ENGR/MSE 170 Midterm 02/17/10 100pts. total
Exam is closed book, closed neighbors, one side of notes 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. Underline all final numerical answers
3. You are provided with a periodic table with electronegativities listed, a coordination
number table, and an equation sheet (values for constants are on the equation sheet)

Problem 1 (10 points):

Mark True (T) or False (F) for the following statements.

1. The electron configuration of Ni** is 1s?2s%2p®3s?3d’4s'. F

2. Covalently bonded materials typically are less dense than metallically or ionically bonded materials
because the covalent bonds are directional, thereby restricting the atomic packing factor, T

3. Polycrystalline materials exhibit anisotropic mechanical properties. T

4. [100] is perpendicular to (100) in a cubic crystal. T

5. The surface energy of a single crystal decreases with planar density. r

6. The rate of diffusion of carbon through steel increases with temperature. T

7. Materials A and B withstand a strain of 0.23 and 0.40 respectively at the point of fracture. This means
that material A will experience a greater percent reduction in area compared to B. £

8. Material A has a yield strength of 310 MPa and an elastic modulus of 210 GPa. Material B has a yield
strength of 700 MPa and an elastic modulus of 210 GPa. This means that Material A is stiffer than
Material B. §

-

9. When annealing a metal, its ductility increases during grain growth. 1~

10. If a materials shows a ductile-to-brittle transition, that means that the material shows ductile behavior
at temperatures below the transition temperature.
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Problem 2 (18 points):

A) Potassium iodide (KI) exhibits predominantly ionic bonding. The K* and I ions have electron
structures that are identical to which two inert gases.
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B) Sketch a graph of potential energy vs. interatomic distance of the metals listed below using the
bonding energies provided and assuming that the metals listed below have similar equilibrium spacing, r,.

Hg 68 kJ/mol
Al 324 kJ/mol
Fe 406 klJ/mol

\' 849 kJ/mol
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C) List the metals from part (B) in order of increasing stiffness. Explain your answer.
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D) List the metals from part (B) in order of increasing thermal expansion coefficients. Explain your
answer,
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Problem 3 (18 points):

A) Show that the atomic packing factor for BCC is 0.68.
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B) Molybdenum has a BCC crystal structure, an atomic radius of 0.1363 nm and an atomic weight of
95.94 g/mol. Calculate its theoretical density.
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Problem 4 (18 points):
A) With all other parameters being equal, how would you expect the ductility of a metal to depend on the
number of dislocations? Explain your answer with a few words.
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B) Complete the following sentence:

Virtually all strengthening strategies rely on the simple principle that
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C) Indicate the type the dislocation below, and label the dislocation line and slip plane. Indicate the type
of stress above and below the slip plane.
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Problem 5 (18 points):

Below is stress-strain curve for a cylindrical sample which is 10 mm long and has a diameter of 1 mm.
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A. Determine the 0.2% offset yield strength. Show your work.
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B. What is the elastic modulus? Show your work.
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C. Determine the permanent strain if the sample if subjected to 50 MPa and then unloaded.
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D. What stress is required to produce a plastic deformation of 3%? Show your work.
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E. Estimate the elastic strain at 200 MPa stress.

~ 0.9
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F. If you applied 220 MPa tensile stress to a cylindrical rod 0.5 m long with 5 cm diameter, how
long would the rod be after the stress was removed.
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Problem 6 (18 points):

A) Below are schematic representations of 3 types of fractures due to tensile stress.

(d) { I;) (c;)
Rank the ductility of the specimens a, b, and ¢. On what criteria did you base your ranking?
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B) Describe and explain the changes occurring to the microstructure of a metal durin

g the 3 stages during
creep.
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C) Steady-state creep data taken for an iron sample at a stress level of 140 MPa are given here:

£ (h) T (K)
6.6 x 107 1090
8.8 x 107 1200

If it is known that the value of the stress exponent » for this alloy is 8.5 and Q¢ = 4.83 x 10° J/mol,
compute the steady-state creep rate at 1300 K and a stress level of 83 MPa.
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Coordination
Num ber

-2

1§

Cation-Anion
Radias Ratio

<().155

0.155-0.225

0.225-0.414

0.414-0.732

0.732-1.0
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