HH

XE

AE : ENGINEERING SCIENCES

Iherctienns + Three Hours Maximpn: Marks - 100D

Keud the Iollowing instructons carefully.

Fd

el

10.

11.

| T

Tz queshion paper conkains ) pages including blank pages for mugh work. Fleass civeck all pages and repon discrepancy,
1} any

Wnie your repisitalion momber, your name and name of the #vamination cenlre at e specified locations on the nghl half of
the Uplical Response Shest (DRS).

L'sing HB pencil. dasken Lthe appropriate bubhle under each digit of your registrotion nimber and the kstlers comesponding o
¥Our papcr code

All questions in this paper are of obpeclive Iyme.

(Juestions must be answered an Lhe (RS by darkening the appropnate bobble (marked A, B, C, D} using HE pencit against
Lhe question number on the lefl hand side of the ORS. For each question dacken Lhe bubble of the correct answer. In ¢ase
you wish 1o change an answer, crase the old anawer complelely. More than one answer bubbled against a quesuon will be

{rcuted a5 an INCoImec] Tesponse.

Therc are a wotal of 93 queskions carryving 100 marks,

This question paper contains €lght scctions as hisied below. Scctions GA and A are compulsory, Choose two more sections
trom ihe remaining secuons B through G

| Section | PageNo. | Section _ Page No.

I 'E.]'A frenerol Apilj[ud:fr . __ | ¥ ) E{:Iil:_l _H-E:‘:h:ﬂnits 18

| A Engineering Mathemaiics {hd [ iT'h:':T‘|1‘|-|,'|-|1I:.-'rl:u!'lji-|':*l_: _ 23

| B. Flud Mechanics | : {7 F. Palymer Science and Engineenng | 2%

| . Matcnals Sticnce i 14 . Food Technalogy _ 31

L:=mg HE pencil. mark the scclions you have chosea by darkerming 1he appropnaie bubbles on the lefl hand side of the QR
provided Make sure you have cormecily bubbled ithe seclions you have chosen. ORS will nod be evaluaded iF Lhis
Inforrnation is NOT marked.

There ae 10 queslions carying 15 marks 18 General Aptitude (OA ) section. which is compulsory. Questions Q.1 - .5 wyl]
carry |=mark each, and questions L6 - Qg will cammy 2-marks each,

There are !] quesions carrymg 15 marks in XE Section A {Enginecong Mathematics) paper, which is compulsory
Questions Q.1 - €7 will camy 1-mark each, and guestions Q.8 - Q.11 will camy 2-marks each.

Each of the other XE section papers (Sections B through G) contains 22 questions carmrying 35 marks. Questions Q.1 - Q.9
will carry 1-mark each. Criestions G - Q.22 will carry 2-murks each containing F pairs of conumon data and | puir of
linked questions. Questions Q.17 - Q.20 {2 pirs) ure common dawa questions wilkh 2-marks each. and questions Q.21 and
(.22 (1 pair) are linked answer questions with 2-murks each. The answer to the second guestion of the linked oanswer
yuestions Jepends on the answer Lo the first guestion of the panr, 1 the firsl gquestion 10 the Tinked pair 15 weongly answered
Or 15 un-aicmpled, Lhen the answer (o the second question in the poir will not be evaluated,

Lin-aitempied gaeslions will carry zero marks.

. Wrong answers will camy NEGATIVE marks. In GAL for QL - Q.5. % mark will be deducted Tor cach wrong answeor und

For 0.6 - O 10, 7 mark will be deducted for 2pcl wrong onawer, In XE Section A, For .1 - Q.7 % mark will be deducted for
cach wrong answer ami for QU8 - 0L1T1 % mark will be deducied for each wrong ancwer. In all other XE section popers

(Aection B through G, for G - 9.9, ¥ mark will be deducted for cach wrong answer and for Q10 -0.20, % mark will be
deducted for each wrong answer. The question par (Q.21, Q.22) is queslions with linked answers. There will be negative
marks only lor wrong answer 1o the first question of the inked answer queston pair For (.21, ¥mark will be deducied flor
wrong answer. There 15 nd nepalive marking for Q20

L alculatar iwithout data connectrily ) is allowed 1o the examination hall

14, Chacts, grapts sheets or tables ore ROT allowed in the @xaminguion halt.

15

Hough work can be done on the gueestion paper itself. Addinonally, blank pages are provided at the erd of the guesiion paper
[ar roeigeh work

e

1/d1]

LOLLEGE:




2010 | o XE

{>A: General Aptitude (Compulsory)

().1 - Q.5 carry one mark each.

()1 The guesiion below consists of a pair of relared words followed by four pairs of words. defect the
peir that best expresses the relarion in the griginal pair.
Unemployed : Worker

(A) fallow ; land

(B) unzware : slezper
() wik ; jester

(13} renovated : house

(32  Choose the most appropriaie word from the options givern below to cemplete the following
SEnience.:

His rather casual remarks on politics __ his lack of seriousness about the subject.

(A) masked
(B) belizd

(C) betrayed
(D) suppressed

(3.3 Which of the following aptions is the closest in meaning 1o The word below;
Circuitous
(A) cyelic
(B) indirect

() confusing
(13} crooked

Q4 25 persons are ina room. 15 of them play hockey, 17 of them play football and 10 of them play
both hockey and football. Then the number of persons playing nexther hockey nor football 1s:

(A) 2 (B) L7 () 13 (D) 3

Q.5 Chouse the most appropriate word frem the options given below to compleie the jollowing

senfence:
If we manage (o our naturil resources, we would Jeave a better planet for
oar children.

{A) uphoid
{B} restrain
{L°} cherish
{2} conscrve

{).6 — (.10 carry two marks each.

Q.6 5 skilled workers can build a wall in 20 days: 8 semi-skilled workers can build a wall in 25 days;
10 unskilled workers can build a wall in 30 days. If & tcam has 2 skilled, & semi-skilled and

5 unskilled workers. how long will it take to build the wall?

(A) 20 days (B} 18 days (C) 16 days (D) 13 days
Q.7  Givendigils 2,2, 3, 3, 3, 4, 4, 4, 4 how many distincl 4 digit numbers greater than 3(XX) can be
formed?
(A) 50 (B) o) (T} 52 {0} M
———— —— ——————————
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Q8 137 +276 =435 how much 15731 + 6727
(A) 534 (B} 1403 (M 1623 (D) 1513

(3.9  Hari (H). Gita (G), Irfan {I) and Saira (5) are siblings (i.e. brothers and sisters). All were born on
1* January. The age difference between any two successive siblings {that is born one afier another}

15 1285 Lhan 3 years. Criven the following facts:
1. Hari's age + Gita’s age > Irfan’s age + Saira’s age.
ii. The age difference between Gita and Saira is | year. However, Gita 15 not the
oldest and Saira is not the younpest.
iii. There arc no 1wins.
In what ¢rder were they bom (oldest first)?

(A) H5IG (B) SCHI (C) IGSH (D) TH3G

Q.10 Modern warfare has changed from large scale clashes of armies to suppression of cvilian
populations. Chemical agents that do thelr work silently appear to be suiied to such warfare;
and regretfuily, there exist people in military establishmenis who think that chemical agenis
are useful toods for their cause.

Which of the following siaiemenis besit sums up the meaning of the above passage.

{A) Modern warfare has resulted in cavil sthifa.

(B} Chemical agenls are useful in modem warfare.
() Use of chemical agents i warfare would be undasirable.

(D} People in military establishmenis like to use chemical agents i war.

END OF SECTION - GA

— : R osy ._.___.__1.}.:1?
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A 1 ENGINEERING MATHEMATICS (Compulsory)

Q.1 - Q.7 carry one mark each.

0.2,

Q.3

.2

0.6

g o

|
lsz[l J. then P°—2P" +2P% 4P + 3P ~6P" + 2P eguals

(A) F (B) 2P (C) 3P (D) 4P

. | 1 2
Which one of the following mairices has ithe same eigen values as that of [ ]?

