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For a ball bearing falling through a liquid, it has thee 
forces acting on it namely the up thrust, the weight of 
the bearing, w and the viscous force F acting as 
indicated above. As the ball accelerates downwa:ds 
the velocity V increases conseq:.iently the viscous 
force F increases. 
So the sum of the upward forces ie P..-u also 
increases. But since u and w are constant. it implies 
that the ball retards. As F increases due to increased 
veioc1ty an mstant is reached when F"l"u"' w1 anci 
therefore the acceleration will be zero. 

Revision Exercise (Mechanics) 
The velocity of propagation, c, of ripple on the surface of 
a liquid is given by one of the following equations. 

i) c2 = ApA./ v iii) c = Ay I •jpA.
ii) c = Aply2 iv)c = APvj A.
Where A is a dimensionless consistent, 1 is the 
surface tension of the liquid, p is its densit) and A. is 
the wavelength of the ripples. 
aJ use tne mcthoa of aunen..1ons to oetermine 

which equation 1s correct. 
b) By a graphical method, use the following figures

for water to confirm your choice , and to 
determine the .alue of A. 

C(ms· 1) 0.67 0.45 0.36 0.27 
i..xl0·3(m) l .O j2.2 35 16.1

(coefficient of surface tension of water = 7 .2 x 10·2 Nm-1 
and density of water =103 kg:m3) 
2 (a){i) Explain the meaning of dimensions of a ph)'sical 
n1,�nt-itv 
. , 

ii)The velocity v of waves of wavelength}., on the surface 
on the pool of liquid, of surface tension y and density p

- ln ?n 

respectively 1s given by v• = -"- +- where g 1s the
2n ).p 

acceleration due to gravity. Show that the above equation
;s dirr.e:-isionally correct. 
1ii)A sphere of radius, a, moving through a liquid of
density p with a high velocity v experiences a retarding 
force F given by 
F = ka"pYvz where k is anon dimensional coefficient. 
Use the method of dimensions to find the values of x, y
..,_.J: -
CU.JUL, 

{o)li) Define coefficient of viscosity rt and obtain its 
dimensions. 
ii) The viscous drag Fon a solid sphere mo.ing through a
viscous medium may be considered to depend on the 
velocity v of the sphere, its radius r and the coefficient of 
,:is.::csity T\ of the medium F = kvarb

ri
c where a, band c 

are numbers and k is a numerical constant. Use
dimensional analysis to solve for a, b and c. 
3(a) Assuming conditions of streamline flow, the volum'!
rate of flow (v It) of a liquid issuing from th� tube will
depend on the pressure gradient ( P / i) along the tube, the 
radius r of the tube ari.� �e coefficient of viscosity 11 of the

,. "d Sh th (") kPr• • d" · 11 · ,1qu1 . ow at - == -. 1s 1mens1ona y consistent
t �j. 

where k is some numerical constant. 
(b) the characteristic of wave motion in deep water is

[). ( 402)]"' 

such that v = � A+ ).lp where A is a constant 
which has dimensions, v is L'ie velocity of the wave, )._ is 
its wavelength y is t.lie surface tension, p is the density. 
Using a method of dimensions. obtain the value of x and 
the dimensions of A. 
('-) t;;:." �-.c Jiw,,--.,;vual aua:;,.;;.; tv .it.V�w the ·.,·�!v�i,-,· Vf 
transverse vibrations of a stretched string depends on its 
length (L), mass (m) and the tensional force (F) in the 
string 
4(a) A body of mass 30kg lies on a smooth table at a 
distance of 1 Om from the edge of the table. The mass is 
connected to another mass of IO kg by a light ineieastic 
!.tring passing over a small smooth pulley at the edge of 
the table. Find 

i) The acceleration of the system
ii) The tension in the string
iii) The time taken by the 3t, kg mass to reach

the edge of the table. 
b)P is a smooth fixed pulley, over which passes a light
Ulct!1.l)li\.. :.uiu�. E11\.U c:uu uf'wc: l>Ull!� :.uvputi:> a :,._ale pau 
of mass m kg. One scale pan contains a particle of mass 
m1 kg, the other contains a particle of mass m: kg 
lnven tnat m1 > m2. 
(i)Determine an expression for the magnitude of the
acceleration of the scale pan and its contents. 
(ii) Show that the reaction R 1 of the scale pan on the
particle of mass m1 kg is given by 

R - 2m1(m+ mz)g
1 - (2m+m1 +m2) 

c)Sand is deposited at a uniform rate of 20kgs·1 and with
negligible kinetic energy onto an empty conveyor belt 
moving horizontally at a constant speed of !Om per 
mim1tP Finci 
(i) the force required to maintain the constant .elocity.
(ii) the power required to maintain the constant velocity.
(iii) the rate of change of kinetic energy of the moving 
sand. Why are the latter two quantities unequal. 

\ 

5(a)(i) State Newton's laws of motion. 
(ii) A man of mass 80 kg stands on a platform of mass 40
leg. The pulls a rope that is fastened to the platform and 
ru.'ls over a pulley on the ceiling. With what force does he 
have tv pml, iu urd�r tv giv·� 1-iliiiSclf and the platfom-1 au 
upward acceleration of l ms·2? 
(b)(i) Water leaves a hose at a rate of 5.0kgs· 1 with a speed 
of 20m/s and is directed horizontally on a vertical wall
which supports 1t. Calculate the torce exerted by the water 
on the wall. 
(ii) Rain is falling vertically at 8.0ms·1 relative to the 
ground. The raindrops make tracks on the side window of
a car at an angle of 30° below the horizontal. Calculate the 
speed of the car.
6)(a) Briefly distinguish between conservative and non­

conservative forces. Give an example of each. 
(b) An ideal massless spring S can be compressed

2.0cm by a force of 200N. The same spring is 



placed at the bottom of a frictionless inclined plane 
which makes an angle of 45° with the horizontal as
shown below. 

A 2.0 kg mass m is released from rest at the top of the 
incline and is brought to rest momentarily after the 
compressing the string by 3.0 cm. find: 

(i) The elastic potential energy stored in the spring.
(ii) The distance through which the mass slides

before it reaches the spring.
(iii) The speed of the mass just before it reaches the

spring.
(iv) The time taken by the mass to reach the spring.

( c) A particle of mass m kg is suspended from a fixed
point by a light elastic cord of natural length a metres.
The particle gives an extended length of b metres of
the cord when hanging freely under gravity. The
particle is then held at the point of suspension and left
to fall.
(i) Determine an expression for the elastic constant of

the cord in terms of a, b and m.

(ii) Use the principle of conservation of mechanical
energy to determine an expression for the speed of
the particle at a point 2a metres below the point of
.suspension.

7. (a) A loaded box is being pulled uniformly up a rough
inclined plane by means of a light inextensible rope. 
The inclined plane makes ar. angle 0 with the 
horizontal. 

(i) Draw a force diagram to indicate the forces on the box.
(ii) If the mass of the box is 200 kg and the coefficient of
sliding friction between the box and the plane is 0.4 and
0=25°, What work must be done to pull the box a distance
l Om up the plane?
(iii) If the rope breaks, what will be its velocity after
travelling down the plane? 
(iv)Describe qualitatively, the energy transformations that
occur in a(iii) above.

(b) A car of mass l 000kg increases its speed from l Oms·
1 to 20ms·1 whilst moving SOOm up a road inclined

at an angle a to the horizontal where sina=2:... There
20 

is a constant resistance to motion of 300N.
Calculate the driving force exerted by the engine
assuming that it is constant.

(c) A cyclist coasts down a 4° hill at 6kroh· 1
• If the force

of friction is proportional to the speed, so that
frictional force F=Cv where C is a constant.
Calculate
(i) The value of C
(ii) The average force that must be applied in order

to descend the hill at 20 kmh·1• Assume the mass
of the cyclist plus the bicycle is 80 kg.

8.(a)(i) Define the term power as applied to a machine. 
(ii) A truck of mass 1500 kg moves with uniform

velocity of 5.0 ms· 1 up a straight track inclined at
an angle of 300 to the horizontal. The total
frictional resistance to the motion of the truck is
580N. C�culate the power developed by the
engine.

(iii) If the engine of the truck in (a)(ii) cannot
develop a power greater than 75kW, calculate
the maximum speed attainable by the truck.

(c) Two cartons of masses 80 kg and 120 kg
respectively are in contact and at rest on a
horizontal surface, a 700N horizontal force is
exerted on the 80 kg carton. If the coefficient of
kinetic friction is 0.25. calculate

(i) The acceleration of the system.
(ii) The force that each carton exerts on the other.

(9)(a)(i) State the laws of static friction. 
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(ii) Describe a simple experiment to measure the
coefficient of static friction between two solid
surfaces.

(iii) Give two instances in which increasing friction is 
beneficial.

(b )(i) A car of mass of 2000kg, moving a long a straight 
road at a speed of96kmh·1, is brought to rest by a 
steady application of brakes in a distance of 80m. 
Find the coefficient of kinetic friction between the 
tyres and the road. 

(ii) Discuss th(}- energy transformations which occur
from the time the brakes of a moving car are
applied to the time the car comes to a stop.

(c) A car of mass 3000 kg climbs a track inclined al an
angle of 20° to the horizontal. The speed of the car
at the bottom of the incline is ! 5 mis. If the
coefficient of the kinetic friction is 0.3 and the
engine exerts a force of 600N, bow far up the
incline does the car move in 1 Os?

10.(a)(i) Distinguish between vectors and scalar quantities. 
(ii) State the class to wh.ich you assign each of the

following: momentum, kinetic energy, velocity,

charge, mass, pressure and force.
(b) A motorist travelling at a constant speed of 50 lcmh·

1 passes a motorcyclist just starting off in the same
direction. If the motorc1clist maintains a constant
acceleration of2.8 mis', calculate;

(i) the time taken by the motorcyclist to catch up
with the motorist.

(ii) the speed with which the motorcyclist
overtakes the motorist.

(iii) The distance travelled by the motorcyclist
before overtaking.

ll(a)(i) Giving two examples, explain the term 
conservative force. 

(ii) A mass of 800 kg is released from rest so that it
falls vertically through a distance of 30 cm onto a
scale pan, of negligible mass, hung from a spring
of force constant 200 N1

. Find the position of the
scale pan when it first comes to rest.

