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MT : METALLURGICAL ENGINEERING

Duirafion: Three Howrs Maximum Marks: 14

Read the following instroctions carciulbly.

L

w
o

A

o not open the seal of the Cruestion Booklet until you are asked to do so by the imagilator.

Take out the Optical Response Sheet (OMRS) from this Question Booklet without breaking the seal
unid read the instructions printed on the ORS carefully.

Om the nght half of the ORS, wsing ONLY a black ink ball point pen, (i) dorken the bubble

cormesponding to your test peper code and the wpproprate bubble under esch digit of your registration
number and {u) wrile vour registrtion number, vour nome snd nome of the exaomination centre and
put your signature at the specified location.

This Cruestion Hooklet contmns: 16 pages mcluding blank pages for rough work. Afier you are
permitied to open the seal. please check all pages and report discrepandies, sfany. o the maglator.

There are a totn] of 65 questions carrying 100 marks. All these questions are of objective type. Each
guestion has enly omne commect answer. (uestions must be answered on the left hand side of the ORS
by darkening the approprisie bubble (marked A, B, C, [3) using ONLY a black ink ball point pen
against the guestion number. For each guestion darkem the bobble of the correet answer. More
than ene unswer babbled agninst o guestion will be treated as on incormect response.

Since bubbles darkened by the black ink ball point pen cannoet be emsed, condidates should darken
the bubbles in the ORS very carefuolly.

Cuostions 0.1 — Q25 carry | mark each. Questions (1,26 — (335 carry, 2 marks each. The 2 marks
questions include two parrs of common date questions and two paims of linked answer questions. The
answer o the second question of the linked answer questions depends on the enswer to the first
question of the pair. If the first question in the linked porf is wrongly answened or s unatternpted, then
the answer 1o the second guestion'in the pair will not be evaluated.

Cuestions (.56 — (.65 belong o General Aptitude (GA) section and carry o total of 15 marks:
Chyestions ()56 — Q60 carry | mark cach, and questions (61 — Q.65 curry 3 marks each.

Unattempted guestions will result in zero mark and wrong answers wall result in NEGATIVE muorks.
For oll 1 mark questions. # mark will be deducted for each wrong answer. For all 2 marks questions.
# mark will be deducted for cach wrong answer. However. in the case of the linked answer guestion
pair; there will be negative marks only for wiong snswer to the first question and po nepative marks
fior wrong answer to the second question.

. Calculator s allowed whereas charis, graph sheets or tables ane NOT allowed in the examinetion hall.

. Rough work can be done on the question paper itself. Blonk pages are provided at the end of the

question paper fior rough work.

. Before the sturt of the examination, wiite your name and registration number in the space provided

below wsing a black mk ball pomi pen

Nome

Hegistration Number | MT
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Useful Data

Universal pas constant B = 8314 Jimol K
Plunck's constant k=6 63107 1 <
Acceleration due to gravity g = 9.8 mis

€. 1 =€) 25 carry one mark each.

Q.1

0.1

0.4

Q.5

0.6

0.7

0.8

0.0

Aisn 2 = 2 matnix with det A =2 The det (3A) s

iA) 4 (B) & (<) 32 (D) 16
As e 2 x 2 mamx given below:
A=| |
I| _! _I_I
The cigenvalues of Aam
(A) -2 -2 By -3.-1 (C) 2,2 (o) 3,1

In & prodoctien facility, tron rods e made wath 2 mean diameter of 6 om and standard devistion of
002 em. If a lorge number of rods are tested, the approximate percentage of rods whose stes full in
the range of 5.98 em fo 6.02 ¢m is

(A) 68 (BY 75 (L) Sy (D) 907
Which one of the following methads 1s NOT used for numerical mtegration?
(A) Fectomgular mule (B} Trapeszoidnl mule
(C) Sumpson’s mule {13 Cramer's rule
How many boundary conditions are required to solve the {ollowing equation?
gr. ¥er 1197
N T |

