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1. Frenkel defect belongs to which of the following classes? 

a) point, b) linear, c) 2-dimensional, d) volume 

 

2. Edge dislocation and screw dislocation are linear crystalline defect.  

True or false 

 

3. The solubility of solute in a solvent in a solid solution is governed by Hume Rothery 

rules. The solubility is more if: 

a) radii of solute are much smaller than that of solvent 

b) solute of a solvent have a similar crystal structure 

c) solute has low valence 

d) all of the mentioned 

 

4. Write down the Bravais lattice and also the number of formula units in one unit cells 

of ZnS (Zinc blende) 

 

5. Show how a typical stress-strain curve indicating various tensile properties of i) a 

ductile, and ii) a strain hardened material 

 

6. Differentiate between climb and cross slip, explaining why those are not observed in 

all dislocations.  

 

7. Write the Hall Petch relation explain its terms. 
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8. What is slip system? why the deformation in FCC metals is greater than bcc metals 

although bcc having more number of slip system? 

 

9. Which of the following isn’t a strengthening mechanism for a multiphase material? 

a) Precipitation strengthening, b) dispersion strengthening, c) Solid solution 

strengthening, d) martensite strengthening 

 

10. Which of the following is not improved by grain size reduction? 

a) Hardness, b) toughness, c) elasticity, d) strength 

 

11. Most unsymmetrical Bravais lattice is: 

a) Monoclinic, b) triclinic, c) rhombohedral d) hexagonal 

 

12. Convert [2 -1 -1 1] from sour index system to three index system. 

a) [2 1 0], b) [3 0 1], c) [-1 -1 1], d) [-1 2 1] 

 

13. Which of the following strain field are present for screw dislocation? 

a) tensile, b) compressive, c) shear  

 

14. A eutectoid steel is slowly cooled from a temperature of 750°C to a temperature just 

below 727°C. Calculate the percentage of Ferrite and Cementite. 

a) 88.3% and 11.7% 

b) 70% and 30 % 

c) 85.4% and 14.6% 

d) 20% and 20% 

 

15. A single crystal of Zinc (Zn) is oriented for tensile stress such that the slip plane 

normal makes an angle of 60° with the tensile axis. Three possible slip directions lie 

in this plane and make angles of 30°, 48° and 78° with respect to the applied tensile 

load. Crystal structure of Zn is HCP and its lattice parameters are a=0.267 nm and 

c=0.495 nm. 

a. What is the size of the Burgers vector in Zn?                          

b. Of the three slip directions described in the problem, which is the most likely 

to produce slip?                               

c. If plastic deformation begins at a stress of 2.5 MPa, determine the critical 

resolved shear stress for Zn.  

 

16. What is the ratio of the interplanar spacing of the planes denoted by the first two 

peaks of a XRD profile of a FCC crystal? What is the ratio of the same for a BCC 

crystal?         
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Calculate the fraction of atom sites that are vacant for lead at 

its melting point of 327 °C . Assume and energy for vacancy 

formation of 0.55 eV/atom

Melting point of lead: 327 °C = 600 K

The fraction of vacancy at any temperature is given by:

Qv = free energy for vacancy formation, 0.55 eV/atom

k = Boltzmann‘s constant = 8.62×10-5 eV/atom.K 

Therefore,

1

𝑁𝑣𝑁 = 𝑒𝑥𝑝 −𝑄𝑣𝑘𝑇

𝑁𝑣𝑁 = 𝑒𝑥𝑝 − 0.558.62 × 10−5 × 600 = 2.41 × 10−5
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Why is interstitial diffusion normally more rapid than vacancy 

diffusion

Interstitial diffusion is normally more rapid than vacancy 

diffusion, because

1. Interstitial atoms, being smaller, are more mobile

2. The probability of finding an empty adjacent interstitial 

site is greater than for a substitutional vacancy adjacent 

to a host atom 
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Why are metals with HCP structure more brittle than BCC or 

FCC metals?

HCP metals are more brittle than BCC and FCC metals 

because the number of slip systems available in HCP metals 

are far less than BCC and FCC metals

FCC: 12 slip systems

BCC: 48 slip systems

HCP: only 3 slip systems

3mech14.weebly.com



An undeformed specimen of some alloy has an average grain 

diameter of 0.040 mm. You are asked to reduce its average 

grain diameter to 0.010 mm. Is this possible? If so, explain the 

procedures you would use and name the processes involved. 

Yes, it is possible. In order to do this, plastically deform the 

material at room temperature (i.e., cold work it), and then 

anneal at an elevated temperature in order to allow 

recrystallization and some grain growth to occur until the 

average grain diameter is 0.010 mm.
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What is the magnitude of the maximum stress that exists at 

the tip of an internal crack having a radius of curvature of 2.5 

× 10-4 mm and a crack length of 2.5 × 10-2 mm when a tensile 

stress of 170 MPa is applied?

The maximum stress at the tip of an internal crack of length a 

and radius of curvature r is

Using the parameters mentioned in the problem, the 

maximum stress at the tip of the internal crack:

5

𝜎𝑚 = 2𝜎 𝑎𝜌

𝜎𝑚 = 2 × 170 × 0.0250.00025 = 2404 𝑀𝑃𝑎
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Mention two non-destructive testing methods used to detect 

the internal flaws in a material

1) Ultrasonic testing

2) X-ray imaging
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A fatigue test was conducted in which the mean stress was 50 

MPa and the stress amplitude was 225 MPa. 

(a) Compute the maximum and minimum stress levels. 

(b) Compute the stress ratio.

Solving, smax = 275 MPa and smin = -175 Mpa

7

𝑀𝑒𝑎𝑛 𝑠𝑡𝑟𝑒𝑠𝑠 = 𝜎𝑚𝑎𝑥+𝜎𝑚𝑖𝑛2 = 50 MPa Stress amplitude = 𝜎𝑚𝑎𝑥−𝜎𝑚𝑖𝑛2 = 225 MPa

𝑆𝑡𝑟𝑒𝑠𝑠 𝑟𝑎𝑡𝑖𝑜 = 𝜎𝑚𝑖𝑛𝜎𝑚𝑎𝑥 = −175275 = -0.64
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8

Cite one undesirable consequence of coring

One undesirable consequence of a cored structure is that, 

upon heating, the grain boundary regions will melt first and 

at a temperature below the equilibrium phase boundary from 

the phase diagram; this melting results in a loss in mechanical 

integrity of the alloy.
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9

Compute the mass fractions of α ferrite and cementite in 
pearlite at room temperature

Lever rule needs to be used.

Lever rule expression for ferrite fraction calculation

Hence, mass fraction cementite = 1.00 – 0.89 = 0.11

𝑊𝛼 = 𝐶𝐹𝑒3𝐶 − 𝐶0𝐶𝐹𝑒3𝐶 − 𝐶𝛼 = 6.70 − 0.766.70 − 0.022 = 0.89
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In a hypoeutectoid steel, both eutectoid and proeutectoid

ferrite exist. Explain the difference between them. 

For a hypoeutectoid steel, the proeutectoid ferrite is a 

microconstituent that formed above the eutectoid 

temperature. The eutectoid ferrite is one of the constituents 

of pearlite that formed at a temperature below the eutectoid.
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