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PHYSICAL QUANTITIES AND ESTIMATION

SUB-TOPIC 2.1.1
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14 A 1.0 kΩ resistor is connected in series to a battery made of three 1.2 V cells connected as 
shown. The cells have negligible internal resistance.

 

A

1.0 kΩ

1.2 V

1.2 V

1.2 V

 What is the reading on the ammeter?

A 1.2 mA

B 1.8 mA

C 2.4 mA

D 3.6 mA

 Your answer  [1]

15 Which sequence shows the energies below in increasing order of magnitude?

 1 The change in kinetic energy of an electron accelerated through a potential difference of 1 V.
 2 The kinetic energy of a proton with a velocity of 1000 m s–1.
 3 The energy of an X‑ray photon with a frequency of 3 × 1017 Hz.

A 1 2 3

B 3 1 2

C 2 1 3

D 1 3 2

 Your answer  [1]
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Section B

16 Thermistors are circuit components whose resistance varies with temperature.

 There are two major types; negative temperature coefficient (NTC) thermistors, whose resistance 
decreases with increasing temperature and positive temperature coefficient (PTC) thermistors, 
whose resistance increases with increasing temperature.

 A student is investigating how the resistance of a thermistor varies with temperature by 
measuring current and voltage. The thermistor is placed in a water bath and the temperature of 
the water measured using a thermometer.

 The diagram below shows how the student set up the experiment (water bath not shown). The 
circuit has been set up incorrectly.

 

V A

3.00 V

thermistor

(a) Describe how the student should change the circuit.

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

 ..................................................................................................................................................... [1]
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Answer all the questions.

1 The table shows some data on the planet Venus.

Mass / kg 4.87 × 1024

Radius / km 6050

Density of atmosphere at surface / kg m–3 65

Period of rotation about its axis / hours 5830

 (a) Calculate the magnitude of the gravitational field strength g at the surface of Venus.

  Give your answer to 3 significant figures.

 g =  ............................................... N kg–1 [3]

 (b) Two identical space probes, A and B, land on a flat surface on Venus.

  Probe A lands at the north pole. Probe B lands on the equator.

  Each probe has mass 760 kg and volume 1.7 m3.

  (i) Calculate the centripetal acceleration a of probe B at the equator due to the rotation of 
Venus about its axis.

 a =  ................................................  m s–2 [3]
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  (ii) The atmosphere exerts the same upthrust on each probe.

   Using your answer to (a), calculate the upthrust acting on each probe.

 upthrust =  ...................................................... N [3]

  (iii) Explain which probe will experience the greater normal contact force from the surface of 
Venus.

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

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

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

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

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

 ...................................................................................................................................... [3]
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SECTION A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions.

1 Which of the following units is not an S.I. base unit?

 A ampere

 B mole

 C volt

 D kilogram

 Your answer  [1]

2 Which set of quantities are all scalar?

 A acceleration, displacement, velocity

 B energy, mass, power 

 C extension, force, gravitational potential energy

 D weight, kinetic energy, work done

 Your answer  [1]

3 A metal block of mass 0.28 kg has an initial temperature of 82 °C. It is dropped into cold water. The 
temperature of the block after 1.2 minutes is 20 °C.

 The specific heat capacity of the metal is 130 J kg−1 K−1.

 What is the average thermal power transferred away from the metal block?

 A 31 W

 B 41 W

 C 1900 W

 D 2700 W

 Your answer  [1]
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SECTION A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions.

1 Which set of prefixes A, B, C or D are in order of increasing magnitude?

 A micro, milli, centi, kilo

 B milli, centi, micro, kilo

 C kilo, centi, milli, micro

 D centi, micro, milli, kilo

 Your answer  [1]

2 A paper cone is held above the ground and dropped. It falls vertically and reaches terminal velocity 
before it hits the ground.

 

 Which statement correctly describes the resultant force on the falling cone before it reaches 
terminal velocity?

 A decreasing and upwards

 B decreasing and downwards

 C increasing and downwards

 D increasing and upwards

 Your answer  [1]
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8 An object is falling.
 The weight of the object is 4.5 N. 
 The wind provides a horizontal force of magnitude F on the object.
 The resultant force on the object is 5.8 N.
 Air resistance and upthrust on the object are negligible.

 What is the value of F?

 A 1.3 N

 B 3.7 N

 C 7.3 N

 D 13 N

 Your answer  [1]

9 A solid molecular substance is supplied with energy and it starts to melt.

 Which of the following pairs of quantities remains the same as the substance melts?

 A Kinetic energy of molecules and internal energy of molecules.

 B Potential energy of molecules and internal energy of molecules.

 C Kinetic energy of molecules and temperature of substance.

 D Potential energy of molecules and temperature of substance.

 Your answer  [1]

10 Which of the following shows the correct base units for pressure?

 A kg m–2

 B kg m–2 s–2

 C kg m–1 s–2

 D kg m2 s–3

 Your answer  [1]



H556/01 Modelling physics  ·  November 2020  ·  Q2  ·  1 mark ANSWER  ›2.1.2  S.I. Units, Prefixes and Homogeneity

13

2

© OCR 2020

SECTION A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions.

1 An athlete is running at a speed of about 5 m s–1.

 What is a reasonable estimate for the kinetic energy of this athlete?

 A 12 J

 B 100 J

 C 900 J

 D 800 000 J

 Your answer  [1]

2 Which pair of quantities have the same S.I. base units?

 A force, strain

 B force, stress

 C pressure, stress

 D strain, upthrust

 Your answer  [1]

3 A tennis ball is hit with a racket. The force applied by the racket on the ball is F. The ball has a 
vertical path through the air.

 
 Which statement is correct when the ball is at its maximum height?

 A The ball has a downward acceleration.

 B The force acting on the ball is F.

 C The ball experiences greatest drag.

 D The weight of the ball is equal to the drag.

 Your answer  [1]
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6 The diagram below shows two energy levels for the electron in the hydrogen atom.

 

–1.36

–5.44

energy / 10–19 J

photon

 The electron makes the transition shown by the arrow.

 What is the wavelength of the photon emitted?

 A 293 nm

 B 366 nm

 C 488 nm

 D 1460 nm

 Your answer  [1]

7 Recent analysis of the data collected from the Hubble and Gaia telescopes gave the Hubble 
constant a value of 73.5 km s–1 Mpc–1.

 What is this value, written to 2 significant figures, in s–1?

 A 2.4 × 10–21 s–1

 B 2.4 × 10–18 s–1

 C 2.4 × 10–12 s–1

 D 2.4 × 1021 s–1

 Your answer  [1]
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SECTION A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions.

1 An object is moving in a straight line.

 The displacement s against time t graph for this object is shown below.

 t / s

s / m

0
0 1.0 2.0 3.0

1.0

2.0

3.0

A

B

C

D

A

B

C

D

 At which point A, B, C or D, does the object have the greatest speed?

 Your answer  [1]

2 Which one of the following prefixes represents the smallest multiplication factor?

 A femto (f)

 B micro (μ)

 C nano (n)

 D pico (p)

 Your answer  [1]
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4 Which row in the table correctly identifies the elastic limit, fracture and ultimate tensile strength in 
the graph below?

 
0

0

stress P R
Q

strain

Elastic limit Fracture Ultimate tensile strength

A P Q R

B P R Q

C P R R

D Q R P

 Your answer  [1]

5 A wire of cross-sectional area 3.9 × 10–6 m2 carries a load of 240 N. The strain in the wire is 
0.30%. 

 Which value of the Young modulus, in Pa, is correct and expressed to an appropriate number of 
significant figures?

 A 2.05 × 108

 B 2.1 × 108

 C 2.05 × 1010

 D 2.1 × 1010

 Your answer  [1]
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Section A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 Which of these units is a base unit?

A A

B J

C m2

D N

 Your answer  [1]

2 The accepted value of g is 9.81 ms–2. In an experiment to verify the value of g, students obtained 
a value of 10.20 ms–2.

 What is the percentage difference between the students’ value and the accepted value of g?

A 1% 

B 2%

C 4%

D 8%

 Your answer  [1]

3 Which of these statements is/are true?

 1 Antiprotons are hadrons so are subject to the strong nuclear and weak nuclear forces.
 2 Neutrons are subject to the weak nuclear force only.
 3 The weak nuclear force is the only force that causes a change of quark type.

A 1, 2 and 3

B Only 1 and 2

C Only 1 and 3

D Only 3 

 Your answer  [1]
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Section A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 Which row in the table shows two equivalent physical quantities?

A 0 °C –273.15 K

B 1 kg m s–1 1000 N s

C 10 kW 10 000 N m

D 1.0 mPa 0.0010 N m–2

Your answer [1]

2 What are the SI base units of the Boltzmann constant k?

 A J K–1

 B kg m s–2 K–1

 C kg m2 s–2 K–1

 D N m K–1

Your answer [1]
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Section A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 Which row in the table shows two equivalent physical quantities?

