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(iii) Distinguish between the following (any two l : 5x2 

(a) Cement and concrete 

( b ) Glass and ceramics 

(c) Nano-fillers and whiskers. 

1, ( i) What structural parameters influence the melting 

point of a polymer'? Explain with proper reasonings. l 0 

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

(iii) 'Duralumin' is an alloy 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-

5 

nical properties. 2+2+ 1 

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

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

(iii) 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 OC above the upper . critical temperature and heat 
treated separately as follows: 

(a ) Quenched in cold water 

(b) Slowly cooled in the furnace 

(c) Quenched in water and reheated at 250 oc 
(d) Quenched in water and reheated at 600 OC 

l7: JAN: AN202//\D302(1402) ( 4 ) ( C'ontinu<'d l 

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. 2 x 4 + 2 x 4 + 2 x 2 

Group C 

9. Justify the following statements in one or two 
sentences: 2 X 10 

( i) Heterogeneous nucleation occurs more readily 

than homogeneous nucleation. 

( ii) Multifunctional monomers lead to network struc­

ture. 

(iii) 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. 

( vii) Polyethylene undergoes significant deformation 

without fracture. 

( viii) Single crystals are anisotropic. 

W'07: 1 AN: AN202/AD302(1402) ( 5 (Tum Over) 
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S'09: 1 AN:AN 202/AD302 (1402) 

MATERIAL SCIENCE AND ENGINEERING 

Time: Thre~ hours 

Maximum Marks: 100 

Answer FIVE questions, taking ANY 1WO from Group A, 

ANY 1WO from Group B and ALL from Group C. 

All parts ola 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 ofmarks. 

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) Explain, in brief, why metals in general ue ductile, 

whereas ceramics are brittle. 3 

(b) Write the properties required for a material to with-
stand high temperatures. 3 

( c) What is a polymer? How does the structure of a 
pol~mer ditier from that of a metal ? Explain. 7 

( d) Defme a crystalline substance. How do<:s it differ 
from an amorphous material? 7 

(Tum Over) 
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2. (a) Wh•t are point, line and surface defects? Explain 

eadJ with examples and suitable sketch. 7 

(b) Wh._t is stacking sequence? Discuss stacking fault 
in FCC structures. 6 

(c) Exp~in steady state and non-steady state diffusion. 
DeriVe Pick's law of diffusion. 7 

3. (a) 
;', 

Exp.in the mechanism of creep. 6 

'~ 

(b) Differentiate between ductile and brittle fractures. 4 

(c) Statd Gibb's phase rule. What is the minimum and 
maximum number of phases which could exists in a 

) 

pure:(metal. 7 
l 

(d) Thcr.alf-length of cracks in a steel is 2 !1"1- Taking 

E = ' 00 GNm- 2
, estimate the brittle fracture strength 

at lo"-' temperature, if the true surface energy is 1·5 

Jm-< 3 

4. (a) Expl~n briefly plastic deformation by slip and 
twim~ing. 7 

(b) Wha~ is Schmidt's law? Derive the expression of 
criti41 resolved shear strength. 6 

(c) Differentiate between hot working and cold working. 3 

( d) The yield strength of a polycrystalline material 
increases from 120 MPa to 220 MPa on decreasing 
the grain diameter from 0·04 mm to 0·0 1 mm. Find 
the yield stress for a grain size of ASTM9. 4 

GroupB 

5. (a) What are the ditTerent stages of age hardening 
treatment for aluminium alloys? 5 

S'09: 1 Al'\:AN20l/AD302 (1402) ( 2 ( Continqed) 

( b) What is harden ability? Why is it not so high in plain 

carbon steel? 5 

(c) Discuss the heat transfer characteristics during 
normalising and its efft:et on mechanical properties. 5 

(d) Disruss the tempering process. 5 

6. (a) What are refractories? Disa.tss their industrial appli-
cations. 7 

(b) What are nano materials? Disa.tss 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: ( i) Gold, ( ii) Silver, (iii) 

Copper, and ( iv) Aluminium. 4 

( b l What are th~ benefits of composite materials ? 
Discuss their properties. 6 

