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PART | : PHYSICS

Section 1 (Maximum Marks : 32)

This section contains EIGHT questions.
The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both
inclusive.
For each question, darken the bubble corresponding to the correct integer in the ORS.
Marking scheme :
+4 If the bubble corresponding to the answer is darkened

0 In all other cases

[EEN

The energy of a system as a function of time t is given as E(t) = A? exp(—at), where
a = 0.2 s71. The measurement of A has an error of 1.25%. If the error in the measurement
of time is 1.50%, the percentage error in the value of E(t) att=5s is

. [4]

E(t) = A2 exp (—at)
S(E) = 2A (8A) exp (—at) + A2 5 exp (- at)
= 3(E) = 2A exp (— at) - SA + A% . exp (—at) d(at)

z Sé(lzﬁ) ::2A( %ﬁ)\ —at) - SA + A% exp (—at) £0L6t +t aa)

+o(8t) =2x0.0125 + 0.2 % 0.015% 5
e Al
")
= §((EE)) =0.0250 + 0.015=0.040 .. % error = 4%

The densities of two solid spheres A and B of the same radii R vary with radial distance r

r r
as pa(r) = k(;j and pg(r) = k(;} , respectively, where Kk is a constant. The moments

of inertia of the individual spheres about axes passing through their centres are Ia and Ig,

respectively. If Ii = n_kthe value of n is
10

L

2. [6]

8V = 4n x? - 8x
. (8m) = 4np(x) X . 8x
2 2
51 = (Bm)x? = 47p() - X -3x =l l x*p(x) - dx
1 R
. 1B —4¥.[X9 ‘X _ %OR5 0
.. ]-A T i l - E
R Jx -dx 6

0
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3. Four harmonic waves of equal frequencies and equal intensities lo have phase angles 0,
n/3, 2r/3 and . When they are superposed, the intensity of the resulting wave is nlo. The
value of n is

3. [3]

Some Intensity = some amplitude

wla

.. Resultant amplitude = 2a sin o J3a

3
I =3lo
4. For a radioactive material, its activity A and rate of change of its activity R are defined as
A= —d_N andR = —d_A, where N(t) is the number of nuclei at time t. Two radioactive

sources P (mean life t) and Q (mean life 2t) have the same activity at t = 0. Their rates of

. R n
change of activities at t = 2t are Rp and R, respectively. If R—P = K then the value of n
Q
IS
4. [2]
P and Q have same activity att = 0.
If Npo and Nqo are the number of nuclei at t= 0
Then A =kp- Nrpo=2Ag- Ngo

Neg _ 2o
NQO Ap
XP:l and KQ—A
T 21
T S VO
A, 2 "N 2
—dN
A= =N
—dA d?N dN 2
“a @ a MM
2
R, 2
S 2N
R 2 N
Q Q Q
Att=21
Np =—P% and Ng =—=
e
No_Np e_1
N e N 2
R 1.2
_P=4xT =" n=2
0 2e e
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5 A monochromatic beam of light is incident at 60° on one face of an equilateral prism of
refractive index n and emerges from the opposite face makciigg an angle 6(n) with the

normal (see the figure). For n = /3 the value of 8 is 60° and — =m. The value of m is

5.[1]
sin 60° = /3 sin r
r, =30° oo 1p,=30°
nsinr,=sin 0
sin @ = n_
2

o 1
cos0— = —

dn 2
do 1

% ~ 2c0s 60°

6. In the following circuit, the current through the resistor R (=2Q) is I Amperes. The value
of lis

R(=2Q)

v

6. [1]
The given Ckt reduces to simple Ckt like this
2 1
AN A
6<% 2 2
e 4
65| o = L
12 4 6.5
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(o]
(6]
|
1l
o\

S I=1A
sl=1

7. An electron in an excited state of Li%* ion has angular momentum 3h/2zn. The de Broglie
wavelength of the electron in this state is prao (where ap is the Bohr radius). The value of

pis
7. [2]
_3h .
= .. electron in quantum state n = 3
T
In the light of de-Broglie's hypothesis
NA = 27 Iy
n2
nA = 2w —ao
z
x:znﬂg
z
3
S Prag=2n"a
3 0
L P=2

8 A large spherical mass M is fixed at one position and two identical point masses m are
kept on a line passing through the centre of M (see figure). The point masses are
connected by a rigid massless rod of length | and this assembly is free to move along the
line connecting them. All three masses interact only through their mutual gravitational
interaction. When the point mass nearer to M is at a distance r = 3| from M, the tension in

the rod is zero for m = k M) .| The value of k is
288 )

m

8. [7]
For zero tension
Tensile force = Compressive force
Fi=2F+F

Gmm m?2 GMm
9¢2 2 1662 ¢ 3
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Section 2 (Maximum Marks : 32)
e This section contains EIGHT questions.
e Each questions has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE
of these four option(s) is(are) correct

