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PART I : PHYSICS

SECTION 1 (Maximum Marks: 28)

* This section contains SEVEN questions

* Each question has FOUR options [A], {B], [C] and [D]. ONE OR MORE THAN ONE of
these four options is(are) correct

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

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

Full Marks c+4 If only the bubble(s) corresponding to all the correct option(s)
is(are) darkencd

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

Zero Marks : 0 If none of the bubbles is darkened

Negative Marks : -2 In all other cases

* 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.1 In the circuit shown, L = 1 pH, C = 1 uF and R = 1 k{l. They are connected in series with
an a.c. source V =V} sin wt as shown. Which of the following options is/arc corrcct?
L=1pH C=1puF R=1kE .

Vosinm £

1" The frequency at which the current will be in phase with the voltage is independent

ﬂ] At w~0 the current flowing through the circuit becomes nearly zero
JLB of R .

[C] The current will be in phase with the voltage if w = 10% rad.s™*

D] Atw > 10°rad.s™?, the circuit behaves like a capacitor 79
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Q.3 A circular insulated eopper wire loop is twisted to form two loops of arca 4 and 24 as
shown in the {igure. Af the point of crossing the wires remain electrically insulated from
each other. The entire loop lies in the plane (of the paper). A uniform magnetic ficld B
points into the planc of the paper. At ¢t = 0, the loop starts rotating about the common
diameter as axis with a constant angular veloeity @ in the magnetie ficld, Which of the
following options is/are correct?

[A] The emf induced in the loop is proportional to the sum of the areas of the two loops ~ *
/B] The rate of change of the flux is maximum when the plane of the loops is
' perpendicular to plane of the paper

[C] The net emf induced due to both the loops is proportional to cos wt

/{D] The amplitude of the maximum net emf induced due to both the loops.is equal to the
amplitude of maximmum enifinduced in the smaller loop alone
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Q.6 A block M hangs vertically at the bottom end of a uniform rope of constant mass per unif
length. The top end of the rope is attached to a fixed rigid support at O. A transverse wave
pulsc (Pulse 1) of wavelength Ay is produced at point O on the rope. The pulse takes time
Toa to reach point 4. If the wave pulsc of wavelength Ag is produced at point 4 (Pulse 2)
without disturbing the position of M it takes time 7o to reach point . Which of the
following options is/are correct?

O {~ Pulsel

2t

= Pulse 2

AlM™M

/A] The time TAO S TOA
C/fB} The wavelength of Pulse 1 becomes longer when it reaches point 4
/C] The velocity of any pulse along the rope is independent of its frequency and

wavelength

fD} The velocities of the two pulses (Pulse 1 and Pulsc 2) are the same at the midpoint of
‘ rope

Space for rough work
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B

« The answer to cach question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both
inclusive :

This section contains FIVE questions

F

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

SECTION 2 (M aximsm Marks: 15)

or cach question, darken the bubble corresponding to the correct integer in the ORS

Full Marks  : +3 Ifonly the bubble corresponding to the correct answer is darkened
Zero Marks : 0 Inall other cases

Q.8

An electron in a hydrogen atom undergoes a transition from an orbit with quantum number
n; to another with quantum number n;. V; and V; are respectively the initial and final

potential energics of the electron. If »:;—i-‘= 6.25, then the smallest possible ny is
" .

P -
A drop of liquid of radius R = 107 m having surface tension S = %: Nm™? divides itself

into K identical drops. In this process the total change in the surface energy AU = 1073 .
If K = 10 then the value of « is

