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Answer all questions in the spaces provided.

1 A uniform rigid rod, AB, has mass 2kg and length 4 metres.

Two particles of masses 5kg and 3 kg are fixed to A and B respectively to create a
composite body, as shown in the diagram.

4m
A > & 2B
5}9 -2 | 4 3Eg
59 29 2 39

Find the distance of the centre of mass of the composite body from B.

Circle your answer.

[1 mark]
1.5 metres 1.6 metres 2.4 metres 2.5 metres
v 5(a 4
ne): 5@ +2(%) .oan
243 +5
2 The tension, T newtons, in a spring is given by 7' = 20e, where e metres is the
extension of the spring.
Calculate the work done when the extension is increased from 0.2 metres
to 0.4 metres.
Circle your answer.
[1 mark]
0.4J 0.9J 1.2J 1.6J
T= ,’\L = 20e
L
2
EPE= A% _ Ax . x = Tx = 20e” = pe°
2L Lt 2 y 2

l -
wWovlk- Done = AEPE = \o(o.vt)"— w2 = 1.b- 0% = .27
SWD=[-27
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3 The speed, v, of a particle moving in a horizontal circle is given by the formula box

v =rmw where:

v = speed
7 = radius

w = angular speed.

Show that the dimensions of angular speed are 7"
[2 marks]

VIR AN
NTT = YW

N

. -1
1w Y

Turn over for the next question

Turn over »
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4 (a)

4 (b)

A car has mass 1000kg and travels on a straight horizontal road.

The maximum speed of the car on this road is 48 ms~!

In a simple model, it is assumed that the car experiences a resistance force that is

proportional to its speed.

When the car travels at 20ms—!, the magnitude of the resistance force is
600 newtons.

Show that the maximum power of the car is 69 120 W

[2 marks]

K= kv

600 = k20

.. K= 600 =30

20
. =30y
2 2z o
P=Ffv=230y"" 30(48)° = 69120\
Find the maximum acceleration of the car when it is travelling at 25ms—"

[3 marks]

AF =ma — P -2nv =wmma

V

69120 — 30 (25) = (00«

A5

10074 = 10000
5

o= (0074 . = 1000

5

Q7 2.0l ms™ (35p)
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5
4 (c) Find the maximum acceleration of the car when it is travelling at 3ms—1
[1 mark]
_ 69120 - 30(2) = 1000 a
3
22950 = (000 &
) - -‘
[ia=292.05 % 23.0 ms" (35
4 (d) Comment on the validity of the model in the context of your answers to parts (b)
and (c).
[2 marks]

Turn over for the next question
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A ball, of mass 0.3kg, is moving on a smooth horizontal surface.
The ball collides with a smooth fixed vertical wall and rebounds.

Before the ball hits the wall, the ball is moving at 4ms—" at an angle of 30° to the
wall as shown in the diagram.

4 ms-1
309

The magnitude of the force, F' newtons, exerted on the ball by the wall at
time ¢ seconds is modelled by

F =kt?(01 —1)> for 0<¢<0.1
where £ is a constant.

The ball is in contact with the wall for 0.1 seconds.

06
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5 (a)

magnitude

k
3000000

Fully justify your answer.

Show that the impulse exerted on the ball by the wall while they are in contact has

[4 marks]
0.}
_— 2 2z
T= ([ (o1-¢) 3¢
° O.(n
=k |42 (£~ 0.2¢ + 0.00) dt
OJ
AL 3
=k |4% - 028 vt 0.0tb® d&
0\1
= 0
= k| L5 ~ 0.2¢% % 0014
S 4 3 6
- T
s vlo1S — o4 + 03 - o
S 20 300
I 4
3000000
A k
3000 000 |
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5 (b)

Explain why 1800000 < £ < 3600000

Fully justify your answer.
[5 marks]

PM“““ 45N — Pon .
_&Mloonmk ;

T Lasyo \30-/4'“5" T=wmv-w)

