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State TWO (2) fundamental laws governing the electrostatic field. Then, give

TWO (2) examples of electrostatic application.
(4 marks)

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 p, =2r’sinfcosg’ C/m’, 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 axes in free space. Another finite line charge 10 nC/m lies
along z axes as shown in Figure Q2 (b). Determine the total force, F exerted
on 2 nC charge at P(2, - 4, - 1).

(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<2m , 2m<r<4m and r>4m carry uniform
charge densities of 20nC/m?, -4nC/m? and 0 C/m respectively. By applying

Gauss’s Law, find D everywhere.
(15 marks)
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Define the work done in moving a point charge from point A to point B in an

electric field.
(4 marks)

Find the work done in carrying a 6C charge from M(1, 8, 5) to N(2, 18, 6)
along path y=3x"+z and z=x+4 . Given that the field vector is
E=-8xy%-4x*y+3V/m.

(16 marks)

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 £,; =3and ¢,, = 2are separated by x-y plane. At a common point,

E, =%-5)—4% V/m. Find E,, D, and the angle make with the normal.
(12 marks)

Magnetic field is characterized by B and H vectors. Briefly explain the
meaning of these two vectors and how are they related.
(6 marks)

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 A , at point

P(2,3,0). Then, find the magnetic flux density B .
(14 marks)
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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)

All moving charged particles produce magnetic field and therefore forces are
generated as well. Based on your understanding, explain the main

characteristics of magnetic force.
(8 marks)

Faraday’s Law is a basic law of electromagnetism relating to the operating
principles of transformers. Draw structure of a transformer and explain its
operation.

(7 marks)

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 10 ¢m
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, B = B, x*cos10°t 2 and
B,=100T . Calculate;

1) The magnetic flux, ¢ linking a single turn of the inductor,
(i)  The transformer emf, V' "y,
(iii)  The polarity of V", att=0,
(iv)  The induced current in the circuit for R = 1 kQ (assume the wire
resistance to be negligibly small).
(13 marks)
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Formula

Gradient
Vf = l +i + = f
6y az
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Cartesian Cylindrical Spherical
Coordinate
parameters %),z .9,z R, 0, ¢
Vector 12 ‘Axi + Ayy + Azi Arf‘ + A¢(I) + Azi ARﬁ + Aeé + A¢(i,
Magnitude 3 5 5
;1 VA +47 + 4. V4 + 4,2+ 4] VA + 4, + 4,
Position xX+yy+zz for nr+z,2 R,R for point
vector, OP point P(x,, y,, z,) for point P(r,, ¢,, z,) P(R,, 6, ¢,)
o o liOﬁ:éOé:(fn(f):l
Xex=yoy=ze0z=]1 | ror=@Qoep=z0z=1 U
A A A A A A A Re0=0e¢p=0eR=0
. Xxey=yeoez=7o0x=0( re@g=@Qez=zer=0 A oA
Unit vector ix§ =2 Fxp=z Rx0=¢
product T T A oA
yXz=x OXZ=r Ox¢=R
2"1A‘=§’ in'=(i) (’bXﬁ=é
Dotproduct | p . 4B + 4B AB +AB, +AB A.B
/-I'.E xx+ yy+ z™z rr+ ¢¢+ z¥z RR+A9B€+A¢B¢
Cross X ¥y z r ¢ z R 9 ¢
product A, 4, A, A, A4, A, A, A4, A4,
Ax B B, B, B, B, B, B, B, B, B,
Differential . . . . . . R A :
- dxX+dyy+dzz dré+rdg+dzi dRR + Rd6 O+ Rsinb d
length, d¢
—_ _ e p2.: A
Differential ds: =dydzx dsr =rdg dzr dsr =R sin0d6 dg R
ifferentia — — T — R A
— ds, =dxdz¥ dsy = dr dz dse = Rsin@ dR d¢ 0
surface, ds . _ dos = RdR dO &
ds, =dxdyi ds, =rdr dg z ¢ = ¢
Differential
— dxdy dz rdrdgdz R*sin@ dR dO d¢
volume, dv
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Transformation Coordinate Unit Vectors Vector Components
Variables
((I:alifes;a-n t;) ;o /x2+y2 r=Xcosg+ysing A, =4, cosp+4,sing
ylindrica U - 4w
¢ = tan” (y/x) ®=-Xsing+ycos¢ | A, =-A, sing+A, cosg
z=1z Z=1z 4, =4,
Cylindri?al X =rcos¢ X =rcosg—@sing A, =4, cosp—4,sing
to Cartesian y=rsing y =rsing +@cosg A =4, sin¢+A¢ cos ¢
z=2z =z

AZ =AZ

Cartesian to

R=\x*+y*+2*

~

z
R =xsinfcos¢

A = A, sinfcos g

to Spherical

Spherical 0= tan (W/Z) ) T&sinﬂsin¢+icos€ + 4, sin@sing + 4, cos6
b= tan(v/ %) 9=:CA059;051¢ N A, = A, cosfcos g
| Tyeos S‘{‘¢ Zsing + A, cosfsing — 4, sind
¢=ksing +ycoss 4, =~A,sing+ A4, cosg
Spheric?l to x=Rsinfcos¢ % =Rsinfcosg + A, = A, sinfcosg
Cartesian y=Rsinfsin g 6cos6’cos¢—(i)sin¢ + A, cosfcosg— 4, sing
z=Rcosf P S A, = 4gsinfsing
Z'=R51n6’sm¢+ + A, cosOsing + 4, cos g
OcosOsing +@cosg A, = Ay 080 - 4, 5in6
Z=Rcosd—-0sing
Cylindrical R=+r*+22 R =rFsind+2cosd Ap = A, sinf+ A4, cosO

Ay =4, cosf—A4_sinf

6 =tan"'(r/z) 0=fcosf—2zsind
p=¢ o=9 Ay =4,
Spherical to r = Rsin@ f=Rsind+0cosd A, = Ay sin@+ A, cosf
Cylindrical é=¢ $=6 A, =4,
z=Rcosd 2 =RcosO—0sind A, =A,cos0—A4,sind
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