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SECTION 1 (Maximum Marks: 18)
¢ This section contains SIX (06) questions.
= Each gquestion has FOUR options. ONLY ONE of these four options is the comect answer,
* Foreach question, choose the option corresponding to the correct answer.
= Answer to each question will be evaluated according to the follawing marking scheme:
Full Marks : 43 [If OMLY the correct option is chosen:
Zero Marks @ If none of the options is chasen (i.e. the queastion is unanswersd),;
Negative Marks © —1 In all other casses.

Q.1 A foothall of radius R 1s kept on a hole of radius r {(r < R) made on a plank kept hornizontally. One
end of the plank 1s now lifted so that 1t gets tilted making an angle & from the honizontal as shown in
the figure below. The maximum value of @ so that the football does not start rolling down the plank
satisfies (figure 15 schematic and not drawn to scale)

r . T T X r T
(A) sinf = = (B) tanf = = (C) sinf = = (D) cosf = o5
Q.2 A light dizsc made of alumimum (3 nonmagnetic material) 15 kept honizontally and 15 free to rotate

about its axis as shown o the figure. A strong magnet 13 held vertically at a point above the disc away
from its axis. On revolving the magnet about the axis of the disc, the disc will (fizure 15 schematic
and not drawn to scale)

5 ST

{A) rotate 1n the direction oppostte to the direction of magnet’s motion
(B) rotate in the same direction as the direction of magnet’s motion
{C) not rotate and 1ts temperature will remain unchanged

(D) not rotate but its temperature will slowly rise
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Q3 A small roller of diameter 20 cm has an axle of diameter 10 cm (see figure below on the left). Ttis
on a horizontal floor and a meter scale 1s positioned horizontally on its axle with one edge of the scale
on top of the axle (see ficure on the right). The scale is now pushed slowly on the axle so that it
moves without shipping on the axle, and the roller starts rolling without shipping. After the roller has
moved 50 cm, the position of the scale will look like (figures are schematic and not drawn to scale)

(Y] (B)

(C) (D)
x=1 x=100cm

S|
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Q4 A circular codl of radius R and NV tums has neglisible resistance. As shown in the schematic figure,
its two ends are connected to two wires and it 1s hanging by those wires with its plane bemg vertical.
The wires are connected to a capacitor with charge (0 through a swatch. The coil 15 in a horizontal
vmiform magnetic field B, parallel to the plane of the coll. When the switch 15 closed, the capacitor
gets discharged through the coil m a very short time. By the time the capacitor s discharged fully,
magnitude of the angular momentum gained by the coul will be {assume that the discharge time 15 so
short that the coil has hardly rotated during this time)

v
=]

v

(A)ZNQB,R® (B) nNQB,R? (C) 2nNQB,R? (D) 4nNQB,R?
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().5 A parallel beam of light strikes a mece of transparent glass having cross section as shown in the figure
below. Correct shape of the emergent wavefront will be (figures are schematic and not drawn to
scale)

Light Glass
_—

_—
Alr —— = Air

—_—

—_— e

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

Q6  An open-ended U-tube of umiform cross-sectional area contains water (density 10°kg m™). Initially the
water level stands at 0.29 m from the bottom 1n each arm Kerosene o1l (2 water-immuiscible liquid) of
density 800 kg m ™ is added to the left arm until its length 15 0.1 m, as shown m the schematic figure

below. The ratio (?‘;] of the heishts of the liquid in the two arms is

= - |

-
II 0.1m H

h;

W= ®) = © ©)

o=
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SECTICN 2 (Maximum Marks: 24)

This section contains SIX (06) gquestions.

Each guestion has FOUR optionz. ONE OR MORE THAMN ONE of these four option(s) is(are) correct answarns).
For each guestion, chocse the option(s) comesponding to (all) the correct answer(s),

Anzwaer to each question will be evaluated sccording to the following marking schemea:

Full Marks ¢ +4 Ifonly (all) the correct option(s) is{are) chosen:

Fartial arks 3 If all the four options are correct but ONLY three options are chosen;

Partial Marks - +2 If three or more options are correct but ONLY two options are chosen, both of which are
correct;

Fartial Marks : +1 two or more options are correct but OMLY one option is chosen and it is' a comrect option;

Zero Marks v 0 If none of the options is chosen (i.e. the question is unanswerad),

Megative Marks ©  —2 In all other cases.

