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1 An object is released from rest at a height of 125 m above horizontal ground and falls freely under

gravity, hitting a moving target P. The target P is moving on the ground in a straight line, with

constant acceleration 0.8 m s−2. At the instant the object is released P passes through a point O with

speed 5 m s−1. Find the distance from O to the point where P is hit by the object. [4]

2
A 0.3 kg

B 0.2 kg

Particles A and B, of masses 0.3 kg and 0.2 kg respectively, are attached to the ends of a light

inextensible string. A is held at rest on a rough horizontal table with the string passing over a small

smooth pulley at the edge of the table. B hangs vertically below the pulley (see diagram). The system

is released and B starts to move downwards with acceleration 1.6 m s−2. Find

(i) the tension in the string after the system is released, [2]

(ii) the frictional force acting on A. [3]

3

a

a
P

0.6 N

A particle P of mass 0.5 kg rests on a rough plane inclined at angle α to the horizontal, where

sin α = 0.28. A force of magnitude 0.6 N, acting upwards on P at angle α from a line of greatest slope

of the plane, is just sufficient to prevent P sliding down the plane (see diagram). Find

(i) the normal component of the contact force on P, [2]

(ii) the frictional component of the contact force on P, [3]

(iii) the coefficient of friction between P and the plane. [2]

4

8 N

R N 12 N

2 N

25°10°

q°

Three coplanar forces of magnitudes 8 N, 12 N and 2 N act at a point. The resultant of the forces has

magnitude R N. The directions of the three forces and the resultant are shown in the diagram. Find R

and θ. [7]
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5 Particle P travels along a straight line from A to B with constant acceleration 0.05 m s−2. Its speed at

A is 2 m s−1 and its speed at B is 5 m s−1.

(i) Find the time taken for P to travel from A to B, and find also the distance AB. [3]

Particle Q also travels along the same straight line from A to B, starting from rest at A. At time t s

after leaving A, the speed of Q is kt3 m s−1, where k is a constant. Q takes the same time to travel

from A to B as P does.

(ii) Find the value of k and find Q’s speed at B. [5]

6

D

C

B

A

P

8 m s–1

2.7 m
3.0 m

The diagram shows the vertical cross-section ABCD of a surface. BC is a circular arc, and AB and

CD are tangents to BC at B and C respectively. A and D are at the same horizontal level, and B and

C are at heights 2.7 m and 3.0 m respectively above the level of A and D. A particle P of mass 0.2 kg

is given a velocity of 8 m s−1 at A, in the direction of AB (see diagram). The parts of the surface

containing AB and BC are smooth.

(i) Find the decrease in the speed of P as P moves along the surface from B to C. [4]

The part of the surface containing CD exerts a constant frictional force on P, as it moves from C to

D, and P comes to rest as it reaches D.

(ii) Find the speed of P when it is at the mid-point of CD. [5]

7 A car of mass 1200 kg moves in a straight line along horizontal ground. The resistance to motion of

the car is constant and has magnitude 960 N. The car’s engine works at a rate of 17 280 W.

(i) Calculate the acceleration of the car at an instant when its speed is 12 m s−1. [3]

The car passes through the points A and B. While the car is moving between A and B it has constant

speed V m s−1.

(ii) Show that V = 18. [2]

At the instant that the car reaches B the engine is switched off and subsequently provides no energy.

The car continues along the straight line until it comes to rest at the point C. The time taken for the

car to travel from A to C is 52.5 s.

(iii) Find the distance AC. [5]
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1

14°

45 N

A block is pushed along a horizontal floor by a force of magnitude 45 N acting at an angle of 14◦ to

the horizontal (see diagram). Find the work done by the force in moving the block a distance of 25 m.

[3]

2 Particles A and B of masses m kg and (1 − m) kg respectively are attached to the ends of a light

inextensible string which passes over a fixed smooth pulley. The system is released from rest with the

straight parts of the string vertical. A moves vertically downwards and 0.3 seconds later it has speed

0.6 m s−1. Find

(i) the acceleration of A, [2]

(ii) the value of m and the tension in the string. [4]

3 A car travels along a straight road with constant acceleration a m s−2. It passes through points A, B

and C; the time taken from A to B and from B to C is 5 s in each case. The speed of the car at A is

u m s−1 and the distances AB and BC are 55 m and 65 m respectively. Find the values of a and u. [6]

4

O
x

y

75 N

100 N68 N

Three coplanar forces of magnitudes 68 N, 75 N and 100 N act at an origin O, as shown in the diagram.

The components of the three forces in the positive x-direction are −60 N, 0 N and 96 N, respectively.

Find

(i) the components of the three forces in the positive y-direction, [3]

(ii) the magnitude and direction of the resultant of the three forces. [4]
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5 A, B and C are three points on a line of greatest slope of a plane which is inclined at θ
◦ to the

horizontal, with A higher than B and B higher than C. Between A and B the plane is smooth, and

between B and C the plane is rough. A particle P is released from rest on the plane at A and slides

down the line ABC. At time 0.8 s after leaving A, the particle passes through B with speed 4 m s−1.

