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1	 (a)	 Water waves are classified as transverse waves.

		  (i)	 State another example of a transverse wave.

[1]

		  (ii)	 State an example of a longitudinal wave. 

[1]

		  (iii)	With reference to the motion of the particles of the medium through which 
the wave passes, what distinguishes a transverse wave from a  
longitudinal wave?

[3]

	 (b)	 A graph of displacement against time for a water wave is shown in Fig. 1.1.

1.0 2.0
time / s

displacement / m

0.0

Fig. 1.1

		  (i)	 On Fig. 1.1, label the amplitude A of the wave.� [1]

Light (any electromagnetic wave)

Sound wave

In a transverse wave the particles oscillate perpendicular to the

direction of energy transfer.

In a longitudinal wave they oscillate parallel to it.

A
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		  (ii)	 Use the graph in Fig. 1.1 to determine an accurate value for the period of 
the wave.

			   Period =              s� [2]

		  (iii)	The wave is travelling at a speed of 3.50 m s-1. Calculate the wavelength of 
the wave.

			   Wavelength =                          m� [3]

		  (iv)	On Fig. 1.1, draw a wave of the same amplitude and period but 90° out of 
phase with the wave shown.� [2]

3 complete waves take 2.0 s

T = 2.0 / 3

T = 0.67 s

0.67

f = 1 / T = 1 / 0.667 = 1.5 Hz

v = fλ, so λ = v / f

λ = 3.50 / 1.5

λ = 2.33 m

2.33
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2	 Describe an investigation that will allow you to accurately determine the focal length 
of a converging lens using a graphical method. 

	 Include in your answer:
	 	 a labelled sketch of the apparatus required;
	 	 the measurements which should be taken;
	 	 the graph that you would draw using your results;
	 	 how the graph is used to find an accurate value for the focal length of the lens.

	 (a)	 A labelled sketch of the apparatus required:

� [2]

	 (b)	 The measurements which should be taken;

[3]

Move the screen until a sharp image of the object is seen. Measure

the object distance u (object to lens) and the image distance v

(lens to screen) with the metre rule.

Repeat for at least 5 different values of u (all greater than f).

lamp

illuminated object
(cross-wire)

converging lens
in holder

white screen

metre rule

u v
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	 (c)	 The graph you would draw using your results;

[1]

	 (d)	 How the graph is used to find an accurate value for the focal length of the lens.

[2]

A graph of 1/v (y-axis) against 1/u (x-axis): a straight line of gradient

−1.

Both intercepts (on the 1/v and 1/u axes) are equal to 1/f, so f =

1/intercept.

Find f from each intercept and take the average of the two values.
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3	 (a)	 Explain the difference between Doppler red-shift and cosmological red-shift of 
light from distant galaxies. Refer to the source and the observer in each case.

[2]

	 (b)	 The spectrum of light from a distant galaxy contains a spectral line of 
wavelength 398.6 nm. The same line, when measured in the laboratory, has a 
wavelength of 393.3 nm.

		  (i)	 Calculate the recession speed of the galaxy. Give your answer to  
three significant figures.

			   Recession speed =                           m s-1� [3]

Doppler red-shift is caused by the source (galaxy) moving away from

the observer through space (relative motion of source and observer).

Cosmological red-shift is caused by the expansion of space itself

between the source and the observer, stretching the wavelength.

Δλ = 398.6 − 393.3 = 5.3 nm

z = Δλ / λ = 5.3 / 393.3 = 0.0135

v = zc = 3.00 × 108 × (5.3 / 393.3)

v = 4.04 × 106 m s-1

4.04 × 106
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		  (ii)	 Use Hubble’s law to estimate the distance to this galaxy. 

			   Distance =                           m� [2]

		  (iii)	Why is this considered to be an estimate of the distance?

[1]

The Hubble constant H0 is only an estimate (its value is

uncertain), so d is an estimate.

v = H0d, so d = v / H0

d = 4.04 × 106 / 2.4 × 10-18

d = 1.7 × 1024 m

1.7 × 1024
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4	 The wavelength of monochromatic laser light can be calculated using Young’s 
double-slit interference experiment. An arrangement for carrying out the experiment 
is shown in Fig. 4.1.

laser light

double-slit

screen

Fig. 4.1

	 (a)	 The light emerging from a laser is coherent. Explain what is meant by coherent 
in this context.

