Boise State University 

MSE 305, Fall 2008






MSE 305: Bonding, Crystallography and Crystal Defects

Knowledge Survey
The goal of a knowledge survey is to assess student learning during the course.  At the beginning of the course, you probably have limited knowledge of the subjects listed below.  However, by the end of the course, I expect that you should be able to demonstrate mastery of each of the items below.  I will use the material listed here in formulating my lectures, writing the problem sets, and preparing the quizzes.  The subject matter is divided by topic below.  Quiz questions will be taken from the relevant topic areas each week.  

The knowledge survey will be administered on Blackboard at the beginning and end of the semester.  When completing a knowledge survey, you do not need to (and SHOULD not) actually answer the questions.  For each question, simply give a rating according to the following scale: 

3 = You feel confident you can answer the question correctly right now 

2 = You can answer at least 50% of the question or you know precisely where you would go quickly to get the information needed and could return within 20 minutes to provide a complete answer

1 = You are not confident you could adequately answer the question at this time

Mathematical concepts (5)

1. Find the direction that is perpendicular to both [h1k1l1] and [h2k2l2].  In terms of vectors, this corresponds to finding the vector normal to both 
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2. Calculate the angle between the directions [h1k1l1] and [h2k2l2].

3. Find dy/dx if y = x (ln x)

4. Find dU/dx if U(x) = U0 + U1 cos (2(x/d) where U0 and U1 are constants
5. Make a histogram to show the frequency of variates in a given data set.

Bonding (14)

6. List the three strongest types of bonds which form between atoms.

7. Identify which of the three strongest bond types are directional and explain why.  

8. Explain how the structure of ionically-bonded materials results from the characteristics of ionic bonding.

9. Explain how the structure of metallically-bonded materials results from the characteristics of metallic bonding.

10. Explain how the structure of covalently-bonded materials results from the characteristics of covalent bonding.

11. Draw a schematic plot of interatomic energy vs. interatomic spacing with the equilibrium spacing and bond energy labeled.
12. Illustrate how the energy-separation curves for metallically- and covalently-bonded materials differ.  

13. Draw a schematic plot of interatomic force vs. interatomic spacing.

14. List material properties which are directly related to the bond strength.  

15. Calculate the coordination number for a pair of ions given the ionic radii.

16. Explain how the electrostatic energy of an ionic bond varies with bond length and ionic charge.  

17. Predict the type of bond that will form between two different atoms given their electronegativities.  

18. Use Pauling’s Rules to determine the coordination number for cations or anions.  

19. Describe how ionic radii vary with atomic number and valence state.  

Amorphous materials (10)
20. Illustrate how the volume changes with decreasing temperature for both glassy and crystalline solids.

21. For a given hard-sphere model, draw a representative pair distribution function.

22. Explain the meaning of a pair distribution function.  

23. For a given amorphous structure, calculate the pair distribution function.  

24. Identify the correlation length of a structure from its pair distribution function.

25. Explain the meaning of correlation length in an amorphous material.  

26. Describe how the pair distribution function would be different for a glass with two atomic species.  

27. Calculate the average coordination number for an amorphous structure using Voronoi polyhedra.  

28. Describe the structure of oxide glasses like silica.

29. Describe how network modifiers change the network structure of oxide glasses and what changes result in the properties of the glass.  

Lattices, planes and directions (13)
30. Define lattice point.

31. Given a set of lattice points, identify a primitive unit cell.
32. Use standard notation to express individual directions, families of directions, individual planes, and families of planes.  

33. Given a crystallographic direction drawn in a unit cell, find the indices [hkl] of the direction.

34. Given the indices of a direction [hkl], draw the direction in a unit cell.

35. Given a crystallographic plane drawn in a unit cell, find the indices (hkl) of the plane

36. Given the indices of a plane (hkl), draw the plane in a unit cell.

37. Enumerate all planes which belong to the {hkl} family in cubic crystals.  

38. Draw the (100), (110), and (111) planes to scale for fcc crystals.  

39. Draw the {
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} and {0001} planes in a hexagonal unit cell.  

40. Calculate the packing density on the (100), (110), and (111) planes for fcc crystals.  

41. Draw the (100) and (110) planes to scale for bcc crystals.  

42. Calculate the packing density on the (100) and (110) planes for bcc crystals.  

Stereographic projections (11)
43. Explain the geometry of a stereographic projection (SP).  
44. For any 3D crystal shape, draw the plane normals on a SP.
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