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• Answer all the questions.

• Where appropriate, your answers should be supported with working. Marks may be 

given for a correct method even if the answer is incorrect.

• Write your answer to each question in the space provided. If additional space is 

required, use the lined page(s) at the end of this booklet. The question number(s) must 

be clearly shown.
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• The marks for each question are shown in brackets [ ].

• Quality of extended responses will be assessed in questions marked with an 

asterisk (*).

• This document consists of 20 pages.
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Answer all the questions.

1 A student investigates the motion of a tennis ball of mass 57 g which falls vertically from rest, then 

bounces once on a soft horizontal surface.

 Fig. 1 shows the variation with time t of the velocity v of the tennis ball falling from rest until it hits 

the soft surface.

0.2 0.4 0.6 0.8 1.0 1.20

0

2.0

4.0

6.0

–2.0

–4.0

–6.0

v / m s–1

t / s

Fig. 1

 Air resistance has a negligible effect on the motion of the tennis ball.

 (a) Use Fig. 1 to show that

  (i) the acceleration of the falling ball is about 10 m s–2

 [1]

acceleration = gradient = Δv / Δt

= (4.7 − 0) / (0.48 − 0) = 9.8 m s−2  (about 10 m s−2)
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  (ii) the kinetic energy of the ball just before impact with the surface is 0.63 J.

 [2]

 (b) The ball leaves the surface with 80% of the kinetic energy just before impact.

  (i) Calculate the magnitude of the velocity v of the ball as it leaves the surface.

 v =  ...............................................  m s–1 [3]

  (ii) Complete Fig. 1 to show the variation of the velocity of the ball after it leaves the surface 

until it is at rest again.

 [2]

  (iii) Determine the maximum height h reached by the ball after it bounces.

 h =  ..................................................... m [2]

 (c) The student repeats the experiment with a different ball that is affected by air resistance.

  Explain how the graph in Fig. 1 now appears from the time the ball is released to the time it 

hits the surface.

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

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

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

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

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

The line will curve (non-linear): the gradient (acceleration) decreases as time

increases because air resistance increases with speed.

The ball reaches a lower final velocity just before impact, and it hits the

surface after a longer time.

speed just before impact v = 4.7 m s−1

KE = ½mv2 = ½ × 0.057 × 4.72 = 0.63 J

KE after = 0.80 × 0.63 = 0.504 J

v2 = 2 × KE / m = 2 × 0.504 / 0.057 = 17.7

v = √17.7 = 4.2 m s−1

4.2

h = area under graph = ½ × 4.2 × (0.91 − 0.48)

= ½ × 4.2 × 0.43 = 0.90 m

(check: h = v2 / 2g = 4.22 / (2 × 9.81) = 0.90 m)

0.90
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2 (a)* A student is investigating the stretching of materials.

  The student applies varying loads to material J and determines the stress and the strain until 

the material breaks.

  The experiment is then repeated for a second material K.

  Fig. 2.1 shows how the stress for each material varies with strain.

  

0

0

stress

strain

J

K

    Fig. 2.1

  Compare materials J and K using Fig. 2.1 and the six terms listed below.

brittle      ductile      elastic      plastic

ultimate tensile strength      Young modulus

  Include in your answer an explanation of each term. [6]

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

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

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

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

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

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

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

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

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

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

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

Elastic: the material returns to its original length (shape) when the load is

removed. Both J and K show elastic behaviour (straight line through the

origin, stress ∝ strain); K is elastic right up to where it breaks.

Plastic: the material is permanently deformed and does not return to its

original length when the load is removed. J has a plastic region (the curved

part after the straight line) but K has no plastic region.

Brittle: shows only elastic behaviour up to the breaking point and does not

deform plastically before breaking. K is brittle.

Ductile: has both elastic and plastic regions before breaking, so it can be

permanently stretched or drawn into wires without breaking. J is ductile.

Ultimate tensile strength (UTS): the maximum tensile stress a material can
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 ...................................................................................................................................................

