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S’06: 1AN:AN202/AD 302( 1~402)
MATERIAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

- All parts of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Ahy missing data or wrong data may be assumed suitably
giving proper justification.

Figmes on the right-hand side margin indicate full marks.
Group A

1. {a) Explain semiconductor, intrinsic and extrinsic
semiconductors. 6

(5) Mention four strengthening mechanisms of metals
and alloys, and explain any one of them. 4

{c) Why are metals mostly ductile and ceramics brittle
at room temperature ? 10

2. (a) Whataretheinvariant points (degreesof freedom = 0)
in a binary phase diagram with eutectic ? 3

(b) Explain the terms isomorphous, eutectic, peritectic
and eutectoid systems. 8

(Turn Over)
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1 AN:AN 202 -AD 02 (1402} (2 {Continued )

(c)

(d)

(2)
(b

—

(c)

(d)

(a)

()

(c)

(d)

Explain how will you determine the elastic and plastic
components of strain from a schematic stress-strain
curve, showing loa&ing and unloading in plastic strain
range.

Define the following terms: 3x2

(7) Yield strength

(if) Tensile strength

(if) Poisson’s ratio.

Explain the mechanism of creep.

Distinguish between ductile and brittle fracture.

What do you mean by normalizing and tempering,
and indicate how those heat treatments affect the
properties of steel 7

A sodium silicate glass has no surface defects as
etching has removed them, but has cracks inside from.
2um to 5 um in length . Calculate the surface energy

of glass if fracture strength= 100MNm~?; Young’s
modulus = 70 GNm™2.

Write a note on viscoelastic properties of materials,
showing schematic plots of variation of stress with
strain and strain with time.

Differentiate between edge and screw dislocation.

Explain cold working, warm working and hot
working.

What is Bauschinger effect 7
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~ Group B
s. (a.) Discuss the machanism of age hardening of Al alloys. S
(b) How is hardenability test carried out ? 5

{c) Discuss the heat transfer characteristics during
quenching, and its effect on mechanical properties. 5

(d) Discuss the nitriding process. 5

6. (a) Whatare the effects of high temperature on mechani-

cal properties of metals. 3

(b

—

What willbe your considerations for choice of analloy |
for high temperature applications. 4

(c) A continuous and aligned glass fiber reinforced
composite consists of 40 vol% of glass fibres having
a modulus of elasticity 69 GPa and 60vol% of a '
polyester resin that, when hardened, displays a mo-:
dulus of 3-4 GPa. Calculate the modulus of elasticity
of this composite in the longitudinal directions. 7

(d) Discuss zone theory of solids and explain zones in
conductors and insulators. 6

7. (a) A transformer core is wound with a coil carrying an

alternating current at a frequency of SOHz. Assuming
. the magnetization to be uniform throughout core
volume of 0-02m*, calculate the hysteresis 1oss. The
hysteresis loop has an area of 80,000 units, when the

axes are drawn in units of 10 “Wbm ? and
10°2Am "' 6
(&) Distinguish between soft and hard magnets. 4
1 AN:AN202/AD 302 (1402} ( 3 13 { Tirn Over\
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(g) If you subject a refractory lining to thermal gradient
(heating at one end and cooling at other}, how will
high or low coefficient of thermal expansion and
thermal conductivity affect its longevity ?

(c) Write the peritectic, eutectic and eutectrial reaction
of Fe-Fe ,C phase diagram.

{d) Discuss the cooling process of 0-6% C steel from

X (k) Give two examples of soft magnetic materials.
1500 °C to room temperature. 5

. . 5 (/) How do you determine the temperature for hot
8. (a) Give some applications of polyethylene, nylons and working of a metal ?

polyester. 4
(/) Give two applications of nano materials.

{5} What is polymerisation? With the help of suitable
examples, compare and contrast the processes of
addition polymerisation and condensation polymeri-
zation. : 6

{c) Name two commonly used thermosetting polymers
and their applications. 5

(d) Why are fiber glass reinforced composites used
extensively ? 5

Group C
9. Answer the following questions: 2x10
(a) What is Bergers vector 7
(&) State Fick’s second law of diffusion. -

(c) Differentiate between interstitial and vacancy diffu-
sion. )

(d) What is work hardening ?
(e) Explain the reason for cracking of brass.
(£} How is martensite formed in steel ?

1 AN: AN 202/AD 302 (1402) { s) AG—16,000
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W06 : 1 AN: AN 202/AD 302 (1402)
MATERIAL SCIENCE AND ENGINEERING
‘ Time : Three hours |
Maximum marks : 1 00‘

Answer FIVE questions, taking ANY T™WO from Group A,
ANY TWO from Group B and aiL from Group C.

All parts of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the nght-hand side margin indicate full marks.
Group A

1. (a) Define: Metallic bonding, Covalent bonding,
Orthorhombic and Tetragonal crystal structures
with examples in each case. 4x1

{5) What is the chemical formulae of an intermetallic
compound which consists of 492 wt% Cu and
508 wt% Au? Cu=64, Au=197. 4

(c) Copper has a FCC crystal structure and a unit cell
with lattice constant of 0-361nm. What is the
interplaner spacing of d,;, planes? Show one prism
plane (1010) and [2110] direction of HCP lattice. 2+2

(d) Explain polymorphism and allotrophy ~with
examples. 2+2
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(e) Using t}‘fe. zone theory, explain the mechanism for 4. (2) Define (any two): Cross slip, Frank-Read source,
conductivity of copper. : 4 Bauschinger’s effect, Lomer-Cottre] Barrier. 4
2. (a) Define Phase, Isomorphous system, Phase rule, (&) Derive the relationship between Engineering Strain
- Monotectic reaction. 4x1 and True Strain, Engineering Stress and True Stress. 6
{5) How do you explain the solubility of silver ingold? 4 (¢} Draw engineering stress-strain curve for indicating
important points: {7) Grey Cast Iron, (i) Mild Steel
{(c) Calculate the degree of freedom of the Peritectic (only nature should be given). 4
reaction in Fe-C system. What is the degree of ' . ) o
freedom at the gamma-loop? 242 (d) (i) Why are ceramics bntﬂe in general ? 3
{d) For a 1-1% carbon steel, why are annealing and (i) Distinguish between glass and ceramics. 3
isi ' 9
normalising temperatures different? Calculate the Group B
percentages of phases present at room temperature
of the annealed 1-1% carbon steel. 2+2 5. (a) Draw a standard creep curve and explain its
sections. 4
{e) What is Pearlite ? What is the maximum solubility
of “‘C’ in ferrite 7 How does it differ with Bainite 7 2+2 (6) Explain the development of fatigue crack growth
mechanism. 4

3. (a) Define hardness and hardenability, explaining
their difference. 4 (c) What are cryogenic materials ? Show how ductile-to-

brittle transition zone determines its applicability. 2+2
(6) Why is hardenability of alloy steel better than

C-steel? Distinguish between lathe martensite and {d) A copolymer consists of 15 wt% polyvinyl, acetate
plate martensite. 2+2 (PVA) and 85 wt% polyvinyl chloride (PVC).
Determine the mole fraction of each component. 4

(¢) What are M, and M, temperatures? Discuss the
factors that determine the temperatures. 2+2 (e) Calculate the radius of the largest interstitial void in

. . the FCC lattice, if it occurs at the [l ,0, O] position.
(d) Distinguish between slip and twinning, with 2

examples 4 The radius of the atom is to be taken as R. 4
- (e)-ExplainHall-Petch equation arid its Televance. 4 6. . (a) Define: Homopolymer, Degree of Polymerisation,
Thermosetting Plastic, Elastomer. 4
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{5) Explain with applications: Nylon 6-6, PMMA, ABS,

(c)

(d)

{d)

{e)

Neoprene. 4x2

A unidirectional fibre-epoxy composite contains 60%
by volume fibres and 40% epoxy resin. The density
of the fibres is 1-48 mg/m® and that of the epoxy resin
is 1-20 mg/m?>. Calculate the weight percentages of
fibre and epoxy resin in the composite material. If the
Young’s modulus of the fibre is 400 GPa and that of
epoxy resin matrix is SO GPa, determine the Young’s
modulus of the composite, assuming rule of
mixtures to hold good. 4

In a tension test, the engineering stress and
engineering strain were found to be 500 MPa and
0-50, respectively. Calculate the true stress and true
strain. 4

p-n junction,
4x1

Define curie temperature,
permeability, diamagnetism.

Explain hysteresis loop and its importance in
regard to soft and hard magnets. 4

What is metallic glass? Explain the cause for
difference in its mechanism of deformation
compared to that of metallic single crystals. 2+2

What is strain hardening? Namc onc application
where it is advantageous and one application wherce
it is problematic. 2+2

Derive the expression for the crtical resolved
shear stress for slip in a single crystal. 4

8.7 (2) Distinguish between octahedral interstitial sites

and tetrahedral interstitial sites. 4

AMIE(]) Study Circle, Roorkee
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() What are nanomaterials? Give two unique

properties of nanomaterials explaining the cause. 4

{c) Distinguish between thermosetting and thermo-
- plastic polymers. ' 2+2

{d) State the properties promoting creep resistance and
name two high temperature materials widely used. 2+2

(e) .State the Griffth theory of fracture 7 What modifi-
cation is required for application to aluminium? 4

Group C

Answer the following questions : 10x2

{7/} Find the atomic packing factor in case of FCC
crystals.

() If the lattice parameter of alpha-iron is 286 pm
{pico-meter), what is its atomic radius ?

(i) Calculate the number of atoms per zinc crystal
structure unit cell.

(iv) Draw schematic stress-strain curve for perfectly
elastic and visco-elastic solid.

{v) Explain how point defect concentration of a metal
depends on temperature ?

