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KIBU observes ZERO tolerance to examination cheating
Answer question ONE (COMPULSORY) and any other TWO questions

QUESTION ONE (30 MARKS)

1. a. Two point charges +5uC are placed Scm apart. Calculate the electric potential and the
electric field at the midpoint of the line joining the charges. (3.Marks)

b.

A parallel plate capacitor has plates of area 5 x10° m’, separation Imm and charge
10nC. Calculate the change in energy stored by the capacitor when a dielectric of
relative permittivity 2.5 replaces the air between the plates of the capacitor.(2.Marks).

Three point charges each of +16C are placed at the corners of an equilateral triangle
with sides of length 2cm. Calculate the potential energy of the system measured with
respect to a zero when the three charges are on an infinite distance apart. (4.Marks)

Define; Surface charge density, Volume charge density, Electrostatics, Torque
(4.Marks)

The electric dipole shown below consists of two point charges —Q and +Q separated
by distance S.

Show that when r>>>8, the electric potential V at point P is given approximately by

. PCos0
T 4mer?

(6.Marks)
When P = QS is the moment of the dipole, hence show that the radial E; and
angular E, components of E-field due to a dipole one is given by

2pCosh PSinf

E’rz and E9=

4mer3 4mer?

A dipole moment has a moment of 2 x 10” cm, calculate

i The potential

ii. The radial component of the electric field
1il. The angular component of the electric field
iv. The total electric field
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V. Show that the total E-field has a magnitude given by

o
P(1+3Cos%@) 2
4meTre

E= (12.Marks)

This Paper Consists of 3 Printed Pages. Please Turn Over.
(1mark)
f. A capacitor consists of two parallel plates with area A which are separated by a
distance d. What will affect the capacitance of ;
1. Pushing the plates towards each other so d is halved
ii. Doubling the area A of both plates
iii. Doubling the potential difference between the plates
iv. Sliding one of the plates relative to the other so the overlap is halved
(Smarks)

g. A parallel plate capacitor has circular plates of 8.2 cm radius separated by 1.3mm of
air. They are connected to a 240V power supply and allowed to charge up before
being disconnected.

1. Calculate the capacitance of the capacitor

1. What charge will appear on the plates?

1i1. What is the electrical potential energy stored between the plates

(4marks)

h. A charge q is placed at the center of a sphere. Taking outward normal as positive, find
the flux of the electric field through the surface of the sphere due to the enclosed
charge.

(3marks)

Derive the expression for the capacitance of a parallel plate capacitor (4marks)

j.  Explain what is meant by Thomson Effect
(2marks)

k. A proton is projected with a speed of 3 X 10°m/s horizontally from east to west .A

uniform magnetic field B of strength 2.0 X 1073T in the vertically upward direction.

i) Find the force on the proton just after it has been projected. (2marks)
ii) What is the acceleration produced. (2marks)
. i Vx H=J_+ o
1. For the Maxwell’s equation , ¢ ot show that each of the three terms
has the same dimensions. (2
marks)

m. Calculate the electric and magnetic fields associated with a laser beam of total power
10

W and cross-section area 25 mm?2. (2 marks)

n. Calculate the value of VM0 and show that the result equals ¢, where c is the speed

of light in vacuum. Also show that €olo  has the dimensions of velocity. (2 marks)




o. Explain why free charges are not found in the interior of conducting materials.
(1 marks)

QUESTION TWO

d.

a)

b)

Two particles, each having a mass of 5g and charge 1.0 x 107 C, stays in limiting
equilibrium on a horizontal table with a separation of 10cm between them. The
coefficient of friction between each particle and the table is the sme. Find the value of the
coefficient. (6marks)
Find the electric field at a point P on the perpendicular bisector of a uniformly charged
rod. The length of the rod is L, the charge on it is Q and the distance of P from the centre

of the rod is a. (7marks)
_ _ , [Eds=3>2 _ _ _
Given Gauss’s law in the integral form, : Eo , derive the differential
veE=L_  E X . -
form €0 is the electric field vector and dS a vector specifying an element

of g, the closed surface S. Q is the charge and p is the charge density. The equations are

valid for a vacuum where the relative permittivity &,=1 (4marks)

A circular coil of radius 1.5¢m carries a current of 1.5A. If the coil has 25 turns, find the
magnetic field at the centre. (3marks)

QUESTION THREE

Two charges 10uC and -10uC are placed at points A and B separated by 10cm. find the
clectric field at a point P on the perpendicular bisector of AB at a distance of 12 cm from
its middle point. (3marks)
A ring of radius a contains a charge q distributed uniformly over its length. Find the
electric field at a point on the axis of the ring at a distance x from the Centre.  (3marks)
Two charges +10uC and -20uC are placed are placed at a separation of 2cm. Find the
electric potential due to the point at the middle of the line joining the two charges.
(3marks)

What is meant by magnetic scalar potential (1mark)

The electric field in a region is given by E=(A/x )i write a suitable SI unit for A. write
also an expression for the potential in the region assuming the potential at infinite to be
Zero (4marks)
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Discuss three quantities that characterize the earth’s magnetic field at a point on its

surface. (6bmarks)
QUESTION FOUR
State Lenz’s law of electromagnetic induction. (1mark)

Highlight three ways of changing the magnetic flux in a loop put in a magnetic field.
(3marks)
State the boundary conditions for (i) E-field and (if) D-field at the interface between two
dielectrics in the absence of any surface charge. (1 mark)

Is it possible to produce a magnetic field of the form B = xi+yj-zk ? (2 marks)

Calculate the B - field a distance of 1 mm from a long straight wire carrying a current of
5A. (2 marks)

State the relationship between relative permeability and magnetic susceptibility-
(2 mark)

The figure below shows an inductor connected to a battery and a resistor R. The sliding
switch § can be slid up and down. A steady current i = i, is maintained through the
circuit. If at t = 0 the switch connects to point a. Show that the current i decreases with
time to 37% of the initial value in one time constant after the battery is disconnected.
(Smarks)
L R

A a

slbs

d) A long solenoid of radius 7 and length [ has n turns per unit length. A current i is passed
through the solenoid. If the magnetic field inside the solenoid is B = p,ni.Derive the
expression of magnetic energy stored in the coil. (5marks)

QUESTION FIVE
a) The instantancous value of an alternating current is given by i = i, sin(wt + ¢). Show

that the value of the root mean square current is given by i,ps = % (7marks)

b) The peak value of an alternating current is 54 and its frequency is 60Hz.
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i) Find its rms value (3marks)
i1) How long will the current take to reach the peak value starting from zero.(2marks)
c) Anemf €=€, sinwt is applied in a circuit giving a current i = i, sin(wt + ¢). Derive
the expression of the power delivered by the source. (Smarks)
The electric field in an electromagnetic wave is given by E = (50N /C) sin w(t — */). Find the

average energy contained in a cylinder of cross section 10cm? and length 50cm along the x — axis.
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