4 3
A (3 4) - {1 4
12 2 3,
s 4 21 - [2 4
13, [ 3,
The integral
i _r_j'; dv is

I
(A} an mproper miegral converging 1o —0.
(B} an improper mtegnd converging o {).

(C) net an improper integral but has valug —0.
(D) a divergenl unproper integral,

. 4
) , _ s 8
The residue of the function f{z)= ull T dl = —% L5

LA

(AY 2 (B} 1 () -1 Dy =2

The variance of the number of heads resulring from ten independent tosses of a fair coin is

(A) % (B) % (C) % (D) %

3

If the quadrature rule J-f[x].::-{r =& f(1y+ Ff(3} is exact for all polynomials of degree 2 or
0

less, then

{A1ﬂ=y,ﬁ=% tm-if:%, ﬁ=%
{C}{E=A,ﬁ=% {[}}ﬂ=y+ﬁ=%

df i)
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Q7. Given that ——=F+ v°, ¥(0) =0, which one of the following is nearest ta v{0.4) computed by

clx
Euler's method with step size of 0.2 7

(A) 0.408 (B) 0.404 (C) 0.208

().8 = Q.11 carry two marks each.

.8 L=
f(x)= — %0
1 if x=0.

Then

(A) f is not continvons at x=0.

(B) { iscontinuous at x=0 but not differentiable at x=1}.

(C) f is differentiable at x=0 and f'(0) =0,
(D) [ is differentiable at x=0 and f{0)=1.

0.5. Let u(x, y)=tan{xy(x+ y)!. Then

St du 1 "

(B X2 Ty, 55 Dyl sec {xy(x+ ).
e e 1 ’

B) X~ Y3, =3 xy(x+ y) sec” oy(x+ )},

() IE"J: & Fﬂy = 3xy{x+ v) sec {I}'[.I'I'}']}.
Jui i

(D) x— = y— =3 xy(x+ y) sec’ {xy(x + y)}.

dr oy

(D} 0.204

(.10, Whach one of the following is a particular selution of the ordinary differential equation

dl
Iﬁ—% =2¢ Flx) 7
(A X [ x faydx + [ fx)dx B) x* [ flx)dx + [ 5 fix)dx
(©) % fx fyds — [ flx)dx ) &* [ f(x)dx - [ £ f(x)dx

XE

W)
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Q.11. Which one of the following is a possible solulion 1 1he partial differential egquation

2 2
’ E — -E-]—" = ) with boundary conditions
at~ dx"
1¢0,1)=0, a"g”'fl':ﬂ, for 120, u(x,0)=0, a"f;‘m:;-z, for 0Sx<7 7
X i

(A) ulx,i) = i ﬂnﬂiﬂ({n +431) sin({n+4) x)
i =1

B) u(zt) =Y a cos((n+4)e) sin{(n+4)x)
H=_

() mix,t) = i ﬂﬂf‘:iﬂ({ﬂ +J:-}1'] cﬂs({ﬂ +%}x]
n={)

=1,

(D) wix,0)=) ﬂnﬂﬂﬁ{{ﬂ +431) cos((n +4) x)

=1}

END OF SECTION - A

XE | | ” e
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B : FLUID MECHANICS

Useful datha

Acceleration due Lo gravity = [ ms’
Density of water = 1000 kg/my
Density of mercury = 13570 kg/m’

0.1 - 3.9 carry one mark each.

Q.1. A cylindrical container is filled with a liquid up 1o half of its height. The container is mounted on
the centre of a mumn-table and is held fixed using a spindle. The tum-tabie is now rotated about LLs
central axis with a certain angular velocity. Afiar some ume interval, the fluid atains ngid body
rotation. Which of the following profiles best represents the constant pressure surfaces in the

container?

(B}
Il

(A)
— T
T - S T
>
(C) (D)

m

Q2. Maitch the items given in the following two colutns using appropriaie combinattons:

Colump 1 Column ¢
F Ratio of inertial force to viscous force 1. Reynolds number {Re)
() Ratio of momenium diffusivity to thermal diffusivity 2. Froude number {7}
R Ratio of inertiai force 10 compressibility force 3. Prandtl number (Pr)
5 Ratio of mertial force Lo gravity force 4. Mach number (Ma)
(A} P-1; R-2;, 3, 54 (B) P-1; Q-2; R-3; 54
(C) P-1; R-2; 5-3;, Q4 (D P-1; §-2; Q-3 R4

XE 40
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(2.3.  In the context of boundary layers, which one of the following statements is FALSE ?

(A) It)s a fnctional layer, close to the body

(B} It 15 a region where the Nuid flow is irrotational

(L) Te 12 a region across which the pressure gradient is negligible
(D) It 15 a diffusion layer of vorticity

0.4 E‘nnsi‘d-:r an idezl flmd flow past a circelar cylinder shown in 1he figure below. The peripheral
velocity al a point P on the surface of the cylinder is

(A} 0 (B) U, (C) U.smm B (L) 2U,s5mn0

Q3. The Rhmla:]gicjﬂl diagram depicting the relation between shear stress and stran rate for different
types of fluids 1s shown in the figure below.

=hear Stress

Sirain Rate

The most suitable relation for flow of tooth pasie being squeezed out of the tube is given by the
CUve

(A} P (B} Q (C) R (M S

Q.6.  The diverging limb of a venturimeter is keplt longer than the converging limb 1o

(A} ensure that the flow remains laminar
{B) avoid s¢paralion

(C) ensure that the ffow remains terbulent
(D) avod formation of boundary layer

Q7. The length scale of a model is kept as ) : 64. The prototype fluid is water. Viscous and gravity

fﬂl‘-ﬂ-ﬂqﬂ are equally dominant in the prototype. The required kinematic viscosity {m*/s) of the fluid
nsed in the model is

(A) 0.100E-07 (B} 0.195E-08
(C) 0.156E-07 (D) 0.125E-07

KE LEE
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(2.8. Let @ and y represent, respectively, the velocity potential and stream function of a flow field of an
incorapresstbie fiuud. Which of the fotlowang statements are TRULE?

P: o exisis for imotational flows only

O exists for bath irrotational and rotational flows
K: @ exisis for rotational flows only

3 g axists for both rotational and trrotational flows

{A) B, R (B) &3 {C) QR (D) P, Q

Q9. Two models M, and M; have equal volumes and are made of steel. Model M; 15 an aerofoll
(a streamiined body) and model M a sphere (& bluff body). Both models are dropped In two

identical short jars filied with honey simultaneously. Which of the following statements 1s TRUE?

{A) M, reaches the bottom earlier than M;
{B) M- reaches the botiom ecarlier than M,

{C) Both models reach the bottom at the same 1ime
{[}) Both models float on the surface

{110 - .22 carry two marks each.

(.10 The wind 15 blowmg &ast - west at time ¢ < T, and switches to south -north at = T_ At ¢ > T,
which of the follawing curves represent streaklines?
TH

{A) (B}

() (D)

LOLLEGE:
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U1l Acrnickel ball comprises of a seam running along s central section, which is essentially stilching of

lwo hemi-spheres. The seam creates additional roughness. The bawler releases the ball with seam
ptientation as shown in the {ipure helow.

—

o
S— -
—_—
e E— R

This would result tn an out swinger with side forces on the crickel ball. These side forces on the
ball are attributed Lo

(A} flow having a laminar boundary layer separation on both sides.

(B) flow having turbulent boundary tayer separation on both sides.