(A) Two m r-direction

(B} One i r-direction and one for time:
(Cy Two in r-direction and one for time
{D) Three inr-dhrection snd one for time

When a zinc metal rod 18 mmersed 1o dilute hydrochlone acd, it resulis in

(A) Evolution of hydrogen (B Evolution of chlonne
(T} Evoluhon of oxygen (M Mo evolution of any gas

A fluid is flowing with a velocity of 0.5 m's on a plate moving with 8 velocity of 0.01 m's in the
same direction. The veleoity of the interface of the flind and plote s

(A) 0.0 m's (By 001 m's {C) 0255 m's (D) 050 m's

Hot metal at 1700 K 15 poored m o sand mould thet 15 open ot the top, Heat loss from the hgud
metal tnkes place by

(A) Rodianon only (B) Radtron and conduction only
(Cy Radistion and convection only {13 Radwtion, conduction and convection
Which one of the following 15 an equilibnum defect™

(AY Viocancles (B)Y Dislocations (€1 Stacking faults {1 Grum boundaries

ALl
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(10 Floatation beneficition s based on the princple of
(A) Mimneral surface hydrophobioity
(By Gravity difference
(Cy Chemical reactivity
(B Particle size difference

(.11 Copper can be reduced from scidic copper sulphate solution by
(A) Silver (H) lron
(C) Carbon (D} Lead

(2.12  Which one 15 NOT an agglomeration process?
(A) Noduling (By Bnguetting () Roasting () Pelletizing

(.13 Dunng LD blow i steelmaking the impurity that gets remaoved first is
(A) Cerbon (B} Phosphorous {C) Mangunese (L) Sihicon

(3.14  Dunng the selidification of o pure mctal, it was found that dendntes are formed. Assuming that the
ligumd-salid interface s af the melting temperature, the lemperature from the mierface inio the
ligguid
(A) Decrenses
(B) Increases
(€} Remuins constant
(D) Increases and then decreases

(.15 A peak in the X-ray diffraction patiern s ohserved at 20 = 78°, corresponding to {311 planes of an
for metal. when the incident bewm has a wavelength-of 0.154 nm.  The latce pammeter of the
metal 1s approoamately
(A) 0.6 nm (B) 0.4 nm () 0.3 nm (D) 0.2 nm

(.16 If d is the inter-planer spocing of the planes (h k 1}, the mter-planar spacing of the plones
{mh nk nl}, n being an integer, 1s
[A) d iB) dn (€ nd D) din’

Q.17  As lempemsture increases, the clecirical resistivities of pure metals {p,) amd intrinsic
semrconductors (p,) vary as follows
{A) Both p, and p, incTeass
(By Both p,, and p, decreass
(C) pw ncreases and p, decreases
(D) p,, decreases and p, incresses

(18 At egmbtbrium spacing o crestalline solid, which of the following is true for net inter-monuc
foree (F) and potentiol energy (L)
[A) Fis zero and U is zero (B) F rs zero and L 1s minimum
{Cy F s munimum and U s zero (3} F is minimum and U is mimmum

(.19 The property of o moterinl that CANNOT be sipnificantly changed by heat treatment s
(A) Yield strength (H) Ultnmuote tensile strength
(Cy Duculity (13 Elastic modulus

MEl T
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Q.20 A wmt dislocation splits into two partial disiocotions, The comrect combination of the Burpers

vectors of the paninl dislecations for @ given unit disloeation having Burgers vector %[! _III] 1=

ar, - d =
By —[112] snd —J121
) Z[172] und Ti71]
il il 2
Dy =[211 and ={21
(D) £[210] and Z[127]
(.21 A polymer matrix composite is reinforced with long continuous ceramic fibres aligned in one
direction. The ¥oung’s moduli of the matnx and fibres are Eq and Er respectively, and the volume

froction of the Gbres 15 . Assuming so-siress condition, Young's modulus of the composite Ec ina
direction perpendicular to the length of fibres, is given by the expression