{vi) Why does a composite having aluminium as matrix
and SiC fibres as reinforcement differ in properties
compared to that having same volume fraction of
SiC particles.

” —

“ (vu ) What is the difference between diamagnetism and

ferromagnetism ?
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(vii) Howisthermalshock resistance of materials related
to thermal conductivity and coefficient-of thermal
expansion ?

(ix) Give two reasons for surface hardening of
structural components.

{x) . In a tension test, gage ‘diameter=10mm, gage
length = SO mm, and the maximum load reported as
3000 kgf. What will be the . ultimate tensile
strengtli ?
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S'07: 1 AN: AN 202/AD 302(1402)
MATERIAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer FIVE questions, taking ANy Two from Group A,
ANY TWO from GroupB and aiv from Group C.

All parts of a question (a, b, elc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Flgures on the r;jgbt—band side margin indicate full marks.

Group A

1. (a) Why are ceramics brittle, while metals are ductile 7

Explain under what condition. a ductile metal can

become brittle. 1+3

() What is invariant reaction 7 Mention different

invariant reactions present in the Fe-Fe,C
diagram. 1+3

(c) Differentiate between edge dislocation and screw

dislocation with neat sketches. 2+2

AMIE(l) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)
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{(d)

A 13 mm diameter tensile specimen has a 50 mm
gage length. The load corresponding to the 0-2%
offset is 6800 kg and the maximum load is 8400 kg.
Fracture occurs at 7300 kg. The diameter after
fracture is 8 mm and the gage length at fracture is
6S mm. Calculate the (7)yield stress, (i) tensile
stress, (i) breaking stress, (iv)elongation, and

AMIE(]) Study Circle, Roorkee www.amiestudycircle.com

3. (a) Discuss allotropic transformation with an example. 3

() State the Hume-Rothery rules for substitutional
solid-solution formation. 4

a < _3 = f -
‘(&) 5[0“]—6[12”+6[“2]

Prove that the above dislocation reaction is correct

( v) reduction of area. 1x5 and spontaneous. 243
(e} Briefly discuss Kirkendal effect with an example. 3 . . .
(d) Discuss Griffith’s theory for brittle fracture and
2. (a) State phase rule and define its different terms. 1+3 derive the concerned equation for plane-stress
(b) Differentiate elastic, anelastic and viscoelastic condl‘tlon. ' 2+3
behaviour of solid with an example in each case. 3 (e) Brinell indentation is taken in a steel sample using
“(c) Discuss the differences in the microstructure of 0-5 - - 10mmtungsten carbide ball at 500 kgfload. Calculate
and 1-1 weight % plain-carbon steel in annealed ~ the Bnngl'l hardness 'value c‘)f gt}e steel sample, if the
condition with the help of properly .levclled - average diameter of indention 18 2:5mm. 3
schematic dréwingS- _ 4 4. (a) Briefly discuss the following {any two ) : LIV
(d) A reaction-bonded silicon nitride ceramic has a ' ' ' 2
strength of 300 MPa and a fracture toughness of (/) Climb’
3.6 MPaV m. What is the largest-size internal crack (i) Cross slip
that this material can support without fracturing? ,
Assume Y=1. T ‘4 - () Twin.
(¢) Consider the gas carburizing of a gear of 1020 stecl (b) Calculate the amount of (i)proeutectoid phase,
at 927 °C. Calculate the time (in minutes) necessary (i) total ferrite, and (i) peartlite in the micro-
to increase the carbon content to 0-40 wt% at structure- of slowly cooled 0-3 wt% C steel at
0-50 mm below the surface. Assume that the carbon temperature just below eutectoid temperature. 2 +2 + 1
tent at is 0-90 wt% and that the steel ..
hc:n ent jmfh:] s::fr;ci 1200 tgentWtf/ ;I;Othio/ é_S:e (c) What is critical resolved shear stress ? If aluminium

s a nl of 020 wt%. n:

) n m ) ° . 1v_ " deforms at an axial tension of §-9 MPa in direction
Diffusivity of CinFe (y) at 927°C, D=1-28 x 10 [010] on (111) [110] slip system, what is its
m?/s, if erf (z) =0-7143, z=0-755. N critical resolved shear stress ? 1+5

AN 202/AD 302 (1402) (2) ' ( Continued)

AN 202/AD 302 (1402) ’ (3) ( Turm Over)
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5.

(d) What is toughness ? Differentiate between fracture
transition plastic (FTP) and ni duculity tem-
peraturc (NDT). 1+3

Group B

(a) Draw and properly level the T-T-T diagram of an
eutectoid plain-carbon steel. State its utility and

limitations. Define critical cooling rate. 2+3+1

(5) Explain why annealing and normalizing temperatures
differ for hyper-eutectoid steel. 3

(c) What is superconductor? Give an example of
superconductor and mention its application. 2+2

(d) Briefly  discuss  important microstructural
considerations of a material for high-temperature
application with examples.- = o 3

{e) A unidirectional continuous glass-fiber reinforced
epoxy resin composite contains 60 volume % of
E-glass fibers. The modulus of elasticity of glass-fiber
and hardened epoxy resin is 72-4 and 3-1 GPa,
respectively. Calculate the (7) modulus of elasticity,
and () fraction of the load carried by the fiber for
this  composite under ' iso-strain  condition
assuming the rule of mixture to hold good. 242

6. (a) What is creep ? Draw a standard creep curve and

explain its different sections. 1+3

(6) What is martensite? Distinguish between lath
martensite and plate martensite. 4

AN Y/ AN N (1AOY { AN N

AMIE(]) Study Circle, Roorkee
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(c¢) What are nanomaterials? How does those differ
from conventional materials. 2+2

(d) Differentiate between thermoplastic and thermo-
setting polymers giving examples of both. S

(e} Explain why ceramic material is usually bad
conductor. 3

{a) Define the terms: magnetic permeability, magnetic
susceptibility, ferromagnetism, diamagnetism. 1x4

(b) Define hardenability and mention its control
factors.- 1+2

(c) Differentiate between intrinsic semiconductor and
extrinsic semiconductor. 2+2

(d) Calculate and compare the atomic packing factors
of the fcc and bec unit cells. What role does the
atomic packing factor have on. creep strengths of
fcc and bec metals at same homologous tem-
perature ? 3+2

(,e)_Prcdici the time to rupture for- a S-590 iron

component that is subjected to a stress of 140 MPa
at 800°C. Assume the Larson-Miller parameter is

24:0x 10° and C=20. 4
{a) Define : plastic, elastomer, monomer, copolymer. 1 x4

(b) What is metallic glass ? Give two unique properties
of metallic glass explaining the causes. 2+2

(c) State the important properties a material must have
for cryogenic application, and name two such
widely used materials. 3+1

AMIE(l) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)
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(d) Define pearlite and differentiate it from bainite.
What is inter-lamellar spacing of pearlite ? 1+2+1

(e) How is a glass distinguished from other ceramic
materials ? 4

Group C
Answer the following questions : 2x10

{/) Why electrical resistivity of metals and alloys
increases with degree of cold working ?

(11) Aluminium is FCC, and has an atomic radius of
0-143 nm. Calculate i lts lattice parameter.

(di) Draw and appropriatcly level the engineering
stress-strain diagrams of mild steel.

(zv) Why is -—[011] dislocation in FCC crystal
stnctly sessﬂc in natum‘7

(v) Schcmucally show the variation of hardness with

ageing time of a quenched Cu 45 wt% Al alloy.
Mention the under—peak— and over-aged regions
along with the apprommate positions of dlfferent
precxpxtates '

(vi) Draw a gcneralized strain—haxdening curve for a
" FCC single crystal and mention the different
regions with their names. '

(vii) Write Hall-Petch relationship and mention its
significance.

AMIE(]) Study Circle, Roorkee

www.amiestudycircle.com

(viiir} Draw hysteresis loops for soft and hard magnets
and mention their differences.

(ix} Define Curie temperature and glass transition
tempcrature.

{x) Discuss the typical characteristics of fatigue
fracture surface.

AMIE(l) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)
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W07 : 1 AN: AN202/AD 302(1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours
Maximum mazks : 100

Answer FIVE questions, taking aNy Two from Group A,
ANY TWO from Group B and aiL from Group C.

All parts of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer
may result in loss of marks.

Any mussing or wrong data may be assumed suitably
" giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. Two metals, X [melting point = 1300°C] and Y [melting
point = 1000 °C], are partially miscible. They form two
solid solutions a and $. Under equilibrium conditions,
maximum solubility values are given in the following table :

Temperature (°C) 0 200 400 600 800 900 950
Maximum solubility of

Yin X [wt. %] 3 10 20 32 50 40 35
Maximum solubility of
Xin ¥ {wt. %] 2 2 3 5 10 5 3

A eutectic reaction occurs when the alloy contains 29
wt.% of X and producing both o and § phases.
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(1)

()

(i)

(7)

()

(A7)

Bascd on the given information, construct an
appropriate equilibrium phase diagram. Label
cach phase. 7+S

An alloy containing 60 wt.% of X is slowly cooled
under equilibrium cooling conditions to room
temperature from a temperature just above the
melting point of X. Discuss the phase transformation
which will take place and calculate the percentage
of o at 200°C. S

Outline the heat treatment you would recommend
for the above alloy to obtain a very fine dispersion
of 3 phase. 3

Differentiate between coherent and non-coherent
precipitation hardening. 5

Give a brief account of dislocation climb and
metallic creep interrelation. 5

Suppose one Schottky defect occurred in every fifth
unit cell of NaCl producing a lattice of 56 A
Calculate the density of NaCl. What changes in the
atomic arrangement will be necessary to maintain the

charge neutrality if one Fe*? ion is substituted for Na*
ion in NaCl? Given MW-Na =23, Cl=35-45 and

