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Answer all questions.

1. (a) In the production of steel alloy, atoms of carbon are added to iron. The resulting alloy is 
less ductile than pure iron. State the meaning of the term ductile, and describe, on an 
atomic scale, why the addition of carbon atoms can make steel less ductile than iron.  [3]

 

 

 

 

 

 

 (b) A wire of length 2.4 m and diameter 0.60 mm is made of steel of Young modulus 
200 × 109 N m–2. The wire is loaded so that its length is increased by 1.8 mm. Assuming 
that the change is elastic, calculate:

 (i) the strain; [1]

 

 

 

 (ii) the applied stress; [2]     

 

 

 

 

 (iii) the force applied to the wire;  [2]
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 (iv) the elastic energy stored in the wire. [2]

 

 

 

 (c) The diagram shows how a gap can be bridged using a concrete beam.

© WJEC CBAC Ltd.

 (i) On the diagram label a point in tension with the letter T, and a point in compression 
with the letter C. [1]

 (ii) Inserting a pre-stressed steel bar into the concrete beam would increase the 
breaking stress of the concrete. On the diagram, draw a pre-stressed steel bar in 
an appropriate position.  [1]

 (iii) Explain how the steel bar strengthens the beam. [2]

 

 

 

 

 

concrete beam
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2. A student is asked to find a value for the spring constant, k, of a spring used in a jumping toy. 
Pushing down on the toy compresses the spring allowing the suction pad to stick to the base. 
After a few seconds the force on the suction pad decreases and the toy ‘jumps’ into the air.

© WJEC CBAC Ltd.

 The student measures the jump height for five separate jumps using a metre rule. The results 
are shown in the table.

Jump number 1 2 3 4 5

Jump height / cm 48 52 54 46 49

 (a) (i) Calculate the mean jump height, hmean along with the absolute uncertainty in its 
value. [2]

 

 

 

 (ii) Calculate the percentage uncertainty in hmean. [1]

 

 

 (b) (i) The student applies a principle of physics to the jumping toy to show that: 

k =
2mghmean

x2

  where: m is the mass of the toy and x is the compression of the spring. 

  State which principle was used and explain how it can be applied to derive the 
formula shown. [2]

 

 

 

 

x = 3.20 cm 

Push

Suction pad
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PMT



(2420U10-1) Turn over.

2
4

2
0

U
1

0
1

0
5

05

5
Examiner

only
 (ii) The student uses an accurate balance to measure the mass, m, of the toy to be 

48.40 g and digital callipers to measure the compression of the spring, x, to be  
3.20 cm. He decides not to determine the uncertainty in these measurements.

 I. Explain why it is reasonable for the student to ignore these uncertainties.  [2]

 

 

 

 II. Calculate k along with the absolute uncertainty in its value. Give both values 
to an appropriate number of significant figures.  [3]

 

 

 

 

 

 

 III. State whether your answer to (b)(ii)(II) is likely to be smaller than or greater 
than the actual value for k. Justify your answer. [2]

 

 

 

 (c) Describe one practical procedure by which the student could reduce the uncertainty 
in k.     [1]
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3.  (a) A student uses the following apparatus to determine the unknown mass, M, of a glider. 

© WJEC CBAC Ltd.

Light gates to measure 
accelerationGlider of unknown 

mass, M

Linear air track
allowing friction free motion

Pulley

Slotted masses, 
total mass 60 g

  The total mass of the system is kept constant by removing one of the slotted masses from 
the hanging weight and placing it on the glider for each reading of force and acceleration.

  She plots some of her measurements on the grid below.
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 (i) Draw a line of best fit on the graph and use it to determine the gradient. [2]

 

 

 

 (ii) Show clearly that the gradient has units kg–1. [2]

 

 

 

 (iii) Determine the value of M, the unknown mass of the glider.  [3]

 

 

 

 

 

 (iv) Comment on the quality and sufficiency of the data obtained. [2]
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 (i) Fill in the missing values on the above diagram. [2]

 (ii) The two forces shown do not form a Newton 3rd law pair. Give two reasons why. 
 [2]

 

 

 

 

 (b) Two vertical forces acting on the glider are shown below.

13

08

linear air track

Force on glider due to air = . . . . . . . . . . . . . . . . . . . . . . . . . . .N

Weight of glider = . . . . . . . . . . . . . . . . . . . . . . . . . . .N
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4. (a)  Stars are very good approximations to black bodies. State what is meant by a black 
body. [1]

 

 

 (b) The graph shows the black body radiation curves for the two stars Polaris (sometimes 
called the North Star) and Chi Pegasi (a red supergiant in the constellation Pegasus). The 
stars are equidistant from the Earth.

