Past Questions on Elastic Materials
(Jan 04)

1 (a) When a  tensile stress  is applied to a wire, a  tensile strain  is produced in the wire.  State the meaning of

tensile stress,  ...................................................................................................................................

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

tensile strain.   ..................................................................................................................................

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

(2 marks)
(b) A long thin metallic wire is suspended from a fixed support and hangs vertically.  Weights are added to increase the load on the free end of the wire until the wire breaks.  The graph below shows how the tensile strain in the wire increases as the tensile stress increases.
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With reference to the graph, describe the behaviour of the wire as the load on the free end is

increased.  To assist with your answer refer to the point A, and regions B and C.

You may be awarded marks for the quality of written communication in your answer.

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

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

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

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

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

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

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

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

(5 marks)

(Jan 04)

2 (a) Define the density of a material.

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

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

(1 mark)

(b) Brass, an alloy of copper and zinc, consists of 70% by volume of copper and 30% by volume of zinc.

[image: image2.png]density of copper = 8.9 x 10°kgm™
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(i) Determine the mass of copper and the mass of zinc required to make a rod of brass of

volume 0.80 × 10-3m3
.

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

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

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

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

(ii) Calculate the density of brass.

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

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

(4 marks)

(Jan 05)

6 (a) When determining the Young modulus for the material of a wire, a tensile stress is applied to the wire and the tensile strain is measured.

(i) State the meaning of

tensile stress...........................................................................................................................

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

tensile strain...........................................................................................................................

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

(ii) Define the Young modulus ....................................................................................................

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

(3 marks)

(b) Figure 7 shows two wires, one made of steel and the other of brass, firmly clamped together at

their ends.  The wires have the same unstretched length and the same cross-sectional area.

One of the clamped ends is fixed to a horizontal support and a mass M is suspended from the

other end, so that the wires hang vertically.
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Figure 7




(i) Since the wires are clamped together the extension of each wire will be the same.  If ES is the Young modulus for steel and EB the Young modulus for brass, show that
[image: image4.png]



where FS and FB are the respective forces in the steel and brass wire.

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

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

...............................................................................................................................................
(ii) The mass M produces a total force of 15N.  Show that the magnitude of the force 

FS = 10N.
[image: image5.png]the Young modulus for steel =2.0x 10" Pa
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...............................................................................................................................................

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

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

...............................................................................................................................................
(iii) The cross-sectional area of each wire is 1.4 × 10-6 m2 and the unstretched length is 1.5m.

Determine the extension produced in either wire.
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................

(Jan 06)
5 (a) When a tensile stress is applied to a wire, a tensile strain is produced in the wire.  State

the meaning of

tensile stress, .......................................................................................................................

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

tensile strain. .......................................................................................................................

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

(2 marks)
(b) A long, thin metal wire is suspended from a fixed support and hangs vertically.  Massesare suspended from its lower end.

As the load on the lower end is increased from zero to a certain value, and then

decreased again to zero, the variation of the resulting tensile strain with the applied

tensile stress is shown in the graph.
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(i) Describe the behaviour of the wire during this process.  Refer to the points

A, B, C and D in your answer.

You may be awarded marks for the quality of written communication in your

answer.

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

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

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

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

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

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

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

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

(ii) State, with a reason, whether the material of the wire is ductile or brittle.

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

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

(iii) What does AD represent?

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

(iv) State how the Young modulus for the material may be obtained from the graph.

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

(v) State how the energy per unit volume stored in the wire during the loading

process may be estimated from the graph.

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

(9 marks)

(c) The wire described in part (b) has an unstretched length of 3.0m and cross-sectional

area 2.8 × 10-7m2
.  At a certain stage between the points A and B on the graph, the wire supports a load of 75N.  Calculate the extension produced in the wire by this load.

the Young modulus for the material of the wire = 2.1 × 1011Pa

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

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

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

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

(2 marks)

(June 04)
6 (a) State Hookeís law for a material in the form of a wire.

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

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

(2 marks)

(b) A rigid bar AB of negligible mass, is suspended horizontally from two long, vertical wires as shown in the diagram.  One wire is made of steel and the other of brass.  The wires are fixed at their upper end to a rigid horizontal surface.  Each wire is 2.5m long but they have different cross-sectional areas.
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When a mass of 16 kg is suspended from the centre of AB, the bar remains horizontal. 

the Young modulus for steel  = 2.0 × 1011Pa

the Young modulus for brass = 1.0 × 1011Pa

(i) What is the tension in each wire?

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

(ii) If the cross-sectional area of the steel wire is 2.8 × 10-7m2 , calculate the extension of the steel wire.

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

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

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

 (iii) Calculate the cross-sectional area of the brass wire.

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

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

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

(iii) Calculate the energy stored in the steel wire.

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

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

(7 marks)

(c) The brass wire is replaced by a steel wire of the same dimensions as the brass wire.  The same mass is suspended from the midpoint of AB.

(i) Which end of the bar is lower?

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

(ii) Calculate the vertical distance between the ends of the bar.

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

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

(2 marks)

(June 05)
5 (a) State Hookeís law for a material in the form of a wire and state the conditions under which this

law applies.

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

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

(2 marks)

(b) A length of steel wire and a length of brass wire are joined together.  This combination is suspended from a fixed support and a force of 80N is applied at the bottom end, as shown 

in Figure 5.
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Figure 5
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(i) Calculate the total extension produced when the force of 80N is applied.

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

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

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

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

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

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

(ii) Show that the mass of the combination wire = 4.4 × 10-2kg.

density of steel  = 7.9 × 103kgm-3
density of brass = 8.5 × 103kgm-3
...............................................................................................................................................

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

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

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

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

(7 marks)

 A single brass wire has the same mass and the same cross-sectional area as the combination wire described in part (b).  Calculate its length.

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

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

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

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

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

(2 marks)