{C) flow having 2 laminar boundary iayver separation on the side “S™ and a rerbulent boundary laye:
separation on Lhe side K™,

(D) flow having a laminar boundary layer separation on the side K™ and 2 wrbuient bowndary
layer separation on the side 3",

(J.12. Ancienis have designed waizr clocks based upen the head of the waler in 2 circular section
contaner wilh a hole at the bottom as shawn in the fipure below, The radius {7 vanes as a funchion
of head (FN tomasalain a constant rate of decline of H.

y
e I ..
i H
i
i
The relation between Ff and ris
(A) S 15 propottionai o r (B I 15 proporiional 1o r-
(C) # 1s proportional to - (D} f 15 proporional Lo r
-}[E__-_‘__'— ST o | '
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is bent through an angle

Q.13. A 20 cm diameter pipe carries a water discharge of &/100 m'/s. The pipe
of 307 in the honzonta! plane as shown in the figure dbelow.

Neglecting friction, the components of the force (N) exeried by waler on the bend in x- and
y-directions, respectively, are

(A) 421 ad —15.71 (B) -4.21 and 15.71
(C)15.71 and -27.2 (D) 4.21 and 15.71

Q.14. A difierential U-tube manometer with mercury as the manometric fluid is used 10 measure the
pressure difference between two sections Pand Q ina horizontal pipe carrying water at steady state
as shown in the figure belaw. If the difference in mercury levels m the two lambs of the manometer

is 0.75 m, the difference in pressure {kPa) between sections F and Q ts

L

35 m
_T“' Meriury
P Q)
(A) 49.275 {B) 94.275 (C) 94275 (D} 492.75

Q.15. Two walls are holding back water as shown in the figures below. The resisting moments per unit
length of the walls at points P and Q are M, and Mg. Denoting the specific weight of water as y,

the difference in the moments (Mg — Mp) 1=

11740
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(-16. A 20 cm cubical box slides on cil {mass density = 300 kg/m’), over a large plane surface wath a
sleady state velocity of 0.4 m/s. The plane surface is inclined at an angle of 30° with the horizontai

plane. The oil film between the biock and the plane sorface is 0.9 mm thick. The welght of the
cubiczal box is 64 N. The kinematic viscosity of the ail is

(A) 0.8 Pas (B) 0-001 mfs (C) 1.6 Pag (D) 0.002 m*fs

Common Data Questions
Coonunon Data for Questions 17 agd 18-

A 60F% efficient pump is installed in a pipe of diameter 20 cm to lift water from a sump to an overhead tank
at a discharge rate of x/100 m’/s. Free surface level in the overhead tank is 20 m higher than the free

surface level in the sump. The all-inclusive head losses (not including the lift) in the suction and delivery
sides of the pump are 2 times ang 28 times the velocity head, respectively,

Q.17. The power (W) supplied o the pump is

(A) 104742 (B) 62857 (C) 6757.1 ([ 1[261.9

Q2 18. The suction side of the pump is located . m above the free surface level in the sump. The mmimum

permissible pressure in the pipelme om the suction side of the pump 15 & m of water below
atmasphenc pressure. The maximum permissible value of £ is

{A) 20.00 (B} 8.00 (C} 7.85 (1) 5.00

Common Data for Questions 19 and 20-

Lhe velocity field of a two-dimensional fluid flow is as follows:

H=Uﬂi, U=_Uﬂ£

L L
Where, [/, and L are, respectively, the characteristic velocity and length.

(212 I L =032 m and the resultant of total accelerations in x- and y- directions at (x = L, vy = L) is
[0 m/s’, the magnitude of L, (mfs) is

(A) 1.414 (B} 2.38 (<) 119 (D) 11.90

(2.20. The above fluid fiow can be described as

(A) ratationat and compressible (B) irrotational and compressibie
(C) rotational and incompressible {L2) irrotational and incompressible

1540
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Linked Answer Questions

Statement for Linked Answer Questions 21 and 22:

The boundary layer formation over a flat plate is shown in the figure below. The variation of hortzontal
velocity () with ¥ at any x along the plaie in the boundary layer i1s approximated as: & = Psin{Qy)}+ K

J
Yo . s

:__:JI..IIII.HM

ol o Bl L o A T G g A T

"

L-Z1. The most acceptable bovndary conditions are

(AY aty=0, u=0; at vy=du=U,: at y=0. iﬁ:[}
ay
(114
{Blaty=0, w=U,; at y=38,u=U,, at y=0, —={}
ay
e
{Nary=0 w=0; at y=du=l,; at y=9, —=0
dy
i
(Dyaty=0, u=0U,: at y=du=Ugsal y=4 —=0
ay
.22, Expréessions for P, 0 and R are
(A) P=0; O0=0; R=0 (B) P=Us 0=0; R=0
(CYyP=0,0=": F=1{'_ M P=U, Q=2; R=0
) Lad
END OF SECTION - B
e —————— e ———
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C : MATERIALS SCIENCE

Useful Data
Avogad rﬁ'ﬁ nummbeat " 6.0273 mﬂ mol™’
Boltzmann's conslunt (kg) - |.3Bx 1074 J K-

| Electron charge (e) : 1.602x107"° C

{ras Constant : 8.314 I mol™ K™
Electron rest mass : 9.1x107" kg
Permittivity of vacuum (&, ) . 8,834 107" Fm
Planck’s constant (h) G &IEXI0H !
Bohr magneton { i, ) : 9272107 Am?
Free space permeability { 1, )  4a4%x107 Hm™

1) =6242x 10" eV

1eV=1.602%10""
| lcal=4.27T

Q.1 — Q.9 carry one mark each.

Q.1. Thenumber of lattice points in an ideal Perovskite unit cell is
(A) ] (B} 2 (C) 4 (D) 5
J.2. A Frenkel defect 15

tA) a pasr of cabhon and anion vacancy

(B) u pair of cation interstitial and catign vacancy
{C)a cation vacancy

(I} an anion vacancy
(J.3. The angle belween the line vector of a screw dislocation and the Burgers vecior is
(A) O degree (B) 435 deprees (C) 60 degrees (1) 90 degrees
0.4 The addition of a network modifier to silica

(A) produces vacancies
(B) enhances the network structiere

(C) disrupts the network structure
(D) mmcreases the viscosity

(2.3.  The best semiconductor material for LED in the visible range is
(A) S (B) Ge {C) GaAs (D) GaAsyePoa

(J.6. A plain carbon steel sample is water- quenched from 900°C to room temperature. [ts microstructure
will consist of

(A} pearlile (B) bainite (LY martensite ([7} {fermn2 and pearlite

XE | 44
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(Q.7. Graphite at zero Kelvin (5 a

(A) good conduclor  {B) insulator (C) semeconductor (DY) sem)i-metal

(8. A hizh molecular weight polyethylene has an average molecular weight of 560,0002/mol. Its
average degree of polymenzation is

(A) 15,000 (B} 18,660 (C) 19,310 (D) 26,000

Q9. In which region of the specira crystal laitice absorption is very significant
(A)Y ultaviolet (B) visible (C) microwave (D) mirared

Q.10 = (.22 carry two marks each.