(b) A ball is thrown straight upward with a speed u ms·'
from a point h metres above the ground. Show that
the time taken to strike the ground is

t = � [ 1 + ( 1 + 
2�f j 

(c) A car of mass 500 kg moves from rest, with the
engine switched off, down a road which is inclined
at an angle of 49° to the horizontal.

(i) Find the normal reaction.

,, 



(ii) Find the acceleration if the coefficient of sliding
friction between the tyres and the surface of the
road is 0.25.

l 2(a) A shot is fired from the top of a cliff250m high with 
a veiocity of 650m!s at elevation of 30° Find the 
distance from the point where the shot strikes the 
water to the bottom of the cliff. 

(b) A shell is fired at 400 mis at an angle of 25° to the
horizontal.

\i) Calculate the range of the shell.
{ii) find the minimum initial velocitv of the shell

required to achieve the range calculated in b(i) 
above. 

(c) A plane moving at 1500 mis drops n bomb when 1t
is at a height of ½ km from the ground. How far
from the point at which the bomb is dropped does
the bomb land?

13 (a) A body is projected at such an angle that its range is 
five times the greatest height attained. 
(i) Find the angle of projection
(ii) If with this angle of projection, the range is

800m, calculate the �peed of projection.
(b) Sketch a graph of

(i) speed
(ii) distance fallen as a function of time. for a body

falling under the influence of gravity
(c) A stone is dropped from a roof of a high building.

A <:.-r-nn,i <:tnn.- i<: nrnr,r,"n I O <: IAtl'r Hnw fqr
apart are the stones when the second one has
reached a speed of23ms·.

( d) An athlete executing a long jump leaves the ground
at a 30° angle an<l traveis 8.90 m find tht: takeoff
speed.

(e) A 50g ball is thrown from a window with initial
speed of 8.0 ms·1 at 30° above the horizontal. Use
PnPNJV mPthnrfc tn ,l,.t,.rmin,.

-

(i) the kinetic energy of the ball at the top of its
flight.

1::\ +L .... _.. ___ .J -I" •L -. \..,.. 11 .,.,\., ,.._ :. ; ,.. -, I'\ - L-1 ,.. .... 
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the window. 
14.{a) Show that the motion of a proJectile is a parabola. 

(b) A projectile is fired at an angle of 45° to the
horizontal from point A. The projectile passes
through a point B above the level A having
coordinates (600m, 225m) with respect to A.

(i) the speed of projection (Ans 70.7 mis) 
t1iJ the angie which the pro;ectiie makes with the

horizontal as it passes through B. (Ans 14.1°) 
(c ) A projectile fired at an angle of 60° above the 

horizontal strikes a buildin2 30m awav at a ooint 
15 m above the point of projection. 

(i) Find the speed of projection ( Ans 21.8 ms-1)
(ii) Find the velocity of the projectile when it strikes

the building. (Ans 13.6 ms-1 at 36.6° to the 
horizontal)

15.(a)(i) Explain the terms time of flight T and ranee R 
as applied to the projectile motion. 

(ii) Prove that the time of flight T and the horizontal
range R, of a projectile are connected by the

equation gT2 = 2Rtana where a is the angle of 
projection. 

(b) A stone thrown horizontally at a speed of 24 mis 
from the top of a cliff takes 4.0s to bit the sea. 
Calculate 
(i) the height of the cliff top above the sea (Ans

78.4 m)
(ii) the distance from the base of the cliff to the

point of impact. (Ans 96m)

( c) I wo footballers, 120 m apart, stand facing each
other. One of them kicks a ball from the (!round
such that the ball takes off at a velocity of 30m/s at
38° to the horizontal. Find the speed at which the
second footballer must run towards the first
footballer in order to trap the ball as it touches the
ground, ifhe starts running at the instant the ball is
kicked. (Ans 8.2 mis)

16.(a) A transport plane travelling at a steady speed of 50
mis at an altitude of 300 m releases a parcel when
directly above a point X on a level ground. Find
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(i) the time taken for the parcel to hit the ground
(Ans 7.82 s) 

(ii) the speed of impact of the parcel (Ans 91-5 mis) 
(iii) The distance from X to the point of impact

{Ans 391m)
(b) An object P is projected upwards from a height

of 60 rn above the ground with a velocity of
?Om/� At �oo '" thP hnn?nntAI At th .. �Ami'\ tim.­
an object Q is projected from the ground
upwards towards P at 30� to the horizontal. P
and Q collide at a height of 60m above the
ground while they are both moving downwards.
Find

(i) the speed of projection ofQ (Ans 78.8 mis)
(ii) the horizontal distance between the points of 

n1'ni..,.,inn I An• 1'7,1 <m)
r J ., , 

17 .(a)(i) Define the term momentum 
(ii) State the pri.nciple of conservation of linear

______ .... ___

4._.V4.""-l."" ... '-W.....,.,,,• 

(b) A block of mass m = 2.0 kg slides from a point Sm
high, down a plane. At the bottom, ii strikes a
block of mass M os6kg which is at rest on a smooth
surface. If the collision is elastic and friction can

be ignored. Find
(i) the speeds of the two hlocks after collision.

IA-... �-1 .. Af\42 _,_,\,.,,.u., _,.....,�, , . .,.., ...,.>'
(ii) How far back the incline will the smc1Uer

mass go. (Ans l.55 m)
18){a)(i) Use Newton's law of motion to show that linear 

momentum is conserved when two particles 
movin2 in a strailZht line collide. 

(ii) Balls A, B and C of masses m1, m2 and m1
respectively lie on a straight line on a smooth
surface. The balls are initially at rest. Ball A
which is projected with a velocity V1 towards B
makes an elastic collision with B. IfB moves and
makes a perfectly inelastic collision with C. Show
that both B and C move with a common velocity,

V _ 2m1m2111 
1 - (m1 + mz)(m2+m1) 



(b )(i) A wooden block of mass 3. 98kg rest on a smooth 
horizontal surface. The block is attached to a light 
spring of force constant 1 00Nm·1, whose other 
ends is fixed. A bullet of mass 0.25 kg fired into 
the block embeds itself there and the spring is 
compressed by 0.40m. Find the velocity of the 
hulletjust before it hits the block. (Ans 400m/s)

(ii) Suppose the bullet in (b )(i) above was fired into a
wooden block of mass 3.98kg placed on a rough
horizontal surface and the block was not attached
to a spring, through what distance would the
composite mass have moved before coming to
rest. Coefficient of kinetic fi:iction betwec.n the
block and the surface 1s 0.3. (Ans 0.68m)

(iii) A bullet of mass 10.0g is fired at close range into
a block of mass 9.99kg suspended from a rigid
support by an inelastic string and becomes
embedded in the block. The block rises through a
height of 2.0cm before momentarily coming to 
rest. Calculate the initial speed of the bullet. (Ans
630 mis)

19.(a)(i) Define momentum and state its units 
(ii) State the principle of conservation of linear

momentum.
(b) A ball of mass 900g travelling at a speed of l 5m/s

at 60° to the horizontal strikes a vertical wall and
rebounds with the same speed at 120<' from the
original direction. If the ball is in contact with the
wall for 5 x 10·1 s, calculate the average force
exerted by the ball. (Ans 270N)

(c) A particle slides from rest down a smooth plane
inclined at an angle a to the horizontal. Show that
the time taken by the particle to cover a distance

th 1 . ( 2d )½ h . h d, on e p ane IS t = -
1 
- w ere g ts t e

gsna 

acceleration due to gravity.
(d) (i) Distinguish between perfectly inelastic collision

and a perfectly elastic collision giving one 
example in each case. 

(ii) A truck of mass 2000kg is moving at 25m/s
down a plane at 30° to the horizoutai. The truck
collides with another of mass 3000kg moving in
the same direction with a velocity of l 0rn/s. if
the collision is perfectly inelastic, find

(i) The velocity of the trucks immediately after
collision. (Ans 16m/s)

(ii) The kinetic energy lost during collision.(Ans 1.35
x 105 J)

(iii) The velocity of the trucks 1 Os after collision
given that the coefficient of kinetic friction is
0.30. (Ans 38.5 mis)

(b) A car of mass 3000kg travels at 108kmh·1 around
an unbanked curve of radius 200m.

(i) 'w'hat is the minimum coefficient of sliding friction
betwP,Cu the road and the car tyres that will permit the car
to negotiate the curve without sliding? (Ans 0.46)

(ii)At what angle would the road have to be banked if
there were to be no frictional force between the tyres and
the road surface? (Ans 24. 7°)

21. A road curve of 200m radius is banked at tl1e correct
angle for a speed of 15 mis. if a car rounds this curve at
30m/s, what is the minimum coefficient of friction
between the tyres and the road so that the car will not
skid? (Ans 0.345)

22. A cyclist moving at a speed of 120 k.tnh·' takes a curve
of radius 150rn. At what angle with respect to the
vertical must he lean, ifhe is to take the curve without
skidding. (Ans 37.0°)

23 (a) A stone of mass 0.5 kg is whirled round oo the end 
of a 0.8m long string in a vertical circle. If the
speed of the stone is 4 ms· 1• 

(i) At which point in the circle is t1e tension m thr _
string a minimum and what is its value? (An�
5.tN)

(ii) At which point in the circle is the tension in the
string a maximum and what is its value? (Ans

14.9N)
24. (a) A small bead of mass m IS threaded on a smooth

circular wire of radius r and centre O which is 
fixed in a vertical plane. The bead is projected 
with speed U from the highest point A of the 
wire. Show that the reaction on the bead at a 
point P where <AOP=8 is given by 
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mU2 

R = mg(3cos8 - 2) - -r 
(b) A steel ball of mass 0.5kg is suspended from a light

inelastic string of length 1.0m. The ball is whirled
lil a horizontal circle of radius 0.5m. Find

(i) The centripetal force and the tension in the string
(Ans 2.83N, 5.66N)

(ii) The angular speed of the ball. (Ans 3.36 rads"1)
(iii)The angle between the string and the radius of

the circle if the angular speed is increased to 
such a value that the tension in the string is 1 ON. 
(Ans 29.3°) 

25)(a)(i) State Kepler's laws of planetary motion. 
(ii) Assuming circular orbits, show that Kepler's

third law can be directly derived from Nev.ton's
law of universal gravitation.

(b) An artificial satellite is launched at a height of
3.60 x 107m above the Earth's surface. (radius of
Earth =6400 km, acceleration due to gravity at the
Earth's surface =9.8 m/s2)
(i) Determine from first principles, the speed

with which the satellite must be launched to
maintain it in the orbit.(Aos 3.08 x 103 mis)

(ii) Determine the period of time of the satellite.
(Ans 86.3 x 103 s)

(iii) What deductions can be made from the result
obtained in (b )(ii) above with reference to
the satellite?