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

e Marking scheme :
+4 If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0 If none of the bubbles is darkened

—2 In all other cases

9. A parallel plate capacitor having plates of area S and plate separation d, has capacitance
Cy inair. When two dielectrics of different relative permittivities (¢,= 2 ande, =4)are

introduced between the two plates as shown in the figure, the capacitance becomes Co. the
ratio C_zis

Cy
O O
+ —
(A)6/5 (B)5/3 (C)7/5 (D)7/3
9. (D)
dr2
C C
Cs SI2
C=2¢ >, C=4e °
0 d 0 d S
4de” x2e
These are in series, their equivalent =__° °d_4_s
begii2e > 3 °d
°d" " d
CZZEOS_EQ
3 4 29 d s
C= e +e EZZEE and C=e
2 3%4  og 3°d 0%
Co 7 ...(D)
C, 3
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10. An ideal monoatomic gas is confined in a horizontal cylinder by a spring loaded piston (as
shown in the figure). Initially the gas is at temperature Ty, pressure P and volume V1 and
the spring is in its relaxed state. The gas is then heated very slowly to temperature To,
pressure P> and volume V». During this process the piston moves out by a distance x.
Ignoring the friction between the piston and the cylinder, the correct statement(s) is(are)

1
(A) If V2 =2V1 and T2 = 3Ty, then the energy stored in the springis ~ P\l/l
4
(B) If V2 = 2V and T2 = 3Ty, then the change in internal energy7is 3P1V1

(C) If V2 =3V1 and T2 = 4Ty, then the work done by the gasis — P\l/1

(D) If V2 = 3V1and T2 = 4Ty, then the heat supplied to the gas is = PV
6 11
10. (B)
P\V: _ PV,
T, T,
A PVi_p2Vi  =P=
T, 2 3T,
1PzS Kx = Pin kx?
== kxz-—PS——P(V V)
2 X 2 2
2 2 12 3 3 N
= Energy isspring==x~P (2V 1V) = le [A is incorrect]
2 ! 4
(B) AU :3nR(T—T)— (PV -PV)
E 2 1 Y 2 11
PV,_P,2V, =P 3 P
27

U oardn
AU = |_|_ 2V - F’V| = 3P1V1 [B is correct]
1 1 11
w2 v,
©) 3V1 =P="P
T 2 4T, > gt

3

P . S = Cross section Area
2 1

I\J

NS

P.S = Kx - P, =_kd=w
LW = lAP(V—V)

2 12 1
2 3 4

“PRV-V)=" PV [C is incorrect]

31 1 1 g1
0 2rVvi3pv _pvy=2pv4pay pyv 24Py dpy
311 5 22 11 311 2|L3 11 11| 311 911
_eVir 2Py, =2py [D is incorrect]
6 6



(8) IT JEE 2015 — Advanced : Question Paper & Solution

11 A fission reaction is given by 23° U — Xe +3* Sr + x + y, where x and y are two particles.

Considering 29326 U to be at rest, the kinetic energies of the products are denoted by Kxe,

Ksr, Kx (2 MeV) and Ky (2 MeV), respectively. Let the binding energies per nucleon of
::6 U, 1 Xe and 94388r be 7.5 MeV, 8.5 MeV and 8.5 MeV, respectively. Considering

54

different conservation laws, the correct option(s) is (are)
(A)x=n,y=n, Ksr =129 MeV, Kxe = 86 MeV
(B)x=p,y=¢e", Ksr =129 MeV, Kxe = 86 MeV
C)x=p,y=n, Ksr =129 MeV, Kxe = 86 MeV
(D) x=n,y =n, Ksr =86 MeV, Kxe = 129 MeV

11. (A)
Q Value of the reaction
Q=94x85+140%x85-236x%x75
Q =219 MeV

X and Y share 4 MeV together

.. remaining 215 MeV will be shared between Xe and Sr nucleus. Heavier particle will
have less kinetic energy.

S X=nandy=n

and Ksr = 129 MeV and Kx. = 86 MeV ...(A)

12 In plotting stress versus strain curves for two materials P and Q, a student by mistake puts
strain on the y-axis and stress on the x-axis as shown in the figure. Then the correct
statement(s) is (are)

A

Strain

1)

Stress
(A) P has more tensile strength than Q
(B) P is more ductile than Q
(C) P is more brittle than Q
(D) The Young’s modulus of P is more than that of Q
12.(A), (B)

Strain Strain

Stress Stress
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For same strain stress in Q is more than P.

.. 'Young's module of Q > Young's modulus of P.

