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Answer ALL questions. Write your answers in the spaces provided.
1. A van of mass 750 kg is moving up a straight road inclined at an angle £ to the 8 <
. : 1 . . [
horizontal, where sin f = o1 At the instant when the speed of the van is vms', the % <<
0
. . . . =4 =
resistance to the motion of the van from non-gravitational forces is modelled as a force = ':E
of magnitude Av newtons, where / is a constant. When the engine of the van is working 5 Z
at a constant rate of 13kW, the van moves up the road at a constant speed of 20ms™'. m w
z —
(a) Show that 4 = 15 4 =
4) 5 &
> 2
Later on, the van is moving along a straight horizontal road. At the instant when the = o
speed of the van is vms™!, the resistance to the motion of the van is modelled as a force > &
of magnitude 15v newtons. When the engine of the van is working at a constant rate
of 11.25kW, the speed of the van is U ms™ and the acceleration of the van is 0.1 ms™.
(b) Find the value of U.
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Question 1 continued
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(Total for Question 1 is 8 marks)
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2. Asmall box is projected with speed 7ms™' from a point O on a fixed rough inclined plane. The
plane is inclined to the horizontal at an angle a, where tan o = % . The box moves up a line of
greatest slope of the plane and comes to instantaneous rest at the point 4. The coefficient of
friction between the box and the plane is % . In a model of the motion, the box is modelled

as a particle.

(a) Show that, after coming to rest at 4, the box immediately slides back down the plane.

2
The speed of the box at the instant when it returns to O is V'ms™'.
_ 25
Given that 04 = ? m,
(b) use the work-energy principle to find the value of V.
C))
(c) Suggest one way in which the model can be refined to make it more realistic.
(1)
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Question 2 continued

P 6 1 1 8 1 A 0 8 2 8

DOSoa%i ot
PP
CXEEIOO
LXK

K g 0%

ot
1505958
000
<
&

2
o2
355
3RS
3RS
2
2558

O
%%
%

o~
X2
0.00
<X
20
L

X
o
5

S

X

55

RS
RRIRKR

KRX

RRLK
SRILLRS
SHLRKKS

o%

O
Desssetetetototote! 5%
S N N N TN

dasssesesesesesess B |

pasasesetetetete! &

O RRIAILTLRD

KK RKRL

0RX
0K

og9ss
g?wQ

098

25
o9
KK,

KK
KKK
R
4@?”“’
%

SRR

Sl S
SO
N
oomam 2%
o %8
A
SXRIERS
<X R
K
05
%

o
- 99
0RHXK
SIS
29508
%5

08828
X KK
X XK
$929:9.9,
%%
odels
O X

<X
<

X
XX

KK
RRKK
doSoe?
&
oSesetels
KKK,

X X
X X
X X
0‘:.
XX
%!

0% %%
50K
20%
X

<
X

%
IR
Soodels

35S
10005%¢

190%0%6%%:%%
%

SoSetotete%e%
dootetototeds
RR
1900090 %60%¢

%

0%

QL
020!
XX

09000965069 %
35555

%5
255
Yotetel
0%
05
KK,

I

R

¢
o2
P
)
o
KRKX,

%
\RE7
XL

ol

SRR
S
S
ST
SRS

2%

<>
%!
09583
K%

096%0%6% %% %

055
055
%5
9%
5
35
35
&
35
9%
09%
55
b9%
35
5
%
%S

KRIKRLKKL

KRIKRKRRL
o

KR RIRELIKIKKELKL

(0>
3RS
202050l
S Sotete!
KX,



(Total for Question 2 is 7 marks)
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3. A particle of mass 0.5kg is moving with velocity (—i + 2j)ms™ when it receives an
impulse I Ns. As a result of the impulse, the kinetic energy of the particle increases by 12]J.