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

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

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

Additional answer space if required.

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

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

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

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

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

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

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

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

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

 (b) A student is designing a three-legged wooden stool as shown in Fig. 2.2.

  

    Fig. 2.2

  The stool must be able to support the weight of an adult.
  The maximum compressive stress of the wood is 2.3 MPa.

  Estimate the minimum cross-sectional area A of one leg.

 A =  ...................................................  m2 [3]

withstand before breaking. The highest point of J's curve is above the highest

point of K's line, so the UTS of J is greater than the UTS of K.

Young modulus: E = stress / strain in the elastic (linear) region, equal to the

gradient of the straight part of the stress-strain graph. The initial gradient of

J is greater than the gradient of K, so J has a greater Young modulus than K

(J is stiffer).

mass of adult ≈ 70 kg, weight = 70 × 9.81 ≈ 690 N

force on one leg = 690 / 3 = 230 N

A = F / stress = 230 / 2.3 × 106

A = 1.0 × 10−4 m2

1.0 × 10−4
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3 (a) A student measures the diameter of a ball in different directions.

  The student’s results are:

  2.43 cm    2.54 cm    2.59 cm

  (i) State the name of a suitable measuring instrument to measure the diameter of the ball.

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

  (ii) Calculate the mean diameter d of the ball.

   Include the absolute uncertainty in d.

 d = ...................  ±  ................... cm [2]

  (iii) Show that the volume of the ball is about 8.4 × 10–6 m3.

 [1]

  (iv) The mass of the ball is 23 ± 1 g.

   Determine the density ρ of the ball.

   Give your answer to an appropriate number of significant figures.

 ρ =  ............................................. kg m–3 [2]

  (v) Determine the percentage uncertainty in ρ.

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

(Vernier) calipers or a micrometer screw gauge

d = (2.43 + 2.54 + 2.59) / 3 = 2.52 cm

uncertainty = half the range = (2.59 − 2.43) / 2 = 0.08 cm

2.52 0.08

r = 2.52 / 2 = 1.26 cm = 1.26 × 10−2 m

V = 4/3 πr3 = 4/3 × π × (1.26 × 10−2)3

V = 8.38 × 10−6 m3 ≈ 8.4 × 10−6 m3

ρ = m / V = 0.023 / 8.4 × 10−6

= 2738 kg m−3 = 2700 kg m−3 (2 s.f.)

2700

% uncertainty in m = 1 / 23 × 100 = 4.3 %

% uncertainty in V = 3 × (0.08 / 2.52) × 100 = 3 × 3.2 = 9.5 %

% uncertainty in ρ = 4.3 + 9.5 = 13.8 %

14
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 (b) The 23 g mass ball from (a) is used in an experiment with a spring.

  The student measures the unstretched length L0 of a spring as shown in Fig. 3.1.

   

bench

spring
L0

    

ball

spring
L

     Fig. 3.1 Fig. 3.2

  The student then attaches the ball to the spring and measures the length L of the spring as 

shown in Fig. 3.2.

  The student’s results are:

  L0 = 0.078 m and L = 0.096 m

  Calculate the force constant k of the spring.

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

Question 3 continues on page 8

extension x = L − L0 = 0.096 − 0.078 = 0.018 m

force = weight of ball = mg = 0.023 × 9.81 = 0.2256 N

k = F / x = 0.2256 / 0.018 = 12.5 N m−1

k ≈ 13 N m−1

13
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 (c) The 23 g mass ball from (a) and the spring from (b) are now used in an experiment to 

investigate upthrust.

  The ball attached to the spring is lowered into a beaker containing a liquid so that it is totally 

submerged. The student measures the new length LN of the spring, as shown in Fig. 3.3.

  

ball

liquid

spring LN

Fig. 3.3

  The length LN of the spring is now 0.088 m.