.. (D) is not correct.

For same stress strain in P is more. .. P is more ductile

- (A), (B)

13 A spherical body of radius R consists of a fluid of constant density and is in equilibrium
under its own gravity. If P(r) is the pressure at r(r <(R) thep She carrect option(s) is(are)
(A)P(r=0)=0 (B)

P(r=3R/5) 16
©C === D) ———
P(r=2R/5) 21 P(r=R/3) 27
13.(B), (C)

dp
_ = r
o pg(r)

a(r) _Gm(n

r2

g 2R/3) 80
r—R/2) 20

; m(r) = 4 npr?
3

=g = 4_chGr
3

= dp_ 4—ﬁszr
dr 3
4 2(R2—l‘2\
Ten-pR =
3PP o )
_ 2
= p(r) - p(R) = 37tsz(R2—l’2)
put p(R)=0

p() = Zme(Re-r)

p(BR/4) _
p(2R/3) 1-

P(3R/5)
pR/5) ,_ 4 21
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14

14.

15.

16.

Two spheres P and Q of equal radii have densities p1 and p», respectively. The spheres are
connected by a massless string and placed in liquids L1 and L, of densities o1 and o2 and
viscosities n1 and ny, respectively. They float in equilibrium with the sphere P in L; and
sphere Q in L and the string being taut (see figure). If sphere P alone in L has terminal

velocity V,and Q alone in L1 has terminal velocity V(;, then

(A) ‘Yp‘ _My (B) ‘YP‘: P (D)V-V<0
Vol M. Vo .
(A), (D) (Up — W) T
vp o (pL—02) v (Pa— 1)
M2 i
“*’pt(nl Jpl_GZ : *P M
PLiM |Pim02 ...(i)
BRI
ForEq. Up—-Wp = Wqo-Uqg T
= G1—pP1 = p2—02 (Wq - Uq)
= pr—o2 = o1—p2 ..(ii)

From (i) and (ii) option (A) follows
Also it is obvious from (i) & (ii) v, & v; have opposite signs => D is true.

In terms of potential difference V, electric current I, permittivity €o, permeability po and
speed of light c, the dimensionally correct equation(s) is(are)

(A) pol?= goV? (B) g0l = poV (C) 1= gocV (D) pocl =0V

(A), (C)

Correct equations are (dimensionally)

(A) and (C)

Consider a uniform spherical charge distribution of

radius R1 centred at the origin O. In this distribution, a
spherical cavity of radius Rz, centred at P with distance
OP = a = R1 — R (see figure) is made. If the electric
field inside the cavity at position T is E(r) , then the
correct statement(s) is (are)

(A) E is uniform, its magnitude is independent of R but its direction depends on r
(B) E is uniform, its magnitude depends on R and its direction depends on r~

(C) E is uniform, its magnitude is independent of o but its direction depends on o
(D) E is uniform and both its magnitude and direction depend on o

10
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16. (D)

E = El +E2 A
=P 0A+P AP gh
3e, 3e,

P :
:_(OA +AF’) =P Op
360 360
E=P 3
360
p = Charge density.
.. Option (D) only is correct.

PARAGRAPH 1

Light guidance in an optical fiber can be understood by considering a structure comprising
of thin solid glass cylinder of refractive index ni surrounded by a medium of lower
refractive index nz. The light guidance in the structure takes place due to successive total
internal reflections at the interface of the media n1 and nz as shown in the figure. All rays
with the angle of incidence i less than a particular value im are confined in the medium of
refractive index ni. The numerical aperture (NA) of the structure is defined as sin im.

n,> n,

Air Cladding Ny

17. For two structures namely Si with ng =45 /4 and n =3/2, and S; with n; = 8/5 and
n2 = 7/5 and taking the refractive index of water to be 4/3 and that of air to be 1, the
correct option(s) is (are)

(A) NA of Sy immersed in water is the same as that of S, immersed in a liquid of

refractive indexl—6 )
3J15

(B) NA of Sy immersed in liquid of refractive indexi is the same as that of S

V15
immersed in water.
(C) NA of Sy placed in air is the same as that of S, immersed in liquid of refractive index
4

J15

(D) NA of S placed in air is the same as that of S; placed in water.
17. (A), (C)
0> 0
sinf=2>siN0O
= P Ve |

= sin 6 > N () na //Eﬂ
O T

11
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(n )
Also ngsini= n;sin| =~ 99)1— N1 cos 0
= n?sin? i = n?[—1-5in? -...(ii)
(n

1-sin? 9<1—Ln—zj = n?(1-sin?6)<n? -1’
1

From (ii) & (i) it follow
nZsin?i<n?—n?

