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1. Determine the electron configuration 1522s%2p®3d°4st is (A) an inert gas, (B) a halogen, (C) an
alkali metal, or (D) a transition metal. {5 points)

2. Which one of the following bonds is not a primary interatomic bond? (A) Covalent bond, (B)
metallic bond, (C) dipole bond, or (D) ionic bond. (5 points)

3. Based on the hard-sphere model, what is the atomic radius of molybdenum having a body-

. . . 3
centered cubic crystal structure with a unit cell iength a? (A) , {B) _{ﬂ —\/%, or (D) %
(5 points)
4. Which one of the point coordinates is not an interstitial site within an FCC unit cell? (A)
1 1 1 3 1 1 1 1 :
—~ 1 =,B)~ = —,{(C0 = 1,{D) = = =.(5points
2 2()444()2 ()222(p )

5. Cuprous oxide is a direct bandgap semiconductor with a bandgap of 2.1 eV. Over which one
of the flowing wavelength is it opaque? (A) 500 nm, (B) 600 nm, {C) 700 nm (D} 800 nm. (5

points)

6. Which one of the following descriptions is not correct for refraction: (A} Light that is
transmitted from vacuum into the interior of a transparent material experiences a decrease
in velocity. (B) Light beam is not bent at the interface. (C) A consequence of electronic
polarization of the atoms. (D) The larger an atom, the greater the index of refraction. (5

points)

7. Which one of the following descriptions is not correct for a ferromagnetic single crystal at a
temperature below T. {Curie temperature)? (5 points)
(A) The B (magnetic flux)-H {magnetic field) behavior for the single crystal is isotropic.
(B} The single crystal is composed of small-volume regions called magnetic domains.
(C) As an external magnetic field is applied, the magnetic domains change in shape and size.
(D) As the magnetization reaches a maximum value, the single crystal is a single domain.

8. Which one of the following descriptions is not correct for a ferromagnetic single crystal at a
temperature below T (Curie temperature}? (5 points)
(A) Tangled dislocations which can retard the movement of a grain boundary also retard the
movement of a domain boundary.
(B) The thickness of a domain boundary is similar to that of a grain boundary.
(C} Both hysteresis and permanent magnetization result from the resistance to movement of
domain boundaries.
(D) For an electric steel, the hysteresis loss decreases with increasing the grain size.
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9. The conductivity of a semiconducting material is not affected by (A) pressure, (B) carrier
concentration, (C) temperature, (D) dopant content, (5 points)

10.There are three types of electric polarization which do not include (A) electronic

polarization, {B) ionic polarization, {C} solid solution polarization, (D} orientation
polarization. (5 points)

B R EA &4l

11.Fig. 1 is the Al-Ni phase diagram, for which single-phase regions are labeled. Specify
temperature-composition points at which all eutectic, eutectoids, peritectics, and congruent
phase transformations occur. Also, for each, write the reaction upon cooling. {12 points)
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Fig. 1

12. A metal rod will have a length at 0.95 T, (melting temperature) longer than that at 0.2 Ty
List two reasons contributing to the length increase. (8 points)

13.GaN is a wide bandgap semiconductor having a hexagonal crystal structure. Give the Burgers
vector of the edge-type threading dislocations in a GaN (0002) epilayer grown on a sapphire
(0002} substrate. An epilayer is a single-crystal thin film, and a threading disiocation is a
dislocation extended straightly from the epilayer/substrate interface to the surface of the

epilayer. In other words, the dislocation line is perpendicular to the substrate surface. (6
points)
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14.Fig. 2 shows a concentration profile for a non-steady-state diffusion. The concentration at
position x is Gt} at time t. Predict the concentration Gt+A4t} is higher than, equal to, or
lower than C{t) after a time period of At. Please justify your answer. (8 points)

Concentration, €

istance from interface
Fig. 2

15. Estimate the vield strength, tensile strength, uniform elongation, and total elongation of a
sample whose load-displacement curve is shown in Fig. 3. Explain how the values are
derived. (Sample information: gauge width=10 mm, thickness=1 mm, gauge length=40 mm).
(8 points)
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AG =Gz - G1= -VsAG, + As st

liquid

(a)

16. Consider a given volume of liquid at a temperature AT below T (melting temperature) with
a free energy G as shown in Fig. 4(a). If some of the atoms of the liquid cluster together to

form a small sphere of solid (see Fig. 4(b)), the free energy of the system will change to G.

The free energy of the system changes from G to G; is given by:

where AG, the volumetric free energy difference between the sloid and liquid, Vs the volume
of the solid, As: the solid/liquid interfacial area, and % the solid/liquid interfacial free
energy. Please (a) express 4G, in terms of L,, the latent heat of fusion per unit volume, AT,
and Tm, and (b) derive the critical nucleus radius in term of AT. (8 points})

Fig. 4
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