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READ THE INSTRUCTIONS CAREFULLY
GENERAL

12_ ﬁs 5ealedgooaDkElal is your Question Paper, Do not break the seal till you are told to do so

, & paper is printed on the right hand is i ;
comer of the back cover of this booklgl. TR T TN b

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

4. Et?‘ P;E:ra Cciégsshwprir_;;d lria‘:n :he Iéeﬂ part as well as the right pant of the ORS. Ensure that
codes are identical and same as that on the i s

contact the invigilator for change of ORS. uestion paper bookde. f ol

5. Blank spaces are providad within this booklet for rough work.
Write your name, roll number and sign in the space provided on the back cover of this
booklet

7. After breaking the seal of tha booklet at 2:00 pm, verify that tha booklet contains 36 pages
and that all ths 54 questions along with the options are legible. If not, contact the invigiator
for replacement of the booklet.

8. You are allowed to 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 (bottorn sheet).
The Candidate’s Sheet is a carbon-less copy of the ORS.

10. Darken the appropriale bubblas on the ORS by applying sufficient pressure. This will leave

an impression at the corresponding place on the Candidate’s Sheal.
11. The ORS will be collectad by ihe invigilater at the end of the examination.
12, You will ba allowed 1o take away {he Candidate’s Sheet at the end of the examinalion.
13. Do not tamper with or mutilate the ORS. Do not use the ORS for rough work.

14, Write your nams, roll nurnber 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 bubble () COMPLETELY.

17. The correct way of darkening a bubble is as @
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 of this booklet for rest of the instructions.

[
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‘ DO NOT BREAK THE w WITHOUT BEING INSTRUCTED TO DO SO BY THE INVIGILATOR '
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PART I: PHYSICS

SECTION 1 (Maximum Marks: 11)

'l_._,_,__

« This section containg SEVEM questions

+ Each question has FOUR options 14, TB], [C] and (D] ONLY ONE of these four optiens is

| correct
« For each question, darken the hubble comesponding to the correct option in the ORS
+ Far cach question, marks will be awarded in one of the following CAlCgOnies:

. 43 Ifonly the bubble correspending to {he correct option 18 darkened
1f none of the bublbles 18 darkened

]

Q.1 A rocket is launched normeal to the surface of the Earth, away from the Sun, along the line
joining the Sun and the Earth, The Sun is 3x10° times heavier than tlse Earth an_d isata
distanes 25510% times larger than the rdivs of the Earth. The escape velocity fmrn

Earth's gravitationa] field is v, = 112 km o1, The mimimum initial velocity () required
far the rocket to be able 1o leave: the Sun-Earih systen is closest 1o
{Jgnore the rofarkon and revolution of the Earik and the presence of any other planer)

Full Marks
Forg Marks L 0
Negative Marks: -1 Inall other cases

[A] vs=22kms? [B] vs=72kms™"

gl ws=42 kmis~! O] w=62kms™?

Spaca for rough work
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Q.3 As
ymmetri
— in the E;::: s‘]f SJ?Pi!d conducting wire loop §
The I'mgnjnldnl e distance between the di P i camying a steady
of the magnetic field at ;]d:__‘m“’m’““f apposite m:“’ “":_""' { a5 shows

& cender of the loop is ces of dhe stas s 4a
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[c] L2 6V3i+1]
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[a] A
pth of o wefl BY measuring; Ehe tAme sneerval
th 1k m &

f measured 1he def
nd of impact wil
nds ard bE measures

Q4 A persa
siope and fecelwing the saU
measurement of time is &7 = (01 secd
L = 20 meters. Take the soceleration due to gravity § = 1
s 300 s Then the froctional erver in the measurerment, SLJL, ia closest 12

[E] 5% [c] ¥ (D] 1%

[p:.] 0.2%
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Q.6 Consider an expandifl
constant. The cxpal

throughout the voluf
velocity v of any poif

[A] R?

