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1	 A spinning bicycle wheel performs circular motion. In this context, what is meant  
by the following terms?

	 (a)	 (i)	 angular velocity

 [1]

		  (ii)	 frequency

 [1]

	 (b)	 A cyclist rides a mountain bike on a flat path at a steady speed. He travels a 
distance of 3.25 km in a time of 12.5 minutes. 

		  (i)	 Calculate the linear speed of the cyclist.

			   Linear speed =                      m s-1� [3]

The angle swept out (turned through) by a radius of the wheel

per second.

The number of complete revolutions made by the wheel per

second.

v = distance / time

v = (3.25 × 1000) / (12.5 × 60) = 3250 / 750

v = 4.33 m s−1

4.33
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		  Fig. 1.1 shows one of the wheels of the bike. The rim of the wheel has 
a diameter of 624 mm and the depth of the tyre is 48 mm.

624 mm

48 mm

rim

tyre

624 mm  

Fig. 1.1

		  (ii) 	Calculate the time taken for one revolution of the wheel when travelling at 
the speed calculated in (b)(i).

			   Time =                s� [3]

r = 624/2 + 48 = 312 + 48 = 360 mm = 0.360 m

v = 2πr / T  so  T = 2πr / v

T = (2π × 0.360) / 4.33

T = 0.522 s

0.522
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		  The cyclist adds a light-reflector to a spoke of the wheel as shown in Fig. 1.2.

reflector

X

Fig. 1.2

		  (iii)	The cyclist continues to move at a constant speed. Sketch graphs to  
show the variation of (1) the angular velocity ω and (2) the centripetal 
acceleration a with X, where X is the distance of the reflector from the  
centre of the wheel, as shown in Fig. 1.2.

ω

0
0 X

(1)

a

0
0 X

(2)

[2]
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2	 Fig. 2.1 shows a spring that is fixed at one end and is hanging vertically. 
A mass M is added to the other end of the spring.

fixed end 
of spring

spring

M

L

Fig. 2.1

	 Table 2.1 shows the values of the length L of the spring when M is varied.

	 Table 2.1

M / kg L / cm

0.500 25.5

0.650 29.8

	 (a)	 (i)	 Calculate the spring constant.

			   Spring constant =                      N cm–1� [3]

ΔM = 0.650 − 0.500 = 0.150 kg,  Δx = 29.8 − 25.5 = 4.3 cm

F = kx:  0.150 × 9.81 = k × 4.3

k = 1.4715 / 4.3

k = 0.342 N cm−1

0.342
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		  (ii)	 Determine the original length of the spring before any mass is added.

			   Length =                        cm� [2]

		  (iii)	Calculate the strain energy stored in the spring when M is 0.650 kg.

			   Strain energy =                        J� [3]

Extension with 0.500 kg: x = 0.500 × 9.81 / 0.342 = 14.3 cm

Original length = 25.5 − 14.3

Original length = 11.2 cm

11.2

x = 29.8 − 11.2 = 18.6 cm = 0.186 m,  k = 34.2 N m−1

E = ½kx2 = 0.5 × 34.2 × (18.6 × 10−2)2

E = 0.592 J

0.592
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	 	 (iv)	On Fig. 2.2, sketch a graph of force F against length L for the spring for a 
range of force values from zero to values which would give the spring a 
permanent extension.

F

0
0 L

[3]
Fig. 2.2

		  (v)	 On Fig. 2.2, mark with an X the point above which the spring no longer 
obeys Hooke’s Law.� [1]

L

X
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	 (b)	 Steel wire has a Young Modulus of 180 GPa. Two wires, each with a length  
of 2.50 m and a cross-sectional area of 1.5 × 10−6 m2, are suspended from  
a ceiling. A 9.40 kg mass is suspended from the bottom of the wires as  
shown in Fig. 2.3. 

Steel wires

9.40 kg

Fig. 2.3

		  Calculate the extension of each wire. 

		  Extension =                      m� [5]

Force on each wire: F = ½ × 9.40 × 9.81 = 46.1 N

E = F l / (A Δl)  so  Δl = F l / (A E)

E = 180 GPa = 180 × 109 Pa

Δl = (46.1 × 2.50) / (1.5 × 10−6 × 180 × 109)

Δl = 115.3 / 2.7 × 105

Δl = 4.27 × 10−4 m

4.27 × 10−4
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3	 In part (b) of this question you will be assessed on the quality of your written 
communication.

	 (a) 	Fig. 3.1 shows a metal beaker, of known specific heat capacity, containing oil. 
Add a labelled circuit diagram of an experimental arrangement which could be 
used to obtain the results needed to calculate the specific heat capacity of oil. 

oil

metal 
beaker

Fig. 3.1
[2]

A

V

power supply switch

ammeter

voltmeter
thermometer

immersion
heater
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	 (b)	 Outline the procedure required to calculate an accurate value for the specific 
heat capacity of oil.