Q.7 A particle of mass m moves in circular orbits with potential energy V(7)) = Fr, where F 1s a posttive
constant and 7 15 its distance from the onigmn. Its energies are calculated using the Bohr model. Ifthe
radms of the particle’s orbit 15 denoted by R and 1ts speed and energy are denoted by v and E.
respectively. then for the #™ orbit (here % is the Planck’s constant)
{A) R xn'® and v x n*/? (B)R xn*® and v ot n'/?

__ 3 fn*RTF" 373 _ wIpZpzy 13

{C}E_:E(#n:m} I:‘]:}:IE_2(-1!1"-'1'“)

Q.8 The filament of a licht bulb has surface area 64 mm”. The filament can be considered as a black

body at temperature 2500 K emitting radiation like a pomt source when viewed from far. At mght
the light bulb 15 observed from a distance of 100 m. Assume the pupil of the eves of the obzserver to
be circular with radius 3 mm  Then

(Take StefanBoltzmann constant = 5.67 x 107% Wm™2K™*, Wien's displacement constant =
290 x 107 m-K, Planck’s constant =6.63 x 1073* s, speed of lisht in vacuum =3.00 x
10 ms™)

{A) power radiated by the filament 1= in the range 642 Wto 645 W

(B) radiated power entering info one eve of the observer 15 in the range 3.15 x 107 Wto

325x 1072 W
(C) the wavelength corresponding to the maximum mtensity of light 13 1160 nm
(D) taking the average wavelength of emitted radiation to be 1740 nm, the total number of photons

entering per second into one eve of the observer is in the range 2.75 % 10! 10 2.85 x 10**

311
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Q.10

Sometimes 1t 15 convenient to construct a system of units so that all quantities can be expressed in
terms of only one phyvsical guantity. In one such system. dimensions of different quantities are given
in terms of a quantity X as follows: [position] = [X¥]: [speed] = [X¥]: [acceleration] =[X7]: [linear
momentum] = [X9]: [force] = [X7]. Then

(A) a+p =28 Blp+g—1=§8
Clp—gq+r=a Dip+g+r=§

A uniform electric field. F = —400+/3% NC™ 15 applied in a region A charoed particle of mass m
carrving positive charge g 18 projected in this region with an initial speed of 24/10 % 10% ms—1. This
particle i3 aimed to hit a target T, which 13 5 m away from its entry point into the field as shown
schematically in the figure. Take i = 10%° Ckg™. Then

T
J /4‘ __________ ol

. &

{A) the particle will lut T if projected at an angle 45° from the horizontal
(B) the particle wall hit T 1f projected esther at an angle 30° or 60° from the horizontal

=
{C) tume taken by the particle to hit T could be J:Z us as well as J% us

=
(D) ume taken by the particle to hit T is _J—; s

&11
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Q.11  Shown in the figure is a semicircular metallic strip that has thickness 7 and resistivity o . Its inner
radis 15 Ry and outer radius 15 Ry, If a voltage T3 is applied between 1ts two ends, a current 7 flows
1 it In addition. 1t 15 observed that a transverse voltage AV develops between 1ts inner and outer
surfaces due to purely kinetic effects of moving electrons (ignore any role of the magnetic field due
to the current). Then (figure 15 schematic and not drawn to scale)

_ vty (B
@I ="mn 1)

(B) the outer surface is at-a higher voltage than the inner surface
(C) the outer surface 15 at a lower voltage than the inner surface
(D) AV x I?

Tl
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As shown schematically in the fizure, two vessels contain water solutions (at temperature T) of
potassium permanganate (KMnOs) of different concentrations n; and 1. (ny > n,) molecules per
unit volume with An = (ny —n5) <<ny. When they are connected by a tube of small length I and
cross-sectional area S, KVInOs starts to diffuse from the left to the right vessel through the tube.
Consider the collection of molecules to behave as dilute 1deal pases and the difference in their partial
pressure in the two vessels causing the diffusion The speed v of the molecules 15 limited by the
viscous force —8v on each molecule, where § 1s a constant. Neglecting all terms of the order (An)?,

which of the following 15 are correct? (kg 15 the Boltzmann constant)

3y 3

(A) the force causing the molecules to move across the tube 1s AnkgTS

(B) force halance implies 1,80 = AnkT

(C) total number of molecules going across the tube per sec 15 (E{E) (ak—E—T) 5

(D) rate of molecules getting transferred through the tube does not change with time




SECTION 3 (Maximum Marks: 24)
This section contains SIX (06) questions. The answer to each guestion iz a NUMERICAL VALUE.

