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' Time : 3 Hours

Maximum Marks : 183

READ THE INSTRUCTIONS CAREFULLY o] i
f GENERAL

This sealed booklet is your Question Paper. Do not break the seal till you are told to do so.

. 2. The paper CODE is printed on the right hand top corner of this sheet and the right hand top
corner of the back cover of this booklat.

Use the Optical Response Sheet (ORS) provided separately for answering the questions.

The paper CODE s printed on the left part as well as the right part of the ORS. Ensure that

both these codes are identical and same as that on the question paper booklet. If not,
contact the invigilator for change of ORS.

5. Blank spaces are provided within this booklet for rough work.

:”:“;EI:DUF name, roll number and sign in the space provided on the back cover of this
O .

After breaking the seal of the booklet at 2:00 pm, verify that the booklet contains 36 pages

and that all the 54 questions along with the options are legible. If not, contact the invigilator
, for replacement of the booklet.

8. You are allowed lo take away the Question Paper at the end of the examination.

OPTICAL RESPONSE SHEET
9. The ORS (top sheet) will be provided with an attached Candidate's Sheet (bottom sheet).
The Candidate's Sheel is a carbon-less copy of the ORS.

10. Darken the appropriate bubbles on the ORS by applying sufficient pressure. This will leave
an impression at the corresponding place on the Candidate’s Sheet.

11. The ORS will be collected by the invigilator at the end of the examination..
12. ¥You will be allowed to take away the Candidate’s Shee! at the end of the examination.
13. Do not tamper with or mutilate the ORS. Do not use the ORS for rough work.

| 14. Write your name, roll number and code of the examination center, and sign with pen in the
space provided for this purpose on the ORS. Do not write any of these details anywhere
else on the ORS. Darken the appropriate bubble under each digit of your roll number.

DARKENING THE BUBBLES ON THE ORS

15. Use a BLACK BALL POINT PEN to darken the bubbles on the ORS.
| 16. Darken the bubbie (_) COMPLETELY.
- | 17. The correct wﬂyulﬁar!_cenlﬁuahubﬂa isas: . :
| 18. The ORS is machine-gradable. Ensure that the bubbles are darkened in the correct way.

- 19. Darken the bubbles ONLY IF you are sure of the answer. There is NO WAY 1o erase or

“un-darken"” a darkened bubble.

] Please see the last page ol this baoklet for rest of the instructions
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PART I : PHYSICS

- SECTION 1 (Maximum Marks: 21)
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R opt Ji ONLY ONE of these four options is

soresponding to the correct option in the ORS
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Q.2 Arocketis launched normal to the Eurfu-:::: of tthEﬂrtlf, r'.:rl-:h\'li}i'. l:rL:rfu. the E.‘;.“".' along the Jip,
2 joining the Sun and the Earth, The Sun 15 3}?1[! ljl]llL-‘S Ei-:ﬂl;“.r'l'tl-hln.t-hL Earth and . at »
distance 2.5%10% times larger lhﬂn.tlw mﬂ“ﬁ ol !h.b- = b 1E| L.Miaiw velocity frop,
Earth’s gravitational field is v, = 11.2 ]-:n? 5+, The min mu.m. tnitial velocity (v.) reauid
for the rocket to be able to leave the .‘:?{rfr--‘.'rt?rﬂf system is closest 1o
(Ienore the rotation and revolution of the Earth and the presence of any other planey)

[A] vs=72kms™’ [B] v¢=22kms™

[C] vs=62kms! \ADT vs =42kms™

—

03 I'| A person measures the depth of a well by measuring the time interval between dropping ;

' stone and receiving the sound of impact with the bottom of the well. The error in his
measurement of time is T = 0.01 seconds and he measures the depth of the well 1o be
L = 20 meters. Take the acceleration due to gravity g = 10 ms™ and the velocity of sound
i5 300 ms™' . Then the fractional error in the measurement, OL/L, 15 closest to

v
H‘H\‘/[ﬂf 1% [B] 0.2% [C] 5% [D] 3%

Q.4 Consider an expanding sphere of instantancous radius R whose total mass remains
constant. The expansion is such that the instantaneous density p remains uniform

throughout the volume. The rate of fractional change in density (l?) is constant. The
- . P '
velocity v of any point on the surface of the expanding sphere is proportional to

