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[In this question, i and j are horizontal perpendicular unit vectors.]
A particle A has mass 3kg and a particle B has mass 2 kg.
The particles are moving on a smooth horizontal plane when they collide directly.

Immediately before the collision, the velocity of A is (3i — j)ms™ and the velocity of
B is (-6i + 2j)ms™
: . i ) 2
Immediately after the collision the velocity of A is | —2i + 5j ms™
(@) Find the total kinetic energy of the two particles before the collision.

(b) Find, in terms of i and j, the impulse exerted on A by B in the collision.

(c) Find, in terms of i and j, the velocity of B immediately after the collision.

©)

(3)
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r

. . 3
2. Arough plane is inclined to the horizontal at an angle 8, where tan 6 = 2

A particle P of mass m is at rest at a point on the plane.

The particle is projected up the plane with speed +/2ag

The particle moves up a line of greatest slope of the plane and comes to instantaneous
rest after moving a distance d.

The coefficient of friction between P and the plane is %

(@) Show that the magnitude of the frictional force acting on P as it moves up the plane

IS dmg
35

©)

Air resistance is assumed to be negligible.

Using the work-energy principle,

(b) find d in terms of a.
(4)

. v,
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4 )
3. A car of mass 1000 kg moves in a straight line along a horizontal road at a constant
speed of 72kmh™
» The resistance to the motion of the car is modelled as a constant force of
magnitude 900N
The engine of the car is working at a constant rate of P kW.
Using the model,
(@) find the value of P.
©)
The car now travels in a straight line up a road which is inclined to the horizontal at an
. 2
angle a, where sina = —
49
* In arefined model, the resistance to the motion of the car from non-gravitational
forces is now modelled as a force of magnitude 20v newtons, where vms™ is the
speed of the car
At the instant when the engine of the car is working at a constant rate of 30kW and the
car is moving up the road at 10ms™, the acceleration of the car is ams™
Using the refined model,
(b) find the value of a.
(4)
Later on, when the engine of the car is again working at a constant rate of 30 kW, the
car is moving up the road at a constant speed Ums™
Using the refined model,
(c) find the value of U.
()
. J
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4 )
4. A particle A of mass 2m is moving in a straight line with speed 3u on a smooth
horizontal plane. Particle A collides directly with a particle B of mass m which is at rest
on the plane.
The coefficient of restitution between A and B is e, where e > 0
(@) Show that the speed of B immediately after the collision is 2u(1 + e).
(6)
After the collision, B hits a smooth fixed vertical wall which is perpendicular to the
direction of motion of B.
(b) Show that there will be a second collision between A and B.
©)
The coefficient of restitution between B and the wall is %
Find, in simplified form, in terms of m, u and e,
(c) the magnitude of the impulse received by B in its collision with the wall,
©)
(d) the loss in kinetic energy of B due to its collision with the wall.
©)
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Question 4 continued
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5.

A light elastic string has natural length 2a and modulus of elasticity 2mg.
One end of the string is attached to a fixed point A on a horizontal ceiling.
The other end is attached to a particle P of mass m.

The particle P hangs in equilibrium at the point E, where AE = 3a.
. . . . . 3
The particle P is then projected vertically downwards from E with speed 5 \/%

Air resistance is assumed to be negligible.

Find the elastic energy stored in the string, when P first comes to instantaneous rest.
Give your answer in the form kmga, where k is a constant to be found.

(7)
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4 )
6. [In this question, i and j are horizontal perpendicular unit vectors.]
A particle P is moving with velocity (4i — j)ms™ on a smooth horizontal plane.
The particle collides with a smooth vertical wall and rebounds with velocity (i + 3j)ms™
The coefficient of restitution between P and the wall is e.
(@) Find the value of e.
(6)
After the collision, P goes on to hit a second smooth vertical wall, which is parallel to i.
The coefficient of restitution between P and this second wall is %
The angle through which the direction of motion of P has been deflected by its collision
with this second wall is a°.
(b) Find the value of «, giving your answer to the nearest whole number.
(4)
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A (m) B (3m)

Figure 1

A smooth uniform sphere A of mass m is moving with speed U on a smooth horizontal
plane. The sphere A collides obliquely with a smooth uniform sphere B of mass 3m
which is at rest on the plane. The two spheres have the same radius.

Immediately before the collision, the direction of motion of A makes an angle «, where
0° < a < 90°, with the line joining the centres of the spheres.

Immediately after the collision, the direction of motion of A is perpendicular to its
original direction, as shown in Figure 1.

The coefficient of restitution between the spheres is e.

(@) Show that the speed of B immediately after the collision is

1
Z(l +e)Ucosa

(6)
1
(b) Show that e > 3
(4)
1
(c) Show that 0 < tana < N
(5)

Py

0K
Ky
X%
o
S
2250

NN O 00 DO 20 arom
P 7 5 3 2 2 A 0 2 0 2 4



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

o
R R XSS
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

RS EIRE
CXELRS

A SRRRHALS

K
QS
~

=)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S
SRR
25
&
oo

<
ot
2%

!

=
U8 crnd e’
s
00 = % fg%S

2
S ONRI N
SRS IRS
SRERRRKK io%s

0%
X XA]
KRR
RN
RRRKL

o
5

X

X OO
N s oo
%% % ¥
LR
5

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

4 N\
Question 7 continued
\, J
21
acoE )OO R A .
P75 32 2 A @21 2 4 Turn over

PMT



7

Question 7 continued

22

P 7 5 3 2 2 A 0 2 2 2 4

OO

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%
U
SIS
SRBRL



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

o
R R XSS
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

RS EIRE
CXELRS

A SRRRHALS

K
QS
~

=)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S
SRR
25
&
oo

<
ot
2%

!

=
U8 crnd e’
s
00 = % fg%S

2
S ONRI N
SRS IRS
SRERRRKK io%s

0%
X XA]
KRR
RN
RRRKL

o
5

X

X OO
N s oo
%% % ¥
LR
5

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

4 N\
Question 7 continued
\, J
23
amm T 0 R .
P75 322A®02 3 2 4 Turn over

PMT



7

Question 7 continued

(Total for Question 7 is 15 marks)

TOTAL FOR PAPER IS 75 MARKS

24

P 7 5 3 2 2 A 0 2 4 2 4

OO

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%
U
SIS
SRBRL