+ For each guestion, enter the correct numerical value of the answer using the mouse and the on-screen virtual
numernc keypad in the place designated to enter the answer. If the numerical value has more than twa decimal
places, truncate/round-off the value to TWO decimal places.

= Answer to each guestion will be evaluated according to the following marking scheme:

Full Marks :+4 I ONLY the correct numerical value is enterad,
Zero Marks ¢ 0 Inall other cases.

Q.13 Put a umform meter scale horizontally on vour extended index fingers wath the left one at 0.00 cm
and the right one at 90.00 cm. When you attempt to move both the fingers slowly towards the center,
imtially only the left finger slips with respect to the scale and the night finger does not. After some
distance, the left finger stops and the right one starts slipping. Then the right finger stops at a distance
xp from the center (50.00 cm) of the scale and the left one starts slipping again. This happens
because of the difference in the frictional forces on the two fingers. If the coefficients of static and
dynamic friction between the fingers and the scale are 0.40 and 0.32, respectively, the value of x5 (in
cm) 13

Q.14  When water 15 filled carefully tn a glass. one can fill 1t to a height » above the rim of the glass due to
the surface tension of water. To calculate / just before water starts flowing, model the shape of the
water above the rim as a disc of thickness & having semicircular edges. as shown schematically in the
figure. When the pressure of water at the bottom of thus disc exceeds what can be withstood due to
the surface tension_ the water surface breaks near the rim and water starts flowing from there. the
density of water, its surface tenston and the acceleration due to gravity are 10°kgm™=, 0.07 Nm™?
and 10 ms™2, respectively, the value of & (in mm) 1=

911



Q.15

Q.16

Q.17

mmmmmm Pl

One end of a spning of negligible unstretched length and spring constant & 1s fixed at the onizin (0.0}
A point particle of mass » carrving a posttive charge ¢ 15 attached at its other end. The entire system
is kept on a smooth honizontal surface. When a point dipole P pointing towards the charge g 1s fixed
at the origin, the spring gets stretched to a length [ and attains a new equilibrium position (see figure
below). If the pomnt mass 15 now displaced shghtly by Al << [ from its equilibrium position and

released, 1t 1s found to oscillate at frequency % ‘\IJ[% The value of & 15 .

Y
A
-------- > T -+
(0,0) ;

Consider one mole of helium gas enclosed 1n a contamner at initial pressure Py and volume Vi It
expands tsothermally to volume 4V;. After this the gas expands adiabatically and its volume becomes
32V, . The work done by the gas during 1sothermal and adiabatic expansion processes are W, and

W, zi4. respectively. If the ratio Wospr. — fIn2, then f 13
Wadia

A stationary tuning fork s in resonance with an air column i a pipe. If the tumng fork 15 moved with
a speed of 2 ms™! in front of the open end of the pipe and parallel to it, the length of the pipe should
be changed for the resonance to occur with the moving tuning fork If the speed of sound 1 air 15
320ms™%, the smallest value of the percentage change required in the length of the pipe 15

1011
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A circular disc of radms R carries surface charge density o(r) = 4, (1 2 i) where o;; 15 a constant

and r 15 the distance from the center of the disc. Electric flux through a large spherical surface that

encloses the charged disc completely 15 ¢g. Electric flux through another sphenical surface of radms
% and concentric with the disc 1s ¢, Then the ratio % 15

END OF THE QUESTION PAPER
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SECTION 1 (Maximum Marks: 18)
This section contains SIX (06) questions.
Each guestion has FOUR options. OMLY OME of these four options is the correct answer.
For each guestion, choose the option correspanding to the correct answer.
Answer to sach question will be evaluated according to the following marking scherme:
Fuil Marks ;43 If ONLY the correct option is chosen;
Zero Marks v 0 If none of the options is chosen (i.e, the question is unanswered),
Megative Marks  :© —1 Inall other cases.

Q.1 Ifthe distibution of molecular speeds of a gas 13 as per the figure shown below, then the ratio of the

most probable, the average, and the root mean square speeds, respectively, 1s

&

S @

° o

S o

= o

‘é S

o E
speed !
(A)1:1:1 (B)1:1:1224
(C)1:1.128:1324 (D)1:1.128:1

.2 Which of the following liberates Q2 upon hyvdrolysis?

