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1. Anparticle A has mass 4m and a particle B has mass 3m. The particles are moving along
the same straight line on a smooth horizontal table. The particles are moving in opposite
directions towards each other when they collide directly.

As a result of the collision, the direction of motion of each particle is reversed.

Immediately before the collision, the speed of A is u and the speed of B is ku, where k
IS a constant.

Immediately after the collision, the speed of A is 2v and the speed of B is 3v.
The magnitude of the impulse received by A in the collision is 20mv.

(@) Find u in terms of v only.

(b) Find the exact value of k.

(3)

(3)
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4 )
2. Avan of mass 900kg is moving along a straight horizontal road.
When the speed of the van is v ms™!, the resistance to the motion of the van is
modelled as a force of magnitude 50v N.
The engine of the van is working at a constant rate of 12 kW.
At the instant when the speed of the van is V ms™!, the acceleration of the van
is 0.2ms™
Using the model,
(@) find the value of V.
(4)
Later on, the van is moving up a straight road that is inclined at an angle o to the
horizontal, where sina = % When the speed of the van is vms™!, the resistance
to the motion of the van from non-gravitational forces is modelled as a force of
magnitude 50v N.
When the van has constant speed U ms™, the engine of the van is working at a constant
rate of 15kW.
Using the model,
(b) find the value of U.
(4)
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( )
3. Anparticle P of mass 0.4 kg is moving with velocity 7i ms™' when it receives

an impulse of magnitude J1.6 Ns.

The velocity of P immediately after it receives the impulse is /I(Zi + j) ms~, where A is

a constant.

Find the two possible values of 1

(6)
\_ y,
6
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8 ms

18 m

Figure 1
A rough straight ramp is fixed to horizontal ground. The ramp is inclined at an angle
to the horizontal, where sing = ﬁ The points A and B are on a line of greatest slope
of the ramp with 4B = 18 m and B above A, as shown in Figure 1.

A package of mass 0.5 kg is projected up the ramp from A with speed 8 ms™! and
comes to instantaneous rest at B.

The work done against friction as the package moves from A to B is W joules.
The package is modelled as a particle and air resistance is ignored.

(@) Use the work-energy principle to show that W = 9.7

The coefficient of friction between the package and the ramp is u

(b) Find the value of u

(3)

(4)
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A B C
2m 3m 4m
Figure 2

Three small balls, A, B and C, have masses 2m, 3m and 4m respectively.

The balls are initially at rest in a straight line on a smooth horizontal surface, with B
between A and C, as shown in Figure 2.

Ball A is projected towards B with speed 5u and A and B collide directly.
Immediately after the collision, the speed of B is 3u

The balls are modelled as uniform spheres with equal radii.

(@) Find, in terms of u, the speed of A immediately after the collision with B.

(b) Find the coefficient of restitution between A and B.

After the collision between A and B, ball C is projected towards B with speed u
Balls B and C collide directly.
The coefficient of restitution between B and C is f

Given that there is a second direct collision between A and B

(c) find the complete range of possible values of f

(3)

(3)

(7)

12

p 7 4 0 8 1 A 0 1 2 2 8

L]

PMT!

IR

S
SR
SOSXXE

ooiee
Ry RS,
v 9%
St
KL

<X
<X

Josetetets
=
ke
K
S

<%
29
X7
\J
o\
bt
XS

<
XN

po%t
Sote
25

2N
5

S

5%

K
0.0
LR

5

QR
XX

ORI
XXX

LKL

5>
8K

X5

X

Sotodeted
ZRIRREIS

%
o%
0%
%
%



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
kB Y SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS

A SRRRHALS

R
S
E D
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

=
U8 crnd e’
s
00 = % fg%S

2
00‘;'00 ENALE Y
PO leuzatoedoletenet
RRRLRIRRL oS

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

X OO
N s oo
%% % ¥
LR
5

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

4 N\
Question 5 continued
\, J
13
mmo D00 D N 0 0 Turn over »
P 7 4 0 8 1 A0 1 3 2 8

PMT



7

Question 5 continued

14

P 7 4 0 8 1 A 0 1 4 2 8

L]

PMT!

LSRR
S
CRRKS

09%8S
[909696%%
IR

IR
De%e%e

AR
SR5IK
[909696%%
D Setatetes

KRS
258

SR
50K

[909696%%

DoSetatetets

y 9%
RS
SIS
SRBRL



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
kB Y SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS

A SRRRHALS

R
S
E D
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

%
S
KEETESS
SR

2
AN INKI TN X
POl euzetoeboleteratetel
JIRRIKESS K

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

£ RIIERIIIHKIIA
oS X QSRR
O AT Ra oo to RS tato oo e e g S REEY
LS K \
KL

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

7

Question 5 continued

(Total for Question 5 is 13 marks)

e

VR0 VO A0 0 y
Turn over »
P 7 4 0 8 1 A 0 1 5 2 8 urnove

PMT



Figure 3
A smooth plane is inclined at an angle 4 to horizontal ground, where siné = %

The points A, B and C lie on a line of greatest slope of the plane, with B between A and
C, with A above B and AC = 3a, as shown in Figure 3.

A light elastic string of natural length 2a has one end attached to the fixed point A.
The other end of the string is attached to a parcel P of mass m.

The modulus of elasticity of the string is gmg
The parcel rests in equilibrium on the plane at the point B.
The parcel is modelled as a particle.

(@) Show that 4B = %a

(4)
The parcel is now held at C and released from rest.
(b) Find the elastic potential energy lost by the string when P moves from C to B.
®3)
(c) Use the principle of conservation of mechanical energy to find the speed of P at the
instant it passes B.
©)
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Figure 4

Two uniform spheres P and Q have equal radii. The mass of P is 0.3 kg and the mass
of Q is 0.4 kg. The spheres are moving on a smooth horizontal plane when they collide
obliquely.

Immediately before the collision,

* P is moving with speed 5ms™" at 30° to the line of centres of the spheres
e Qis moving with speed 3 ms™' at 60° to the line of centres of the spheres
Immediately after the collision,

» P is moving with speed v ms™" at 60° to the line of centres of the spheres
* Qis moving with speed wms™! at 9° to the line of centres of the spheres

as in the plan view shown in Figure 4.

53

(@ Show that v=—-
3 3)
(b) Find (i) the value of w

(ii) the value of 6
(7)

(c) Find the coefficient of restitution between P and Q.
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vms'! Bi+2j))ms!

Figure 5

Figure 5 represents the plan view of part of a smooth horizontal floor, where RS and

ST are smooth fixed vertical walls.

The vector RS is in the direction of the vector i.

The vector ST is in the direction of the vector (3i + 4j).

A small ball B of mass 0.25 kg is projected across the floor towards RS.
Immediately before the impact with RS, the velocity of B is v ms™!
Immediately after the impact with RS, the velocity of B is (3i + 2j) ms™
The coefficient of restitution between B and RS is %

The ball is modelled as a particle.

(@) Show that the kinetic energy lost by B in the impact with RS is 4 J.

Immediately after the impact with ST, the velocity of B is w ms™
Given that the coefficient of restitution between B and ST is %

(b) find w in terms of i and j.

(6)

(6)
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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