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‘There are 4 (Four) questions. Answer all the questions.
Marks for each question and the corresponding CO, PO, and K/P/A are written in brackets.
Do not write on this question paper.

QL 2

Iron (Fe) undesoes a polymorphic transformation from a Body-Centered Cubie (BCC) — [14+6+10)
10 a Face-Centered Cubic (FCC) crystal structure at 912°C. Assume the atomic radius €01 POT
of an iron atom is 0.124 nm.

i. Calculate the Atomic Packing Factor (APF) for the Body-Centered Cubic (BCC)
structure. Derive all steps, starting with the relationship between the unit cell edge
length (a) and the atomic radius (R).

ji. Calculate the theoretical ensity (p) of iron when it s in the BCC phase. (Given:
Atomic weight of Iron = 55.85 g/mol; Avogadro's number = 6.022x102 atomsfmol).

In the cubic unit cell, draw and clearly label the following:

i. The crystallographic direction [1 10]

ii. The crystallographic plane (111)

Classify engincering materials based on chemical composition, properties, and
erystallinity. For each category, briefly describe the basic characteristics and provide
relevant examples.

KLPI

Q. g

Differentiate between ductilty, toughness, and hardness in terms of material behavior ~[8+10+12]
P04

and testing methods. Provide one relevant engineering application for each. e

Based on typical stress-strain behavior of different materials distinguish betwesn
the following three material responses using stress-strain diagram

> High strength, low ductlity
> High strength, high ductility
> Low strength, high ductility

Briefly comment on their relative toughness and provide one engineering
nppncmunn ‘where each type of material is preferred.

itle ceramic plate has an internal clliptical crack. Assume the radius of
o i tip is 015 nm. If the crack length is 2 jum and the theoretical
cohesive strength of the ceramic is 6.0 GPa, estimate the applied stress at which
fracture will oceur using Griffith's criterion.

Q3. @) Define a composite matcrial and cxplain its key characteritics. Why are composite [10+12+8]

©03,P04
applications, pm.cul.rly in industries like aerospace? Provide examples relevant to K4 P1
industrial applications




Explain what makes fibers effective as reinforcement in composite materials. Discuss
st st thre key charcterstcs tht conrbue 1 thei effetvencss, such a5 small
diameter, ratio, and flexibility and explain the significance of each in
b hnhank g

Explain the difference between Glass Transition Temperature (Tg) and Meliing
Temperature (Tm) in polymers. llustrate your answer by deseribing the thermal
behavior of both amorphous and semicrystalline polymers with respect to these
temperatures, referencing the typical specific volume vs. temperature curve.

What is an invariant Lo in a binary phase diagram? Why is it important in alloy
design? Name and lain any two invariant reactions with phase diagram.

A300°C, a binary nllcy of coppe i i i isti
solid solution (a phase) and liquid.
fo Calculate the degrees of freedom for this Cu-Ni alloy system at constant pressure (1

n) Explain the practica i E fo
mperature control dnrmg itcsion.
...y Now consider pure nick
elow
> Atits mclung
For cach case, ealculate the degr::s of freedom.

i

gpo.m

A binary alloy of mass 2 kg contains 42 wt% B. At a certain temperature, the alloy s
located in a two-phase region consisting of liquid + solid solution (L + SS). The
composition of the liquid is 60 wt% B, and the composition of the solid solution is 25
wt%

i) Using the lever rule, calculate the mass of each phase (Jiquid and solid solution)
present in the alloy at this temperature.

i) I the same alloy were cooled further and the composition of the liquid phase
decreases to 48 wt% B whil the solid solution composition remained at 25 wt% B,
determine the new mass (kg) of solid solution formed.

[8+10-12]

c02,P02
K4, P1



