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MATERIALS SCIENCE - MECH 221/2 - Sections T & X MIDTERM #1 - 2000
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Answer all questions. Pyt your answers on this exam Paper in the spaces provided.
Marking Scheme: Questions 1-15, one mark each, other questions marks as indicated.

Ceonstants: R (gas constant) = 8.314 J.mol" K™

Na (Avogadro’s number) = 6.023 x 10%°
K (Boitzmann’s constant) = 1.38 x 102 J_atom’! K-

For these True/False questions, circle the response that you think is correct. E.g.
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Covalent bonding can best be described as: one atom forms 2 random dipole and attracts an

atom with an induced dipole. (True)

lonic bonding can best be described as: the electrons of one atomn join with electrons of other
atoms to produce a “sea” of electrons around the jons. (True)

lonic bonding can best be described as: one atomic Species gives up elsctrons to become
positive ions. and the other atornic Species accept efectrons to become negative ions, which are
then electrostatically attracted to each other. (True) (False).

The body centred tetragonal unit cell can be described asla=b=c u=0=v=200° with an
atom at each comer and ore in the centre of each face. True) ((False)” 3
< ( e

In order to examine the crystal structure of materials, they are systematically bombarded with
filtered, monochromatic X-rays of a known wavelength and the resulting diffracted rays are
coliected ard the intensities of thesa rays are plotted as a function of the of the angular position
of the source, specimen and collector and then the interplanar spacings, dng can be_calculated

using Bouchard's Law, (True) ((Faise). >

The {100} Miller indices represent the family of pianes that make up the sides of the cube of the

BCC unit cell and for the FCC unit cell it is the {110} family of planes that make up the sides of
the cube. (True) /{False}."
e

The hydrogen bond is generally stronger than the other secondary bonds and.s responsible for
the abnormally high baoiling point of water. (True)) (Faise).

Plastics. for the most part, are materials which are based on carbon. (False).
P

Ceramics are usually compounds of metais and non-metals. @ (False).
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10.  The FCC unit cell contains complete atoms. (True

11. The BCC unit cell contains 4 compiete atoms. (True

12. fonic bonding and metallic bonding are generally non-directional whereas covalan bonding (for
example in diamond) is very directional, ‘ (False),

13. When two atoms (Esolated) are at their equilibrium separation distance, the net energy between
them is zero. ‘ : (True) alse)

14.  Inacubic crystal lattice, the [111] direction is Perpendicular to the (111) plan
(Trig) (False).

15.  The FCC and HCP crystal structures both consist of close-packed planes, the only difference
between the two structures being that the stacking sequence in FCC is ABCABC.... whereas for
HCP itis ABABABAS. . rue)) (False).

Answer the following guestions in the Space provided.

16.  Some metal is known 10 have a cubic unit cell with an edge length of 0.4078 nm. Furthermore
it has a density of 19.32 Mg.m™ (g.cm®) and an atomic weight of 196.97 g.moi”’. Deduce what

this metal is from the list of metals given below: 4 marks}

SN N
Aumium © FCC | q143; | Moyodenum | acc | 01383 |
Cadmium | HCP | g1a90 ] Nickel | FCC | 01248 7
Chremum | BCC | (1249 f Platinum | peg | 0.138?m—;
Coealt ' HEP (qpag [ swer rod | onus [y
Copper FCC | o127 | Taniom scc | o430 —Wr

7 God | Feo | 01442 | Themiumi  nos | o.mizsmqf

| ionfw | BcC 09241 | Tungsten . moo EREYS ——7

Lead | FCC | g47s0 | zre T hoe I 01332 |
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_DEPARTMENT OF MECHANICAL ENGINEERING CONCORDIA UNIVERSITY

MATERIALS SCIENCE - MECH 221/2 - Seclions T & X MIDTERM 2003
Instructors: Dr. M.Pugh & Dr. M.Medraj

Time Allowed: one (1) hour.
Materials Allowed: Pens/pencils, eraser, ruler, calculator; No books/notes.