© WJEC CBAC Ltd.
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Spectral intensity / 
arbitrary units

Wavelength / nm

10

PMT



(2420U10-1) Turn over.

11
Examiner

only
 (i) Use the graph to state three differences between Polaris and Chi Pegasi.  [3]

 

 

 

 

 

 (ii) The surface temperature of Polaris is 7 250 K. How does the graph confirm this?
 [2]

 

 

 

 (iii) Polaris is 431 light years from Earth and the intensity of radiation received on Earth 
from it is 4.05 × 10–9 W m–2. Show that the luminosity of Polaris is approximately 
8.5 × 1029 W. [1 light year = 9.46 × 1015 m] [2]

 

 

 

 

 (iv) Calculate the radius of Polaris. [3]
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5. (a) Two equations of accelerated motion are v = u + at  and  v2 = u2 + 2ax. Use these equations 
to show that, for a body accelerating uniformly from rest: [2]

x =    at2 

 

 

 

 

 (b) The diagram shows the path of a projectile after it is launched horizontally from a table.

© WJEC CBAC Ltd.

  When considering the horizontal and vertical components of the motion, graphs of 
horizontal acceleration and vertical acceleration against time are sketched. Only one of 
the following sketch graphs shows a correct combination. [Ignore air resistance for the 
remainder of the question.]

Path of projectile

Vertical component
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  State which graph shows the correct combination and explain your answer. [3]
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 (c) A bottle is accidentally knocked from the table and follows the path shown.

Horizontal component of velocity = 3.4 m s–1

1.8 m

 (i) Calculate the height, h, of the table.  [3]
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 (ii) Calculate the magnitude of the velocity and the direction of travel of the bottle just 
before it hits the ground. [4]

 

 

 

 

 

 

 

 (d) State whether or not the following statement is correct and justify your answer. [2]

  The flight time for the bottle in part (c) will depend on the horizontal velocity – the greater 
the horizontal velocity, the longer it will take for the bottle to hit the floor after leaving the 
table.  
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6. (a) State the conditions necessary for a body to remain in equilibrium. [2]

 

 

 

 

 (b) A shopkeeper wishes to hang a heavy sign of weight 240 N outside his shop using the 
following arrangement. He has steel wires of various diameters to choose from. You may 
neglect the weight of the rod.

35°

1.40 m

2.00 m

Steel support wire 

Rod
T

Frictionless
hinge

Weight = 240 N

Joe’s
Exotic Food

  The shopkeeper needs to ensure that the steel wire he decides to use has a breaking 
strength greater than is required to support the sign. By taking moments about an 
appropriate point, show that the tension, T,  in the wire in the above diagram is approximately 
600 N. [3]
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 (c)  The shopkeeper finds the following information on a website advertising steel wire ropes.

  Minimum breaking strength and safe working load of uncoated steel wire ropes are indicated 
below.

Wire Rope
WA R N I N G

Failure to read, understand, and follow manufacturer instructions may cause death or serious injury.

Diameter of rope 
/ mm

Minimum 
breaking 

strength / N

Safe working 
load / N at 5:1 

ratio

Safe working 
load / N at 3:1 

ratio

1.5 1 900 380 633

2.0 2 750 550 916

2.5 3 300 660 1 100

3.0 5 400 1 080 1 800

Search the web and windows 11:24

Loading Information

  SAFE WORKING LOAD (SWL) is the load that can be applied without causing any 
damage to the wire rope.

  WE PROVIDE TWO SWLs FOR YOUR CONSIDERATION AT RATIOS 5:1 AND 3:1.

  Factors of safety should always be applied when determining maximum wire rope loading 
conditions. If in doubt a suitably qualified engineer should be consulted to assess loading 
factors.

16
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 (i) Based on the information on the web page the shopkeeper decides to apply a SWL 
ratio of 3:1 for the wire he will use. State, giving your reasoning, which minimum 
diameter of wire rope he should choose to use. [2]

 

 

 

 

 

 (ii) The shopkeeper has no engineering background. Evaluate whether or not he has 
made an informed decision.  [2]
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7. The following process describes the decay of a neutron.

n  →  p + e- + νe

 Give a detailed description of the process, including how conservation laws apply. [6 QER]
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