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1.

Which one of the following descriptions is not correct? (5 points)

(A) An optical fiber consists of three main components: the core, cladding, and coating. To confine
light within the core, the cladding must have a slightly higher refractive index than the core.

(B) The beam from a semiconductor laser results from the recombination of excited electrons in the
conduction band with holes in the valance band.

(C) Luminescence is a phenomenon that materials are capable of absorbing energy and then reemitting
visible light.

(D) Luminescence is classified according to the magnitude of the delay time between absorption and
reemission events. If reemission occurs for times much less than one second, the phenomenon is
termed fluorescence.

. A material that is transparent in its single-crystal form can become translucent or even opaque due to

internal scattering caused by many factors. Which one of the following reasons does not course the
material becoming translucent/opaque? (5 points)

(A) The material being in a polycrystalline form,

(B) The material contains vacancies in an equilibrium concentration,

(C) The presence of fine pores in the material,

(D) The presence of fine second-phase particles in the material.

Two of the most important interactions between electromagnetic radiation and atoms, ions and/or

electrons are electronic polarization and electron excitation (energy transitions). Which one of the

following descriptions is not correct? (5 points)

(A) Two consequences of electronic polarization are absorption and refraction of light.

(B) Electromagnetic radiation may be absorbed by causing the excitation of electron from one energy
state to a higher state.

(C) When light passes from one transparent medium to another having a different index of refraction,
some of it is reflected at the interface. .

(D)Metals appear opaque as a result of the absorption and then reemission of light radiation within a
surface layer of more than 1 pum thick.

Which one of the following descriptions is not correct? (5 points)

(A)Domain wall energy is the excess energy in the domain wall as a result of the gradual orientations
of the neighboring spin magnetic moments of atoms through the wall region.

(B) Magnetostatic energy is the potential energy stored in an external magnetic field.

(C) Magnetostrictive energy is the potential energy stored in the crystal due to magnetization.

(D) Exchange interaction energy is a kind of Coulombic energy between two neighboring electronics
and positive metal ions that depends on the relative spin orientations of the electrons as a
consequence of the Pauli Exclusion Principle.

Magnetic susceptibility 7, of a materials is defined by M = 7 H, where M is the magnetization and

H is the magnetizing field. Which one of the following descriptions is not correct? (5 points)
(A)The silicon crystal is diamagnetic with z ~ -5 x10%.

(B) The magnesium crystal is paramagnetic with y ~1 x1 0.
(C) The a-chromium crystal is antiferromagnetic y, ~ -4 x10%6.
(D) The alpha-iron crystal is ferromagnetic with 7~ 6 x10%.
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6. Which one of the following descriptions is correct? (5 points)
(A)Polymeric materials typically exhibit thermal expansion coefficients lower than those of ceramics.
(B) For solid materials, heat is transported by free electrons and by phonons.
(C) Above the Debye temperature, the heat capacity (Cy) becomes nearly temperature-independent
and approaches a value of approximately 2R, where R is the gas constant.
(D) The change in length of a steel bar is 12 cm when it is cooled from 625 °C to 25 °C, if it is 20 m in
length at 600 °C (assuming that the linear thermal expansion coefficient of the steel is 2x107).
7. With regard to atomic point defects in ceramics, which one of the following descriptions is not
correct? (5 points)
(A)Interstitials and vacancies for each anion and cation are possible.
(B) If electroneutrality is to be reserved, one Na* interstitial or a Cl" vacancy has to be formed in NaCl
when a Ca®" substitutes for an Na* ion.
(C) The defect involves a cation-vacancy and a cation-interstitial pair is called a Frankel defect.
(D) A small portion of iron ions in Fe;xO (x~0.05) are trivalent.
8. Upon consideration of the Yb,03 and SiO; phase diagram in Fig. 1, which one of the following
compositions will probably be the most desirable refractory? (5 points)
(A) 10 mol% Yb203-90 mol% SiO2, (B) 30 mol% Yb203-70 mol% SiOa, (C) 70 mol% Yb203-30
mol% SiOz, (D) 90 mol% Yb203-10 mol% SiO;.
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9. List the name (in English) and the unit cell geometries for the seven crystal systems. (7 points)
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10. Determine the Miller indices for the direction and plane shown in the unit cell in Fig. 2. (8 points)
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Figure 2

11. The potential energy E per ion pair in a crystal as a function of interionic separation r can be written
as the sum of an attractive potential energy and a repulsive potential energy,
A B
E(r)y=—— + —
where 4, B, and n are constants. Derive the equilibrium interionic separation r¢ and bulk modulus X in
terms of 4, B, and #. (8 points)

12. If hydrogen gas leaks at a constant rate of 6x107! kg/m?s from a steel tank with a thickness of 2 mm
containing high-pressure hydrogen (100 MPa), estimate the rate of change of hydrogen concentration

over time, ( aac ), at the inner surface of the tank, and explain your answer. (6 points)

13. Figure 3 shows a scanning electron micrograph of a steel sample in which a triple junction of three
grain boundaries, GB12, GB13, and GB»3, can be observed. Estimate the ratios of the three grain
boundary energies, 712, %3, and j23, and explain your answer. (6 points)

Figure 3 canmng eron mlcrograof a steel sample.

14. A tensile stress of 560 MPa is applied along the longitudinal direction of a cylindrical tungsten rod
having an unloaded length of 1000 mm and an unloaded diameter of 10 mm. Determine the length
and diameter of the rod upon loading. (Note: the elastic modulus, shear modulus, Poisson’s ratio and
yield stress are 400 GPa, 160 GPa, 0.28 and 750 MPa, respectively.) (8 points)
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15. Determine the moving direction of the dislocation in each of the following cases (see Fig. 4). (8
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Figure 4 Schematic drawing of dislocations in crystals with shear stresses applied.

16. Using the schematic A-B phase diagram, specify the nature of the final microstructure (in term of
microconstituents present and their relative location) of three small specimens with composition of
C1, C2 and C3, respectively, that have been subject to the following heat treatment: holding at 77 long
enough to have achieved a homogenous liquid state followed by a slow cooling (~100 °C/h) from 7}
to T and a final quenching from T to room temperature. You may also give a schematic drawing of
the microstructure of each specimen. (9 points)

A

Figure 5 Schematic binary diagram of A and B
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