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INSTRUCTIONS TO CANDIDATES: . !l |
Answer five questions, taking at least one from each of the sections, A, B, C and D, ( I
but not more than one question should be chosen from either A or B. |
\ ] l&‘"
Any additional question(s) answered will not be marked. NEARS WITH I I
' INCOMPLETE qU\ il
Mathematical tables and squared paper are provided. 3 = GBES g
, 0 2012-LACKING it 1]
Non-programmable scientific calculators may-be used. NO4 &) $(d) li &
NO-5 $NO-9q i
Assume where necessary: - ©201 - LACKING i
Acceleration due to gravity, g = 98lms™ :%’3(4) $(b) | ;‘
Speed of light in a vacuum, ¢ = 3.0x10°ms™ e 2008 gL } :'
Electron charge, e = 16x10"C gﬂg?‘,ﬁglﬂ ,3 'i;
Electron mass , = 9llx 102 kg e 200% - REGINS FROM ) |
Planck’s constant, h = 6.6x 1073 g . ,
Permeability of free space, p, = 40x2x107Hm' [*2006 - LACKING
o - _ e L
Permittivity of free space, € = 885x 107" Fm™ NO-S@) ¢ 1
1 0 . NG+ q @) ) S(c)aw!
The constant Ine, ' = 9.0x 10" 'm - N0 10
One electron volt (eV) = 16x1071)
Avogadro’s number N, = 6.02x10% mol”!
Resistivity of Nichrome wire at 25°C = 1.2 x 107 Qm
Specific heat capacity of water = 42N 107 Jkp 'K
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SECTION A

(a) (i) Describe how the focal length of a convex mirror can be

measured using a convex lens of a known focal length.
(04 marks)

(i) The plane mirror, P, in ligure 1 is adjusted to a position 20 cm
from the optical pin, the image of the pin in P coincides with its
Imagc in M.

i i -
l- ;-

Convex
— nurror (M)

30cm ——

k<
Optical pin =~ "~ E ..... _
4 Planc
/ -

miuror (P)
Fig. 1

Calculate the focal length of the convex mirror.
‘ (04 marks)
(b) A pinis clamped horizontally above a concave mirror with its tip
along the principal axis. When the pin is adjusted, it coincides with its
.image at a distance R from the mirror. When a small amount of liquid
of refractive index, n, is put in the mirror, the pin again coincides with
its image at a distance R from the mirror. Show that the refractive
index , m, is given by

oW e e e
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i

pis
R (04 marks)
(c) (1) Explain the term eye-ring as applied to a telescope? (U2 marks)

n=

(i) Draw a ray diagram to show the formation of a final image in a

Galilcan tclescope in normal adjustment. (03 marks)
(i) Explain two advantages and onc disadvantage of the (clescope
in (c)(n). : (03 marks)

(a) (1) When docs light pass through a prism symmetrically? (01 mark)
(i) Find the angle of incidence, 4, on an cquilateral prism of
refractive index 1.5 placed in air, when light passes through it
symmctrically. (03 marks)
(iti)  Deseribe what happens to the deviation of light passing through
the prism in (a) (i) when the angle of incidence is increased
from a valuc less than 7 (o a value greater than 7, (02 marks)
(b)  Describe how the refracting angle ol a prism can be determined Usiny
» optical pins. (03 men .f:\\
(¢) (1)  Prawaskeieh ray chagram showing formation of the fmave of |
[inite size real objec by it concave lens (A ,;'e)..'/ W)
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(11) A concave lens of focal length 5.0 ¢ is arranged coaxially
with a concave mirror of focal length 10.0 ¢, a distance of
4.0 em apart. An object is placed 20.0 cm in front of the lens,
on the side remote from the mirror,
Find the distance of the final image from the lens. (04 marks)

(d)  With the aid of a sketch ray diagram explain spherical aberration in
concave lenscs, and state how it is minimised. (03 marks)

SECTION B

e (@)  What is mcant by the following as applied to waves?
(1) Resonance. (01 mark) !
(i)  Frcquency. (01 mark) |

(b)  Explain with the aid of suitable diagrams, the terms fundamental
note and overtone as applied to vibrating air in a closed pipe.

(05 marks) |
(c)  Describe how you would determinc the speed of sound in air using a |
resonance tube and several tuning forks. (05 marks)
1
(d)y @) Explain the formation of beats. (02 marks) |
(i) Derive the expression for the beat frequericy. (03 marks)

()  Two observers 4 and B are provided with sources of sound of
frequency 750 Hz. If A remains stationary while B moves away at a
velocity 0f2.0 ms™' find the number of beats heard per sccond by A !
(Velocity of sound in air = 330ms™). |

(03 marks) ‘

4. (a)  What is meant by diffraction? (01 mark) i
‘ |

(b)  Explain using Huygen’s principle, the diffraction pattern produced by 1

a singlc slit. (00 marks) |

J

|

(¢)  Lightofwavclength 5.0 x 1077 m falls on a grating with 600 lines
per mm. Determine the highest order of diflvaction that can be
obscrved. (4 marks)

(d) (1) Explain what is meant by the plane of polarization of light.
(O marks)

R Furn (hver




(i) A liquid of refractive index 1.3 is used to produce polarised
light by reflection. Calculate the angle of incidence of light on
the liquid surfacc. (02 marks)

