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Instructions
1. This paper consists of sections A, B and C.
2.  Answer five (5) questions choosing at least one (1) question from each section .
3. Marks for each question or part thereof are given beside each question.
4.  Cellular phones are not allowed in the examination room.
5. Write your Examination Number on every page of your énsWer booklet(s).
6. The following constants may be important.
(a) Acceleration due to gravity, g = 9.8 m/s”.
(b) Gravitational coﬁstant, G = 6.7 x 10" Nm" Kg?.
(c) Stefan’s constant, 6 = 5.67 x 10°Wm?K*.
(d) electronic charge, e =16 x 10”C.

(e) Permeabity of free space, Ho = 47 X 107 Hm™.
6.62 x 10 Js

Il

(f) Planck’s constant, h

Il

15
(g) 1kgmole 6.02 x 10 particles.

2y ! This paper consists of 6 printed pages.
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SECTION A
Answer at least one (1) question from this section.

(i) What is meant by. viscous drag? ' (01mark)

(i) With the aid of dimensional analysis, derive an expression relating viscous drag to other
relevant parameters leading to Stoke’s law. (05 marks)

(i) Compare the time taken by two small spheres of the same mqterial to fall the same height
through a liquid after reaching their terminal velocity. The diameter of one sphere s three
times that of the other. (04 marks)

(i) Deduce the terminal velocity of an oil drop of radius 3 x 10 m falling through ajr.
Neglect the density of air. (05 marks)

(Take ny; = 1.8 x 10 Pa, density of oil = 8 X 10% kg m™)

A tank is filled with water to.a height H. A small hole is punched at a depth h below the water
surface. Show that the distance x from the base of the tank to the point at which the resulting ¢

stream strikes the ground is giveﬁ by x= 2,/h (H-h). (05 marks)
§
(i) What s a centripetal force? a ,,"
y
(i) Why does a centripetal force not do any work in a circular orbit? (02 marks)
(iii) A conical pendulum is an example on which a force acts centn'pétally, show that the period
Tisgivenby T=2n ’ £ cos % : (05 marks)
(i) List two (2) ways of ‘describing “g” as applied to gravitation. Give its appropriate units in
each case. (04 marks)
Assuming the earth to be a uniform sphere of radius 6.4 x10° m and mass M, = 6x 10%* kg
calculate the:
(ii) gravitational potential at a point 6 x 10° m above the earth’s surface.
s (03 marks)
(iii) worl$tdo.ne 1;1 f’;akmg a5.0kg mass frc.m.x the earth’s surface to a point where the .
gravitational field of the earth is negligible. (03 marks) C?‘

What is the binding energy of the earth - sun system? Neglecting the presence of other planets q\:\“" ‘
or satellites, calculate the binding energy of this system. (03 marks)

(Take mass of sun M; =33x10°M

orbit rey = 1.5 x 10! m) e» mass of earth M, = 6 x 10 kg and radius of earth —S!"
s . "

(i)  Write down the Van der Waal’s equation and define each term in its usual meaning.
(02 marks)

(ii) State the assumpti . . : -ved
_ ptions upon which the equation you have written i i) above is dert
from the ideal gas equation, | d e L a.l(oz‘ marks)
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9 ® %gl;:tﬁt (:L:?;:\:Z?}:z ;hcory of gases, show that two different gases at the same
’ ame average value of the kinetic energy of the molecules,
(05 marks)
(ii) Determine the rms s

, peed of air mol
density of mercury i olecules at stp,

: given that the density of air is 1.29 kg m”,
5 13600 kg m” and the barometric height at stp is 760 mm Hg.
(04 marks)
(c) Define mean free path, ). of the molecules of a gas and state how it is affected by
temperature. (02 marks)

(d) If the mean free path of molecules of zir at 0

0 . . .7
what will the mean free path be at 1 0 atr.os C and 1.0 atmospheric pressure is 2 x 107 m,

pheric pressure and 27 °C? (05 marks)

(@) (i) Whatis fundamental interval? How would you use it to establish a scale of
5 temperature? (02 marks)
(ii) Explain how the Kelvin absolute thermodynamic scale of temperature is defined.
: (03 marks)
(b) (i) State three laws of black body radiation. (03 marks)

(ii)) The roof which measures 20 m by 50 m is blackened. Find the solar energy incident onto
the roof per minute if the temperature of the sun’s surface is about 6000 K, given that half
of the energy is absorbed while passing through the atmosphere, the roof being normal to
the sun’s rays. (05 marks)

(Radius of sun R;=7.5x% 10% m, distance of sun — earth,d = 1.5 x 10" m).
(c) - (i) Define thermal conductivity of a material and state its units. ' (02 marks)
(ii) What is the rate of flow of heat through a plaster ceiling of dimensions __ . ~
5m x 3m x 15 mm with 245 mm thick layer of an insulating fibre glass if the inside and

outside are at the surrounding air temperatures of 15 °C and 5 °C respectively? (05 marks)

SECTION B

Answer at least one (1) question from this section.