Q.10. Match the properties in Column I with appropriate units in Column |

Columy | Column I
P. viscosity 1, m
Q. diffusivity 2. Kg mm*
R. charge mobility 3. Nm™s
5. fraciure toughness 4 m' Vs
5, MPavm
(A) P-3, Q4. R-1,8-2 (B) P4, Q-1, R-2, 5-5
(C) P-5, Q4, R-i, 5-2 (D P-3, Q-1, R4, 5-5
©.11. Match the terms in Column 1 with the details of phase transformations it Columa Il {(— indicates
CoOlng)
Colump ] Column 1]
P. eutectic . L+a—p
(J. monotecic 2¢y—ua+j
K. =urectomd LL—a+p
S. pentectic d.a+P—y
5.L1—a+ L2
(A)P-1,0- 5 R-4,5-3 (B)P- 3, Q- 4, R- 2, 5-1
(CYP- 3, -5, R- 2, 5-] (D) P-35,Q- 2. R-4, 5-)
Q.12. Match the following materiais in Column I with approprale preparation technigque given
Column JI
Colump [ Colump 11
P. single crystals of laser materials 1. sol-gel
(). highly dense fine grained ceramics 2. melt spinnIng
R. nanocrystalline oxide powdears 3. Bridepman-Swockbarger
5. metallic glasses 4. hot pressing
5, Czochralskl
(A)P-5.Q-4.B-1.5-2 (ByP-3, Q-5 R-2,5-1
(CYyP-2.03-1.R-4,5-5 {OYP-5,.Q-2,R-1,5-4

— —_— S — —_— B — T 1sm0
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.13 Maich the statement given in Column I with the most suitable malterial given in Column [

Colump | Column 1)
P. biocompalibie ceramic materia) L. zinc
(). magnetic material with very high B-H product 2_ tianium
K. nonstck coating on aluminem 3. Nd:Fe,,B
5. sacrificial coating on steel 4. Cap(POJ(0ORH ),
5. EﬂFﬂuﬂm

0. polytetratfluoroethylene
1. polyelhylene terephthalate

(A) P4, Q-3,R-7,8-2 (BYP-2,Q-5R-6,5- |
{C)P-4,Q-3, R-6, 8- 1 MD)P-6,Q-5.R-7,5-6

Q.14. A 99% pure copper wire has resistance of 0.1 £2 at 0.1 K, and 20 © at 30¢ K. For 100% pure,
perfect copper wire of the same size, the estimated resistance at 0.1 K and 300 K is

(A) ~zeroand 19.9Q (B)~zeroand201Q (C)0.1and 1999  (D).0.1 and 20.] 0

Q.13. A 12.0 mm diameter aluminum alloy test bar is subjected o 2 toad of 110 kN. If the diameter of the
bar is 10.5 mm at this load, the true strain will be

(A)0.134 (B) 0.306 (C) 0.267 (D) 0.767

.16, If the effective magnetic moment of Fe™ is equal to 5 Hg. the magmetic moment in Py per formul;
of ¥~ Fe,(z {which is inverse spinel with cation defacts on the octahedral site) is

(A) zero (B) 2.5 (C) 5 (D) 1O

Commeon Data Questions

Common Data for Questions 17 and 18:

A unidirectional carbon fiber epoxy matrix composite contains 6 vol % carbon fibers, The density
of carbon fiber is 1790 kg/m” and that of the cpoxy matrix is 1200kg/m’. The tensile moduli of the
carbon fiber and the epoxy matrix are 340 GPa and 4.50 GPa respectively.

Q.17.  The density of 1the composite in the units of kg/m’ is
LA) 1495 (B) 1554 () 1672 (D) 17X}

Q.18 The tensile modulus of elasticity of the composite under iso-strain condition is

(A) 2.2 GPa (B) 11.0 GPa (C) 129 GPa {D) 2058 GPa

|40
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Common Data for questions 19 and 20:

For a iype II superconductor (at 4 K}, the lower critical field (B¢ ) and thermodynamic critical field
(Be) are respectively 0.001 Tesla and D.§0 Tesla.

Q.19 The upper critical field (Bc,) in Tesla is

(A)0.]0 (B) (.33 () 1.00 (12} 10.00

(3.20 The maximum energy that can be stared per unit valume ( Jm™) ia the superconductor 15
&Y pe

(A)3.979x% 107 (B) 50.00 = 10° (C) 7.96 x 107 (D 1.326 x 10°

Linked Answer Questions:

Statement for linked Answer Questions 21 angd 22
For Cu meta), the conduction electron density, n = £.45x10” m™.

(J.21  The enecgy of the elecmons at the Fermi level (Eg) 15
{A)3.50 Y (B)Y 7028 eV (C)8.45eV (D) 49.0 2V

Q.22  The density af states ([HO5), for 1em” of Co, at Fermi levek per meY 15
(A} 1.20x% 10" (B) 1.80 x 10" (C) 1.20 % 10~ (D) 1.81 x 10"

END OF SECTION - C
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D : SOLID MECHANICS

Q.1 - Q.9 carry one mark each.

(Q.t. Three forces acting on a particle are given as
Fi=0i+0)N, F,=(-i+4k}N and F,={+6}+16k)N,

where 1, . kK are the unit vectors along Carestan ¢oordinate axes. Which one of the following
statements 1s tmie?

(A) Forces are coplanar and the particle is in equilibrium

(B) Forces are coplanar bat the particle is not 1 eguihbrium

(C) Forces are not coplanar but the particle 15 1 equilibrium

(D) Forces are not coplanar and the particle 15 not in equilibriom

2.2, A twuss consisting of members AD, DC, AD, BD and BC 15 subjected to a vertical force of 120 N at

joinl B as shown 1 the figore. The members AD, DC and BD are each of 1 meter length. The
magnitude of force 10 the member BID 15

B
\ i
> D

(A)D (B) 202 N (C) 40N () 120N

.3,  Two ngid bodies A and B are cach weighing 30 N. Body A 15 kept on a floor and body B 15 kept on
body A as shown in the figure. The coefhicient of frichon between 1wo bodies, and between body A

and the foor 1s 0.1. If a horizontal force of 2 N 15 applied on boedy A, the friction force at the
interface of bady A and body B will be

120 N

b

450
45% "\ C

3

(A)OD (BY1N (Y 2N (Dy 3N

= — . - s
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Q4. A rigid link PQ is rotating about & revolute joint at P with a unitorm angular veloeity &/ . A shider R
i5 sliding on the link with a relative velocity v. Which one of the following figures represents the

correct direction of the Conolis acceleration a,”?

(A) (B)

(C) (L))

0.5, A bullel of mass m having a horizontal velocity of 500 m/s hits a stationary block of mass 6.15 kg.
The block breaks into two parts viz. Q (mass of 3 kg) and R (mass of 3.15 kg). with the bullel
embedded in R. The parts Q and R travel in the direction of initial velocity of the bullet. If the

velocity of G is 3 m/s and the velocity of R is 5 mss, the mass of the bullet m E
(A) S kg {B)0.5kg (C) .05 kg (I 0.005 kg

Q6. Two panticles, P and {2, are initially at 1wo ends of a cirenlar arc which snbtends an angle of 1207 at
the asc-center, The radius of the arc is ». The particles P and 0 are moving along the arc (owards

each other with constant 1angential velocities of v, and v, respectively. The distance travelled by
the particle P when it meets the particle {) is

() Er{vlp + Uiﬂ - z_nr('l*.,.‘l‘i*ﬂ.} (C) e’ FVe D! ir

3 Va 3 v, 3 ["p"""g) 3 {v,,+v£,)

Q.7. Which one of the following plane states of stress corresponds to Mohr's circle of radins zera?

4] O
4} O

i) (i) (i} {iv)

(A (B} (i) (C) {ur} (L) (v

xE T

LOLLEGE:



20

(J-8.  Maximum shear stress theory for material yielding is known as

(A} Tresca's criterion (B) von-Mises criterion
(L} Saint-Venant's theary {I2) Rankine’s theory

Q.9  In a cantilever beam of length 2 m. the shear force in newion (N} along the tzngth is given hy

V(x)=5x*, where x is the distance in meter measured from the fixed end. The magnitude of the
load mtensity at the mid-span of the beam is

(A)0) {B) 1 N/m {C) 5 N/m (DY 10 N/'m

(2.10 - ().22 carry two marks each.