A 0 °C –273.15 K

B 1 kg m s–1 1000 N s

C 10 kW 10 000 N m

D 1.0 mPa 0.0010 N m–2

Your answer [1]

2 What are the SI base units of the Boltzmann constant k?

 A J K–1

 B kg m s–2 K–1

 C kg m2 s–2 K–1

 D N m K–1

Your answer [1]
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8 The bob of a pendulum is displaced slightly so that the string forms a small angle θ  110° with the 
vertical. 

The tension in the string is T. The small angle approximation applies.

θ

T

string

bob

Which of the following pairs of quantities would give approximately, within 2 significant figures, 
the same value for the horizontal component of T?

1 T cosθ and T sinθ

2 T cosθ and T tanθ

3 T sinθ and T tanθ

 A 1 only

 B 1 and 3

 C 3 only

 D 2 and 3

Your answer [1]
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Section A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 What are the base units of a kilowatt‑hour?

A J

B kg m2 s–1

C kg m2 s–2

D W s

 Your answer  [1]

2 A neutrino is a fundamental particle.

 Which row of the table correctly describes a neutrino?

Classification Force felt

A hadron strong nuclear

B hadron weak nuclear

C lepton strong nuclear

D lepton weak nuclear

 Your answer  [1]

3 Which one of these non‑invasive medical scans does not expose the patient to ionising radiation?

A CAT

B PET

C Ultrasound

D X‑ray

 Your answer  [1]
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19 (a) The diagram below shows the top-view of a long current-carrying wire.

wire

  The direction of the current in the wire is into the plane of the paper.

  Draw at least three field lines to indicate the magnetic field pattern around this wire. [2]

 (b) The arrangement shown in the diagram below is used to determine the magnetic flux density 
between the poles of a permanent magnet.

  

bench digital balance

magnet
top view

current-carrying wire

I

I

N

S

82.2 g

  The magnet is placed on the digital balance. The current-carrying wire is horizontal and at 
right angles to the magnetic field between the poles of the magnet. The wire is fixed.

  The following results are collected.

• length of the wire in the uniform field of the magnet = 6.0 ± 0.2 cm
• balance reading with no current in wire = 80.0 g 
• balance reading with current in wire = 82.2 g
• current in wire = 5.0 ± 0.1 A
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  Calculate the magnetic flux density B, including the absolute uncertainty.
  Ignore the absolute uncertainty in the balance readings.
  Write your value for B to 2 significant figures and the absolute uncertainty to 1 significant 

figure.

 B =  ...................................  ± ............... T [4]
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20 A small object of mass m is placed on a rotating horizontal metal disc at a distance r from the 
centre of the disc.

 

r
object of
mass m

motor

disc

bench

 The frequency of rotation is adjusted using a motor attached to the disc.

 The frequency of rotation of the disc is slowly increased from zero, until the object slips off. At this 
point, the friction F acting on the object is equal to the centripetal force.

 The friction F is given by the expression F = kmg, where k is a constant and g is the acceleration 
of free fall. The constant k has no units.

 (a) Show that the frequency f at which the object slips off is given by the equation f 2 =  gk
4π2   × 1r .

 [3]

⎛     ⎞
⎝     ⎠
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 (b) A student plots a graph of lg (f / Hz) against lg (r / m).

0

0.2

– 0.2

– 0.4

– 0.6

0– 0.2– 0.4– 0.6

– 0.8

– 1.0– 1.2– 1.4

lg (f / Hz)

lg (r / m)

  For this graph: y-intercept = 12  × lg  gk
4π2   

  Use the graph to determine the constant k. Write your answer to 2 significant figures.

 k =  .......................................................... [4]

⎛     ⎞
⎝     ⎠
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17 A light-emitting diode (LED) can be used to determine the Planck constant h. When the LED just 
starts to emit light, the equation below is valid

 eV = hc
λ

 where V is the potential difference (p.d.) across the LED, λ is the wavelength of the light emitted, 
c is the speed of light in vacuum and e is the elementary charge. 

 (a) In the equation above, hc
λ  is the energy of a photon emitted from the LED.

  Determine the S.I. base units for h.

 base units =  .........................................................  [2]

 (b)* Describe how an experiment can be carried out in the laboratory to determine h from a graph. 
Your description must include how V and λ are accurately determined. Assume that the 
values of e and c are known. [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................................
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Additional answer space if required

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

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

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

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

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

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

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

 ...................................................................................................................................................
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17 (a) State one S.I. base quantity other than length, mass and time.

 .............................................................................................................................................. [1]

 (b) Fig. 17 shows two resistors X and Y connected in series.

X Y

Fig. 17

  The resistors are wires. Both wires have the same length L and diameter d. The material of X 
has resistivity ρ and the material of Y has resistivity 2ρ.

 
  (i) Show that the total resistance R of the wires is given by the equation

R = 
12ρL
πd 2

.

 [2]
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  (ii) A student uses the equation in (i) to determine R.
   The table below shows the data recorded by the student in her lab book.

Quantity Value

ρ 4.7 × 10−7 Ω m

L 9.5 ± 0.1 cm

d 0.270 ± 0.003 mm

   1. Name the likely instruments used by the student to measure L and d.

L:  ................................................................................................................................

d:  ................................................................................................................................
 [1]

   2. Use the data in the table and the equation in (i) to determine R and the absolute 
uncertainty. Write your answer to the correct number of significant figures.

 R =  ......................    ±    ...................... Ω [4]

   3. The instrument used to measure d has a zero-error. The measured d is much larger 
than the actual value.

    Discuss how the actual value of R compares with the value calculated above.

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

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

 ............................................................................................................................... [1]
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18  Wind turbines convert the kinetic energy of the wind into electrical energy. 
 Fig. 18 shows a wind turbine.

Fig. 18

 (a)  When the wind speed is 8.0 m s−1, the kinetic energy of the air incident at the turbine per 
second is 1.2 MJ s−1.

  Calculate the mass of the air incident at the turbine per second.

 mass per second =  ...............................................  kg s−1 [2]

 (b) A group of engineers are investigating the design of wind turbines. 
  The maximum input power P from the wind is given by the equation

vP A
2
1 3
t=

  where A is the area swept out by the rotating blades, t is the density of air and v is the speed 
of the wind. 
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  (i) Show that the equation is homogeneous with both sides of the equation having the same 
base units.

 [3]

  (ii) The input power to the wind turbine is 1.2 MW when the wind speed is 8.0 m s−1.
   The density of air is 1.3 kg m−3. 

   Calculate the length L of the turbine blades.

 L =  .....................................................  m [2]

  (iii)  A wind farm is required to produce an output power of 50 MW when the average wind 
speed is 8.0 m s−1. The efficiency of each wind turbine is 42%.

   Calculate the minimum number N of wind turbines required to meet this demand.

  N =  .........................................................  [2]
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23 (a) According to the Cosmological principle, the Universe is isotropic, homogeneous and the 
laws of physics are universal.

  State what is meant by the term homogeneous.

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

 .............................................................................................................................................. [1]

 (b) Astronomers often use absorption spectral lines to determine the relative velocity of distant 
galaxies. The wavelength of a specific absorption spectral line observed in the laboratory is 
280 nm.

  The galaxy RXJ1242-11 is 200 Mpc away from the Earth and it has a massive black hole at 
its centre.

  (i) Calculate in nm the wavelength λ of the same spectral line from RXJ1242-11 when 
observed from the Earth. Assume the Hubble constant is 68 km s−1 Mpc−1.

	 λ =  ...................................................  nm [3]

  (ii) State one of the characteristics of a black hole.

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

 ...................................................................................................................................... [1]
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 (c) The Universe evolved from the Big Bang. 

  Describe the evolution of the Universe up to the formation of the first nuclei.

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]
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2 The diagram below shows a circuit containing two capacitors which are both initially uncharged. 
The battery has e.m.f. E and negligible internal resistance.

 The switch S is first moved to position A until the capacitor of capacitance C0 is fully charged.

V

A B

S

C0 C
E

 The switch S is then moved to position B. The initial charge stored by the capacitor of capacitance 
C0 is shared between the two capacitors.

 The final reading on the voltmeter is V.

 (a) Show that V = 
C0

C + C0
 E.

 [2]

 (b) A student wants to determine the values of E and C0 by repeating the experiment above and 
measuring the potential difference (p.d.) V for a selection of capacitors of capacitance C.

  The student decides to plot a graph of 1
V

 against C.

  (i) Use the expression in (a) to show that the graph should be a straight line of gradient
   1

C0E
 and y-intercept 1

E
.

 [1]

Question 2 continues on page 6
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  (ii) The data points, error bars and the line of best fit drawn by the student are shown in the 
graph below.

0.5
0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

1.0 1.5 2.0 2.5 3.0
C / 10–3 F

/ V –11
V

3.5

   The gradient of the line of best fit is 51 V–1 F–1. The value of E is 9.1 V.

   Determine the value of C0 in millifarads (mF). Write your answer to 2 significant figures.