N,=6:02x 10" mol . 5+5

Differentiate between polymorphism and isome-
rism. Explain with suitable examples. S

AMIE(l) Study Circle, Roorkee
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(i)

(1)

(i)

(i)

(1)
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www.amiestudycircle.com

With the help of a typical stress-strain curve for
polyethylene terephthalate (PET), explain its
behaviour on application of load. Highlight the
regions and points of interest to a materials engineer.
Justify why polybutylene terephthalate is preferred
over PET for making engineering parts. 10

The lattice parameter of a material, having FCC
structure, is 0-396 nm. Determine the length of the
Burger’s vector along [ 110] direction. S

Distinguish between shape memory effect and
superelasticity. 6

Explain why the phenomenon of creep of metals is
so closely related to diffusion. Can you explain the
creep behaviour of ceramics and polymers ? Outline

mechanistic dissimilarity, if any. 3+3+3

Differentiate among stress concentration, stress

intensity factor and fracture toughness. 2+42+1
Group B

Glass fibers {diameter = 20 um) provide longitudinal
reinforcement for nylon subjected to tensile loading.
If the volume fraction of the glass fiber used is 0-45,
what fraction Joad will it carry ? If the average stress
in the composite is 14 MPa, what will be the amount
of stress in glass 7 Young’'s modulus of glass fiber
and nylon are 70,000 MPa and 2800 MPa,
respectively. 342

Show, if the raelt viscosity of a thermoplastic is
reduced by a factor of two, that the ﬁ“ will change
by ~ 18-5%. 5

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)
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{7} Distinguish between the following {any two):  S5x2

fa) Cement and concrete
{b} Glass and ceramics

{¢}) Nano-fillers and whiskers.

{/) What structural parameters influence the melting
point of a polymer ? Explain with proper reasonings. 10

(i) Briefly outline the nitriding process. Discuss its
importance and advantage in steel industry. S

(#7) ‘Duralumin’is analloy of aluminum containing 4 wt.%
copper and is of considerable importance for
aircraft structures. Outline the process and metho-
dology you will adopt in order to improve its mecha-
nical properties. 2+2+1

(1)  What are the different methods of strengthening of
glass ? Discuss their relative merits and demerits. 4+4

(#) Explain the thermal anomalies exhibited by quartz
" and zirconia. 4

(#7) Schematically draw loop diagrams for hard and soft
magnetic materials and outline the differences in
their magnetic behaviours. 4+4

Plain carbon steel, containing ~0-6% carbon, is heated
~25°C above the upper critical temperature and heat
treated separately as follows:

(2) Quenched in cold water

(b) Slowly cooled in the furnace

(c¢) Quenched in water and reheated at 250 °C
{d) Quenched in water and reheated at 600 °C

7T AN ARG G (DY AR onD FLOGR, SuTaN TOWER, REDBRER 41667 (UTTARANCHAL)
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Describe the structure/morphology at room temperature
which will be thus formed in each case with the help of
appropriate diagrams. Explain the generalized properties
(physical) of each form and justify the treatment you will
prefer for making cutting tools and shock-resistant

engineering components. 2x4+2%x4+2x%x2

Group C

Justify the following statements in one or two
sentences : 2x10

(1) Heterogeneous nucleation occurs more readily

than homogeneous nucleation.

(f) Multifunctional monomers lead to network struc-

ture.

(Zi7) FCC metals are often recommended for use at low

temperature.

(iv) N-type semiconductor is formed by doping of
polyacetylene with rubidium.

(v) Clay looses its ability to make plastic dough with
water on heating above 400 °C.

(vi) Four octahedral sites are associated with one FCC
unit cell.

(vi') Polyethylene undergoes significant deformation
without fracture.

(viif) Single crystals are anisotropic.

W’07:1 AN: AN202/AD302(1402) (5 { Turn Over)
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{ix) Alumina has the higher moduius of elasticity than
aluminum.

{x) Quenched plain carbon hyper-eutectoid steel has
some retained ‘austenite’.
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S'08 : 1 AN : AN 202/AD 302 {1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer FIVE questions, taking ANY Two from Group A,
ANY TWO from GroupB and alL from Group C.

All parts of a question (a, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. (a) Show that true stress is related to engineering stress
{5, ) by the relation
o=0,(1+0,)
where o, is the engineering strain. 8

(b) State the law used to calculate the critical resolved
shear stress. Derive it. 7

(c) A sample of glass has a crack of half length 2 um.

" The Young’s modulus of the glass is 70 GN/m? and

the specific surface energy is 1J/m?2 Estimate its
fracture strength. S

{ Turn Over)

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)  EMAIL: pcourses@hotmail.com  Ph: (01332) 266328, 9412903929, 9897394020

16



AMIE Study Material & Admission Packages AMIE(l) Study Circle, Roorkee www.amiestudycircle.com

2. (a) How much proeutectoid ferrite is there in a slowly : (b) Find the equilibriuin concentration of vacancies in
cooled 0-6% steel ? How much eutectoid ferrite is there aluminum and nickel at 0K and 800K. (A H, kJ/mol
in the same steel ? 5 for aluminum is 68 and for nickel 168, and R = 8-314
(b) Differentiate between any three of the following: 3 x 23 J/mol/K.) 4
( i)ﬂ Slip and twinning : : (c) Explain why interstitial atoms such as C in Fe can
diffuse more rapidly compared to vacancies. 2

(i) Sessile and glissile dislocation
(d) Explain recovery, recrystallization and grain

(if) Ceramic and glass growth. 3x2
{iv) Frenkel and Schottky defects. Group B
(c) lustify the following statements with reasons: Ix2 5. {a) What are cryogenic l;mterials? Show how ductile to
(1) Cold bwobrking increases hardness of materials. brittle transition zone takes place. Determine its
applicability. s

(ii) Tron is less anisotropic than diamond. : :
' (&) Distinguish between thermosettingand thermoplastic
(i) Solar cells are semiconductors with p-n = . polymers. s

junction. . S
(c) What are nanomaterials 7 How do they differ from

3. - {2) What are the three regiines of a typical creep curve conventional materials ? s

showing creep strain against time? Distinguish
between the deformation mechanisms involved in ' (d) Discuss the nitriding process. - s
three stages of creep. 10

6. (a) What are the purposes of heat treatment ? Draw and

(b) What is a phase? What is the difference between label Fe-Fe, C phase diagrams.

a~iron and ferrite ? Define an invariant reaction with 10
an example. . _ 1+2+2 v (b) Differentiate between normalizing and full annealing. S

(¢) Asteel barof 13-146 mm diameter breaks with.a load (c) A unidirectional fiber-epoxy composite contains 65%

of 1S00N. Its final diameter is 8-146 mm. What is : by volume fibers and 35% epoxy resin. Calculate the
() true “breaking strength, (if)nominal breaking - weightpercentages of fiber and epoxy resinin compo-
strength, and (i ) true fracture strain ? 3+2 site material. If Young’s modulus of the fiber is 400

GPa and that of epoxy resin matrix is S0GPa,

4. (a) Explain Bauschinger’s effect and Maxwell model. 4+4 determine the Young’s modulus of the composite. S

¢
§$'08 : 1 AN: AN202/AD302(1402) { 2 ) ( Continued) §08 : 1 AN': AN202/AD302(1402) ( 3 ) _ (T Conrd
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7. (a) Explain magnetic hysteresis ? 5
(5) What is the Fourier’s law of heat conduction ? 3
(c) What are the applications of thermal sensors ? 4

(d) What is polymorphism and degree of polymeriza-
tion? 4

(e) Explain laminates? 4

8. (a) Describe the application of following as engineering
materials : 5+5

{7) Fiber reinforced composites
(if) Elastomers

(5) Explain the following :

{ )’) Polymerism fraction in glass. v 3

{if) Zone theory of solids. 4
(iif) Band model of conductivity. 3.

Group C
9. (}1 )} Choose the correct alternative for the following: 2 x 4

(/) Relationship between modulus of elasticity (),
shear modulus ( G ) and Poisson’sratio (v) is given
by :

(a) E=v(1+2G)
(b)) G=2E(1+v)

{(c) G=2v(1+E)
(d) E=2G(1+v)

$°08 : 1 AN : AN202/AD302(1402) ( 4 ) (Continved)

AMIE(l) Study Circle, Roorkee

www.amiestudycircle.com

(if) Sintering of ceramic material is done for

(a) solidification.

(b) reduction of compact porosity.
(¢) drying.

{d) reduction of strength.

(7if) The unit of magnetic permeability is
(a) Am™!
(b) Wbm™?"
(c) Hm™?
(d) WbA'm™!
(7v) Cup-and-cone fracture contour occurs in

(2) brittle fracture.
(b) ductile fracture.
{c) cleavage fracture.
{d) None of the above.

(B) Answer the following in brief: 2x6
(f) Name two soft mqgnetic materials.
(i) Give the scientific iames of melamine and PET.
(iii} Explain lever rule.
(iv) What is resilience ?
(v) Whai are solvus and solidus line ?

{vi) What is E-glass?

$'08: 1 AN: AN202/AD302{1402) ( 5 ) AG—16,000
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W08 : 1 AN: AN 202/AD 302(1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours

Maximum Marks : 100’

Answer FIVE questions, taking ANY Two from Group A,
ANY TWO from GroupB and aLL from Group C.

Al parts of a question (a, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
 GroupA

1. (a) State, with reasons, the group of materials in which
the following belong: (7)Reinforced cement con-
crete, (i) Flint glass, ( £if) Wood, { iv) Brick, ( v) Cast

iron, ( vi) Rubber. 6x2
(b) Draw a Burger’s circuit to show Burger vector in a

typical screw dislocation. 2
(¢} Why the following phenomenon occurs ? 3x2

(7) Twin commonly occurs in FCG metals

(i) Edge dislocation moves faster than screw dis-
locations

(7if) Copper can dissolve easily in gold.
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2.