2.10. Two blocks P and } are connecied by a string, which passes over a pulley as shown in the {igure.
The biock P is sliding on an inclined surface. lgnoring the masses of the string and the puiley, the
lension in the string is (use gravitational acceleration g = 9.81 m/s” and neglect all friction)

6 kg /‘°
2
lEIi-:g

[AYIIZN (B}62.5N (C} 743N ([} 862N

Q.11. A hollow circular shaft of inside diameter 10 mm and outside diameter 20 mum is subjected to a

pure symmeingc-bending moment of 200 N-m. The magnitude of bending stress at a point in the
plane of ivading, which is at a distance of 5 mm from the neutral axis, is

(A G (B) 68 8 MPa (C) 135.8 MPa {Dy 271.6 MPa

.14, A stepped circular shaft made of sieel is rigidly fixed at two supports A and C as shown in the
figute. A torque of 680 N-m is applied on the shaft at point B. The diameter of portion AB 135 twice

that of portien BC. The magnimdes of torque reactions at supports A and C respectively are

A N L AR N-m Wy

{ )

{A} 640 N-m, 40 N-m (B} 40 N-m. 640 N-m
{C} 340 N-m, 340 N-m (D) 544 Nem, 136 N-m

(.13, A thin-walled eylinder with open ends is suhjecied to unilorm internal pressure p alone, The wali

thickness is f, inlermal radius is r and the Young's modulus is £ The increase in radius of the
cylinder due 1o the intemal pressure 1s

-I
g

{ A (B) 'm: (L) Ll (L) Fr: +r
Z2Er " Et Er

XE o - o - - T
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{214, A cyhndnical steei bar of umtorm cross-sectionai arca 15 subjected 1o an axial tensile force £ and 2
torque T. Assurmng hinear elastic deformation of the bar, the internal strain enerpy stored m the bar

5 {EﬂPI + BT }xlﬂ'ﬁ N-m. The axial cxiension of the bar for A= I N and 7= 16 N-m is

(A) 256 [Am (B} 400 um (€7 2000 um () 2048 pum

(.15 The buckling load of a slender column clamped at both the ends 15 4000 N, The column 15 subjected
to an axial compression. During the course of service, one of the ends gets detached from the clamp

and becomes free end. The absolute percentage change in the buckling load due to the change in the
end condition 15

(A) 50.00 (B} 735.00 {{7) 83.25 (L) 95.735

Q.16. A spnng-mass system shown :n Lthe figure 15 vibrating with very small amplitude. The natural
trequency of (he sysiem I8

p T % 2
(A) ,’— (B} J— () ,’*—Fﬂ (D) .J 2k @
(44 m m i

Common Data Questions

Common Datla for Questions 17 and 18:

Two particles ¥ and Q are connecied by a ngid link of negligible mass. The lengeh of the link PQ 15 uﬁ r.
The mner radws of the nng 1s r and its centre 15 at O as shown in the figure. The particles are allowed to

shde freely with neghgible foction on the inner surface of a ventical circular ring. The angle &, between
LX) and honzontal X-zax1s, 15 measored from X-axis in the clockwise sense. Gravitational acceleration is g.

(217, Mass of the particles P and Q are m and 2m, respectively. The link PQ is released from &= 07
When the link occupies the horizontal position, the magnitude of velocity of particie F 13

[A)0.865,gr (B) 1.865. gr () 0.086,f gr (D) 2.865,fgr

Q.15 If both the particles P and Q are of the mass » and the link PQ is released from & = 0, the
maximum passible vadue of & during the oscillation of the link is

LA) 43" (i3} 20° (L) 15" (1) 180°

AE | | 2140
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{_ommon Data for Questions 19 and 20:

A cantilever beam of length ¥ is subjected to two forces cach of magnitude P as shown in the figure. The
{lexurai ngidity of the beam 1s £f. Assume linear elastic material and smail defleclions.

.19, Which one of the iollowing statements 15 oue?

(A) The magnitude of the bending moment m portion AB 15 zero
(B) The magmitude of the bending moment in portion AB is Al

(C) The magnitide of the bending momend in portuon ARB 15 2P
(D) The magnitude of the bending moment in portion AB vanes inearly from @ to #f

Q.20. The deflection due to bending a1 point B is

pi’ P’

(A) E 1 (downward) {B) E T {upward)
(") PL 1 (downward) (D) uﬁ-T (upward)
GES GLET
Linked Answer Questions

Statement for Linked Answer Questions 21 and 22:

A steel bar of rectanpular cross-section 15 heated uniformly and the nse in the temperature 15 AT, The
Young's modulus is £, Llhe Poisson's ratio is v and the coefficient of thermal expansion i1s & The bar is
completaly restrained in the ax:#l direction and lateral directions.

Q.21. The thermal stress developed in the bar along the axiat direction is

EoAT EaoAaT EaATv

AY = ) - D) —
. ] + 2v (B) —LaAl () ] — 2w ‘) 1 =2V

(.22, Assume that the bar 15 allowed 10 deform freely in the laleral directions, while keeping the axial
direction restrained. The percentage change in the magnitude of axial thermal stress for v=0.25 15

(A} O (B} 25 (<) 20 () 100

END OF SECTION - D

XF 221
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E : THERMODYNAMICYS

Q.1 = Q.9 carry one mark each.

Q.1. Maich the items in Group [ for their correciness with the corresponding appropriate terms given in

Groups 11 and IIL
GROUEP [ GROUP 11 GROQUP U1l
P: Pressure 1: Path dependent gquantity X: Intensive property
(): Heat 2: Path independent quantiy Y: Extensive property
(&) P.1.X (B) P.2X (CY QLXK (D) Q.2.Y

Q.2. An cbject of mass 'm' in a wooden bax having mass ‘A falls through a height "~ uader the
influence of gravity in vacuum. The work done by the object on the box s

(A)0D (B) mgh (C) Mpk () (m+Meh

Q3.  Anideal gas is known to obey following relationships: & =200+ 07187 and Pv=0287(T +273),
where u is specific intemal energy (kd/kg), T is temperature (°C}, P 15 pressurc (kPa) and v 15
specific volume im"ﬂqg}. Specific heat (in kl/kg-K) at constant pressure 13

(A} 0.287 (B} 0.431 (C)0.718 (D) 1.005

(Q.4. A heat pemp, which aperates in 2 cycle, extracts heat energy from the cold reservoir and suppiles
the same amount of energy 10 the hot reservoir. Which of the following statements holds for this

process?

(A) This process violates both the first and the second law
(B) Fhis process violates the first law but not the second law
(C} This process violales Lhe second law but not the hrst law

(D) This process does not viokate both first angd second law

(Q.5.  An insulated rigid container having 1 m” volume has two compartments having equal volume
separated by a thin membrane. Half of the comainer is filled with hebium (R = 2.08 klikgK,

C, = 5.19 Kke-K and €, = 3.11 &Jfkg-K), while the remaining half is empty. Suddenly the
membrane ruptores and heliom fills the whole volume of 1he container. Temperature and pressure
of helium before rupture are 500°C and 0.1 MPa respectively. The change in the entropy of helium s

{A)L.OLBKI/K (B) 0.045 LI/K (C)0.112 kMK (D) 0.675 kK

0.6. 1 kg of methane is enclosed in 2 ¢ylinder having volume 6.4 Ltres and 15 mawmtained at a

temperature of 13°C and pressute of 18.5¢ MPa. If molecular weight of methane is 16 kg/kmol
(for methane. critical pressure = 4.64 MPa, critical iemperature is 191.1 K; nriversal gas constant 1s

8.314 kI/kmol-K ), comprassibility factor, 2, 15

(A) 0.375 (B) 0.8 (Cy 1.25 (D) 2.66
0.7. (%)5 15 equal 1o
95 ) S [as] [as‘*
A — B) =] = (1) | =—— Dy —| —
{ }(dFJF - [HF]F - aF I &) HFJ:
<x® T - 2 %740
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Q.9

AR

(.5 A rigid spherical vessel contains | kg of wet steam of quality x al pressure P . This is shown by

point A on the /' —v diagram. Heat is transierred 10 the vessel 1o form superheated steam at
pressure £ and temperature 7, as shown by point B.

specific enthalpy and specific intemal energy cormesponding 1o the saturated water and saturated
vapour at pressures £ and F, as well as at points A and B are given by

o Saturated liquid Saturated vapour | Point | Paint |
e Pressure £ | Pressure £, | Pressure F | Pressure F, A B
Specific Enthalpy | | '
{H } fl'ﬂ -I’lﬂ h!; JT;;'T
Specific intemal i e ty; iy - kn
energry (KI/Kg) —— |

Heat transferred ca the steam 15

{J"j'l] 'ﬁﬂ" hﬁ. {H] 1'13— hﬂ [l:']l Hpg — Ha [I]'} Mg— Hpg

Determine the correctness or otherwise of the following Assertion [a] and the Reason [r]
Assertion: Camot cycle is not used n vapour power cycles.

