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1 Particles P and Q are moving in a straight line on a rough horizontal plane. The frictional forces are

the only horizontal forces acting on the particles.

(i) Find the deceleration of each of the particles given that the coefficient of friction between P and

the plane is 0.2, and between Q and the plane is 0.25. [2]

At a certain instant, P passes through the point A and Q passes through the point B. The distance AB

is 5 m. The velocities of P and Q at A and B are 8 m s−1 and 3 m s−1, respectively, both in the direction

AB.

(ii) Find the speeds of P and Q immediately before they collide. [5]

2
3

A particle moves up a line of greatest slope of a rough plane inclined at an angle ! to the horizontal,

where sin! = 0.28. The coefficient of friction between the particle and the plane is 1.

(i) Show that the acceleration of the particle is −6 m s−2. [3]

(ii) Given that the particle’s initial speed is 5.4 m s−1, find the distance that the particle travels up the

plane. [2]

3 A box of mass 30 kg is at rest on a rough plane inclined at an angle ! to the horizontal, where

sin ! = 0.1, acted on by a force of magnitude 40 N. The force acts upwards and parallel to a line of

greatest slope of the plane. The box is on the point of slipping up the plane.

(i) Find the coefficient of friction between the box and the plane. [5]

The force of magnitude 40 N is removed.

(ii) Determine, giving a reason, whether or not the box remains in equilibrium. [2]
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4
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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

[2]

[3]

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

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

(iii) the coefficient of friction between P and the plane. [2]
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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]
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6 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]

7
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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]
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