 C0 =  ...................................................  mF [2]
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  (iii) Draw on the graph a straight line of worst fit.

   Use this line to determine the absolute uncertainty in your value of C0. Write your answer 
to an appropriate number of significant figures. 

 absolute uncertainty =  ...................................................  mF [4]

 (c) The experiment is repeated with a resistor of resistance 10 kΩ placed in series between S 
and the capacitor of capacitance C0.

  State with a reason what effect, if any, this would have on the experiment.

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

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

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

 .............................................................................................................................................. [1]
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SECTION B

Answer all the questions.

16 (a) Derive the S.I. base units for resistance.

 base units:  .........................................................  [2]

 (b) Fig. 16.1 shows the I-V characteristics of two electrical components L and R.

0
0 1.0 2.0 3.0 4.0 5.0 6.0

50

100

150

200

250

V / V

I / mA

L

R

Fig. 16.1

  The component L is a filament lamp and the component R is a resistor. 

  (i) Show that the resistance of R is 40 Ω.

[1]
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  (ii) Fig. 16.2 shows the components L and R connected in series to a battery of e.m.f. 6.0 V.

L R

6.0 V
r

 
Fig. 16.2

   The resistor R is a cylindrical rod of length 8.0 mm and cross-sectional area 2.4 # 10−6 m2. 
The current in the circuit is 100 mA.

   1 Use Fig. 16.1 to determine the internal resistance r of the battery.

 r =  ...................................................... Ω [3]
 
   2 Calculate the resistivity ρ of the material of the resistor R.

	 ρ =  ..................................................  Ω m [2]

   3 There are 6.5 # 1017 charge carriers within the volume of R. 

    Calculate the mean drift velocity v of the charge carriers within the resistor R.

 v =  ................................................  m s−1 [3]
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19 (a) The Planck constant h is an important fundamental constant in quantum physics.

  Determine the S.I. base units for h.

 base units =  .........................................................  [2]

 (b) A researcher is investigating the de Broglie wavelength of charged particles.

  The charged particles are accelerated through a potential difference V. The de Broglie 
wavelength λ of these particles is then determined by the researcher.

  Each particle has mass m and charge q.

  (i) Show that the de Broglie wavelength λ is given by the expression λ2	= h 2
2mq × 1V.

[2]

  (ii) The researcher plots data points on a λ2 against 1V grid, as shown below.

   

0
0

1.0

2.0

0.5

1.5

10 20
/ 10–4 V–1

λ2 / 10–25 m2

1
V
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   1 Calculate the percentage uncertainty in λ for the data point circled on the grid.

    

 percentage uncertainty =  .....................................................  % [2]

   2 Draw a straight line of best fit through the data points. [1]

   3 The charge q on the particle is 2e, where e is the elementary charge.

     Use your best fit straight line to show that the mass m of the particle is about 
10−26 kg.

[4]
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18 (a) State Kirchhoff’s second law and the physical quantity that is conserved according to this law.

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

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

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

 .............................................................................................................................................. [2]

 (b) The S.I. base units for the ohm (Ω) are kg m2 s–3 A–2.

  Use the equation R = ρL
A  to determine the S.I. base units for resistivity ρ.

 base units for ρ  .......................................................... [2]

Question 18 continues on page 16
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 (c) Fig. 18.1 shows a circuit used by a student to determine the resistivity of the material of a 
wire.

  
L

movable contact Y

X wire

E
rI

A

 Fig. 18.1

  The wire is uniform and has diameter 0.38 mm. The cell has electromotive force (e.m.f.) E 
and internal resistance r. The length of the wire between X and Y is L.

  The student varies the length L and measures the current I in the circuit for each length. 

  Fig. 18.2 shows the data points plotted by the student.

0 0.1 0.2 0.3 0.4 0.5

L / m

0.6 0.7
0

1.0

2.0

3.0

/
I
1 A 1-

Fig. 18.2

  (i) On Fig. 18.2 draw the straight line of best fit. Determine the gradient of this line.

 gradient =  ............................................. A–1 m–1 [2]
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  (ii) Show that the gradient of the line is ρ
AE, where ρ is the resistivity of the material of the 

wire, A is the area of cross-section of the wire and E is the e.m.f. of the cell.

 [2]

  (iii) The e.m.f. E of the cell is 1.5 V. The diameter of the wire is 0.38 mm.

   Use your answer to (i) and the equation given in (ii) to determine ρ.

 ρ =  ..................................................  Ω m [2]

  (iv) Fig. 18.3 illustrates how the student had incorrectly measured all the lengths L of the 
wire.

 

   

measured length metre ruleactual length

wire taped to
metre ruleX

movable contact Y

 Fig. 18.3

   According to the student, re-plotting the data points using the actual lengths of the wire 
will not affect the value of the resistivity obtained in (iii). 

   Explain why the student is correct. 

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

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

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

 ...................................................................................................................................... [2] 
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SECTION B

Answer all the questions.

16 A student wants to determine the value of the acceleration of freefall g.

 (a) The diagram below shows part of the arrangement which the student used.

  

trapdoor

steel ball

electromagnetwires from
electromagnet

wires from
trapdoor

  A steel ball is dropped from an electromagnet. The ball falls vertically. The ball hits a trapdoor 
and opens the trapdoor.

  The ball travels a distance s from the bottom of the electromagnet to the trapdoor in a time t. 
  The student uses the equation s = 1

2 gt 2 to determine g.

  (i) Show that the equation s = 12 gt 2 is homogeneous, with both sides of the equation having 
the same base units.

 [2]

  (ii) Describe how the student could use standard laboratory equipment to take accurate 
measurements of the distance s and the time t.

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]
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 (b) The trapdoor falls downwards when the ball hits it.
  The ball collides elastically with the trapdoor with a speed of 4.4 m s–1.

  The graph of force acting on the ball against time is shown below.

  

0
0 10 20

10

20

30
force / N

time / 10–3 s

  The mass of the ball is 0.050 kg.

  (i) Calculate the initial momentum p1 of the ball just before it hits the trapdoor.

 p1 =  ............................................  kg m s–1 [1]

  (ii) Use the graph to calculate the magnitude of the final momentum p2 of the ball immediately 
after the collision.

 p2 =  ............................................  kg m s–1 [3]

  (iii) The mass of the trapdoor is 100 g.

   Calculate the final speed v of the trapdoor immediately after the collision.

 v =  ................................................  m s–1 [2]
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20  (a)  For a simple harmonic oscillator, the acceleration a is given by the equation a = –ω 2x, where 
ω  is the angular frequency and x is the displacement.

  Show that this equation is homogeneous by reducing both sides to S.I. base units.

[2]

 (b) The diagram shows a glass U-tube partially filled with a mass of water.

  

glass
U-tube

water

x

to gas supply

  One end of the U-tube is connected to a gas supply of constant pressure and the other end 
is open to the atmosphere. The displacement of the water from its equilibrium position is x. 

  The density ρ  of water is 1000 kg m–3.

  (i)  The pressure from the gas supply raises the water in the U-tube.
   The vertical distance between the two levels of water in the two vertical sections of the 

U-tube is 10.0 cm (x = 5.0 cm).

   Δp is the difference between the gas pressure and atmospheric pressure.
   Calculate Δp.

 Δp =  ....................................................  Pa [2]
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  (ii) When the gas supply is disconnected, the water levels in the U-tube oscillates with 
simple harmonic motion. The acceleration a of the water level in the left-hand side of the 
U-tube is given by the equation

   a = – 2ρgA
m  x

   where m is the mass of the water in the U-tube, A is the internal cross-sectional area 
of the U-tube, ρ is the density of water, g is the acceleration of free fall and x is the 
displacement of the water level in the left-hand side of the U-tube.

   For this U-tube, A = 1.0 × 10–4 m2 and m = 0.052 kg.

   1 Show that the period T of the oscillations is about 1 second.

[3]

   2 The oscillations of the water level are slightly damped.
    At time t = 0, x = 5.0 cm.

     Sketch a suitable graph of displacement x against time t for the oscillating water 
level. Add suitable values to the time t axis.

5.0

0

–5.0

x / cm

0 t / s

[3]

   3  The U-tube is now connected to another gas supply where the pressure oscillates at 
a frequency of about 1 Hz.

    Explain the effect this will have on the water in the U-tube.

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

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

 ............................................................................................................................... [2]
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20 (a) An approximate value of the Planck constant h can be determined in the laboratory using 
light-emitting diodes (LEDs). An LED suddenly starts to conduct and emit monochromatic 
light when the potential difference across an LED exceeds a minimum value V0.

  The potential difference V0 and the wavelength m of the emitted light are related by the 
equation

V e
hc 1

0 #
m

= d n

  where e is the elementary charge and c is the speed of light in a vacuum.

  Fig. 20.1 shows some data points plotted by a student on a V0 against 1
m

 graph for five 
different LEDs.

