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Answer ALL questions. Write your answers in the spaces provided.
1. Atruck of mass 800kg is moving on a straight road that is inclined a an angle a to the
. 1
horizontal, where sina = 0 When the truck is moving up the road at a constant speed
of 12ms™, the engine of the truck is working at a constant rate of 15kW. The resistance
to the motion of the truck from non-gravitationa forcesis modelled as a constant force of
magnitude R newtons.
(@) Findthevalueof R
(4)
The truck now moves down the s@m'e__r’gad. The resistance to the motion of the truck is
now modelled as a constant force of magnitude 500N. The engine of the truck is again
working at a constant rate of 15kW.
(b) Find the acceleration of the truck at the instant when it is moving at 12ms™.
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2. A particle P moves dong the x-axis. At timet seconds, the acceleration of P isams?in
tl:le positive x direction, where

a=8-6t t>0
Whent =0, Pisat the origin O and is moving with speed 3ms™ in the positive x direction.
—— e —— EEe———
Find
(i) thedistance of P from O at the ingtant whmf_jginsta']ta'\eousiy at rest,

(ii) thetota distancetravelled by Pintheinterval 0 <t < 4 (10)
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The particle receives an impulse (3i + 6j)Ns.

Immediately after receiving the impulse, the speed of Pis2ums™.

Find the value of u.

3. Aparticle P of mass 0.4kg is moving with velocity ui ms™”, where u is a positive constant.
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/ Figure 1

A particle A of mass 2kg is attached to one end of alight inextensible string. A particle B
of mass 4kg is attached to the other end of the string. The string passes over a small
smooth pulley. The pulley is fixed at the top of afixed rough plane, which isinclined to

the horizonta at an angle 6, wheretan = % . Initidly the particles are held at rest with A

on the plane, B hanging freely below the pulley and the string taut, as shown in Figure 1.
The part of the string from A to the pulley lies dong a line of greatest slope of the plane.

The coefficient of friction between A and the planeis % :

At timet = 0, the particles are released from rest, with A more than 1.5m from the pulley
and B more than 1.5m above the ground.

At timet =T seconds, the speed of Bisvms™ and Bis 1.5m below its initial position.

(a) Find the tota potential energy lost by the systemin theinterva 0 <t < T.

R <)
(b) Find the work done against frictionintheinterval 0 <t < T.
)
(c) Usethe work-energy principle to find the value of v.
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Figure2 ¥
A uniform rod AB, of weight W and length 8a, rests with one end A on rough horizontal
ground. The rod is held in limiting equilibrium at 30° to the horizontal by a light
inextensible string of length ka, where k is a constant. One end of the string is attached to
therod a C, where AC = ka. The other end of the string is attached to the fixed point D
which is verticaly above A such that AD = ka, as shown in Figure 2. Thestringliesin the
vertical plane which contains the rod.
The coefficient of friction between the rod and the ground is g :
(a) Show that thetension in the string is 4TW g
(2)
(b) Find the value of k.
| (6)
The magnitude of the force exerted on the rod by the ground at A is AW.
(c) Find the valueof A.
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6. A particle P of mass mis moving in a straight line with speed v on a smopth 'horlzor.rtd
surface. The particle P collides directly with a particle Q of mass km which is mO\%g
with speed w, (w < v), dong the same straight line and in the same direction as P. The
direction of motion of Pis unchanged by the collision and, immediately after the collision,
the speed of Pisw and the speed of Q is 2w.
2
The coefficient of restitution between Pand Q is 3
(@ Find the value of k.
(6)
When P and Q collide they are a the point A, which is a distance d from a smooth fixed
vertical wall. Thewall is perpendicular to the direction of motion of the particles. After
the collision with P, particle Q hits the wall and rebounds towards P.
1
The coefficient of restitution between Q and the wall is 3
Thereis a second direct collision between P and Q at the point B.
(b) Find, in terms of d and w, the time taken for P to travel from A to B. -
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Question 6 continued
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Figure 3

The model of the design for a pendant consists of a uniform triangular lamina, ABC, and
two uniform rods AD and DC, as shown in Figure 3. Therods arein the same planeas the
lamina The lamina ABC has mass 8M, sides AB = 6a and BC = 9a, and angle ABC = 90°.
Therod AD has mass 2M and Ien_gfﬁ@a_ The rod DC has mass kM and length 6a.

33+ 9k
(a) Show that the centre of mass of the modd is [ 0% K )a from AB.
(4)
The mode is suspended from A and hangs freely in equilibrium with AC vertical.
(b) Find the value of k.
(7)
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Question 7 continued
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B
g 50m >
Figure 4
A smal ball is thrown from the point A with speed ums” at an angle 6° above the
horizontal. The point 4 is verticaly above the point O, which is on horizontal ground,
such that AO is 15m.
The ball takes 3 seconds to travel from A to B, where B is on the ground and OB = 50m,
as shown in Figure 4. By modelling the motion of the bal as that of a particle moving
freely under gravity,
find
(@) (i) thevaueof b,
(ii) the value of u,
(6)
(b) the speed of the ball asit hits the ground at B,
(3)
(c) thedirection of motion of the bal as it hits the ground at B.
(2)
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Question 8 continued Plan
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