(a) (i) What is the meaning of the terms “coherent waves” and “wave front”? (02 marks)

(ii) State three basic differences between interference and diffractiom (03 marks)
(iii) Can white light produce interference? (01 mark)
(iv) If your answer to 5.(a)(iii) is yes, what will be the outcome? (01 mark)
(b) (i) Whatis polarization? , _ (01 mark)
(ii) Explain why Iighlt can be polarized but sound can not. (02 marks)

(iii) List three (3) uses of polaroids and state three (3) ways in which light can be polarized.
(02 marks)
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(c)

(a)

(b)

(¢)

(@)

(b)

()

Define the term diffraction.
4 . i nochH Niztic L.,
s 500 fnes per mm when sl Derhromati i
| incidence. At what angles will bright diffractio, Wages s,
(% “““I".
7

(i)
(i) A diffraction grating h
5. =6 x 107 m at norma
observed?

Define and give the units of the terms electrochemical equivalent (cc.e,) 44 Fari,,

i ’ ’
0 as applied in electrolysis. (43 Mar,
(ii) List six (6) important applications of electrolysis. (3 mary
(i) State Faraday’s laws of electrolysis. 1 "

(ii) A circuit consists of a solution of z silver salt and a coil of wire of resistance 29 ¢,
 immersed in an oil bath in series. A constant curreni flows 'for 10 seconds znd deposi,
0.0279 g of silver. Ifthee.c.e. of silveris I.11 x 10 kg C", calculate the hez enery,

developed in the oil bath. (9% "'3';4;

(i) Discuss the back e.m.f. (polarization potential) in 2 water voltameter with plating,
electrodes.

(i) Calculate the minimum potential difference required for the electrol ysis of water, if 144, 5
are required to decompose 1.0 g of water.

Takee.ce. of hydrogen = 1045x 10~ g e
e.c.e. of oxygen = 8293x10 7% gc™!

; (iii) Can a Daniel cell or a single Lenclanche’s cell electrolyse water? (06 marks)

(i) Define root mean square current hence show that it is represented by an equation
I; =0.70711, with I; and 1, in their usual meaning. , (03 marks)

(ii) If the effective current in a 50 Hz AC circuit is 50A, calculate the value of the cunre:

1 "
05 5€° after it was zero. (04 marks)

An a.c. generator of negligible intemnal impedan . A
; it : ce whose output i connecist
In series with a resister of 100 © and an inductor of 2H. Calcuyl IVOIItage’ is 100 rms is

(i) frequency of the generator

(ii) power dissipated in the resistor when the current is half its value (05 marks)

(i) Define the terms capacitance and inductance. (7] marks)

i) A i
o radio can tune over the fr €quency range of 2 portion of a MW broadcast band (500 Hz¥

1200 Hz). Ifits LC circyi as ct ta 00uH. what must be the 127
. t I i
of its variable capacitor?u ¥ 16 0 fcive ductanas of 2 o : :06 arks)i
m
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(b)

(©

(b)
©

(d)

(e)
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PPU

SECTION C
Answer at least one (1) question from this section.

(i) State Ampere’s circuital law.

(i)

(01 mark)
A l tr . . . . .
ong straight wire is carrying a current of 100 mA. An electron is moving at 10’ ms ™' in

a direction parallel to the wi i i '
e e wire. What is the magnitude of the force on the elect. on when it

(03 irarks)
(i) Define Ampere.

(01 mark)
(i)

Explain th gt )
Cuﬁen?s ﬂe Ch;raCtenShcs o,f the flux density and force for pa_allel conductors when like
ow through them in the same direction. Give their magnitudes.

wwelilzrtni‘s“a}tltzrge% ;Nhen a current is sent through a vertical spring from whose lower end a
2 ;
: (07 marks)

(1) l(?_istinguish between geographical meridian and magnetic meridian and define the angle of
L (03 marks)

(i) A magnet suspended at 30° with the magnetic meridian makes an angle'of 45° with the
horizontal. What is the actual value of the angle of dip? ' - (05 marks)

What is meant by: ‘

@i  Fusion | (01 mark)
(ii) Fission? S ik © (01 mark)
State the similarity between the two terms in 9(a) above. > e (01 mark)

‘ 16 ' i ; A
A deutron strikes 80" nucleus with the subsequent emission of an o — particle. Find the
atomic number, mass number and the chemical name of the element produced. (03 marks)

(i) A parent radioactiveA substance with-a very long half-life has a daughter with a very short
half-life. Describe what happens to a freshly purified sample of the parent substance. -
: ~ (02 marks)

(i) K* hasahalflife of 1.27x 10° years. Its isotopic abundance in natural potassium makes
about 0.3 % of the human body weight. How many disintegrations per sec of K** will
occur in a 100-kg man? (05 marks)

(i) Lightis both a wave and a particle. Comment on the statement by using examples.

(i) Compute the de Broglie wavelength of a 50 g rock with a speed of 40 ms ™' . (07 marks)

(i) Define the terms logic gates and digital signal. (02 marks)
(ii) State one practical application of an OR gate. - . (01 mark)

: 11 labelled circuit diagram of an ipvcﬂing gmpliﬁqr, derive the closed-loop gain
(iii) XSI!;)%:a:vaou?d the value of A be when the input resistor equals the feedback resistor?

Name the circuit. (07 marks)
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1 s " :"11‘“.
G ) g @ Aiffarential op-amp ¢
' low (figure 1) #is
(b) The diagram be

100 k

100 k

Fig, |

(i) Write dow'n the relationship between the output voltage V, and the input voltages Y, nd
V, as applicable, (03 marks)

(ii)  What will be the output voltage Vo when Vi=05VandV, = 2.0V (01 mark)

(¢) Draw a truth table for the circuit below. (Figure 2) (06 marks)
A
3 D
| — l

C

B

Fig, 2
PRU
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