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 Instructions

1. This paper consists of sections A, B and C.

An;v(\;er five (5) questions choosing at least one (1) question from each of the sections A, B
and C.

3. All questions carry equal marks.

4, 'Mqthématical tables and uriprogr'amab]e calculators may be uset_i. . AR »

5. Cellular \phones are not allowed in the e%larf'l.i_nat_ion roor;rg. . S

6. Write your Examination Number on ever‘y’_pa-ge.of your an;wér ‘boc;klnet(._s).f.;

7. The following information may be‘ useful. | S . G

(a)  Acceleration due to gravity g = 9.8 ms®
_ (b)‘ Radius of Earth R, = 6.4 x 10°'m Bt
(c)  Young’s modulus of copper wire E,, = L1 x 1Q*"Nmr2 i i
(d  Molar gas constant R = 8.3 Jmol'K" "
(¢) 1 atmosphere pressure' P = 1.01 x- 10°Nm? = =
()  Planck’s constant h = 6.63 x 10™Is
(8) Speed of light in Vacuo C = 3 x 10° ms" |
) lev - 16 x 10"°C
(i) Massof 5U®® = 394 x 10‘2?1<g
() Massof ,He* = 6.63 x 107Kg

o -
(&) 1 A-angstromunit A= 10"°m ;
. oo =" 2
() Moment of inertia of disc about centre I = MR

-31
(m) Mass of electron m, = 9.1 x 107 Kg.
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SECTION A

What do you understand by the terms:

(i)
(iii)

()
(ii)

Gravitational potential of the earth?

(i) .
(i)  Gravitational field strength of the earth?
State the relationship between the two quantities stated in 1.(a)(i) and 1.(a)(ii).
' (3 marks)
(iii)  Explain briefly the fact that at one point on the line between the earth and the moon,
; the gravitational field caused by two bodies is zero. (01 mark)
(i)  Sketch graphs to show how the gravitational force and gra\'/itationa'l po@tial ona
rocket varies as it moves from the earth towards the moon in a straight line.
, (06 marks)
(i) A satellite of mass m kg is moving around the earth with a speed Vms™ 'in a circular
orbit of radius R metres. Develop an expression for its kinetic energy in the orbit in
terms of m, mass of the earth Mg znd the universal gravitational constant G.
(02 marks)
(iiiy ~ Write down the expression for the p.e. and the total energy of the satellite in the orbit.
(02 marks)
If the earth’s gravitational field is not uniform over large distances, what is the longest period
of a simple pendulum on the earth’s surface? (06 marks)
(i)  Define the moment of inertia of a body. (01 mark)
(ii)  State the parallel axes theorem for moments of inertia. (02 marks)
(i) What is a torque 17 (01 mark)
(ii) A uniform disc of radius R and mass M is mounted on an axle supportéd in fixed

frictionless bearings. A light cord is wrapped around the rim of the wheel and 2 mass
m is attached at the end of the cord. Find the angular acceleration of the disk using

the relation = i—t’ and hence the tension in the cord. (06 marks)
State the principle of conservation of angular momentum, (C1 mark)
Account for the motion of the top. (02 marks)

A boy stands on a platform that can only rotate about a vertical axis holding an axle
of a’rim - loaded bicycle wheel with its axis vertical, The wheel is spinning about this
vertical axis with angular speed , but the boy and the platform are at rest. The boy
tries to change the direction of rotation of the wheel. What will happen? (07 marks)

Define tensile stress and tensile strain. ; (02 marks)

Cal(fulate the work done in stretching a copper wire 100 ¢cm long and 0.03 cm? cross-
sectional area when a load of 120 N is applied. (04 marks

Explain how the conservation of energy principle applies to a ball bouncing a wall.
(02 marks)
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(a)

(b)

(a)
(b)

()

(d)

(i) A weighing pan of mass 200
lump of putty of mass 250 giv:l]lz)en flmpty G0 .oull sprinz by 1em, Wik &
30 cm, what maximum distance 1\’1V o Pped from rest into the pan from a height of

will the pan move downwards? (04 marks)
i State Bernoulli’s princi ; '
0) I's pinciple and the equation of continuity. (02 marks)
11 1 ti 1 « . . s o
(i)  Distinguish between “dynamic lif and “upthrust’. (02 marks)
b

(i) gsﬁ?rtlacg E:S:e} ; 0.0 g hovers quardS_ by beating its wings of effective area 0.4 m’.

