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INSTRUCTIONS TO CANDIDATES:

Answer five gquestions, taking at least one from each of the sections, A,B,C and D. but
not more than one guestion should be chosen from eithey section A or B.

Any additional question(s) answered will not be merked.
Mathematical tables and squared paper are provided.

Non-programmable scientific calculators may be used.

Assume where necessary:
2

Acceleration due to gravity, g = 981 ms &
Speed of light in a vacuum, ¢ = 30x10°ms”
Electron charge, € = 1.6x107°¢
Electron mass = 911 x10"kg
Planck’s constant, /2 = 6.6 X 16" Js
Permeability of free space, fo = 40m% 107 Hm™'
Permittivity of frce space, £ — 885X 107 2Fm
The constant 4;0 = 90x 1°F 'm
One electron volt (e¥) = 1.6%x1077
Avogadro’s number N = 602x10°mol
Resistivity of Nichrome wire at 25°C = 12X 10° Qm

42%10° Tkg 'K

Specific heat capacity of water
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SECTION A i
al image and 2 virtual image. (i
onvex mirror to

(a)  Distinguish between a re
fac
| length, /> © (05 marks)

(b) Derive an expression relating the focd
the object distance # and image distance V-

ge half the SIZE {}f_thﬁ
until the MMage
ved by a distance of

object. The

(c) A concave mirror forms an ima o size is three

object is then moved towards the mirrof
quarters that of the object. If the image 18 MO

0.6 cm, calculate the s
3 marKs
(i)  focal length of the mirror. ?g )
(i)  new position of the object.
k
(d () Whatis critical angle? 5 gfm’zf;j
(ii)  Explain how a mirage is formed. (
(e)  State four applications of total internal reflection. (02 marks)
(02 marks)

(a) State the laws of refraction.

(b) (i) The deviation, d, by a small angle prism of refracting angle A
and refractive index, 1, is given by
d=A(r—1).
Use this expression to show that the focal length, £ of a thin
converging lens of refractive index, #, is given by

L 1,1
= it 1 —_
p-t-n[LeL],
Where 1, and r, are the radii of curvature of the lens surfaces.
(05 marks)

(ii) Fign_;re 1 shpws a glass convex lens in air with surface 4 and B
having radii of curvature 10 ¢m and 15 cmn respectively.

4718
Glass
Aldr Air
Fip_ 1
If the refractive index of the I
glass material i
calculate the power of the lens. usedis 1?3}
marks|
: )
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(i) With }hg aid of a ray diagram, describe the structure and action

) of BI{Jﬁlﬂﬂﬂn lelescope in normal adjustmen. (05 marks)
(ii) Derive an _L‘xprt‘s_sin[l for the angular magnificanion of the

telescope n (c) (i). {03 marks)

(c)

(d) Explain the disadvantage of a Galilean telescope over the refracting

e (02 marks)
SECTI“N B n."—-". o
(@ (i) Distinguish between free oscillation and damped oscillations
{02 marks)
(01 mark)

(i)  What is meant by resonance as applied to sound?

" (b) Describcan experiment to determine the velocity of sound int air using
tuning forks of different frequencies and a resonance tuhe. (05 marks)

A uniform tube 80 cm long is filled with water and a small

(©)
londspeaker cannected to a signal gencralor is held over the open end
of the tube. With the signal generator set at 600 Hz, the water level in
the tube is lowered until resonance is first obtained when the length
of air column is 13 cm. If the third resonance is obtained when the air
column is 69.8 cm long, calculate the
(i)  velocity of sound in air. (04 marks)
(ii) fundamental frequency for the tube if it were open ai both ends.
(03 marks)
(d) (i  Whatismeant by Doppler effect? (01 mark)
(i) A motor cyclist and a police car are appmaching each other.
The motor cyclist is moving at 10 ms  and the police car at
50 ms-L. If the police siren is sounded at 480 iz, calculate the
frequency of the note heard by the cyclist after the police car
passes by. ' : (03 mariks)
(i) Givetwo applications of the Doppler effect. (01 markj
: Expiain the formation of fringes by (ransmission eratings. ‘
S (05 marks)

(b)  Describe how the wavelengths of monnchromatic light can be
measured using a diffraction grating and 2 specirometer. {07 marks)
pured on a

face appears col
(03 marks)

(c) Explain why an oil layer on the water sur
rainy day.
Turn Over
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3,

(d)

(a)

(b)

(c)

(d)

(a)

(b)

(02 marks)

Explain, .
: light.
olarized 11g 03 marks )

{i)  what is meant by plan¢ P :
(i) one application of polarized light.

SECTION C

Define the followng: (01 mark)
()  Magnetic flux density. 01 mark)
(i) Magnetic flux linkage.
5 m a
(i} A rectangular coil of ¥ tums, length ‘E{ and widt 1;.!::;;(:?:';' .
current, 7, is placed with its plane mflklﬂg an angle, ¥
uniform magnetic field of flux depsity, 8. i
el coil.
Derive the expression for the torque greftelumEie { f;j marks)
(i) A current of 3.25 A flows through @ long solenoid of 400 turn
and length 40.0 cm.
Determine the magnitude e
charge 15.0 uC moving at 1.0 * 107ms :
the solenoid at an angle of 11.5° relative to the 2X18 0

of the force exerted on a particle of
! through the centre of
f the

solenoid. (04 marks)
Describe with the aid of a diagram, an absolute method of measuring
current. (06 marks)

Explain why a current carrying conductor placed in a magnetic field
(03 marks)

expericnces a force.

