514001 2 | 72 L =

B S A2
, AT =8 FEALPELARRE
RAramn) A E R R A
# B HBER
TgEs 100 45 R E]{E T

1. An argon (Ar) laser beam. containing 514 nm and 488 nm monochromatic lights, is directed

to a glass (Si0») prism in air as shown in Fig. 1.
(a) How will the laser beam propagate through the prism and out to the air? Why? 7943,
(b) If the glass is doped with germanium (Ge). how will the laser beam propagate? Why?

"6 43

Fig. |

2. A hole with crack lines in radial shape, as shown in Fig.2, will be left after a bullet passed
through a piece of window glass. Two bullets were subsequently shot on a piece of glass
and left two holes on the glass. How can you identify the first and the second bullet hole?

Why? 7104

Fig. 2.

3. An iron (Fe) sample is heated. It changes from the bcc to fcc metal structure at 912 °C, and
back to the bece at 1400 °C.  Plot the thermal expansion ( AL/Lsy) behavior of iron with
temperature ( AL/Ly versus T ).  (La is length of sample at 20 °C; AL is change of sample

length; T is temperature.) " 13 &

4. Figure 3 shows arrangement of atoms in a specific plane of fec crystal.

(a) What is the Miller indices of this plane? 4 75 _
(b) Duplicate Fig. 3 on your answer sheet. Plot and label [001]. [011],[111] and [211]

directions on your drawing if they do exist on this plane. 843
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5. The crystal structure of gray tin (Sn) is diamond cubic. Separated calculations indicate that
there are 2.0 x 10™ conduction electrons per m’.
(a) What fraction of the electrons has been activated to the conduction band? "9 45 |
(b) What is its conductivity at 20 °C? "6 53 _
Table I. Properties of Semiconductor Tin (20 °C)

Energy gap. E, i Mobilities. m™/V-s ! Lattice constant
eV Electron, u, P Hole. 4, a,nm
0.1 g 0.20 { 0.10 0.65

6. List all the elements which can not emit characteristic X-ray. Why can't they emit X-ray?
10 55 _

7. Melting points of Pb and Sn are 327 °C and 232 °C, respectively. Pb-Sn eutectic
temperature is 183 °C.  The solubility limits of Sn in solid a and Pb in solid B are 19.2 %
and 2.5 % at eutectic temperature. The eutectic composition is 38.1 Pb—61.9 Sn.  All the
compositions in this question are in weight percent.

(a) Plot the equilibrium phase diagram of the Pb-Sn eutectic system between 0 °C and 350 °C,
and label all the phases. "8 43 |

(b) A solder sample of 80 Pb-20 Sn is maintained at 250 °C. Calculate mass ratio of the

phases. (The compositions of o and liquid phases at 250 °C are 88.5 Pb-11.5 Sn and 63
Pb—37 Sn, respectively.) "7 4%,

8. How and why does the supercooling affect the radius of critical nucleus in homogeneous
nucleation? " 10 73

Fundamental physical constants and conversions

|

Quantity Symbol Value with units
Speed of light in vacuum c 2998 x 10° ms’
Plank’s constant h . 6.626x 10" m'kg's?
Avogadro constant N, 1602x10" m kg's”
| Molar gas constant R 8.314 JK' mol
! Boltzmann constant. R/N k £ 1.381 x 107 JK!
Electron charge q 1.6x10"° C
1 ampere =] Cs'
1 electron volt (eV) =1.6x10" J
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