(iv) To what application can such a satellite be
put to?

(c) The satellite Phobos describes nearly circular orbit
of radius 9.7 x 106 m round the planet Mars, with a
period 2.75 x 104 s.
(i) Calculate the mass of Mars (Ans 7.11 x 1023 

kg)



(ii)The period of revolution of the other Martian 

satellite, Deimos, is 1.09 x1 05 
s; what is the

radius cf its orbit? (G = 
6.7 x 10-11 Nkg-2m2) .(Ans 24.3 x 106 m)

26)(a)(i) Show that the acceleration of free fall g, at the 
surface of the Earth and the gravitational constant 

. 
•n GR G, are related by the expression g = 3 P e

where p is mean density of the Earth, RE is the 
radius of the Earth-. 

(ii) Obtain the value of g from the motion o
_
f the 

moon assuming that its period of revolution 
around the Earth is 27.3 days and the radius of its 
orbits about the earth is 3.85 x 105 km. (radius of
Earth= 6.4 x 106 m) (Ans 9.89 mls1)

(iii) Assuming that Mars is a sphere of radius 3,400 

km and density 3,900 kgm·3 and the Earth is a
sphere of radius 6400km and density 5500 kgm·3•
Calculate the value of the acceleration due to
gra\-ity on the surface of Mars. (Neglect the
effects due to the rotation of Mars and of the
Earth){Ans 3.73 mls2)

(b) An artificial satellite in circles the Earth in a
circular orbit in the plane of the equator at a height
of 30,000 1cm above the Earth's surface, (mass of
Earth =6.0 x 1024 kg, radius of the earth = 6.4 x
1 06 m, G = 6.66 x 1 0·11 Nm2kg'2) 

(i) Calculate its speed (Ans 3.32 x 103 mis)
(ii) What is the time between successive appearance

over a point on the equator if it appears to come
from the West? (Ans 19.14 hrs)

(iii) How much higher would it have to be in order to
appear stationary? (Ans 5.90 x. 106 m)

27.(a) State Newton's law of gravitation and explain how 
this law is establishea. 

(b) Use Newton's law to deduce expressions for:
(i) the period of a satellite in a circular orbit of radius

r about the Earth in terms of the mass Me of the 
r ........ t.. ....... A +i.. .................. :.,...:,..,. ....... 1 ........................ n 
.-........... -·-" ..... _�loot., .. _ .... ..., ......................... -.......... . 

(ii) the gravitational field strength g1 at this orbit in 
terms of the orbital radius r, the gravitational
field strength g at the Earth's surface, the radius
Re of the Earth (assumed to be a uniform sphere)

(c) A satellite of mass 600 kg is in a circular orbit at a
height 2000 km above the Earth's surface .( Take
wL,.c ,�ius vf the I:at-ni tv be 64CG kt1, ai-,d the
value g to be 9.8Nkg·1). Calculat� the satellite's
(i) Orbital speed (Ans 6.9 x lOJ mis)

(ii) Kinetic energy (Ans 1.43 x 1010 JJ
(iii) Gravitational potenti!:l energy (Ans -2.86 x

1010 .n
(d) Explai!? why any resistance to the forward motion

of an artificial satellite results in an increase in its
speed.

28. (a) If the acceleration due to gravity, gm at the Moon's
surface is 1. 70 mis; and its radius is l. 74 x 106m,
cakulate the mass of the Moon. (Ans 7.72 x 1012 
kg) 

k . th (b)(i)To what height would a signal roe et nse on e
moon , if an identical one fired on Earth could 
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reach 200m? (Ignore atmospheric resistance). 
Explain your reasoning. (Ans 3800m)

(ii) What is meant by ''weightlessness" experie�c�d
by an astronaut orbiting the Earth, and hoe 1t 1s
caused:

(c) Find the period of revolution of a satellite at 400 

km about the Earth. (Ans 5.53 x 103 s)

(d) Neglecting air friction, find:
(i) The velocity with which a body must be projected

horizontally so that it may revolve as a satellit�
in.;t 11hnvP thP Fi:irth'� •mrfal'P (A n<i 7 Q:l T 10-'

J 

mis)
(ii) The minimum velocity with which it must be

projected vertically upwards in order that it may
not retw-n to the Earth. (G=6.67 x 10·11 Nkg·2m2,
acceleration at the Earth's surface =9.8 m/s2, 

radius of earth RE
= 6371 km, mass of Earth= 6.0

x 1024 kg) (Ans 11.2 kms·1) 

(e) (i) A satellite of mass 1000 kg moves in a circular
orbit of radius 7.0 x 1 06 m round the Earth. At this
height, the acceleration due to gravity is 8.2 m/s2, 

calculate the total energy of the satellite. (Ans -
57.4 X 109 J)

(ii) A projectile is fired vertically from the surface of
t..�e E���- Ca1:;�c:: t!:e ::::.in:=� :p::d :-eG±ed
for the projectile to escape the Earth's
gravitational force. (Radius of the Earth = 6.4 x
1 r.A. ' , .. • • ... • ..,, 

J. V 111) vu1;:, .u ..... "-UH J 

29) A wooden rod of uniform area of cross-section A
floats with a height h immersed in aliquid of density
p. The rod is given a slight downward displacement
and then released. Show that

(i) the resulting motion is simple harmonic

(ii) the period r = 2n $
.;v.(aJ Snow tilat wnen a simpie penauiwn ofiengm i.. is 

slightly displaced from its position of equilibrium 
and tl-ien allowed to swing freely, it performs simple 

harmonic motion of period T = 2n J! where g is

the acceleration due to gravity. 
(b) Show that a mass m attached to a massless vertical

spring of force constant k when given a small
vertical displacement and then released execute
"'TY"' \, ,  _ � . . . ...  ,..., .... _ 6 
.:,.n.1n VJ. pc11vu, - "'\J k 

11 \/n\ Pvn1o1n uihot �� ""'-•• �2.'1t b'J' simn1,!e h2.r!nCn!C !nCt!cn.,,; .. ,\ ... J ....,.,_,I"' ......... , ....... � ·- • -

(S.H.M) 
(b )(i) Show that a mass attached to a vertical spring 

when given a small displacement and then released 
executes :).n.M. 

(ii) Describe briefly an experiment to detennine the

value of the force constant k of a helical spring.
tc) In an experiment such as that in (b)(ii) above the 

time for 50 complete oscillations is measured for 
various values of m 

m (kg) 0.1 0.2 0.4 1.0 
t(s) time for 50 11.7 15.3 20.9 32.4 
complete oscillations 



Using a suitable graph, determine the force constant k.
(d) A 1.0 kg mass vibrates according to the equation

x = 0.51cos12.56t where x is in metres and t is in
seconds. Determine:

(i} the frequency (Ans 2.0 Hz)

(ii) the max.imum force on the mass (Ans 80.SN)
(iii)the total energy of the body (Ans 20.S J)

32.(a) Show that the principle of conservation of
mechanical energy applies to an oscilbting 
pendulum.

(b) A bob of mass 30g is suspended on an inelastic
string of length 2.0m. the bob is projected from the
lowest point with a velocity of2.0 mis.
(i) Find the position of the bob when it first

momentarily comes to rest. (Ans 0.2 m)

(ii) Calculate the period of the bob that
follows.(Ans 2.84 s)

(c) In an experiment to determine the acceleration due
to gravity, the following set of data were obtained
for different lengths L of a simple pendulum and t
is the time for 20 oscillations.

Length (m) 0.20 0.40 0.60 0.80 1.00
Time t(s) 20.0 26.8 32.2 36.8 40.6

Plot a graph of T2 against L. what value of g, will
you get from the graph? Explain why the graph does
not pass through the orign. (Ans 9.86 m/s2)

(d) If a pendulum has a period of exactly l.Ss at the
Earth's surface, what would be its period at height
of 8000km above the earth? (Radius of the eanh
RE = 6.4 x 106 m) (Ans 4.1 s)

33.(a) A particle executing S.H.M in a straight line has
speeds of 4 mis and 2 mis at positions 3cm and 6
cm respectively, from the equilibrium position.
Calculate:
(i) the amplitude ofvibration(Ans 0.067 m)
(ii) the period. (Ans 0.1 s)

(b )The block of mass 0.1 kg resting on a smooth
horizontal surface and attached to two spring S1 and
S2 of force constants 80 Nm·• and 120 Nm· 1 
respectively. The block is pulled through a distance
of 6 cm to the right and released.

(i) Show that the mass oscillates with $HM and find
its period. (Ans0.14 s)

(ii) Find the new amplitude of oscillation when a mass
of 0.05 kg is dropped vertically onto the block as
the block passes the equilibrium position. Assume
that the mass sticks to the block. (Ans 0.05 m)

34.(a) A 2kg body oscillates with a frequency 2 Hz and
amplitude 2.5 cm. if the oscillations are assumed to
be S.H.M and undamped. Calculate:
(i) the maximum velocity of the body(Ans 0.32

mis)
(ii) the total energy of the body (Ans 0.1 J)
(iii) The maximum potential energy (Ans 0.1 J)
(iv) The kinetic energy when the body is 1.0 cm

from the equilibrium position. (Ans 0.083 J)
(c) A simpiependulum was suspended from the ceiling

of a laboratory. The following readings for the
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period T of the pendulum was obtained for various
lengths of the pendulum. The length was not
mea-;ured directly, but the height x of the bob
above the floor was recorded.

x(cm) 0.10 0.40 0.80 1.20 l.60
T(s) 3.38 3.20 2.95 2.66 2.34

By the graphical method or otherwise find the
value of the acceleration due to gravity and the
height of the laboratory. (Ans 9.6 m/s2

• 3m)
35.(a) A mass hanging on a spring is given a small vertical

displacement and then released.
(i) Show that the mass performs S.H.M and obtain

an expression for its frequency.
(ii) Discuss briefly the energy transformations

which occur as the mass oscillates.
(iii)Explaio why the osciilations ultimately cie

down.
(b) A particle of mass m has a displacement x given by 

x = rsinwt.

(i) Show that the motion is S.H.M.
(ii) Obtam an expression for the kin�tic energy and 

its potential energy at a distance x from its
equilibrium.