\,E'A]/H [B] R? [C] i [D] R%3

— - Space for rough work
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as shown in the figure.
ght h from the ground. They roll on a

1the {'.sl.tpping and sliding as depicted. The

cents s for each pnlygun is A. Then
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iric star shaped conducting wire loop is carrying a steady state current [ as showy

he fi The distance between the diametrically opposite vertices of the star js 4q.
in the figure. _ ! .
The magnitude of the magnetic field at the ELI‘HE_I_‘ .-Df _I.l].jr::}[!{.}p
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awarded in one of the following categories:

1e bubble(s) cor esponding to all the correct option(s)



, F constant voltage V is connected to a resistance R and two ideal inductors
Sishe sl {:TE switch s as shown. There is no mutual inductance between the
?n“ddu;zﬂr?r'?ﬁi stzlt}:h § is initially open. At £ = 0, 111?:: switch is closed and current begins

to flow. Which of the following options is/are correct

'l"|"r'l;b

5 =AWV
R

V4 LI L;-

-~ i v L
S _IA]  After a long time, the current through L, willbe =—"

R Ly+ L3
.__J'

\/131" The ratio of the currents through L, and L, is fixed at all times (¢ > 0)

e : .
\,{C] After a long time, the current through L, will be L

RLi+ Ly

[D] Att = 0, the current through the resistance R 155

Q.10 A point charge +0 is placed just outside an imaginary hemispherical surface of radius R as
shown in the figure. Which of the following statements 1s/are correct?

[A] Total flux through the curved and the flat surfaces is 2

2
\_/(—B']/Thr: circumference of the flat surface is an equipotential

[C] The component of the electric field normal to the flat

Sur | er the

surface face is constant ove

".ll.

/%)(Thg clec'mr.; flux passing through the curved surface of the hemisphere is
" Leg l-ﬁ)

—
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5 R and mass M is placed at the bottom of a fixed step of height R
\ mt&n[ force 18 Cl.'_'lﬂill'l'l.llll.l‘-ui}l npp]u,d on the surface ol the wheel

ste] _W;l.thnm slipping. Consider the torque T about an axis normal to
""‘ thrnuﬂ;h the point . Which of the following options is/are

o ]
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hmmatm P'i_lillt sources 5; and S; of wavelength A = 600 nm are
..~I.~_~' either side of the center of the circle as shown. The sources are
a1 I_::._fi = 1..B mm. This arrangement produces interference fringes
lﬂd di_i.'lik Spots on the circumference of the circle. The angular
ansecutive bright spots is A. Which of the following options

AR |
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Q.14 The instantaneous voltages at three terminals marked X, ¥ and Z are given by

Ve = Vpsinwt,
4 Zn
Vi = ¥, sin (mt + ?) and

_ 4
Vz = Vysin (mt - -?)

An ideal voltmeter is configured to read rms value of
terminals. It is connected between points X and Y and then between Y and T
‘. 1e

reading(s) of the voltmeter will be

Hjﬂj Vgy ™ = Vn‘E
o

N\_AB] independent of the choice of the two terminals

[C] Wz = Vu\g
{D] VXT'M = Vu

the potential difference between, It

Space for rough work




PARAGRAPH 1

Consider a simple RC circuit as shown in Figure .

Process 1: In the circuit the swrt:h S is closed at £ =0 and the capacitor is fully charped 1,
es for time T >> RC). In the process some dissipation (£,)

voltage Vp (i.e., charging continu
occurs across the’ resistance R. The. amount of energy finally stored in the fully charged

capacitor is Ep.
Process 2: Ina different process the voltage is first set to E'fmd maintained for a charging time
T >> RC. Then the voltage is raised to —2 without dlschargmg the capacitor and again

‘maintained for a time T >> RC. The prﬂﬂess is repeated one more time by raising the voltage
o Fﬂ and the capacitor is charged to the same final voltage V; as in Process 1.

These two processes are depicted in Figure 2.