2 2
. Numerical aperture = L—2
n3
45 3 [9
OptionA: NA, =6 4 _ _9
4 4 16
3 3
(_4_4_ Jf15 -~
X
NA, = 25 25 _ 5 _ X9 9
16 16 16x5 16
ads 35
NA: = NA2 = Option (A) is correct.
Option (B) :
> 3
n X
NA, =_4 = SV :Lé_
i 4x6 8
J15
J15
NA, 5 _345
, == =2
4 20
3
.. Option (B) is incorrect.
Option (C) :
3
NA, =2 =2
1 4
/5
NA2 = L :§
44
V15

.. Option (C) is correct.

Option (D) : is incorrect at (C) is correct.

12
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18 If two structures of same cross—sectional area, but different numerical apertures NA; and
NA2 (NA2 < NA;) are joined longitudinally, the numerical aperture of the combined
structure is

(A) NANA, (B) NA, + NA, (C) NA, (D)NA:
1 + 2
18. (D)

The numerical aperture is limited by second slab. [smaller NA]
Usiniz < NA2

siniy >sin i
.. NA of combination = smaller NA

Section 3 (Maximum Marks : 16)

e This section contains TWO paragraph.

e Based on each paragraph, there will be TWO questions

e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE
of these four option(s) is(are) correct

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

e Marking scheme :
+41f only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0 If none of the bubbles is darkened
—2 In all other cases

PARAGRAPH 2

In a thin rectangular metallic strip a constant current | flows along the positive x—direction,
as shown in the figure. The length, width and thickness of the strip are £ o and d,
respectively.

A uniform magnetic field B is applied on the strip along the positive y—direction. Due to
this, the charge carriers experience a net deflection along the z—direction. This results in
accumulation of charge carriers on the surface PQRS and appearance of equal and opposite
charges on the face opposite to PQRS. A potential difference along the z—direction is thus
developed. Charge accumulation continues until the magnetic force is balanced by the
electric force. The current is assumed to be uniformly distributed on the cross section of the
strip and carried by electrons.

1 / °K & I
4 i .

%
yd *M

YA

T
D

13



(14) IT JEE 2015 — Advanced : Question Paper & Solution

19,

19.

20.

Consider two different metallic strips (1 and 2) of the same material. Their lengths are the
same, widths are wi and w. and thicknesses are di1 and d, respectively. Two points K and
M are symmetrically located on the opposite faces parallel to the x—y plane (see figure).
V1 and V: are the potential differences between K and M in strips 1 and 2, respectively.
Then, for a given current | flowing through them in a given magnetic field strength B, the
correct statement(s) is (are)

(A) If wi =ws and d1 = 2dy, then V2 = 2V1

(B) If w1 =w- and dy = 2d>, then V2 = V1

(C) If w1 = 2w? and di1 = d2, then V2 = 2V1

(D) If w1 =2w; and d;1 = d2, then V2 = V1

(A), (D)

I
j=L  =nev; = evs=

wd mwd

.. Fe=evgB :ﬁ
mwd

E=Y Sp=-®

w w
Under equation condition

B _ev _y-1B

nwd  w nde
.. Vg is same in two strips.

V1d1 = Vad2

Consider two different metallic strips (1 and 2) of same dimensions (length ¢, width w
and thickness d) with carrier densities ny and n2 respectively. Strip 1 is placed in magnetic
field By and strip 2 is placed in magnetic field B2, both along positive y—directions. Then
V1 and V> are the potential differences developed between K and M in strips 1 and 2,
respectively. Assuming that the current | is the same for both the strips, the correct
option(s) is (are)

(A) If B1 =Bz and ny = 2ny, then V2 = 2V,

(B) If B = B2 and n1 = 2ny, then V2 =V,

(C) If By = 2Bz and n1 = np, then V2 = 0.5V

(D) If B = 2Bz and n; = ny, then V2 = V3

(A), (C)
Vi = 1B, V, = 1B,
n,de n,de
Vi Ve
B, B,

PART Il : CHEMISTRY]

Section 1 (Maximum Marks : 32)

This section contains EIGHT questions.
The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both
inclusive.
For each question, darken the bubble corresponding to the correct integer in the ORS.
Marking scheme :
+4 If the bubble corresponding to the answer is darkened

0 In all other cases

14
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21. Among the following, the number of reaction(s) that produce(s) benzaldehyde is

CO, HCI

© Anhydrous AlCl3/CuCl
CHCL,

©/ 100 °C
COCI

©/ Pd BaSO4

v

COMe pipaLH .
Toluene, -78 °C
H,0
2.1 CHO

CHO

CO,HCI
(I) @ Anhydrous AICI3 /CuCl
cl oH
| — —
w (@ree O

0 0]
g—d<——ﬂL—% & n
() Pd-BaSO,
o 0]
| | _ _ DIBAL -H u_ H
(IV) @C O—Me Toluene, ~78°C H,0 + MeOH