(iii)Show that its total energy is constant.
(iv)Sketch the variation of K.E. P.E and total

energy with time.
(c) A platform moves up and down with S.H.M of

period T and e-npl!tude a. a panicle of mass r,1 

rests on this platform.
(i) Find an expression in terms of g, T and x. for the

reaction of the platform on the particle when the
platform is at a distance x from its mean position

(ii) If a=l0.0 cm, calculate the minimum value ofT
for the particle to remain in constant with the
platform throughout the motion. (Ans 0.63 s)

,: (iii) Given that T = kT0 where k > 0 and T0 = 2n �;-
show that the magnitudes of the greatest and least
reactions are in the ratio (K2 

+ 1) : (K2 - 1)
36.(a) A hydrometer consists of a spherical bulb and a

cylindrical stem of cross-sectional area 0.6 cm2
. 

The total volume of the bulb and the stem is 15.2
cm3

• When immersed in water, the hydrometer
floats with 10.0 cm of the stem above the water
surface. In a certain oil, it floats with 2.0 cm of the
stem above the surface.
(1) Calculate the density of the oil. (Ans 660 kgm·3) 

With the hydrometer floating in water, it is given a
small vertical downward displacement and released.
(ii) Show that the hydrometer executes S.H.M
(iii) Calculate the period ofoscillation. (Ans 0.79 s)
(iv) What would the period of oscillation be, if the

hydrometer were floating in oil instead? (Ans
0.97 s)

(b) A ball of mass 40g is attached to an elastic spring
of natural length 80 cm with one end fixed to a rigid
support. The spring is stretched to 110 cm along the
frictionless table and then released. If the ball is 100

-



I 
I 

-

cm from a fixed point and the elastic constant of the
spring is 400Nm·1. cak1.1late 

(i) The K.E of the ball.< Ans lOJ)
(ii) The velocity of the ball(Ans 22.4m1s)

(c) A horizontal platform of mas.s 50 kg 1s executing
S.H.M along a horizontal line with a frequency of2
Hz and an amplitude of3.0 m.
(i� Calculate the maximum acceleration (Ans

4.74 m/s2) 
(i!} Find the speed when the displacement from... L .......... :1:L_;_. ___ ,.:.,: __ ;_ l C - / a -- n .,.,..,

\J.J.'-" '-''t'-'t-H;.V.1,A'-•U .... pv.,,HV•.l • ., ,1.,.,J •u \.l'...U..J V•J•, 

mis) 

(iii) Calculate the maximum energy to the
platform (Ans 3.SS J) 

(iv) Without altering the motion, a small block is
placed on the platform, find the maximum
value of the coefficient of static friction so
that the block will not slip with respect to the
platform. (Ans 0.48)

37.(a)(i) Define the coefficient of :.urface tension 
(ii) Define the angle of contact what does the angle

of contact between a liquid and a solid surface
depend on?

(iii) How can you measure the angle of contact, in the
1 ... L ... _,.,.,.._.'l 
HlVV!(HVi), 

(;v) What are the dimensio� of surface tension? 
(b) A clean glass capillary tube:, of internal diameter,

V,U't \.:Ill j:, i1ciu wiut il� iUWC:-1 C:flU UiJJJJlllg ill Wl:llt:f
in a be3ker, and with 12 cm of the tube above the
surface.

(i) To what height witl the water rise in the tube (Ans

7 X 10-2 m)

(ii) What witl happen if the tube is now displaced
until only 4 cm of its length is above the surface?
(surface tension of water = 7 x 10-2 Nm-1 ,
assume zero ang1e oi contact). tAns t,=:,:, • .t· tnew
angle of contact))

38)(a) What is meant by the tenn surface tension of a 
liquid and angle of contact.

(b) Account for the fellowing
(i) A small needle may be placed on the surface of water
in a beaker so that it 'floats' and
(ii) If a small quantity of detergent is added to the water,
the needle sinks.

(c) (i) A uniform capillary tube of rudius r is held
vertically and lowered in a liquid of density p and
surface tension v. Show that the liouid rises to the

. . .b h 2ycos8 • h 0 . th height h given y = -- w ere 1s e
rp9 

angle of contact of the liquid with the tube and g
is the acceleration due to uravitv

(ii)A capillary tube is immersed in water of surface
tension 7.0x 10-2Nm-1 and the water rises 6.2
cm in the caoillarv tube. What will be the
difference in the �ercury levels if the same
capillary tube is immersed in mercury? (Surface
tension of mercury= 0.84 Nm·1, angle of contact
between mercury and glass= 140°, density of
mercury =13.6x 103kgm-3• (Ans The mercury
in the tube is depressed 4.2 cm)

39.(a) A hydromet.:r has a cylindrical glass stem of 
diameter 5.0mm. 1t floats on the water of density 
1000 f;gm-3 and surface tension 
7.2 x 10-2 Nm-1• A drop of liquid detergent added 
to the water reduces the surface tension to 
S.O x 10-2 Nm-1. What v.ill be the change in
length of the exposed porticn of the glass 
stem?(Assume that the relevant angle of contact is
alwa:,,s zero). (Ans 1. 8 x 1c-3 m)

(b)A circular ring of this wire of radii..s 2cm 1s
:,u�yc:uJcJ uv1iL1JllU1l1y :,,. 1:1 Juc::au JJ"-"!>ill� Guuu�i
the 5 cm mark on a metre rule pivoted at its centre
and the ring b balanced by a Sg mass suspended
from the 70 cm mark. A beaker of liquid is then
placed so that the ring just touches the liquid
surface when it is horizontal. If the Sg mass is
moved to 80 cm mark, the ring just parts from the
liquid surface. Find the surface tension of the
liquid. (Ans 434x 10-2 Nm-1)

39) Surface tension may be defined in terms of force per
unit length or in terms of energy per unit area.

(a) Show by consideration an increase in surface are of
a liquid that these definitions are relevant. State any
necessary condition.

�OJ Caicuiate the woric done to oreai up a dropiet of 
mercury of radius 2.0 mm into drops each of radius 
0.50 mm. (surface tension of mercury 0.52 Nm·1) 
{Ans 52. 3 x 10-0 J) 

40 (a) Give a concise explanation of the orign of the 
surface tension in terms of intermolecular forces 
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(b) The velocity " of surface waves on a liquid may be
related to their wave length A, the surface tension y
and its density p by the following V = kA.ayP pv 

where k is a dimensionless constant. Find by the
method of dimensions the values of a,f3 and 1•

( c) A spherical drop of mercury of radius 2mm falls to
the ground and breaks into 10 smaller drops of
ecual size.
(i) Calculate the amount of work that has to be

done (surface te�ion of mercury = 4. 72 x 10·1
Nm·1) (Ans 2.74 x10·5)

(ii) What is the minimum speed with which the
original drop would have hit the ground?
(Density of mercury = 1.36 x 103 kg/m3). 

(Ans 0.35 ms·2) 
(d) The two vertical arms of a U-tube; containing water

hnvc differciit intern:.! mdii of 1 ::: 1c-3m �-"ld
2 x 10-3m respectively. Determine the difference
in height of the two liquid levels when the arms
are open to the atmosphere. (Surface tension and
<1ensity ot water are 7 x 10·· Nm·• an<l 1 u� kgm-"
respectively)(Ans 7.1 x 10-3 m)

41. (a) Derive an expression relating P1, the pressure inside 
a soap bubble of diameter d, to the external pressure 
P2 and the coefficient of surface tension y of the 
soap solution. It is proposed to measure the 
coefficient of surface tension of the surface tension 
of soap solution by blowing soap bubbles in air and 
measuring the diameters inside them. 



(b) If the coefficient of surface tension of the soap
solution is known to be about 3 x 10-2 Nm-1. 

What will be the range of excess pressure of
bubbles of diameters between 20 mm and 120 mm?
(Ans 1Nm·2 to 12 Nm·2) Give a sketch of an
experimental arrangement suitable for this type of
determination. Explain how you would measure
excess pressures of the relevant magnitude and
suggest a method of the measurement of the
diameters of the bubbles.

(c) Jn another experiment, the diameter, cl, of a rubber
balloon was measured for various excess pressures
P1 -P2 , and the followin readin s obtained.

d/mm 100 120 150 200 300 
(P 1-P2)Nm·2 80 93 120 133 

Investigate whether these results obey the relation 
which you have derived for the soap bubble and 
comment on your result. 

42. (a) Explain
li) Why small drops of mercury are spherical where

as large drops are flat.
(ii) What 1s observed when a piece of capillary

tubing held vertically with its lower end dipping
in water is gradually lowered until its upper end
is in the swface of water.

(b) A clean glass capillary tube, of internal diameter
0.04 cm is held with its lower end dipping in water
in a beaker and with 12 cm of tube above the
surface.

(i) To whlit height will the water rise in the tube?
(Ans 7.1 cm)

(ii) What will happen if the tube is now depressed
until only 4 cm of its length above the surface?
(Surface tension of water= 7 x 10-2Nm-1,
assume zero angle of contact) (Ans 0"" SS. 7°)

(c) AU-tube is made with the internal diameter of one
arm LO cm and that of the other 2.0 mm and
mercury is poured into the tube. If the angle of
contact of mercury with glass after exposure to air
is 160°. what will be the difference in level of 
surfaces in the tubes? (Surface tension of mercury
:.: 0.472Nm·1) 

(d) In Jaeger's method of measuring the surface
tension of a liquid, the lower end of a capillary
tube of radius 0.20 mm is 25 mm below the
surface of the liquid, whose surface tension is
required and whose density is required and whose
density is 800 kgm·3. The pressure in a
hemispherical bubble formed at the end of the tube
is measured as 40 mm on a water manometer.
Calculate the surface tension of the liquid.

(e) A capillary tube of radius 0.2 mm is placed
vertically with its lower end submerged to a depth
of 2 cm beneath the swface of a liquid of density
1200 kg/m3

• Air is forced into the tube until a
hemispherical bubble is formed at the Lower end
and it is found that the pressure inside the tube
exceeds atmospheric pressure by 0.5 cm of
mercury. Calculate the surface tension of the liquid.
(Ans 0.432 Nm·1) 

43. (a) Explain using a simple molecular theory, why the
surface of a liquid behaves in a different manner 
from the bulk of the liqwd. 