(A) Pb:O: (B) KOz (C) Na:0: (D) Li20z

Q3 A colorless agueous solution contamns mitrates of two metals, X and Y. When 1t was added to an

aqueous solution of NaCl, a white precipitate was formed. This precipitate was found to be parnly
soluble 1 hot water to give a residue P and a solution Q. The residue P was soluble tn aqg. NH: and
alzo in excess sodium thiosulfate. The hot solution Q gave a vellow precipstate with KT The metals
X and Y. respectively, are

(A) Ag and Pb (B) Az and Cd
(C) Cd and Ph (D) Cd and Zn

I8



Newman projections P, Q, R and § are shown below:

o]
CH4 H5C FE Ha
CH | _H
HO 5 H :‘[(Q\/
HsC CaHs H™ | "CaHs
CHs CH;
P Q
CHs CHs
'C-z HEﬁH CEHEKCH{CHE}E
HO™ | CHs H™ T H
GzHs OH
R s

Which one of the following options represents identical molecules?

(A)Pand Q (B)Qand §
(C)Qand R (D)Rand 8

Which one of the following structures has the TUPAC name
3-ethynvl-2-hydroxy-4-methylhex-3-en-5-vnoic acd?

(A) (B)
OH S
G0,H HO,C |\%
! =
Z OH
(©) (D)
OH _ oH
CO.H ooH
Z 7

Pzgl
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D-Erythrose and 1ts 1somers are listed a3 P, Q. R, and S in Column-1. Choose the correct
relationship of P, Q. R, and § with D-ervthrose from Column IT.

(A)P32.Q33.R32. 532
(C)P32. Q31 R>1.533

Column-1 Column-11
HO H .
OHC A 1. Diastercomer
H
OH
OH 2. Identical
OHe OH 3. Enantiomer
o H
Ao bh
oHc_ HOH
HoH \“—oH
OHC —OH
7 oH
HO H H

(B) P23 Q21.R>1.532
(D)P22. Q3. R>3. 531

KT
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SECTION 2 (Maximum Marks: 24)
This section contains SIX (06) guestions.

Far each question, choose the option{s| comaspending to (all) the correct answer(s).
Answer to sach guestion will be evaluated according te the follewing marking schame:
Futl Marks o +4 If only (all) the correct option(s) is(are) chosan;

Each gquesticn has FOUR cptions. ONE OR MORE THAN OMNE cof thesa four option(s) is(are} correct answer(s).

Fartial Marks +3 If all the four eptions ars correct but ONLY three options are chesen;

Partial Marks  © 7 If three or more aptions are comect but ONLY two optiens are chosen, both of which are
correct,

FParttal Marks  : +1 If two or more options are correct but ONLY one option is chosen and it is a correct option;

Zero Marks - 0 if none of the options is chosen (i.e. the question Is unanswared};

Megative Marks © —2 In all other casas,

Q.7  Inthermodynamcs, the P — V work done 15 given by
W= — j dv B
For a system undergoing a particular process, the work done 13,

’-d‘[r’ BT a~)
W= (V—b ve)

This equation 1s applicable to a

(A) system that satisfies the van der Waals equation of state.
(B) process that 1z reversible and 1sothermal

{C) process that 1s reversible and adiabatic.

(D) process that 1s wreversible and at constant pressure.

Q.8 Wiath respert to the compounds I-V, choose the correct statement(s).

H
H-CH; ﬁ H—
[ I i v v

{A) The acidity of compound 1 15 due to delocalization in the conjugate base.
{B) The conjugate base of compound IV 1s aromatic.

(C) Compound IT becomes more acidic, when 1t has a -NQ, substituent.

(D) The acidity of compounds follows the order IZIV> V=1 = IIL

H

43



Q9  Inthe reaction scheme shown below, Q. R and S are the major products.

C

CH, Ii:o

HaC HSGHCHE {
H;_,C D
AlCl,

P

The correct structure of

(A)Sis
HsC CH hc CH,
HC™
L
™ CHy
(C)Ris
HsC OH: hc CH,
HsC lx
o
©

(i) CHsMaBr
(i) H3P O, (i) HyS0,4 12

(B)Q1s
He T HiC CH,
HC Y, -
=
HO,C =0
(D) 81s

Hie T HiC. cH,

HLC | =
H:}C\( =
|

38
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(.10 Choose the comrect statement(s) among the following:

(A) [FeCly]™ has tetrahedral geometry.