(c) 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 differences between dimagnetism and 
ferromagnetism? 5 

(c) What are !"trinsic and extrinsic semiconductors ? 
How can they be ditTerentiated? 6 

(d) What are Curie and Neal temperatures? 4 

S'09: 1 AN: AN 202/ AD 302 (1402) ( 3 l (Continued} 
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8. (a ) ( i) What is slip casting'? State its advantages. 4 

( ii) Explain dielectric strength of a ceramics with 
examples. 4 

(iii) What is piezoelectric effect'? 2 

(iv) Name two basic refractories commonly used in 
steelmaking furnaces. 2 

(b) Distinguish between (i) polymer and monomer, 
and ( ii) thermoplastics and thermosets. 2+ 2 

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

Groupe 

9. Answer the following in brief: 10x2 

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

( ii) What will be the percentage of volume change take 
place during cooling of gamma iron ( 10 = 0.12 7 nm) 
to alpha iron {l(J = 0.124nm)? 

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

Uv) How many atoms would be there in 5 moles of Neon 
gas? 

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

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

( ,·ii) Cakulatc the volume fraction of cementite (appro­

ximately) in lcdcburite ofFe-C system. 

( I'Jii) In a Vicker's hardness test, if the lengths of diago­

nals are reported as 1.5 l mm and 1.49 mm, calcula­

te the VHN for a 30 kg load? 

( ix) Using Nernst equation, calculate the potential of the 

hydrogen electrode, EH, at pH= 8. 

( x) If a particular type of polyethylene has a molecular 

mass of 140,000 g/mol, what is the degree of poly­

merisation? 

W"O'J: l \N: AN 202/ \D .102 ( 1402)1 \G-~16.00! 
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S'10: 1 AN: AN 202/AD 302 (1402) 

MATERIALS SCIENCE AND ENGINEERING 

Time : Three hours 

l'vfaximum marks : 100 

Answer FIVE questions, taking ANY 1WO from Group A, 
ANY1WO from GroupB and ALL from Group r. 

All parts ola question ( a, b, etc.) should he 
answered at one place. 

Answer should be brieland to-the-point and be supple­
mented with neat sketches. Unnecessary long answers 

may result in Joss olmarks. 

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

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

Group A 

1. (a) What are the Hume-Rothery rules? 4 

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

( c) 'Most dislocations in crystals are mixed dislocation 
type'- Explain. 4 

( d) Why are the grain boundaries considered as high 
energy regions? 4 

( e) What is stacking fault? 4 · 

2. (a) Explain interstitial and vacancy diffusions. 4 

(b) Explain Fick's law for non-steady state diffusion. 6 

(c) From Gibb's phase rule, explain why a triple point 
is an invariant point. 4 

(Tum Over) 
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(d) Why arc -.:orcd structures developed during solidi­
fication'! How arc they removed in case of an 
ill~'! 6 

3. (a) Describe changes in microstructures, with suitable 
sketches, when cooled slowly from austenite to 
room temperature, for ( i) hypo-eutectoid plain 
carbon steels; ( ii) eutectoid plain carbon steels; 
and (iii) hyper-eutectoid plain carbon steels. 10 

( b) A slowly cooled plain carbon steel shows pro­
eutectoid ferrite to be I 0% by weight of the micro­
structure. What is the carbon percentage in the 
steel? 3 

(c) Discuss the differences in shapes of tensile stress­
strain curves for metals, ceramics and polymers. 7 

4. (a) What are the differences between ductile and 
brittle fracture ? 