(b) A microscope slide mea.�ures 6.0cm x 1.5 cm x
0.20cm. It is suspended with its face vertical and
with its longest side horizontal and is lowered into
water until it is half immersed. lts apparent weight
is then found to be the same as the weight in air.
Calculate the swface tension of water assuming d1.e
angle of contact is zero. (Hint: surface tension

force= loss in weight) (Ans = 7.1 x 10-2 Nm-1) 

(c) Explain what is meant by the following statements:
(i) The coefficient of surface tension of mercury is ,,_.

0.46 Nm·1• 
(ii) The angle of contact between mercury and glass

is 137°.
(d) A clean open-ended glass U-tube has vertical limbs,

one of which has a uniform internal diameter of
4.0 mm and the other of 20 mm. mercury is
introduced into the tube; it is observed that the
height of the mercury meniscus is different for the
two limbs. Explain this observation, stating in
which tube the level is the higher, and calculate
the difference in levels. (Density of mercury =
13.6 x 103 ,wm-3) (Ans 2.0 mm)

44.(a) A steel wire 30 m long has a cross-section of 0.5 
mm2. Young's modulus for steel is 2.0 x 1011 

Pa.

Calculate the force constant of the wire. (Ans 

3.3 X 103 Nm-1) 
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(b) A uniform wire of unstretcbed length 2.49 m is
attached to two points A and B which are 2.0 m
apart and in the same horizontal line. When a 5kg
mass is attached to the mid-point C oftbe wire, the
equilibrium position of C is 0.75 m below the line
AB. Neglecting the weight of the wire and taking
Young's modulus for its material to be
2 x 1011 Nm-2. Find
(i) the strain in the wire (Ans 4. 02 x 10-3) 

(ii) the stress in the wire.(Ans 8. 04 x 108 Nm-2)
(iii) The energy stored in the wire. (Ans

2. 04 X 10-t J)

45.(a)(i) Define tensile stress, strain and Young's 

modulus of elasticity. 
(ii) Derive in terms of Young's modulus and strain,

an expression for the energy stored in a unit
volume of a stretched wire.

(b)(i) State Hooke's law 
(ii)A rod of original length 1.2 m and area of cross­

section 1.5 x 10-• m2 is extended by 3.0 mm
when the· stretching tension is 6N. Calculate
Young's modulus for the material of the rod and 
the energy density of the stretched material. 
(Ans 50 Jm·3) 

(c) Two identical cylindrical steel bars, �.ich of radius
2.0 mm rest in a vertical position with their lower
ends on a rigid horizontal surface. A mass Of 2. 0
kg is placed on top of one bar. By how much must
the temperature of the other bar be altered so that
they are once again of equal length? (Young's
modulus for steel = 2.0 x 1011Nm-2, coefficient



r 

of linear expansion for steel = 1.2 x 10-s K-1
) 

(Ans 0.65°C) 
46. A cylindrical copper rod of length 0.5m and of

diameter 4.0 x 102 m is fixed between two r;gid
supports a temperature of 20.0°C. The temperature of
the rod is raised to 70.0°C. 
(i) Calculate the force exerted on the rigid supports at

70.0°C.(Aos 1. 28 x 105 N) 
(ii) What is the energy stored in the rod at 70.0°C? 

(Young's modulus for copper= 1.2 x 1011 Nm-2
, 

Linear expansh-it) of copper = 1.7 x 10-sK-1 

)(Ans 27.2 J) 
(b) Two wires each I metre long and of Jmm2 cross­

section, one of steel and the other of brass, are
connected end to end. What tensile force would be 
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reqwred to extend the whole wire by 1 mm? 
(Young's modulus for steel is 2 x 1011 Nm-2 and 
for brass is 1 x 101 • Nm-2) (Ans 66. 7 N)

(c)ti) Show that the encrg) stored per unit volume in a
stretched wire is equal to half the product of the
stress and the strain. 

(ii)A catapult consists of two rubber cords, each of
unstretched length 10.0 cm and area of cross­
section 0.40 cm2

• Assum.mg that all the energy
stored in the stretched cords is converted into 
kinetic energy of the missile, calculate the 
maximum height to which a stone cf mass I OOg 
could be projected if each of the cords were 
stretched by 5.0 cm.(Young's modulus for rubber 
= 1.00 x 107Nm-2) (Ans 10.2 m) 
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UNEB Revision Exercise 

1. (a) (i) Defme dimensions of a pbysicai quantity.

(ii) ln the gas equation (p + :2 )cv -b) == RT where p = pressure, V = volume, T = absolute temperature and R = 

gas constant, what are the dimensions of constants a and b? 
(b) A particle is projected from a point on a horizontal plane with a velocity, 11, at an angle, 8, above the horizontal. Show

2 

that the maximum horizontal range Rmax is given by R.,,,
.,_ 

::: � . 
g 

(c) (i) Define elastic limit of a material.
(ii) Describe an experiment to determine Young's modulus of a steel wire.

(d) Explain why tyres of a vehicle travelling on a hard surfaced road may burst. (2016 Paper 1) 
2. (a) (i) What is meant by efficiency of a machine?

(ii) A car of mass 1.2 x 103 kg moves up an incline at a steady velocity of 15 ms· 1 against a frictional force of6.0 x
l 03 N. The incline is such that the car rises l.Om for every 1 Om along the incline. Calculate the output power of
the car engine. (107 ,6S8 W)

(b) (i) Define impulse and momentum.

(ii) An engine pumps water such that the velocity of the water leaving the nozzle is 15 ms· 1
• If the water jet is

directed perpendicularly onto a wail and comes to a stop at the wall, calculate the pressure exerted on the wall.
(2.25 x 105 Nm-2) 

(c) (i) Define inertia.
(i) State the conditions for a body to be in equil.J'brium under action of coplanar forces.
(ii) Briefly explain the three states of equilibrium. (2016 Paper 1) 

3. (a) (i) What is meant by a conservative force?
(ii) Give two examples of conservative force.

(b) Explain the following:
(i) Damped oscillation (ii) Forced oscillation

(c) (i) State Newton's law of gravitation.
(ii) Show that Newton's law of gravitation is consistent with Kepler's third law.

(d) If the earth takes 365 days to make a revolution around the sun, calculate the mass of the sun. (2.01 x 1030 kg)

(e) Explain briefly how satellites are used in world-wide radio or television communication. (2016 Paper 1)
4. (a) (i) What is meant by fluid element and a flow line as applied to fluid flow?

(ii) Explain why some fluids flow more easily than others.
(b) (i) State Bernoulli's principle.

(ii) Explain how a Pitot-static tube works.
( c) Air flow over the upper surface of an aircraft's wings causes a lift force of 6.4 x 103 N. The air flows under the wings

at a speed of 120 ms·1 over an area of 28 m2
. Find the speed of air flow over an equal area of the upper surface on the 

aircraft's -wings. (Assume density of air = 1.2 kgm-3). (121.6 ms·1) 

(d) (i) What is meant by surface tension and angle of contact of a liquid.
(ii) A water drop of radius 0. 5 cm is broken up mto other drops of water each of radius l mm. Assuming isotherm:11

conditions, find the total work done to break up the water drop. (8.8 x 10·5J) (2016 Paper 1)
5. (a) (i) What is meant by a conservative force?

(ii) Give two examples of a conservative force.
(b) (i) State the law of conservation of mechanical energy.

(ii) A body of mass, m, is projected vertically upwards with speed, u. Show that the law of conservation of
mechanical energy is obeyed throughout its motion.

(iii) Sketch a graph showing variation of kinetic energy of the body with time.
(c) (i) Describe an experiment to measure the coefficient of static friction.

(ii) State two disadvantages of friction.
( d) A bullet of mass 20 g moving horizontally strikes and gets embedded in a wooden block of mass 500 g resting on a

horizontal table. The block slides through a distance of2.3 m before coo:ung to rest. lfthe coefficient of kinetic 
friction between the block and the table is 0.3; calculate the:

(i) friction force between the block and the table.
(ii) velocity of the bullet just before it strikes the block.

6. (a) (i) State the principle of moments.

(1.53 N) 
(95.68 ms·1) (1015 Paper 1) 

(ii) Define the terms centre of gravity and uniform body.
(b) Figure l shows a body, M of mass 20 kg supported by a rod of negligible mass horizontally hinged to a vertical wall

and supported by a string fixed at 0.5 m from the other end of the rod.
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Vertical wall---,i::� 

Calculate the 
(i) tension in the string. (370 N) 
(ii) reaction at the hinge. (270 N) 

/String

Plane 

(iii) maximum additional mass which can be added to the mass of20 kg before the string can break given that the
string cannot support a tension of more than 500 N. (7.03 kg)

(c) (i) Define Young's Modulus.
(ii) Explain the precautions taken in the determination of Young's modulus of a wire.
(iii) Explain why a piece of rubber stretches much more than a metal wire of the same length and cross-sectional

area.

7. (a) State Keplers' laws of planetary motion.
(b) (i) What is a parking orbit?

(2015 Paper 1) 

(ii) Derive an expression for the period, T. of a satellite in a circular orbit of radius r, above the earth in terms of the
mass of the earth m, gravitational constant G and r. 

(c) (i) A sateliite of mass 200 kg is launched in a circular orbit at a height of3.59 x 107 m above the earth's surface. Find
the mechanical energy of the satellite. (-9.41 x 108 J)

(ii) Explain what will happen to the satellite if its mecharucal energy was reduced.
(d) Describe a laboratory method of determining the universal gravitational constant, G (2015 Paper l) 

8. (a) (i) What is projectile motion?
(ii) A bomb is dropped from an aeroplane when it is directly above a target at a height of 1402.5 m. The aeroplane is

moving horizontally with a speed of 500 krnh·1• Detennine whether the bomb will hit the target. (the bomb
misses the target by 2347.2m)

(b) (i) Define aneular velocity.
(ii) A satellite is revolving around the earth in a circular orbit at an altitude of 6.0 x 105m where the acceleration due to

gravity is 9.81 ms-2• Asswning that the earth is spherical, calculate the period of the satellite. (5.42 x 103 s)

(ii) Explain how a rocket is kept in motion.
(iii) Explam why passengers in a bus are thrown backwards when the bus suddenly starts moving.

9. (a) (i) What is meant by Young's Modulus?
(ii) State Hooke's law.