0
0

1.0

1.0

2.0

3.0

4.0

2.0 3.0

V0 / V

1
λ

/ 106 m–1

Fig. 20.1

  The potential difference across each LED was measured using a digital voltmeter with 
divisions ± 0.01 V. The values for the wavelengths are accurate and were provided by the 
manufacturer of the LEDs. 

  The value of V0 was determined by directly observing the state of the LED in the brightly lit 
laboratory.

  (i) Draw the straight line of best fit on Fig 20.1 and determine the gradient of the line.

 gradient =  ................................................... V m [2]
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  (ii) Use your answer in (i) and the equation on page 20 to determine a value for h to 
2 significant figures. Show your working.

 h =  ....................................................  J s [3]

  (iii) Calculate the percentage difference between your value in (ii) and the accepted value of 
the Planck constant.

 difference =  .....................................................  % [1]

  (iv) Identify the two types of errors shown by the data in Fig. 20.1 and suggest how you 
could have refined the experiment to reduce or eliminate these errors.

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]



H556/02 Exploring physics  ·  June 2018  ·  Q20  ·  14 marks ANSWER  ›2.1.2  S.I. Units, Prefixes and Homogeneity

51

22

© OCR 2018

 (b) Fig. 20.2 shows a gold-leaf electroscope with a clean zinc plate.

metal box

metal stem

zinc plate

gold leaf

Fig. 20.2 

  The zinc plate, metal stem and the gold-leaf are given a negative charge by briefly connecting 
the zinc plate to the negative electrode of a high-voltage supply.

  The gold leaf is fully diverged. 

  The position of the leaf is not affected by intense white light from a table lamp incident on the 
zinc plate. The gold leaf collapses very quickly when low-intensity ultraviolet radiation from a 
mercury lamp is incident on the zinc plate.

  Explain these observations in terms of photons.

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]
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23 Algol is a triple-star system, with stars Aa1, Aa2 and Aa3 orbiting each other.
 This triple-star is 90 light-years from the Earth.

 (a) Here is some data on the star Aa1.

• radius = (1.90 ± 0.14) × 109 m
• mass = (6.31 ± 0.42) × 1030 kg.

  Calculate the gravitational field strength g at the surface of Aa1 to 3 significant figures.
  Include the absolute uncertainty in your answer. Assume that the other stars of the system 

exert negligible gravitational force on Aa1.

 g = .............................. ± .............................. N kg–1 [4]

 (b) The table shows some data about the three stars of Algol.

Star Luminosity of star / L9 Surface temperature of star / K

Aa1 182 13 000

Aa2 6.92 4500

Aa3 10.0 7500

  The luminosity of each star is in terms of the solar luminosity L9. 

  (i) Define the luminosity of a star.

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

 ...................................................................................................................................... [1]

  (ii) Use Stefan’s law to determine the ratio  radius of star Aa2
radius of star Aa3  .

 ratio =  .......................................................... [2]
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  (iii) Use Wien’s displacement law to explain which star would have the longest wavelength 
at the peak intensity of the emitted electromagnetic radiation.

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

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

 ...................................................................................................................................... [2]

  (iv) Suggest how an astronomer using just an optical telescope can deduce that the three 
stars of Algol have different surface temperatures.

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

 ...................................................................................................................................... [1]

  (v) The light from each star passing through a diffraction grating shows an absorption line 
spectrum.

   Explain how a specific absorption line is produced in this type of spectrum in terms of 
photons and electrons.

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

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

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

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

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

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

 ...................................................................................................................................... [3]

 (c) The Aa1 star could evolve into a black hole.

  State two ways in which the black hole would differ from the Aa1 star.

1.  ...............................................................................................................................................

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

2.  ...............................................................................................................................................

 ...................................................................................................................................................
[2]

END OF QUESTION PAPER
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21 (a) Fig. 21.1 shows a stationary glider of mass m on an air track. 

  The glider has identical springs with force constant k attached to each end which are 
secured to fixed posts.

  The air track blower is turned on and the glider is displaced a small distance x0, as seen in 
Fig. 21.2. It is then released.

 
  The glider moves horizontally in simple harmonic motion.

   The springs remain in tension throughout the motion.

   The time taken for 20 complete oscillations is measured, and the period T calculated.

    Fig. 21.1 Fig. 21.2

air track

fixed
post

fixed
post

fixed post

glider at equilibrium x0

  The relationship between the period T, the mass of the glider m and the force constant k is 
described by the equation

 
	 	 T 2 = 

2π2m
k  .

  (i) Show that the equation above is homogeneous by reducing the equation to SI base 
units.

 [2]

  (ii) Explain why the magnitude of the resultant force F on the glider is given by F =  2kx 
where x is the displacement at any time.

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

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

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

 ...................................................................................................................................... [2]
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  (iii) State and explain the effect, if any, of increasing the initial displacement on the period of 
the subsequent motion.

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

 ...................................................................................................................................... [2]

 (b) Masses are added to the glider, and the measurement of 20T repeated.

  The results table is below. 

m / kg 20T / s T T 2 

0.200 12.2 0.61 0.372

0.300 13.6 0.68 0.462

0.400 15.6 0.78 0.608

0.500 17.6 0.88 0.774

0.600 18.9 0.945 0.893

0.700 20.0 1 1

  (i) Describe two different errors in the table.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

 ...........................................................................................................................................
 [2]
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  (ii) Plot the first data point from the table on the graph below.

   The other points have all been plotted. The table of results is repeated on the opposite 
page.

 
   Include on your graph a line of best fit. [2]

0
0 0.200 0.400 0.600 0.800
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0.400
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1.000

T 2 / s2
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m / kg 20T / s T T 2 

0.200 12.2 0.61 0.372

0.300 13.6 0.68 0.462

0.400 15.6 0.78 0.608

0.500 17.6 0.88 0.774

0.600 18.9 0.945 0.893

0.700 20.0 1 1

  (iii) Use the graph to determine the value of k. 

 k =  ...............................................  N m–1 [3]

 (c) When the initial displacement is increased, one spring increases its extension while the 
extension of the other spring decreases.

  Explain why the maximum kinetic energy of the motion increases.

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]
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SECTION A 
 

Question Answer Marks Guidance 

1 C 1  

2 D 1  

3 C 1  

4 B 1  

5 B 1  

6 B 1  

7 B 1  

8 D 1  

9 A 1  

10 D 1  

11 C 1  

12 C 1  

13 D 1  

14 C 1  

15 C 1  

 Total 15  
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SECTION B 

General rule: For substitution into an equation, allow any subject - unless stated otherwise in the guidance 
 

 Question  Answer Mark Guidance 

16 (a)  Connect the voltmeter in parallel with the thermistor B1 Allow correctly drawn on diagram 

Allow “across” for “in parallel with” 

Allow voltmeter in parallel with cell 

 

 (b) (i) Points plotted correctly, within ½ small square 

 

B1 

 

 

  (ii) Smooth curve passing within 1 vertical small square of 

plotted points 

C1 No credit for straight line 

If thick line drawn, all width of line must lie within 1 

vertical small square 

 

 (c)  Current increases as temperature increases (and 

voltage is constant) 

 

Use of at least two sets of data to calculate resistance 

 

 

 

 

 

 

 

 

 

 

The resistance decreases, therefore it is ntc thermistor 

B1 

 

 

M1 

 

 

 

 

 

 

 

 

 

 

A1 

Accept standard symbols (T, I , θ etc) for variables in 

explanation 

 

Temp / °C Resistance / k 

30 4.0 

40 2.7 

50 2.0 

60 1.4 

70 1.1 

80 0.82 

90 0.63 

Allow 1sf for resistance values from calculations 

Ignore POT error for M mark 
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General rule: For substitution into an equation, allow any subject - unless stated otherwise in the guidance 
 

Question Answer Marks Guidance 

1 (a)  g = GM/r2 
 

g =  
6.67 × 10

−11
 × 4.87 × 10

24

(6 050 × 10
3

)
2

 

 

g = 8.87 (N kg–1) 

C1 
 
 

C1 
 
 

A1 

Allow m for M 
Allow d or D or x or X or R for r 
 
Full substitution needed  
Allow r = 6 050 for this C1 mark 
 
Allow a negative answer 
Answer must be to exactly 3sf for the A1 mark.  
Do not use the SF penalty for the paper here 
 

 (b) (i) a = ω2r and ω = 2π /T     or     a = v2/r and v = 2πr /T 
 

Either    ω = 
2𝜋

5830 × 3600
 

 

or   v = 
2𝜋 × 6050 × 103

5830 × 3600
 

 

or   a =  
4𝜋2

(5830 × 3600)2 × 6050 × 103 

 

 
 
a = 5.42 × 10–7 (m s–2) 
 

C1 
 

C1 
 
 
 
 
 
 
 
 
 
 
 

A1 

Allow use of T2 = 4π2r3/(GM) and v = 2πr /T 
 
ω  = 2.99 × 10–7 (rad s–1) 
 