2. In the complex acetylbromidodicarbonylbis(triethylphosphine)iron(ll), the number of
Fe—C bond(s) is
22.[3]

2. Among the complex ions, [Co(NH2—CH2—CH2—NH2).Cl2]*, [CrClz(C20a4)2]*,
[Fe(H20)4(OH)2]*,  [Fe(NH3)2(CN)a]-,  [Co(NH2—CH2—CH2—NH2)2(NH3)CIJ?*  and
[Co(NH3)4(H20)CI]?*, the number of complex ion(s) that show(s) cis-trans isomerism is

15
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23.

24

24.

25.

26.

27.

[6]
! P
NH NH ——NH
243 2 2 +3/NH2
/CO\ Co
—NH, | SNH— L“—nH,” |~
Cl Cl
trans cis
Three moles of B2He are completely reacted with methanol. The number of moles of

boron containing product formed is

[6]

B,Hg +6MeOH—— 2B(OMe); + 6H,

Diborane reacts with methanol to give hydrogen and trimethoxyborate ester.

The molar conductivity of a solution of a weak acid HX (0.01 M) is 10 times smaller than
the molar conductivity of a solution of a weak acid HY (0.10 M). If 7»()’(— ~ KOY— , the

difference in their pKa values, pKa(HX) — pKa(HY), is (consider degree of ionization of
both acids to be << 1)

[3]

o2 =10 o

pKai = pH1 — log au

pKaz = pH2 — log a2

pKai — pKaz = pH1 —pH2=3

A closed vessel with rigid walls contains 1 mol of ?*® U gnd 1 mol of air at 298 K.

Considering complete decay of %35 U to *%,Pb, the ratio of the final pressure to theinitial

pressure of the system at 298 K is

9
E35]U —— P +8%He+6° B
92 82 2 -1
Initial no. of moles of gas = 1.

Final no. of moles of gases=1+8=9

In dilute aqueous H2SOs, the complex diaquodioxalatoferrate(ll) is oxidized by MnOy.

For this reaction, the ratio of the rate of change of [H"] to the rate of change of [MnO7] is
[8]
Rate of change of [H*] is 8 times the rate of change of [Mnoﬂj

16
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28. The number of hydroxyl group(s) in Q is

28.

H H* aqueous dilute KMnOy4 (excess)
‘e, s P S5 Q
HO heat 0°c.
H3C CHj
[4]
@
o, — H., - Hy0
HO / @
H,O
CH3 CH3 D CH3 CH3 CH3 CH3
l 1,2 methyl shift
I‘\\\OH
CH3 . Ag.dilute
D KMnOy (excess) O'C _H®
HO* H
CH, H CH,
3 CH,
(P)

Section 2 (Maximum Marks : 32)

This section contains EIGHT questions.
Each questions has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE
of these four option(s) is(are) correct
For each question, darken the bubble(s) corresponding to all the correct option(s) in the
ORS
Marking scheme :
+4 If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0 If none of the bubbles is darkened
—2 In all other cases

29.

29.

30.

30.

Under hydrolytic conditions, the compounds used for preparation of linear polymer and
for chain termination, respectively, are

(A) CH3SiClz and Si(CHa)4 (B) (CH3)2SiCl2 and (CH3)sSiCl

(C) (CHg)2SiCl2and CHsSiCls (D) SiCls and (CH3)sSiCl

(B)

When O is adsorbed on a metallic surface, electron transfer occurs from the metal to Oo.

The TRUE statement(s) regarding this adsorption is(are)
(A) Oz is physisorbed (B) heat isreleased

(C) occupancy of w2p of O is increased (D) bond length of O isincreased

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

17
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31. One mole of a monoatomic real gas satisfies the equation p(V — b) = RT where b is a
constant. The relationship of interatomic potential V(r) and interatomic distance r for the
gas is given by

w 'O ®

VEE .

o

) V® (D) V(™

(=}
(=]

31. (C)

32. In the following reactions, the product S is

HsC i. O3 NH3
- R > S
ii. Zn, H,0
H3C N H,C N
N 3
Z P
(D)
HaC &
32. (A)
CHO CH,

3
003 —» N, SN
(i) Zn, H,O
CH;—CHO Z

18
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33. The major product U in the following reactions is

© CH,=CH-CH3, H* radical initiator, O,
P - U

high pressure, heat

H
HsC CH3

CH,
©/K¢CH2 (D) ©/N\/O\O, H

33. (B)
H, CH,
CH—CH, CH;—C—0—0H
CHy =CH-CHs, H* Radical Initiator, O,
Highpressure, &
Cumene Cumene hydroperoxide

