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Figure 1
Figure 1 shows a small smooth ring threaded onto a light inextensible string.

One end of the string is attached to a fixed point 4 on a horizontal ceiling and the other
end of the string is attached to a fixed point B on the ceiling.

A horizontal force of magnitude 2N acts on the ring so that the ring rests in equilibrium
at a point C, vertically below B, with the string taut.

The line of action of the horizontal force and the string both lie in the same
vertical plane.

3
The angle that the string makes with the ceiling at 4 is 6, where tanf = 1

The tension in the string is 7 newtons. The mass of the ring is M kg.

(a) Find the value of T
3)

(b) Find the value of M
3)
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Skg xkg
Figure 2 :::%\\
Figure 2 shows two particles, 4 and B, moving in opposite directions on a smooth f_L'l\
horizontal surface. Particle 4 has mass 5kg and particle B has mass xkg. -5%\
The particles collide directly. A
=
Immediately before the collision, the speed of 4 is 3ms ™ and the speed of B is xms' SR

Immediately after the collision, the speed of 4 is I ms ' and its direction of motion
is unchanged.

Immediately after the collision, the speed of B is 1.5ms"'

(a) Find the value of x.
3)

(b) Find the magnitude of the impulse exerted on 4 by B in the collision.
3)

) &z
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3. A van travels with constant acceleration along a straight horizontal road.

The van passes a point A with speed ums ' and 20 seconds later passes a point B
with speed 28ms'

The distance 4B is 400 m.
(a) Show that u =12

(2)
(b) Find the time taken for the van to travel from A4 to the midpoint of 4B.
3
The van has mass 1200kg.
During its motion the van experiences a constant resistive force of magnitude 260N
(c) Find the magnitude of the driving force exerted by the engine of the van as it travels
from 4 to B.
3)
L
6
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Figure 3

Figure 3 shows two horizontal forces P and Q acting on a particle.
The angle between the direction of P and the direction of Q is 150°
Force P has magnitude X newtons.

Force Q has magnitude 5 V3N

The resultant of P and Q has magnitude JI29N.

Find

(1) the value of X.

(i1) the angle between Q and the resultant, giving your answer to the nearest degree.

®
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Figure 4
A beam AB has mass 30kg and length 3m.

The beam rests on supports at C and D where AC = 0.4m and DB = 0.4m, as shown
in Figure 4.

A person of mass 55kg stands on the beam between C and D.

The person is modelled as a particle at the point P, where CP = x metres
and 0 <x < 2.2

The beam is modelled as a uniform rod resting in equilibrium in a horizontal position.

Using the model,

(a) show that the magnitude of the reaction at C is (686 — 245x) N.

The magnitude of the reaction at C is four times the magnitude of the reaction at D.
Using the model,
(b) find the value of x

The person steps off the beam and places a package of mass M kg at A.
The package is modelled as a particle at the point A.

The beam is now on the point of tilting about C.

Using the model,

(c) find the value of M

p 7 4 3 1 7 A 06 1 2 2 8
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(~ N\ S
6. A particle is projected vertically upwards from a point A with speed 24 ms"' X\
The point 4 is 2.5m vertically above the point B. ?
Point B lies on horizontal ground. gi
The particle moves freely under gravity until it hits the ground at B with speed V’'ms™ g(\
SIS
After hitting the ground the particle does not rebound. r:;'-;\
(a) Find the value of V. 5\
3) z
% (’?\
(b) Find the time taken for the particle to reach B. ;\
3) =
The point C is 10m vertically above 4. S
(c) Find the length of time for which the particle is above C. 5
“)
(d) Sketch a speed-time graph for the motion of the particle from projection to the
instant that it reaches B. (No further calculations are required.)
(2)
\ J &5

NN 000D O =
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r

7.

[In this question i and j are horizontal unit vectors directed due east and due north
respectively and position vectors are given relative to a fixed origin O.]

At midnight, a ship S is at the point with position vector (19i + 22j)km
The ship travels with constant velocity (12i — 16j)kmh’

(a) Find the speed of S.
(2)

At time ¢ hours after midnight, the position vector of S is skm.

(b) Find an expression for s in terms of i, j and ¢.

2

A lighthouse stands on a small rocky island. The lighthouse is modelled as being at the
point with position vector (26i + 15j)km.

It is not safe for ships to be within 1.3 km of the lighthouse.
(c) () Find the value of # when S is closest to the lighthouse.

(i1) Hence determine whether it is safe for S to continue its course.

)
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P (m)

0(0.5m)

Figure 5
L : 5
A fixed rough plane is inclined at an angle a to the horizontal, where tana = o

A small smooth pulley is fixed at the top of the plane.

One end of a light inextensible string is attached to a particle P which is at rest on the
plane. The string passes over the pulley and the other end of the string is attached to a
particle O which hangs vertically below the pulley, as shown in Figure 5.

Particle P has mass m and particle O has mass 0.5m
The string from P to the pulley lies along a line of greatest slope of the plane.
The coefficient of friction between P and the plane is u.

The system is in limiting equilibrium with the string taut and P is on the point of
slipping up the plane.

(a) Find the value of u.

(8)
The string breaks and P begins to move down the plane.
When particle P has travelled a distance of 0.8 m down the plane, the speed of P
is Vms'
(b) Find the value of V.
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