( b) What is a slip system ? Discuss the slip systems 

4 

of FCC, BCC and HCP crystals. 6 

( c) Show a characteristics creep curve and describe 
three stages in creep deformation. I 0 

GroupB 

5. (a) What is the difference between hardness and 

hardenability? 4 

( b) What are the differences between martempering 
and austempering? 4 

( c) Describe different methods of carburizing. 7 

(d) Discuss different stages of age-hardening treat-
ment in aluminium alloys. 5 

S'IO:IAN:AN202/AD302(14021 ( 2 I ( C011l1iwed) 

6. (a) What arc the applications of thermal sensors'! 4 

( b) What are the superalloys '? What arc the appli-
cations of these alloys '? 6 

( c) Why arc ceramic materials generally brittle '? 4 

( d) Discuss the stages of sintering of ceramic mate-
rials. 6 

7. (a) What is glass transition temperature'! 3 

( b) What are the differences between thermoplasts 
and thermosets? 5 

( c) What are the differences between chain growth 
and step growth polymerization? 5 

(d) What is composite materials? Enumerate the dif­
ference between particle and fibre reinforced 
composite. 2T5 

8. (a) What are the differences between conductors, 
semiconductors and insulators? Discuss in terms 
of energy band structure. 8 

( b) What are the differences between intrinsic and 
extrinsic semiconductors? 4 

( c) Write a short note on superconductivity. 5 

( d) What are the benefits of polymer matrix compo-
sites? 3 

Group C 

9. Answer the following in brief: lOx 2 

( i) Draw the following crystallographic planes 
(221) and (101). 

( ii) What are the differences between annealing 

twins and deformation twins? 

S'IO:IAN:AN202/AD302(1402I ( 3 I ( Conl1iwed) 
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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 

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

33



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 
ii) 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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8'11: 1 AN: AN 202/AD 302 (1402) 

MATERIALS SCIENCE AND ENGINEERING 

Time : Three hours 

Ma;dmum Marks: 100 

Answer FIVE questions, taking ANY 1WO from Group A, 
ANY TWO from Group B and ALL from Group C. 

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

Answer should be brieland to-the-point and be supple­
mented with neat sketches. Unnecessary long answers 

may result in loss ofmarks. 

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

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

Group A 

1. (a) Draw schematics to show different types of Bra vis 
lattices in crystalline materials. Calculate the ato­
mic packing factor (APF) of FCC and BCC crystal 
structure. 

(b) Explain the types of defects in crystalline materials 
in brief. 

(c) Differentiate between the edge and screw disloca-
tions in terms of Burger's vector. 

(d) Find the equilibrium concentration of vacancies in 
aluminium at 0 K and 900 K. Enthalpy of formation 

of vacancies in aluminium, I!J.H1 = 68 kJ mol- 1 ; 

R= 8.314Jmol- 1K- 1• 

6 

4 

5 

5 
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2. (a) Mention and: explain Nernst-Einstein relation in 

diffusion. 5 

( b) Describ~ Pick's second law of diffusion. The diffu­
sion coefficients for copper in aluminium at 500 OC 

and are 4.8 X 10- 14 ~2,~ 
llJ ,., 

5.3 x 10- 13 m2/s, respectively. Calculate the time 

required at 500oC to produce diffusion depth 

equal to that at 600°C for 10 hr. 5 

(c) Explain Gibbs' phase rule. Find the degrees of 

freedom when FCC and BCC iron co-exist in 
equilibrium. 5 

( d) Draw an eutectic phase diagram and explain it. 5 

· 3. (a) Draw and explain Fe-Fe3C phase diagram. Indicate 

the carbon percentage range of steel. 8 

( b} Define peritectic reaction. Explain with a suitable 

phase diagram. 6 

( c) Explain the mechanism of working of zone refining 

process with the help of a diagram. 6 

4. (a) Differentiate between true and engineering stress­

strain curve. Indicate the elastic zone, plastic zone, 

and yield point in a stress-strain curve of mild steel. 8 

( b) Describe visco-elastic behaviour of materials. 

Explain Maxwell elements and Voigt-Kelvin mo-

d~ 6 

(c) Explain Griffith's theory of brittle fracture. Why 
has silicate glass a relatively low fracture strength? 6 

S'll:IAN:AN202/AD302(1402) I 2) ( ContiJJUed) 

GroupB 

5. (a) Discuss different methods of carburising, nitriding 
and carbo-nitriding. 8 

(b) Define hardenability ofmetals. Describe Jominy's 
hardenability test in brief. 6 

( c) Discuss different mechanisms of hardening in 
metals and alloys. 6 

6. (.a) Explain the working principle of a bimetallic strip 
thermostat in regulating temperature. 5 