(B} [Co(en)(NH;)-Cl.]* has 2 geometrical 1somers.

(C) [FeCl,]™ has higher spin-only magnetic moment than [Co(en)(NH,),CL,]*
(D) The cobalt 1on 1n [Co(en)(NH;),Cl,]" has sp*d? hybridization.

Q.11  Wiath respect to hypochlornite, chlorate and perchlorate 1ons, choose the correct statement(s).
{A) The hypochlorite 10n 15 the strongest conjugate base.
{B) The molecular shape of only chlorate 1on 13 influenced by the lone pair of electrons of CL

(C) The hypochlorite and chlorate 1ons disproportionate to give rise 1o wdentical set of 1ons.
{D) The hypochlorite 1on oxidizes the sulfite 1on.

().12  The cubic unit cell structure of a compound contaiming cation M and anion X 15 shown below. When
compared to the anton, the cation has smaller 1onic radius. Choose the correct statement(s).

L

L
ov  (Ox

{A) The empincal formula of the compound 15 MX_

(B) The cation M and anion X have different coordination geometries.
(C) The ratio of M-X bond length to the cubic unit cell edge length 1s 0.866.

(D) The ratio of the 1onic radu of cation M to anton ¥ 15 0.414.

68
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SECTION 3 (Maximum Marks: 24)
Thizs secticn contains 21X (06) gquestions, The answer to each guestion is a8 NUMERICAL VALUE.
For each question, enter the comect numerical value of the answer using the mouse and the on-screan virtual
nurmeric keypad in the place designated to enter the answer. If the numerical value has more than two decimal
places, truncatefround-off the value to TWO decimal places.
«  Answer to each question will he evaluated according to the following merking scheme;
Fuil Marks ¢4 IFONLY the correct numerical value is entersd;
Zero Marks : 0 Inall other cazes.

Q.13 3.00ml of 0.10 M oxalic acid sclhution taken 1n a comcal flask is titrated against NaOH from a burette
using phenolphthalein mdicator. The volume of NaOH required for the appearance of permanent famnt
pink color 15 tabulated below for five experiments. What 1= the concentration, 1 molanty, of the

NaOH solution?
Exp. No. "ol of NaOH (mL)
1 12.5
2 105
3 8.0
4 8.0
5 8.0

().14 Consider the reaction A = B at 1000 K. At time t'_ the temperature of the system was increased to
2000 K and the svstem was allowed to reach equilibrium. Throughout this experiment the partial
pressure of A was mamntained at 1 bar. Given below 15 the plot of the partial pressure of B with time.
What 15 the ratio of the standard Gibbs energy of the reaction at 1000 K to that at 2000 K7

1151
1001 —

—k
Qo

Partial Pressure of B (bar)
(4]
T

¢’ time
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Q.15 Consider a 70% efficient hydrogen-oxygen fiel cell working under standard conditions at 1 bar and
298 K_Tts cell reaction 1s

H,(g) +%DE {g) = H,0(1).

The work derived from the cell onthe consumption of 1.0 % 107 mol of H2(g) 15 used to compress
1.00 mol of a monoatomic 1deal gas i a thermally insulated contamer. What 15 the change m the
temperature (1n K) of the 1deal gas?

The standard reduction potentials for the two half-cells are given below.

0.(g)+4H (ag) +4e =2 H,0(1), EP =123V,
2H%(ag) + 2¢e”—H- (g), E?=0.00V.

Use F = 96500 Cmol ', R =8314 mol * K%,

Q.16 Alumimum reacts with sulfuric acid to form aluminium sulfate and hydrogen. What 15 the volume of
hvdrogen gas in liters (L) produced at 300 K and 1.0 atm pressure, when 5.4 g of aluminium and
50.0 mL of 5.0 M sulfuric acid are combined for the reaction?
(Use molar mass of aluminimm as 270 gmol™ . R = 0.082 atm L mel * K™Y

Q.17 228U is known to undergo radioactive decay to form 225Pb by emitting alpha and beta particles. A
rock mitially contained 68 x 107° gof “33U. If the number of alpha particles that it would emut
during its radioactive decay of 235U to “25Pb in three half-lives 1s Z x 10?2, then what is the value
of Z7

Q.18 TIn the following reaction. compound () 1s obtained from compound P via an 1onic intermediate.

