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1 A particle of mass 0.6 kg is dropped from a height of 8 m above the ground. The speed of the particle
at the instant before hitting the ground is 10ms~'. Find the work done against air resistance. [3]
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2 A particle of mass 0.8 kg is projected with a speed of 12ms™" up a line of greatest slope of a rough
plane inclined at an angle of 10° to the horizontal. The coeflicient of friction between the particle and
the plane is 0.4.

(i) Find the acceleration of the particle. [4]
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Two light inextensible strings are attached to a particle of weight 25 N. The strings pass over two
smooth fixed pulleys and have particles of weights A N and B N hanging vertically at their ends. The
sloping parts of the strings make angles of 30° and 40° respectively with the vertical (see diagram).
The system is in equilibrium. Find the values of A and B. [6]
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4 A car of mass 800kg is moving up a hill inclined at 6° to the horizontal, where sin 6 = 0.15. The
initial speed of the car is 8ms~!. Twelve seconds later the car has travelled 120 m up the hill and has
speed 14ms™!.

(i) Find the change in the kinetic energy and the change in gravitational potential energy of the car.

[3]

(i) The engine of the car is working at a constant rate of 32 kW. Find the total work done against the
resistive forces during the twelve seconds. [3]
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5 A particle P moves in a straight line ABCD with constant deceleration. The velocities of P at A, B
and C are 20ms™', 12ms™ and 6 ms~! respectively.

(i) Find the ratio of distances AB : BC. (4]

© UCLES 2017 9709/41/M1INMT7



7

(ii) The particle comes to rest at D. Given that the distance AD is 80 m, find the distance BC. [3]
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6 A particle P moves in a straight line passing through a point O. At time s, the velocity of P, vms™!,

is given by v = gt + r1*, where g and r are constants. The particle has velocity 4ms~! when 7 = 1 and

when ¢ = 2.
(i) Show that, when 7 = 0.5, the acceleration of P is 4 ms 2. [4]
(ii) Find the values of r when P is at instantaneous rest. [2]
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(iii) The particle is at O when ¢ = 3. Find the distance of P from O when ¢ = 0. (4]
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As shown in the diagram, a particle A of mass 0.8 kg lies on a plane inclined at an angle of 30° to the
horizontal and a particle B of mass 1.2 kg lies on a plane inclined at an angle of 60° to the horizontal.
The particles are connected by a light inextensible string which passes over a small smooth pulley P
fixed at the top of the planes. The parts AP and BP of the string are parallel to lines of greatest slope
of the respective planes. The particles are released from rest with both parts of the string taut.

(i) Given that both planes are smooth, find the acceleration of A and the tension in the string.  [6]
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(ii) It is given instead that both planes are rough, with the same coefficient of friction, u, for both
g P g
particles. Find the value of u for which the system is in limiting equilibrium. [6]
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1  One end of a light inextensible string is attached to a block. The string makes an angle of 6° with the
horizontal. The tension in the string is 20 N. The string pulls the block along a horizontal surface at a
constant speed of 1.5ms™! for 12s. The work done by the tension in the string is 50J. Find 6.  [3]

The diagram shows a wire ABCD consisting of a straight part AB of length 5m and a part BCD in
the shape of a semicircle of radius 6 m and centre O. The diameter BD of the semicircle is horizontal
and AB is vertical. A small ring is threaded onto the wire and slides along the wire. The ring starts
from rest at A. The part AB of the wire is rough, and the ring accelerates at a constant rate of 2.5 m s>
between A and B.

(i) Show that the speed of the ring as it reaches B is 5m s7L. [1]
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The part BCD of the wire is smooth. The mass of the ring is 0.2 kg.

(ii) (a) Find the speed of the ring at C, where angle BOC = 30°. (4]
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3 A particle A moves in a straight line with constant speed 10ms~!. Two seconds after A passes a point

O on the line, a particle B passes through O, moving along the line in the same direction as A. Particle
B has speed 16 ms~! at O and has a constant deceleration of 2ms 2.

(i) Find expressions, in terms of ¢, for the displacement from O of each particle ¢ s after B passes
through O. [3]
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(iii) Find the minimum distance between the particles. [3]
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6

A car of mass 1200kg is moving on a straight road against a constant force of 850 N resisting the
motion.