 
 
v = 1.81 (m s–1) 
 
 
a = ω2r  = (2.99 × 10–7)2 × 6050 × 103 

a = v2/r = 1.812 / (6050 × 103) 
 
Do not allow incorrect or omitted conversion of T 
 
Allow answer given to 2sf 
Allow any answer which rounds to 5.4 × 10–7  
Do not penalise incorrect km conversion (giving a = 5.42 × 10–10) 
if already penalised in (a) 
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Question Answer Marks Guidance 

1 b (ii) (Mass of fluid displaced = ρ x V =) 65 x 1.7 
 
(Weight of fluid displaced = ρ x V x g =) 65 x 1.7 x 8.87 
 
U (= weight of fluid displaced) = 980 (N) 

C1 
 

C1 
 

A1 

 
 
Possible ECF from (a) but do not allow g = 9.81 N kg-1 

 

 

  (iii) Any 2 from: 
 

• Forces are balanced at A /there is no 

centripetal force at A / forces are unbalanced at 

B / there is a resultant or centripetal force at B 

 

 

• correct balanced forces equation at A 

 

• correct expression of Newton’s second law at B 

 

• calculation of centripetal force at B 

 
 

• calculation of normal contact force at A  

 
 

• calculation of normal contact force at B 
 

 
therefore reaction force (must be) greater on A  

B1 x 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B1 

Allow the pole for A and the equator for B throughout 
 
Allow weight provides the centripetal force but do not allow 
normal contact force/upthrust provides the centripetal force 
Allow acceleration in place of force  
Ignore any statement that suggests that centripetal force is a 
separate or additional force 
 

e.g. RA = W – U 
 
e.g. (mrω2or maor) F = W – U – RB 
 
 

Centripetal force (= ma = 760 x 5.4 x 10-7) = 4.1 x 10-4 (N) 
Possible ECF from (b)(i) 
 
RA (= W – U = (680 x 8.87) – 980) = 5760 (N) 
Possible ECF from (a) and (b)(ii) 
 
 

RB (= W – U –  ma = 5760 - 4.1 x 10-4)  
Possible ECF from (a), (b)(i) and (b)(ii) 
 
Conclusion must follow some valid and relevant reasoning in 
which upthrust is mentioned 
Allow reverse argument 
Allow CF is negligible therefore reaction force is same at A and 
B 
 

   Total 12  
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5 

 
SECTION A 

 
 

Question Answer Marks Guidance 

1 C 1  

2 B 1  

3 A 1  

4 A 1  

5 D 1  

6 B 1  

7 C 1  

8 D 1  

9 B 1  

10 D 1  

11 D 1  

12 C 1  

13 C 1  

14 D 1  

15 B 1  

 Total 15  
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 SECTION A 
 
Question Answer Marks Guidance 

1 A 1  
2 B 1  
3 D 1  
4 D 1  
5 C 1  
6 D 1  
7 A 1  
8 B 1  
9 C 1  

10 C 1  
11 B 1  
12 D 1  
13 A 1  
14 D 1  
15 B 1  

 Total 15  
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 SECTION A 
 
Question Answer Marks Guidance 

1 A 1  
2 B 1  
3 D 1  
4 D 1  
5 C 1  
6 D 1  
7 A 1  
8 B 1  
9 C 1  

10 C 1  
11 B 1  
12 D 1  
13 A 1  
14 D 1  
15 B 1  

 Total 15  
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 SECTION A 
 

Question Answer Marks Guidance 
1 C 1  
2 C 1  
3 A 1  
4 C 1  
5 B 1  
6 C 1  
7 B 1  
8 B 1  
9 D 1  

10 D 1  
11 B 1  
12 B 1  
13 D 1  
14 C 1  
15 A 1  

 Total 15  
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 SECTION A 
 

Question Answer Marks Guidance 
1 C 1  
2 C 1  
3 A 1  
4 C 1  
5 B 1  
6 C 1  
7 B 1  
8 B 1  
9 D 1  

10 D 1  
11 B 1  
12 B 1  
13 D 1  
14 C 1  
15 A 1  

 Total 15  
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 SECTION A 

 
Question Answer Marks Guidance 

1 C 1  
2 A 1  
3 C 1  
4 B 1  
5 A 1  
6 B 1  
7 B 1  
8 D 1  
9 D 1  

10 C 1  
11 C 1  
12 B 1  
13 C 1  
14 B 1  
15 A 1  

 Total 15  
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SECTION A

Question Answer Marks Guidance

1 C 1

2 B 1

3 A 1

4 B 1

5 D 1

6 B 1

7 B 1

8 C 1

9 D 1

10 C 1

11 D 1

12 D 1

13 C 1

14 C 1

15 B 1

Total 15

9
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SECTION A 
 

Question Answer Marks Guidance 

1 A 1  

2 C 1  

3 C 1  

4 A 1  

5 A 1  

6 D 1  

7 C 1  

8 A 1  

9 D 1  

10 C 1  

11 D 1  

12 A 1  

13 D 1  

14 B 1  

15 C 1  

 Total 15  
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SECTION A 
 

Question Answer Marks Guidance 

1 D 1  

2 C 1  

3 B or D 1  

4 C 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 D 1  

10 B 1  

11 C 1  

12 D 1  

13 A 1  

14 C 1  

15 B 1  

 Total 15  
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SECTION A 
 

Question Answer Marks Guidance 

1 D 1  

2 C 1  

3 B or D 1  

4 C 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 D 1  

10 B 1  

11 C 1  

12 D 1  

13 A 1  

14 C 1  

15 B 1  

 Total 15  
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SECTION A 
 

Question Answer Marks Guidance 

1 D 1  

2 C 1  

3 B or D 1  

4 C 1  

5 A 1  

6 B 1  

7 A 1  

8 C 1  

9 D 1  

10 B 1  

11 C 1  

12 D 1  

13 A 1  

14 C 1  

15 B 1  

 Total 15  
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SECTION A 
 

Question Answer Marks Guidance 

1 C 1  

2 D 1  

3 C 1  

4 B 1  

5 B 1  

6 B 1  

7 B 1  

8 D 1  

9 A 1  

10 D 1  

11 C 1  

12 C 1  

13 D 1  

14 C 1  

15 C 1  

 Total 15  
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Question Answer Marks Guidance 

19 (a)  Direction of f ield shown as clockwise 
 
Three field lines shown as concentric circles and distance 
between adjacent field lines increasing as distance from 
wire increases 
  

B1 
 

B1 

Expect at least one field line with an arrow 
 
Allow more than three lines, but distance between 
adjacent field lines increasing distance from wire must 
increase for all 

 (b)  (force =) 2.2 × 10-3 × 9.81 
 
2.2 × 10-3 × 9.81 = B × 5.0 × 0.060 (= 0.072 T) 
 
(absolute uncertainty =)    0.2

6.0
+ 0.1

5.0
       (× 0.072 =   0.0038 T) 

 
 
B = 0.072 ± 0.004 
 

C1 
 

C1 
 

C1 
 
 
 

A1 

 
 
 
 
Allow calculation of percentage uncertainty = 5.3% 
Allow calculation of max B (=0.0759 T) and min B 
(=0.0683 T) 
 
Note B must be given to 2 SF and the uncertainty given to 
1 SF.  
Special case: allow follow through from incorrect B 
calculation. 
 

   Total 6  
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Question Answer Marks Guidance 

20 (a)  F = mω2r        and    ω = 2πf 
 
kmg = mω2r 
 
Clear algebra leading to 𝑓𝑓2 = � 𝑔𝑔𝑔𝑔

4𝜋𝜋2
�× 1

𝑟𝑟
 

M1 
 

M1 
 

A1 

Allow F = mv2/r        and    v = 2π fr 
 
Allow this mark for kmg = mv2/r 
 
 
 
 

 (b)  y-intercept = - 0.45 
 
 
 
1
2 lg �

𝑔𝑔𝑔𝑔
4π2

� = −0.45 

� 𝑔𝑔𝑔𝑔
4𝜋𝜋2

� = 10−0.9 

𝑘𝑘 =
0.126× 4 × 𝜋𝜋2

9.81  
k = 0.51 

C1 
 
 
 
 

C1 
 

C1 
 
 
 

A1 

Allow ± 0.05  
 
Allow attempt at calculating y-intercept using gradient 
and a point on the line. 
 
 
 
Not e-0.9 wrong physics 
 
 

 
Allow k in range 0.48 to 0.63 
Note Answer must be to 2 SF 

   Total 7  
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Question Answer Marks Guidance 

17 (a)  eV or J → [kg m2 s-2] in base units by any method 
 
base units = kg m2 s-1 
 

C1 
 

A1 

Allow kg (m s-1)2 

 
Allow base units in any order 

 *(b)  Level 3 (5–6 marks) 
Clear description of method and analysis of data 
 

There is a well-developed line of reasoning which is clear 
and logically structured. The information presented is 
relevant and substantiated. 
 