34. In the following reactions, the major product W is

OH
O , NaOH
NH>  NaNO,, HCl
- V - W
0%

on O
© NN O‘ ©) Q

19



(20) IT JEE 2015 — Advanced : Question Paper & Solution

34. (A)

® o OH
N.Cl HO
NH,
NaNOy, HCI _
% prmm—

35. The correct statement(s) regarding, (i) HCIO, (ii) HCIO,, (iii) HCIO3z and (iv) HCIOs, is
(are)
(A) The number of Cl = O bonds in (ii) and (iii) together is two
(B) The number of lone pairs of electrons on Cl in (ii) and (iii) together is three
(C) The hybridization of Cl in (iv) is sp*
(D) Amongst (i) to (iv), the strongest acid is (i)
35. (B), (C)
(i)H-O-ClI

(ii)ii) H-0-Cl=0
(ii)H-0-Cl=0
y)
0
(V) H-0-CI=0
g
(A) False (B) True (C) True (D) False

36. The pair(s) of ions where BOTH the ions are precipitated upon passing HzS gas in
presence of dilute HCI, is(are)
(A) Ba?*, Zn?* (B) Bi®*, Fe** (C) Cu?*, Pb?* (D) Hg?*, Bi®*
36. (C), (D)
Group-2 ions are Hg*?, Pb*?, Bi*3, Cu*?, Cd*?, As*®, Sb*3, Sn*2, and Sn**

Section 3 (Maximum Marks : 16)

e This section contains TWO paragraph.
e Based on each paragraph, there will be TWO questions
e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE
of these four option(s) is(are) correct
e For each question, darken the bubble(s) corresponding to all the correct option(s) in the
ORS
e Marking scheme :
+4 1f only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0 If none of the bubbles is darkened
—2 In all other cases
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PARAGRAPH 1

When 100 mL of 1.0 M HCI was mixed with 100 mL of 1.0 M NaOH in an insulated beaker
at constant pressure, a temperature increase of 5.7 °C was measured for the beaker and its
contents (Expt. 1). Because the enthalpy of neutralization of a strong acid with a strong base
is a constant (-57.0 kJ mol1), this experiment could be used to measure the calorimeter
constant.

In a second experiment (Expt. 2), 100 mL of 2.0 M acetic acid (Ka = 2.0 x 10~°) was mixed
with 100 mL of 1.0 M NaOH (under identical conditions to Expt. 1) where a temperature rise
of 5.6 °C was measured.

(Consider heat capacity of all solutions as 4.2 J g~* K~ and density of all solutions as
1.0gmL™Y)

37. Enthalpy of dissociation (in kJ mol-!) of acetic acid obtained from the Expt. 2 is

(A)1.0 (B) 10.0 (C)24.5 (D)51.4
37. (A
38. The pH of the solution after Expt. 2 is
(A)2.8 (B)4.7 (©)5.0 (D)7.0
38. (B)
200 m.eq. + 100 m.eq Base — 100 m.eq. salt
Salt
pH = pKa + log
Acid

100
=2x107° + log 0 =5-1log2 =5-0.3010=4.7

PARAGRAPH 2
In the following reactions

Pd'BaSO4 i Bsz
CgHs CgHg - X
H; ii. H04, NaOH, H20
H,O
HgSO4, HSO4
i. EtMgBr, H,0
CgHgO - Y
ii. H*, heat

39. Compound X is

OH
(A) dCH3 ®8) ©/‘\CH3 ©) @\/ D) @/\CHO

39. (C)

21
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40. The major compound Y is

Wy T IO

CHa, CHj
©) CHa (D) |
CHs
40. (D)
Solution : Q. 39 & 40
C=CH CH=CH, CHZ—CHZ—OH
@ Pd.BaSO, B2Hs N
Ha H,0, , NaOH, H,0
H,0 , HgSO,, H,SO, (X)

O <—

i

|OH
CH, Et—C—CH;  CH;—CH= CH —CH,
EtMgBr,H,0
> _Heat @

PART Ill - MATHEMATICS

Section 1 (Maximum Marks : 32)
e This section contains EIGHT questions.
e The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both
inclusive.
e For each question, darken the bubble corresponding to the correct integer in the ORS.
e Marking scheme :
+4 If the bubble corresponding to the answer is darkened
0 Inall other cases

41. Suppose that all the terms of an arithmetic progression (A.P.) are natural numbers. If the
ratio of the sum of the first seven terms to the sum of the first eleven terms is 6 : 11 and
the seventh term lies in between 130 and 140, then the common difference of this A.P. is

41. [9]

Let the first term is a and common difference is d.
S;_6
S, 11

f {2a + 6d}

2 _6
—II{za +10d; 11

2

2a + 6d _ §
2a+10d 7

22
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42.
42.