Heason: Pumping of a two phase mixture i1s difficult

(A} Both [a] and [r] are true and [r] is a reason for [a)

(B} Bolh {a] and [r] are uoe but [r] is NOT a reason for [a]
(3 [a] 15 true bue [r] 15 false

([} Both [a] and {r] are false

(.10 - (.22 carry two marks each.

Q.10. A siab of mass 2000 kg and volume 0.2 m’ is raised slowly in the vertical direction by a massless

AE

rope through a height of 2 m from the bouom of a fresh-waler Jake. Depth of water in the lake is
1O m. If the density of fresh water is 1000 kg/m’ and acceleraiion due to gravity is 10 m/s’, work
done by water on the block is

{A) =40 K] (B0 k] (Crd k] (D + 40 k]

: .3.1.,.'.11]-
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{J.11. A bulb is connected to a Utube with tong vertical column as shown in the figure below. Cross-

sectional area of both sides of the U-tube is 3 em™. Water is poured in the right side open column of
the U-tube such that the trapped air in the Jeft column and the bulb above water has a volume nf

1000 ¢ and a pressure of 105 kPa. Ambiem pressure 5 100 kPa. Densily of waler 15 JOK) kg
Acceleration due to gravity may be taken as 10 m/s”

A kerosene

When %0 cc of kerosene oil (specific pravity = 0.7) is poured on the nght side of the U-tube, water
level in the left column rises by 10 cm. The pressure in the bulb becomes

(A} 105.1 kPa (B) 10%.3 kPa (C)112.4 kPa (D) .114.7 kPa

2.33 mfs

43 43 = Tuchi
2. {ENDIessSor H‘Eﬂtﬂr H ur m_'
vl EZi——Jmﬂﬁ | Hea 276 kPa -

Air (R =287 Wxg-K, C.=1005 J/kg-K and y=1.4) flows sequentiaily through a compressor, z

healer and a turbine as shown in the figure. Volume flow rate of air coming out from the
compressor is 2.33m’/s when pressure and Iemperature are 276 XPa and 43 °C respectively. Air is

then heated at same pressure to 430 *C 1n a heater. From bheater, air flows through a turbine which

produces 1860 kW of power. Heat loss Mrom turbine 1o the surrounding 15 90 kW, Air temperalure
at the turbine exit &

(A) 156.4°C (B} 18}1.6°C (C) 223.7°C (D) 678.4°C

Q.13.  Availability per unit mass associated with awr (K = 287 Jkg-K, €, = 1005 Jkg-K and ¥ = 1.4)

flowing from a reservoir at 1O atm and 25°C when atmosphere is at | atm and 25°C 15 (Neglect
changes m 1he pateniz] and the kinelic energies)

(A)98.4 kl/kg {B) 190.9 kl/kg (C7) 492 3 kl/kg ([)) OBY. |4 kKl/kg

Q.l4. In an air standard Diesel ¢ycle, compression ratio is 14. At the beginning of compnession of air
(R = 287 Mkg-K. Cp= 1005 Jfkg-K and ¥y = | .4) the lemperature is 27°C and the pressure 1s 1 bar.

If the specific volume after heat addition is two times the specific velume aller compression, heat
added (in k) per kg of air) at constant pressurc is

(A) 323.3 (B) 6227 () 70738 (D) 3604

.15, A mixture of Freon and air is supplied for cleaning a chamber. The mixiure containg 70% by

velume of wir and 30% by volume of Freon. Specific heat ratios for Freon and air arg 1.1 and
1.4 respectively, Molecular mass of Freon i1s 200 gfmole and that of air is 30 g/male. Temperature
of gas is 300 K. [f, universal gas constant is 8.3 14 J/mole-K, specific heat ratio of the mixture 15

(A) .10 {B) 1.7] () L2353 ([ 1.31
XE - - - 257208
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Q-16. Alr-water vapour mixture having 100% relalive humidity at 30°C is heated isobaricaily o 100°C in

a closed system. I saluration pressure at 5)°C 15 12.352 kPa and at 100°C is 101.42 kPa, final
relative humidily 15

(A) 0 (B) 8.2% (Y 12.2% (D) 100%

Common Data Questions
Commeon Data for Questions 17 and 18:

Saturated vapour enlers a turbine at a pressure of 2 bar and leaves the turbine at a pressure of 9.1 bar and a
quality of 0.9, After condensation, saturated water at .1 bar is pumped into the boiler where it receives
tweal at a constant pressure of 2 bar. The pumping process can be considered to be isentropic. Uise the data
given in the following table o answer Q17 and Q18.

Saturation te mpe:atu:é- Spe.a:lﬁr: volume Spemf' ¢ Enthalp}r Specific entropy
(bar) {°C) | Uﬂﬂ -I'ill
¥ ;
2 120).23 0.004061 ETﬂﬁ ﬁ
0.1 45.81 0.001010 14.674 ] 15181 s 1501

Q.17. Work done by the turbine is

(A) 276.5 klikg (B)3039 klfkg (L3 3358 klfkg (L)) 361 .3 kl/kg

Q.18. Heat additian in the boiler is
(A) 2000.9 kI/ke (B) 2514.6 kI/kg (C) 3028.2 kl/ke (D) 3554.5 kJikg

Common Dala for Questions 19 and 20:

An msulaled piston-cylinder assembly having a paddle wheel, as shown
im the adjacent figure, contains air { K = 287 J/kg-K, and C =718 J/kg-K)

of mass 4 Xg. Both piston and paddle whee]l can be considered as
insulated and massless. Temperature and pressure of air inside the

cylinder are 300 K and [O0 kPa respectively. Ambient pressure s
100 kifa.

Q.19 If the piston 15 locked in the fixed position and the paddle wheel delivers 75 KJ of work, final air
temperature is

(A) 300 K {B) 317 K {C)3206 K (D) 320.1 K

(.20, If the piston is Tree to siide without any friclion when the paddle wheel delivers 75 k] of work, final
temperature of air m the cylinder 15

(A) 3052 K (B) 3(W3 K (C) 326K ([} 3187 K

LOLLEGE:
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Linked Anywer- Ciisesdions

Statement for Linked Answer (uestions 21 and 22:

In a process indusiry, two different streams of water (o be considered incompressible) are ﬂ"i"ﬂ.ilﬂhlﬂq al
10°C and 90°C as shown in the figure. Mass flow rates of both the soeams are | kgfs. Rather than wasting
these resources, it is desired 10 connect a reversible Camol engine that will continuously exiract heat from

the hot stream and supply part of it 1o (ke cold stream such that the exit temperature of bolh the streams T~
is identical. Heat capacity of water is 4. 18 kJ/kg-K.

Ty =90°C
i, =1 kgfs

r 7
.21. Walue of T,r IS
(A) 30 °C (B)42.5°C (1 47.5°C (DH 50°C
Q.22. Work output W is:
{A) Z0.8 kW (By42.5 kW (C) 63 kW (D) 167 kW
END OF SECTION - E
XE - - - _ 27740
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Q.1-

F : POLYMER SCIENCE AND ENGINEERING

.9 carry one mark each.