(A) E.=(1-E, +TE, (B) E =fE_+(1-HE
(Cy L=1I_I‘}+L (I3 L= & +@
I:L E||I EI' L( I:ll Ef

(3.22  Which of the followmg is NOT a fusion welding process?
(A) Arc welding
(B) Gos welding
(C')y Resistance welding
(D) Frichon stir weldng

{123 Tongsten filament wsed m electnic bulh is processed by

(A) Extrusion

(B) Wire drmwing

(C) Castimg

(I Powder metallurgy

(.24  The nser 15 designed such that the metdt in the nser solidifies

(A) Before casting solidifics

(B) Atthe same time as casting solidifies

(C) Adber casting solidifies

(I Irrespective of the solidificotion of the casting

(3.25  Radiography techmigue of detecting defiects is based on the principle of

(A} Inffraction
(By Reflection

(C) Interference
([ Absorphion

€). 26 to (). 55 carry two marks each.

(.26 At x= 0.5 the polynomial x5 1-x)" has
(A} No exirerma (B) A saddle pomnt {C) A minuma (D) A maxima

ALl &ln
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0,27

(.28

{3.29

(.30

Given thet v is a vector field and f 5 a scalar field, maich the equotions 1 Groop 1 with their
physical meamng in Growp 11

Group | Coroup 11
P, divivi=0 1. Irrotational
Q. curl{grad(f)} =0 3 Incompressible
R div (gradifiy=0 1. Potential
5. v =prad({} 4. Laploce equation
(A) P-1, Q-2 R-3, 54 (H) P-2,0-1, R4, 53
(Cy P-1, Q-3 R-2, 54 (D) P2, 0-1, B-3, 54

The temperature field of a slab is given by T= 400 — 50z exp {—t— =" —y’}. The temperature
gradient in y-direction 1s

(A} 100vz expi—t—x" -y}
By —l00yz expl—t—x" -y}
(€)  100xz expi—t—x>—y")
(D} —100xz expl—t—x* —¥")

What does the solution of the following ordinary differential equation represent?

y% +x=10
(A) A parabola (B) A circle {C) Anellpse (1Y) A hyperboln

A thin layer of materigl B (of totnl gmount m) is piated on the end foces of two long rods of
muterial A. These are then joined togethen on the plated side (see the figure below ) and heated 1o a
high tempernture. Assuming the diffusion coefficient of B in A is [, the composition profile ¢y
aleng the red pxis x afier a time 1 15 desonbed by

(BY o, == er

(A) €y= EJ':,_m.ﬂp{_ ai'iitJ-
{

V m 1-I
Ch Cy =-'|‘_I'-]-T|:I_m[_-43 !J

m
(D) Op =—pmet

ALl
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(131 Match the principles given in Group | with comesponding corrosion terminology in Growp 11

Croup 1 Croup 11
P. Electrode polanzation 1. Dezincification
(). Passivity 2. Intergranuinr attack
. Selective leaching 3. Ower voltage
&, Cirnin boundary precipitution 4. Swrface oxide film
[A) P-3, Q4 Rol, 52 (H) P-3,04, B2, 5.1
(C) P4, Q-2 R-1, 53 () P20, R4, 523

(.32 Identify the correct combination of the following stotements

P. Hvdrogen elecirode is a standard used o measure redox potentials

(). Activation palanzation refers to clectrochemical processes controlled by reasthion =equence at
mictil -solution imerface

. Potential-pH diagrams can be wsed to predict corrosion rates of metals

5. Cathodic protection can use sacrificial anpdes such as magnesium

(A) P. ) ond R (B) Q. Rand 5 (C) P, Qand 8 {0y P, Rand &

(.33 Consder o reaction with activation energy of 5314 kd/mol that takes place at 300 K. If the reaction
mite 15 1o be tripled, the temperature of the reaction should be

(A) 1745 K (B) 475K (€) 600.5K (D) B475K

(.34 Mutch the processes in Group | with the objectives in Group 11

Croup 1 Gronp 11
P. Vacwum Arc Dc_ga_-idng (VAD) I Promury iron making
0. LD 2 Secondary steel making
R COREX 3. Dhrect smelting
5. Blust Fumagce 4. Pnmary steel moking
(A) P-3, 04 R-2 51 (B P, -3 R-1,5-2
(C) -3, Q-2 R-1, 54 () P-2 04, R-3,5-1