Ele *‘m %‘gﬁn a-—-__]_ W
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PARAGRAPH 2

-;:;l'irﬂ?d radius R) near the tip of one's finger as shown in |
BEone chooe 1. > contact with the inner rim of the ring. The finger
o ﬁp‘ﬂmh?r the dotted line. The radius of the path traced out by
o b iﬂ mfilact 18 r. The finger rotates with an angular
e -1 1PPIng on the outside of a smaller circle described
2er i } contact (Figure 2). The coefficient of friction

acce| : 10 gravity is g.
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PART II : CHEMISTRY

-

SECTION 1 (Maximum Marks: 21)

This section contains SEVEN questions

Each question has FOUR options [A], [B], [C] and [D]. ONLY ONE of these four options is
correct

For each question, darken the bubble corresponding to the correct option in the ORS ‘

Full Marks  : +3 If only the bubble corresponding to the correct option is darkened
Zero Marks : 0 If none of the bubbles is darkened
Negative Marks: -1 In all other cases |

For each question, marks will be awarded in one of the following categories: ‘

Q.19 For the following cell,

Zn(s) | ZnSO,(ag) | CuSO, (ag) | Cu(s)

when the concentration of Z»n>* is 10 times the concentration of Cu’*, the expression for
AG (in J mol™) is
[F is Faraday constant; R is gas constant; T is temperature; E°(cell)=1.1V ]

M 2.303RT - 2.2F [B] —2.2F
[C] LIF [D] 2.303RT + 1.1F

E

Space for rough work
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FOII“? of the 5E=|l1'[1{m Use [h:. erU?m [‘mml .I.kprl ggion constant ul
- The figures shown below represent plnh of vapour pressure (V.P.)
: '-;:[mﬁlecular weight of ethanol is 46 g mol™']

| 1g, the ﬂpﬂﬂﬂ representing change in 'thL freezing point 15

[B]
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Q.22 The order of basicity among the following compounds 15

NH
NH fa= =\ 2
H1CJLNH1 NQ&";HH HHH:?H HINANII
I II 11 IV
T
,..--}‘-.[A] [H=1=1V =11 1/ﬁ [V>1=11=>11
qe] 1> IV>II>1I D] IV>I>MI>1

Q.23 Which of the following combination will produce H; gas?

[A] Au metal and NaCN(aq) in the presence of air
[B] Fe metal and conc. HNOj

\,[E']'/ Zn metal and NaOH(aq)

[D] Cumetal and conc. HNO;

Space for rough work
Va 0n—> Na, 7,0, 4 i,




| :"‘-':.lﬂ oxidation state of the phosphorus atom in H;PO;, HiPOs, HiPOs, and

o
3, P -

Pl

> HPO;> HiP20s  [B] HiPO;> HaPO, > H3PO4> HaP2Os

o 1
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SECTION 2 (Maximum Marks: 28)

« This section contains SEVEN questions
RE THAN O
e Each question has FOUR options [A], [B], [C] and [D]. ONE OR MO NE of
these four options is(are) correct
g to all the correct option(s) in the ORS

For each question, darken the bubble(s) correspondin

For each question, marks will be awarded in one of the following categories:
If only the bubble(s) corresponding to all the correct option(s)

Full Marks - +4
is(are) darkened

Partial Marks - 41  For darkening a bubble corresponding to each correct option,
provided NO incorrect option is darkened

-0 If none of the bubbles is darkened
In all other cases

Zero Marks
Negative Marks : -2

* For example, if [A], [C] and [D] are all the correct options for a question, darkening all these
three will get +4 marks; darkening only [A] and [D] will get +2 marks; and darkening [A]

and [B] will get -2 marks, as a wrong option is also darkened

,@Amung the following, the correct statement(s) is(are)
[A] AI(CHs); has the three-centre two-electron bonds in its dimeric structure

[B] AICI; has the three-centre two-electron bonds in its dimeric structure
\ACT ™ BH; has the three-centre two-clectron bonds in its dimeric structure

\/LDT/TI]E Lewis acidity of BCl; is greater than that of AICl;

Space for rough work




Its surroundings, the effect of

entropy 1s described by

H tcmpﬂm‘ture, the value of K for
: ..‘- In entropy

exothermic reaction decreases
of the surroundings decreases
=]
o R
=0 BN -

oy '-:-5*-_"' t_h'-'- value of K for endothermic reaction increases
nge of the system is negative

