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1.

A student is finding out about the many chargers for electrical devices, such as mobile
phones, which are used around his house.

(a) He notes the following values from a particular charger:

Input 230V 50Hz 6 W
Output 4.5V

The charger uses a transformer to produce a 4.5 V output from a 230 V input.

(1) Explain how a transformer works.

(i1) The primary coil consists of 1950 turns. Calculate the number of turns on the
secondary coil.
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(ii1) The table shows the diameter of wire needed for a given maximum current.
Maximum
current Diameter
/A /mm
0.010 0.081
0.023 0.122
0.059 0.193
0.118 0.274
0.222 0.376
0.493 0.560
1.301 0.910
Find, from the wires above, the minimum diameter suitable for the primary coil
of this charger’s transformer.
Minimum diameter = ........ccccoooievieniiienieieeeeen
3)
(b) When designing a practical transformer coil, competing factors have to be taken into
account. For cost and space considerations, thinner wire would be chosen for the
coils, whereas for efficiency and insulator life, thicker wire would be chosen.
Explain why thicker wire would improve efficiency and insulator life.
@ | QL
(Total 11 marks)
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2. The photograph shows an arrangement known as Newton’s cradle. Five steel balls are
freely suspended from a frame. One or more balls on one side may be pulled back and
then released so that they collide with the remaining balls.

The diagram shows what happens when two balls are released.

& o || dbd o,

Before After

A student makes these measurements:

mass of each ball =0.024 kg
speed of the two incoming balls at impact = 0.88ms™!

(a) Calculate the total momentum of the two moving balls before the collision.
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(b) Show that the kinetic energy of the two moving balls before the collision is about
0.0191.
(2)
(c) The student notices that the number of balls moving away after the collision is always
the same as the number of balls released. To understand why two balls move away
after this particular collision, the student uses a spreadsheet to model the situation.
He applies the principle of conservation of momentum to find the theoretical speeds at
which different numbers of balls would move away together. He also finds the kinetic
energy that these balls would have.
A B | © D |
1 number mass speed after KE after
2 of balls moving of balls moving collision collision
3 away after collision after collision (ms™) (J)
4 (kg)
5
6 1 0.024 1.76 0.0372
7 2 0.048 0.88 0.0186
8 3 0.072 0.59 0.0124
9 4 0.096 0.44 0.0093
10 5 0.12 0.35 0.0074
(i) State the condition required for the total momentum of all the balls to be
conserved.
@
(i1)) Show that the value in cell C8 has been correctly calculated.
¢y
(i11) What would be a suitable formula for the calculation of cell D9?
1
J
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(iv) Explain how the spreadsheet calculations show that two balls moving away is the
only likely outcome of the collision.
3)
(d) The two balls that moved away then swing back and collide, and the pattern is
repeated. After a number of collisions, depending on the quality of the cradle, the
pattern breaks down. Eventually more than two balls will be in motion, and they will
not all have the same speed.
Suggest why this occurs, making reference to the spreadsheet.
® | Q.
(Total 12 marks)
J
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Research suggests that big capacitors may soon be able to act alongside batteries as a way
of storing significant amounts of energy. Researchers used a capacitor of capacitance
2500 F.

One part of the research concerns the leakage of charge through the insulating material
between the two capacitor plates.

In one experiment, researchers charged the 2500 F capacitor to a potential difference (p.d.)
of 8.00 V.

(a) Calculate how much energy this capacitor stores when charged to a p.d. of 2.0 V.

They then measured the p.d. across the plates every ten days.

The first two columns in the table are the results they obtained.

Time/days | p.d. across plates/V | In(p.d./ V)
0 8.00 2.08
10 6.32 1.84
20 5.04
30 4.00
40 3.20

They suspect that the p.d. is falling exponentially with time. To check this idea, they first
find the natural logarithms of all the p.d. values, and enter them in the third column of the
table.

(b) Complete the table by filling in the three remaining natural logarithm values.

()
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(c) Plot an appropriate graph on the grid below to show that the p.d. is falling
exponentially.
N
>
“)
(d) Use your graph to find a value for the resistance of the insulating material between
the plates of the capacitor.
RESIStance = .....ccoovevieviiiiinieiiececeecne e
(Total 12 marks)

P 00T R A Turn over
N 3 1 1 8 9 A0 9 2 0



In 2007 the Large Hadron Collider (LHC) was opened at CERN. The circular accelerator
is 27 km in circumference and has five thousand superconducting magnets. The LHC can
give a proton an energy of up to 7 TeV.
1 TeV=1x10"2%eV
(a) One of the experiments on the LHC will attempt to create the Higgs particle, which
has not been created by any of the existing, lower energy accelerators. The theoretical

upper limit for the rest mass of the Higgs particle is 251 GeV/c?.