(i) On a part of the road that is horizontal, the car moves with a constant speed of 42 m sl

(a) Calculate, in kW, the power developed by the engine of the car. [2]

(b) Given that this power is suddenly increased by 6 kW, find the instantaneous acceleration of
the car. [3]
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(ii) On a part of the road that is inclined at 8° to the horizontal, the car moves up the hill at a constant
speed of 24 ms™!, with the engine working at 80 kW. Find 6. [4]

© UCLES 2017 9709/42/M/JMT7 [TllI'Il over



A particle of mass 0.12kg is placed on a plane which is inclined at an angle of 40° to the horizontal.
The particle is kept in equilibrium by a force of magnitude P N acting up the plane at an angle of 30°
above a line of greatest slope, as shown in the diagram. The coefficient of friction between the particle
and the plane is 0.32. Find the set of possible values of P. [8]
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The diagram shows a fixed block with a horizontal top surface and a surface which is inclined at an

angle of 6° to the horizontal, where sin 6 = % A particle A of mass 0.3 kg rests on the horizontal

surface and is attached to one end of a light inextensible string. The string passes over a small smooth
pulley P fixed at the edge of the block. The other end of the string is attached to a particle B of mass
1.5 kg which rests on the sloping surface of the block. The system is released from rest with the string

taut.

(i) Given that the block is smooth, find the acceleration of particle A and the tension in the string.

[5]
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(ii) Itis given instead that the block is rough. The coeflicient of friction between A and the block is
u and the coefficient of friction between B and the block is also u. In the first 3 seconds of the

motion, A does not reach P and B does not reach the bottom of the sloping surface. The speed
of the particles after 3s is Sm s~'. Find the acceleration of particle A and the value of u. [9]
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1 A man pushes a wheelbarrow of mass 25 kg along a horizontal road with a constant force of magnitude
35N at an angle of 20° below the horizontal. There is a constant resistance to motion of 15N. The
wheelbarrow moves a distance of 12 m from rest.

(i) Find the work done by the man. [2]

© UCLES 2017 9709/43/M/JIMT7



3PN

20N

The four coplanar forces shown in the diagram are in equilibrium. Find the values of P and 6.  [5]
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3 A train travels between two stations, A and B. The train starts from rest at A and accelerates at a
constant rate for 7 s until it reaches a speed of 25ms~!. It then travels at this constant speed before
decelerating at a constant rate, coming to rest at B. The magnitude of the train’s deceleration is twice
the magnitude of its acceleration. The total time taken for the journey is 180 s.

(i) Sketch the velocity-time graph for the train’s journey from A to B. [1]

v (ms™)

A

0 » 1 (S)

(ii) Find an expression, in terms of 7, for the length of time for which the train is travelling with
constant speed. [2]
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4 A particle P moves in a straight line starting from a point O. At time ¢ s after leaving O, the velocity,
vms~!, of Pis given by v = (21 - 5)°.

(i) Find the values of # when the acceleration of P is 54 ms™2. [3]
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5 A particle is projected vertically upwards from a point O with a speed of 12ms~'. Two seconds later
a second particle is projected vertically upwards from O with a speed of 20ms~'. At time 7 s after the
second particle is projected, the two particles collide.

(i) Find . [5]
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6 A car of mass 1200 kg is travelling along a horizontal road.

(i) Itis given that there is a constant resistance to motion.

(a) The engine of the car is working at 16 kW while the car is travelling at a constant speed of
40 ms~'. Find the resistance to motion. [2]

(b) The power is now increased to 22.5 kW. Find the acceleration of the car at the instant it is
travelling at a speed of 45 ms™!. [3]
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(ii) Itis given instead that the resistance to motion of the car is (590 + 2v) N when the speed of the

car is vims~!. The car travels at a constant speed with the engine working at 16 kW. Find this

speed. [3]
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Two particles A and B of masses m kg and 4 kg respectively are connected by a light inextensible
string that passes over a fixed smooth pulley. Particle A is on a rough fixed slope which is at an angle
of 30° to the horizontal ground. Particle B hangs vertically below the pulley and is 0.5 m above the
ground (see diagram). The coeflicient of friction between the slope and particle A is 0.2.

(i) In the case where the system is in equilibrium with particle A on the point of moving directly up
the slope, show that m = 5.94, correct to 3 significant figures. [6]
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(ii) In the case where m = 3, the system is released from rest with the string taut. Find the total
distance travelled by A before coming to instantaneous rest. You may assume that A does not
reach the pulley. [8]
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