Answer all questions. Put your answers on this exam paper in the spaces provided.
Marking Scheme: Questions 1-20, worth 1 mark each. Other questions; marks as indicated.

For these muitiple choice questions, select the best answer and shade in the letter in brackets for that answer
e.g. (a). Use a pencil in case you change your mind.

1. Materials such as metals and ceramics are held together by atomic bonds between atoms. The equilibrium separation
distance between adjacent atoms is the distance where:

the net force between the atoms is highest

the net force between the atoms is lowest

{ the potential energy between the atoms is zero

{d) the potential energy between the atoms is lowest

{e) the potential energy between the atomns is highest

2. Tantalum has a body centred cubic (BCC) structure. The unit cell thus contains:
1 atom

2 atoms

4 atoms

{d) 6 atoms

(e} 9 atoms

3. Crystailine materials are composed of grains which can have a wide range of sizes. Apart from this, the difference
- between adjacent grains in a pure metal or ceramic is their different:

{a) Densities
{b) Compositions
{c) Laftice parameters

{ Crystal structures
% Crystal Orientations
4. The interstitial solid solution of carbon in body centred cubic Fe Kriown as ferrite, can best be described as;
grains of carbon randomly mixed with grains of iron.
a random distribution of carbon atoms in between the iron atom positions of BCC iron.
{ a random arrangement of iron atorns at the FCC crystal lattice positions of carbon.
{d) a very specific arrangement of carbon atoms at the lattice positions of the BQC iron,
(e) a random arrangement of carbon atoms at the lattice positions of the BCC iron.

5. 15wit% tin can be added to copper in the molten state and cooled to give a substitutional solid solution known as bronze.
This means that the crystal structure of the solid solution:

{a consists of unit cells of FCC copper interspersed with unit cells of FCC tin,
is basically that of FCC copper with some of the copper atoms replaced by tin atoms.

{c consists of grains of pure copper which make up 85% of the weight of the material. The remaining 15% occurs
as grains of pure tin,

{d) is that of tin with the copper atorns squeezed in the gaps between the tin atoms.

(e) is that of copper with the tin atoms squeezed into the spaces between the copper atoms.

ich of the following best describes Covalent bonding?

One atomn shares its outer electron(s) with a neighbouring atom(s) and they both become energetically more
stable.

One atom donates its outer electron(s) to a different atom and they are electrostatically attracted.
Hydrogen molecules join the atoms together, —

The atoms plastically deform and necking occurs between them making them stick to each er.
(e) One atom forms a random dipole and attracts an atom with an induced dipole.
2.9 )
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Ini order to form an interstitial solid solution {for example, carbon in iron) the radius of the interstitial atom
must be within + 15% of the atomic radius of the solvent {(host) atom,

Vacancy (substitutional) diffusion is faster than interstitial diffusion because the atoms move into vacant
atomic sites rather than having to push into the spaces in between atoms.

Steady state diffusion involves diffusion of species down a linear concentration gradient.
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(21)  Determine the Miller indices for the directions an planes shown in the following cubic unit cells:
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(24} A 10 mm diameter and 12 cm long titanium bar has a yield strength of 450 MPa, modulus of elasticity of 107 GPa
and a tensile strength of 520 MPa.

i) If a force of s applied along the length of this bar, determine:
and (b) whether the bar will experience necking at this load.

i) Determine the length and diameter of the bar when 5wkt is applied knowing that Poisson’s ratio for this metal
is 0.34. {6 marks) 0% 3y

weld & = 450 MPq = 450 x10° P d=0Omm = 00im  Jsllem =04Zm
v ’ '

(&) whether the bar will plastically deform,

tencle D - 520 Mia = B2ox 107 Pa £ 0 Gl = 10T KO Pa
, _y
V) F = 40 kN = 40 000 N o= A,
&= 40000 40 000 = £.0q9x/0° Pa / /
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