( b) Define thermal stress. Discuss stresses due to 
restrained thermal expansion and contraction. 5 

(c) Define high temperature materials. Name some of 
the high temperature materials. 5 

( d) What are ceramics? What is the range of thermal 
expansion coefficients in ceramics? Explain why 
ceramics have low coefficient of thermal expan-
sion. 5 

7. (a) What are polymers ? Describe briefly the terms 
'saturated polymer' and 'unsaturated polymer'. 8 

( b} Differentiate between thermoplastic and thermo-
setting polymers. 6 

( c} Define the term 'composites'. Describe bnefly 
about different types of composites and their appli-
cations. 

8. ( a) What are nano materials? Mention important 

6 

applications of nano materials. 8 

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

S'll: 1 AN:AN 202/AD 302 (1402) ( 3 ) (TumOve~ 
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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, 
ANY TWo from Group Band 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) 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 Pick'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 oc. Under steady state condition, 
calculate the diffusion flux of carbon through the 
plate, if the concentration of carbon at position of 
5 mm and 10 mm beneath the carburizing surface are 
1.2 kg/m3 and 0.8 kg/m3, respectively. Assume a 
diffusion coefficient of 3 x 10 11 m2/s at this tern-
~mrure. 3+3 
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(c) Calculate the equilibrium concentration of vacancies 

in nickel at 300 K. Enthalpy of formation of 

vacancies in nickel, !1H
1 
= 168 kJ/mol ; R = 8.314 

J/mol-K1
• 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. 3 + 2 

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

(c) For a 99.65 wt.% Fe-0.35 wt% C alloy at a 
temperature just below the eutectoid temperature, 
determine the following : 2 + 2 + 2 

(l) Fractions of total ferrite and cementite phases. 

(ii) Fractions of the proeutectoid ferrite and pearlite 

(iil) 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 

(h) Explain the cup-and-cone fracture. 4 

W'll: I AN :AN 202/AD J02 ( 14021 ( Cnlltilllll'll) 

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

(d) Deduce the relationship between true strain and 
engi..fleeri.P.g ~111. 4 

4. (a) Differentiate between the following : 5+5 

(z) Slip and twinning 
(iz) Hot working and cold working. 

(b) Explain the Schmid's law. 5 

(c) Briefly cite the differences between recovery and 
recrystallization processes. 5 

Group B 

5. (a) Define hardenability. Mention the factors which 
affect hardenability. · 2 + 3 

(b) Briefly explain the following surface hardening 
treatments : (1) Carburising, and (ilj 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 ? 3 

6. (a) Define thermai stresses. Discuss stresses due to 
restrained thermal expansion and contraction and 
as a result of temperature gradients. 2 + 5 

(b) 'Many ceramics that are used for thermal insulation 
are porous.' Justify the statement. 3 
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5'12:2 FN:AN202/AD302 (1402) 

MATERIALS SCIENCE AND ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
Al'"~YT\Vojrom Group B a.."ld 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. Unnecessmy 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 is the angle between [00 1] and [ 111] direc­
tions of cubic crystal ? Show that packing efficiency 
of a 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 ofvacancies in aluminum, t!.l/1 = 68 kJ/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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2. 

3. 

T(K) D(m2/s) 
1273 9.4xl0-16 

1473 2.4x10-'4 

Determine the values of D
0 

and the activation 
energyQ,r 

(a) 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. 

(c) In the Pb-Sn system, calculate the alloy composition 
at which the fraction of total a is 3 times the fraction 
of J3 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 bow is it done 
practically. 

