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*N36113A01028*

12 Kingda Ka was the highest roller coaster in the world in 2007.  A train is initially 
propelled along a horizontal track by a hydraulic system.  It reaches a speed of 57 m s–1

from rest in 3.5 s.  It then climbs a vertical tower before falling back towards the ground.

 (a) Calculate the average force used to accelerate a fully loaded train along the 
horizontal track.

  Total mass of fully loaded train = 12 000 kg
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Y

Direction of train
X

Vertical tower
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*N36113A01928* Turn over

 (c) Pions can be produced by accelerating protons using a cyclotron.  Briefly explain the 
role of electric and magnetic fields within a cyclotron.
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 (d) When pions are used to treat brain tumours they are slowed by the tissue in the brain 
and cause little damage.  When a pion is moving very slowly it may be absorbed by 
the nucleus of an atom.  The atom nucleus then becomes unstable and breaks up into 
several fragments.

  Explain why these fragments shoot out in all directions.
(3)
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(Total for Question 14 = 12 marks)

physicsandmathstutor.com January 2010
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*14 How tiny bacteria move is of interest in nanotechnology.  Mycobacteria move by 
ejecting slime from nozzles in their bodies.

 Explain the physics principles behind this form of propulsion.
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(Total for Question 14 = 4 marks)

physicsandmathstutor.com June 2010
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17 A low-energy particle collides elastically with a stationary particle of the same mass.  
The particle enters from the left of the photograph.

 (a)  State what is meant by collides elastically.
(1)
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 (b) Sketch a labelled vector diagram to show how the momentum of the initial moving 
particle relates to the momenta of the two particles after the collision.

(2)

 (c) Use your answers to (a) and (b) to confirm that the angle between the subsequent 
paths of both particles must be 90°.

(2)
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18 A student is using a ‘Newton’s Cradle’.  This consists of a set of identical solid metal 
balls hanging by threads from a frame so that they are in contact with each other.

She initially pulls one ball to the side as shown.

She releases the ball, it collides with the nearest stationary ball and stops.  The ball 
furthest to the right immediately moves away.  The middle three balls remain stationary.

them to investigate whether momentum had been conserved in this event.
(4)
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the ball on the right returns and collides with a similar result; this repeats itself a 
number of times

after a while, the middle balls are also moving

shortly afterwards, the balls all come to rest.

  Discuss these observations in terms of energy.
(3)
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TOTAL FOR SECTION B = 70 MARKS

TOTAL FOR PAPER = 80 MARKS
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15 A student is carrying out an investigation into collisions between a bat and a ball.

The bat is pivoted at a point P so that it can swing freely.  The centre of mass M of 
the bat swings through an arc and hits the ball.  M moves through a height as shown 
below.

The ball is suspended vertically by a thread.  The bat hits the ball which swings to a 
maximum height x.

One set of measurements is h x

–1.
(2)
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h

P
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*P38416A01324* Turn over  

–1 .  

(4)
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12 A spacecraft called Deep Space 1, mass 486 kg, uses an “ion-drive” engine.  This type 
of engine is designed to be used in deep space.

 The following statement appeared in a web site.

The ion propulsion system on Deep Space 1 expels 0.13 kg of xenon 
propellant each day.  The xenon ions are expelled from the spacecraft 
at a speed of 30 km s–1.  The speed of the spacecraft is predicted to 
initially increase by about 8 m s–1 each day.

 Use a calculation to comment on the prediction made in this statement.
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18 (a) Physicists were able to confidently predict the existence of a sixth quark.  State why.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) The mass of the top quark was determined by an experiment.  Collisions between 
protons and anti-protons occasionally produce two top quarks.

  (i) How do the properties of a proton and an anti-proton compare?
(2)
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  (ii) After the collision the two top quarks move in opposite directions with the same 
speed.

   Explain why.
(2)
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 (c) The two top quarks decay rapidly into two muons and four jets of particles.  These 
can be detected and their momenta measured.

