ENGR/MSE 170 A              Midterm        04/30/07 
100pts. Total

Exam is closed book, closed notes, closed neighbors 

Instruction:

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

2. Write legibly.

3. Show work as needed to justify answers

Problem 1 (15 points): Bonding  and  interatomic forces

a. Referring  to the periodic Table on page 9, determine what are predominant bondings for HCl, NaCl, GaAs? 

b. Covalent bonds are directional and ionic and metallic bonds are not. Why?

c. Sodium chloride (NaCl) exhibits predominantly ionic bonding. The Na+ and Cl- ions have electron structures that are identical to which two inert gases and why?

Problem 2 (15 points)  Crystal structures 

a. Determine the number of atoms per unit cell for the body-centered cubic (BCC) structure.

b. Determine atomic packing factor and linear density along [111] direction

c. Draw a cesium chloride structure, and determine the lattice structure of its unit cell and coordination numbers for both cation and anion.

e. Sketch crystallographic direction [012] in a cubic unit cell and determine the Miller indices for the plane A shown in the unit cell of Figure 1.
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Figure 2. The stressstrain hehavior for the hrass specimen




Problem 3 (15 points):  Defects 

1. List at least 3 types of defects appeared in solids. Which defect plays a major role in influencing plastic deformation of materials? 

2. Draw a 3-D screw dislocation. Label the dislocation line and slip plane. Indicate the relation between the dislocation line and Burger’s vector. 

Problem 4 (15 points) Diffusion

a. What is the driving force of the steady-state diffusion?  

b. Describe briefly mechanisms related to vacancy and interstitial diffusion and give two reasons why interstitial diffusion is more rapidly than vacancy diffusion. 

Problem 5 (20 points).  Mechanical properties & plastic deformation

From the stress-strain plot for brass (a Cu-Zn alloy) shown in the Figure 2, answer the following questions:

a. Determine the modulus of elasticity and yield strength. 

b. Determine the elastic and plastic strains when a load 250 MPa is applied on a cylindrical specimen.

b. Label tensile strength, resilience, toughness, 

ductility on the Figure 2.
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d. If the original length is 120 mm, what is the maximum length to which it can be stretched without causing plastic deformation? 

Problem 6 (10 points). Plastic deformation

a. List three mechanisms for strengthening metals. Briefly explain why these would strengthen metals?

 b. List the slip direction, slip plan, and number of slip system for the FCC crystal 
Problems 7 (15 points). Failure

a. Figure 3 shows the geometry of surface and internal crack. Draw schematic stress profiles along the line X-X’ for the internal crack.
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b. Based on Figure 4, calculate the load amplitude for a 11mm diameter rod of 1045 steel to fail after 105 cycles of loading
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c. Figure 5 shows creep strain versus time curves for various applied tensile stresses. Label three typical regions with the distinctive strain-time feature for curve B. 
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Bonus (5 points).

a. Compare the modulus of elasticity for ceramics, metals, and polymers and explain why? 

b. At room temperature, CH4, CF4 appear as, CCl4 liquid, and CI4 solid at room temperature. Explain why?
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Figure 4 Stress magnitude S versus the logarithm of the number N of cycles to fatigue failure for 3 metals
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Figure 2. The stressstrain hehavior for the hrass specimen
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