43.

43.

14a + 42 d = 12a + 60d
2a=18d
a=9d

130 <ar <140
130 <a+ 6d <140
130 < 15d < 140
d=9

The coefficient of x° in the expansion of (1 +x) (1 +x%) (L +x3) .... (1 +x¥)is

[8]
(1+x)(1+x5)@Q+x3....(1+x00

co-eff of x® is number of ways sum of power of X is 9.

Of the form 1 — 1 way

Form2 {(1,8) (2,7) (3,6) (4,5)} Total 4 ways
Form 3 {(1, 2, 6) (1, 3,5) (2, 3,4)} Total 3 ways.

XZ

2

Suppose that the foci of the ellipse XY 1 are (f1, 0) and (f2, 0) where fy > 0 and
95

f < 0. Let P1 and P2 be two parabolas with a common vertex at (0, 0) and with foci at

(f1, 0) and (2f2, 0), respectively. Let T1 be a tangent to P1 which passes through (2f2, 0)

and T be a tangent to P> which p()asses thro\ugh (f1, 0). If my is the slope of T1 and m2 is
1 2

the slope of Tz, then the value of km+ m, |
1

[4]

2
)i-‘ry_: 1 e= 1__:2
9 5 \ 9 3

Focus (+ ae, 0) = (+ 3. 2_,0) =(x2,0)
3

f1=(2,0), f2 = (-2, 0)
Parabola P1 = y? = 4.2 x

y? = 8x .. (D)
Parabola P2 = y? = — 4(4)x
y? = 16X .. (2
Tangent y2 = 8x is y = my X +2=
ml
Given it passes (-4, 0)
0=-4m +-2
m,
m? = .
2
Tangent on y2 = — 16x is y = —max ++

m,
Given it passess (2, 0)
=0=-2my +i
m,

2 —
m2=2

S0, ym=2+2=4
ml

}is

C

P2

23
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( cos(a”
44, Let m and n be two positive integers greater than 1. If ; & __| &) then the
1 — >
value Ofm_IS
n
44. 2]
( cos( ) e) e cos(a”)-1

=lim | ” |=-" :“me‘{e _1} =-£

aaok o ) 2 a=0 (Xm 2

n n e

| e{ecos(a )—1} e ; e{ecos(a )1 _1} { ( ) } €
=lim ——=—-_ = lim leos o —1=-

a0 oM 2 o>0gm.{cos(a" )1}

—e{ZsinzOan (on Y e %Zsmzot”w (o V e

= lim 217 = = ime €J| = -

00 OLm_|( Otn) \ 2 )_ 2 a0 (Ocn \2) 2

L2 ) )

= lim =%, a2n-m=_%

a0 2 2
=2n-m=0
:m: 2

n

45, If a:I(egxﬁta"1X)(12+9X2)dx, where tan-'x takes only principal values, then the

0 | 1+ x%)
( 3n)
value of|Kloge|l+oc|» 4JIS

45. [9]

Let t=9x+3tanix

dt=9+

1+ X2
2
dt = 12 + 9x
1+ x?
oan/
o= t[ etdt
o :|— 9+31 — [ 943w/
CIR TR ¥
3n 943 3n 3n -3n
loge[1+al " =]oge ‘1+e #—1‘—_ =9+ - =9
4 4 4 4
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46. Let f: R — K be a continuous odd function, which vanishes exactly at one point and
f(l)_ . Suppose that F(x) = _[f(t)dt forall x e [-1,2] and G(x) = I 1‘(1‘ (t))‘dt for

FX) 1 (1) *
all x e [-1, 2]. If lim = , then thevalueoffk Jis
x—1 14 2
46. [7]
m O 1
x o1 X xf(f(x) 14
[tif]dt
: (1)
2 :L f - :7
j—f(;j w2
2

47. Suppose that p,qand f~ are three non-coplanar vectors in R*. Let the components of a
vector s along p,q'and r'be 4, 3 and 5, respectively. If the components of this vector s~

along (—p+qd+r),(p—d+r)and (-p—d+r) arex,y and z, respectively, then the value
of2x+y+zis

47.19]
s =4p+3q+5r ()
S = (peqeDx(p-d )y (p-g+r)z
S =(X+ty-2) p+(X-y-2)q +(x+y+2)r ()
—X+y—-z=4 ... (i)
X—-y—-2z=3 ... (iv)
X+y+z=5 . (V)
9 7
X=4,y=",2=-
2 2
2X+y+z2=9

