What is the angular speed of a car wheel of diameter 0.400 m when the speed of the car is

108 km h~'? Coriwm = 278w Q L= |02 Tmn
@ 75rad s™ iogobow'h\' = 3‘0”\/5

150 rad s~

C  270rads™ \nuk 70 @/ 72;16

D 540 rad s
qu M S' (Total 1 mark)

Which graph best shows how the kinetic energy of a simple pendulum varies with displacement

from the equilibrium position?
M ok k-

kinetic energy kinetic energy A' 'D
0 0
0 displacement 0 displacement
A B
kinetic energy kinetic energy
0 0]
0 displacement 10 displacement
Cc D
A [=]
8 [=]
c [=]

(Total 1 mark)
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with time.

displacement

Which statement is not correct?

The graph shows how the displacement of a particle performing simple harmonic motion varies

13|~

|

ﬂ The speed of the particle is a maximum at time g

\/ B  The potential energy of the particle is zero at time %TT

. o : . T
v/ C  The acceleration of the particle is a maximum at time 3

'@ The restoring force acting on the particle is zero at time T
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In a reverse bungee experience a ‘rider’ is catapulted high into the air.
A designer creates a less extreme version for more timid participants, as shown in the figure
below.

The rider is strapped into a rigid harness attached to one end of an elastic rope PR. The rider
and the rope behave in the same way as a mass-spring system.

The rider is initially held at rest at ground level. The top end of the rope, P, is raised to stretch the
rope. The rider is then released and moves upwards, reaching a maximum height when the rope
is at its unstretched (natural) length. The rider then oscillates vertically until eventually coming to
rest, suspended above the ground.

O
A VY Y Y .Y .

R
e ..
- ngd
| N
£ hamess

] — ground level

The rope has an unstretched length of 20 m. When stretched, the rope obeys Hooke's law and
has a stiffness of 92 Nm~1. In the following questions ignore the mass of the rope.

(@ () The rider and harness have a total mass of 55 kg.
Calculate the overall length of the rope when the rider comes to rest, suspended
above the ground, at the end of the ride.

(;:\(QL . E H ;S’{ &g_.’ ) §86M
w a2

% 20

Z5 9

overall length b

3)

Roding Valley High School Page 3 of 9


Edward
Pencil


(i)  Atthe start of the ride, the lower end of the rope R is attached to the rigid harness at
a point which is 2.6 m above the ground.

The top end of the rope, P, has to be adjusted so that the rope just becomes
unstretched when the rider is at the highest point of the ride.

Determine the height of P above the ground.

Neglect air resistance in this part of the question.

20 + 2xx + 2.6
2 .
Ovf- oy S
height of point P ; LP q—

m
1)
(b) () Show that the frequency of oscillation of the rider on the end of the rope
is about 0.2 Hz.
T:2% |m T-27 2%
V'@ v
R Qv
g - \ - .J—‘7 - 0 “2- H‘s
T l 36 ~
3)
(i)  Calculate the maximum speed reached by the rider when the amplitude of the
oscillation is 4.2 m.
M -
maximum speed > - Lt } ms~t
2)
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(i)  In practice, air resistance has an effect. Sketch below, a graph showing how you
would expect the velocity to vary with time over the first two complete oscillations,
from the instant the rider was released from ground level. Take an upward velocity as
being positive.

Label the time axis with a suitable scale. No scale is required on the velocity axis.

v AT | it Te5se

3)

(c) (i) Arrider of greater mass now uses the ride. Explain how the height of P has to be
changed to produce the same initial amplitude of oscillations as that for the previous
rider.

Ol wp

()

(i) A safety officer examines the design of the ride and thinks that, if the end P of the
rope is raised too high so that the rope is stretched too much at the start, there is a
risk that the rider could hit the ground after the first oscillation and suffer an injury.
Describe what would happen to the rider during the ride in this case and explain why,
even if air resistance is negligible, the safety officer's concerns are unfounded.

No M. (§ no lgss ue b
M&M&

i ®3)
(Total 18 marks)
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To celebrate the Millennium in the year 2000, a footbridge was constructed across the River
Thames in London. After the bridge was opened to the public it was discovered that the structure
could easily be set into oscillation when large numbers of pedestrians were walking across it.

(&8 What name is given to this kind of physical phenomenon, when caused by a periodic
driving force?

1)

(b) Under what condition would this phenomenon become particularly hazardous? Explain
youRanswer.

N\ A N NM2yUA v WM

ATAY YA ANAAN N\~ al A \/ ()
. \ = | \ = W ") el‘;
W&. ) \
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(c) Suggest two measures which engineers might adopt in order to reduce the size of the

oscillations of a bridge
: Dre> ' 5
measure 1 ; UL <

‘v“.% ’ AL :
e \FANAL TS~ o plddo
measure 2 ;&LOA v\A O/MANQ&~S ) DAS '
N ~W A ‘= OX L.

()

y
o el dorge W
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o do e 2

W
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Mark schemes

1

B

(@)

(b)

(i

(ii)

(ii)

use of mg = kAL or F = kAL and F = mg

extension =5.9m

total length = 25.9 m (allow 20 + their extension)

20 + twice (5.9) amplitude + 2.6; 34.4 m;
allow ecf from ai

T=2mVm/k and T = 1/f or f = 1/27 Vk/m

correct substitution: allow for calculation
of T (4.85s)

0.21 or 0.206 (Hz)

substitutes data in vy = 2afA

5.4 ms~! (5.28 to 5.53)

Roding Valley High School

C1

Al

Bl

Bl

Bl

Bl

Bl

C1

Al

[1]

[1]

[1]

Page 7 of 9



()

(iii)

two complete oscillations shown with positive
and negative velocities and acceptable shape
(condone more than 2)

Bl

and two from
period of 5 s used in graph (allow ecf for T from
earlier part)

Bl

start at 0 and positive velocity change at T =0
with positive and negative velocities shown

B1
max velocity shown decreasing

Bl

it would have to raised
Bl

rest extension would be greater/rider would be
nearer the ground if extension unchanged

Bl

the rider has to move down a distance = to the
amplitude (5.9 m) from the new rest position

or with same initial extension/energy stored in rope,
the rider would reach a lower height

amplitude would be lower

or due to the larger mass more energy (= mgh) is
needed to reach the same height

so initial extension would have to be increased

Bl

Roding Valley High School
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(i)  the rope would become slack at the top of the
ride so the rider would go into free flight/rider
would overshoot the highest point

Bl

the rider would fall and, with negligible air
resistance, the rope would again absorb the energy
arriving back at the start point or rider is more likely
to fail to reach the ground after one oscillation

due to energy losses/air resistance

Bl

the PE gained (at the top of the flight) can (at most)
only be converted back to the elastic energy that was
stored in the rope at the start

(allow a statement to the effect that to hit the floor
would contravene conservation of energy or require an
energy input)

Bl

[18]

(@) forced vibrations or resonance (1)

(b) reference to natural frequency (or frequencies) of structure (1)
driving force is at same frequency as natural frequency of structure (1)
resonance (1)
large amplitude vibrations produced or large energy transfer to structure(1)

could cause damage to structure [or bridge to fail] (1)
max 4

(c) stiffen the structure (by reinforcement) (1)
install dampers or shock absorbers (1)
[or other acceptable measure e.g. redesign to change natural frequency
or increase mass of bridge or restrict number of pedestrians]

[7]
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