CO4CHa
CeHs CgHs
:onc, H.S0
okl i s, Q (A colored compound)
!
CgHs
P

What 1s the degree of unsaturation of Q7

END OF THE QUESTION PAPER
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SECTION 1 (Maximum Marks: 18)
This section contains SIX (06) questions.
Each question has FOUR options. ONLY ONE of these four options is the correct answer.,
Faor each question, chooss the option commesponding to the correct answear.
Answer to each guastion will be evaluated according to the following merking schems:
Full Marks ¢ +3  If GNLY the correct option is chosen;
Zaro Marics 0 |f none of the options is chosen (i.e. the gquestion is unanswerad);
Negative Marks | —1  Inall other cases,

Q.1

Suppose a, b denote the distinct real roots of the guadratic polynomial x° + 20x — 2020 and
suppose ¢,d denote the distinct complex roots of the quadratic polynom:al x2 — 20x + 2020.
Then the value of

acla—c) +adia—d)+ be(b —c) + bd(b —d)

15

(A) O (B) 8000 (C) 8080 (D) 16000

If the function f:R — R is defined by f{x) = |x|(x —sinx), then which of the followmne
statements 15 TRUE?

(A) f 15 one-one, but NOT onto
(B) f 1s onto, but NOT one-one
{C) f 1s BOTH one-one and onto

(D) f 1s NEITHER one-one NOR onto

Q3 Letthefunctions f:R — R and g: R — B bedefined by

—r 2 1
fa)y= e¥1t—e U and g(x)= -;)-{ex_l +g17%),

Then the area of the region in the first quadrant bounded by the curves vy = f(x). y = g{x) and

x=01s
(A) [2—‘»@] +§f_€ —e 1) (B) {:E + \Ej +%[e —e™
©€) (2-V3)+z(e+e™) @ (2+V3) +3(e+e™

15
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Q.6

Let @, b and A be positive real numbers. Suppose P 15 an end point of the latus rectum of the
parabola v¥ = 44x, and suppose the ellipse ':—; + ‘:—; = 1 passes through the point P. If the tangents

to the parabola and the ellipse at the point P are perpendicular to each other, then the eccentricity
of the ellipze 15

| b

@) (B) © 3 (D)

n.'|'|| -
Ba |

w

IR

Let ; and C; be two biased comns such that the probabilities of getting head 1n 2 single toss are

and gJ respectively. Suppose a 15 the number of heads that appear when € 1s tossed twice,
independently, and suppose £ 1z the number of heads that appear when 5 15 tossed twice,
independently. Then the probability that the roots of the quadratic polynomial x° —ax + § are

real and equal. 15

D) §

B =

(a) = (®) = ©

Consider all rectangles lyving in the region
is
[{x.}’} ERxR:0=< ¥=3 and 0 = J'EESin(Ex}]

and having one side on the x-axis. The area of the rectansle which has the maximum perimeter
among all such rectangles, 15

(4) (B) =

[B¥]
<
ol

3
2

—
45
S
!
g
i
Ba j
n.

wi

SECTION 2 {Maximum Marks: 24)

s This section contains SIX [06) questions.
s [Each guestion hes FOUR options. ONE OR MORE THAN OME of these four optionig} is{are) correct answer(s).
s Foreach guestion, choose the option{s) comesponding to (all) the comrect answer(s).
s Answerto sach guastion will be evaluated according to the following marking scheme:
Full Marks : +4 Ifonly (all) the comect cption(s) is(ars) chosan;
Fartial Marks  © +3 I all the four options are correct but CMLY three options are chosen;
Fartial Marks 1 +2 If three or more oplions are correct but ONLY two options are chosen, both of which are
correct:
Partial Markes  © +1 If two or more options are correct but ONLY one option is chosen and it |5 a correct option;
Zero Marks ! 0 If none of the options is chosen (l.e. the question is unanswerad);
Negative Marks :  —2 In all other casas,

b
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Q.8

Q.9

Q.10

Let the function f: B — Rbedefined by flx) =x*—x"+(x—1)sinx andlet g: R — R bean
arbitrary function. Let fg: B — R be the product function defined by (fg)(x) = flxlg(x). Then
which of the following statements 13/are TRUE?