Given that I acts in the direction of (2i — j), find L
(7)
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3 continued

Question

(Total for Question 3 is 7 marks)

IR,

R R RIIIIIZRKLS
TISAA <K

S

%

R

N 5.8 LS $RRILS
R R RIXR XL IR LR ARSI RRX K I RIRIILRIRILIRILRIRIREIRIRS

o

0
0%

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRIRRRRRRRRIRIRRRRKRRHRRRRRRRRHIRRRRRLKIKRRRRK

<2
<
Q

ol

[

X
o0

%

L%

%%

"%
b

o

et ot etetetetetetetetetetetotete!
IR

b
<2

%,
5
33

5

%

00305

Q

e 00"“““““0“ NNO““NNN“N“““NNN“N“
00 0000000-00000000000000000“00““""“““““000““““““’"““““
e e T oSSt iiNatot ot et einiatotote

000200000 000000000000 0000000000 9000%0 9% %%
P

090000022090 % %%
KK,

X

11

Turn over »

1 2 8

8 1 A 0 1

1

1

P 6



( )

4. Two smooth spheres, 4 and B, of the same radius, have masses 2m and 3m respectively.
The spheres are at rest on a smooth horizontal plane. Sphere 4 is projected towards B with

speed u and collides directly with B. The coefficient of restitution between the spheres is e, 8 <
where e > — = 2::
3 o 7o)
= -2
o =X oF
(a) Find, in terms of u and e, o ;
= =
(i) the speed of 4 immediately after the collision, ; E
o
(i1) the speed of B immediately after the collision. g E
(7) s SO
= 2
(b) Describe the direction of motion of 4 immediately after the collision, justifying your & 8
answer.
(1)
_ 5
Given that e = —
6
(c) find the total kinetic energy lost in the collision between 4 and B.
C))

12
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Question 4 continued
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Figure 1

Two smooth uniform spheres, P and O, with equal radii, are moving on a smooth
horizontal plane when they collide. Sphere P has mass 4m and sphere O has mass
Sm. Immediately before they collide, both spheres are moving with the same speed
at an angle a, 0° < a < 90°, to the line joining their centres. Immediately after they
collide, Q moves at an angle 6 to the line joining their centres, as shown in Figure 1. The
coefficient of restitution between the spheres is e.

(a) Show that
9tana
8e —1

tan@ =
(10)

Given that immediately after the collision, Q moves in a direction that is perpendicular to
the line of centres and that o = 45°

(b) (1) find the value of e,

(i1) find the direction of motion of P immediately after the collision.

C))

(c) Explain how you have used the fact that the two spheres have equal radii in your
solution to part (a).

(1)
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Question 5 continued
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Question

(Total for Question 5 is 15 marks)
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r

6. Two fixed points, 4 and B, lie on a horizontal ceiling with 4B = 6a. A light elastic string
of modulus of elasticity 5% has one end attached to 4 and the other end attached to B.

A particle P of mass 4m is attached to the midpoint of the string and P hangs in equilibrium
at a distance 4a below A4B.

(a) Show that the natural length of the string is 4a.
C))

The particle P is now held at the midpoint of 4B and released from rest.

(b) Find the maximum speed of P as it falls.
(6)
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 11 marks)
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7. A small ball is projected with speed 14ms™ from a point O on the ground. The ball is

3
projected at an angle a to the ground, where tana = 1 The ball bounces on the ground
for the first time at the point 4,. The coefficient of restitution between the ball and
.1 . . . .
the ground is 5 The ball is modelled as a particle moving freely under gravity from

O to A, and between bounces. The ground is modelled as a smooth horizontal plane.

(a) Find the size of the angle between the direction of motion of the ball and the ground
immediately after the ball bounces on the ground at 4,

C))

(b) Explain how, in your calculation, you have used the fact that the ball is moving freely
under gravity from O to 4,

(1)
The ball bounces on the ground for the second time at the point 4,

(c) Find the total time taken by the ball to travel from O to 4,
“4)

The ball bounces on the ground for the nth time at the point 4,

Immediately after the ball bounces at 4 , the angle between the direction of motion of the
ball and the ground is ¢.

(d) Find, in terms of #n only, an expression for tan ¢.

3)
(e) Describe, according to the model, the subsequent motion of the ball after it has
bounced on the ground at 4,
(1)
Given instead that the coefficient of restitution between the ball and the ground is 0
(f) describe fully the motion of the ball from the instant when it is projected from O.
(2)
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Question 7 continued
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Question 7 continued
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