(¢) (i)  Describe how the polarised light can be produced by reflection.
(03 marks)
(i)  Statc two uses of polarised light. (02 marks)
SECTION C
S (a) (i)  Whatis the difference between a motor and a dynamo?
(01 mark)
(ii)  Describe with the aid of a labelled diagram the structure and
mode of opcration of a d.c gencrator. (06 marks)
(iii) Describe bricfly the factors that determine the peak value of the
induced c.m.f. : (03 marks)
(iv) How can a d.c generator be converted into an a.c generator?
o " (01 mark)
(b)  Figure 2 shows two wires AB and CD of length 5.0 cm each carrying
' a current of 10.0 A in the direction shown. A long conductor carrying
a current of 15 A is placed parallel to the wire CD, 2.0 cm below it
B S J{ A
3.0cm
C Y > '- D | |
5 A long conductor
2.0cm . '? /
? Vi
Fig. 2
(i)  Calculate the net force on the long wire. (06 marks)
(1) Slfetch1 the magnetic _ﬁeld patlcm between the long wire and the
wire CD after removing wirc AB . Use the ficld pattern to
define a neutral point. ' (03 marks)
6. (a) \that is meant by the following as applicd to the earth’s magnetic
ficld?
(1) mugncgc ll\C.l.‘l(IFilli. (01 mark)
(11) agnetic variation, (O] nrark)
(b)  Describe the structure and mode of action of the dellection

magnetomeler. y
b (00 nrardy)



(¢)

(d)

(a)

(b)

(c)

(d)

(c)

A circular coil of four turns and diameter 11 ¢m has its plane vertical
and parallel to the magnctic meridian of the carth. Determince the
resultant magnetic flux density at the centre of the coil when a current

0of 0.35 A flows in it.
(Take the horizontal component of the earth’s magnetic flux density (o
be 1.6 x 107 1), (04 marks)

(1) Define self-induction and mutual induction . (02 marks)

(it)  Give the causes of power Joss in an a.c. transformer and state
how each can be minimised. (04 marks )

(i) Explain why the current in the primary coil of a transformer
increases when the seconday is connccted to a load. (02 marks)

Define root mean square (rms) value of an alternating voltage.
(01 mark)

A resistor of resistance 100 Q is conncctcd across an alternating
voltage V=20sin1207x¢

(1)  Find the frequency of the alternating voltage. (01 mark)

(1)  Calculate the mean power dissipated in the resistor. (03 marks)

(1) Show that when an inductor is connccted (o an a.c. supply
voltage of V =V, sin 2 7 /1, the resulting current lags the
voltage by 90", (04 marks)

(i)  Sketch on the same axes the variation with time of the voltage
and current if a capacitor is comiccted to the voltage supply in
(e)(1). (02 marks)

(1) Dcscribe how a thermocouple meter works. (04 marks)

(i)  Explain any precautionary measure taken in the design of the

thermocouple meter. (02 marks)

A capacitor of capacitance 60 4 I is connccted to an a.c voltage
supply of frequency 40 Hz. An a.c ammecter connccted in series with
the capacitor rcads 2.2 A. Find the p.d across the capacitor.

(03 marks)
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(a)

(b)

(c)

SECTION D
(1) Definc electrical resistivity. (01 mark)

(i)  Explain how length and temperature of a conductor affect its
resistance. (04 marks)

(i)  Figure 3 shows the current-voltage graphs for a metallic wirc at
two different temperatures 7y and 7

IA g

Fig. 3

State which of the two temperaturcs is greater and explain your
answer, (03 marks)

(i)  Derive the balance condition when using a metre bridge to
measurc resistance. (04 marks)

(ii)  Statc two precautions taken to achicve an accurate
measurcment. (02 marks)

Figure 4 shows two resistors /2 and @ of resistance 5 Q and 2 Q
respectively connected in the two gaps of the metre bridge.

Fig.

0O




A resistance X of cross-sectional arca 1 mim? is conneeted across P so
that the balance point is 66.7 cm from . If the resistivity of wire Xis
1.0 x 107> Qm and the resistance wirc AB of the metre bridge is

100 ecm long, calculate the length of X. (04 marks)

(d)  Explain how eclectrons attain a steady drift velocity when current flows

through a conductor. (02 marks)
(@) () Explain an equipotential surface. (04 marks)
(i) Give an example of an cquipotential surface. (01 mark)
by () Statc Coulomb’s law. C e (01 mark)

(11)  With the aid of a sketch diagram, cxplain the variation of
clectric potential with distance from the centre of a charged
metal sphere. (03 marks)

(111)  Two metal plates A and B, 30 ¢cm apart arc connected to a 5 kV
d.c supply as shown in figure 5.

)

oS = BkV

Fig. 5

When a small charged sphere, S, of mass 9.0 x 107 kg is
placed between the plates, it remains stationary. Indicate the
forces acting on the sphere and determine the magnitude of the
chargc on the sphere. (04 marks)

() () Define electric ficld intensity. (01 mark)

(ii)  With the aid of a diagram, explain clectrostatic shiclding,
. (04 marks) -

(d)  Explain briefly why a ncutral metal body is attracted to a charged
body when brought near it. (0.2 marks)

7 Turn Over




10.

(a)

(b)

(c)

(i1)

(iii)

What is meant by capacitance of a capacitor? (01 mark)

A parallcl plate capacitor is connected across a battery and
charged fully. When a diclectric material is now inserted
between its plates, the amount of charge stored in the capacitor
changes. Explain the change. (04 marks)

Describe an experiment to determine the relative permittivity of
a dielectric. (04 marks)

A network of capacitors of capacitances 40 #F, 50 ¢F, and 70 p I is
connccted to a battery of 9 V as shown in figure 6.

OV [ 140k
— |

S0uF
70uF
Fig. 6
Calculate ‘
(i)  charge stored in thc 50 i F capacitor. (05 marks)
(i)  encrgy stored in the 40 pF capacitor. (03 marks)
Explain corona discharge. (03 marks)
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