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Section A (26 marks)

Answerall the questions

A particle P has position vectom at time & given byr = (°—3t?)i — (4t* +1)j for t>0.
Find the magnitude of the acceleration of P wherp. [4]

A particle of mass kg is moving with velocity P+ 5 ms™. It receives an impulse of magnitudeNLs in
the direction + 2 — 2k. Find the velocity of the particle immediately afterwards. [3]

The fixed points E and F are on the same horizontal level with EFrs. 156light string has natural length
0.7m and modulus of elasticity 29Nl One end of the string is attached to E and the other end is attached
to a particle of mass My. A second string, identical to the first, has one end attached to F and the other
end attached to the particle. The system is in equilibrium in a vertical plane with @aghtsttched to a
length of Im, as shown in Fig. 3.

Fig. 3

(i) Find the tension in each string. 2]

(i) Find M. [3]
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4 A fixed smooth sphere has centre O and radius a. A particle P of mass m is placed at the highest point of
the sphere and given an initial horizontal speed u.

For the first part of its motion, P remains in contact with the sphere and has speed v when OP makes an
angle @ with the upward vertical. This is shown in Fig. 4.

u

Fig. 4
(i) By considering the energy of P, show thét u® + 2ga(l- cod ). [2]

(i) Show that the magnitude of the normal contact force between the sphere and particle P is
2

mg(3co¥ - 2 - m: [2]

The particle loses contact with the sphere wtes® =§1 :

(iii) Find an expression for u in terms of a and g. 2]
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5 Fig. 5 shows a light inextensible string of lengthn3 @assing through a small smooth ring R. The ends of
the string are attached to fixed points A and B, where A is vertically above B. The ring R has miaggs 0.27
and is moving with constant speed in a horizontal circle of radiua.1Phe distances AR and BR arm2
and 1.3n respectively.
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Fig. 5
(i) Show that the tension in the string is G\37 [4]

(i) Find the speed of R. [4]
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Section B (94 marks)
Answerall the questions

6 Fig. 6 shows a pendulum which consists of a rod AB freely hinged at the end A with aateighend B.
The pendulum is oscillating in a vertical plane. The total energy, E, of the pendulum is given by

Ezélwz—mghcose,

where

e  isits angular speed

e misits mass

e histhe distance of its centre of mass from A

o Qdis the angle the rod makes with the downward vertical

e g is the acceleration due to gravity

e | is a quantity known as the moment of inertia of the pendulum.

Fig. 6

(i) Use the expression for E to deduce the dimensions of I. [4]

It is suggested that the period of oscillation, T, of the pendulum is givén=dt “ (mg)ﬁ i, where k isa
dimensionless constant.

(ii) Use dimensional analysis to find the valuesxf3 andy [5]
: , " : : 1
A class experiment finds that, when all other quantities are fixisoproportional toT .
m

(iii) Determine whether this result is consistent with your answer tdipart [1]
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7 A uniform ladder of length & and weight 18081 stands on a rough horizontal surface and rests against a

smooth vertical wall. The ladder makes an angl@@fwith the wall. A woman of weight 720 stands on
the ladder. Fig. 7 shows this situation modetleth the woman’s weight acting at a distancenx from the
lower end of the ladder.

The system is in equilibrium.

wall

Fig. 7

(i) Show that the frictional force between the ladder and the horizontal surfaise vghEre
F =90(1+ x)tan 20. [4]

(ii) (A) State with a reason whether F increases, stays constant or decredaereases. [1]

(B) Hence determine the setwaflues of the coefficient of friction between the ladder and the surface
for which the woman can stand anywhere on the ladder without it slipping. [4]
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8 A tractor has a mass of 60k} When developing a power ok®/, the tractor is travelling at a steady
speed of 2..hstacross a horizontal field.

(i) Calculate the magnitude of thesistance to the motion of the tractor. 2]
The tractor comes to horizontal ground where the resistance to motion is diffénergower developed
by the tractor during the next $has an average value dd@. During this time, the tractor accelerates
uniformly from 2.5ms*to 3ms™.