Consider regular polygons
The center of mass of all

horizontal surface about the I¢

- Mass remaips

) i constant. The

bS'..... as shown in the fj

fom thc ground. They roll op

ing and sliding as depicted. Th
of mass for each polygon is A, Then

maximum increase in height of

Adependsonnand h as

-1

I
]
1
1
1
1
I
|
I
I

[A] A= hsin? (9

= "(m(:) )

[BJ A= hsm( )

[D) A= htan? (Zln)

Space for rough work
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[C] Fera ﬁ;mdE,punidcmfun::tmgcﬂlrﬂmwyﬂmiuri,ﬂndm“hznueu
&puh[?tmdﬁ:m!ofmmrqi.ﬂ]jliﬂ\'ﬂ'rlfpfmml]miht
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magnirde of the change in its lincar momennim betwesn point Py and the farthest
point from y-axis is p/y2
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SECTION 3 {Maximum Marks: 12) L
# This section contains TWO paragraphs
« Dased on each paragraph, there are TWO questions

= Each question has POUR optians [A], (BY, {C), and [D]. ONLY ONE of these four opiiens
is correct

« Par cach question, darken the bubble comespoading 1o the corfecs option in ihe ORS
+ For cach question, marks will b= awarded in one of 1he following categories:
Full Marks  + +3 [ anly e bubble comesponding to the correct aphan is datkencd

L__Zern.u'nr&: 0 Inall other cases

Space for rough work
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r PARAGRAPH 1

Consider a simple RC circuit as shown in Figure 1.

Procg& 1: In the circuit the switch $ is closed at t = 0 and the capacitor is fully charged to
voltage ¥y (i.e., charging continues for time T >> RC). In the process some dissipation (Ep)

c&:cué‘ir across the resistance R. The amount of energy finally stored in the fully charged
capacitor is Eg.

Process 2: In a different process the voltage is first set to ‘;—" and maintained for a charging time
T >>£i C. Then the voltage is raised to 2v, without discharging the capacitor and again
ed for a time T >> RC. The proccss is repeated one more time by raising the voltage
the capacitor is charged to the same final voltage Vy as in Process 1.

processes are depicted in Figure 2.

PARAGRAPH 2
LI'I‘\

One twirls a circular ring (of
Figure 1. In the process tie( fi n?;s:cﬁ:e: ;I:s;adms o 08 of e Ene R
traces out the surface of a cone 5 s contact with the inner rim of the ring, The finger
< > shown by the dotted line, The radius of the path traced out by
i tal'lng and the finger is in contact is T, The finger rotates with an angular
o o . otating ring rolls without shppmg on the outside of a smaller circle described
¥ the point where the ring and the finger is in contact (Figure 2). The coefficient of fricti
between the ring and the finger is p and the aceeleration due 1o gravity is g "

=il
l .
(]
Figure 1 Figure 2

14
v, | froceml o —3
N AAA— 7wt ——
R Process2
Vo3 3 ] T>>RC
C
I T 2 t
Figure 1 Figure 2

ess 1, the energy stored in the capacitor E; and heat dissipated across resistance Ep
il

[B] Ec=2E,
= Q] £ = Epln2
ss 2, total energy dissipated across the resistance Ep is:

141 =3(tcyv?
—1(icnd) B] Ep=3(5c)

[D] Ep=3CV¢

Space for rough work

Q.17 The total kinetic energy of the ring is

[A] MwiR? [B] Mwi(R-1)*
[C] IMw}(R—1)? D) Mwf(R-7)

Q.18 The minimum value of wp below ‘which the ring will drop down. is

; -
(Al 1465 s [‘E]___,,,,(:n D] -\'zu(R-ﬂ

ZF(R-f)

END OF PART 1 : PHYSICS

Space for rough work
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* This section containi

* Each question has
correct

= For each question, d

+ For cach question, I

Fuil Marks
Zero Marks
Negative Mar




tate Gibbs frec cnergics of formatiol

itc))=0 J mol”’
A IG‘[C(gmphnc)] 0kIm ]
5,G’IC(dianmnd)] - 2.9 kJmol .
te means that the pressurc should be 1 bar, ¢
ture. The conversion of graphite [ C(graphite)

olume by 2x10 m’ mo :
T = 298 K, the pressure at which C(graphite

: 'on:lJ=lkgm1s'z;lPa-= 1 kgrn'Ts'z; 1 har=lO’Pa]