 
Level 2 (3–4 marks) 
Some description of method and analysis of data 
or Clear description or Clear analysis 
 

There is a line of reasoning presented with some structure. 
The information presented is in the most part relevant and 
supported by some evidence. 
 
 
Level 1 (1–2 marks) 
Limited description 
or 
Limited analysis 
 
 

There is an attempt at a logical structure with a line of 
reasoning. The information is in the most part relevant. 
 
 
0 marks 
No response or no response worthy of credit. 
 

 

B1 6 

Indicative scientific points may include: 
 
Description 

• Circuit with LED connected to a variable supply (and 

series /current limiting resistor) / or use of variable 

resistor 

• p.d. across LED increased until LED emits light 

• Voltmeter (across LED) used to measure V  

• Use a range of LEDs 

•  determined using diffraction grating / spectrometer / 

double-slit / use n = d sin /  = ax/D OR  

determined from manufacturer’s data / known 

wavelength 

• Darkroom used / tube placed over LED used to 

establish switching of LED / switch-on identified from 

finite ammeter reading 

Analysis of data 

• Plot of V against -1 / eV against -1 / eV against c/ 

• Line of best-fit drawn through the points 

• Straight line (through origin) 

• Correct gradient for described graph hc/e or hc or h 

• Correct arrangement for determination of h  

h = (gradient  e ) / c or h = gradient / c (allow 

numerical values for e and/or c) 

   Total 8  
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Question Answer Marks Guidance 

17 (a)  Any one from: 
current, temperature, light intensity and amount of 
substance / matter 
 

 
B1 

 

 
Not: ampere, kelvin, candela and mole 
Not correct quantity with its unit, e.g. current in A or 
current (A) 
 

 (b) (i) 
   

A

L
R


       and        

2

2










d
A  

   
2

4

d

L
R

π


X

 and      
2Y

8

d

L
R





 

Clear steps leading to 
2

12

d

L
R





 

 

 
M1 

 
 
 
 

A1 
 
 

 

  (ii)1 Ruler / tape measure (for L) and micrometer (for d)  B1 Allow (vernier / digital) calipers or travelling microscope 
for micrometer 
  

  (ii)2  

R = 2.3(4) () 

5.9

1.0
      or   

270.0

003.0
2  

 

270.0

003.0
2

5.9

1.0
     or    0.0327    or     3.27% 

 

absolute uncertainty in R = 0.0327 2.34 = 0.077 
 

R = 2.3  0.1 () 
 

 
C1 

 
C1 

 
 

C1 
 
 
 
 

A1 

Allow other correct methods for getting 2.3  0.1 () 
 
 
Allow 2 or more sf for this C1 mark 
Note 0.0105 or 1.05% or 0.0222 or 2.22% scores this 
mark, allow 2sf or more 
 
 
 
 
 

Allow: 2.34  0.08 () 
Note use of RX or RY instead of R can score the second 
and third C1 marks only 
 

  (ii)3 (The actual) R is large(r) because (the actual) d is 

small(er) or (the actual) A is small(er) or R  1/d2  
 

B1 
 

Allow: The calculated R is small(er) because (the 

measured) A is large(r) or R  1/d2 

   Total 9  
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Question Answer Marks Guidance 

18 (a) (i) Resistance of parallel combination = 40 () 

I = 
3340

5.12.4




 

I = 0.037 (A) 

C1 
 

C1 
 

A1 

Allow (1/60 + 1/120)-1 

 
 
 

Allow 2 marks for I = 078.0
3340

5.12.4





(A) 

 

  (ii) Any two from: 
 
The current decreases up to 1.5 V 
The current is zero at 1.5 V 
The current changes direction / is negative when < 1.5 V 
The current increases below 1.5 V  
 

 
 

B12 
 

 
 
 
Allow ‘current is zero when the e.m.f.s are the same’ 
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Question Answer Marks Guidance 

18 (a)  1.2  106 =  ½  (mass per second)  8.02 
 

mass per s = 3.8  104 (kg s-1) 
  

C1 
 

A1 

 
 
Answer is 3.75 x 104 (kg s-1) to 3sf 
Note: 3.8 x 10n (kg s-1) scores 1 for PoT error. 

 (b) (i) A    m2       and        kg m-3 
 

P    kg m2 s-3  
 
Clear working to show units are equivalent on either side of 
equation 
 

M1 
 

M1 
 

A1 
 
 

Note: No mark for v    m s-1 since units are in (a) 
 

Allow P    kg m s-2 m s-1 (from P = Fv or P=Work done/t) 
 
Note: clear working includes m3s-3 seen. 

  (ii) 1.2  106 = ½  1.3  A  8.03 or A = 3600 (m2) seen 
 
 
 
 
L = 34 (m) 
 

C1 
 
 
 
 

A1 

Allow volume s-1 = 28846 (m3) using 3.75 x 104 (kg s-1) or 
29231 (m3) using 3.8 x 104 (kg s-1) 
Allow ECF from (a) 
 
 
Note: 3.4 x 10n (m) scores 1 for PoT error. 

  (iii) (output power = ) 0.42  1.2     /     0.504 (MW) 
 
(N = 50/0.504 = 99.2) 
 
 
N = 100 
 

C1 
 
 
 
 

A1 

Allow: 50 x 106 / 0.42 = 119 MW and then 119 / 1.2  
 
 
 
 
Not 99 
Note: answer of 99.2 scores 1 mark max 
 

   Total 9  
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Question Answer Marks Guidance 

23 (a)  Uniform distribution of matter (everywhere in the Universe) 
 

B1 Allow: density of Universe (approximately) constant throughout 

Not: references/idea of isotropic/”looks the same in all 

directions” 

 (b) (i) v = 68  200 = 13600 (km s
-1

) or 13.6 x 10
6
 m s

-1
 

  

(  
c

v ) 

 

(change in  =) 13600  10
3
  280/3.00  10

8
  or   13 (nm) or 13 x 

10
-9

 (m) 

 

( = 280 + 13) 

 

 = 290 (nm) 

C1 
 
 
 
 

C1 
 
 
 
 

A1 
 

Allow: Any correct velocity if unit matches. 

 

 

 

 

Allow: ECF for incorrect v 

 

 

 

 

Answer to 3 sf is 293 (nm) 

Allow: ECF for incorrect  

  (ii) Any suitable one from: 

 Very/infinitely dense 

 Idea that escape velocity  c or ‘light cannot escape it’ 

B1 
 

 

Allow: singularity 

Allow: physical radius ≤ event horizon radius 
Allow: Distorts space(time) significantly / bends light 
significantly 
Allow: Emits Hawking radiation 

 (c)  Any three from: 
1. At the Big Bang the Universe is a singularity / very 

dense / very hot 

2. Expansion / inflation / high energy (gamma) photons but 

no matter 

3. Quarks and leptons form / Quark-Gluon Plasma phase 

4. Quarks combine to form neutrons / protons / hadrons 

5. Hadrons / neutrons and protons / nucleons combine 

to make nuclei 

 
All candidate’s points in the correct sequence 
 

 
M1x3 

 
 
 
 
 
 
 
 
 
 

A1 

 

Allow for point 1: fundamental forces unified 

 

 

 

 

 

 

 

Ignore: Any phase after nuclei phase e.g. recombination era 

/formation of atoms/formation of CMBR 

                                                                                       Total 9  
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Question Answer Marks Guidance 

2 (a)  (initial charge) Q = EC0  or  
(Q conserved so final) Q = V(C +  C0) (as capacitors 
are in parallel) 
 
so EC0 = V(C  +  C0) (and hence V = C0 E / (C  +  C0)) 

 
 

M1 
 

A1 
 

 
 
At least one correct expression for Q for f irst mark 
 
The two correct expressions equated for the second mark 
 

 (b) (i)  1/V = 1/E + C/EC0 (and compare to y = c + mx) 
 

B1 Mark is for rearrangement into linear equation 
 

  (ii) 1/EC0 = 51 = 1/(9.1 C0) giving C0  = 1/(51 × 9.1) F 
 
C0 = 2.2 (mF)  
 

 
 

B1 
 

B1 

C0 = 2.1547 × 10-3 F 
 
Answer must be correct, rounded correctly and given in mF 
 
Candidate’s answer must be given to 2 SF 
 

  (iii) (at least) one correct worst f it line drawn 
 
 
gradient calculated correctly using a large triangle 
 
 
 
uncertainty = C0 – 1/(wfl gradient x 9.1) 
 
uncertainty given is to the same number of decimal 
places as C0 
 

B1 
 
 

B1 
 
 
 

B1 
 

B1 
 
 

Top and bottom points chosen must be from opposite extremes 
of uncertainty limits, accurate to within half a small square 
 
Δx ≥ 1.5 × 10-3; expect 59±1 or 44±1 (or 0.059 or 0.044); allow 
ECF from poorly drawn line; readings must be accurate to 
within half a small square 
 
ECF from b(ii); expect uncertainty of up to 0.4(mF)  
 