{135 The reduction of Feld with C0 gus i co-current flow 15 given by the following equation:
FeO+CO=Fe+ 0y AG =8120Jat 117IK
The ratic of peg/Pe: for this reaction at 1172 K s
(A) 0.0 (Hy 0.25 () 044 (o) 23
(1.36  The sulphide capacity (Cs) of ligusd siap of compositon 55 wi %% CaO, 200wt Si0:, 15 wits
Ay, ond 10wt % Mz is given by the following equation

log Cs =344 (X 0+ 0. X008 X — Koo )~ (O8047T) + 205

AL,

where, X 15 mole fraction of the respective components. Atomic weights of Ca, Mg, 51, Al and O
are 40, 24, 28, 27 and 16 respectively.

The value of Cy at 1900 K is
(A (L0008 (B 00 () 009 (I 09

Kl Wi
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Q.37

(.38

(.39

.40

.41

Match the processes given i Group 1 with the comresponding metals in Group 11

Croup 1 Croup 11
P. Matte smelting 1. Lead
(). Cyamide leaching 2. Copper
. Coarbothermic reduction 3. Gold
5. Fused salt electrolysis 4. Alwmimum
[A) P-1, -2 R-1, 54 (H) 12 03, R-1, 54
(Cy P-2,0-1, R-3, 54 () -2 Q-3 R4 5-1

ldentify the comect combination of the following statements

P Bessemer converier can be used in copper smeliing

2. The Mond process for nickel involves reaction of metal with H, gas:
K. Roasted £nS concentrutes can be smelied ina blast fumace

5. Magnesinm metal can be produced by efectrolysis of sea water

(A} P, Rand S (B) P,Qund R (C) Pand Q () Qund &

Match the phases of steel in Group | with the crystal structures m Group 1

Croup 1 Group 11
P. Martensite 1. bee
(). Cementite 2 fee
R. Austenite 3 bt
5. Femnite 4, Orthorhombac
{A) B3, Q-4 R-1L 52 (H) P2 Q-3 R 54
(C) P-3, 04, B-25-1 (I3 P4, -3, B2, 5-1

Arrange the following m terms of increasing seventy of quench

P. thl quenching

2. Water quenchimg

K. Water guenching with agiiation
5. Brine quenching

(A) P<Q<R<H (B) Q<R<P<S
(Cy P=}=5R (1) Q=P<R=S

Regording recrystallization. which one of the following statements s MOT comrect”

(A) Higher the smount of cold work, lower is the recrystallization temperature

(B) Higher the recovery. higher is the recrystallization tempetature

(C'y Higher the temperture of cold work, higher 15 the recrystallintion temperatune
(1 Fmer the imital gron size, lagher is the recrystallzation temperature

ALl
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(42

(.43

(143

.46

A higud droplet (f) 15 on o substrsie {§) and 15 surrounded by air (o), as shown below. The mgle of
contact {8} is determined using the following expression:

Yup

(Y ":cﬂillu] l.HJ . I Tua_‘fu" ]
Yan | Yan |

(Cy 0=cos™ MJ I} 0= eox ol T —Yoa
Y 1\ 1-"

Match the phenomena listed in Group 1 with the possible mechanisms in Croup 11

Croup 1 Group 11
P. Fatigue 1. Grain boundary sliding
. Creep 2. Slip band extrusion and intrusion
B Struin hardening 3. Cottrell stmosphere
5. Yield pomt phenomenon 4. Dnslocmtion mteractian
Ay P2 0-3, R4, 5-0 (B) P2, 04 R 3, 51
(Chy -2 0-1, R4, 8-3 (D P12 k4,83

Fracture stress for o britle motenal having o cmek length'of | pm s 200 MPo. Fracture stress for
the same matenial having & crack length of 4 pm s

(A} 2i MPa (B} 150 MPa {C) 104 MPa (D) 50 MPa

The fAow stress (F ) of an alloy vories with strain rate (£) as &= 100 (&' MPe. When the alloy
15 hot extruded from 10 cm dizmeter to 5 om dinmeter ot & speed of 2 cmv's, the flow stress 15

{A) 1) M Pa (B} 105 MPa {C) 150 MPa (D) 1050 MPa

Determine the cormectness or otherwise of the following Assertion (a) and Heason (r).

