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(1) For hexagonal crystals, Miller indices and Miller-Bravais indices can both be used to express

directions and planes. Explain why two kinds of indices are used? 5 points

(2) For diffusion in crystals to occur, an activation energy is required. (a) Explain the meaning of the
activation energy of a diffusion process. (b) Explain why in most systems, the activation energy for
interstitial diffusion is often lower than that for substitutional diffusion. 5 points each, 10 points

(3) (a) Why the tensile fracture strain of a metal is always less than the compressive fracture strain? (b)
Why the ultimate tensile strength of a material is defined as the stress at the maximum load during a
tensile test? 4 points each, 8 points

(4) Explain the following terms: (a) Anisotropy, (b) Schmid factor, (c) Fermi surface, (d)
Ferromagnetism, (€) Semi-coherent interface boundary, (f) CCT diagram.
5 points each, 30 points

(5) This figure showing the slip lines on the surface of a polycrystalline copper that was polished and
subsequently deformed. Discuss this figure. 6 points
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(6) Give a schematic drawing of the solidification structure of a peritectic reaction under fast cooling
rate. Equilibrium state is not obtained under the fast cooling rate. Explain your drawings.
6 points
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(7) Sketch the structures of (a) 0.4 wi% carbon steel, (b) 0.8 wt% carbon steel, and (c) 1.1 wt% carbon

steel, that you would expect to see under an optical microscope. Label the phases and any other
features of interest. These steels have been cooled slowly from 1000°C.

3 points each, 9 points
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(8) For some substitutional solid solutions, an ordered phase (superlattice) is formed below a certain
temperature (T,), and a disordered phase is formed above T,. Explain the reason for this?

6 points
(9) Under what condition(s) dynamic strain aging can occur in inctals. 5 points

(10) The solidification process of a material can occur at a temperature well below its melting point,
what is the reason for this? 5 points

(11) Viscosity is used to measure the resistance to deformation of a noncrystalline material. How
viscosity is defined? And what is the unit of viscosity? 5 points.

(12) Draw a typical creep curve of strain versus time at constant load and constant elevated temperature.
Explain your drawing. 5 points
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