(a2) What is meant by the term ‘diffusivity’? What is
steady state diffusion? How does it depend on
temperature ? 24242

(b

—

State Fick’s second law of diffusion. Describe how
it affects heat treatment in carburization oflow carbon
steels. 2+4

{¢) You are given two pieces of steel samples: (7)0-2%
carbon steel, (1) 0-8% carbon steel. Both are heated
to austenite regions and then are quenched in water
at room temperature. Describe what changes would
occur to steels in every aspect. - 4+4

(a) Draw the nature of a binary phase diagram having
isomorphous system and label it. Find out the degrees
of freedom, using Phase rule in all its regions. 3+3

(b) Calculate the degree of freedom at peritectic point
in Fe-C phase diagram, showing the peritectic region
and labelling various phases. What is Curie point and
show it in Fe-C phase diagram ? 2+3+3

( ¢) Draw a continuous solid solution phase diagram and
explain the Lever rule. What is solvus line ? 4+2

(a) Distinguish between elastic'and plastic deformation.
Define yield point and toughness of a material. How
does hardness differ from hardenability ? 2+4+4

{ b) Deduce the relation: 2+4
(f) True strain, e = In (1 + engineering strain, ¢)
(i) Critical resolved shear stress of deformation.

(c) Describe Frank partial and Shockley partial
dislocations. 4

AMIE(l) Study Circle, Roorkee

Group B

{a) Explain the following: () Strain hardening, { if) Re-
crystallization and grain growth, {ii)Hall-
Petch equation, ( #v} Frank-Rud source. 4x3

(b) How does tempering become different from mar-
tempering? What is M, and M, temperaiures?
Why is sub-zero cooling applied in some tool steels.

3x2

{ c) How can brittle fracture be identified from fracture
surface ? .2

(a) (/) State Griffith’s law of fracture. What is critical

stréss-intensity factor ? 2+2

(17} How can brittle-to-ductile temperature be
determined experimentally ? 4

(b) (1) State Fourier law of conduction of heat at steady
state. - . 2

(i) What is R-value? 2

(i) How does thermal diffusivity differ from
thermal conductivity ? 2

{c¢) What is Larson-Miller parameter ? Enumerate the
importance of superalloys, naming two of them. 2+4

(a) (/) What are semiconductors ? 2

(i) Classify semiconductors, explaining their types. 4

{7} What is p-n-p junction? 2
{b) Name four ferromagnetic materials and state the

reasons of their magnetism. 4+2
(c) (i) What is fatigue strength of materials ? 2

(if} Describe a method of carburizing of low carbon
steels. 4

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)
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8. (a) (4) Whatis superconductivity ? 2 (vii) Why is cement concrete brittle ?
(i) Explain diamagnetism and paramagnetism. 2 (viii) Why does the conductivity of ceramics increase
{(b) (1) How do glasses differ from ceramics 7 3 with temperatures 7
(/) What is sintering ? Why are pure oxide refracto- ' -(ix) Why are bridges on road not made with plastics even
ries popular ? 3 today ?
(c) (1) Describe polymerization mechanism in produ- , (x) Why are motor shafts made highly polished ?
cing polymers. 4
(7)) What are monomers and elastomers ? 2
(7if) How do you measure hardness of polymers? 2
{iv) What are MMCs? 2
Group C
9. Answer the following in brief: 10x2

(7) Draw the nature of engineering stress-strain curve of
grey cast iron.

(i) Calculate the Burger’s vector, —l_;, of a FCC metal

having lattice parameter a.
(i) What is the percentage of carbon in cementite ?

(7v) What is the critical cooling rate of steel, having
austenite transformation at 720 °C, Ms at 20°C and
the nose of the T-T-T curve just have a gap of 5 sec.

(v) A tensile stress of 200MPa is applied by a metal
having elasticmodulus of 200 GPa. Find out the strain.

(vi) If a eutectoid point of plain carbon steel is assumed
at 0-77% C, how much maximum pearlite can be
obtained at 0-07% C-steel.
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$'09: 1 AN:AN 202/AD 302 (1402)

MATERIAL SCIENCE AND ENGINEERING

| Time: Three hours

Maximum Marks : 100

Answer FIVE questions, taking ANY Two from Group A,
ANY TWO from Group B and aiL from Group C.

All parts of a question (a, b, etc)) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer
may result in loss of marks.

Any missing or wrong data may be assumed suitably
' giving proper justification.

Figures on the right-hand side margin indjcate full marks.
Group A

1. (a) Explain, in brief, why metals in general ire ductile,
whereas ceramics are brittle. 3

(b) Write the properties required for a material to with-
stand high temperatures.

w

(c) What is a polymer? How does the structure of a
polymer differ from that of a metal ? Explain. 7

(d) Define a crystalline substance. How does it differ
from an amorphous material ? 7

( Tum Over)
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2.

(a)

(b)

(¢)

What are point, line and surface defects ? Explain
each with examples and suitable sketch.

Whit is stacking sequence? Discuss stacking fault
in FCC structures.

Expgam steady state and non-steady state diffusion.
Derive Fick’s law of diffusion.

3. ( a) Expl?hin the mechanism of creep.

4.

5.

(b)
(¢)

(d)

Differentiate between ductile and brittle fractures.

Staté Gibb's phase rule. What is the minimum and
maximum number of phases which could exists in a
puref%metal.

The alf-length of cracks in a steel is 2 pm. Taking

E=2300GNm"?, estimate the brittle fracture strength
at low temperature, if the true surface energy is 1-5
Jm 2

(a) Explain briefly plastic deformation by slip and

(b)

(c¢)
(d)

{a)

twinning.

What is Schmidt’s law ? Derive the expression of

critical resolved shear strength.
Differentiate between hot working and cold working.

The yield strength of a polycrystalline material
increases from 120 MPa to 220 MPa on decreasing
the grain diameter from 0-04 mm to 0-:01 mm. Find
the yield stress for a grain size of ASTM9.

Group B

What are the different stages of age hardening
treatment tor aluminium alloys ?

AMIE(l) Study Circle, Roorkee www.amiestudycircle.com

7

5

$'09:1 AN: AN202/AD 302 (1402) ( 2) ( Continyed)

(#) What is hardenability ? Why is it not so high in plain
carbon steel ? 5

(c¢) Discuss the heat transfer characteristics during
normalising and its effect on mechanical properties. S

(d) Discu ss the tempering proce'ss. 5

! 6. (a) What are refractories ? Discuss their industrial appli-
cations. ‘ 7

(b) What are nano materials ? Discuss their engineering
applications. . 6

{c) What do you understand by silicon structures?
Explain. 7

7. (a) Arrange the following metals in order of their decrea-
sing thermal conductivity : (/) Gold, { i) Silver, (i)
" Copper, and (#v) Aluminium. ’ 4

(5) What are the benefits of composite materials?

Discuss their properties. . 6
(¢) Discuss structural properties of polymers. 6
(d) Explain thermoplasts and thermosets. 4

8. (a) What are different engineering materials used for
cryogenic application ? Discuss their properties. 5

(b) What are the difterences between dimagnetism and
ferromagnetism? 5

(c¢) What are intrinsic and extrinsic semiconductors ?

How can they be differentiated ? 6
(d) What are Curie and Neal temperatures ? 4
$°09:1 AN:AN202/AD 302 (1402) ( 3 ( Continued)
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Group C

9. Answer the following in brief: 10x2

(/) Whatis Kirkendall effect?

(Z) What is Rauschinger effect ?‘

(i ). Stéte the advantages of normalising over annealing.
(1v) Whatis critical cooling rate? |

(v) What are solid solutions ?

( vi) Name three elements which have high density.

(vii) What are three most common space lattice
observed in matals ?

(vii) Ditferentiate between elasticity and plasticity.
(ix) Name four soft magnetic materials.

(x) What is the difference between toughness and
resilience ?

www.amiestudycircle.com
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) 5.2, ﬁlv%aj 1 AN : AN 202/AD 302 (1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer ¥IVE questions, taking ANy Two from Group A,
ANY TWO from Group B and sl from Group C.

All parts of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unneccssary long answers
may result in Joss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.
Figures on the right-hand side margin indicate full marks.
Group A
1. (a) State the atomic packing of a ‘FCC’ and a ‘HCP’

crystal system. Write two examples of metals having
the crystal structure in each system. 24242

{#) How could Miller indices of crystallographic planes
be derived in cubicunit cells ? State the Miller indices
of prism planc in a hexagonal unit cell. 4+2

(¢) (7} Draw the phase diagram of pure Fe (from room
temperature onwards). 2

(i) Calculate the linear atomic density in [110]
direction in atoms per meter in Cu-lattice
{a,=0.36nm). 4