[B] 29001 bar [D] 1450 bar

[C] 58001 bar

\ct of the following reaction is

OH
N—
NH, ii) 2ag. NaOH
[B]
ﬁg ONa*

N,Cl

n of C(graphite) and C(diamond) at

and substance should be pure at
] to diamond [ C(diamond)]

I\, 1f C(graphite) is converted to C(diamond) -
) is in equilibrium with

.24 The order of basicity among the following compounds is
NH — —
me” N, Nag N HN N HNTSNH
1 _ 1
[(AFTT> 1> 1V > 11

€] 1=IV>1>11

m v

[B] IV=II=lll=>]

[D] IV>I>11>11

Q.25 For the following cell,
Zn(s)| 2150, (aq) | CuSO,(ag) | Culs)

when the concentration of Zn®* is 10 times the concentration of Cu’*, the expression for

AG (inJmol™)is
[E is Faraday constant; R is gas constant; T is temperature; E(cell)=1.1V]

[I:l'i]/LZIZBRT =2.2F

[A] 2.303RT+ LIF
(D) —2.2F

[C] LIF

Space for rough work
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1325 The option(s) with o

[A] Cran, Cri, §

[€] €r0y. BeO, S




* This section contains TW
* Based on each parag

* Each question has FOUR of
is correct

* For each question, @

* For each question

Full Marks
Zero Marks

Upon heating

amount of W reac

Yand Z.

Q.33 Wand X an
[A] ©;and

[C] Osanc

Q34 Y and &

[A] N30,

C

ey
(HaChC




This section contai;

Each question has Ff

carrect

For each question, da

For cach question, m

Full Marks
Zero Marks
Negative Marks

Itferential equation




OLdl How many 3= 3 1l
disgonal enirics ol B

[A] 198

Q.42 Let 0 be the origlna

[B] arthocenter
[D] centraid

planes 23 4 : Itﬂ.h.' Ej'-—l;t'.'l":;

[B] 14x+42y—15zm 1

D) l4x—2y+ 15z =27

ces M with entries from [0, 1, 2] are there, for which the sum of (he

[B] 126 [c1 135 [o] 162

1 and Jet PQR be am arbitrary triangle. The point § is such that
+ OF .05 = OF-0F + 04 03 = O -OF + 0F 0%

ing through the point (1, 1, 1) and perpendicular to the

SECTION 2 (Mazimum Marks: %)
* This section containg SEVEN quesiions

* Bach question has Fﬂ"“ﬂpﬁm [A], [B], [C] and [D]. ONE OR MORE THAN ONE of
these four options is(are) corr

= For cach guestian, darken the bubhlaz) carrespanding bo all the comrect option(s) in the ORS
* For cach guestion, marks will be awarded in ane of the following categaries;
Fufl Marks ¢+4 I only the bubbie(s) comesponding to all the correct option(s)
isfare} darkered
Partiol Marks 141 Far darkening a bubble comesponding to each correct option,
provided MO incorrect option is darkened
Zero Marks : 0 [fnone of the bubbles is darkered
Negative Marks ¢ =2 Tnall ather cases

* For example, if [A], [C] and [[0] are il the correct opticns for 2 question, darkening sll these

three will get +4 marks; durkening only [A] and [D] will get +2 marks; and darkeaing [A]
and [B] will get -2 marks, 23 a wrong option is also darkened

QU= f T i

Space for rough work
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w12 [B] ! <log, 5%

[C],_J".&-E [ Iz=log, 99

f fiR =K iz a differeptiable fanction such that (x) > 2f(x) for all x € R, and

fi0) =1, then

(4] fix)=e™ i (0o0) Bl £z} is decreasing in (0, )

[‘ﬂ Fix) s increasing in (0, =) Q fla)< e in (0,0)
Space for rough wark
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o] 2x)

=inx

(] FiCx) = 0atexnd

¥} aftains s
[C]  fix) astmins 1

Flx) = 0m




« This section contains TWO

« Based on each paragraph, thet
question has FOUR op
is come

* For gach question, darken

[A] sin(@ +R)

Q.52 If the triangle PQR




