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PHY3 SPECIMEN PAPER - TOPIC B - SOLID MATERIALS
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Topic B - Solid Materials

2. (a) What is meant by the strength of a material? (1 mark)

Sketch a stress-strain graph for a copper wire up to its breaking point. 

(2 marks)

Label on your graph (i) the yield point, 

(ii) a region in which the wire’s behaviour is elastic,

[image: image2.wmf]and (iii) a region in which the wire’s behaviour is plastic.

(3 marks)
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(b) A uniform beam of length 4.0 m and weight 160 N is suspended horizontally by two identical vertical wires attached to its ends. A load of 400 N is placed on the beam 1.2 m from one end. The diagram is a free-body force diagram for the beam.
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Calculate the tension in each suspended wire. (4 marks)

(c) The graph shows the extension e produced by a tension F on 

solid bone. The bone, of circular cross-section, has a diameter of 

35 mm and an unstressed length of 390 mm. Calculate the 

modulus of bone. (3 marks)

Calculate the energy per unit volume required to stretch the 

bone by 0.0040 mm. (4 marks)

(d) The first diagram below shows the arrangement of the atoms in

 a crystal in the region of an edge dislocation. Draw labelled 

diagrams to show how the dislocation moves when stress is applied as shown by the arrows A, B. 

[image: image4.wmf]You need only draw one plane of atoms. The first diagram, on the right, has been drawn for you. (4 marks)
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Explain why the stress required to deform a perfect crystal is greater than that required to deform one containing dislocations. You may be awarded a mark for the clarity of your answer. (3 marks)

(e) Engineers like stiff, strong, light and creep-resistant materials. Plastics are not stiff enough because their working strain is about 1%, whereas that of a typical engineering material is below 0.1%. The combined requirement for stiffness and lightness is equivalent to a high value of the Young modulus E divided by the density ρ. The value for plastics is poor, about one fifth that of metals. The development of composites has already been picked out as a strong growing point. For example, the strength and creep-resistance of glass can be coupled with the toughness of a resin to produce a boat hull. 

[Adapted from J Ogborn (ed.): Materials and Structure, NAS Physics, Penguin 1971]

(i) Explain what is meant by creep.  (3 marks)

(ii) Show that the unit of E/ ρ is m2 s-2.

For copper E/ ρ = 1.5 x 107 m2 s-2. Calculate the Young modulus of a plastic of density 910 kg m-3.  (4 marks)

(iii) What, in general, is meant by a composite material?

What type of composite material is described as being used for a boat hull?  (2 marks)

(Total 32 marks)
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