Explain why the LHC should be able to create the Higgs particle.

(b) Provided the energy of an accelerated particle is much greater than its rest-mass
energy, its momentum may be calculated using

article ener
momentum = P gy

c

(1) Show that a 7 TeV proton has energy much greater than its rest-mass energy.
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(ii1) Calculate the magnetic flux density provided by the superconducting magnets.
Magnetic flux density = .......cccocvvevieeiienieeieenieeenn
“)
(iv) A student says “The magnetic field needs to be in the vertical direction to cause
the protons to travel in a horizontal circle”. Comment on this statement.
® | Q4
(Total 12 marks)
J
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5.

When songs by groups such as The Beatles were recorded in the 1960s, they were recorded
in analogue form onto magnetic tape.

(a) More recently, all significant music from that time has been digitally remastered.

Outline the principles of this process.

(Total 7 marks)
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On one type of theme park ride, a boat swings freely along a circular path from successively
higher starting positions. As the boat moves through the lowest point on its swing, the
riders are travelling at high speeds, and feel quite big forces on them.

With some rides, such as Rush at Thorpe Park, the highest starting point is with the
supporting arm horizontal as shown.

. N Rush boat at
I [//‘ starting point
| /
18 m I y
| 7
== Boat

The length of the supporting arm of Rush is 18 m. The mass of a typical rider is 70 kg.

(a) Calculate the maximum “g-force” felt by a typical rider on Rush.

“g-force” = force from seat

weight of rider

Leave )
blank
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(b) Two students in the queue are having a discussion.
A says: “If they made a new ride twice as big the g-force at the bottom would be
amazing!”
B says: “I think the g-force wouldn’t be any different.”
With reference to your calculation, explain which student is correct.
I Q6

(Total 6 marks)

TOTAL FOR PAPER: 60 MARKS
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List of data, formulae and relationships

Data

QGravitational constant
Acceleration of free fall

Gravitational field strength

G =6.67x10"" Nm2kg2
2=9.81ms™
g=9.81Nkg™!

(close to Earth’s surface)

(close to Earth’s surface)

e=-1.60x10""C
m, =9.11x107" kg
1eV=1.60x10""]J
m, =1.67x107*" kg
h=6.63x10""Js
c=3.00x103ms™!
R=8.31JK " 'mol™
k=138x10"2JK!
£, =8.85x10"2 Fm!
Lo =4mx107" NA2

Electronic charge
Electronic mass
Electronvolt

Proton mass

Planck constant

Speed of light in a vacuum
Molar gas constant
Boltzmann constant
Permittivity of free space

Permeability of free space

Unit 1
Physics at work, rest and play

Mechanics
Kinematic equations of motion s =ut +%ar’

v? =u’*+2as

Energy
% efficiency = [useful energy (or power) output/total energy (or power) input] x 100%
Heating AE = mcAO

Quantum Phenomena
Photon model E=hf

Waves and Oscillations

v=A/(T/ )

P=1/f

For waves on a wire or string

For a lens
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Unit 2
Physics for life

Quantum Phenomena

Photoelectric effect hf = ¢+ mvka
Materials
Elastic strain energy AE, = FAx/2
Stress o=F/A
Strain & =Ax/x
Young modulus E=0cl/¢
Stokes’ law F =6nnrv
Waves and Oscillations
Refraction u=sini/sinr =v/v,
For lenses P=R+P
Vu+1/v=1/f
Mathematics
Volume of sphere V=4’
Unit 4
Moving with physics
Mechanics
Motion in a circle v=wr
T=21w
Energy
Attenuation I=1Ie*
Nuclear Physics
Mass-energy AE =c*Am
Quantum Phenomena
de Broglie wavelength A=hlp
Fields
Electric field E=F/Q
E=V/d
In a magnetic field F =BIlsinf
F = Bqusin6
r=p/Bgq

Energy stored in capacitor w=%0V
Capacitor discharge 0 =0, ’¢

Magnetic Effects of Currents
Faraday’s and Lenz’s Laws E =—-d(N®D)/dt
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