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SECTION B
Answer ALL questions in the spaces provided.

11 A toy for cats consists of a plastic mouse of mass m attached to a spring. When the
mouse is on a low-friction horizontal surface, with the spring attached to a rigid support
as shown, it performs simple harmonic motion when given a small displacement x from
its equilibrium position and released.

(a) Show that the acceleration of the mouse, a, is given by a = —(Kjx, where K is the
stiffness of the spring. m

(b) The mouse has a mass m = 0.15 kg and the spring extends by 20 cm when the
mouse is supported vertically by the spring.

Calculate the frequency of oscillation of the mouse if it is set into oscillation on a
low friction horizontal surface.

Frequency = ...
(Total for Question 11 = 7 marks)
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*18 Read this passage and answer the questions that follow.

The Millennium Bridge opened on 10 June 2000 as London’s first new Thames
crossing in more than 100 years. The bridge uses “lateral suspension” — an engineering
innovation that allows suspension bridges to be built without tall supporting columns.
Tens of thousands of people crossed the bridge on its opening day. The structure was
designed to take the weight, but suddenly the bridge began to sway and twist in regular
oscillations. The worst of the movement occurred on the central span where the edge
of the bridge oscillated through a total distance of 70 mm.

To solve the problem the engineers decided to use damping mechanisms — giant shock
absorbers to limit the bridge’s response to external forces. They decided to use two
systems: viscous dampers, similar to car shock absorbers, and tuned mass dampers.

A tuned mass damper is a large mass stiffened by springs.
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(a) Name the effect that results in a system being driven into large amplitude
oscillations, and state the condition necessary for this to happen.

(b) The graph shows the variation of velocity with time at the edge of the central span
of the bridge.

Velocity

NV

Mark on this graph:

(1) Aninstant X at which the displacement was a maximum.
(i) An instant Y at which the acceleration was zero.

(c) Before modification the edge of the central span of the bridge oscillated with simple
harmonic motion, and had a maximum acceleration of 0.89 m s2. Calculate the
maximum velocity of the edge of the central span of the bridge.
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(d) The photograph shows the tuned mass dampers which were fitted to the bridge.
They are tuned to the natural frequency of oscillation of the bridge.

Discuss how the tuned mass dampers reduce the amplitude of the oscillations of the
bridge and explain why they must be very heavily damped.

(Total for Question 18 = 11 marks)

TOTAL FOR SECTION B = 70 MARKS
TOTAL FOR PAPER = 80 MARKS
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16 Observing the display of a ‘floating image’ clock relies on the phenomenon of
‘persistence of vision’. The clock has a wand with a set of flashing light-emitting diodes
(LEDs) at its end. The wand oscillates rapidly back and forth and takes only 0.0625 s to
sweep from one end to the other. The wand becomes almost invisible to the eye, while
the flashing LEDs create a floating image effect.

Flashing LED

Wand

(a) The tip of the wand moves with simple harmonic motion as it sweeps through a
distance of 10.0 cm from one end to the other.

(1) Calculate the frequency of the wand’s oscillation.

Frequency = ...

(i1)) The speed of the wand varies as it sweeps back and forth. At what point will
the speed of the wand be a maximum?
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(ii1) Calculate the maximum speed of the tip of the wand.

Maximum speed = ...

(b) In normal operation the clock may make a faint ticking or humming sound. An
unstable surface supporting the clock can result in noisy operation due to resonance.

(1) Explain what is meant by resonance.

(i1)) The clock is mounted on rubber feet so that it does not make direct contact with
surfaces. Explain how this helps to reduce the effects of resonance.

(Total for Question 16 = 9 marks)
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s

15 A student makes the “ruler piano” shown in the photograph.

One end of each ruler is held flat on the desk whilst the other end is set into oscillation.
Each ruler oscillates at a different frequency. Some of the rulers produce an audible
sound.

P 3 8 4 1 7 A 0 1 0 2 4



physicsandmathstutor.com June 2011

(b) The end of one ruler moves through 5.0 cm from one extreme position to the other,
and makes 10 complete oscillations in 4.5 s.

Calculate the maximum velocity of this end.

3)
Maximum VeloCIty = ...
(c) A standing wave is set up on each oscillating ruler.
Explain why each length of ruler oscillates at a different frequency.
3)

(Total for Question 15 = 8 marks)
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13 (a) Define simple harmonic motion.

(b) The graph shows the variation in water level displacement with time for the water in
a harbour. The water level displacement varies with simple harmonic motion.

77

6,

Water depth / m

1 \ \ \ \ \ \ \ \ \ \
0 5 10 15 20 25 30 35 40 45 50

Time / hours
(1) Use the graph to calculate the amplitude and the time period of the variation in

the water level displacement.

Amplitude =

Time period =
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(i1)) Show that the maximum rate of change of water level displacement is about
0.6 m hour .