(i) (A Show that the work done against the resistance to motion during $hie 70750J. [4]

(B) Assuming that the resistance to motion is constant, calculate its value. [3]

: o : . 1
The tractor can usually travel up a straight track inclined at an anglée horizontal, whersina =§) ,

while accelerating uniformly from 3 m’g¢o 3.25 m s over a distance of 100 m against a resistance to
motion of constant magnitude of 2000 N.

The tractor develops a fault which limits its maximum power to 16kW.

(iii) Determine whether the tractoould now perform the same motion up the track.
[You should assume that the mass of the tractor and the resistance to motion remain the sfre.]
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Fig. 9

Fig. 9 shows the instant of impact of two identical uniform smooth spheres, A and B, each with mass m.
Immediately before they collide, the spheres are sliding towards each other on a smooth haintemal t
the directions shown in the diagraeach with speed v. The coefficient of restitution between the spheres
1

2

(i) Show that, immediately after the collision, the speed of Aus Find its direction of motion.  [6]

is

(i) Find the percentage of the original kinetic energy that is lost in the collision. [7N

(iii) State where in your answer to p@rtyou have used the assumption that the contact between the
spheres is smooth. [1]
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In this question take g =10.

A smooth ball of mass Oky is projected from a point on smooth horizontal ground with spests64t
an anglex to the horizontal, whetena =§1 . While it is in the air thdall ismodelled as a particle

moving freely under gravity. The ball bounces on the ground repeatedly. The coefficietituafamegor
the first bounce is 0.4.

(i) Show that the ball leaves the ground after the first bounce with a horizontal speed of
52mstand a vertical speed of 15 ®. Explain your reasoning carefully. [4]

(if) Calculate the magnitude of the impulse exerted on the ball by the ground at the first bouncé2]

Each subsequent bounce is modelled by assuming that the coefficient of restitution is 0.4 and that the
bounce takes no time. The ball is in the air@econds between projection and bouncing the first time,

T, seconds between the first and second bouncesT aetonds between the-{h)th and nth bounces.

39

(iii) (A) Show thatrt, = rh [2]

(B) Find an expression far in terms of n. 2]
(iv) According to the model, how far does the ball travel horizontally while it is stihding? [3]
(v) According to the model, what is the motion of the ball after it has stopped bouncing? [1]
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11 The regiorbounded by the x-axis and the cury&%k(l— xz) for —1<x<1 is occupied by a uniform

lamina, as shown in Fig. 11.1. y
A

N
>~

Fig. 11.1

(i) Inthisquestion you must show detailed reasoning.

Show that the centre of mass of the lamina (@a%k}. [7]

A shop sign is modelled as a uniform lamina in the form of the lamina ixipattached to a rectangle
ABCD, where AB =2 and BC = 1. The sign is suspended by two vertical wires attached at A and D, as
shown in Fig. 11.2.

wire wire
D A
C B
Fig. 11.2

(i) Show that the centre of mass of the sign is at a distance

2k? +10k + 15
10k + 30

from the midpoint of CD. [4]
The tension in the wire at A is twice the tension in the wire at D.

(iii) Find the value of k. [5]
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Fig. 12 shows x- and y- coordinate axes with origin O and the trajectory of a particle projectedafittm O
speed 281stat an angle: to the horizontal. After t seconds, the particle has horizontal and vertical

displacementsm and ym.
Air resistance should be neglected.

y
N
’ 28ms?t

Fig. 12

(i) Show that the equation of the trajectory is given by

tart o — 220 tanw + 162@+ E C * [5]
X X

(i) (A) Show that if (*) is treated as an equation widne as a variable and with x and y as constants,
2

then (*) has two distinct real roots ftana wheny < 40—1%) : [3]

2

(B) Show the inequality in pafii) (A) as a locus on the graph g& 40—%} in the Printed Answer

Booklet and label it R. [1]

S is thdlocus of points(x, y) where (*) haone real root fotana .
T is the locus of point$x, y) where (*) haso real roots fotana .

(iii) Indicate S and T on the graph in the Printed Answer Booklet. 2]
(iv) State the significance of R, S and T for the possible trajectories of the particle. [3]

A machine can fire a tennis ball from ground level with a maximum speecdhos$ 28

(v) State, with a reason, whether a tennis ball fired from the machine can achieve a ranme of 80[1]

END OF QUESTION PAPER
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12 (v)

Spar e copy of graph for question 12 (ii) and 12 (iii)
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