(i) Find the value of θ. [3]

At time 4.8 s after leaving A, the particle comes to rest at C.

(ii) Find the coefficient of friction between P and the rough part of the plane. [5]

6 A car of mass 1250 kg moves from the bottom to the top of a straight hill of length 500 m. The top

of the hill is 30 m above the level of the bottom. The power of the car’s engine is constant and equal

to 30 000 W. The car’s acceleration is 4 m s−2 at the bottom of the hill and is 0.2 m s−2 at the top. The

resistance to the car’s motion is 1000 N. Find

(i) the car’s gain in kinetic energy, [5]

(ii) the work done by the car’s engine. [3]

7 A particle P starts to move from a point O and travels in a straight line. The velocity of P is

k(60t2 − t3)m s−1 at time t s after leaving O, where k is a constant. The maximum velocity of P

is 6.4 m s−1.

(i) Show that k = 0.0002. [3]

P comes to instantaneous rest at a point A on the line. Find

(ii) the distance OA, [5]

(iii) the magnitude of the acceleration of P at A, [2]

(iv) the speed of P when it subsequently passes through O. [2]
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1

2.5 m
1.8 m

A D

B

C

ABCD is a semi-circular cross-section, in a vertical plane, of the inner surface of half a hollow cylinder

of radius 2.5 m which is fixed with its axis horizontal. AD is horizontal, B is the lowest point of the

cross-section and C is at a height of 1.8 m above the level of B (see diagram). A particle P of mass

0.8 kg is released from rest at A and comes to instantaneous rest at C.

(i) Find the work done on P by the resistance to motion while P travels from A to C. [2]

The work done on P by the resistance to motion while P travels from A to B is 0.6 times the work

done while P travels from A to C.

(ii) Find the speed of P when it passes through B. [3]

2 A particle moves in a straight line. Its velocity t seconds after leaving a fixed point O on the line is

v m s−1, where v = 0.2t + 0.006t
2. For the instant when the acceleration of the particle is 2.5 times its

initial acceleration,

(i) show that t = 25, [3]

(ii) find the displacement of the particle from O. [3]

3 A particle P is projected vertically upwards, from a point O, with a velocity of 8 m s−1. The point A

is the highest point reached by P. Find

(i) the speed of P when it is at the mid-point of OA, [4]

(ii) the time taken for P to reach the mid-point of OA while moving upwards. [2]

4
A B

P

21 N

0.52 m
0.25 m0.2 mS1

S2

A particle P of weight 21 N is attached to one end of each of two light inextensible strings, S
1

and S
2
,

of lengths 0.52 m and 0.25 m respectively. The other end of S
1

is attached to a fixed point A, and the

other end of S
2

is attached to a fixed point B at the same horizontal level as A. The particle P hangs

in equilibrium at a point 0.2 m below the level of AB with both strings taut (see diagram). Find the

tension in S
1

and the tension in S
2
. [6]
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5 An object of mass 12 kg slides down a line of greatest slope of a smooth plane inclined at 10◦ to the

horizontal. The object passes through points A and B with speeds 3 m s−1 and 7 m s−1 respectively.

(i) Find the increase in kinetic energy of the object as it moves from A to B. [2]

(ii) Hence find the distance AB, assuming there is no resisting force acting on the object. [3]

The object is now pushed up the plane from B to A, with constant speed, by a horizontal force.

(iii) Find the magnitude of this force. [3]

6

25°

0.6 kg

P N

The diagram shows a particle of mass 0.6 kg on a plane inclined at 25◦ to the horizontal. The particle

is acted on by a force of magnitude P N directed up the plane parallel to a line of greatest slope.

The coefficient of friction between the particle and the plane is 0.36. Given that the particle is in

equilibrium, find the set of possible values of P. [9]

7
1.4 m

B

A

0.98 m

Particles A and B have masses 0.32 kg and 0.48 kg respectively. The particles are attached to the ends

of a light inextensible string which passes over a small smooth pulley fixed at the edge of a smooth

horizontal table. Particle B is held at rest on the table at a distance of 1.4 m from the pulley. A hangs

vertically below the pulley at a height of 0.98 m above the floor (see diagram). A, B, the string and

the pulley are all in the same vertical plane. B is released and A moves downwards.

(i) Find the acceleration of A and the tension in the string. [5]

A hits the floor and B continues to move towards the pulley. Find the time taken, from the instant that

B is released, for

(ii) A to reach the floor, [2]

(iii) B to reach the pulley. [3]

© UCLES 2012 9709/43/O/N/12



4

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable

effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will

be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of

Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

9709/43/O/N/12


	Variant 41
	Variant 42
	Variant 43