ECF from b(ii) 
If no value for C0 given in b(ii), allow any answer given to 1dp 
 

 (c)  Only effect is to slow the charging and/or discharging 
(of capacitor(s)) and so the final charges are 
unchanged / the values for V are unchanged / the 
graph is unchanged / the gradient is unchanged / 
there is no effect on the experiment (results) 

B1 
 
 
 
 

Allow and so the experiment takes longer  

   Total 10  
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Question Answer Marks Guidance 

3 (a) (i) L (= 4πr2σT4) = 4 × π × (7.0 × 108)2 × 5.67 × 10-8 × 58004  
 
 
L = 3.95 ×1026 (W) 
 

M1 
 
 

A0 

Mark is for substitution of values 
Allow σ for 5.67 × 10-8 

  (ii) By ratios: 25 = 1.72 x (T/5800)4 

 
 
 
 
 
 
 
T4 = 9.8 × 1015 
 
 
T = 9950 (K) 
 

C1 
 
 

 
 
 
 
 

C1 
 

 
A1 

or T4 =   25L/4πσ(1.7r)2             

      = 25 x 3 .95 x1026                 
4π x 5.67x  10−8 x (1.7 x 7 x 108)2 

 
 
ECF for L in a(i) but only if L = 4 x 1026 to 1s.f. 
ECF for incorrect σ in a(i) 
 
 

Allow 9.9 × 1015 (using L = 4 x 1026) 
 
 
Allow 10,000 K  
 
 

   (b)  see next page  
 

B1 x 6 
 

 

   Total 10  
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6 
 

SECTION B 
 

Question Answer Marks Guidance 

16 (a)  (  ;  Q = It) 

charge  A s    or  energy  kg m s-2  m  or  kg m2 s-2 
 
 
 

(base units) kg m2 A-2 s-3 
 

 
 

C1 
 
 
 

A1 

Allow other correct methods 
 
Allow Q or C or coulomb for ‘charge’; E or W or joule or J 
or work done for ‘energy’ 
 

Allow 1 mark for J s-1 A-2 

Allow     or     kg m2 /(A2 s3)  

Not kg m2 / A2 / s3    or    kg m2 / s3 / A2 
 

 (b) (i) 
(R =)  

R = 40  
 

M1 
 

A0 

Allow any correct value of V ( 0.1 V) divided by the correct 

value of I ( 10 mA) from the straight line for R 
 

  (ii)1  
 

(VL =) 1.4 (V)  or   (VR =) 4.0 (V)   or   (RT =) 6.0/0.1 () 
 

(Vterminal =) 5.4 (V)  or  (Vr =) 0.6 (V)  or   (r =) 60 - 54  () 
 

r = 6.0 () 
 

 
 

C1 
 

C1 
 

A1 

Allow full credit for other correct methods 
Possible ECF from (i)  

Allow  0.1 V for the value of p.d. from the graph 
  
Note getting to this stage will also secure the first C1 mark 
 
Allow 1 SF answer here without any SF penalty 

  (ii)2 
               (Any subject) 

 

 = 0.012 ( m) 
 

C1 
 

 
 

A1 

Allow ECF 
 
 
 

Allow 1 mark for either 0.018 for using 60 , 0.016(2) for 

using 54  or for 0.0018 for 6.0   
 

  (ii)3 
n =      or        n = 3.385  1025 (m-3) 

v =   (Any subject) 

 
v = 7.7  10-3 (m s-1) 
 

 
C1 

 
C1 

 
 
 

A1 

 
 
 
Note do not penalise again for the same POT error 
 
 
 

Allow 1 mark for 4(.0)  105 (m s-1); n = 6.5  1017 used 
 

   Total 11  
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9 
 

 
Question Answer Marks Guidance 

19 (a)  h → J s    /      h → N m s    /    J → kg m2 s-2  
 
base unit = kg m2 s-1 
 

C1 
 

A1 

 

 (b) (i) Vq = ½ mv2     and    λ = ℎ
𝑚𝑚𝑚𝑚

 
 
Clear algebra leading to 𝜆𝜆2 =  ℎ2

2𝑚𝑚𝑚𝑚
× 1

𝑉𝑉
 

 

M1 
 
 

A1 
 

Allow p for mv 
Allow e for q in (b)(i) – this is to be treated as a ‘slip’ 

  (ii)1 (% uncertainty in λ2 =) 10% 
 
 
(% uncertainty in λ =) 5% 
 

C1 
 
 

A1 

 
 
 
Note 10 (%) on answer line will score the C1 mark 

  (ii)2 Straight line of best fit passes through all error bars 
 

B1  

  (ii)3 gradient = 1.0 (× 10-22) 
 

 
ℎ2

2𝑚𝑚𝑚𝑚 =  gradient 

 
(6.63×10−34)2

2 × 𝑚𝑚 × 3.2 × 10−19
 = gradient  

 
m = 6.9 × 10 -27 (kg) (hence about 10-26 kg) 
 

C1 
 
 

C1 
 
 
 

C1 
 
 

A1 
 

Ignore POT for this mark; Allow ± 0.20 (× 10-22) 
 
 
 
 
 
 

Possible ECF for incorrect value of gradient 
 
 
 

Note check for AE (condone rounding error here) and 
answer must be about 10-26 (kg) for any incorrect gradient 
value for this A1 mark  
 

Special case: 1.37 × 10-26 kg scores 3 marks for 
q = 1.6 × 10-19 C because answer is about 10-26 kg 
 

   Total 11  
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Question Answer Marks Guidance 

18 (a)  Sum of e.m.f(s) is equal to the sum of p.d.(s) (in a loop of 
a circuit) 
 
 
 
 
Energy is conserved 

B1 
 
 
 
 
 

B1 
 

Allow total / Σ instead of ‘sum’ 
Allow voltage instead of p.d. 
Not ….sum of IR ….., unless I and R are defined  
Expect ‘sum’ at least once in the statement 
Not ΣE = ΣV, unless V and E are defined 
 
 

 (b)  L → [m]  and A → [m2]    or    L/A → [m-1]  
 

kg m3 s-3 A-2 
 

C1 
 

A1 
 
Allow kg m3

s3 A2
   or  kg m3/s3 A2 

 

 (c) (i) Line of best fit drawn 
 
 
 

gradient = 2.8  

B1 
 
 
 

B1 
 

Expect the extrapolated line to have a y-intercept in the 
range 0.60 to 0.85 and at least one data point on each 
side of the line 
 

Allow gradient of line in the range 2.60 to 3.00 
 

  (ii) E = I (r + R)    and     R =ρL/A    
 
1
𝐼𝐼

=  𝑟𝑟
𝐸𝐸

+  𝜌𝜌
𝐴𝐴𝐴𝐴
𝐿𝐿 (and comparison with y = mx + c leads to 

gradient = 𝜌𝜌
𝐴𝐴𝐴𝐴

) 
 

C1 
 
 

A1 

Allow E = V + IR    and    R =ρL/A    

  (iii) (ρ = gradient × AE) 
 
ρ = 2.8 × π × (0.19 × 10-3)2 × 1.5 
 
 

ρ = 4.8 × 10-7 (Ω m) 
 

 
 

C1 
 

 
 
 

A1 

 
 
Possible ECF from (i) 
Note not using A = πr2 is wrong physics (XP) 
 
 

Allow 1 mark for 1.9 × 10-6, diameter used instead of 
radius 
 

  (iv) The graph / points just shift horizontally (AW) 
 
 
 

The gradient is unchanged (and ρ will be the same)  

B1 
 
 
 

B1 

Allow shifted to the right or left / ‘systematic error’ / 
zero error / change in length stays the same / ‘no 
change in vertical values’  
 

 
   Total 12  
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SECTION B 
 

General rule: For substitution into an equation, allow any subject – unless stated otherwise in the guidance 
 

Question Answer Marks Guidance 
16 (a) (i) (g  →) [m s-2] and (t →) [s]    or   (gt2 →) [m s-2 × s2] 

 
Clear evidence of working leading to m on both sides 

M1 
 

A1 
 

 
 
 

  (ii) s / distance measured with a ruler / tape measure 
 
Timer mentioned for measuring t / time 
 
Measure distance from bottom of ball to (top of) trapdoor 
 
Any one from: 
• Take repeated readings (for t for same s) to determine 

average t 
• Avoid parallax error when using the ruler 

B1 
 

B1 
 

B1 
 
 

B1 

 

 (b) (i) (p1 = 4.4 × 0.050 ) = 0.22 (kg m s-1) B1  
  (ii) (impulse =) ½ × 30 × 0.02  or  0.30 (kg m s-1) 

 
-0.30 = p2 – 0.22 
 
 
p2 = (–) 0.08  (kg m s-1) 

C1 
 

C1 
 
 

A1 

 
 
Allow any correct re-arrangement 
Possible ECF from (b)(i) 
 
Ignore sign 
Allow 0.52 for 2 marks 

  (iii) (momentum of trapdoor =) 0.30 (kg m s-1)  
 
 
v = 3.0 (m s-1) 
 