Assertion : Dunng rolling, front tension end (or) back tension are (15) employed to decrease rolling
lovd

Reason © Roll pressure decreases due to lowenng of flow stress ss 8 result of front tonsion‘back
Iension.

{A) a1s false but ris true

(B} o s tree and r is also true, but 15 not the reason for o
{C)y m 5 true and r s also true, and r is the reason for a
(D) & 15 true but ris false

ALl

LA
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(347 Muich the defects histed i Group § with the processes histed in Groop 1

Croup | Croup 11
P, Caold shut 1. Rolling
). Earimg 2. Forging
R Alhigmioring 3. Deep drawing
S. Shrinkage porosity 4. Fusion welding
(A} P2, (-4, R-1, 54 (B) P2, -4, R-3, 8-
(Cy P-2, -3, R-1, 54 (3 P4, -1, R-2, 5-3

Common Data Questions

Commaon Data for Questions 48 and 49;

A steel ball (density p. = 7200 I'.E’:m']- is placed in an upward moving liguid Al (density p,) = 2360 kg/m’,
viscosity jia = 1x107" Pas ond Reynolds mumber = 5x10%). The force (F) exerted on the steel ball is
expressed os

F=FaR (puni2)
where, f1s fniction factor (=0.2}, v is the velocity of liquid Al and B is the mdius of steel ball,

)48 The force exeried on the stecl ball 15
(A) BIZN (B) 6,70 N ) 167N (D) 052N

(049 The terminal velocity of o fine spherical steel particle having dismeter d . in pm range. if allowed
to fall in a queescent liquid Al bath, 1s

(A} 52«10°d  mis  (B) 26<10"0  mis  (C) 1 3x10'd mis (D) B6x10°d} mis

Common Data for Cuiestions 3 and 51

2 Sress {MPa|

L

For the above stress cycle
.50 Siress rabio is

(Ap4 (B2 (C)-2 (D)4
(351  Amplitude ratio 5

(AN (B 173 (Cy-1/3 {0y -3

ALl wln
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Linked Answer (Juestions
Statement for Linked Answer Questions 32 and 53;

A materiol with grain size of ASTM Mo, 6 has a lattice frictional stress 100 MN) m and locking pammeter
{Hall-Petch constant} 0.10 MN/m"

().52  Gram suee of the matenal s spproxmmately

(A) 45 pm (B) 35 ym {(Ch 4.5 pm (D} 35 um

(153 Yield sirengih of the moterial 15 approximately
(A1 100 MPa (H) 115 MPa (€] 165 MPa (17} 215 MPa

Statement for Linked Answer OQuestions 34 and 55;

The strain hardeming behaviour of an annesled vod durng cold rolling is given by & = 70K I:-r..lu; MPa,
where & 15 the flow siress af stram

.54 Flow stress after 50% redoction m area of the annealed rod on cold rolling s approx mately
(A} 750 MPa {B) 650 MPa (C) 6049 MPa (D) 559 MPu

{155 I wwire of 5 mm dumeter 15 drawn from the above cold rolled rod of 10 mm diameter, the drowing
stress, neglecting the effect of friction and redundant work, 1s approximately
(A) 650 MPa (BY 5350 MPa {Ch450 MPa (D) 400 MPa

ALl 1 L
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General Aptitude {GA) Questions (Compulsory)

€}. 56 — (). 60 carry one mark each.

(.56

(.58

{350

Q.60

Which one of the following options 15 the closest in mesning o the word piven below?