(i)  State Lenz’s law of electromagnetic induction. (0 mark)

(i)  Describe an experiment to demonstrate Faraday’s law of

electromagnetic induction. (06 marks)
Figure 2 shows a piece of metal swinging between opposite magnetic
poles. >

Piece of —.
metal

<
- -~
@x”
Fig.2

Explain what will be observed after some period of time. (04 marks)
4
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() ()  Dcfine the terms self induetion and mutual

induction.
(i)  Describe an exper; - (02 marks)
eriment ; ,
induction., 5 ent which can be used 1o dcmn;;trate zlf_
maris)

(d) f;.h:;aiﬁi_?ml has 40 turns of wire and cross-sectional area of 5 em?,
- ig cunne:.;t?d o a balli‘lmgic galvanometer and then placed with

Whp ane ps:rp_et}dlcyla.r o a umtorm magnetic ficld of flux density B.

! ﬂcu the coil is withdrawn. from the field. the galvanotmeter gives a
cllection of 240 divisions. When a capacitor of 4 UF is charged to

20 V and then discharged through the circuit, the galvanometer

deﬂectif:m IL- ?E{J divisions. Find the value of B, if the total resistance
of the cirenit ig 20 Q. (04 maris)

(a)  What isi meant by the terms reactance and impedance as applied to
alternating currents, (02 marks)

(b) () A source of sinusoidal current of amplitude 7, and frequency, f.
1s connected across a purc inductor of inductance, L. Derive an
expression for the peak voltage across the inductor. (04 marks)

(ii))  Sketch, using the same time axis, graphs to show variations of
the voltage across the inductor and current through it.
(02 marks)

(c)  An altemating current, / = 5 sin 200xnt, flows through a pure inductor
of inductance 2.0 H. Caleulate the

(i)  roactance of the inductor. (03 marks)
(ii)  root mean square value of the voltage across the inductor.
(03 marks)

(d) (i) Explain how an alternating current can be measured using a
rectifier meter. (04 marks)

(i) Explain why a moving coil ammeter is unsuitable for
measuring alternating current. (02 marks)

Turn Over
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SECTION D
es A and B of samc

(a)  The voltage versus current graphs for two wir .
own in
material, same radii and at the same temperaturc arc sh
Figure 3.
&
= A
=
.
Current
Fig. 3
Account for the difference between the graphs. (02 marks) ‘

(b)  Three identical cells are connected in series with resistors of 3 Q2 and
5 Q. A current of 1.2 A flows in the circuit. When ti}c two resistors
are connected in parallel across the three cells in series, the current 1n

the circnit 1s 2.2 A, Calculate the

(1) mnternal resistance of each cell.

(il em.fofeach cell.

(i) power dissipated in the 3 £2 resistor for the parallel connection.
(04 marks)

(03 marks)
(01 mark)

(¢) Two students X and ¥ performed separate experiments using a
potentiometer arranged as shown in Figure 4 and both obtained a

balance point.

A increased the value of R,

¥ decreased the value of S. -
Ll [
1 O |

) T 5
——

s Fig, 4
Explain what happens to the position of the balance point when
(i) X increases the value of R, (02 marks)
(11)  Ydecreases slightly the value of § from an initially large value.
(02 marks)
(d) Describe an experiment o determine the em.fof a thermocouple.
‘ | (06 marks)

Scanned with DocScan



v . (a)  Define the following.
(01 mark}

&)  Capacitance.
(0 mark)

(i)  Dielectric.

(b)  Describe an experiment that can be used to show how capacitance of a
cepacitor depends on the permittivity of a diclectric. (04 marks)

J_fl capaci:mr of capacitance C, is fully charged from a 200 V battery. It
is then discharged through a small coil of wire embedded in thermally
insulated block of heat capacity 250 JK . If the temperature of the

block rises by 0.4 K, calculate C. (04 marks)

(c)

(d) (i) State three propertics of an equipotential surface. (03 marks)
(i)  What is meant by charge quantisation? {01 mark)
(¢)  With the aid of a labelled diagram, describe the stracture and action of
a Van de Graaff generator. (6 marks)
10. (a) (1) State Coulomb’s law of electrostatics. (0 mark)
(i)  Sketch the electric field patterns for a positively charged
metallic sphere and for a negative point charge. (02 marks)
(b) (i) Define cleetric field intensity and electric potential at 2 point.
(02 marks)
(01 mark)

(i) ~What s the relationship between them?
(¢}  Two charges of 1.0 > 16~ C are placed 10 ¢m apart as shown in

Figure 5

P

M,

f’f I \"..
10 cm/ i em
i ,
/ | \
i \
S N
+1.0 x1073C Dem  +1.0x1675¢

Fig. 5
Calculate the
(i)  electric ficid intensity at £. {06 marks)

/03 marks)

(i) electric potential at £.
7 Turn Over
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(d) Two conducting spheres 4 and B supported on insulating stands are
placed in contact. A negatively charged rod is then held near sphere 4. s
The spheres are then separated after which the rod is removed. With E
the aid of suitable diagrams, explain the processes which occur. E:
(05 marks) .
k-
8 END
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