  (i) Calculate the upthrust on the submerged ball.

 upthrust =  .....................................................  N [2]

  (ii) Calculate the density of the liquid.

 density of liquid =  .............................................  kg m–3 [2]

new extension = 0.088 − 0.078 = 0.010 m

tension (apparent weight) = kx = 13 × 0.010 = 0.13 N

upthrust = weight − tension = 0.226 − 0.13 = 0.10 N

0.10

upthrust = weight of liquid displaced = ρVg

ρ = 0.10 / (9.81 × 8.4 × 10−6)

ρ = 1214 kg m−3 ≈ 1200 kg m−3

1200
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4 (a) Fig. 4 shows a circuit with five identical 60 Ω resistors. The battery has electromotive force 

(e.m.f.) 9.0 V and negligible internal resistance.

9.0 V

Y

Z

60 Ω

60 Ω

60 Ω

60 Ω

60 Ω

Fig. 4

  (i) Show that the total resistance in the circuit is 50 Ω.

   Make your reasoning clear.

 [2]

  (ii) Calculate the potential difference V across resistor Y.

 V =  .....................................................  V [2]

  (iii) Calculate the charge Q passing through resistor Y in two minutes (include an appropriate 

unit).

 Q = ................................................... unit: ................. [3]

two 60 Ω in parallel: 1/R = 1/60 + 1/60, so R = 30 Ω

three 60 Ω in parallel: 1/R = 1/60 + 1/60 + 1/60, so R = 20 Ω

the two parallel sets are in series: total R = 30 Ω + 20 Ω = 50 Ω

I = V / R = 9.0 / 50 = 0.18 A

V = IR = 0.18 × 30 = 5.4 V  (or V = (30/50) × 9.0)

5.4

current in Y = 5.4 / 60 = 0.090 A (half of 0.18 A)

Q = It = 0.090 × 120 = 10.8 C

11 C
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  (iv) Calculate the energy W dissipated in resistor Y in two minutes.

 W =  ...................................................... J [1]

 (b) Explain how the mean drift velocity of electrons in resistor Y compares with the mean drift 

velocity of electrons in resistor Z.

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

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

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

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

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

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

 (c) Copper is a metal, carbon is a semiconductor and ceramic is an insulator.

  Describe the difference between these three materials in terms of the number density n of 

free electrons. Include an explanation of the term number density.

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

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

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

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

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

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

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

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

I = nAve, so for the same n, A and e the drift velocity v ∝ I (the resistors

are identical).

The current through Y is larger than through Z: IY = 0.090 A and IZ = 0.18

/ 3 = 0.060 A (IY / IZ = 1.5).

So the mean drift velocity in Y is 1.5 times the drift velocity in Z.

Number density n is the number of free electrons (free charge carriers) per

unit volume, i.e. per m3.

Copper has a much larger n than carbon, and carbon has a much larger n

than ceramic (copper about 1029 m−3, ceramic almost zero).

The larger the value of n, the better the material conducts (the greater the

current for the same p.d.), so copper is the best conductor and ceramic is an

insulator.

W = VQ = 5.4 × 10.8  (or VIt = 5.4 × 0.090 × 120)

W = 58 J

58
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5 (a) Fig. 5 shows the variation with distance of the displacement for two progressive waves P 

and Q.

1.0 2.0

Q

P

3.0 4.0 5.0 6.0 7.00

0

0.2

0.4

0.6

–0.2

–0.4

–0.6

displacement / m

distance
/ m

Fig. 5

  (i) State the amplitude of wave P.

 amplitude =  ..................................................... m [1]

  (ii) State the wavelength of wave P.

 wavelength =  ..................................................... m [1]

  (iii) Determine the phase difference, in radians, between wave P and wave Q.

 phase difference =  ..................................................  rad [2]

0.45

4.0

peaks are separated by 4.0 − 3.5 = 0.5 m, λ = 4.0 m

φ = (0.5 / 4.0) × 2π = π/4 = 0.79 rad

0.79
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  (iv) Determine the ratio 
intensity of wave P

intensity of wave Q
.

 ratio =  ......................................................... [2]

Question 5 continues on page 14

intensity ∝ amplitude2

ratio = (0.45 / 0.15)2 = 0.2025 / 0.0225

9
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 (b)* A student wishes to investigate how the fringe spacing x of an interference pattern produced 

by sound waves varies with the frequency f of the sound waves.