[1]

		 In one such experiment, the interference pattern of bright and dark fringes, shown in 
Fig. 4.2, is observed on a screen placed 2.50 m from the double-slit. The separation 
of the slits is 0.27 mm.

30.5 mm

dark

Fig. 4.2

The waves have a constant phase difference: they are in phase and

have the same frequency.
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	 (b)	 Use the data to calculate the wavelength of the laser light.

		  Wavelength =                           m� [4]

6 dark fringes have 5 fringe spacings: y = 30.5 / 5 = 6.1 mm

y = 6.1 × 10-3 m, a = 0.27 × 10-3 m, d = 2.50 m

λ = ay / d = (0.27 × 10-3 × 6.1 × 10-3) / 2.50

λ = 6.6 × 10-7 m

6.6 × 10-7
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5	 (a)	 A person uses ‘reading glasses’ in order to correct hypermetropia (long sight). 
Each lens has a power +2.0 dioptres. While wearing the glasses, the person’s 
near point is 25 cm.

		  (i)	 Show that the focal length of each lens in the glasses is +50 cm.

� [2]

		  (ii)	 When an object is placed at a distance of 25 cm from the glasses, describe 
the image produced.

[3]

		  (iii)	Complete Table 5.1 to show the range of vision with and without the 
glasses. Show any calculations in the space below.

Table 5.1

near point far point

without the glasses                                cm infinity

with the glasses 25 cm                                cm
� [3]

Virtual

Upright (erect)

Magnified (enlarged), formed 50 cm from the lens

P = 1 / f, so f = 1 / P

f = 1 / 2.0 = 0.50 m

f = +50 cm

With glasses, an object at 25 cm gives a virtual image at v:

1/u + 1/v = 1/f: 1/25 + 1/v = 1/50, so v = −50 cm

so near point without glasses = 50 cm

with glasses, far point = f = 50 cm (image formed at infinity)

50

50
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	 (b)	 Fig. 5.2 shows a diverging lens with an object OA placed perpendicular to the 
principal axis. The points F and F' are the principal foci of the lens.

		  On Fig. 5.2, draw suitable construction rays to locate the image of OA. Label the 
image IB. Show a suitable position of the eye for viewing the image.

A

principal
axis

F O F'

LENS

Fig. 5.2
� [5]

I

B

image

eye
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6	 (a)	 Explain what is meant by the photoelectric effect.

[3]

	 (b)	 A piece of zinc metal is represented in Fig. 6.1. It contains fixed ions and 
delocalised electrons as shown. The threshold frequency of zinc is 
1.04 × 1015 Hz.

ion
delocalised electron

Fig. 6.1

		  (i)	 Calculate the work function of zinc, giving your answer in eV.

			   Work function =                           eV� [4]

When photons of electromagnetic radiation are incident on a metal

surface, electrons (photoelectrons) are ejected from the surface,

provided the photon energy is greater than the work function

(frequency above the threshold frequency).

φ = hf0

φ = 6.63 × 10-34 × 1.04 × 1015

φ = 6.90 × 10-19 J

φ = 6.90 × 10-19 / 1.60 × 10-19 = 4.31 eV

4.31
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		  (ii)	 When a piece of zinc is illuminated by radiation of a single frequency, the 
emitted particles have a range of kinetic energies. Explain why this is  
the case.

[2]

Electrons are at different positions (depths) within the metal.

Electrons below the surface must use up some energy to reach

the surface, so they are emitted with less than the maximum

kinetic energy.
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7	 A simplified energy level diagram for an atom of hydrogen is shown in Fig. 7.1.

	 0 J	  	 E
−8.64 × 10-20 J	  	 D

−2.40 × 10-19 J	  	 C

−5.45 × 10-19 J	  	 B

−2.18 × 10-18 J	  	 A

Fig. 7.1

	 (a)	 Explain why the energy levels have negative values.

[2]

	 (b)	 An electron can move between energy levels within the atom.

		  (i)	 If a photon of wavelength 652 nm is emitted, between which energy levels 
has the electron moved?

			   Electron moved from               to              � [5]

Energy must be supplied to remove an electron from the atom; a

free electron (level E) has zero energy.

λ = 652 nm = 652 × 10-9 m

E = hc / λ = (6.63 × 10-34 × 3.00 × 108) / 652 × 10-9

E = 3.05 × 10-19 J

C to B: −2.40 × 10-19 − (−5.45 × 10-19) = 3.05 × 10-19 J

Photon emitted, so the electron falls from C down to B.

