ENGR/MSE 170 B Midterm 4/30/01 100pts. Total
Exam is closed book, closed notes, closed neighbors

(one sheet of letter-size paper is allowed )

Instruction:

1. . Write your name and student ID on top of page.
2. Write legibly. ‘

3. Show work as needed to justify answers

4. Circle all final numerical answers

Problem 1 (15 points): Bonding and interatomic forces

a. Referring to the periodic Table on page 8, determine what are predominant bondings for SiC ,
BaS and aluminum phosphide (AlP)?
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b. Briefly describe the main differences between ionic, covalent and metallic bonding.
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c. Explain why hydrogen fluoride (HF) has a higher boiling temperature than hydrogen chloride
(HC1) (19.4 v.s. -850 C), even though HF has a lower molecular weight.
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Problem 2 (15 points) Crystal structures

a. Draw a face centered cubic unit cell.

b. Determine the number of atoms per unit cell for the face centered cubic (FCC) structure.
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c. What is the relationship between the atomic radius and the lattice parameter (i.e. the edge
length of the unit cell) for the FCC structure.
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d. Given the information below, calculate the theoretical density of aluminum (which has an FCC
structure): Atomic weight =26.96 g/mol; atomic radius =0.143x10° m; Avagadro’s
number=6.023 x 10*atoms/mol.
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e. Sketch crystallographic plane (231) in a cubic unit cell and determine the Miller indices for the
planes A and B shown in the following unit cell.
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Problem 3 (15 points): Defects

a. List at least 3 types of defects appeared in solids. If interstitial atoms occupy 6 face-centered

voids (circles in shade) in a unit cell shown in the following figure, determine the numbers of
interstitials per the unit cell.
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b. Draw a 3-D edge dislocation. Label the dislocation line and slip plane. Indicate the relation
between the dislocation line and Burger’s vector.
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Problem 4 (15 points) Diffusion

a. Assuming steady-state conditions, calculate the flux (including the correct units) of carbon
atoms diffusing through a 5 mm thick stainless steel. The concentration of carbon on the low and
high pressure sides are 0.4 kg/m’ and 4 kg/m’, respectively. Assuming this occurs at 500°C and a
diffusion coefficient of 3x10"'m%s.
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b. Would the flux be higher or lower at 600°C? Why?
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¢. Determine what diffusion mechanism dominates the process?
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Problem 5 (20 points). Mechanical properties & plastic deformation
From the stress-strain plot for brass (a Cu-Zn alloy) shown in the figure below, answer the

following questions:
a. What is the ductility of the brass alloy?
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b. If a rod made from this brass alloy has a cross-sectional area of 0.04 in’ and 12 in long,
calculate the magnitude of the force needed to produce a total elongation of 0.06 in( while under
the load):
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c¢. What would be the net elongation after the load is removed?
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Problem 6 (20 points). Plastic deformation

a. List types of hardness tests. Which is only for microhardness testing?
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b. What is the main mechanism to cause the plastic deformation of metals?
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c. List three mechanisms for strengthening metals. Briefly explain why these would strengthen
metals?

\) Gavn Sime reducYioa Creain b"“"‘é:j acls as « bacever  Fo

M . (cy
c‘@bmhbn molion and Smaller Size 30008 haye more gfain

L)oa(\c‘("t’—.s Than '“56 ones.

D) Sowd SoWWge - im(d("\:j aloms im pose \attic sheins on fhe

Sur four\Jfg hos\’ aboens and S\"‘\I'ﬂ Frerd  vableraehion S );MFQAQ_

Q\'S loca¥ion Move f”\t—n}".
3) Stesin her ae/n{?j . Dslecation — disho@lion fnktreeriyns rmped ¢

rxl.'(\nca \'c'nn Y oVve MmN +.