  It is suggested that v

f
 = ax

D
 where

   a is the separation of the sources of sound

   D is the distance from the sources of sound to the interference maxima and minima

   v is the speed of sound in air.

  Describe with the aid of a suitable diagram how an experiment can be safely conducted in the 

laboratory, and how the data can be analysed to determine v. [6]

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

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

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

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

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

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

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

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

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

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

Connect two loudspeakers in parallel to the same signal generator so they

emit coherent sound (same frequency, in phase). Place them a distance a

apart (about 0.5 m) on a bench, facing the same way, away from walls; use

a large room or soft absorbing material to avoid reflections.

Move a microphone connected to an oscilloscope along a line parallel to the

line joining the speakers, at a distance D (several metres, D ≫ a) from

them. Maxima and minima are shown by large and small traces on the

oscilloscope.

Measure a, D and the fringe spacing x with a metre rule or tape measure;

measure across several maxima (e.g. 4 fringe spacings) and divide to reduce

signal
generator

loudspeakers

a

max

max

max

x

microphone

oscilloscopeD (D ≫ a)
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 ...................................................................................................................................................

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

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

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

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

Additional answer space if required.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

the percentage uncertainty in x.

Read f from the signal generator, or measure the period T from the

oscilloscope trace using the time-base and calculate f = 1/T.

Change the frequency (e.g. 1.0 kHz to 4.0 kHz in steps) keeping a and D

constant, and measure x for each frequency; repeat and average.

Safety: keep the volume low and wear ear defenders to protect hearing from

loud sound for long periods.

Analysis: rearrange v/f = ax/D to x = (vD/a) × (1/f). Plot a graph of x

against 1/f. A straight line through the origin confirms the relationship.

The gradient = vD / a, so v = gradient × a / D. Compare the value with 340

m s−1.
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6 (a) In an experiment to demonstrate the photoelectric effect, electromagnetic waves are incident 

on a silver surface.

  Fig. 6 shows the variation with frequency f of the maximum kinetic energy KEmax of the 

photoelectrons.

0

5

10

15

0 0.5 1.0 1.5 2.0 2.5 3.0

f / 1015 Hz

KE
max

 / 10–19 J

Fig. 6

  (i) Define the term threshold frequency.

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

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

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

  (ii) Use Fig. 6 to state the threshold frequency f0 for silver. 

 f0  ...................................................  Hz [1]

  (iii) Use your answer in (ii) to calculate the work function φ of silver.

   Give your answer in electron volt (eV).

 φ =  ...................................................  eV [2]

The threshold frequency is the minimum frequency of the incident

electromagnetic radiation (photons) needed to release (emit) an electron

from the surface of the metal.

= 1.1 × 1015

at f0: hf0 = φ (KEmax = 0)

φ = 6.63 × 10−34 × 1.1 × 1015 = 7.29 × 10−19 J

φ = 7.29 × 10−19 / 1.60 × 10−19 = 4.6 eV

4.6
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 (b) Electrons can behave as a wave.

  Describe the behaviour of electrons which demonstrates that they have wave properties. 

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

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

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

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

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

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

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

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

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

END OF QUESTION PAPER

A beam of electrons is diffracted by a thin layer of graphite (carbon atoms

in a crystal lattice).

This produces a pattern of bright rings (circular interference fringes) on a

fluorescent screen; diffraction and interference are wave properties.

Diffraction occurs because the de Broglie wavelength of the electrons, λ = h /

p = h / mv, is similar to the gap between the atoms.

Increasing the speed (energy) of the electrons decreases λ, so the rings

become smaller.

Rings form because the graphite atoms are arranged irregularly.
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) 

must be clearly shown in the margin(s).
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