(i7i) What is the atomic percentage of Cu at 70 Cu
30 Zn brass. (Cu= 63.5, Zn=65.4). 2
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2. | é) Differentiate between the following with suitable Group B
example for cach: 5. Explain the following :
(/) Dislocation and partial dislocation. & (a) On rise in temperature (/) why ceramics do increase
{ i) Slip and cross slip. 4 the conductivity while metals do not, and (i) cera-
) o ‘ ) mics show more stability than metals. N
(ZF) Interstitial and substitutional solid solution. 4
b) Pol t b d in construction of bridges
(&) Explain octahedral and tetrahedral voids with an (5) o.y Ters Cannot be use . 2
. while metals are used. S
example of each. 4 v ) .
{¢) On guenching, high carbon steels get hardened but (c) For streng,th emng' Al-Cu alloys, the prec1¥> }taTlon
o . . between 8° and 0" are favoured but not equilibrium
austenitic stainless steel do not— explain. 4 . :
precipitate. 5
3. (a) Explain the following: i .
(d) For boiler quality steels, coarse grain structures are
{3 ASTM grain fineness number 4 favoured over fine grain structure. S
() Arrhenius rate equation 4 6. (a) Describe with examples: (r)Half cell potential,
(iif) Diffusivity. 4 (i) galvanic corrosion, (i) hydrogen over-voltage,
and (iv)E_ andI_ . 2+4+2+4
{ ) The diftusivity of silver atoms in solid silver metal
is 1.0x 10°"7 m?/s at 500°C and 7.0x lO'.” m?/s (b) What is passivation? Why are mixed dilute acids
at 1000°C.  Calculate the activation = energy more corrosive than concentrate acids ? 4
i oules/mole) for the diffusion of Ag in Ag in the
‘einperature range 500-1000°C. 4 (c) Deduce the expression for critical residual shear
) ) stress for deformation of metals. 4
(c¢) Define magnetic permeability of a magnetic material.
What is relative permeability ? 2+2 7. (a) (i) Describe the basic property of a cryogenic
L material and its testing method. 2
4. (a) Define (/) phase, (i) degree of freedom, (iff)iso- . . e : +4
morphous system, and ( /v)invariant reaction.  4x2 (if) Without phase change can you harden a metal ?
{b) Deduce relation between (/) engineering stress and - Give two common examples. 2+4
true stress, and (7} engineering strain and true (b) (i) Forbetter hardenability, alloy steels are favoured
strain. 4+4 over plain carbon steels— explain. 4
() Statethedifterences betw.c?en (1) mart‘er.lsite andtem- (if) Distinghish between martempering and
pered martensite, and (/) upper bainite and lower austempering with necessary diagrams. 4
bainite. 2+2

TXTIAN .1 ART. ARTANA AT AAA £1 AnAYE A A
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8. (a) (/) Whatis slip casting ? State its advantages. 4
(77} Explain dielectric strength of a ceramics with

examples. 4

-(ifi) 'What is piezoelectric effect ? 2

{7v) Name two basic refractories commonly used in
steelmaking furnaces. 2

{b) Distinguish between (7)polymer and monomer,
and (#7) thermoplastics and thermosets. 2+2

(c) How can ductile fracture be identified from brittle
fracture 7 Why are cast irons brittle but not steels ? 2+2

Group C

9. Answer the following in brief: 10x2

(7) Lattice parameter of chromium is 286 pm (pico-
meter). Calculate its atomic radius.

(i7) What will be the percentage of volume change take
place during cooling of gamma iron (£,=0.127 nm)
to alpha iron (,=0.124nm)?

(i) Name the highest and lowest temperature points in
copper-nickel equilibrium diagram.

{iv) How many atoms would be there in S moles of Neon
gas?

(v) Whether iron (atomic radius=0.1238 nm) and
nitrogen (atomic radius=0.071nm) can form
substitutional solid solution ?

(vi) In a standard Brinell test (diameter of indenter =
10mm) for ferrous metals, if the diameter of
indentation is 3.33 mm, what is the value of BHN ?

(vif) Caleulate the volume fraction of cementite (appro-
ximately) in ledeburite of Fe-C system.

(viii) Ina Vicker's hardness test, if the lengths of diago-
nals are reportedas 1.51 mmand 1.49 mm, calcula-
tc the VHN for a 30 kg load ?

(ix) Using Nemst equation, calculate the potential of the
hydrogen electrode, E,, at pH = 8.

{x) If a particular type of polyethylenc has a molecular
mass of 140,000 g/mol, what is the degree of poly-
merisation ?

WU TAN AN 202/ 302 (1402) S AG-—16.00t
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§’10: 1 AN: AN 202/AD 302(1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer FIVE questions, taking ANy TWo from Group A,
ANY TWO from GroupB and ALl from Group (.

All parts of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A
1. (a) What are the Hume-Rothery rules ? 4

(b) What are the differences between Frenkel and
Schottky imperfections ? ‘ 4

(¢) ‘Mostdislocations in crystals are mixed dislocation
type’— Explain. 4

(d) Why are the grain boundaries considered as high

energy regions ? 4
(e) Whatis sﬁacking fault? 4 -
2. (a) Explain interstitial and vacancy diffusions. 4
(b) Explain Fick’s law for non-steady state diffusion. 6
(<) From Gibb’s phase rule, explain why a triple point
is an invariant point. 4
( Tum Over)
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(d)} Why are cored structures developed during solidi-

P o . > 0 feath o o ~ i
[ication? How arc they removed in case of an 6. (a) What arc the applications of thermal scnsors ? 4
alloy 6 { ) What are the superalloys? What arc the appli-
. . . . cations of these alloys ? 6
3. (&) Describe changes in microstructures, with suitable
sketches, when cooled slowly from austenite to (¢) Why are ccramic materials generally brittle ? 4
room temperatm".c, for (1:) hyp(')—eutectoid plain { d) Discuss the stages of sintering of ccramic mate-
carbon steels; (/7)eutectoid plain carbon steels; rials. 6
and (7ir) hyper-eutectoid plain carbon steels. 10 ) - ,
7. (a) What is glass transition temperature 3

(b) A slowly cooled plain carbon steel shows pro-

cutectoid ferrite to be 10% by weight of the micro- (b) What are the differences between thermoplasts

structure. What is the carbon percentage in the and thermosets ? >
steel ? 3 (c) What are the differences between chain growth
. . . . and step growth polymerization ? S
(¢) Discuss the differences in shapes of tensile stress-
strain curves for metals, ceramics and polymers. 7 , (d) What is composite materials ? Enumerate the dif-
ference between particle and fibre reinforced
4. (a) What are the differences between ductile and composite. 2.5
brittle fracture ? 4 .
8. (a) What are the differences between conductors,
(b) What is a slip system ? Discuss the slip systems semiconductors and insulators ? Discuss in terms
of FCC, BCC and HCP crystals. 6 of energy band structure. 8
(¢) Show a characteristics creep curve and describe (b) What are the differences between intrinsic and
three stages in creep deformation. 10 extrinsic semiconductors ? 4
Group B (¢) Write a short note on superconductivity. 5

) ' (d) What are the benefits of polymer matrix compo-
5. (a) What is the difference between hardness and

sites ? 3
hardenability ? 4
Group C
(b) What are the QIfferences between martempering 9. Answer the following in brief: 102
and austempering ? 4
) o (/) Draw the following crystallographic planes
{ ¢) Describe different methods of carburizing. 7 (221) and (101) & o grap P
(d) Discu§s diffe,rc.nt stages of age-hardening treat- () What are the differences between annealing
ment in aluminium alloys. 5 twins and deformation twins ?
§'10:1AN: AN 202/AD 302 (1402) (2 ) ( Continued) $'10:1AN: AN 202/AD 302 (1402) (3 ) ( Continued)
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(77} What is the difference between impact tough-
ness and fracture toughness

(7v) Whatis Schmid’s law ?

(v) Whatare sessilc and glissile dislocations ?
(vi) What is the measure of ductility ?

( vif) What is peritectic transformation ?

( viii) Why is glass tempered ?

(ix) What is the angle between the [011] and [101]
directions in cubic systems ?

(x) InaVicker’s hardness test, if the average length
of diagonals is reported as 1.5 mimn, calculate the
VHN for a 30kg load.
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Material science and engineering
Question (winter 2010)
1 a) What are Bravais lattices? Explain in brief the differences in stacking
sequence of FCC and HCP crystal structure.
b) Caculate the atomic packing factor (APF) for the FCC crystal structure.
c)What are point defects and how are they created? Discuss different types
point defects in brief .
d) Discuss major differences between edge and srew dislocation.
2 a) What is Gibbs phase rule ?Explain its application with reference to
binary phase digram s.

b) Write the eutectoid reaction in Fe-Fe3C system and find thr amount of

different phases at the eutectoid point .

c) What is true stress ? Deduce the relationship between engineering and

true stress ?

d) What is meant by the toughness of material ?How is it measured and

assessed?
3 a) Differentiate between ductile fracture and brittle fracture ?

b) Explain the S-N curve with respect to ferrous and non ferrous

material?
c) Explain how deformation takes place by twinning .

d) Differentiate between cold working and hot working.
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4 Write notes on any four of the following:

a) Fick’s law of diffusion

b) Creep behaviour in metals

c) Hume Rothery’s rules

d) Deformation in polycrystalline materials
e) Solid solution strengthening

f) Recovery ,recrystallization and grain growth.
GROUP-B

5 a) Draw the iron-iron carbide phase diagram. Clearly indicating the phase

present at different temperatures and carbon content.
b) Explain in brief the time-temperature-transformation(T-T-T) diagrams.
6 a) Distinguish between thermal heat capacity and thermal heat content .
b) Explain the types of magnetism in brief .
c) Differentiate between the instrinsic and extrinsic type semiconductor.
d) Discuss the mechanism of sintering of ceramic materials .
7 a) Discuss different mechanism of polymerization .
b) What are the factors affecting mechanical properties of polymers ?
Discuss
c) What are composite materials ? Briefly classify the composite materials.
8 a)Write short notes on any four of the following

a) Annealing and normalising

b) Thermoplastic and thermosets
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c¢) Surface hardening
d) Basic refractories
e) Continuous cooling transformation(CCT)digrams

f) Zone theory of solids
GROUP-C
9 Give brief and precise answer to the following

i) Define hardenibility

i) What is isomorphous system ?

iii) State the Hall-Petch equation ,explaining the meaning of each symbol.
Iv) What is pertectic reaction?

v) What is Bauschinger effect ?

vi) What is critical cooling rate ?

vii)  What are the main material for cryogenic application ?

viii)  What is glass transition temperature(Tg)?

iX) Define fracture toughness of a material .

