al -r, l\ L@€J

M

_ N,I, r sdV,xldVrxA*,,- A* ll ' ,4n l'|, Rr,'

W
I

/ \z t^toll-+t-t Ittl\oE) I')
o:-

CD€

;O J,

-:.- fu)b J 
d^\

^lO=-
d

so =8.854x10-r2 Fm-r

Ito = 4T x l0-7 Hm-r

c'(x' + c'lt'
r xdx -lt-

t (*' * t'l'' Qz * rz)vz

r dx .l 

-\
l@.7Y:tnv+'lx't" )

1 dx l. -,(")I6-4=t'o"'li)

)m(,' * ")

l0