		  Include in your discussion:
		  	 other required measuring instruments
		  	 the measurements to be taken
		  	 how the measurements are used to calculate the specific heat capacity of oil
		  	 techniques to ensure the result is accurate

 [8]

Use a top pan balance to measure the mass of the empty metal beaker,

then the mass of the beaker plus oil; the difference gives the mass of

oil.

Place the immersion heater in the oil, fit a lid and wrap the beaker in

insulation (e.g. cotton wool) to reduce heat loss to the surroundings.

Stir the oil and record its initial temperature with the thermometer.

Switch on the heater and start a stopwatch. Record the voltmeter

reading V and the ammeter reading I (or use a joulemeter to record the

energy supplied).

Heat for at least 5 minutes (a temperature rise of over 20 °C), then

switch off and record the time t. Keep stirring and record the highest

temperature reached, so the temperature rise Δθ is found.

Energy supplied Q = VIt. This heats both the oil and the beaker: Q =

moilcoilΔθ + mbeakercbeakerΔθ, so coil = (VIt − mbeakercbeakerΔθ) / (moilΔθ).

Repeat the experiment and take the mean value of coil to improve

reliability.
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4	 (a)	 (i)	 What is meant by the term radioactive decay?

 [1]

		  (ii)	 The becquerel Bq is the SI unit for the activity of a radioactive source. 
Explain what 1 Bq is.

[1]

	 (b)	 A technician carried out an experiment to determine a value for the activity of a 
source of gamma rays. The equipment used to carry out the experiment is 
shown in Fig. 4.1.

gamma source Geiger–Muller tube counter

Fig. 4.1

		  When the counter was switched on for 5 minutes, the number of counts was 
1502. This was repeated two more times and counts of 1478 and 1497 were 
observed. The radioactive source was then removed from the room and the 
counter was switched on for 10 minutes. The new reading observed on the 
counter was 336.

		  Use the counter readings taken in the experiment to calculate the activity of the 
radioactive source.

		  Activity =                      Bq� [3]

The random, spontaneous disintegration of an unstable nucleus,

emitting alpha, beta or gamma radiation.

1 Bq is an activity of one disintegration per second.

Mean count = (1502 + 1478 + 1497) / 3 = 4477 / 3 = 1492

Count rate = 1492 / 300 s = 4.97 s−1

Background = 336 / 600 s = 0.56 s−1

Activity = 4.97 − 0.56 = 4.41 Bq

4.41
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	 (c)	 Phosphorus 32
15P 

32
15P 

 is a radioactive isotope with a half-life of 14.29 days. 
It is used as a tracer to determine uptake of soil nutrients in the study of 
plant growth. 

		  A Geiger–Muller tube was used to measure the activity of a phosphorus sample.

		  Fig. 4.2 shows a graph of Ln (Activity / Bq) against time in days for a sample  
of phosphorus. 

Ln (Activity / Bq)

time / days

8.13

0
0

Fig. 4.2

	 	 (i)	 Calculate the activity of the phosphorus sample after 10.83 days.

			   Activity =                      Bq� [4]

		  (ii)	 The Geiger–Muller tube detects 1 disintegration in every 5000. Calculate the 
actual number of undecayed phosphorus 

32
15P 

32
15P  nuclei present in the sample 

after 10.83 days.

			   Number of nuclei =                     � [4]

A0 = e8.13 = 3395 Bq,   λ = 0.693 / 14.29 = 0.0485 d−1

A = A0e−λt = 3395 × e−0.0485 × 10.83

A = 2008 Bq

2008

λ = 0.693 / (14.29 × 24 × 3600) = 5.614 × 10−7 s−1

A = λN:  Ndetected = 2008 / 5.614 × 10−7 = 3.58 × 109

Actual N = 5000 × 3.58 × 109

N = 1.8 × 1013

1.8 × 1013
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5	 The mass of a nucleon is given in unified atomic mass units u, where 1 u is equal to 
one twelfth the mass of a carbon-12 atom. 1 u has an approximate equivalent energy 
value of 930 MeV to 2 significant figures.

	 (a)	 (i)	 Define the electron volt eV. 

 [1]

	 	 (ii) 	Calculate the equivalent energy value for 1 u in MeV, accurate to three 
significant figures. You must show your calculations clearly.

			   Equivalent energy value of 1 u =                      MeV� [3]

		  (iii) 	The binding energy per nucleon is a measure of the stability of a nucleus. 
Fig. 5.1 shows a sketch of binding energy per nucleon against mass 
number. On the graph, add a value for the maximum binding energy per 
nucleon and the corresponding mass number when this maximum occurs. 

mass number

BE per nucleon / MeV

[2]
Fig. 5.1

The energy gained by (work done on) an electron when it is

accelerated through a p.d. of 1 V.