Latitude
(A) Eligbility {By Freedom

() Coercion

(D) Metrculousness

Choose the most appropriste word from the options mven below 10 complete the following

sentence:
Given the seriousness of the situation that he had o face, his _ was impressive.
(A) beapory (B} nomenclature (C) jealousy {13} noncholunce

Choose the most appropriate allernative from the options given below to complete the following

SENienee:

If the tired soldier wanted to lic down, he  the mattress out on the baleony.

(A)Y showld ke

(B) shall ke

(Cy should have taken
{3} will have nken

1z

I ( LOU1Y™™ = 3 52 gnad { 1LOO1F™ = 785, then | LOOL™ =

(4) 223 [H) 4.33

(C) 1LA7

(L3 2764

One of the perts (AL B, C. ) m the sentence @iven below contains an ERROR. Which one of the

following is INCORRECT?

I requested that he should be given the driving test today instead of tomorrow.

{A) reguested that

(B) should be given

() the driving test

(D) instead of tomorrow

€}, 61 - (). 65 carry two marks each.

(.61

The data given in the following table summanzes the monthly budget of on pverage household.

Catepory Amuount {Ks.)
Food AL
Clothing 1206
Rent 203K
Savings 15000
Other expenses [ET

The wpproxrmote percentage of the monthly budpet NOT spent on savings 1=

(A) 10 (B) 14%

(C) ¥1%

(L3 6%

ALl
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(.62

(.63

(.64

(.63

There are eight baps of nee looking alike, seven of which have equal weight and one s shightly
henvier. The weighing balance is of unlimied capscity. Using this balance, the mmimum number
of weighings required 1o identify the heavier bag is

(A) 2 (B 3 (4 (D) #

Raju has 14 cumrency notes m his pocket consisting of only Rs. 20 notes and Bs. 10 notes, The total
moncy value of the notes s Bs. 230 The number of Rs. 10 notes that Rajo has is

(A) 3 (B) & (<) 9 () 10

Ome of the legacies of the Homan legions was discipline. In the legions, military law prevailed
and discipline was brutal. Discipline on the battiefield kept units obedient, intact and fighting,
even whin the edds and conditions were against them.

Which one of the following sttements best sums up the meanng of the shove passape?

(A) Thorough regimentition was the moin reason for the efficienoy of the Roman legions even in
adverse ciroumstarices,

(Hy The legions wene treated inhumanly as if the men were animaks,

{C) IDnseipline was the srmies® inheritance from their seniors.

(I The harsh discipline towiich the legions were subjected to led to the odds and conditions being
against them,

A amd B wre friends. They decide o meet between | PM and 2 PM on a given day. There 15 a
condition that whoever armives first will not wit for the other for more than |3 minutes. The
probabilsty thai they wall meet an that day 15

(A} 114 By 116 (C) 7D (D) WiG

END OF THE QUESTION PAPER

ALl
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Paper Question no. |Key Paper | Question no. |Key
AT 1 B MT 41 0
MT 2 A MT a2 A
MT 3 A MT 43 C
T 4 0 MT a4 C
MT 5 C MT a5 B
MT B A T a5 C
MT 7 B MT a7 C
MT B o] MT a8 A
MT 3 A MT a5 B
MT 10 A T 50 C
MT 11 B T 51 D
T 12 C MT 52 A
MT 13 D T 53 B
MT 14 A RT 5d B
MT 15 B hT 55 Marks to All
MT 16 B T 56 B
MT 17 C MT 57 D
MT 1B B MT 58 A
MT 19 ( MT 55 D
MT 20 A MT =] B
MT 21 C MT bl 0
MT 22 D MT b2 A
MT 23 Marks to All MT 63 A
T 24 C MT B4 A
MT 15 b MT B5 C
MT 26 D
MT 27 B
MT 28 A
MT 29 B
T 30 A
MT 31 A
MT 32 C
T 33 B
MT 34 D
MT 35 8]

T 36 B
MT a7 Marks to All
MT 38 A
MT 39 C
MT 40 A
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