C B

stemup.co.uk

https://stemup.co.uk


*24SPH2115*

*24SPH2115*

13548
[Turn over

		  (ii)	 An electron in level A is struck by a photon of energy 1.75 × 10-18 J.  
State which transition might occur, if any, and why?

[2]

	 (c)	 Electron transitions between energy levels are involved in the production of 
X-rays for medical imaging. This is a result of high energy electrons striking  
a metal anode.

		  (i)	 What do the letters CT represent in CT scanning?

[1]

		  (ii)	 State three differences between CT scanning and conventional 
X-ray imaging.

[3]

No transition: 1.75 × 10-18 J is not exactly equal to the energy

difference between A and any other level.

Computed Tomography

X-ray images are 2-D, while CT scans give 3-D images (slices

through the body).

CT needs an X-ray tube rotating around the patient; a

conventional X-ray does not.

CT gives a higher radiation dose than a conventional X-ray.
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8	 (a)	 Calculate (i) the momentum and (ii) the velocity of an electron with a de Broglie 
wavelength 3.17 × 10-11 m.

		  (i)	 Momentum =                           kg m s-1� [2]

		  (ii)	 Velocity =                           m s-1� [2]

	 (b)	 Diffraction is the name given to the spreading of waves after they pass through 
an opening. What is the condition under which maximum diffraction occurs?

[1]

When the wavelength of the wave is equal to the width of the

opening (aperture).

λ = h / p, so p = h / λ

p = 6.63 × 10-34 / 3.17 × 10-11 = 2.09 × 10-23 kg m s-1

2.09 × 10-23

p = mv, so v = p / m

v = 2.09 × 10-23 / 9.11 × 10-31 = 2.30 × 107 m s-1

2.30 × 107
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	 (c)	 In an experiment to demonstrate electron diffraction, a narrow beam of electrons 
is directed at a thin metal foil.

		  (i)	 The beam of electrons is produced by an ‘electron gun’, where a high 
voltage is applied between a cathode and an anode in order to accelerate 
the electrons. 

			   Describe and explain the effect on the diffraction pattern when the 
accelerating voltage is increased.

[2]

		  (ii)	 In this demonstration, the thin foil acts as a diffraction grating. What is the 
effective number of lines per mm if the second order diffraction occurs at an 
angle of 40°? 

			   The de Broglie wavelength of the electron is 3.17 × 10-11 m.

			   Lines per mm                         � [4]

The radius of the diffraction rings decreases (rings closer

together).

The electrons are given a greater velocity (momentum), so their

de Broglie wavelength (λ = h/p) is shorter and they diffract less.

d sin θ = nλ, with n = 2

d = 2 × 3.17 × 10-11 / sin 40°

d = 9.86 × 10-11 m

lines per metre = 1 / d = 1.01 × 1010 m-1

lines per mm = 1.01 × 1010 / 1000 = 1.01 × 107

1.01 × 107
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9	 (a)	 State Snell’s law of refraction.

[2]

	 (b)	 In an experiment to verify Snell’s law, the path of a ray of light was traced as it 
passed from air through a rectangular glass block and out into the air. This is 
shown in Fig. 9.1.

60�

35�

glass block

Fig. 9.1

		  Use the angles given to show that the refractive index of the glass is 1.51.

� [2]

For light passing between a given pair of media,

the ratio sin i / sin r is a constant (equal to the refractive index).

n = sin i / sin r

n = sin 60° / sin 35° = 0.8660 / 0.5736

n = 1.510 = 1.51
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	 (c)	 A ray of monochromatic light passing through a section of an optical fibre is 
shown in Fig. 9.2. The ray travels from air into the core material with an incident 
angle A. 

		  The core material is glass of refractive index 1.51 and the cladding material 
surrounding the core is of refractive index 1.45. 

		  The ray is incident on the core–cladding boundary at the critical angle C for this 
pair of materials.

cladding material

A

C
core material

Fig. 9.2

		  (i)	 What is the speed of light in the core material?

			   Speed =                           m s-1� [3]

		  (ii)	 What is the refractive index for light travelling from the core to the cladding?