E = mc2 = 1.66 × 10−27 × (3.00 × 108)2 = 1.494 × 10−10 J

E = 1.494 × 10−10 / 1.60 × 10−19 = 9.34 × 108 eV

E = 934 MeV

934

8.7

56
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		  (iv)	Explain, using Fig. 5.1, why fission of uranium 235 after neutron absorption 
will release energy.

[2]

		  (v)	 Complete the following uranium fission reaction.

235
92U + 10n    →  54  Xe +   90

 Sr + 21
0n

� [2]

	 Nuclear fusion is the process of making a single nucleus from two lighter nuclei. 
It has the potential to provide sustainable energy for future generations.

	 (b)	 (i)	 Describe how the conditions necessary for fusion are achieved in a star.

[2]

		  (ii)	 State and describe two methods of plasma confinement which do not occur 
in stars but are used in current fusion research.

Method 1 

Method 2 

[4]

U-235 splits into two smaller nuclei with mass numbers nearer the

peak of Fig. 5.1, which have a larger binding energy per nucleon

than uranium, so energy is released.

The huge mass of the star gives gravitational confinement; the

high pressure and density create the very high temperatures needed.

Inertial confinement: a solid fuel pellet is heated and

compressed by laser (or ion) beams.

Magnetic confinement: strong magnetic fields deflect the

charged particles of the plasma, keeping it away from the walls.

144

38
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	 (c) 	The ITER fusion reactor is currently being developed to produce fusion energy. 
There are some major challenges to overcome before electricity can be 
commercially produced by this method. 

	 	 State three of the challenges of using fusion to produce electricity commercially. 

1.	

2.	

3.	

[3]

Keeping the plasma confined at a high enough temperature for long

enough for fusion to occur.

Producing more energy output than the energy put in to start the

reaction.

The great expense of producing fusion and building the power

station.
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6 	 A door performs simple harmonic motion when it is displaced and released at  
time t = 0. The motion of the door is damped, enabling the door to eventually come 
to rest in a closed position. The amount of damping can be varied. Sketch graphs  
to show how the displacement d of the door varies with time t in each of the  
following situations. 

	 The time period of the door oscillating is T. 

	 (i)	 The door experiences light damping.

 T 2T t

d

0
0

[3]

	 (ii)	 The door is overdamped.

 T 2T t

d

0
0

[2]

	 (iii)	The door experiences critical damping.

 T 2T t

d

0
0

[2]
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7	 A spring with a spring constant k of 209 N m-1 is suspended from a fixed point and 
a 650 g mass is attached to its lower end. The mass is raised slightly and the  
position of the bottom of the mass is noted to be at the 0.270 m mark on a  
half-metre rule. The mass is released and at the same time a stopwatch is started. 
The mass oscillates between the 0.270 m and 0.310 m marks on the half-metre rule 
as shown in Fig. 7.1.

spring

650 g

half-metre rule

0.270 m

0.310 m

fixed point

Fig. 7.1

	 (a)	 Calculate the period of oscillation for the spring mass system.

		  Period of oscillation =                      s� [2]

T = 2π √(m/k) = 2π √(0.650 / 209)

T = 0.350 s

0.350
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	 (b)	 Calculate the maximum acceleration of the mass.

		  Maximum acceleration =                      m s-2�  [4]

	 (c)	 Calculate the first time the oscillating mass passes the 0.295 m mark on the  
half-metre rule. 

		  Time =                      s� [3]

Amplitude A = (0.310 − 0.270) / 2 = 0.020 m

ω = 2π / T = 2π / 0.350 = 17.95 rad s−1

amax = ω2A = (2π / 0.350)2 × 0.020

amax = 6.45 m s−2

6.45

Equilibrium at 0.290 m; 0.295 m is 0.005 m below it

Displacement x = −0.005 m (released at x = +0.020 m)

x = A cos ωt:  −0.005 = 0.020 cos(2πt / 0.350)

cos(2πt / 0.350) = −0.25, so 2πt / 0.350 = 1.823 rad

t = 0.102 s

0.102
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8	 (a)	 (i)	 The relationship between volume, pressure and temperature of an ideal gas 
can be described using gas laws. State the law which describes the 
relationship shown in Fig. 8.1 where p is the pressure and V is the volume.

pV

V

Fig. 8.1

 [2]

		  (ii)	 Draw another line on Fig. 8.1 to show how the graph changes if the 
temperature of the gas is lower.� [1]

 

Boyle's law: for a fixed mass of gas at constant temperature, the

pressure is inversely proportional to the volume (pV = constant).

lower T
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	  A car tyre is inflated to a pressure of 210 kPa above the atmospheric pressure of 
101 kPa. The temperature of the air in the tyre is 13.0 °C. 