9/36
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Answer .16, Q.17 and Q.18 by appmpriately matching the information given in the three
columns of the following table.
An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the
corresponding P — V diagrams in column-3 of the table. Consider only the path from state I to
state 2. W denotes the corresponding work done on the system. The equations and p ofs 10 the’
1 table have standard notations as used in thermodynamic processes. Here y is the ratio of heat
capacities at constant pressure and constant volume. The number of moles in the gas is n.
Column 1 Column 2 Column 3
M (1) )
A4 2
1 Isothernial X ”
Wiag = =——= (P2 V; — P1 V1) y B Q ‘S’/OW
y—1
=~ 7
(I (1) Q)
P4 )
Wi.; = ~PV, + PV, Isochoric K
2
v....._.__...._—...-v*
ny (iii) (R)
PA 3
2
Wi, =0 Isobaric
T
%
(Iv) (v) (S)
P
— kT2 1
Wi = 0 n(T/:) Adiabatic 2
2
Al
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Q.23 The IUPAC name(s) of the following cdmpouud is(are)

mc—@»a

/A] 1-chloro-4-methyibenzene [B] 4-chlorotoluene

[C] l-methyl-4-chlorobenzene {D] 4-methylchlorobenzene

Q.24 The correet statement(s) for the following addition reactions is(arc)

H,C H

- Br, / CHCl
i - Mand N
O Ty i"
H,C CH :
@) 3 >:< 3 Br, / CHCl, . O and P
H H

[A] O and P are identical molecules

_/{’B] Bromination proceeds through frans-addition in both the reactions
[C] (M and O)and (N and P) are two pairs of enantioniers

/{'D} (M and O) and (N and P) arc two pairs of diastercomers

TAZ

CaT

Space for rough work
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Q.25 The correct statement(s) about the oxoacids, HC1O4 and HCIO, is(are)

(Al
_B]
(€]

ADI

The conjugate base of HC1O4 is weaker base than 11,0
The central atom in both HC1O4 and HCIO is sp’ hybridized
HCIOy is formed in the reaction between Cly and H,0

HC10, 1s more acidie than HCIO because of the resonance stabilization of its anien

20/36
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fb Q.28 Among the following, the number _bf aromatic compound(s) is SR

B Uep 7

) A SN i
- \ pLownahy

ol

Q.29}A crystalline solid of a pure substance has a face-centred cubie structure with a cell edge of
... 400 pm. If the density of the substance in the crystal is 8 g em’™

present in 256 g of the crystal is Nx10*. The value of N is

, then the number of atoms

P W I e s
Q.30 Among Hy, Hey', Liy, Bey, By, Gy, Na, O, > and Fy, the number of diamapnetic species 1s
(Atoniic numbers: H = 1, He = 2, Li = 3, B¢ = 4,8=5C=06,N=7,0=8,F=9)
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Answer Q.31, Q.32 and Q.33 by appropriately matching the information given in the three
columns of the following table.

The wave function, ¥, 1 @ mathematical function whose value depends upon spherical
polar coordinates (r, 7, ¢) of the clectron and characterized by the quantum numbers », / and
m, . Here r is distance from nucleus, ¢ is colatitude and ¢ is azimuth, In the mathematical

funetions given in the Table, Z is atomic number and a, is Bohr radius.

Column 1 Column 2 Column 3
I} 1s orbital 3 ia (P)
! s 4[]
(1) V”ﬂ,f,m, S e I
a()
pa
%
e,
£
g.
0 L__/
PRt

(11) 25 orbital (11} One radial node (Q) Probability density at nucleus
>
a()
(1II) 2p, orbital : ( z ) (R) Probability density is maximum
A
(Ill) 'I/jn,:’,m, Cd ('g") e 2e COSH at HUCICUS
aO
(IV) 3d,” orbital (v) xy-plane is a nodal plane (S8) Energy needed to excite

clectron from » = 2 state to n =
.27,
4 state is ) times the energy

needed to excite electron from

Q.31 For He" ion, the only INCORRECT combination is

[Al DD ®R), [B} 1D (i) (Q) [CT MGG BT ) () R)

Q.32 For the given orbital in Column 1, the only CORRECT combination for any hydrogen-like
species is

(Al (D) (i) () Bl (M ®)  [C] (W) ) (P) 5] (1) (i) (P)
Q.33 For hydrogen atom, the only CORRECT combination is

(Al 1) H Q) (BI () (iv) (R; [C] M@ (P))G _AD] (DB (S)

\ 'l-lX
g)\e\ @ Q?/ ) -\ Y 26 -
| {
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PART HII : MATHEMATICS