(2014Paperl) 

(iii) Derive an expression for the energy released in a unit volume of a stretched wire in terms of stress and strain.
(b) A steel wire of leni.tth 0.6 m and cross sectional area 1.5 x 10-6m2 is attached at B to a conner wire BC of lenl?th 0.3Q m · '

and cross sectional area 3.0 x J0-6m2• The combination is suspended vertically from a fi;;d poi.nt at A and s�pports a 
\:v·cight of 25C �� at C� Piud tho exter,sior.. in each of th\; w·ircs, given that Yvung1s �1odulus for steel is 2.C � 10 11 t�m·2
and that of copper is 1.3 x 10 11 Nm-2• (2.S x 10_. m)

(c) With the aid ofa labelled diagram, describe an experiment to determine the Young's Modulus ofa steel wire.
(d) Explain the term plastic deformation in metals. (2014 Paper 1) 

10. (a) Define work and energy.
(b) Explain whether a person carrying a bucket of water does any work on the bucket while walking on a level road.
(c) A pump discharges water through a nozzle of diameter 4.5 cm with a speed of 62 ms·1 into a tank 16 m above the

intake.
(i) Calculate the work done per second by the pump in raising the water if the pump is ideal. (2.0S x 105 J s-1)
(ii) Find the power wasted if the efficiency of the pump is 73%. (7.6 x 10• W)
(iii) Account for the power lost in (c) (ii).

(d) (i) State the work- energy theorem.
(ii) Prove the work - energy theorem for a body moving with constant acceleration.

(e) Explain briefly what is meant by internal energy of a substance. (2014 Paper I) 
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11. (a) Using the molecular theory. explain the laws of friction between solid surfaces.
(b) With the aid of a labelled diagram, describe how the coeflicient of static friction for an interface between a rectangular

block of wood and a plane surface can be determined.
(c) The diagram in Figure l shows three masses connected by inextensible strings which pass over smooth pulleys. The

coefficient of friction between the table and the 12.0 kg mass is 0.25.

12.0 kg 

Table 

9.4 kg 
6.7 kg 

�1/,1/,1/,1/,1/,1/,1/,1/,1/,%%%%%%%%%%%%%%%%%%%%%%%1/.%%%%%%%%%%%%%%%%%%%%%%%% 
Fig. 1 

If the system is released from rest, determine the 
(i) acceleration of the 12.0 kg mass. (0.53 ms·2)
(ii) tension in each string. (87.2 N, 69.3 �, (2013 Paper 1) 

12. (a) (i) State the law of conservation ot' linear momentum.
(ii) A body explodes and produces two fragments of masses m and M. If the velocities of the fragments are II and v

respectively, show that the ratio of the kinetic energies of the fragments is

Ei M 
Ei =-;; 

where E1 is the kinetic energy of m and E2 is the kinetic energy of M.

v2 

(b) Show that the centripetal acceleration of an object moving with constant speed. v, in a circle of radius, r, is -
r 

(c) A car of mass 1000 kg moves round a banked track at a constant speed of 108 km h·1• Assuming the total reaction at
the wheels is normal to the track, and the radius of clL"vature of the track is l 00 rn, calculate the;
(i) angle of inclination of the track to the horizontal. (42.5°) 
(ii) reac:ion at the wheels. (1.33 x 104N)

(d) (i) Define uniformly accelerated motion.
(ii) A train starts from rest at station A and accelerates at 1.25 m s·2 until it reaches a speed of 20 m s-1. It then travels
at this steady speed for a distance of 1.56 km and then decelerates at 2 m s·2 to come to rest at station B. Find the
distance from A to B. (1820 m) (2013 Paper 1)

1. (a) (i} State Kepler's laws of planetary motion.
(ii) Estimate the mass of the sun, if the orbit of the earth around the sun is mcular. (2.0 x 1030 kg)

(b) Explain Brownian motion.
(c) Explain the energy changes which occ-ur when a pendulum is set into motion.
( d) A simple pendu.ium of length l m has a bob of mass l 00 g. It is displaced from its mean position A to a positic:. 9 so

that the string makes an angle of 45° with the vertical. Calculate the:
(i) maximum potential energy of the bob. (0.287 J) 
(ii) velocity of the bob when the string makes an angle of30° with the vertical. [Neglect air resistance]. (1.766 ms·1)

(2013 Paper 1) 

13. (a) State Hooke's law.
(b) A copper wire is stretched until it breaks.

(i) Sketch a stress-strain graph for the wire and explain the main features of the graph.
(ii) Explain what happens to the energy used to stretch the wire at each stage.
(iii) Derive the expression for the work done to stretch a spring of force constant, k by a disuw.ce, e.

(c) (i) Define Young's Modulus.
(ii) Two identical steel bars A and B of radius 2.0 mm are suspended from the ceiling. A mass of 2.0 kg is attached

to the free end of bar A. Calculate the temperature to which B should be raised so that the bars are again of equal
length. (Young's Modul11S of steel= 1.0 x l 011 Nm·2; Linear expansively of steel= 1.2 x l 0-5 K·1) (1.3 K)

(d) Why does an iron roof make cracking sound at night? (1012 Paper 1) 
14. (a) Define the following terms as applied to oscillatory motion.

(i) Amplitude.
(ii) Period.

13 



... 

I 

(b) State four characteristics of simple harmonic motion.
(c) A mass, m is suspended from a rigid support by a string of length, /. The mass is pulled aside so that the string makes

an angle. 0 with the vertical and then released.

(i) Show that the mass executes simple harmonic motion with a period, T = 21f .J½. 
(ii) Explain why this ma�s comes to a stop after a short time.

(d) A piston in a car engine perform:, a simple harmonic motion of frequency 12.5 Hz. If the mass of the piston is 0.50 kg 
and its amplitude of vibration is 45 mm, find the maximum force on the piston. (138.79 N) 

(e) Describe an experiment to determine the acceleration due to gravity, g using a spiral spring, of known force constant
(2012 Paper 1) 

15. (a) Explain what is meant by centripetal force
(b) (i) Derive an expression for the centripetal force acting on a body of mass, m moving in a circular path of radius, r.

(ii) A body moving in a circular path of radius 0.5m makes 40 revolutions per second. Find the centripetal force 1fthe
mass is 1kg. (3.16 x 104 N)

(c) Explain the following:
(i) A mass attached to a string rotating at a constant speed in a horizontal circle will fly off at a tangent if the string

breaks.
(ii) A cosmonaut in a satellite which i� in a free circular orbit around the earth experiences the sensation of

weightlessness even though there is influence of gravitational field of the earth.
(d) (i) Deri\ e an expression for the maximum horizontal distance travelled by a proJectile in terms of the initial speed, u

and the angle of projection, 0 to the horuontal. 
(ii) Sketch a graph to show the relationship between kinetic energy and height above the ground in a projectile.

(2012 Paper/) 

16. (a) Define the following terms:
(i) urjform acceleration,
(ii) angular velocity.

(b) (i) What is meant by banking of a track?
(ii) Derive an expression for the angle of banking, 8 tor a car of mass, m, moving at speed, v, round a banked track
of radius , r.

( c) A bob of mass, m is ned to an melastic thread of lengti\ /, and whirled with constant speed in a vertical circle.
(i) With the aid of a sketch diagram, exp law the variation of tension in the string along the circle.
(ii) If the string breaks at one pomt along the c1Icle, state the most likely position and explain the subsequent motion

of the bob.
(d) A body of mass 15kg is moved from the earth's surface to a point 1.8 x 10° m above the earth. If the radius of the earth

is 6.4 x 106m and its mass is 6.0 x 1024 kg, calculate the work done in taking.the body to that pomt.

17. (a) State Newton's laws of motion.
(2.06 x 108 J) (2011 Paper/) 

(b) Use Newton's laws of motion to show that when two bodies collide, their momentum is conserved.
(c) Two balls P and Q travelling in the same line in opposite directions with speeds of6ms -1 and 15ms-1 respectively

make a perfect inelastic collision. If the masses of P and Q arc 8kg and 5kg respectively, find the
(i) final velocity of P. (-2.08 ms·1 in the same dlrection as that of Q)
(ii) change in kinetic energy. (678.38 J) 

(d) (i) What is an impulse of a force?
(ii) Explain why a long Jumper should normally land on sand.

(2011 Paper/) 

18. (a) (i) What is meant by simple harmonic motion?
(ii) State two practical examples of simple harmonic motion.
(iii) Using graphical illustrations, distinguish between under damped and critically damped oscillations.

(b) (i) Describe an experiment to measure acceleration due to gravity using a spiral spring.
(ii) State two limitations to the accuracy of the value obtained in (b) (i).

(c) A horizontal spring of force constant 200Nm·1 fixed at one end bas a mas5 of2kg attached to the free end and resting
on a smooth horizontal surface. The mass is pulled through a distance of 4.0 cm and released. Calculate the:
(i) angular speed, (4 rad s·

1)
(ii) maximum velocity attained by the vibrating body, (0.4 ms·1)
(iii) acceleration when the body is halfway towards the centre from its initial position. (2ms·1)

(20 JI Paper 1) 
19. (a)(i) State the law of conservation oflinear momentum.

(ii) Use Ne\\'ton's Jaws to derive the law in (a) (i).
(b) Distinguish between elastic and inelastic collisions.
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( c) An object X of mass M, moving with a velocity of 10 :ns·1 collides with a stationary object Y of equal mass. After
collision, X moves with a speed U, at an angie of 30° to its initial direction, while Y. moves Wlth a speed of Vat an
angle of 90° to the new direction of X
(i) Calculate the speeds U and V. (u = 8.66 ms·1, v = 5 ms·1) 

(ii) Determine \\'nether the collision is elastic or not
(d)(i) Defme uniform acceleration, 

(ii) With the aid of a velocity-time graph, descrihe the motion of a body projected vertically upwards.
(iii) Calculate the range of a projectile which is fired at an angle of 45° to the horizontal with a speed of 20ms· 1

• 

(40.77m) 
(1010 Paper I) 

20. (a)(i) State Archimedes' Principle
(11) A <:n!id w�!ghs 2fJ O g i!'! �!r, 15.'' g � u,at�!" :!.�d ! 6.0 b !..� � l!q:1;d. lr Fi�d t!-:e =-�!�t�·..-c dc�:.;i� (if li.:;�J I'i. {0.80i

(b) (i) What is meant by simple harmonic motion?
(ii) Distinguish between damped and forced oscillations.

(c) A cylinder oflength, /, cross-sectional area, A. and density cr floats in a liquid of density p. The cylinder 1s pushed
down slightly and released.