(ii1) On the axis below sketch how the rate of change of water level displacement
varies with time for the interval 0-30 hours. The variation in water level
displacement with time has been drawn for you. You need not add any
numerical values to the y-axis.

0 5 10 15 20 25 30 35 40 45 50

Time / hours

(Total for Question 13 = 9 marks)
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*14 When a tuning fork is struck with a rubber hammer, a pure sound of fixed frequency is
produced. The photograph shows a tuning fork connected to a wooden sounding box.

Hammer

Tuning fork

Sound box

* The sounding box amplifies the sound produced when the tuning fork is struck.

* The sound lasts for a shorter time than if the tuning fork were to be struck
identically but without the sounding box.

Explain these observations.

(Total for Question 14 = 5 marks)
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17 A pan attached to a spring balance is used to determine the mass of fruit and vegetables
in a supermarket.

A bunch of bananas is dropped into the pan. The pan oscillates with an initial amplitude
of 10 cm. The total mass of bananas and pan is 0.55 kg.

The spring constant of the system is 120 N m™!.

(a) Calculate the period of oscillation of the pan.

Period =

(b) The oscillations of the pan are damped.

(1) Explain what is meant by this statement.
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(i1) Sketch a graph to show how the displacement of the damped pan varies with
time.

(Total for Question 17 = 7 marks)
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17 The photograph shows a nodding tiger toy. The tiger is placed on a car’s dashboard and
its head nods up and down as the car is driven along a rough road surface.

It 1s noticed that at a particular speed the tiger’s head vibrates with maximum amplitude.

(a) (i) What is the name of this phenomenon?

14
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(b) (1) The graph shows the variation of acceleration with time for the tiger’s head.
Using values from the graph calculate the amplitude of oscillation of the tiger’s
head.

Acceleration/m s2

[ [ [ [
1.2 I I I
\I | I/:
0 : : : : Time/s

0.2 W' 0.8/

[ [ [

[ [ [ [

Amplitude of oscillation =

(i) Sketch a graph of the head’s displacement against time over the same time
interval on the axes below.

Displacement

Time/s

(Total for Question 17 = 8 marks)
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15 A garden ornament consists of a plastic dragonfly mounted on a stick. The dragonfly’s
wings are attached to the body with springs, and they flutter up and down in a gentle
breeze.

(a) When the air is not moving and the wings are displaced through a small vertical
distance, they oscillate. The time for 10 oscillations is recorded. This is repeated
twice more.

Time /s
Z‘1 l2 t3
6.2 6.6 6.9

(i) Calculate the frequency of oscillation of the wings.

Frequency = ...
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(i1) The oscillation of the wings is thought to be simple harmonic motion.

State the conditions required for the oscillations to be simple harmonic.

(b) The amplitude of the wings’ oscillation dies down after only a small number of
oscillations.

Explain why this happens.

(c) In certain breezy conditions the wings are seen to oscillate with a very large
amplitude.

Name this effect and state the condition for it to occur.

(Total for Question 15 = 9 marks)
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13 The diagram shows a number of pendulums hanging from a single thread. Pendulum X
has a heavy lead sphere as the bob and the others have low mass bobs. When X is set
into motion energy is transferred to the others which all begin to oscillate.

Be

X@ ce

De

After a short time C is observed to have the largest amplitude of oscillation.

(a) Explain why pendulum C has the largest amplitude of oscillation.
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(b) For an efficient energy transfer pendulum C must be at rest when pendulum X has
its maximum kinetic energy. The graph below shows how the displacement of
pendulum X varies with time.

Displacement,

>
Time

Mark a point P on this graph showing an instant when pendulum X has a maximum
kinetic energy, and add a curve to show how the displacement of pendulum C varies
over the same time interval.

(Total for Question 13 = 5 marks)
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15 In the 18th century Henry Cavendish devised an experiment to determine the average
density of the Earth. This involved the first laboratory determination of the universal
gravitational constant G.

A light horizontal rod with a small metal sphere at each end was hung from a fixed point
by a very thin wire. Two large lead spheres were then brought close to the small spheres
causing the rod to oscillate and then settle into a new position of equilibrium.

(a) In a modern version of the experiment the following data was obtained:
mass of large lead sphere M = 160 kg
mass of small sphere m = 0.75 kg
distance » = 0.23 m
gravitational force between adjacent large and small spheres F'= 1.5 x 107 N.

Use this data to calculate a value for G.
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(b) The graph shows how the displacement of one of the small spheres varies with time.
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(1) Use the graph to determine the period of oscillation of the sphere.

Period =

12
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(1) The amplitude of the oscillation decreases with each cycle.

Explain why this effect is observed.

(ii1) It is suggested that the decrease in amplitude is exponential. Use the graph to
determine if this is approximately true.

(Total for Question 15 = 9 marks)
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18 A baby-bouncer is a light harness, into which a baby can be placed, suspended by a
vertical spring.