=
1 e A,

of K for endothermic reaction increases
 the surroundings decreases



_‘Ebut not haloform reaction,
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get statement(s) about surface properties 1s(are)

gy I "
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., _ 3 0f l‘.flhane and nitrogen are 563 K and 126 K, respectively.
O f EE will be more than that of nitrogen on same amount of
rcoal at a given temperature
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Ed by decrease in enthalpy and decrease in entropy of the
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didal particles does not depend on the size of the particles



* This section contains TWO paragraphs
* Based on each paragraph, there are TWO questions

* Each question has FOUR options [A], [B], [C], and [D]. ONLY ONE of these four optigys
15 correct

* For each question, darken the bubble corresponding to the correct option in the ORS

* For each question, marks will be awarded in one of the following categories:

Full Marks  : +3  If only the bubble corresponding to the correct option is darkened
|__ZeroMarks : 0 Inall other cases

—

PARAGRAPH 1 )

Upon heating KCIO; in the presence of catalytic amount of MnO,, a gas W is formed. Excess

amount of W ' ’ ' ' '
S Z.ﬂ reacts with white phosphorus to give X. The reaction of X with pure HNO; gives

SECTION 3 (Maximum Marks: 12) —

|

Q.33 W and X are, respectively
[A] O;and P;O, [B] O; and P:Oyp

IC] ﬂ; and P4ﬂ'.|5 [D 'D'z and P4D]u

Q.34 Y and Z are, respectively

[A] N:04 and HPO, [B] N:0; and H;PO,

\}DI{:GS and HPO); (D] N;04 and H;PO,

ﬁ

Space for rough work
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PARAG RAPH2 |
ompound I" with CH;MEBT {(:E':L‘SH} In (C3H$)0 followed by addition of H,0
n Q On freatment with H250, at go¢ gives R. The reaction of R with

: - %?dfﬂug AlCly in CH:Cl; followed by treatment with H.O
=t in co pound P is ethyl group]

¥



PART III : MATHEMATICS

‘ SECTION 1 (Maximum Marks: 21)

* This section contains SEVEN questions

* Each question has FOUR options [A], [B], [C] and [D]. ONLY ONE of these four options is
correct

* For each question, darken the bubble corresponding to the correct option in the ORS

* For each question, marks will be awarded in one of the following categories:

Full Marks  : +3  If only the bubble corresponding to the correct option i1s darkened
Zero Marks  : 0 If none of the bubbles is darkened
Negative Marks: -1 In all other cases

Q.37 The equation of the plane passing through the point (1, 1, 1) and perpendicular to the
plana52x+y—2z=53ndﬂx-fﬁy—22_= 7515

[A] —14x + 2y + 15z = 3 [B}“14x + 2y + 15z = 31

[C] 14x+2y—152=1 [D] 14x — 2y + 15z = 27

Q38 Let $={1,2,3,...,9). For k= 1,2,....5, let N,

= be the number of subsets of S, each
containing five elements out of which exactly k are

ﬂdd_ThEﬂN1+Nz+H3+N4+N5 =

[A] 252 (B] 125 ";{91/25 (D] 210

l_ _  Spaceforrough work
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on such that 1

m a twice differentiable functi

1) = 1, then (x) >0 for all x € R, and

2 A gty
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( Q 41\How many 3X3 matrices M with entries from {0, 1, 2} are there, for which the sum of 1,
“___“diagonal entries of M"M is 57

[A] 198 [B] 135 [C] 126 [D] 162

Q.42 If y = y(x) satisfies the differential equation

g.|..,r dy (J4+}9+J‘) x>0

and y(0) = V7, then }-(255) -

/
tal sy (B] 9 [C] 16 \_j];( 3

Q.43 Three randomly chosen nonnegative integers x,y and z are found to satisfy the equation
x + ¥ + z = 10. Then the probability that z is even, is