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

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

(c) 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 ~-tm to 5 ~-tm in length. Calculate the 
surface energy of glass, if fracture strength = 1 00 

5 

5 

5 

5 

5 

5 

4 

MN/m2 and Young's modulus= 70 GN/m2• 2 + 4 

S' 12:2 FN:AN202/AD 302 (1402) ( 2 ) ( Continued ) 

(d) What is the esse~tial difference between brittle frac-
ture and ductile fracture? 5 

4. (a) Deduce the relationship between true stress and 
engineering stress. 5 

(b) Differentiate between the following : 5+5 

(l) Hot and cold working 
(il) Recovery and recrystallisation 

(c) Explain the Schmid's law. 5 

GroupB 

S. (a) Discuss briefly .the following case-hardening 
methods : (z) Nitriding,. and (ii) cyaniding. 3 + 2 

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

(c) 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. 1 + 2 + 3 

6. (a) Define thermal stress. Briefly explain why thermal 
stresses may be introduced into a structure by 
rapid heating or cooling. 1 + 4 

(b) A brass rod is 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 

S'l2 :2 FN:AN202/AD 302 (1402) ( 3 ) (Turn Over) 
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2. (a) Defme phase. State the conditions for unlimited solid 

3. 

4. 

solubility for an alloy system. 1 + 4 

(b) Explain Gibb's phase rule. 4 

(c) Mention the differences between edge and screw 
dislocations. · 5 

(d) For a 99.65 wt<'/o Fe-0.35 wt% C alloy at a tem­
perature just below the eutectoid, determine the 
following 3 + 3 

(l) Fractions of total ferrite and cementite phases. 

(iz) Fractions of the proeutectoid ferrite and pearlite. 

(a) Discuss the different mechanisms of strengthening in 
metals in brief. 6 

(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" 

(a) Derive the expression for critical resolved shear 
stress ( CRSS) of a polycrystalline material. 6 

(b) Deduce the relationship between true strain and 
4 engineering strain. 

(c) Differentiate between the following: 5+5 

(i) Hot and cold working 
(ii) Slip and twinning. 

W' l2:2FN:AN202/ AD302 ( 1402) ( 2 ) (Continued) 

GroupB 

5. (a) Defme hardenability. Mention the fa~tors affecting 
bardenability. 1 + 4 

(b) Explain carburising a.idnitriding treatments for sur-
face hardening. 5 

(c) 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 produced? 

2+2 
(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? l + 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 
allo}'s? Clearly distinguish between particlereinforced 
and fibre reinforced composites. 2 + 3 -i- .3 

W'l2:2FN:AN202/AD302 (1402) ( 3 ) (Turn Over) 
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5'13 : 2 FN :AN 202/AD 302 (1402) 

MATERIALS SCIENCE AND ENGINEERING 

Time : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group Band 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. 

Group A 

1. (a) What is the difference between a crystal structure 
and a crystal system? Show that the atomic pack-
ingfactorforBCC is 0.68. 2 + 4 

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

(c) Compute the diffusion coefficient for magnesium 
inaluminumat550°C. Given: D0 = I.2x I0-4m2/s 
andQd= 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 glcm3, and an atomic weight of 50.9 glmol. 5 

2. (a) State Hume Rothery rules that govern the forma-
tion of substitutional solid solutions. 5 
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(b) Explain Gibb's phase rule. Derive the degrees of 
GroupB 

freedom for a systemj which has equal number of 
5 components and phases. 5. (a) What do you mean by hardenability? Mention the 

(c) Differentiate between edge and screw disloca-
factors affecting bardenability. 1+4 

nons. 6 (b) Explain briefly the surface hardening treatments. 5 

(d) What is the difference between equilibrium dia- (c) Explain the process of austempering and martem-
gram and phase diagram ? One solid phase on pering. 6 
heating through an invariant temperature becomes 
two solid phases. What is the invariant reaction ? 4 (d) Describe the steps in the age-hardening process. 4 

3. (a) How can metal alloys be strengthened? 6 6. (a) What are glass ceramics? How are they formed? 
What are desirable characteristics of glass cera-

(b) Distinguish between ductile and brittle fracture. 5 mics? 6 

(c) Explain the significance of secondary stage in an (b) What is tempered glass and how can it be pro-

ideal creep curve. 4 duced? 4 

(d) State Griffith criterion for the propagation of a pre-
(c) For refractory ceramic materials, cite three charac-

teristics that improve with and two characteristics 
existing crack in a brittle material. When a sodium that are adversely affected by increasing porosity. 6 
silicate glass is immersed in a lithium nitrate bath 
at 260 oc for a few minutes, cracks develop on the (d) Define thermal stresses. Explain why residual ther-
surface. Why? 5 

mal stresses are introduced into a glass piece when 
it is cooled. 4 

4. (a) Explain the critical resolved shear stress of a poly-
crystalline material. 5 7. (a) Distinguish between addition and condensation 

polymerization. 5 
(b) Briefly write the differences between recovery and 

recrystallization processes. 5 (b) Why are some polymers recyclable ? Mention the 
properties of elastomers. 6 