SECTION 1 (Maximum Marks: 28)

* This section contains SEVEN guestions

* Each question has FOUR options [A], {B], [C] and [D]. ONE OR MORE THAN ONE of
these four options is(are) correct

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

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

Full Marks D+ If 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 incorreet option is darkened :

Zero Marks 0 If none of the bubbles is darkened

Negative Marks : -2 In all other cases

* 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.37 Let a, b, x and y be real numbers such that @ — b = 1 and y # 0. If the complex number
Z = x + iy satisfies Im(a?zf-_{g) =¥, then which of the following is(are) possible value(s) of

x?
[A] —1+yT=y? (B] 1-y1+32
[C] 1 fl 4972 D] =1+ J1 =37

Q.38 Let f:R— (0,1) be.a continuous funetion. Then, which of the following function(s)
has(have) the value zcro at some point in the interval (0,1)?

[A] £0O + 2 (0 sint dt [B] % — f(x)

[C] x - fog"‘ f(t) cost dt [D} e*— [T f(¢)sint dt

Space for rough work
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Q.42 Let [x] be the greatest integer less than or equals to x. Then, at which of the following
point(s} the function f(x) = x cos(n(x + [x])) is discontinuous? &~

[A] x=0 [B] x =1 dﬁq x =2 D) x=~1

Q.43 If a chord, which is not a tangent, of the parabola y? = 16x has the equation 2x +y = p,
and midpoint (h, k), then which of the following is(are) possible value(s) of p, k and k?

Al p=2.h=3k=-4 [B] p=5h=44k=-3

([Cl p=-1,h=1k = -3 D] p=-2h=2k=—4

Space for rough work
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l/ 5] Q.46 Words of length 10 are formed using the letters A, B, € D,EE G H,1,]. Let x be the
o number of such words where no letter is repeated; and let v be the number of such words
where exactly one letter is repeated twice and no other letter is repeated. Then, :_x =

2 Q.47 For how many values of p, the circle x? + y4 4+ 2x + 4y ~ p = 0 and the coordinate axes
have exactly three common points?

T

@ Q.48 Let f: R — R be a differentiable function such that £(0) = 0, f (g) =3 and f'(0) = 1. If

2

- — f[f’(t) cosect - cott cosect f(t)]dt

x
forx € (O,g], then limy o g(x) =

Space for rough work
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Answer Q.49, Q.50 and Q.51 by appropriately matching the information given in the three
columns of the following table,

Columns 1, 2 and 3 contain conics, equations of tangents fo the conics and points of contact,
respectively, -
Column 1 Column 2 Column 3
2 2 — 42 7 W, iy E8
(1) x*+y*=a (i) my =m?x+a () mz.m)
e T a
an  x® +a*y* =a® (D) y=mx+avmi+i Q) (f——m2+1: [__m2+1)
2 —4 ey 4 T ~a’m 1
amn y dax (i) ¥y = mx +va*m? ~1 | (R) ( o R ﬁimf)
I e —aZm -1
(IV)  x% —a?y? =q? iv) y=mx+vVaPm? +1 | (8S) (\/asz—l‘ m)

Q.49 The tangent to a suitablc conic (Column 1) at (v3, %) is found to be v3x + 2y = 4, then
which of the following options is the only CORRECT combination? o= "‘E

[A] (1V) (i) (S) Bl DGy ®)  [C] (V) (iv) (S) ﬂ(ll) (iv) (R)

Q.50 If a tangent to a suitable conic (Column 1) is found to be y = x + 8 and its point of contact
is (8, 16}, then which of the following options is the only CORRECT combination? =)

AL (D @) ) {B] (DG (Q) €1 Gv)(R)  [D] (1) () (Q)

e

Q.51 Fora =+72, ifa tangent is drawn fo a suitable conic (Colunn 1) at the peint of contact
=== (—1,1), then which of the following options is the only CORRECT combination for
obtaining its cquation?

Vl’ﬁ (1) (11) (Q) [BI (1) (1) (P) (€1 @y Q) [DT (UL () (P)
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