C ooy = 2 Perpeondiculour )lg!g(%' y Mmj)

= 2(03: ‘ts\‘n‘?)o)
- “2

Tosn = D.3: 48030 = 0.6

-. 1800000 ¢ ¥ £ 3§00 000 |

—
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5 (c) Given that £ = 2400000

Find the speed of the ball after the collision with the wall.
[4 marks]

T = 2400000 = 0.3

3000 000
‘I.=m(\l'u>
0.3 =0.2(V - -4s530)
_8_: v 4+ 2
Jd

3 z
'.V=§-2=3

\ng.o(’ (2-5)2" ("fcos?x))2

2.8 = 4J7 % 353 wu”
3 Gsp

Turn over »
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6 (a)

6 (b)

A particle moves with constant speed on a circular path of radius 2 metres.

The centre of the circle has position vector 2j metres.

At time ¢ = 0, the particle is at the origin and is moving in the positive i direction.
The particle returns to the origin every 4 seconds.

The unit vectors i and j are perpendicular.

Calculate the angular speed of the particle.
[2 marks]

Write down an expression for the position vector of the particle at time ¢ seconds.
[2 marks]

|
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6 (c)

6 (d)

6 (e)

Find an expression for the acceleration of the particle at time ¢ seconds.

[3 marks]
V= dv = T (Feosfme\i ¥ T (~2Y{Zsin [T\ &
& Z \2/ z 2
=N = Teos/ T\ Tsinf TE\ L
2 \WEWL.
State the magnitude of the acceleration of the particle.
[1 mark]
= ) = £\ = |
2 2 )
Iz
ez w7
State the time when the acceleration is first directed towards the origin.
[1 mark]
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7 (a)

In this question use g =9.8ms—2

A box, of mass 8kg, is on a rough horizontal surface.

A string attached to the box is used to pull it along the surface.

The string is inclined at an angle of 40° above the horizontal.

The tension in the string is 50 newtons.

1

As the box moves a distance of x metres, its speed increases from 2m s~ Tto5ms™

The coefficient of friction between the box and the surface is 0.4

, . Ly M= oy
By using an energy method, find x.
[6 marks]
/ < = = J{ Ms[z
" 12500 S0
JAOO /@ 20sin40
[ —— " Sowe

wD % Tension = 50cs&0=x

c - 508in40) x
= 31.36% — 20%sin %0

50 st 0m + ZE(2)* = 31.36 % — 200500 + 3. B (5)*

- . + N < -

34

19.7127...= =

84
19.797...

a =

S X=492%2... K 4.2 (355)7
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7 (b)

Describe how the model could be refined to obtain a more realistic value of x and use
an energy argument to explain whether this would increase or decrease the value

of x.
[2 marks]

13
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A ladder has length 4 metres and mass 20 kg

The ladder rests in equilibrium with one end on a horizontal surface and the ladder
resting on the top of a vertical wall.

In this position the ladder is on the point of slipping.
The top of the wall is 1.5 metres above the horizontal surface.

The angle between the ladder and the horizontal surface is «, as shown in the
diagram.

“Fi 209% % 209simn
The coefficient of friction between the ladder and the wall is 0.5

The coefficient of friction between the ladder and the ground is also 0.5

Show that

cos o sin? o _3
10

stating clearly any assumptions you make.

jem\ui%_\&mm\'aujt Foosw+ F = Ssinn

Kesb\\\‘mﬂ \’u{ica.\\j : R+ Scosw + F,sial < 205

[8 marks]

_Tuls(ws_ﬁomb_domk_ﬂm_mQ of lad)er -

o)< . - 4 sX = \.S
Sinol sina

-
- - -

FV'—' \AR

)\

S cosel + SQﬂ =S sk =S sin® = Ssiny
2 2 4

2

1 4
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S= 84

Sinx

‘fOSa_xsoc T \224

snt &

| os sinta 129 = 3
404q 0

END OF QUESTIONS
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There are no questions printed on this page
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