  The diagram shows an end-on view of the directions of the four jets (J1 to J4) of 
particles.  The two muons are shown as μ1 and μ2.  A muon neutrino is also produced 
but cannot be detected, so is not shown.  Each momentum is measured in GeV/c.

  The magnitude of the momentum for each particle or ‘jet’ is shown by the number 
printed at the end of each arrow.

  (i) Explain why GeV/c is a valid unit for momentum.
(2)
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48

J1

40

34

67°

μ2
9

82

J2

μ1

0°

J3

J4

19 Scale: 1 cm represents 10 GeV/c
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  (ii) The vector diagram shown below is not complete.  Add to the diagram arrows 
to represent the momenta of J3 and J4.

(2)

  (iii) Complete the diagram to determine the magnitude of the momentum of the 
muon neutrino. 

(1)

Momentum = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . GeV/c.

J2
J1

μ2

μ1

67°

0°

Scale: 1 cm represents 10 GeV/c

physicsandmathstutor.com June 2012
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  (iv) Show that the total energy of all the products of this event is about 300 GeV.
(1)
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  (v) Deduce the mass of a top quark in GeV/c2.
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  (vi) Suggest why it took a long time to find experimental evidence for the top quark.
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(Total for Question 18 = 14 marks)

TOTAL FOR SECTION B = 70 MARKS 

TOTAL FOR PAPER = 80 MARKS
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List of data, formulae and relationships

Acceleration of free fall g = 9.81 m s (close to Earth’s surface)
Boltzmann constant k = 1.38 × 10  J K
Coulomb’s law constant k = 1/4 0

= 8.99 × 109 N m2 C–2

Electron charge e  C
Electron mass me = 9.11 × 10  kg
Electronvolt 1 eV = 1.60 × 10  J
Gravitational constant G = 6.67 × 10  N m2 kg
Gravitational field strength g = 9.81 N kg (close to Earth’s surface)

0 = 8.85 × 10  F m
Planck constant h = 6.63 × 10  J s
Proton mass mp = 1.67 × 10  kg
Speed of light in a vacuum c = 3.00 × 108 m s

–8 W m–2 K–4

Unified atomic mass unit u = 1.66 × 10–27 kg

Unit 1
Mechanics

Kinematic equations of motion v = u + at
  s = ut + ½at2

v2 = u2 + 2as
Forces F = ma

  g = F/m
  W = mg

W = F s
Ek = ½mv2

  Egrav = mg h

Materials
Stokes’ law F
Hooke’s law F = k x
Density

Pressure p = F/A
Young modulus  where

Stress = F/A
Strain x/x

Elastic strain energy Eel = ½F x
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Unit 2 
Waves

Wave speed

Refractive index 1 2 = sin i/sin r = v1/v2

Electricity
Potential difference V = W/Q
Resistance R = V/I
Electrical power, energy and P = VI
efficiency P = I 2R

  P = V 2/R
  W = VIt

Resistivity

Current I = Q/ t
I = nqvA

Resistors in series R = R1 + R2 + R3

Resistors in parallel

Quantum physics
Photon model E = hf
Einstein’s photoelectric hf = o/ + ½mv2

max
equation

% efficiency =
useful energy output

× 100
total energy input

% efficiency =
useful power output

× 100
total power input

1 2 3

1 1 1 1
R R R R
= + +
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Unit 4
Mechanics

Momentum p = mv
Kinetic energy of a 
non-relativistic particle Ek = p2/2m
Motion in a circle

  T = 
  F = ma = mv2/r
  a = v2/r

2

Fields
Coulomb’s law F = kQ1Q2/r2 where k = 0

Electric field E = F/Q
  E = kQ/r2

  E = V/d
Capacitance C = Q/V
Energy stored in capacitor W = ½QV
Capacitor discharge Q = Q0e

–t/RC

In a magnetic field F = BIl sin
  F = Bqv sin
  r = p/BQ

No/ )/dt

Particle physics
E = c2 m

de Broglie wavelength  = h/p
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