(i) Show that it perfonns simple harmonic motion.
(ii) Derive the expression for period of the oscillation,

(d) A spring of force constant 40 Nm· 1 is suspended vertically. A mass ofO.l kg suspended from the spring is pulled down
a distance of 5 mm and released. Find the

(i) period of oscillation, (0.14 s)

(ii) maximum ac.celeration of the mass. (2 ms·2) 

(iii) net force acting on the mass when it is 2 mm below the centre of oscillation, (0.08 N) (2010 Paper 1) 
21. (a)(i) Defina the terms tensile stress and tensile strain as applied to a stretched wire.

(ii) Distinguish between elastic limit and proportional limit
(v} V.'iii1 U,c aiJ u[ 11 iabdieu uiagram, <le�cribe an experiment ro investigate the reiationshlp between ten�lle stress and

tensile strain of a steel wire.
(c){i) A load of 60N is applied to a steel Vvire of length 2.5 m and cross-sectional area of0.22 mrn2

• If Young's Modulus
for steel is 210 GPa, find the expansion produced. (3.25 x IO··' m) 

(ii) If the temperature rise of 1 K causes a fractional increase of 0.00 I%, find the change in length of a steel wire of
length 2.5 m when temperature increases by 4K. (1.0 x 10_. m)

(d) The velocity, V, of a wave in a material of Young's Modulus, £, and density. p, is given by V = J( % ) . Sho\� that the

relationship is dimensionally correct. (2010 Paper 1}
22. (a)(i) Define the term impulse.

(ii) State Newton's Laws of motion.
(b) A bullet of mass 10g travelling horizontally at a speed of l 00 ms·1 strikes a block of wood of mass 900g suspended by

a light vertical string 11ncl i� l':mhi>ilcll"<l in thi> hlnr-v whir-h �nh<P'}""�t!!' �·.,�g� fr-:--:-!�·- �:::-:! ±:
(i) vertical height through which the block rises. (0.062 m)
(ii) kinetic energy lost by t..'1e bullet. (49.994 J) 

(c) Explain the terms time of flight and range as applied to projectile motion.
(d) A stone Is projected at an angle of20° to the horizontal and just clears a wall which is 10 m high a.,d 30 in from the

point of projection. Find the
(i) speed of projection. (73.8 ms· 1) 

(ii) angle which the stone makes -.vith the horiiontal a.� it r.l�::ir;. thi> wall 

23. (a)Define the following terms:
(;\ �,Af ,.......,.!...,., /�!\ -...----• ,..£'_ C'.,_ __ + 
VI Y'""'.l.V._,.HJ• \li) UJVillCUI. U1 4 .lVl\..,C:. 

(1(Jn(j P,mo .. 1\ 
,-- -., - -r- .... ... , 

(b )(i) A ball is projected vertically upwards with a speed of 50ms·1
• On return it passes the point of projection and falls 78 

m below. Calculate the total time taken. (11.57 s) 
(ii) State the energy changes that occurred during the motion of the ball in (b )(i) above.

(C)(1) �tate the condJ.tions required for mechanical equilibrium to be attained. 
(ii) A uniform ladder of mass 40 kg and length 5 m, rests Vvith its upper end against a smooth vertical wall and with its

lower end at 3 m from the wall on a rough ground. Find the magnitude and the direction of the force exerted at the
bottom of the ladder. (4.2 x 102 N, 20.6° to the vertical)

(d) State four instances where increasing friction is useful.
(2009 Paper 1) 

24. {a) What is meant by simple harmonic motion?
(b) A cylindrical vessel of cross-sectional area, A, contains air of volume, V, at a pressure, P, trapped by frictionless air

15 
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tight tight piston of mass, M. The piston is pushed down and released. 

(i) If the piston oscillates with simple harmonic motion, show that the frequency is given by: / =
2
'!) :,/ 

(ii) Show that the expression for/in {b)(i) above is dimensionally correct.
(c) A particle executing simple harmonic motion vibrates in a straight line. Given that the speeds of the particles are 4 ms·

1 and 2 ms· 1 when the particle is 3 cm and 6 cm respectively from the equilibrium, ca1culate the:
(i) amplitude of oscillation, (6.7 cm)

{ii) freq'.lency of the pa.--t1c!e. (10.68 Hz)
(d) Give two examples of oscillatory motion which approximate to simple harmonic motion and state the assumptions

maae m eacn case. t,tUIJY raper J) 

2S. (a) (i) Define the terms velocity and displacement, 
{ii) Sketch a graph of velocity against time for an object thrown vertically upwards. 

(b) Three forces of3.S N, 4 ON and 2. 0 N, act at point Oas shown in Figure 1. Fi..'ld the re�ultant force.
2.0N 

4.0y 

Figure t 
(1.07 N reacdoo, 15.5° with the horizontal)

(c)(i) What is meant by c;aying fr.at a body is moving with velocity, v relative to another? 
(11) A ship, A is travelhng due oorth at 20 km h·1 and ship Bis travelling due east at 15 km h·1 Find the velocity of A

relauve to 8. (25 km/h. N36.9"W)

(iii) If the ship B in (c)(ii) is 10 km due west of .,4 at noon, find their shortest di�tance apart and when th.is occurs. (8

km, 14.4 minutes)

(d)(i) What 1s meant by a couple in mechanics? 
( ii) State the conditions for equilibrium of a system of coplanar forces. (2008 Paper 1) 

26. (a}(i} State the laws of friction between solid surfaces in contact.
(ii) Ex!)lain the origin of frictional force between two solid surfaces m contact.
(iii)Describe an experiment to measure the coefficient of kinetic fnction between two solid surfaces.

(b) (i) A car of mass lO00 kg moves along a straight surface with a speed of 20 ms·1
• When .brakes are applied steadily, the

car comes to rest after travelling SO m. Calculate the coefficient of friction between the surface and the tyre. 
(0.408) 

(ii) State the energy changes which occur from the time the brakes are applied to the time the car comes to rest.
(c) (1) State two d.tsadvantages of triction

(ii) Give one method of reduc1n2 friction between Solid surfaces.
(d) Explain what happens when a small steel ball is dropped centrally in a tall jar containing oil

27. (a) (i) Define simple harmoni� motion.
1?111111 D--�• 1\ ,.,.vvv , -y•• .a J 

(ii) A particle of mass m cxecut�s simple harmonic motion between two points A and B about equilibrium position 0.
Sketch a graph of the restoring force acting on the particle as a function of distance, r, moved by the particle.

(b) Two springs A and B of spring constants KA and Ka respectively are connected to a mass m as shown in Figure 2.
The surface on which the mass slides is friction less.

�
m

� 
._ ______ __._ ___ _. _____ ___ ...., Fig.2 

(i) Show that when the mass is displaced slightly, it oscillates with simple harmonic motion offrequency,J given by 

f=-1 �KA +K8 

2tr m

(ii) If the two springs in Figure 2 are identical such that K,. =Ka � 5.0 Nm·• and mass m = 50 g, calculate the period of
16 
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the oscillation. (0.44 s) 
(c)(i) With the aid of a diagram, describe an experiment to determine the universal gravitational constant, G. 

(ii) If the moon moves round the earth in a circular orbit of radius = 4.0 x 108 m and talces exactly 27.3 days to go
round once, calculate the value of acceleration due to gravity, g, at the earth's surface. (11.08 ms·2)

(2008 Paper l) 

28. (a) State :
(i) Newton's laws of motion,
(ii) the principle of conservation of momentum.

(b) A body A of mass m1 moves with velocity u1, and collides head on elastically with another body B of mass m2 which is
at rest. If the velocities of A and B are v1, and vi respectively and given that X = mi 

�

Show that (i) Ui = X + 1 (ii) Vz = 2X
V1 X-1 V1 X-1 

(c) Distinguish between conservative and non-conservative forces.
( d) A bullet of mass 40 g is fired from a gun at 200 ms·1 and hits a block of wood of mass 2 kg which is suspended by a

light vertical string 2 m long. If the bullet gets embedded in the wooden block,
(i) calculate the maximum angle the string makes with the vertical. (52.4°)
(ii) state a factor on which the angle of $wing depends. (2008 Paper 1) 

29. (a) Define coefficient of viscosity and state its units.
(b) Expiain the origin of viscosity in air and account for the effect of temperature on it.
( c) Describe, stating the necessary precautions an experiment to measure the coefficient of viscosity of a liquid using

Stoke's law.
(d} A steel ball bearing of diameter 8.0 mm falls steadily through oil and covers a vertical height of20.0 cm in 0.56 s. If 

the density of steel is 7800 kgm·3 and that of oil is 900 kgm·3, calculate the
(i) up-t.'uust on the ball. (2.37 x t0·3N) 
(ii) viscosity of the oil. (0.674 Ns m·2) (2014 Paper 1)

30. (a) Using the molecular theory, explain the laws of fiiction between solid surfaces.
(b) With the aid of a labelled diagram, describe how the coefficient of static friction for an interface between a

rectangular block of wood and a plane surface can be determined. 
(c-) The diagram in Figure 1 shows three masses connected by inextensible strings which pass over smooth pulleys. The 

coefficient of friction between the table and the 12.0 kg mass is 0.25. 

12.0 kg 

Table 

9.4 kg 6.7kg 

If the system is released from rest, determine the 
(i) acceleration of the 12.0 kg mass. (0.53 ms·2) 
(ii) tension in each string. (87.2 N, 69.3 N) (2013 Paper 1) 

31. (a) Defme terminal velocity.
(b) Explain laminar flow and turbulent flow.
( c) Describe an experiment to measure the coefficient of viscosity of water using Poiseulle's formula.
(d) (i) State Bernoulli's principle.

(ii) Explain why a person 'standing near a railway line is sucked towards the railway line when a fast moving train
passes

(e) A horizontal pipe of cross-sectional area 0.4 m2, tapers to a cross-sectional area-of0.2 m2• The pressure at the large 
section of the pipe is 8.0 x 104 N m -2 and the velocity of water through the pipe is 1.2 m s-1• If atmospheric pressure 
1.01 x 105N m·2, find the pressure at the small section of the pipe. (7.784 x 104 Pa) (2013 Paper 1)

32. (a) (i) State the law of conservation of linear momentum.
(ii) A body explodes and produces two fragments of masses m and M. If the velocities of the fragments are u and v

respectively, show that the ratio of the kinetic energies of the fragments is

17 
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EEi = Af where E1 is the kinetic energy of m and E2 is the kine!ic energy of M.
i 

m 

2 
(b) Show that the centripetal acceleration of an object moving with constant speed, v, in a circle of radius, r, is �

r 

(c) A car of mass 1000 kg moves round a banked track at a constant speed of 108 km h·1
. Assuming the total reaction at

the wheels is normal to the track, and the radius of curvature of the track is 100 m, calculate the;
(i) angle of inclination of the track to the horizontal. (42.5°

) 
(ii) reaction at the wheels. (1.33 x IO'N)

I.J\ ,;, r'\_.C __ •• -!r ... __ 1_ ----'---11.-� _,...,...,; __ 
\U/ \1-) """""''-"-J"" \.U.l.UV.a..U ... h) """""""1'"".aa1,\,,,u ,.uv-..avu. 