(c) Explain the differences in grain structure for a metal 
that has been cold worked and one that has been (c) Briefly classify the composite materials. Cite the 
cold worked and then recrystalhzed. 5 importance of composite materials over other engi-

neering alloys. Clearly state the difference between 
(d) State the major differences between slip and twin- partic1e reinforced and fibre reinforced compo-

ning deformation mechanism. 5 sites. 9 
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W'13: 2 FN: AN 202/ AD 302 (1402) 

MATERIAL SCIENCE AND ENGINEERING 

Ans·wer FIVI': 
ANYTW\! 

Time : Three hours 

Maximum Marks : I 00 

,' ,;rHZS, taking ANY TWO from Gro1!]lA, 
.•1n Gmup Band ALL from Group C: 

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

Answer should be hridtJnd to-the-point and be supple­
mented with neat skdche.' (/nnecessary long answer may 

result iu loss of markS. 

Any missing or. '"!rong data !flax be a~sumed suitably 
gzvmg proper JUSt~ficatzon. 

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 300 K. Enthalpy of formation of 
vacancies in aluminium, !1H, = 68 kJ mol-1 ; 

R=8.314Jmol-1 K-1• 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. 5 
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(c) Differentiate between edge and screw dislocations. 5 (b) Define hardenability of metals. Discuss the factors 
which affect hardenability. 8 

(d) What thermodynamic condition must be met for a 
state of equilibrium to exist? One solid phase on 
heating through an invariant temperature becomes 

(c) What are the steps in the age-hardening process ? 3 

two solid phases. What is the invariant reaction ? 6. (a) What is thermal stress ? Discuss stresses due to 
What is the difference between the states of phase restrained thennal expansion and contraction and as 
equilibrium and metastability? 1+1+3 a result of temperature gradients. 2+5 

3. (a) Discuss briefly three stages of an ideal creep curve. 6 (b) Explain why ceramics have low coefficient of 

(b) Discuss in brief various mechanisms of strengthen-
thermal expansion. What measures may be taken to 
reduce the likelihood of thermal shock of a ceramic 

ing in metals and alloys. 6 piece? 5 

(c) Establish the relationship between true strain and (c) What are glass ceramics? Glass ceramics are 
engineering strain. 4 stronger than ordinary glass articles-explain. 4 

(d) Briefly explain the stages in ductile fracture. 4 (d) What are refractories ? Mention different types of 
refractories. 4 

4. (a) Explain the Schmid's law. 5 
7. (a) Differentiate between thermoplastics and 

(b) Distinguish between the following : 5+5 thermosetting polymers with examples. 6 

( i) Recovery and recrystallization processes (b) What are the primary differences between addition 
6 and condensation polymerization techniques ? 

(ii) Hot working and cold working 
(c) Define the term 'composites'. What are the 

(c) A relatively large plate of a glass is subjected to a advantages of composite materials over engineering 
tensile stress of 40 MPa. If the specific surface alloys? Clearly state the difference between particle 
energy and modulus of elasticity for this glass are reinforced and fibre-reinforced composites. 8 
0.3 J/ m2 and 69 GPa, respectively, determine the 
maximum length of a surface flow that is possible 8. (a) Describe the major similarities and dissimilarities 
without fracture. 5 between ferromagnetic and ferrimagnetic materials. 6 

Group B (b) State~ with examples, the difference between hard 
and soft magnetic materials in terms ofhysteresis 

5. (a) Briefly explain the following surface hardening behaviour. 4 
treatments: (i) Carburising, ( ii) nitriding, and (iii) 
carbo-nitriding. 9 (c) In terms of electron energy band structure, discuss 

the difference in electrical conductivity between 
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