B ot < e f}'lt}' imparted to the air by the beatings of the wings. Assume the air
-L.p. weather conditions. (04 marks)

(i)  Define the bulk modulus of 2 gas. (01 mark)

(i)  Find the ratio of the adiabaticf bulk modulus of a gas to that of its isothermal bulk
modulus In terms of the specific heat capacities of the gas. : (02 marks)

(i)  State the assumptions that are made for the kinetic theory. (03 marks)

(i)  Given a hollow cube of side 10 cm containing 10 oxygen molecules at constant
pressure'havmg a translational speed of 500 m/s, calculate the pressure of the gas in
mm Hg if each molecule has a mass of 5 x 10%kg. (05 marks) |

(i) = A gas expands adiabatically and its temperature falls while the same gas when-
compressed adiabatically its temperature rises. Explain giving reasons why this
happens. . ) (02 marks)

(i) A mole of oxygen at 280 K is insulated in an infinitely flexible container. The
atmospheric pressure outside the container is 5 x 10°Nm™ When 580 J of heat is
supplied to the oxygen the temperature increases to 300 K and the volume of the
container increases by 3.32 x 10*m’. Calculate the values of the principal molar heat .
capacities and the specific universal gas constant. (07 marks)

[Molar mass of oxygen = 32 x 10° kg] -
SECTION B
Distinguish between diffraction and interfereﬁ;e. | (02 marks)

A monochromatic beam of light is directed normally on aslit and an image of the slit is
focused on a screen by a lens. ; -

(i)

(ii)

Sketch a diaéram of the intensity pattern that is produced on the screen.
(02 marks)

How will the pattern appear if two idehtical slits are used? Explain. (02 marks)

’ ; distahce between the centre of the interf

Inay ’s double slit experiment, the dista : : e interference
bkl oal::igthe 10% bright fringe on either side is 3..44 cm anq the distance between the slits
and the screen is 2.0 m. If the wavelength of the light used is 5.89 x 107 m, determine the

slit separation. (04 marks)

- = h 589 nmwas directed normall
A beam of light of wavelengt y on to a plane
difﬁiﬁ:ﬁ grez;ing. Measurements showed that the angle between the 1% order spesten Ba
either side of the normal was 34.2".
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State Faraday's law of'el

Calculate the number of lings por mil!i‘vv_:‘r:t'rr{;.)u WIE Brasens (04 —_—
How many diffraction orders wiil be visibie?

ectromagnetic induction. (01 mark)

Explain the following:

0

()

A moving coil galvanometer has its coil wound on a light metal frame. (02 marks)

The core of the armature of a dynamo is laminated. (03 marks)

mf induced in a disc of radius r rotating in a uniform

Derive an expression for the € _
o y B at a constant angular velocity . (03 marks)

magnetic field of flux density

£ a wheel if the wheel with metal spokes 1.2 m long is

i f rotation 0
Find the rate of rotaod normal to the plane of the wheel

rotated in a magnetic field of flux density 5 X 10° T

has an emf of 102V induced between its rim and the axle. (03 marks)

e gap of a large electromagnet, a

In measuring the magnetic flux density inside th _
as placed with its plane normal to

search coil connected to a ballistic galvanometer W

" the flux and then withdrawn to a position where the flux density is negligible. IfA,N

(@)

®

(i)

- (i)

M
(i)

“coil and the total resistance of the circuit
through the circuit in terms of A, NR and
(05 marks)

and R are the area, number of tumms of the
respectively, determine the charge flowing
the flux density B.