Q.1.  Which one of the following molecules undergoes ring opening polymerization?
H
(A} (B)
42 O
(C) (D)
Q2. Out of the following polymers, which one shows Ihe highest mehing temperature?
{A) Poly{ethylene terephithalare) {B) Poly{propylene erephthalaie)
(C) Poly(butylene terephthalate) (3} Poly(hexylene tercphthaiate)
-3, Which one of the foliowing reagents is used to prevent coagulation of natural rubber Fatex?
(A) Ammonia (B} Acebc acid
(C°) Toiyl mercaptan (D) Sodivm chionde
4. From the following four groups of polymers. identify the proup in which all four polymers are
semictystalline
(A) HDPE, PP, PS, UF (B) PET, PV, PF, ABS
(C) Nylon &, EFDM, PMMA., SBR (D)) Nylon 66, PP, HDPE, PET
Q5. It n represents viscosity of palytmer solution &nd 1, represents viscosity of pure solvent, then the
specific viscosity ()} of the polymer solution is expressed as
(A} L8 (B} i—l (C) Ho _ (D) i}
7y 7l 7 i
Q6. A polymer blend 1s developed by mixing
(A) A polymer and a monomer {B) A polymer and a stabilizer
{C) A polymer with another polymer {D) A polymer and a filler
Q.7.  In shear deformation of a polymer melt, the unit of shear rae is
(A) m’sec™ {B} m*sec™ (C) msec™ (D) sec™’
1.8. A rubber compound is made by mixing functional additives with the rubber USINE
(A) Two-roll mill (B) Compression molding machine
{C) Three-roll calender {D) Thermoforming machine
(1.9, The group of polymers consisting of LDPE, PP, PS and PVC is best categorized as
(A) Engineenng polymers (B} Biodegradable polymers
(L) Commodity polymers (D) Natural polymers

2AraL;
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Q.10 - Q.22 carry two marks each.
Q.10 A small molecule 15 eliminated as a byproduct during the synthesis of

(A) Polycaprolactone (B) Pely(ethylene teraphthalate}
(C) Styrene butadizne copolymer () Polyletraflucroethylene
(J.11. For free radical copolymenzation of monomers M, and M., 1f the reactivity ¢ar1os r; and r; are both
found 1o be zerco, then the resulting copolymer is
(A) Random (B) Branched
(L) Block (D) Alternatng
Q.12.  Pair ¢ach item in Column I with the appropriale one in Colnmn [1
Column 1 wmn 1]
P. Shampoa battles 1. Injection molding
(). Overhead tank 2.  Extrusion
E. Heimst 3. Blow molding
5. Insulation tor cables 4. Rolomoldmg
(A)P-1; Q-2; R4, 5-3 (B) P-2;, (J-1: R-3; 5-4
(C) P-3; Q-4; R-1; 8-2 (D) P-4 (Q-3; R-2; 5-1
Q.13. Toughness of a plastic material can be judpged from Lhe area under the stress-strain curve oblained
from tensiie test. The plastic having the highest toughness exhibits
{A} High tensile scrength and low elongation (B) Low tensiie strength and high elongation
(C) Highensile sirength and high etongation (D} Low tensile strength and low elongation
()14, Match the followang additives for plastics with their respective himctions
Additives Functions
I*. Iron oxide . Blowing agent
Q. Azodicarbonamide 2. Coloning agent
R. Phenyl salicylate i. Filler
3. {(alcium carbonate 4. UV stabilizer
{A)P-1, Q-2. R-3; 5-4 (B)P-2, Q-1; R-4; 5-3
(0} P-3, Q-4 R-1; §8-2 ([ P4, -3; R-2; 5-1
(J.15. The volume fraciion of epoxy resin_in a glass ﬁhrefgpux}f composite i5s 0.48. The densities of glass
fibre and composite are 2540 kg/m* and 1950 kg/m*, respectively. The weight fraction of the fibre
In the composile 15
(A) D.68 (B)0.52 (C)0.48 {D)0.32
(J.16. The change of shear sress with shear rate of a polymer melt as shown in the figure below indicates
P PE——
Shaar rate
(A) Viseosity increéase with increase in shear riate
(B) Viscosity decrease with mmcrease in shear rale
(C7) Viscosity remaining independent of shear rate
([) Viscostty osciliation with increase in shear rate
AL T9/0)
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Common Data Questions

Comioii Datla for Questions 17 and 18-

Far polyesterification of HOHCH,),,~COOH, the number average degree of polymenzaton, X _ ., is nelated

ta the storchiomelnce imbalance r between the functional groups and the extent of polymerization g by the
£quation

E'.: _ 1+ r
1+r—2ep
Q.17. For 100% polyesterification, the X will be
(A) 100 (B) 1000 (C) 10000 (D) =

().18. The percentage conversion of functional groups required to obtain the polyester with & molecular
weight of 24000 g/mol will be

(A) 99 ({B) %6 () 93 {1} 9
Common Data for Questions 19 and 240:

The glass transition temperatures of PV, plasticized PVC and nitrile robber are 81-°C, -3 °C and =50 °C,
respectively. For making a plastic raincoat, 40 mass percent of polymeric plasticizer is added to PVC.

(J.19.  The glass transihon temperature of the polymenc plasticizer will be
(A) -84 °C {B)-74 % (C) 74 °C {I) 84 °C

Q.20. [If the polymeric plasticizer i1s replaced by nitrile rubber to make the same raincoat, the mass percent
of mubber to be blended with PVC is

(A) 40 (B) 47 (C) 33 (D) i)
Linked Answer (Juestions

Statement for Linked Answer Questions 21 and 22:

A polydisperse polymer consists of the lollowing three different fractions

Fracuonl Fractionll  Fractien [T
Mass of polymer (%) 30 20 50
Molecular weight (g/mal) 30,000 80,000 1.50,0(x}

{).21. The number averape molecular wetght, J"bT” (g/mol) of the polymer 15

(A) 1.02 x 10° (B) 0.99 x 10
(C) 0.63 % 10 (D) 0.55 x 1
Q.22. The polydispersity index of the polymer is
(A} 2.59 (B) 1.87 () 172 (D) 1.59
END OF SECTION - F
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G : FOOD TECHNOLOGY

0.1 - Q.9 carry one mark each.

Q.1. A food matenal contains 70% moisture (wel basis). The food is dried for 3 hours at 80°C amr
temperature in z tray dryet such that 80% of its initial moisture 1s removed. Final moisture content
{wet basis) of the dned [ood 15

(A)31.82% (B) 46.67% (C) 56.00% (D) 2004%
(J.2. Liguid A obeys power law equation
F=Kky
(as shown in the attached figure) Shear A
where ¢ is shear stress, ¥ 1s shear rate, k 15 consistency stress
index and n is flow behavior index.
The correct unit of consistency index and nature of liguid
are Shear rars
(A4) Pa s and Shear \Rinning {B) Pa 5" and Shear thickening
(C) Pa s and Shear thickening (D) Pa s and Shear thinning

(0.3, ldentify the amino acid tyrosine from the following structures
(A)

CH,-CH-CH-COOH
oM A
() (CH;)-CH-CH-CH-COQOH (I (H,-CH-COOH
b, i

Q4. Saponification number of a fat is the milligrams of KOH required to saponify 1 g of fat. The comect
slatement on sapoaificalion 15

(A) Fat with high amount of low molecular weight fatty acids will have high sapenification number

(B) Buuer has low saponification normber
(C) Farty acids with long carbon chains have high sapenification number

(D) Fat with low Reichert-Meissi pumber has very high saponification number

0.5. The expansion of the 1erms HACCP and GRAS are

(A) Hygienic Associawed Critical Control Point; Grossly Recommended As Safe

(B) Hazard Analysis and Critical Control Point; Generally Recognized As Sate

(C) Hygienic and Aesthetic Concept of Critical Products: Generally Recognized As Safe
(D} Hazard Analysis and Critical Control Point; Grossly Recommended As Sale

f'lI."-;iIrE
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().6. Which two of the following statements are NOT the objechives of homogenization of milk?