			   Refractive index =                         � [3]

n = c / v, so v = c / n

v = 3.00 × 108 / 1.51

v = 1.99 × 108 m s-1

1.99 × 108

n (core to cladding) = ncladding / ncore

= 1.45 / 1.51

= 0.960

0.96
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10	 The speed of sound was measured using a resonance tube arrangement as shown 
in Fig. 10.1. A loudspeaker was placed above the open end of the tube. The length L 
of the tube is 75 cm. The signal frequency was raised from 0 Hz until an exceptionally 
loud sound was heard for the first time. This frequency is called the fundamental 
frequency fo. 

 

loudspeaker

resonance
tube

to signal generator

L � 75 cm

Fig. 10.1

	 (a)	 Resonance is the effect which results in an exceptionally loud sound being 
heard. Explain why resonance occurs.

[2]

The driving frequency of the signal equals the natural frequency of

the air column in the tube, so the incident and reflected waves

superpose to form a standing wave of maximum amplitude.

A

N
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	 (b)	 The method described will identify the first position of resonance.

		  (i)	 On Fig. 10.1 label the position of a node with the letter N and the position of 
an antinode with the letter A for the first position of resonance.� [1]

		  (ii)	 Describe how the air particles in the resonance tube are behaving  
at N and A.

N

			 
A� [2]

		  (iii)	The fundamental frequency fo is 114 Hz when the first position of resonance 
is identified. Use this information to calculate the speed of sound in air.

			   Speed =                           m s-1� [3]

		  (iv)	The frequency is increased from 114 Hz until the next position of resonance 
is identified. Calculate the frequency at which this will occur.

			   Frequency =               Hz� [2]

THIS IS THE END OF THE QUESTION PAPER

The air particles do not vibrate (zero amplitude).

The air particles vibrate with maximum amplitude.

First resonance: L = λ/4

λ = 4L = 4 × 0.75 = 3.00 m

v = fλ = 114 × 3.00 = 342 m s-1

342

Next resonance: L = 3λ/4, so f = 3f0

λ = 4 × 0.75 / 3 = 1.00 m

f = v / λ = 342 / 1.00 = 342 Hz

342

stemup.co.uk

https://stemup.co.uk


*24SPH2122*

*24SPH2122*

13548

BLANK PAGE

DO NOT WRITE ON THIS PAGE

stemup.co.uk

https://stemup.co.uk


*24SPH2123*

*24SPH2123*

13548

BLANK PAGE

DO NOT WRITE ON THIS PAGE 

stemup.co.uk

https://stemup.co.uk


Permission to reproduce all copyright material has been applied for.
In some cases, efforts to contact copyright holders may have been unsuccessful and CCEA
will be happy to rectify any omissions of acknowledgement in future if notified.

DO NOT WRITE ON THIS PAGE

*24SPH2124*

*24SPH2124*

SPH21/5
276070

For Examiner’s
use only

Question
Number Marks

1
2
3
4
5
6
7
8
9

10

Total
Marks

Examiner Number

stemup.co.uk

https://stemup.co.uk


DATA AND FORMULAE SHEET

Physics 

[SPH11/SPH21]

ADVANCED SUBSIDIARY 
General Certifi cate of Education

Assessment Units AS 1 and AS 2

11378.02

stemup.co.uk

https://stemup.co.uk


11378.02 2

Data and Formulae Sheet for AS 1 and AS 2

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

 elementary charge e = 1.60 × 10–19 C

 the Planck constant h = 6.63 × 10–34 J s

 mass of electron me = 9.11 × 10–31 kg

 mass of proton mp = 1.67 × 10–27 kg

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

 electron volt 1 eV = 1.60 × 10–19 J

 the Hubble constant H0 ≈ 2.4 × 10–18 s–1

Useful formulae

The following equations may be useful in answering some of 
the questions in the examination:

Mechanics
 conservation of energy 1

2 mv 2 – 12 mu 2 = Fs  

  for a constant force

Waves
 two-source interference λ = 

ay
d

 diffraction grating d sinθ = nλ
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Light
 lens equation      

1
u

1
v

1
f+ =

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

 potential divider      Vout = 
R1Vin

R1 + R2

Particles and photons
 Einstein’s equation  1

2 mv max
2 = hf – hf0

 de Broglie equation      λ = 
h
p

Astronomy
 red shift z = Δλλ  

 recession speed z = vc  

 Hubble’s law v = H0 d

stemup.co.uk

https://stemup.co.uk


11378.02 4
stemup.co.uk

https://stemup.co.uk