{A) If g 1s continuous at x = 1, then fg is differentiableatx =1
(B) If fg 1s differentiable at x = 1, then g 1s conhmuous at x = 1
(C) If g 1s differentiable at x = 1_then fg iz differentiableatx =1

(D) If fg 1s differentiable at x = 1_then g 15 differentiableatxy =1

Let M be a 3 % 3 invertible matrix with real entries and let [ denote the 3 x 3 identity matrix If
M~ = adj (adj M). then which of the following statements 1s/are ALWAYS TRUE?

(A M=1 (B) detM =1 (C) M2 =1 D) (adiM)* =1

Let 5 be the set of all complex numbers z satisfiing |22 + z + 1| = 1. Then which of the following
statements 15/are TRUE?

(A) iz+%|£%f@raﬂ:£5
(B) |z| =2 forallze§
(C) lz+%‘2%fora]lz€5

(D) The set 5 has exactly four elements

Let x, v and z be positive real mumbers. Suppose x, v and 7 are the lengths of the sides of a triangle
opposite to1ts angles X, Y and Z_ respectively. If

X 2y
ftan—t+tan-=—-—,
2 2 xt+yts=
then which of the following statements 1s/are TRUE?
(A 2Y=X+2Z B) Y=X+2Z
© mat= D) ¥ +22—y?=xz

¥4E
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Q.1

Q.1

1 Let Ly and L- be the following straight lines.

I x—1 y z-—1 il x—=1 ¥ =z—=1
AN R I TR T T

Suppose the straight hine

lies in the plane containing L, and L., and passes through the point of ntersection of Ly and L, If
the line I bisects the acute angle between the lines Iy and L, then which of the following
statemnents 15/are TRUE?

(A a—y=3 B)l+m=2 (C)a—y=1 D)i+m=0

2 Which of the following inequalities 1s/are TRUE?

(B) fﬂlxsinx dx = —

1
(A) _I'D xcosy dx = B

[ FE

(D) j‘; xZsinxdx =

(C) j'ulx: cosx dx ==

o | ra

SECTION 3 (Maximum Marks: 24)
= This section containg 81X (06) guestions. Tha answer to each question iz a NUMERICAL VALUE.
» Foresch question. enter the comrect numerical value of the answer using the mouse and the on-screen virtual
numeric keypad in the place designated to enter the answer, If the numerical valus has mors than two decimal
places, truncate/round-off the value to TWO decimal places.
s Answer to each question will be evaluated acearding to the follewing marking scheme:
Full Marks ; +4  [f ONLY the correct numerical value is entarad;
Zero Marks i 0 In all other cases.
Q.13 Let m be the minmmum possible value of log5 (3% + 3%2 4+ 375 where v, 5, ¥ are real numbers

for which vy + v + 3 = 9. Let M be the maximum possible value of (logsx; + logzxs +logsxs),
where iy, X5, X3 are posttive real numbers for which x + 2, + 33 =9 Then the value of
log.(m®) +logs (M%) is
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Q.14

Q.15

Q.16

Q.17

Q.18

Let ay, @z, @5, ... be 2 sequence of posttive integers in arithmetic progression with commeon difference
2. Also, let by, by, By, ... be a sequence of posttive integers i geometric progression with common
ratio 2. If @; = by = ¢, then the number of all possible values of ¢. for which the equality

2a,+ a,+++a,)=b + b, ++5,

holds for some positive mteger n, is

Let f:[0,2] — R be the function defined by
f(x) = (3 —sin(2nx)) sin (HX 5 g) —sin (3113: + E) .

Ifa, 8 € [0, 2] are such that {x € [0,2] : f{x) = 0} = [a, £], then the value of § —eris

—_— —+*' — —3

Inatriangle POR letd = OR, b= RPand ¢ = PQ. If

B

(E=B)  |a]
s

.(G—b) lal+]p|’

lal=3, |b|=4 and

L= TR

then the vatue of |E » E|2 is

For a polynomtal g{x) with real coefficients, let m, denote the number of distinct real roots of
gi{x). Suppose 5 is the set of polynomials with real coeffictents defined by

5 ={(x* —1)%(ag + a1x + azx* + a3x%) : ag,a1,8z,a3 ER}

For a polynomual f. let f'and f"' denote 1ts first and second order denvatives, respectively. Then
the mimimum possible value of [mfr + mf:a}, where f £5,15

Let ¢ denote the base of the natural logarithm The value of the real number a for which the night
hand linst

1
(1—x)x—e™?
lim ————
=0T X

is equal to a nonzero real number, 15

END OF THE QUESTION PAPER
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