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Answer all questions in the spaces provided.

A 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.

A B
[ @
5 kg 3 kg

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 2.5 metres

Mowments about B: 10 x =S x4 +2x2+3x0=24
x =24/10 = 2.4 m from B

The tension, T newtons, in a spring is given by T = 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.

044 0.9J (:::) 16J

Work done = [,,%9 20e de = [10e?],,%¢
=1000.16 - 0.04) = 1.2 J

[1 mark]
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3 The speed, v, of a particle moving in a horizontal circle is given by the formula box
v =rw where:

v = speed
7 = radius

w = angular speed.

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

v=rw = [v] = [r]lw]

LT = L x [w]
[w] = LT =L
[w]=T"

", the dimensions of angular speed are T

Turn over for the next question

Turn over »
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4 A car has mass 1000 kg and travels on a straight horizontal road. box
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.

4 (a) Show that the maximum power of the car is 69120 W

[2 marks]
Resistance = kv, where k is a constant
At 20 m s7!: 600 = 20k = Kk = 30, so resistance = 30v
At maximum speed the acceleration is zero, so
driving force = resistance = 30 x 48 = 1990 N
Maximum power P = Fv = 30 x 48 x 4¥
P = 69120 W, as required.

4 (b) Find the maximum acceleration of the car when it is travelling at 25ms™]
[3 marks]

At 25 m s!v maximum driving force = P/v = 69120/25 = 27649.8 N

Resistance = 30 x 25 = 750 N

Newton's second law: F — 30v = 1000a

69120/25 — 30 x 25 = 1000a

2764.8 — 750 = 1000a

a = 20149.8/1000 = 2.01948

Maximum acceleration = 2.0l m s2 (3 s.f.)

0 4
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4 (c) Find the maximum acceleration of the car when it is travelling at 3ms—1
[1 mark]
69120/3 — 30 x 3 = 1000a = 23040 — 90 = 1000a
a = 22950/1000 = 2295
Maximum acceleration = 23.0 m s? (3 s.f.)
4 (d) Comment on the validity of the model in the context of your answers to parts (b)
and (c).
[2 marks]

The acceleration of 23.0 m s? at 3 m s is very large (over twice

9), which is unrealistic for a car, whereas 2.0l m s at 25 m s

is reasonable. So the model seems valid at higher speeds but is

not valid at low speeds.

Turn over for the next question

Turn over »
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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

stemup.co.uk Jun20/7367/3M

Do not write
outside the
box


https://stemup.co.uk

5 (a)

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

magnitude L
9 3000000

Fully justify your answer.

Impulse = [ F dt over the time of contact

ntact has

[4 marks]

I = [0 kt?(0.) — t)? dt

= kf™ £200.0) - 0.2t + t?) dt

= kfy® @100 — 3/S + t9) dt

= k[t3/300 — t9/20 + t°/5],*

= k(0.001/300 — 0.0001/20 + 0.00001/S — 0)

= k(1/300000 — 1/200000 + 1/500000)

= k(10 = 1S + 6)/3000000

= k/3000000

F 2 0 throughout 0 < t < 0.] and always acts perpendicular to the

wall (the wall is smooth), so the impulse is perpendicular to the

wall with magnitude k/3000000 N s, as required.
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5()  Explain why 1800000 < k < 3600000
Fully justify your answer.
[5 marks]
Component of velocity perpendicular to the wall before impact:
4 sin 30° = 2 m s (parallel component 4 cos 30° unchanged,
as the wall is smooth). Let the rebound perpendicular speed be v.
Maximum: the ball cannot gain kinetic energy (e < 1), so at most
it rebounds with the same perpendicular speed, v < 2.
bypax = 03 x 2 = (0.3 x2) = 2(0.3 x 4 sin 30°) =12 N s
Minimum: the ball rebounds, so the impulse must be greater than
the impulse needed to reduce the perpendicular velocity to zero
(e >0,v>0).
Lypin > 0.3 x G sin 30° = 0.6 N s
So 06 <1<2
0.6 < k/3000000 < .2
0.6 x 3000000 < k < 1.2 x 3000000
5 1800000 < k < 3600000
L
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5 (c) Given that £ = 2400000 box

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

Parallel component of velocity unchanged (smooth wall):

4 cos 30° = 2+/3 = 3.469 m s~

| = 2400000/3000000 = 0.8 N s

Perpendicular to the wall (away from wall positive):

0.3v — (-0.3 x 4 sin 30°) = 0.8

03v+06=08 = v=2/3ms"
Speed = (2/3)* + (4 cos 30°)?)

