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INSTRUCTIONS TO CANDIDATES

- Answer five questions including at least one, but not more than two Jrom each of the
Sections A, B and C.

- Any additional question(s) answered will not be marked
Assume where necessary:

_ Acceleration due to gravity, g = 9.81ms™?
_ Electron charge, £ = 1.6x10"c.
_ Electron mass =9.11x10°kg.
_ Mass of earth ' = 5.97x10%kg.
_ Plank’s constant h = 6.6x10°"Js
_ Stefan's — Boltzmann's constant o =5.67x10°WmK*
_ Radius of earth = 6.4x10°m.
_  Speed of light in vacuum, C = 3.0x10°m.
_ Universal gravitational constant G = 6.67x10" Nmkg? |
_ Specific heat capacity of water =4200Jkg’ K !
: _ Density of water = 1000kgm’ N
\\ _ Gas constant, R = 8.3 1Jmol k! /
——x.__ Avogadro’s number Ny = 6.02x10%mol’! |
Hpect}‘ic latent heat of vaporization of water = 2.26x1 05Jkg”’ ,
Radius of earth’s orbit about the sun = 1.5x10"'m. |
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1. a) (i) What is meant by relative velocity? (01 mark)

(i) A passenger on a train which is travelling due east at 100kmh’ obscrvcs_a car
which is travelling North-East at 60kmh!, Calculate the velocity of the car relative to

the observer on the train. (04 marks)
b) (i) State the conditions for a force to be conservative. (02 marks)
(02 marks)

(i) Explain why centripetal force does no work.

¢) A bullet of mass 10g and travelling at a speed of 500ms ™ strikes a block of mass
2kg which is suspended by a string of length 5.0m. The centre of gravity of the block is
found to rise a vertical distance of 10.0cm.

(1) What is the speed of bullet after it emerges from the block? (04 marks)
(ii) Calculate the maximum inclination of the string to the vertical. (02 marks)
(01 mark)

d) (i) State the principle of consetvation of mechanical energy.

(ii) Prove the principle in (i) above for a body projectea from a point vertically

upwards. (04 marks)

2. a) Define the following.
(i) Simple harmonic motion. (01mark)
(i) Relative density. (01 mark)

b) Describe an experiment to determine relative density of an irregular solid which floats

in water. {04 marks)

c). A rectangular block of wood of volume 4.5x10*m? floats in a liquid of density
8.2x10°%km™ with only 60% of its volume immersed. The area of cross-section of the

block is 6.0x10°m?*

(i) The block is given a small vertical displacement and then released, Show that it

executes simple harmonic motion and find its frequency. (07 marks)
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(ii) The block is now placed in another liquid of density 1200kgm'3, find the volume
of metal of density 7.2 x 103 kgm'3,that should be added to the block in order for the

block to just float totally immersed in this liquid. (04 marks)
3. a) Distinguish between Viscosity and Fluidity. (02 marks)
b) (i) Explain the effect of increasing pressure on the Viscosity of a liquid. (02 marks)

(ii) A square plate of side 0.1m moves in water parallel to another similar plate at
0.1ms™. If the viscous force is 0.002 N and coefficient of viscosity of water is

1.002x10°Nsm, find the distance between the plates at constant temperature.

_ (04 marks)
¢) (i) Describe the experiment to compare the viscosity of a less viscous liquid at two
different temperatures. (05 marks)

(ii). State one precaution that must be taken in the above experiment to ensure accurate
results. (01 mark)

d) (i) Show that surface tension is equal to the work done in increasing the surface area of
a liquid by 1m? under isothermal conditions. (03 marks)

(ii) Explain why paints and lubricating oils should have low surface tension. (01 mark)

(iii)
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A smali mass, M on a light string is fixed ori a thin wire of length, L enclosing a soap
film. The wire moves from position AB to CD, The system is in cquilibrium when the

wire is at CD. If ¥ is the surface tension soap solution and temperature remains
constant, show that;

4yL

M=
g

4. a) State Keplers laws of planetory motion. (03 marks)

b) A small artificial earth satellite revolves in an equatorial orbit with a period of 94

minutes. Calculate the;
(04 marks)

(i) Height of the satellite above the earth’s surface.
(i) Velocity of the satellite in the orbit (02 marks)
¢) An air craft moving in a horizontal plane at a constant speed of 650ms™, makes a turn

with a radius of 80km at an angle of tilt,@ to the vertical.
n order to move in a circular path.

(i) Explain why the aircraft has to bank its wings i
(02 marks)
(i1) Find the value of 6. (02 marks)
(04 marks)

d) Describe the principle of operation of a centrifuge.

SECTION B

5. a) (i) With reference to a thermocouple thermometer, what is meant by neutral
(01 mark)

temperature?
(ii) Briefly explain why it is undesirable to use a thermocouple for temperatures close
(02 marks)

.to the neutral temperature.

b) (i) With aid of a diagram briefly describe how the temperature of the surface of the sun
(05 marks)

is measured using a disappearing filament pyrometer.
(i) State two disadvantages of the pyrometer in (i) above. (01 mark)
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o)A calorimeter containing first 40g and then later 100g of water is heated and suspended
in the same constant temperature enclosure. It is found (hat the times taken to cool from

50°C t0 40°C in the two cases are 15 minutes and 33 minytes respectively. Calculate the

heat capacity of the calorimeter.