X) What is superconductivity?
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S$'11: 1 AN: AN 202/AD 302(1402)
MATERIALS SCIENCE AND ENGINEERING
‘ Time : Three hours

Maximum Marks : 100

Answer FIVE questions, takmg ANY TWO from Group A,
ANY TWO from Group B and aLL from Group C.

All parts of a question ( a, b, etc.) should be
answered at one place.

Answer should be bricf and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.
Figures on the right-hand side margin indicate full marks.
' Group A

1. (a) Draw schematics to show different types of Bravis
lattices in crystalline materials. Calculate the ato-

mic packing factor (APF) of FCC and BCC crystal .
structure. o 6

(b) Explain the types of defects in crystalline materials
in brief. ‘ 4
(c) Differentiate between the edge and screw disloca-

tions in terms of Burger’s vector. 5

(d) Find the equilibrium concentration of vacancies in
aluminium at 0 K and 900 K. Enthalpy of formation
of vacancies in aluminium, AH;= 68 kJmol' t
R=8.314 Jmol'K"'. ‘ 5
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2. (a) Mention and. explain Nernst-Einstein relation in - Group B
diffusion. ' : . _ 3 5. (a) Discuss different methods of carburising, nitriding
(b) Describe Fick’s second law of diffusion. The diffu- and carbo-nitriding. 8
sion coefficients for copper in aluminium at 500°C ' (b) Define hardenability of metals. Describe Jominy’s

and 600°C are 4.8x10° mY/s and hardenability test in brief. 6
5.3 x 107" m?/s, respectively. Calculate the time (c) Discuss different mechanisms of hardening in
required at 500°C to produce diffusion depth metals and alloys. ‘ 6
equal to that at 600°C for 10 hr. 3 6. (a) Explain the working principle of a bimetallic strip
e . ' - the i ing t .

(c) Explain Gibbs’ phase rule. Find the degrees of thermostat in regulating temperature 5
freedom when FCC and BCC iron co-exist in { b) Define thermal stress. Discuss stresses due to
equilibrium. ’ 5 restrained thermal expansion and contraction. 5

(d) Draw an eutectic phase diagram and explain it.l s (¢) Define high temperature materials. Name some of
* the high temperature materials. _ S
3. (a) Draw and explain Fe-Fe,C phase diagram. Indicate ‘ (d) :

What are ceramics ? What is the range of thermal
the carbon percentage range of steel. 8

expansion coefficients in ceramics ? Explain why

. . ics have lov fficient of th 1 -
( b) Define peritectic reaction. Explain with a suitable ceramics have low coctiicient of thermal expan

) sion. 5
- phase diagram. 6
: 7. (a) What are polymers? Describe briefly the terms
(¢) Explain the mechanism of working of zone refining ~ ‘saturated polymer’ and ‘unsaturated polymer’. 8
i i . 6 .
process with the help of a diagram ( ) Differentiate between thermoplastic and thermo-

4. (a) Differentiate between true and engineering stress- _ setting polymers. _ 6
strain curve. Indicate the elastic zone, plastic zone, ~ (c) Define the term ‘composites’. Describe briefly
and yield pointin a stress-strain curve of mild steel. 8 about different types of composites and their appli-

. L cations. 6
(b) Describe visco-elastic behaviour of materials. _ o
Explain Maxwell elements and Voigt-Kelvin mo- 8. (a) What are nano materials? Mention important
del 6 ‘ applications of nano materials. 8

( b) Define Curie temperature. What is spontaneous
magnetisation? Write about characteristics of
ferromagnetic materials. 6

(¢) Explain Griffith’s theory of brittle fracture. Why
has silicate glass arelatively low fracture strength? 6

S§'11:1AN:AN 202/AD 302 (1402) ( 2) ( Continued) S’11:1AN:AN 202/AD 302 (1402) ( 3) ' ( Turn Over)
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(¢) Discuss band theory of solids. Ditferentiate bet-
ween metals, semiconductors, and insulators on the

Answer the following in brief:

(1)

(if)
( iif)
(iv)

(v)

(vi)

(vil)

AMIE(l) Study Circle, Roorkee

basis of band theory.

Group C

At high temperature, the mechanical strength is
high or low ? Give answer with proper reasoning.

Draw the binary phase diagram of Al,O,—
Cr,0, clearly showing the tie line.

Why thoria dispersed nickel retains very good
mechanical strength up to 0.9 T, where T,
is its melting point ?

Mention relative magnitudes of enthalpy of
motion for the atoms moving on the surface along
the boundary and within the lattice.

Explain how surface cracks can be made ineffec-
tive.

Find the fractional amount of ferrite (a) and
cementite (Fe,C) using Lever’s rule and placing the
fulcrum at 0.8% carbon in iron-iron carbide phase
diagram. '

What is glass? Mention its important cha-
racteristics.

( viif) Explain the degree of polymerisation.

(ix)

(x)

Draw schematics of (a)linear, (b)branched,
(c)cross-linked, and (d)networked polymer
structures.

Define (a) susceptibility, (b)permeability, and
{ ¢ ) magnetisation of a magnetic material.

10x2

www.amiestudycircle.com

AMIE(l) STUDY CIRCLE, lind FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

37

EMAIL: pcourses@hotmail.com  Ph: (01332) 266328, 9412903929 Web: www.amiestudycircle.com



AMIE Study Material & Admission Packages AMIE(l) Study Circle, Roorkee www.amiestudycircle.com

W’'11:1 AN:AN 202/AD 302 (1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANYTWO from Group B and ALL from Group C.

All parts of a question ( a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification

Figures on the right-hand side margin indicate full marks.

GroupA

1. (a) Mention different types of Bravais lattices possible
in crystalline materials. Show that the atomic packing
factor (APF) of FCC crystal structure is 0.74. 2+4

(b) Describe Fick’s first law of diffusion. A plate of
iron is exposed to a carburizing atmosphere on
one side and a decarburizing atmosphere on the
other side at 700 °C. Under steady state condition,
calculate the diffusion flux of carbon through the
plate, if the concentration of carbon at position of
5 mmand 10 mm beneath the carburizing surface are
1.2 kg/m* and 0.8 kg/m?, respectively. Assume a
diffusion coefficient of 3x10™"' m*s at this tem-
perature. 3+3

AMIE(l) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)  EMAIL: pcourses@hotmail.com  Ph: (01332) 266328 Web: www.amiestudycircle.com
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(¢) Calculate the equilibrium concentration of vacancies
in nickel at 300 K. Enthalpy of formation of
vacancies in nickel, AH = 168 kJ/mol ; R=8.314
J/mol-K™. 3

(d) Differentiate between Frenkel and Schottky
defects. 5

2. (a) Explain Gibb’s phase rule. Determine the degree of
freedom for an isomorphous alloy system when

both the phases co-exist at equilibrium. 342

(b) State the Hume-Rothery rules that favour extensive
substitutional solid solubility. 5

(¢) For a 99.65 wt.% Fe-0.35 wt% C alloy at a
temperature just below the eutectoid temperature,
determine the following : : 24242
(i) Fractions of total ferrite and cementite phases.

(i) Fractions of the proeutectoid ferrite and pearlite
(iii) Fraction of eutectoid ferrite.

(d) What thermodynamic condition must be met for a
state of equilibrium to exist ? What is the difference
between the states of phase equilibrium and

metastability ? 1+3

3. (a) Discuss in brief the different mechanisms of

strengthening in metals and alloys. 6
(b) Explain the cup-and-cone fracture. 4
WL T AN GAN 202/AD 302 (146G2) (2 ( Continued)
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(c) Discuss briefly the three stages of an ideal creep
curve. 6

(d) Deduce the relationship between true strain and

engineering strain. 4
. (a) Differentiate between the following : 5+5
(i) Slipand twinning

(#7) Hot working and cold working,
(b) Explain the Schmid’s law. 5

(c) Briefly cite the differences between recovery and
recrystallization processes.

Group B

. (a) Define hardenability. Mention the factors which

affect hardenability. 2+3

(b) Briefly explain the following surface hardening
treatments : (7)) Carburising, and (i) Nitriding. 5

(c) Distinguish between martempering and austem-
pering. What is the objective of tempering
process ? 5+2

(d) What are the basic requirements for an alloy to
behave as age-hardenable ?

. (a) Define thermai stresses. Discuss stresses due to

restrained thermal expansion and contraction and
as aresult of temperature gradients. 2+5

(b) ‘Many ceramics that are used for thermal insulation
are porous.’ Justify the statement. 3

AMIE(l) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)
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(¢) What are glass-ceramics ? How are they formed ? (i) What is an isomorphous system ? Give an ex-
What are the desirable characteristics of glass- ample. :
ceramics ? , 242+2 y

(@iiy What is a penttectic reaction ?
(d) What is tempered glass and how can it be pro-

duced ? 2+2 (iv) Define Burger’s vector.
7. (a) Differentiate between thermoplastic and thermo- (v) State the Griffith criterion for crack propagation
setting polymers with examples. 6 in brittle solid.
(b) How is addition polymerization reaction different 6 (vi) 'Whatis Bauschinger effect ?

from condensation polymerization reaction ?
. : ; (vii) Define the glass transition temperafure (Ty).
(¢) Define ‘composites’. What are the advantages of

composite materials over engineering alloys. Clearly (viii) Define (a) magnetic susceptibility, and (b) mag-
distinguish between particle reinforced and fibre netic permeability.
reinforced composite. 2+3+3

(ix) How can degree of polymerization be ex-

8. (a) Explain briefly the following : (f) Diamagnetism, pressed ?