A) 5 B NE D) %
7& » 2 2 2 cafarmughwnrk \ O~ (,'E‘%?> ]
a G b (.2 f-\ .J~.h
Lot

- +i’?'“1+ éz“"*}ﬂcz + $+ ’f’m 25
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SECTION 2 (Maximum E’l_a?ﬁsz_l_ﬂli_ P s :
|

« This section contains SEVEN questions |

» [C] and [D). ONE OR MORE THAN ONE of \

e Each questinq has FOUR options [A], [B]
these four options is(are) correct

« For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS \

e For each question, marks will be awarded in one of the following categories:

Full Marks 1 +4 l'f only the bubble(s) corresponding to all the correct option(s)
1s(are) darkened

Partial Marks : +1  For darkening a bubble corresponding to each correct option,
provided NO incorrect option is darkened

Zero Marks ikl If none of the bubbles is darkened

Negative Marks  : -2 In all other cases

s For example, if [A], [C] and [D] are all the correct options for a question, darkening all these
three will get +4 marks; darkening only [A] and [D] will get +2 marks; and darkening [A]
and [B] will get -2 marks, as a wrong option is also darkened

Q.44 If the line x = a divides the arca of region R r-j {(x.y) € RLx3<y<x,0<x<1}into

two equal parts, then 20— 241 ~{ L) |
2 b o _ii,, ; |
= 2a* —4a*+1=0
[A] 0<a=;

1 B —ap-
[C] a*+4a?—1=0 \LP/;“"”

Q45 If fR-R 1s a differentiable function such that f'(x) > 2f(x) for all x € R, and

f(0) = 1, then

\/tﬁ-; ) e in (0,) B] f/(x) < e in (0,)
| ' ing in (0, )

is increasing ,
[C] f(x) is decreasing in (0, ) \)B{ f(x)i i f
_ Space for l'ﬂllﬂh work ﬂh, - EF:?H |
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-
| Q46\Let f(x) = 1—:1‘::;—x|} cos (:x) for x # 1. Then
NAAT .“mI_mf(xJ does not exist . [B] lim,_y- f(x) does not exist
/
[C] lim,;+ f(x) =0 [D] limy.,- f(x) =0
Qq'? If g(x:l - - IST::EII} Sin'l[t) dt, then
B g
,-""~F-\\
( Yo A ag J-k+1 o
__r_,,/a k=1"%  x(x+1) , then
49
(Al 1> B] I<2
[C] 1> log,99 [D] I <log,99

Space for rough wnrk-
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SECTION 3 (Maximum Marks: 12)

This section contains TWO paragraphs

Based on each paragraph, there are TWO questions
Each question has FOUR options [A], [B], [C], and [D]. ONLY ONE of these four options

15 correct
For each question, darken the bubble corresponding to the correct option in the ORS

For each question, marks will be awarded in one of the following categories:

Full Marks : +3  If only the bubble corresponding to the correct option is darkened

Zero Marks : 0 In all other cases

PARAGRAPH 1

[

, RP,

Let O be the origin, and E&"'. ﬁ, 07Z be three unit vectors in the directions of the sides E}_'R
I

FQ*. respectively, of a triangle PQR.

Q.51 | 0Xx0Y |=

[A] sin(Q + R) [B] sin2R [C] sin(P +R) \,ﬂ]{sin(P + Q)

Q.52 If the triangle PQR varies, then the minimum value of
cos(P + Q) +cos(Q + R) +cos(R +'P)

15

[A) -2 \ BT -2 [ 2 D] 2

Space for rough wur-k s
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PARAGRAPH 2

—

Let p, q be integers and let o B be the roots

" of the ‘ 2 B
L == ﬁ- FDI' n= D, 1. 2, ses g I,{:t ﬂﬂ —— pqrn + qﬁpn. ﬂqllﬁhﬂn, X A = 1 — D, "'-'n"hﬁrt

FACT: If a and b are rational numbers and g +bV5=0,thena=0=p

%3 Ifa, = 28, thenp + 2g =
'L_Q‘/ 4 q

[A] 12 [B] 14 [C] 21 D] 7
P
kq-;ﬂu .
[A] 2a4; +ayp [B] a;; —ay [C] ay; + 244 [D] ayy +ay

END OF THE QUESTION PAPER

bf Space for rough work
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