(03 marks)
9 (i)Define melting point. (0! mark)
(ii) Explain briefly why melting point occurs at a constant temperature. (03 marks)

(iii) A shiny kettle with a 2.0 KW heating element has a heat capacity of 400JK™'. A
 1.00kg of water at 20° C is placed in the kettle. The kettle is then switched on and

0.5kg of water remain after 13 minutes. Calculate the value of the specific latent

heat of vaporization of water. (04 marks)

6. 2) (i) State Dalton’s law of partial pressures. (01 mark)

(ii) Use the kinetic theory expression of pressure of an ideal gas to deduce Dalton’s

law. (05 marks)
b) Describe an experiment to verify the kinetic theory of matter. (04 marks)

¢) Two identical vessels each of capacity 1.0 liter are connected by a tube of negligible
volume. Together they contain helium gas at a pressure of 80cmHg and temperature
27°C. If one vessel is ccoled to O° C and the other heated to 100°C, assuming that the
heat capacity of each vessel is unchanged. Calculate the;

(i) mass of helium gas in the vessels. (03 marks)
(ii) pressure developed in the apparatus. (03 marks)

(molar mass of helium = 4gmol™)

d) (i) What is meant by internal energy of an ideal gas? (01 mark)

(if) A mass of 1g of hydrogen at 20°C and 1x10°Pa has its volume halved by an
adiabatic change. Calculate the change in the internal energy of the gas.

(ratio of the principal specific heats of hydrogen = 1.40)
(molar mass of hydrogen = 2gmol). (03 marks)

——
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7. a) Define the following,
(01 mark)

(01 mark)

(1) Temperature gradient.
(ii) Radiative equilibrium.
this effect.

(03 marks)
(02 marks)

b) (i) As a metal is heated it appears to change colour. Describe and account for
(ii) Explain why its much hotter above the fire than by its sides.

¢) (i) Describe with aid of a diagram a method of determining the thermal conductivity of
glass. (07 marks)

(ii) State two advantages of the method used in (i) above. (01 mark)

d) A tungsten filament lamp of effective radiating surface area 0.90cm” radiates as a
black body. It has a resistance of 5002 at 20°C. At an operating voltage of 240V, the
current through the lamp is 0.5A. If the temperature coefficient of resistance is

5.0x10°K",
(1) Find the temperature at the above operating voltage. (03 marks)
(ii) Calculate the value of Stefan’s constant. (02 marks)
SECTION C
8 a) (i) Define specific charge. (01 mark)

(ii) With aid of diagram describe an experiment to determine the specific charge of an
electron by J.J Thomson’s method. (06 marks)
b) Show that the angle, 8 of deflection of charge Q with mass, m accelerated by a p.d, V in

an clectric field of field strength, E between the plates of length, d is given by;

Ed
tan @ = — (04 marks)

2V’
¢) A uniform magnetic field of flux density 1.2T is applied to a cloud chamber. Alpha
particles emitted from a radioactive source in the chamber describe a circular path of
radius 36.0cm. Find the energy in Mev with which the alpha particles are emitted.
Mass of alpha particles = 4.0026U. (04 marks)
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d) The energy levels of hydrogen are -13.69e¢v, -3.3%V, -1.51¢V, -0.85¢V.

(i) What is likely to happen in an unexcited state when bombarded with an electron

energy 12.18ev, 14.0ev. (02 marks)

(i) Calculate the shortest wave length of the hydrogen spectrum and state the region

of the spectrum in which it lies. (03 marks)

9 a) (i) State Bragg’s law of X-ray diffraction.

(ii) A beam of X-rays of wavelength, A is incident on a set of atomic planes of

separation, d. Show that for diffraction to occur, nAd <2d, where 1 is the order of
diffraction. i (04 marks)

b) An X-ray tube operating al00K'V and 20m A produces x-rays of shortest wave length.
The x-rays are incident on a quartz fibre of atomic spacing 1.5x107'%m. Find the;
(i) number of electrons incident on the target per second. (02 marks)

(ii) maximum possible order with these X-rays. (02 marks)

¢) Explain how the increase of filament current leads to increase of intensity of x-ray?
(02 marks)

d) (i) What is meant by work function of a metal? (01 mark)
(1) The surface of a metal of work function 1.9ev used in a photo cell is illuminated
by violet light of wave tength 4.5x10"m. Calculate the stopping voltage for the photo
cell. (03 marks)

e) Describe an experiment to show that for every metal, there is a particular frequency of

the incident radiation below which no emission of electrons occurs irrespective of the

intensity of that radiation. (05 marks)
10 a) (i) What is meant by the terms mass defect and radioactive tracer? (02 marks)
(ii) State one industrial use of radioactive tracers. (01 mark)

b) Carbon -14, 14C decays by emission of beta particles.

(i) Write an equation for the decay. (01 mark)
(ii) Explain how Carbon-14 is used in Carbon dating. (03 marks)
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c) (i) Describe the structure and action of a diffusion cloud chamber. (06 marks)

(ii) Explain how the cloud chamber observations can be used to ascertain whether the
source is an & — particle or § — particle emitter. (03 marks)
d) A G-M tube counter is used to measure the age of a piece of wood. A sample
containing 1.00g of carbon taken from the wood is placed in the detecting tube and the
count rate recorded was 1000 counts per hour. The background count rate at the time
was 300 counts per hour. When living material containing 1.00g of Carbon was placed

in the tube, the count rate was 1600 counts per hour. If the half-life of Carbon -14 is

3700 years, Calculate the age of the wood. (04 marks)
END
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