(ii) paramagnetism, and (iii) ferromagnetism. 3x2

o

(b) Cite, with examples, the difference between hard (x)  Whatare refractories ? Give examples.
and soft magnetic materials in terms of hysteresis

behaviour. 4

() Interms of electron energy band structure, discuss
reasons for the difference in electrical conductivity
between metals, semiconductors and insulators. 5

(d) Cite the differences between n-type and p-type

extrinsic semiconductors. 5
Group C
9. Answer the following in brief : 10x2

(/) What is the angle between [001] and [011] direc-
tions of cubic crystal ?
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$°12:2 FN:AN202/AD302 (1402)
MATERIALS SCIENCE AND ENGINEERING

Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,

ANV TWO from Ceann Rand A1 o Grann O
MIN I g V'VJIU”‘ ulvurumlu [g ¥ 57 ™) Jl\l"b \)lvux: e

All parts of a question (a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
. may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
GroupA

1. (@) What is the angle between [001] and [111] direc-
tions of cubic crystal ? Show that packing efficiency
ofa BCC crystal is 0.68. 2+4

(b) Find the equilibrium concentration of vacancies in
aluminum at 300 K and 900 K. Enthalpy of forma-
tion of vacancies in aluminum, AH = 68 ki/mol,
R=8.314 J/mol K. 4

(c) Distinguish between Frenkel and Schottky defects. 5

(d) The diffusion coefficients for iron in nickel are given
at following two temperatures :

( Turn Over)
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T(K) D (m¥s)

1273 9.4x107'

1473 2.4x10™"
Determine the values of D, and the activation
energy Q..

2. (o) Explain Gibb’s phase rule. Find the degree of
freedom when FCC and BCC iron co-exist in
equilibrium,

(b) Differentiate between edge and screw dislocations.

(¢) Inthe Pb-Snsystem, calculate the alloy composition
at which the fraction of total o is 3 times the fraction
of B phase at eutectic temperature, 182 °C, Pb
with 19% Sn dissolved in it, Sn with 2.5% Pb
dissolved in it, and liquid is in equilibrium.

(d) What is zone refining ? Discuss how is it done
practically.

3. (a) Explain in brief different strengthening mechanisms
in metals and alloys.

(b) State briefly the significance of secondary stage in
an ideal creep curve.

(¢) State the Griffith criterion for crack propagation in
brittle solid. A sodium silicate glass has no surface
defects as etching has removed them, but has cracks
inside from 2 pm to S pm in length. Calculate the
surface energy of glass, if fracture strength = 100

MN/m? and Young’s modulus = 70 GN/m?. 2+4

AMIE(l) Study Circle, Roorkee

(d) Whatis the esseiitial difference between brittle frac-

ture and ductile fracture ? 5

. (a) Deduce the relationship between true stress and
engineering stress. 5
(b) Differentiate between the following : 5+5

() Hotand cold working
(ii) Recovery and recrystallisation

(¢) Explain the Schmid’s law. | 5

Group B

. (a) Discuss briefly the following case-hardening

methods : (f) Nitriding, and (i) cyaniding. 3+2

(b) Define hardenability and severity of quench.
Mention the factors which affect hardenability. 2 +3

(¢) Define tempering. What are main aims of tem-
‘pering ? 1+3

(d) What is age-hardening ? What are the main require-
ments for an alloy to depict age-hardening ? Men-
tion the steps in the process of age-hardening. | + 2 +3

. (a) Define thermal stress. Briefly explain why thermal

stresses may be introduced into a structure by
rapid heating or cooling. 1+4

(b) A brassrodis to be used in an application requiring
its ends to be held rigid. If the rod is stress-free at
20 °C, what is the maximum temperature to which

www.amiestudycircle.com
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the rod may be heated without exceeding a com-
pressive stress of 172 MPa ? Assume a modulus of
elasticity of 100 GPa for brass. The magnitude
of linear coefficient of thermal expansion is
20.0x107¢/°C. 5

(¢) Briefly explain why porosity decreases the thermal
conductivity of ceramic materials. What may be
the measures taken to reduce the likelihood of
thermal shock of a ceramic materials ? 3+3

(d) What are glass ceramics ? What are the desirable
characteristics of glass ceramics ? 2+2

7. (a) Differentiate between thermoplastic and thermo-
setting polymers with suitable examples. 6

(b) Distinguish between chain reaction and step reac-
tion polymerizations.

(c¢) Define ‘composites’. How can composite materials
be classified ? Write the advantages of composite
materials over traditional engineering alloys. 2+3+3

8. (a) Differentiate between hard and soft magnetic mate-
rials with suitable examples. 5

(b) Briefly explain diamagnetism, paramagnetism and
ferromagnetism. 6

{c) Why does the conductivity of a semiconductor
change with impurity content ? Compare this with
the behaviour of metallic conductor. 5

(d) The resistivity of pure silicon at room temperature is
3000 Qm. Calculate the intrinsic carriers concen-
tration. Given the electron and hole mobilities are
0.14m?% Vs, and 0.05 m? Vs, respectively. 4

§$’12:2 FN:AN202/AD 302 (1402) (4) ( Continued )
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GroupC

9. Answer the following in brief : 10 x 2

®

@)

@)
@)
Q)

i)
(vid)

The distance between (111) planes in FCC crystal
structure is 2 A. Find the lattice parameter and
atomic diameter.

What is an eutectic reaction and eutectoid reac-
tion?

Define an isomorphous system with examples.
Define the terms “anelasticity’ and ‘viscoelasticity;.
What is Bauschinger effect ?

Define (a) Curie temperature, and (b) coercivity.

Define the glass transition temperature (T ).

(viii) What is tempered glass ?

(ix)

Calculate the room-temperature electrical con-
ductivity of silicon that has been doped with

10%* m™? of arsenic atoms. The electron mobility,

p,=0.07 m%/V.s.
(x) Define any one high temperature material with an
examples.
$°12 :2 FN:AN202/AD 302 (1402) (5) AG--21,000
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W’12:2 FN:AN 202/AD 302 (1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question (a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.

GroupA

1. (a) Mention different types of Bravais lattices possible
in crystalline materials. Compute the theoretical
density of copper with an atomic radius of 1.28 A
and an atomic weight of 63.5 g/mol. 2+4

(b) Describe Fick’s laws of diffusion. 6
(c) Differentiate between Frenkel and Schottky defect. 5

(d) Calculate the equilibrium concentration of vacan-
cies in nickel at 300 K. Enthalpy of formation of
vacancies in nickel, Af{ﬁ 168 kJ/mol, R = 8.314

J/mol K. 3

( Turn Over)
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2. (a) Define phase. State the conditions for unlimited solid
solubility for an alloy system. 1+4

(b) Explain Gibb’s phgse rule. 4

{¢) Mention the differences between edge and screw
dislocations. .- 5

(d) For a 99.65 wt% Fe-0.35 wt% C alloy at a tem-
perature just below the eutectoid, determine the
following 3+3
(i) Fractions of total ferrite and cementite phases.

(ii) Fractions of the proeutectoid ferrite and pearlite.

3. (a) Discuss the different mechanisms of strengthening in
metals inbrief. '

(b) Explain the cup and cone fracture. 5

(c) Discuss briefly three stages of an ideal creep curve. 6

(d) State Griffith theory of brittle fracture. 3
4. (a) Derive the expression for critical resolved shear .
stress (CRSS) of a polycrystailine material. 6
(b) Deduce the relationship between true strain and
engineering strain.
(¢) Differentiate between the following : 5+5

(}) Hotand cold working
(ii) Slipand twinning,

W’12:2FN:AN202/AD302 (1402) (2) (Continued)
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GroupB

5. (a@) Define hardenability. Mention the factors affecting
hardenability. 1+4

(b) Explain carburising and nitriding treatments for sur-

face hardening. 5

(¢) What is tempering ? Suggest whether tempering
should be done at higher or lower temperature with
reasons. 2+3

(d) Define age-hardening. What are the main steps in the
process of age-hardening ? 1+4

6. (a) What are glass ceramics ? How are they formed ?
What are desirable characteristics of glass ceramics ?
: 2+2+2
(b) What is tempered glass and how can it be produceczi? )
+.
(c) What are refractories ? How acid refractories differ
from basic refractories ? 2+3

(d) Define thermal stresses. What measures may be
taken to reduce the likelihood of thermal shock of
a ceramic piece ? ’ 1+4

7. (a) Why are some polymers recyclable ? What are
elastomers and their special property ? 3+3

(b) Describe how addition polymerization is different
from condensation polymerization. 6

(c) What are composites ? What are the advantages of
composite materials over other engineering
alloys? Clearly distinguish between particle reinforced
and fibre reinforced composites. 2+31+3

W’12:2FN:AN202/AD302 (1402) (3) (Turn Over)
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8. (a) Differentiate between hard and soft magnetic mate- (vi) Whatis a peritectic reaction ?
rials with examples. 5
(vii) Define (@) magnetic susceptibility, and (b) Curie
(b) Mention the major similarities and differences temperature.
between ferromagnetic and ferrimagnetic materials. 5 ‘

(viii) What is the angle between [101] and [011] direc-

(¢) In terms of electron energy band structure, discuss - tions of a cubic crystal ?

reasons for the difference in electrical conductivity : -

between metals, semiconductors and insulators. 5 - (ix) Define the glass transition temperature (Tg).
(d) To high-purity silicon is added 10” m™ arsenic atoms. (x) Whatare superalloys ? Give examples.

(?) Is this material n-type or p-type ? 2

(ii) Calculate the room temperature and electrical
conductivity of this material. Given the electron

mobility=0.07 m%V-s. 3
Group C
9. Answerthe following in brief : 10x 2

(#) Shearmodulus, G (GPa), obeys proportionality with
elastic modulus, £ (GPa). IfE= 117 for ametal and
Poisson’s ratio, v = 0.31, find the value of G for
the metal.