(ii) A train starts from rest at station A and accelerates at 1.25 m s·2 until it reaches a speed of 20 m s-1• It then travels
at this steady speed for a distance of 1.56 km and then decelerates at 2 m s·2 to come to rest at station 8. Find the
distance from A to B. (1820 m) (2013 Paper J)

33. (a) State Hooke's law. 
(b) A copper wire is stretched until it breaks.

(iv) Sketch a stress-strain graph for the wire and explain the main features of the graph.
(v) Explain what happens to the energy used to stretch the wire at each stage.
( vi) Derive the expression for the work done to stretch a spring of force constant, k by a distance, e.

(c) {i) Define Young's Modulus. 
(ii) Two identical steel bars A and B of radius 2.0 mm are suspended from the ceiling. A mass of2.0 kg is attached

to the free enci of bar A. Calculate the temperature to which B should be raised so that the bars are again of equal
length (Young's Mndulws of steel= l 0 x I 0 11 1':m·�; Linear up(lrt,ively of steel= 1.2 x I 0·5 K· 1) (1.3 K)

(d) Why does an iron roof make cracking sound at night? (2012 Paper 1) 

34. (a) Define the fol!owmg terms 8$ applied to osc11latory motwn.
(i) Amplitude. (ii) Period.

(i,j Sum: iuu, \.i11uac1eri:.lics oi simpie h111111oruc mOlion. 

(c) A mass, mis suspended from a rigid support by a string of length./. The mass is pulled aside so that tl-ie string makes
an angle, 0 with the vertical and then released.

(i) Show that the mass executes simple harmonic motion ....,ith & period, T = 21rf½.
{ii) Explain why this mass comes to a stop after a short time. 

(d) A piston in a car engine performs a simple harmonic motion of frequency 12.5 Hz. lf the mass of the piston is 0.50 kg 

ana its amp11tuae ot v1oranon lS 4:> mm. rma the maximum torce on tne p1Ston. llJ�.7Y N)
(e) Describe an experiment to determine the acceleration due to gravity, g using a spiral spring, of known force constant

(2012 Paper I) 
3S. (a) (i) What is meant by the following terms; steady flow and viscosity? 

(ii) Explain the effect of increase in temperature on the vtscosity of a liquid.
(b) (i) Show that the pressure, P, exerted at a depth, h. below the free surface of a liquid of density, p, ls given by: P =

hptg. 
(1i) Define relative density. 
(iii) A U-tube whose ends are open to the atmosphere, contains watei 9.lld oil as shown in Figure l .

h 

.._ �I l I 

T lt:.I O!! I I 

{{' @f t >:: :=: 10cm 
.) ) 

--

}::[ t===- } 
-=?:LJt······ 

Fig. 1 Water 
Given that the density of oiJ is 800 kgm·3, find the value of h. (12.S cm) 

(c) A metal ball of diameter 10 mm is timed as it falls through oil at a steady speed. It takes 0.5 s to fall through a
vertical distance of0.30 m. Assuming that density of the metal is 7500 kgn,·3 a:i.d t.liat of oil is 900 kgm·3, find
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(i) the weight of the ball. (3.85 x 10·2 N)
(ii) the upthrust on the ball. (4.62 x 10·3 N)
(iii) the coefficient of viscosity of the oil. (Assume the viscous force = 67CTJrv0 , where 1J is the coefficient of

viscosity, r is radius of the ball and Vo is tenninal velocity). (0.5994 Pas (OR= 0.5994 Nm·2s))

36. (a) Define the following terms:
(i) uniform acceleration,
(ii) angular velocity.

(b) (i) What is meant by banking of a track?

(2012 Paper 1) 

(ii) Derive an expression for the angle of banking, e for a car of mass, m. moving at speed, v, round a banked track
of radius , r.

(c) A bob of mass, mis tied to a.,. inelastic thread ofiength, /, and whirled with constant speed in a vertical circle.
(i) With the aid of a sketch diagram, explain the variation of tension in the string along the circle.
(ii) If the string breaks at one point along the circle, state the most likely position and explain the subsequent motion

of the bob.
(d) A body of mass 15kg is moved from the earth's surface to a point 1.8 x l 06 m above the earth. If the radius of the

earth is 6.4 x 106m and its mass is 6.0 x 1024 kg, calculate the work done in taking_the body to that point. (2.06 x
103 J)

37. (a) (i) What is meant by viscosity?
(ii) Explain the effect of temperature on the viscosity of a liquid.

(2011 Paper 1) 

(b) Derive an expression for the tenninal velocity of a sphere of radius. a, falling in a liquid of viscosity, 11].
( c) Explain why velocity of a liquid at a wide part of a tube is less than that at a narrow part.
(d) A solid weighs 237.Sg in air and 12.5g when totally immersed in a fluid of density 9.0 x 102kg m·3. Calculate the

density of the liquid in which the solid would float with one fifth of its volume exposed above the liquid surface.
(1187.5 kgm·3) 

( e) Describe an experiment to measure the coefficient of static friction between a rectangular block of wood and a plane
surface. (2011 Paper 1)

38. (a)(i) State the Jaw of conservation of linear momentum.
(ii) Use Newton's laws to derive the law in (a) (i).

(b) Distinguish between elastic and inelastic collisions.
(c) An object X of mass M, moving with a velocity of 10 ms·1 collides with a stationary object Y of equal mass. After

collision, X moves with a speed U, at an angle of 30° to its initial direction, while Y, moves with a sreed of Vat an
angle of 90° to the new direction of X
(iii) Calculate the speeds U and V. (u = 8.66 ms·

1, v = 5 ms·
1
) 

(iv) Detennine Whether the collision is elastic or not
(d)(i) Define uniform acceleration, 

(ii) With the aid of a velocity-time graph, describe the motion of a body projected vertically upwards.
(iii) Calculate the range of a projectile which is fired at an angle of 45° to the horizontal with a speed of 20ms·1.

(40.77m) 
(2010 Paper 1) 

39. (a) Define viscosity of a fluid.
(b )(i) Derive an expression for terminal velocity attained by a sphere of densicy, o, and radius, a. falling through a fluid of

density p, and viscosity, r,. 

(ii) Explain the variation of viscosity of a liquid with temperature.
( c) (i) State the laws of solid friction.

(ii) With the aid of a well labelled diagram, describe an experiment to determine the coefficient of kinetic friction
between two surfaces.

(d) A body slides down a rough plane inclined at 30° to the horizontal. If the coefficient of kinetic friction between the
body and the plane is 0.4. find !he velocity after it has travelled 6 m along the plane. (2010 Paper I)

40. (a) (i) State Archimedes' principle.
(ii) Use Archimedes' principle to derive an expression for the resultant force on a body of weight. W, and density, cr,

totally immersed in a fluid of density p.
(b) A tube of unifonn cross sectional area of 4 x l o·3 m2 and mass 0.2 kg is separately floated vertically in water of

density LO x 103 kgm·3 and in oil of density 8.0 x 102 kgm·3. Calculate the difference in the lengths immersed.

(c) (i) Define surface tension in terms of work.
(0.0125 m) 

(ii) Use the-molecular theory to account for the surface tension of a liquid
(iii) Explain the effect of increasing temperature of a liquid on its surface tension
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11v) Calculate the excess pressure inside a soap bubble of diameter 3.0 cm if the surface tension of the soap soluuon is 
2.5 x I o-2 Nm·1• (6.67 Pa) (2009 Paper 1)

41. (a)(i) State the laws of friction between solid surfaces in contact.
(ii) Explain the origin of frictional force between two solid su.rfaces in contact.
(iii)Describe an experiment to measure the coefficient of kinetic friction between two solid surfaces.

(b) (i) A car of mass 1000 kg moves along a straight surface wi!h a speed of20 ms·1. When brakes are applied steadily, the
car comes to rest after travelling 50 m. Calculate tbe coefficient of friction between the surface and the tyre. 
(0.408) 

(ii) State the energy changes which occur from the tune the brakes are applied to the time the car comes to rest.
(c) (i) State two disadvantages of friction

(11) u1ve one method ot reaucmg tnct1on between �olld surtaces.
ld) Explain \\-hat happens when a small steel ball is dropped centrally in a tall jar containing oil. (2008 Paper J)

42. (a} Denne simple harmonic motion (SHM).
(b) Sketch a graph of:

(i) velocity against displacement ,
(ii) acceleration agamst displacement, for a body executing SHM

(c) A glass U - tube containing a liquid is tilted slightly and then released.
(i) Show that the liquid oscillates with simple harmonic motion.
(1i) Explain why the oscillations u!t1mately come to rest.

(d) A small bob of mass 0.20 kg is suspended by an inextensible string of length 0.80 m. The bob is then rotated in a
honzontal circle of radius 0.40 m. f-md the·
(i) linear speed of the bob. (1.51 ms·1)
lii) tension in the string. (2.29 N) (2007 Paper 1) 

43. (a) 1i) Define vector and scalar quantities and give one example of each.

30N' ·rt /25N

/4 

. 

I 

SN x-axis 

A body, M of mass 6 kg is acted on by forces of 5 N, 20 N, 15N and 30 N as shown in figure 1. Find the 
acceleration of M (S.52 ms·2) 

(b) (1) What is meant by acceleration due to gravity?
(ii) Describe how you would use a spiral spring, a retort stand with a clamp, a pointer, seven 50 g masses, a metre

rule and a stop clock to detennine the acceleration due to gravit:,-.
(iii) State any two sources of errors of the experiment in (b)(ii) above.
(iv) A body of mass l kg moving with simple harmonic motion has speeds of 5 ms·1 and 3 ms·1 when it is at distances

of 0.1 0 m and 0.20 m respectively from the equilibrium point. Find the amplitude of the motion. (0.24m)
,,nn7 p,,",, .. n ,- .... . - -r-· -/ 
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