The height of the baby-bouncer is adjusted so that the baby’s feet are a few centimetres
above the floor when the baby is in equilibrium in the harness. If the baby is then
displaced downwards and released, the system oscillates vertically with simple harmonic
motion.

It is stated in a textbook that “a mass-spring system that obeys Hooke’s law will lead to
simple harmonic motion when the mass is displaced.”

*(a) Explain why a system consisting of a mass and a spring that obeys Hooke’s law may
be set into simple harmonic motion.
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(b) The acceleration experienced by a baby of mass 8.2 kg is 0.49 m s when the
displacement from the equilibrium position is 3.0 cm.

Show that the period of vertical oscillations for this baby is about 1.6 s.

(c) The amplitude of the oscillations quickly decreases, so the baby has to keep kicking
on the floor to maintain them.

(1) State the name given to oscillations that die away quickly.

(i1) State the name that is given to oscillations such as those that are kept going by
the baby kicking on the floor.

(111) If the baby kicks on the floor at a certain frequency, the amplitude of the bounces
can be made to increase to a maximum.

Name this effect and calculate the frequency at which it occurs.

19
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(d) The baby is replaced by a baby of less mass. This baby also kicks to produce
maximum amplitude of oscillation. Without further calculation, explain how the
frequency at which the baby must kick compares to that for the larger mass baby.

(Total for Question 18 = 12 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER = 80 MARKS
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Acceleration of free fall
Boltzmann constant

Coulomb’s law constant

Electron charge

Electron mass
Electronvolt

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant

Unified atomic mass unit

Unitl

Mechanics

Kinematic equations of motion

Forces

Work and energy

Materials
Stokes’ law
Hooke’s law
Density
Pressure

Young modulus

Elastic strain energy
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List of data, formulae and relationships

g=9.81ms>
k=1.38 x10 2 JK!
k= 1/4ne,
=8.99 x 10° N m? C
=-1.60 x 10°C

m_ = 9.11 x 10*'kg
1eV =1.60x 101

G =6.67 x 107" N m? kg2
g=9.81Nkg*

g, =8.85x 10" Fm’!
h=6.63 x10%*Js

m, = 1.67 x 107 kg
c=3.00 x 108ms™*
0=5.67x 108 W m2K+*
u=1.66 x 10% kg

v=u-+at
S = ut + Yat?
vZ = U? + 2as

>F =ma
g=F/m
W =mg

AW = FAs
E = Y%mv?
AEgrav = mgAh

F = 6nyryv
F = kAx
p=m/V
p=F/A

E = o/s where
Stress ¢ = F/A
Strain ¢ = AX/X

E,, = %FAX

P 4 3 3 2 4 A 0 2 1 2 4

(close to Earth’s surface)

(close to Earth’s surface)
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Unit 2
Waves
Wave speed

Refractive index

Electricity
Potential difference
Resistance

Electrical power, energy and
efficiency

Resistivity

Current

Resistors in series

Resistors in parallel
Quantum physics

Photon model

Einstein’s photoelectric
equation

22
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v =/

M, =sini/sinr=v/v,

V=w/Q
R=V/I
P=VI
P=IR
P=V?R
W=Vt

useful energy output

, x 100
total energy input

% efficiency =

useful power output
total power input

% efficiency = x 100

R =pl/A

1=AQ/At
I=nqvA

R=R,+R +R,
R R R, R

E =hf

hf = p+ Yamv2

X
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Unit 4
Mechanics
Momentum p=mv
Kinetic energy of a
non-relativistic particle E, = p%2m
Motion in a circle v =aor
T=2n/w
F=ma=mvr
a=vir
a = rw?
Fields
Coulomb’s law F =kQ,0,/r* where k = 1/4ne,
Electric field E =F/Q
E = kQ/?
E=Vid
Capacitance C=0mwW
Energy stored in capacitor W =120V
Capacitor discharge Q=0
In a magnetic field F =BIlsin g
F=Bqvsiné
r =p/BQO
Faraday’s and Lenz’s Laws e = —d(Np)/dt

Particle physics
Mass-energy AE = c2Am
de Broglie wavelength A =nhlp

23
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Unit 5
Energy and matter
Heating
Molecular kinetic theory

Ideal gas equation

Nuclear Physics

Radioactive decay

Mechanics

Simple harmonic motion

Gravitational force

Observing the universe
Radiant energy flux

Stefan-Boltzmann law

Wien’s Law

Redshift of electromagnetic

radiation

Cosmological expansion
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AE = mcAf
Yam(c?) = 3,kT
pV = NkT

dN/dt = —AN
L =In2ft,
N=Nge™"

a = —wX

a = —Aw?Ccos wt
v = —Aw Sin ot
X = A Cos wt
T=1/f=21/w

F=Gmm,/r?

F =L/4nd?
L=0oT*A
L =4nrr’cT*

) T=2898x10°mK

z=AMA=Aflf=vic
v=H.d
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