C1 
 

 
A1 

Allow (KEtrapdoor =) ½ × 0.05 × (4.42 – 1.62) or 0.42 (J) 
Possible ECF from (b)(ii) 
 
Allow 1 SF answer here 
Allow alternate methods involving CoE (giving 2.9) and 
e(giving 2.8) 
 

   Total 12  
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16 
 

 
 

Question  Answer Marks Guidance 

20 a    → s-1 or  → s-2 

 

 

 

LHS = m s-2    and    RHS = m s-2    clearly shown by unit 
algebra 
 

M1 
 
 
 

A1 

Allow  → (radians) s-1  

Allow  =(2f)2 or  (2/T)2   with some evidence of units 
afterwards 
 

e.g. RHS = m . (s-1)2 

 b i  p = 0.10 × 1000 × 9.81 
 

p  = 980 (Pa) 
 

C1 
 

A1 

 
 
Allow 1 mark for 490 Pa; 5.0 cm used 

  ii 1 𝜔2 =
2𝜌𝑔𝐴

𝑚
         or     𝝎𝟐 = 37.7 (rad2 s-1) 

  = 6.1 
 

𝑇 =
2π

6.1
   

 
T = 1.02 (s) 

C1 
 

C1 
 

C1 
 

A0 
 

NOT   = 37.7 
 
 
Alternative route: 

• Substitution of expression for omega 

• Re-arrangement to make T subject 

• Evidence of evaluation to T = 1.02 (s) 

   2 Oscillation is isochronous starting from (0,5) 
 
Correct value(s) on the horizontal axis 
 
At least 2 oscillations shown and amplitude is decreasing 
 

B1 
 

B1 
 

B1 

Period same by eye. 
 
Note scale must be linear and increasing 
 
Amplitude of 2nd oscillation smaller by eye. 
 

   3 The (driving) frequency is close to the natural frequency 
(of the system) / resonance will occur 
 
(Level of) water will oscillate with large amplitude  

B1 
 
 

B1 

 
 
 
Allow a description of consequence such as water leaving 
the tube or being unable to measure the height of liquid 
 

    Total 12  
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10 
 

 

Question Answer Marks Guidance 

20 (a) (i) A straight line with non-zero V0 intercept 
 
 

gradient = 1.3  10-6 

 

B1 
 
 

B1 
 

Ignore spread of data points on either side of the line 
Allow Intercept > 0 and < 1.0 V 
 

Allow (1.10 to 1.60)  10-6; no need to check calculation  

  (ii) 
gradient =                     (Any subject) 

 

h =   (Any subject) 

 

h = 6.9  10-34 (J s) 

 

C1 
 
 

C1 
 
 

A1 

 
 
 
Possible ECF from (i) 
 
 
Note the answer must be given 2 SF only 

  (iii) 
difference =   100 % 

 
difference = 4.1 % 
 

 
 
 
 

B1 

Possible ECF from (ii) 
Ignore sign 
Not division by value from (ii) 
Allow 1 SF answer 
 
 

  (iv) Random (error) / data points are spread about line  
 
 
Systematic (error) / line does not pass through origin  
 
 
Take (many) repeat readings (of V0) and average 
 
 
Conduct the experiment in a darkroom / use (black) 
tube over the LED to view when it is lit / use a (digital) 
voltmeter with no zero error  
 
 
 

B1 
 
 

B1 
 
 

B1 
 
 

B1 

 
 
 
 
 
 
 
 
 
Allow other sensible suggestion 
Not faulty voltmeter 
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11 
 

Question Answer Marks Guidance 

 (b)   
 
 
 
 
 
 
Any one from: 
Energy of visible light photon < work function (of zinc)  
(frequency of) visible (light/photon) < threshold 
frequency 
 
Any one from: 
Energy of UV photon > work function (of zinc) 
(frequency of) UV (radiation/photon) > threshold 
frequency 
 
 
Any two from: 

 Collapse of leaf linked to removal of electrons  

 One-to-one interaction of photon and (surface) 

electron 

 Photon energy is independent of intensity / Intensity 

linked to rate of photons (incident on the zinc plate) 

 

 
 
 
 
 
 

 
 

B1 
 

 
 

 

B1 
 

 
 

 
 
 

B1  2 

 

Allow f for frequency,  for wavelength and  for work 
function throughout 
 
Allow ‘overcome’ / ‘met’ / ‘reached’ when describing > or < 
Allow photons 
 
 
Not f0 for threshold frequency 
Allow equivalent statement with wavelength 
 
 

Allow = instead of > or < throughout for UV 
Allow equivalent statement with wavelength 
 
 
 
 
 
 

Ignore stem / plate / leaf / electroscope becoming positive 
 
 

   Total 14  
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15 
 

 
 

Question Answer Marks Guidance 
23 (a)  

𝑔𝑔 =
𝐺𝐺 × 6.31 × 1030

(1.90 ×  109)2  

 
g = 117 (N kg-1) 
 
2 × 0.14

1.90
+ 0.42

6.31
     or      0.21   or    21% 

 
(absolute uncertainty =) 25 (N kg-1) 
 
 
 

 
C1 

 
C1 

 
C1 

 
 

A1 
 

 
 
 
 
 
Reject 0.42/(0.142) = 21.4 
 
 
Note: f inal answer of g = 117 ± 25 (N kg-1) with no working 
scores all 4 marks. 
Allow correct identification of %(r) and %(m) for 1 mark 
max if no other marks scored. 
Allow alternate method using max/min values of m and r 
that give the correct absolute uncertainty (28) 
 

 (b) (i) The (total radiant) power (of a star) /AW 
 

B1  

  (ii) (L = 4πr2σT4) 
 

ratio = �(6.92 × 75004

10.0 × 45004
) 

 
ratio = 2.3(1) 

 
 
 
 
 

C1 
 

A1 

 
 
 
 
 
 
 

Allow 1 mark for 5.3; square root omitted 
Allow 1 mark for 1:2.3 or 0.43 
 

  (iii) 𝜆𝜆(max) ∝
1
𝑇𝑇 

 
Lower temperature star will have the longest wavelength, 
so it is Aa2 
 

B1 
 
 

B1 

Allow word equation 
 
 
Note Must mention wavelength and temperature  

  (iv) From their (different) colours 
 

B1  
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16 
 

  (v) Any three from: 
 
• Continuous spectrum  
• Light / radiation / photons passes through cooler 

gas/star’s atmosphere  
• Photon(s) absorbed by electron(s)  
• Electron(s) excited / jump / make transition to higher 

energy level(s) 
• Electron only promoted if energy of photon matches 

energy gap between two given levels 
• Photons remitted in different directions 
• (so) idea of contrast with non-absorbed wavelengths 
 

 
 

B1 × 3 

 

 (c)  Any two from: 
 

• Black hole has smaller mass / radius / size  
• Black hole has higher density/gravitational field 

strength/ stronger gravitational field 
• black hole absorbs light / does not emit visible light 
• Has an escape velocity => c 
• No fusion in a black hole (ORA) 

 

B1 
 
 
 

B1 

 
 
 
 
 
 
 
 
 
Allow black hole emits Hawking radiation 

   Total 15  
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21 (a) (i) newton in base units is kg m s-2

Substitution and cancelling of kg and m arriving at
s2 -> s2

C1

A1

(ii) One force is increased by kx and one is reduced
by kx /AW

Some working to include kx - (-kx)

B1

B1

reject 2 springs in series or 2 springs in parallel
idea XP.
accept one extension is reduced by x and one is
increased by x / AW

(iii) period is independent of amplitude / AW

No effect

M1

A1

Allow isochronous

(b) (i) Units omitted from T and T2

Valid statement about significant figures

B1

B1 allow correct statement about individual data
points or decimal place or "precision"
e.g. sf of T does not match sf of 20T
or sf of T not consistent throughout column
or idea that 1 sf never enough

(ii) Correct plotting within half a small square
Correct line of best fit

B1
B1 ECF for incorrect plotting.

NB Same number of points above and below the
line AND fair distribution of distances from line

22
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(iii) Gradient between 1.22 and 1.44

k=2π2÷ gradient

k between 13.7 and 16.2

C1

C1

A1

reject use of data table

ECF use of candidate's line

ECF use of candidate’s gradient as per rubric

(c) maximum four from:
EPE gain (in stretched spring) > EPE lost (in
relaxed spring)

EPE is dependent on x2

Total energy increases (and so KE increases since
EPE -> KE)

Max KE when the system has minimum EPE / at
equilibrium position/when x=0

Minimum EPE is unchanged

Omega is same, amplitude has increased

vmax when x=0

so vmax has increased (omega2 = sqrt(A2-x2))

vmax increased so KEmax increased

4 x B1

Allow EPE max is dependent on A2

NOT EPE dependent on x alone
Allow EPE dependent on x and F which is
dependent on x (EPE = ½ Fx idea)
KE = ½ kx2 is XP

TOTAL 17

23


