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Multiple Choice – True/False Answer Sheet

Instructors: Dr. Dmytro Kevorkov
Detach this sheet from the answer book to make your task easier but ensure that your name and student ID number are on this page as well as on your exam paper. Fill in the box containing your answer.
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Multiple Choice: Select the best answer [40 marks]

1- The crystal structure shown in Figure 1 is: 

a) BCC 

b) FCC 

c) HCP 

d) Metallic 

e) Ionic 

2- A close-packed direction for the unit cell in Figure 1 would be: 

a) A – B 

b) A – C 

c) A – D 

d) B – E 

e) There are no close-packed directions in this unit cell. 

3- A close-packed plane for the unit cell in Figure 1 would be: 

a) A B C 

b) A B D 

c) A B E 

d) A C E 

e) There are no close-packed planes in this unit cell 

4- A very thick piece of iron with negligible initial nitrogen concentration is exposed to nitrogen gas. The surface concentration of nitrogen is maintained at 5 kg/m3. If the diffusivity of nitrogen is 6.9 x 10-11 m2/s, what is the concentration 0.5 mm below the surface after 1 hour of exposure? Refer, if necessary, to the error function tables at the end of the exam.
a) 5 kg/m3
b) 0.48 kg/m3
c) 1.0 kg/m3
d) 2.4 kg/m3
e) 6.9 kg/m3
5- Which of the following statements regarding X-Ray diffraction (XRD) is false?

a) A beam of X-rays having a wide spectrum of wavelengths is directed at the sample surface

b) Incident X-rays are diffracted by the regular, repeating layers of atoms (planes) near the surface of the metal

c) Constructive interference of the diffracted X-rays at certain angles to the specimen surface, gives peaks of high intensity.

d) The angles at which intense peaks are found are related to the spacing between the atomic planes of the crystal near the surface

e) X-Ray diffraction data can be used to identify crystal structures.
6- A metallic cylinder of length 76 mm and diameter 2 mm is subjected to a load of 1413 N. Under this load, the length of the rod is measured to be 76.50 mm. The yield strength of the material is 345 MPa and the Young’s modulus is 10.3 x1010 Pa. what will be the length of the rod after the load is removed?

a) 76.000 mm
b) 76.084 mm

c) 76.168 mm

d) 76.500 mm

e) Not enough information

7- Gold has a face centred cubic (FCC) structure. The unit cell thus contains:

a) 1 atom

b) 2 atoms

c) 4 atoms

d) 6 atoms

e) 8 atoms

8- The micro and crystal structures of a material:

a) affect macroscopic properties.

b) cannot be changed by processing.

c) refer just to the crystal size in a material.

d) refer to the strength of a material.

e) none of the above.

9- The metal rhodium has an FCC crystal structure. If the angle of diffraction (2) for the (311) set of planes occurs at 36.12° (first order reflection) when monochromatic x-ray having a wavelength of 0.0711 nm is used, compute the atomic radius for a rhodium atom.
a) 0.1147 nm

b) 0.1345 nm

c) 0.3300 nm

d) 0.3804 nm

e) The whole X-ray spectrum is needed to solve this question

10- A cylindrical specimen of an unknown metal with a diameter of 8 mm is elastically stressed in tension by a stress of 312 MPa. A reduction in the specimen diameter of 5x10-3 mm is measured. Compute Poisson’s ratio for this material if its modulus of elasticity is 140 GPa.

a) 0.13

b) 0.28

c) 0.35

d) 0.43

e) 0.50

11- Which of the following is the slip system for the simple cubic crystal structure?

a) (100) direction [110]

b) (100) direction [010]

c) (110) direction [110]

d) (111) direction [001]

e) (101) direction [010]

12- The adjacent figure is a plot of the diffusion coefficient of iron in chromium (log scale) as a function of the reciprocal of temperature (in 1000/K).  The activation energy for diffusion for this system can be calculated from:

a) the intercept

b) slope



c) the value of the diffusion coefficient at room temperature


d) the value of the diffusion coefficient at absolute zero

e) none of the above
13- Which of the following statements regarding atomic bonding is correct?


a) The three atomic primary bonds are ionic bonds, metallic bonds and Van der Waals forces.

b) Intermolecular bonds are usually stronger than atomic bonds.

c) Metallic bonds are the result of attraction of ions of opposite charge.

d) Atoms are subjected to attraction and repulsion forces between them and the lowest potential energy occurs when these forces cancel each other.

e) For ionic bonding, the coordination number depends on the number of valence electrons.
14- Which of the following best describes covalent bonding?

a) One atom donates its outer electron(s) to a different atom and they are electrostatically attracted.

b) One atom shares its outer electron(s) with a neighbouring atom(s) and becomes energetically more stable.

c) Hydrogen molecules join the atoms together.

d) The atoms plastically deform and necking occurs between them making them stick to each other.

e) One atom forms a random dipole and attracts an atom with an induced dipole.
15- The percentage linear atomic densities in the [110] and [100] of an FCC unit cell are respectively:

a) 
70.7%
and
86.6%

b) 
70.7%
and
100%

c) 
86.6%
and
100%   

d) 
61.2%
and
86.6%

e) 
100%
and
70.7%
16- Crystalline materials are composed of grains which can have a wide range of sizes.  The difference between adjacent grains in a pure metal or ceramic is one of:


a) Density


b) Composition


c) Lattice parameter


d) Crystal structure


e) Orientation
17- The movement of which of the following creatures best describes the manner in which dislocations move through a metal crystal under an applied stress?