	 The car is taken for a long drive after which the tyre pressure increases by 15.0 kPa. 

	 Assume that the volume of the tyre remains constant.

	 (b)	 Calculate the temperature of the air in the tyre at the end of the drive.

		  Temperature                      °C� [5]

	 (c)	 (i)	 Calculate the average kinetic energy of one of the air molecules in the tyre 
before the long drive.

			   Average kinetic energy of one molecule =              J� [2]

Constant volume: p1 / T1 = p2 / T2

p1 = 210 + 101 = 311 kPa,  p2 = 311 + 15 = 326 kPa

T1 = 13.0 + 273 = 286 K

311 / 286 = 326 / T2

T2 = 286 × 326 / 311 = 300 K

Temperature = 300 − 273 = 27 °C

27

Average KE = (3/2)kT

= 1.5 × 1.38 × 10−23 × 286

= 5.92 × 10−21 J

5.92 × 10−21
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		  (ii)	 If the volume of the air in the tyre is 1.03 × 10−2 m3, calculate the total kinetic 
energy of all the air molecules in the tyre.

			   Total kinetic energy =                      J� [5]

THIS IS THE END OF THE QUESTION PAPER

pV = nRT

311 × 103 × 1.03 × 10−2 = n × 8.31 × 286

n = 3203 / 2377 = 1.35 mol

Number of molecules = 1.35 × 6.02 × 1023 = 8.11 × 1023

Total KE = 5.92 × 10−21 × 8.11 × 1023

Total KE = 4800 J

4800
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Data and Formulae Sheet for A2 1 and A2 2

Values of constants
 speed of light in a vacuum c = 3.00 × 108 m s–1

 permittivity of a vacuum ε0 = 8.85 × 10–12 F m–1

  
1

4πε0 
= 8.99 × 109 F–1 m

 elementary charge e = 1.60 × 10–19 C
 the Planck constant h = 6.63 × 10–34 J s
 (unifi ed) atomic mass unit 1 u = 1.66 ×10–27 kg
 mass of electron me = 9.11 × 10–31 kg
 mass of proton mp = 1.67 × 10–27 kg
 molar gas constant R = 8.31 J K–1 mol–1

 the Avogadro constant NA = 6.02 × 1023 mol–1

 the Boltzmann constant k = 1.38 × 10–23 J K–1

 gravitational constant G = 6.67 × 10–11 N m2 kg–2

 acceleration of free fall on
 the Earth’s surface g = 9.81 m s–2

 electron volt 1 eV = 1.60 × 10–19 J
 the Hubble constant H0 ≈ 2.4 × 10–18 s–1
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Useful formulae
The following equations may be useful in answering some of 
the questions in the examination:

Mechanics
 conservation of energy 1

2
 mv 2 – 12 mu 2 = Fs  

  for a constant force

 Hooke’s Law F = kx (spring constant k)

 strain energy E = 12 Fx = 12 kx 2

Uniform circular motion
 centripetal Force F = 

mv 2

r

Simple harmonic motion
 displacement x = A cos ωt

 simple pendulum T = 2π 

 loaded spiral spring  T = 2π 

Waves

 two-source interference λ = 
ay 
d

 diffraction grating d sin θ = n λ

l
g
m
k
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Thermal physics
 average kinetic energy of 
 a molecule 1

2 m Gc2H = 
3
2 kT

 kinetic theory pV = 13 Nm Gc2H

 thermal energy Q = mc∆θ

Capacitors
 capacitors in series 

1
C = 1

C1
 + 1

C2
 + 1

C3
  

 capacitors in parallel C = C1 + C2 + C3

 time constant τ = RC
 capacitor discharge Q = Q0e

–t
CR 

  or V = V0e
–t
CR 

  or I = I0e
–t
CR

Light
 lens formula 1

u + 1v  = 1f

Electricity
 terminal potential difference V = E – Ir 
  (e.m.f., E; Internal Resistance, r)

 potential divider Vout = R1Vin
R1 + R2

 

 a.c. generator E = BANωsinωt

stemup.co.uk

https://stemup.co.uk


12159.03 5 

Nuclear Physics

 nuclear radius r = r0A
1
3

 radioactive decay A = –λN,     A = A0e–λt 

 half-life t 1
2
 = 0.693

λ

Particles and photons
 Einstein’s equation 1

2 mvmax
2 = hf – hf0  

 de Broglie equation λ= hp

Astronomy

 red shift z = 
Δλ
λ   

 recession speed z = 
v
c  

 Hubble’s law v = H0 d 
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