i.  Counleracling segrepation for the most part of creaming thus avoiding
sedimentalion or phase separation

. Arresting rancidity of fal globules in miik

1. Increasing fluidity of milk by lowering viscosiry

1v. Impreving the colour of the milk {more whitish)

v. lmproving milk stability by preventing partial coalescence of fat globules

(A)1and i) (B} ii and iii (C) tii and iv (D} iv and v

Q7. ShelfJife of fish can be extended by chilling as i

{A) reduces chemical activity of food constiluents and increases biachemical activity
(B ) reduces water activity and increases biochamical reaction rate

(L} reduces chemical and biochermical reactions in fish cellg
(D) destroys pathogenic microbes

Q.8 Major spoilage organisms of poultry meat a1 low temperatures are

{A) Candida and Staphviococcus (B) Torua and Clostridium
{C) Psendomonas and Acinetobacier (D) Fliovvebacrena and Lactobaeillus

(1.9. The appropriale explanation for spailage of egg, stored at low temperature, might be due to:

(A) Shell of egg is porous and caly fungal hyphae can enter and contaminate the ege liquid

(B) Shells are non-porcus and the spoilage is maialy atiributed to chemical decomposition

{L) Shell of egg is porous and microorganisms cortaminating the shell penciraie it and cause the
spollage

(1)) Eggs are comaminated before they are laid by hen

(}.10 — (}.22 carry two marks each.

Q.10. Two faces of a metal plaie having thermal conductivity 17 W m™ K and thickness 10 mm are
mamtained al 80°C and 100°C. If the thickness of the plate is increased by 2000 and the

lemperature of the hatter face is increased 1o 1Z0°C, then the percent increase in heat Nux under
sieady state heat wansfer is

(A) 20.67 {B)40.00 (Cy 50.99 (D} 66.67

Q.11. Match the items in Group 1 with (e most appropriate items in Group 11

Gooup | roup 11

F. Fregze concentraiion l. Tnple point of water

Q. Reverse 0smosis 2. Heat transfer by conduction

R. Drum drying 3. Entectic poitit

5. Freeze drying 4. Radiation heat transfer

3. Concentrztion polarization

(A) P4, -5 R-2, 5] (B) P-3, Q-2, R-5, 5-1]
{C) P-3, Q-5. R-2, §-1 (D) P-1, -2, R4, 5-3

3240
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(.12. Maich the following items in Group | and Group II in relation to nutritional requirement of

human body
Group 1 Group 11
F. Calcium and Phosphorus l. Elements not needed in diet
Q. Vilaomn [} 2. Promoies absorption of iron
R. Mangancse and Chromium 3. Elements that are required in smaidl gquantities
5. Viamun K 4. Promotes the absorphion of Caleium
5. Essential for aormal cloiting of blood
6. Elements that are required in lacge quantities
(A) P-6,Q-2,R-1, 5-5 (B} P-5, Q-2, R-6,54
(C)y P-6, Q4,R-3, 55 (D) P-2,Q-5, R-1, 54

(J.13. 0.5 ¢ of com flakes conlaining 3% mMsture {wel
basis) is oxidized letely to CO; and HO by
Ignilion n A E{unbﬂmhﬂer(uﬂmwnin the

gure}. The combusbon Increases (he
temperature of 2500 g of water from 15°C to

27°C. Assurne that the heat capacity and latent
heat of vaporization of water are 4.187 I kg’ K™
and 2257 kJ kg™, respectively. Meglect any

Inzsulaten
Buming chamber

Waler

sensible beut gain by water vapour. The calorific sample
value of the flake s SHier
(A) 18.28 kI ¢~ (4.37 keal g™") (B)9.79 kT g™ (2.34 keal g )

(C) 14.04 kJ g7 (3.36 keal g7) (D) 22.43 KkF £7(5.36 kcal ™)

(.14. Match the following items in Grouwp I and Group II in relaion 10 permitted Food
additives/preservatives in India

Group |l Cropp §f
P. Jelly 1. Calcium propionaie
{} Edible ol 2. Monosodium glutamate
R. Meat flavour enhancer 3. Sodium benzoate
3. Bread 4. Butylated hydroxylated anisole
5. Tncaleium silicate
(AYP-3, Q4 R-1, 51 {B) P-5, Q-3 R-2, 54
(C) P-1, Q-3, R4, §-5 (D) P-2, Q-3, R-1, §-%
(.15. Preparation of swest coated breakfast cercals like corn flakes includes several major processing

steps, ke _ ,
P: Soaking in water followed by steaming of com grits
(}: Coating of sugar followed by drying of flakes
R: Breaking the whole corn into large grils
S: Flaking of cooked gnits
T: Packaging of finished product
U: Toasting of flakes

V: Cleaning of whole corn

The correct sequence for the preparation of sugar coated com flake 15

(A YV2U202P252R2>T
(B)V->R>85-2FP2U-20-2T
(COY¥V2>2U22P20Q0252R2T
IMY>RIPPP2>E52U2Q2>T
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.16, A bacienal sirain isolated from meat 35 inoculated in a growth medium at a cell deasity of

2 % 107 celis/ml. Then, 0.2 ml of the culture broth is withdrawn immedialely and mixed with 0.8 mi
of sterile saline. This sample is diluted by mixing 0.1 ml of it with 99.9 ml sterile water. Then

(.1 ml of this diluted solution is spread on appropriate nutrient agar plate. The number of colonies
expected on the agar plate is

(A) 4 (B) 40 (L) 400 (D) 4000

Common Data Questions

Common Data for Questions 17 and 18:

Water at 20°C 1s pumped from a base tank to an ¢levated tank, 15 m above the base tank. Water flows at a

rate of 5.0 107 m’ s~ Ibrough a pipe having mtermal diameter of 0.1023 m. Frictional energy loss in the
pipe is 6.837 ] kg™'. The pump has an efficiency of 65%. Density and viscosity of water are 9982 kg my
and 1.005 x 10~ Pa s, respeclively.

.17, Reynolds number {for water flowing through the pipe is
(A} 5.286 x 10 (B) 6.180 x 10*
(C)2.285 x 10¢ (D) 1.252 x 16F

Q.18. Power needed for pumping water in KW is
{A)1.182 (B)3.334 (C) D985 {D) 2.226

Common Data for Questions 19 and 20

True density and bulk density of rice grain are 1230 kp m and 740 kg m ", respectively, and that of wheat
grain are 1360 kg m~ and 650 kg m ™, respectively.

.12, The verd fraciions of u bed of rice and thal of wheat are respectively,
(A)0.33] and 0546 (B}0.662and 0.261  (C) 0.398 and 0,480 (D) 0.398 and (.522

(2.20.  Assume the bulk volume for the mixture of two grains follows additive rule. if the bulk density of a
mixpure of rice and wheat is 700 kg m™, weight percentage of wheat in the mixture is nearly

(A) 41 (B) 50 (C) 24 (D) 36

Linked Answer Questions

Statement for Linked Answer Questions 21 and 22:

D, value of a bacterium is determined by using two thin walled glass capitlary twbes filled with same

bacterial suspension in distilled water. The sealed capillaries are dipped in an oil bath maintained ar 121°C
and kept for 60 s and 135 s, respectively. These capillaries are cooled immediately in ice water. Number of
survivals remained 1n the respective tubes are 2000 and 300,

Q.21. D, value {in minutes) of the bacterium is
(A)]1.32 {B)0.52 (") 1.52 (3 2,52

.22 The processing time (in minntes) to kill 99.999% of the bacteria in any food at 121°C will be
(A) 160 (B) 6.60 (L) 12.62 {D) 2.60

END OF THE QUESTION PAPER
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