A coil of 50 turns having an area of 5 x 10° m? and a resistance of! 20 Q gives the \
same throw of the galvanometer as that when a 1 pF capacitor charged to 110V ]
discharged through it. What is the flux density in the coil? (03 marks) '

Define the reactance of a capacitor. (01 mark)

A constant a.c._supply' is connected to a series circuit consisting of a resistance of

300 Q and a 6.67 pF capacitor having a 32& Hz freqﬁency supply.
T .

Derive an expression for the current flowing in the circuit. (03 marks)

It is _d&cired to reduc.:e the current in the circuit to half its value by connecting an

additional resistance in series. Calculate the magnitude of this extra component.
" (06 marks)

Explain the term cgpac_itance. , (01 mari()

Derive the expression for the energy stored in a capacitor of capacitance C (F)

. carrying a charge Q (C). , (02 marks)

Qe tp‘;ra,lle::hpla,te cgp?,citor with. air as the dielectric has a capacitance of 3.0 pF. If the space
een the plates is filled with an insulating material of die_léc’:tric' constant 2, what is the

change in the energy stored if:
(i)  The p.d. between the plates is kept constant at 150 V. ’ (04 marks)
(i)  The charge on the plates is kept constant at 5x 107 C, : (03 marks)
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SECTION ¢
() ~ Write down Eienstein’s photoelectric equation and e*plain the symbols used

(02 marks)

i) The frequency of incident radiation op 3 metal surface is 5 x 10"

with maximum en s : Hz and electrons
ergy of 2.3 x 10™°J are emitted. What wavel

ength of incident

radiation is requireq to liberate electrons with maximum energy of 5.6 x 10"°J ?
' (04 marks)
Some energy levels of a mercury atom are shown below
Level energy in eV
b .
4 -1.6
3 ' ' 33
2 e 55
1 N :104
Calculate:
(i)  The ionisation energy of a mercury atom in Joules. = (02 marks)

e )
(i)  The wavelength gffadiation emitted when an electron moves from level 4 to level 2.

(02%: marks)
Explain what is meant by the wave-particle duality. How are the iwo aspects' related?
‘ e (02 marks)
Calculate the de Broglie wavelength of:
(i)  an electron with ke of 54 V. . | : (04 marks)
(i) a45 g golf ball travelling with a speed of 25 m/s. (03 marks)

()  What do you understand by the term mass difference? State the relationship between
mass difference and binding energy of a nucleus. (03 marks)

(i) A nucleus of uranium — 238 disintegrates with the emission of an alpha particle

according to the reaction
U238 — 90-“1234 + 2]—]: * 6.768 X, 10—l3J cdbni
92 : & 2 i Lok ety IS B I i 2

Calculate the mass of 9oThm " _- R /(03 marks)

Distinguish between an LED and a photodiode. s % 7 (02 marks)
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Fig. 1
(i)  Calculate the power transferred in the LED when it just begins to glow.
(02 marks)

(i)  Show that, when the current is 24 pA, the rate at which electrons are passing through
the LED is 1.5 x 10" 5™, (02 marks)

(iii)  Hence find the average energy transferred by each electron as it passes through the
LED. (02 marks)

(d  Compute the potential difference between the collector and the emitter Ve given that
R =150K, Ry =750 Q and a current gain of 80 in fig. 2. (06 marks)

2

Fig. 2

What do you understand by the following terms:

(1) Laser light,

. | | (01 mark)

(i) Mean life time of excited atom, 01 mark)

(i) Metastable state, ; 2 marks)
(02 ma
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(b)

{c)

(4

List down four characteristics of Jaser |; ,
ources. er light that makes it advantageous over light from other

(06 marks)

(1) What is an isotope?
(01 mark)

i Explain how x- ;
Aii) P X-ray powder photography is used to determine crystalline structure.

(03 marks)

hines onto a certain metal surface, the most energetic

photoelectrons are stopped by a retardin athe .
the stopping potential is 045 V. Calculatg, ' © ¥ “em the wavelength is 5769 A°

(1) The value of the Planck’s constant from this data. (04 marks)

(1)  The work function of the photoemitter used. (02 marks)
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