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Answer ALL questions. Write your answers in the spaces provided.

Unless otherwise indicated, whenever a numerical value of g is required, take g = 9.8 ms™ and give your

answer to either 2 significant figures or 3 significant figures.

1. A van of mass 750kg is moving along a straight horizontal road.

At the instant when the speed of the van is vms™, the resistance to the motion of the van
is modelled as a force of magnitude (200 + v*)N.

When the engine of the van is working at a constant rate of 12kW, and the van is moving
at a constant speed,

a) show that the van must be moving at 20ms™', justifying your answer.
g J ymgy

Later on, the van is moving up a straight road inclined at an angle & to the horizontal,
where sinf = —
15

At the instant when the speed of the van is vims™!, the resistance to the motion of the van
from non-gravitational forces is modelled as a force of magnitude (200 + v*)N.

The engine of the van is now working at a constant rate of 15kW.

(b) Find the acceleration of the van at the instant when v = 10
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(Total for Question 1 is 9 marks)
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21

Figure 1

3
One end of a light elastic string, of natural length / and modulus of elasticity 278 is

attached to a particle of mass m. The other end of the string is attached to a fixed point 4
on a rough inclined plane. The plane is inclined at angle a to the horizontal, where

tana = —
ano B

Initially the particle is held at the point B on the plane, where AB = 2/ and B lies below 4
on the line of greatest slope through A4, as shown in Figure 1.

The particle is released from rest at B and first comes to instantaneous rest at the point C,
8
where C is between 4 and B and AC = 3 L.

Find the coefficient of friction between the particle and the plane.

(6)
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(Total for Question 2 is 6 marks)
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3. Anparticle, P, of mass 3 kg is moving with velocity (2i + j)ms™' when it receives an

impulse I of magnitude +/130 N's. Immediately after receiving the impulse, P is moving
with velocity (—i + Aj)ms™!, where A is a positive constant.

(a) Find I, giving your answer in terms of i and j.

()

The angle between the direction of motion of P immediately before receiving the impulse
and the direction of motion of P immediately after receiving the impulse is 6°

(b) Find the value of
3)
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(Total for Question 3 is 9 marks)
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Figure 2

A light elastic string, of natural length 8/ and modulus of elasticity kmg, has its ends
attached to two points 4 and B, where AB = 8/ and AB is horizontal.

A pebble, P, of mass m is attached to the midpoint of the string. The pebble rests in
equilibrium at a distance 3/ vertically below 4B, as shown in Figure 2. The pebble is
modelled as a particle, and air resistance is modelled as negligible.

10
(a) Show that k = EY

The pebble is pulled vertically downwards from its equilibrium position until the total

40
length of the string is 3 [. The pebble is released from rest.

(b) Find the acceleration of P at the instant it is released from rest.

At the instant the pebble crosses the line 4B, the pebble has speed v.

(c) Find v.

In an experiment, when the natural length of the string was 2m, it was found that the
speed of P at the instant when it crossed the line AB was 1.5ms™".

(d) Considering the model, suggest a reason, other than air resistance, why the model and
the experiment give different values.
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Question 4 continued
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5. [In this question i and j are perpendicular unit vectors in a horizontal plane]

C

vms™!

(2i — 3j)ms™!

Figure 3

Figure 3 represents the plan view of part of a horizontal floor, where AB and BC
—
represent fixed vertical walls. The direction of AB is in the direction of the vector i and

%
the direction of BC is in the direction of the vector (—i + 3j).

A small ball is projected along the floor towards wall AB so that, immediately before
hitting wall 4B, the velocity of the ball is (2i — 3j)ms™.

The ball hits wall AB and then hits wall BC.

1
The coefficient of restitution between the ball and wall 4B is E

1
The coefficient of restitution between the ball and wall BC is 3
The velocity of the ball immediately after hitting wall BC is vims™.
The floor and the walls are modelled as being smooth. The ball is modelled as a particle.

Show that v = (—i + l])
2 (12)

12
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Question 5 continued

<5
S
SO
N
oomam 2%
o %8
poge-o

Ko

Ko<
e
055058
QYL

K
By
doso%es
0XK:
KKK,

09%!
RS
Sasoto%es
X X

%
ototetotetete!

0 00000000000

oY%
K

o5

190%0%6%%:%%
%

RIS
SRS

X

passsatetotototototoss
295050598
XKKX,

20%0%0%6%%%
XX
$96%6%%

000

QIR

R KIRKKKK

XX
X X
555
00000,
s
XX

000
Sototetes
LRRRRKELLLS

09020902090 %%%%
X RRIIRERIKRERIKKKX
X R EIERREIKRKLLIKKRL
0002020000000 %% %0 %6 %626 %6%

K

RORRRRIEEIKS
A8

L

RS

4=
2%
KK,

QKRR KRR KX

o2

R RRRRLLLLZZLZZLS:
XXX XXX

A=

%

NE
Bt
KL

o%

SO 00000
oSosrtorevel
SAR
Soatels

R

X
o %%;
XK,

4
X

¢
<

X
s
e
Jogors’
&
S8
Po%eL.
— oot %%
KR X
BXX X
POt
o5 POt
X &S
S TR
2 25
B %3
NS S
SONTIR !
XS XN
08 - 0SB etoL Jo!
SIBLL SGES
135 %%
RS &S
LTI’ o
S 3K
30—
28 &
RS

<
&
29
<
29
35
000

OIS
odeseteteteteteds

bo%
RXKXKRILKK,

¢
000

¢
55
098
:"
098
XSGR IRRRKK KRR

e

<
%
o%
%
peess
0o

14

S 6 1 2 9 8 A 0 1 4 2 4



5 continued

Question

(Total for Question 5 is 12 marks)
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6. A particle, P, of mass 4m is moving along a straight line on a smooth horizontal plane.
A particle, O, of mass 3m is at rest on the plane on the same straight line.
Particle P collides directly with particle Q.
Immediately before the collision the speed of P is ku, where & is a constant.
Immediately after the collision the speed of P is u and the speed of Q is 3714
The coefficient of restitution between P and Q is e.
(a) (i) Show that there is only one possible value of &.

(i1) State the value of £ and the value of e.

V38V SIHLNIZLIHM LON-Oa
DO NOT WRITE IN THIS AREA

(11)

(b) Find the total kinetic energy lost in the collision between P and Q.
3)
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Question 6 continued
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6 continued

Question

(Total for Question 6 is 14 marks)
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Figure 4

Two smooth uniform spheres, 4 and B, are moving with speeds « and 2u respectively on
a smooth horizontal surface.

Sphere A has mass 3m and radius 2a. Sphere B has mass 2m and radius 2a.

The centres of the spheres are moving towards each other on parallel paths. The paths
are at a distance 3a apart, as shown in Figure 4.

1
The spheres collide. The coefficient of restitution between 4 and B is 3

67
(a) Show that the magnitude of the impulse received by A4 in the collision is i mu.

(10)

(b) Find the speed of 4 immediately after the collision.
3)

(c) State how you have used the fact that the spheres are smooth when considering
their collision.

1)
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Question 7 continued
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Question 7 continued
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