Q1.An aerospace engineer has built two differently designed wings. One wing is made from an
aluminium alloy and the other is made from a carbon fibre composite.

The engineer tests a sample of each material by applying a varying stress.

(@) Tick (v') two of the boxes in the table below to indicate which are properties of the
material from which the wing is made.

breaking stress

stiffness constant, k

tensile strain

tensile stress

Young modulus

(1)

(b) Below is the stress—strain graph that the engineer obtains for the aluminium alloy.
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(i)  The engineer has labelled a point Q on the graph. This is a point beyond
which the behaviour of the material changes irreversibly. State the name for
this point.
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(1)

(i)  Use the graph to determine the Young modulus of the aluminium alloy.
Show your working.

Young ModUulUS = .....eeiiiiiiiiiiiiieeee e Pa
(2)
(c) The engineer who carried out the experiment to obtain the stress—strain graph
decided to stretch another sample to a strain of 0.10. She then gradually reduced
the stress to zero.
Show by drawing on the graph how you would expect the stress to vary with strain
as the stress is reduced.
(2)
(d) Calculate the volume of 25.0 kg of the aluminium alloy.
density of aluminium alloy = 2.78 x 10° kg m™.
VOIUME = oo, m®
(1)

(e) 1.28% of the aluminium alloy’s volume is copper.
Calculate the mass of pure aluminium needed to make 25.0 kg of the aluminium
alloy.

density of pure aluminium =2.70 x 10° kg m™.
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mass of pure aluminium = ...........ccooiiiiiii kg

(2)
(Total 9 marks)

Q2.If lengths of rail track are laid down in cold weather, they may deform as they expand when
the weather becomes warmer. Therefore, when rails are laid in cold weather they are
stretched and fixed into place while still stretched. This is called pre-straining.

The following data is typical for a length of steel rail:

Young modulus of steel = 2.0x 10" Pa

cross sectional area of a length of rail = 7.5%x10° m?

amount of pre-strain = 2.5 x 107 for each kelvin rise in
temperature the rail is expected to
experience.

A steel rail is laid when the temperature is 8 °C and the engineer decides to use a
pre-strain of 3.0 x 107,

(@) Calculate the tensile force required to produce the pre-strain in the rail required by
the engineer.

tensile force = ....oooveeeiiiiiiii, N
(3)

(b)  Calculate the elastic strain energy stored in a rail of unstressed length 45 m when
pre-strained as in part (a)

elastic strain energy = ..........cceeveiieeeenn. J

(2)
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Calculate the temperature at which the steel rail becomes unstressed.

(c)
()

temperature =

Explain why the engineer does not use the highest observed temperature at the
location of the railway track to determine the amount of pre-strain to use.

(d)

(2)
(Total 9 marks)

Q3.The term ultrasound refers to vibrations in a material that occur at frequencies too high to
be detected by a human ear. When ultrasound waves move through a solid, both
longitudinal and transverse vibrations may be involved. For the longitudinal vibrations in a

o—
C =

solid, the speed c of the ultrasound wave is given by

ST

where E is the Young modulus of the material and p is the density. Values for ¢ and p are

given in the table below.
Substance c/ms™ plkgm?

glass 5100 2500
sea water 1400 1000

Ultrasound waves, like electromagnetic radiation, can travel through the surface between

two materials. When all the energy is transmitted from one material to the other, the
materials are said to be acoustically matched. This happens when pc is the same for

both materials.
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(@) Calculate the magnitude of the Young modulus for glass.

Young modulus = .......cccceeeeiiiiiiiieen.
(1)
(b)  State your answer to (a) in terms of S| fundamental units.
(1)
(c) The passage states that 'when ultrasound waves move through a solid both
longitudinal and transverse vibrations may be involved’.
State the difference between longitudinal and transverse waves.
(2)
(d) Show that when two materials are acoustically matched, the ratio of their Young
moduli is equal to the ratio of their speeds of the ultrasound waves.
(2)

(e) The wave speed in a material X is twice that in material Y. X and Y are acoustically
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matched.

Determine the ratio of the densities of X and Y.

X = e Y = e
(1)
() Ultrasound waves obey the same laws of reflection and refraction as
electromagnetic waves.
Using data from Table 1, discuss the conditions for which total internal reflection can
occur when ultrasound waves travel between glass and sea water.
(3)

(Total 10 marks)

Q4.The diagram shows how the stress varies with strain for metal specimens X and Y which are
different. Both specimens were stretched until they broke.
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Strain

Which of the following is incorrect?
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A X is stiffer than Y
B X has a higher value of the Young modulus
C X is more brittle than Y

D Y has a lower maximum tensile stress than X
L]

(Total 1 mark)

Q5.A student adds a series of masses to a vertical metal wire of circular cross—section and

measures the extension of the wire produced. The figure below is a force-extension graph
of the data.

force A

a0

0 extension

(@) Mark on the figure the point P, the limit beyond which Hooke’s law is no longer
obeyed.

(1)

(b)  Outline how the student can use these results and other measurements to
determine the Young modulus of the wire.
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©)

()  When the wire has been extended to A, the masses are removed one by one and
the extension re-measured.

Draw, on the figure above, the shape of the graph that the student will obtain.

(1)
(d)  Explain why the graph has the shape you have drawn.
(2)
(e) The metal wire is used to make a cable of diameter 6.0 mm. The Young modulus of
metal of the cable is 2.0 x 10"" Pa.
Calculate the force necessary to produce a strain of 0.20% in the cable.
force = ., kN
(3)

(f)  The cable is used in a crane to lift a mass of 600 kg.

Determine the maximum acceleration with which the mass can be lifted if the strain
in the cable is not to exceed 0.20%.
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acceleration = .....ccoccoveevieni.
(3)

An engineer redesigns the crane to lift a 1200 kg load at the same maximum
acceleration.

Discuss the changes that could be made to the cable of the crane to achieve this,
without exceeding 0.20% strain.

(3)
(Total 16 marks)
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