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. X-ray diffraction methods are the most important tools for materials scientists/engineers.

Please answer the following questions.

(a) Write the Bragg's diffraction equation and give the name of the each symbol in the
equation. (10%)
(b) Write the relationship between interplanar spacing (or called the d-spacing) and the
lattice constant (or called lattice parameter) for a cubic structure system and give the

name of the each symbol in the equation. (10%)

(c) Tungsten has a BCC structure, the diffraction angle of {200} plane is observed at
20=58.260°. Calculate the lattice constant of tungsten (Assume first-order diffraction
with n=1 and the wavelength of incident X-ray source is 0.154 nm). (10%)

(d) Calculate the atomic radius of the tungsten. (10%)

. A piece of the plain steel with a nominal carbon content of 0.20 wt% was placed in a
furnace at 827°C with a flowing methane (CH,) gas. Assume that the carbon content at
the surface of the steel is maintained at 1.0 wt%. Calculate the time necessary to
increase the carbon content to 0.5 wt% at 0.5 mm below the surface. (20%)
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Data: The diffusion coefficient of carbon in FCC iron
D=2.0x10"° exp (-142000 / RT)
where D is the diffusion coefficient (m/s?), R is the gas constant (8.314 J/mol-K),

and T is the absolute temperature (K).

Table 1 Table of the error function
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z erf(z) z erf(z) z erf(z)
0.00 0.0000 0.55 0.5633 1.10 0.8802
0.025 0.0282 0.60 0.6039 1.20 0.9103
0.05 0.0564 0.65 0.6420 1.30 0.9340
0.10 0.1125 0.70 0.6778 1.40 0.9523
0.15 0.1680 0.75 0.7112 1.50 0.9661
0.20 0.2227 0.80 0.7421
0.25 0.2763 0.85 0.7707
0.30 0.3286 0.90 0.7970
0.35 0.3794 0.95 0.8209
0.40 0.4284 1.00 0.8427
0.45 0.4755
0.50 0.5205
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