a) 
Grasshopper


b) 
Kangaroo


c) 
Snake


d) 
Caterpillar


e) 
Moose
18- The lattice parameter of FCC copper is 0.361nm.  The atomic density in atoms per square nm on the face of the unit cell is therefore:


a)
15.35 atoms/nm2

b)
23.02 atoms/nm2

c)
2 atoms/nm2

d)
38.4 atoms/nm2

e)
7.67 atoms/nm2
19- The activation energy and pre-exponential term (D0) values for carbon diffusing in BCC – iron are 80 kJ/mol and 6.2 x 10-7 m2/s, respectively. The corresponding values for carbon diffusing in FCC – iron are 148 kJ/mol and 2.3 x 10-5 m2/s. At 910°C the carbon atoms:

a)
Move ~3 times faster in the BCC iron than in the FCC iron.

b)
Move ~3 times faster in the FCC iron than in the BCC iron.

c)
Move the same speed in both iron structures.

d)
Move ~30 times faster in the BCC iron than in the FCC iron.

e)
Move ~30 times faster in the FCC iron than in the BCC iron.

20- The Miller indices of the two dotted planes shown in the figure to the right are:


a)
(112) and (011)


b)
(110) and (111)


c)
(110) and (212)


d)
(001) and (½ 1 ½)


e)
(101) and (121) 
True or False: Decide whether the following statements are True or False and shade in the appropriate box on the Answer sheet.  [20 x 1 = 20 marks]

21.  Allotropy or polymorphism is a property exhibited by some elements which means that they crystallize in different crystal structures at different ranges of temperature and pressure.
22.  A “brittle” material is one that has low-strength and that exhibits substantial plastic deformation before fracture.

23.  Non-crystalline (amorphous) materials have grain boundaries, but do not have crystals.
24.  Krypton (electronic structure: 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6) is a highly reactive gas.

25.  In the cubic crystal system, the direction perpendicular to the (hkl) plane is the [hkl] direction.

26.  During a tensile test of a ductile metal, the yield strength is reached first and then the tensile strength whereas for a brittle metal, the metal yields after the tensile strength has been exceeded.
27.  The number of atoms, n, contained within a BCC unit cell is 9 as there is one atom at each corner of the cube and one in the centre.

28. Covalent bonding is a form of primary bonding which is based on permanent or induced (temporary) dipoles between species.
29.  The reason why ice floats on water is due to the lower density of the ice structure which is a result of the secondary (hydrogen) bonding that forms between H2O molecules during freezing.
30.  Most metallic components that are used in engineering applications are made up of millions of crystals (grains) rather than being a single crystal whereas for jewellery the preference is for single crystals.
31.  The Young’s Modulus of a solid metal is strongly related to the strength of the bonds between atoms and so it is not possible to significantly change the Young’s Modulus of this metal unless bonds are changed e.g. through alloying.

32.  The valence electrons of an element are the electrons most responsible for determining the type of interatomic bonding for that element.

33. “Taking an X-Ray” is a technique in which x-rays pass through a material and the extent of absorption/transmission of the radiation is used for detecting broken bones and cavities in teeth but is also useful for studying the crystal structure of metals as it can tell us the dhkl spacing.

34.  When designing a steel crash barrier for separating the opposite lanes of a highway it is important that neither the yield strength nor the tensile strength of the steel barrier will be exceeded during a crash.
35.  Atoms at the grain boundaries have lower energies than atoms at the external surface of the metal.
36.  When a metal sample is tested in tension, the true stress will never be higher than the engineering stress.

37.  As a metal is heated, its strength will decrease but its Modulus of Elasticity will increase.

38.  Carbon has the electronic structure: (1s2 2s2 2p2 ) but because of sp3 hybridization of the 2s and 2p electrons it can form four equal bonds with four hydrogen atoms to form a methane molecule.

39.  The expected diffraction angle, (2θ), is 40.69o for the first-order reflection from the (113) set of planes for FCC platinum (a = 0.3923 nm) when monochromatic radiation of wavelength 0.1542 nm is used.
40. Crystalline atomic structures have both short-range and long-range order whereas amorphous or non-crystalline materials (such as glass) have only short-range order.

Answer the following questions in the space provided.
21. Using the attached stress vs strain diagram for a metallic alloy – “Roballoy” answer the following questions: (Note that the insert is a large scale representation of the first part of the complete graph). Indicate on the graph how you extracted your answers.
a) What is the 0.002 yield strength? {2 marks}

b) What is the elastic modulus? {2 marks}

c) What is the tensile strength?   {2 marks}

d) What is the Modulus of Resilience? {2 marks}

 e) What is the ductility (in % elongation)? {2 marks}

f) A sample of Roballoy with an average diameter of 10mm in the gauge section and a gauge length (l0) of 50mm is subject to a load of 28.7 kN. What will be its gauge length under this load? {2 marks}
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