(@) Calculate the radius of tungsten atom at room

s of tu
temperature with @ =0.3165 nm.

(iii) Stainless steels (an alloy of iron, a = 0.2867 nm)
always can contain huge amount of chromium.
(a=0.2885 nm).

(iv) Define isomorphous system with examples.

(v) A purealuminium wire has been drawn at tempera-

ture of 250 °C. Is it hot or cold working by relevant
parameter ?

W’ 12:2FN:AN202/AD302 (1402) (4) (Continued) W’12:2FN:AN202/AD302 (1402) (5) AG- 21,000

AMIE(l) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)  EMAIL: pcourses@hotmail.com  Ph: (01332) 266328 Web: www.amiestudycircle.com

46



AMIE Study Material & Admission Packages AMIE(]) Study Circle, Roorkee www.amiestudycircle.com

S$'13 : 2 FN : AN 202/AD 302 {(1402)
MATERIALS SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question ( a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supple-

mented with neat sketches. Unnecessary long answer may
result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
GroupA

1. (a) Whatis the difference between a crystal structure
and a crystal system ? Show that the atomic pack-
ing factor for BCC is 0.68. 2+4

(b) Compare interstitial and vacancy atomic mecha-
nisms for diffusion. 6

(¢) Compute the diffusion coefficient for magnesium
in aluminum at 550 °C. Given: D, =1.2x10*m?%/s
and Q,= 131 kJ/mol. 3

(d) Calculate the radius of a vanadium atom, given
that V has a BCC crystal structure, a density of
5.96 g/cm’®, and an atomic weight of 50.9 g/mol. 5

2. (a) State Hume Rothery rules that govern the forma-
tion of substitutional solid solutions, S
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Explain Gibb’s phase rule. Derive the degrees of
freedom for a system, which has equal number of
components and phases.

Differentiate between edge and screw disloca-
tions.

What is the difference between equilibrium dia-
gram and phase diagram ? One solid phase on
heating through an invariant temperature becomes
two solid phases. What is the invariant reaction ?

How can metal alloys be strengthened ?
Distinguish between ductile and brittle fracture.

Explain the significance of secondary stage in an
ideal creep curve.

State Griffith criterion for the propagation of a pre-
existing crack in a brittle material. When a sodium
silicate glass is immersed in a lithium nitrate bath
at 260 °C for a few minutes, cracks develop on the
surface. Why ?

Explain the critical resolved shear stress of a poly-
crystalline material. ‘

Briefly write the differences between recovery and
recrystallization processes.

Explain the differences in grain structure for a metal
that has been cold worked and one that has been
cold worked and then recrystallized.

State the major differences between slip and twin-
ning deformation mechanism.

AMIE(]) Study Circle, Roorkee
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Group B
5. (a) Whatdo you mean by hardenability ? Mention the
factors affecting hardenability. 1+4
5

®
©

@
(@

®)

©

@

(2)

®)

©

Explain briefly the surface hardening treatments.

Explain the process of austempering and martem-
penng,

Describe the steps in the age-hardening process.

What are glass ceramics ? How are they formed ?
What are desirable characteristics of glass cera-
mics ?

What is tempered glass and how can it be pro-
duced ?

For refractory ceramic materials, cite three charac-
teristics that improve with and two characteristics
that are adversely affected by increasing porosity.

Define thermal stresses. Explain why residual ther-
mal stresses are introduced into a glass piece when
itis cooled. '

Distinguish between addition and condensation
polymerization.

Why are some polymers recyclable ? Mention the
properties of elastomers.

Briefly classify the composite materials. Cite the
importance of composite materials over other engi-
neering alloys. Clearly state the difference between
particle reinforced and fibre reinforced compo-
sites.

6
4

6

6

5
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8. (@) Distinguish between hard and soft magnetic mate-
rials with examples. 5

(b) Explain briefly diamagnetism, paramagnetism and
ferromagnetism. 6

(¢) Compare the temperature dependence of the
conductivity for metals and intrinsic semiconduc-
tors. Briefly explain the difference in behaviour. 5

(d) For intrinsic gallium arsenide, the room-tempera-
ture electrical conductivity is 10°(Q-m)™; the
electron and hole mobilities are respectively 0.85
m?V-s and 0.04 m*V-s.Compute the intrinsic

carrier concentration at room temperature. 4
GroupC
9. Answer the following in brief : 10x2

(?) Shear modulus, G {(GPa), obeys proportionality
with elastic modulus, £ (GPa). If G =45 GPa for
a metal and Poisson’s ratio, v = 0.31, calculate
the value of E for the metal.

(i) Stainless steels (an alloy of iron, a = 0.2867 nm)
always can contain huge amount of chromium.
(a=0.2885 nm) — Explain.

(iii) Define isomorphous system with examples.

(iv) A pure copper wire has been drawn at tempera-
ture of 750 °C. Is it hot or cold working by rele-
vant parameter ?

(v) Define peritectic reaction.

(vi) Define (a) remanence, and () coercivity.

www.amiestudycircle.com

(vif) Whatis the angle between [101] and [011] direc-
tion of a cubic crystal ?

(viij) What are superalloys ?.Give suitable examples.
(ix) Define the glass transition temperature (Tg ).

(x) Whatis TD nickel ?
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W'13: 2 FN: AN 202 /AD 302 (1402)
MATERIAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE ¢ *ions, taking ANY TWO from Groay A,

ANY TWO frons Group B and ALL from Group

All parts of a question (a, b. etc. ) should be
answered at one place.

Answer should be brief und to-the-point and be supple-
mented with neat sketcies. Unnecessary long answer may
resudt ir loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. (a) What is atomic packing factor of a crystal
structure ? Show that the atomic packing factor for
the FCC crystal structure is 0.74. 2+4

(b) Describe Fick’s laws of diffusion. 6
(c) Differentiate between Frenkel and Schottky defects. 5

(d) Find the equilibrium concentration of vacancies in
aluminium at 300K. Enthalpy of formation of
vacancies in aluminium, AH = 68 kJ mol™;
R=38.314 Jmol! K. 3

2. (a) Explain Gibb’s phase rule. Determine the degree of
freedom for an isomorphous alloy system when both
the phases co-exist at equilibrium. ‘ 3+2

(b) State the Hume-Rothery rules that favour extensive
substitutional solid solubility.
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5. (a)

Differentiate between edge and screw dislocations. 5

What thermodynamic condition must be met fora
state of equilibrium to exist ? One solid phase on
heating through an invariant temperature becomes
two solid phases. What is the invariant reaction ?
What is the difference between the states of phase
equilibrium and metastability ? 1+143

Discuss briefly three stages of an ideal creepcurve. 6

Discuss in brief various mechanisms of strengthen-

ing in metals and alloys. 6
Establish the relationship between true strain and

engineering strain. 4
Briefly explain the stages in ductile fracture. 4
Explain the Schmid’s law. 5
Distinguish between the following : 5+5

(i) Recovery and recrystallization processes
(#f) Hot working and cold working

A relatively large plate of a glass is subjected to a
tensile stress of 40 MPa. If the specific surface
energy and modulus of elasticity for this glass are
0.3 J/m? and 69 GPa, respectively, determine the
maximum length of a surface flow that is possible
without fracture. 5

Group B
Briefly explain the following surface hardening

treatments: (/) Carburising, (i) nitriding, and (/i)
carbo-nitriding. 9

AMIE(]) Study Circle, Roorkee
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Define hardenability of metals. Discuss the factors
which affect hardenability. 8

What are the steps in the age-hardening process ? 3

What is thermal stress ? Discuss stresses due to
restrained thermal expansion and contraction and as
aresult of temperature gradients. 2+5

Explain why ceramics have low coefficient of
thermal expansion. What measures may be taken to
reduce the likelihood of thermal shock of a ceramic

piece ? 5

What are glass ceramics ? Glass ceramics are
stronger than ordinary glass articles—explain. 4

What are refractories ? Mention different types of
refractories. 4

Differentiate between thermoplastics and
thermosetting polymers with examples. 6

What are the primary differences between addition
and condensation polymerization techniques ? 6

Define the term ‘composites’. What are the
advantages of composite materials over engineering
alloys ? Clearly state the difference between particle
reinforced and fibre-reinforced composites. 8

Describe the major similarities and dissimilarities
between ferromagnetic and ferrimagnetic materials. 6

State, with examples, the difference between hard
and soft magnetic materials in terms of hysteresis
behaviour. 4

In terms of electron energy band structure, discuss
the difference in electrical conductivity between
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metals, semiconductors and insulators.

(d) Calculate the electrical conductivity of intrinsic
silicon at 150 °C, the intrinsic carrier concentration
for Siat 150 °Cis4x10" m™ and the electron and
hole mobilities are respectively 0.06 m?/ Vs and
0.022 m?/Vs.

Group C

. Answer the following in brief’ 10x2

() What is the angle between [ 100 ] and [101]
direction of cubic crystal ?

(#1) Shear modulus, G (GPa), obeys proportionality with
elastic modulus, E (GPa). If E =18 GPa for ametal
and Poisson’s ratio, V= 0.33, calculate the value
of G for the metal.

(iii) Define isomorphous system with examples.
(iv) Define Burger’s vector.

(v) Define the terms (a) susceptibility, and (b) permea-
bility ofamagnetic material.

(vi) Why thoria dispersed nickel retains very good
mechanical strengthupto 0.9 T_, where T_ is its
melting point ? «

(vii) Two samples A and B of a brittle material have crack
length in the ratio 3:1. What will be the ratio of
tensile strengths of Aand B ?

(viii) What is stress corrosion cracking (SCC) ?

(ix) What are superalloys ? Give examples.

(x) Define glass transition temperature (T )

www.amiestudycircle.com
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