= 4/9 +12) = L112/9) = 3.5276...
Speed = 3.53 m s (3 st)

Turn over »
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6 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.

6 (a) Calculate the angular speed of the particle.
[2 marks]

One revolution takes 4 seconds: 4w = 2T

W = 7/2 rad s~

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

Centre (0, 2), radius 2, starting at origin moving in the i direction:

2 sinlwt) i + 2 = 2 cos(wt)) j
2 sin(mtf2) | + (2 = 2 cos(mt/2)) j metres

\

r

\

r

10

stemup.co.uk Jun20/7367/3M

Do not write
outside the
box


https://stemup.co.uk

11

Do not write
utside th
6 (c) Find an expression for the acceleration of the particle at time ¢ seconds. ok
[3 marks]
v = dr/dt = T cos(mt/2) i + T sin(mt/2) |
a = dv/dt = —(11%/2) sin(rit/2) i + (11°/2) cos(mt/2) ] m s~°
6 (d) State the magnitude of the acceleration of the particle.
[1 mark]
la] = K(7212)%(sin? + cos?)) = 212 m s? (= 493 m s72)
6 (e) State the time when the acceleration is first directed towards the origin.
[1 mark]

a is directed towards the centre (0, 2), so it points at the origin

when the particle is at (0, 4), half a revolution later: t = 2 seconds

M o
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7 In this question use g =9.8ms—2 box
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.
As the box moves a distance of x metres, its speed increases from 2 ms~! to 5ms~!

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

7 (a) By using an energy method, find x.
[6 marks]

Resolving vertically: R + S0 sin 40° = 8 x 9.8

R =784 — 50 sin 40° = 78.9 — 32.139... = §6.260... N

Friction (moving, so limiting): F = uR = 0.4(78.9 — S0 sin 40°)

F=18504.. N

Work done by tension = S0 cos 40° x x = 38.302... x

Work done against friction = 0.9(78.9 — S0 sin 40°) x = 18.504... x

Change in kinetic energy = Yo x 8 x §* — )p x 8 x 2?

=100 -16 =847

Work-energy principle:

work done by tension — work done against friction = gain in KE

S0 cos 40° x — 0.4(78.9 — S0 sin 40°) x = Vo x 8 x §% = Vh x 8 x 2?2

38.302... x — 13.504... x = 84

19.797... x = 84

\

x =84 +19.797.. = §.2424...

929 m (3 st)

\

X
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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]

Include air resistance acting on the box. This would increase the value

of x, because more work would need to be done (against air resistance

as well as friction) to give the same gain in kinetic enerqy, and the

net work done per metre would be smaller.

Turn over »
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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.

1.5 metres

04

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.
[8 marks]

Assume the ladder is uniform (weight 20q acts at its midpoint, 2 m

from the base) and both contacts are on the point of slipping (limiting).

Forces: at the ground, R up and friction F, towards the wall; at the

wall top, S perpendicular to the ladder and friction F, up the ladder.

F) = 0.SR, F, = 0.5S. Distance from base to wall top = 1.5/sin o

Resolving horizontally: F, cos a + F) = S sin a

Resolving vertically: R + S cos a + F, sin o = 209

Mowments about the base: 209 x 2 cos o = S x 1.5/sin a

Horizontal: %S cos a + LR =S sina = R =2Ssin o — S cos a

Vertical: (2S sin o — S cos a) + S cos o + S sin a = 20g

(5/2) S sin a = 209 = S = 39/sin a

1 4
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Q8 continued

Substitute into the moments equation:

409 cos o = (8g/sin o) x (1.5/sin a)

409 cos a = 12g9/sin’ a

cos o sin’ a = 12/40

.. cos o sin® a = 3/10, as required.

END OF QUESTIONS
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There are no questions printed on this page
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