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1. Three particles of masses 3m, m and 2m are positioned at the points with coordinates
(a, 8), (4, 0) and (5, —2) respectively.
Given that the centre of mass of the three particles is at the point with coordinates (k, 2k),
where k& is a constant, find the value of a.
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Question 1 continued

(Total 5 marks)
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2. A particle of mass 0.75kg is moving with velocity (4i + j)ms™' when it receives an
impulse (-6i + 4j) N's.

Find

(a) the velocity of the particle immediately after receiving the impulse,

(&)

(b) the size of the angle through which the path of the particle is deflected as a result of
the impulse.

(&)
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Question 2 continued

(Total 6 marks)
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3. A car of mass 900 kg is moving on a straight road that is inclined at an angle 6 to the
. : 1 : : . .
horizontal, where sin 6 = 0 When the car is moving up the road, with the engine of the

car working at a constant rate of 10.8 kW, the car has a constant speed of vms™'. The
resistance to the motion of the car from non-gravitational forces is modelled as a constant
force of magnitude R newtons.

When the car is moving down the road, with the engine of the car working at a constant
rate of 10.8kW, the car has a constant speed of 2vms~'. The resistance to the motion of
the car is still modelled as a constant force of magnitude R newtons.

Find

(1) the value of R,

(i1) the value of v.
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Question 3 continued
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Question 3 continued

(Total 8 marks)
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4.
Figure 1
The uniform lamina L, shown shaded in Figure 1, is formed by removing a circular disc
of radius 2a from a uniform circular disc of radius 4a. The larger disc has centre O and
diameter AB. The radius OD is perpendicular to 4B. The smaller disc has centre C, where
Cison AB and BC =3a
.13

(a) Show that the centre of mass of L is ?a from B.

(C))
The mass of L is M and a particle of mass kM is attached to L at B. When L, with the
particle attached, is freely suspended from point D, it hangs in equilibrium with 4 higher

3

than B and 4B at an angle 0 to the horizontal, where tan 6 = 1
(b) Find the value of k.
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Question 4 continued
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Question 4 continued
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Question 4 continued

(Total 9 marks)
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5. A particle moves along the x-axis. At time ¢ seconds, ¢ > 0, the velocity of the particle is
3

vms~! in the direction of x increasing, where v = 2¢> — 6¢ + 2

At time ¢ = 0 the particle passes through the origin O. At the instant when the acceleration

of the particle is zero, the particle is at the point A.

Find the distance OA4.
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Question 5 continued

(Total 8 marks)
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6.
Figure 2

A plank 4B rests in equilibrium against a fixed horizontal pole. The plank has length
4m and weight 20 N and rests on the pole at C, where AC =2.5m. The end 4 of the plank
rests on rough horizontal ground and 4B makes an angle § with the ground, as shown in
Figure 2. The coefficient of friction between the plank and the ground is i .
The plank is modelled as a uniform rod and the pole as a rough horizontal peg that is
perpendicular to the vertical plane containing 4B.
Given that cos 6 = 3 and that the friction is limiting at both 4 and C,
(a) find the magnitude of the normal reaction on the plank at C,

(&)
(b) find the coefficient of friction between the plank and the pole.
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Question 6 continued
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Question 6 continued
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Question 6 continued

(Total 11 marks)
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7.

A particle P of mass 3m is moving in a straight line with speed « on a smooth horizontal
table. A second particle Q of mass 2m is moving with speed 2u in the opposite direction
to P along the same straight line. Particle P collides directly with Q. The coefficient of
restitution between P and Q is e.

(a) Show that the direction of motion of P is reversed as a result of the collision with Q.

(&)

(b) Find the range of values of e for which the direction of motion of Q is also reversed
as a result of the collision.

Q)
) 1
Given that e = 5

(c) find, in terms of m and u, the kinetic energy lost in the collision between P and Q.

(6))
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Question 7 continued
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Question 7 continued
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Question 7 continued

(Total 13 marks)
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Figure 3

A rough ramp AB is fixed to horizontal ground at 4. The ramp is inclined at 20° to the
ground. The line AB is a line of greatest slope of the ramp and AB = 6m. The point B is
at the top of the ramp, as shown in Figure 3. A particle P of mass 3kg is projected with
speed 15ms™! from 4 towards B. At the instant P reaches the point B the speed of P is
10ms~!. The force due to friction is modelled as a constant force of magnitude F newtons.

(a) Use the work-energy principle to find the value of F.
(6)

After leaving the ramp at B, the particle P moves freely under gravity until it hits the
horizontal ground at the point C. The speed of P as it hits the ground at C is wms™.

Find
(b) (1) the value of w,

(i1) the direction of motion of P as it hits the ground at C,

(©)

(c) the greatest height of P above the ground as P moves from A4 to C.
C))
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Question 8 continued
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Question 8 continued

Leave
blank

P 5 4 9 5 0 A 0 2 6 2 8

<4
X

[.°
B

5
3
S
v

25

SR

55
o
3%

Fotoetete!
4%5 4%5

55
S
B

&

o
5
Teles

S
e
oiees
e
AR
i

5 <

ealetetytele
\
3
5




Leave
blank

Question 8 continued
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Question 8 continued

(Total 15 marks)
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