48. For any integer k, let a, :cos(ﬁ}Lisin(ﬁJ, where i= /7. The value of the
7 7

Z|ak+1 Oy |

H k=1
expression 3

Z|0‘4k 17 Oy 2|

48. [4] _
12 | (K+Dn Kn 12 Kn K 12| In
1 i I _
7 —e’ 7 lele’=1 ‘ e’— ]J ‘
2. & _ ) _ 12k7-1 o4
3 | (4K=Lm  j(4K=2)n - 3 | i(4K-1)n i -

I 3 I
e’ 1‘ e7—]J —1‘

Z‘e7 e 7 Z‘e7 e ' — Kz=1

25
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Section 2 (Maximum Marks : 32)

This section contains EIGHT questions.
Each questions has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE
of these four option(s) is(are) correct
For each question, darken the bubble(s) corresponding to all the correct option(s) in the
ORS
Marking scheme :
+4 If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0 If none of the bubbles is darkened
—2 In all other cases

49.

49.

50.

50.

Letf, g:[-1, 2] — = be continuous functions which are twice differentiable on the
interval (-1, 2). Let the values of f and g at the points —1, 0 and 2 be as given in the
following table :

x=-1 |x=0 X=2

f(x) 3 6 0

a(x) 0 1 -1

In each of the intervals (-1, 0) and (0, 2) the function (f — 3g)' never vanishes. Then the

correct statement(s) is (are)

(A) f(x) — 3g(x) = 0 has exactly three solutions in (-1, 0) U (0, 2)

(B) f(x) — 3g(x) = 0 has exactly one solution in (-1, 0)

(C) f(x) — 39g(x) = 0 has exactly one solution in (0, 2)

(D) f(x) — 3g(x) = 0 has exactly two solutions in (-1, 0) and exactly two solutions in
0, 2)

(B), (C)
Let h(x) = f(x) — 3g(X)

h(-1) = 3 N
h@©) = 3

h2 = 3 i i
h(x) = f(x)-3g(x) 1 |0 2

= f(x) — 3 g(x) = 0 has exactly one solution is (-1, 0)
& f(x) — 3g(x) = 0 has exactly one solution is (0, 2)

2 [T T
Let f(x) = 7tan®x + 7tan®x  — 3tan*x — 3tan“x for all x € L E, y J . Then the correct

expression(s) is (are)

(A) fx f (x)dx L

4

y
B) [ f(x)dx=0

12 .
w4 1 /4
(©) | xf(x)dx = (D) [ F(x)dx=1

(A), (B)

f(x) = 7tan®x . sec® — 3 tan? (x) . sec?(X)

26
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/4 n/4

l f (x)dx = [ (7 tan® (x) - 3 tan? (x)) sec 2(x) dx
= (tan” x - tan®* %) = 0

/4 n/4
l xf (x)dx = _[ x sec?(x) . (7 tan © x — 3 tan 2 x)dx
0
>£ 7 3 )n /4 /4 7 3
=X(tanx—tan x) /= _ ! (tan (X) — tan (x)).1dx
Tt/4 Tt/4
= I tan3(x) (1 — tan* x)dx = j tan®(x) (1 tan? x) . sec?(x)dx
0 0

[ tan*(x) tanG(x)\n/4 11 1

4 6 ) 4 6 12

1923 (1) !
51. Let f(x) = forallx ¢ B withfl —| =0.Ifm<
(x) YT |\2J JZf(x)dst,thenthe
possible values of m and M are
(A) m=13, M= 24 (B)m:_l,lvl:f
4 2

C)m=-11,M=0 D)m=1,M=12

51. (D)
3
f(x) = 19?x
2 + sin* (nx)
Also, as x increases from 1 tol,
2
f(x) increases from 8 to 96
f()—fL2
8< 1 <96
1 _ -
2
= 4< f(lh) <48 1 1
- x T x < <TXT X

, o, 4 ﬂ[zf(x)dx , , 48

1

—1 SI f(x) dx <12 .. (D) are correct.
12

52. Let S be the set of all non—zero real numbers o such that the quadratic equation
ax? — x + o = 0 has two distinct real roots x1 and x; satisfying the inequality |x1 — Xo| < 1.
Which of the following intervals is (are) a subset(s) of S?
A) (—l,_l\ B) [— . ,o\|
2’ 35 N
(1)
o)

(D) [_15 ’ ﬂ
v )

27
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52. (A), (D)
ax?—x+a=0
D>0

=1-4.0.0>0

1—oc2>0

- i

a<- - ora>

5 T

Take intersection
oceF—SF—l\ [ 11)

) T,
L2 BlEY
B dp=3 14 here the i tri tric functions tak
53. If o =3 sin~ " and 3 =3 cos L9J’W ere the Inverse trigonometric functions take

only the principal values, then the correct option(s) is (are)

(A)cosB>0 (B)sinp>0
(C)cos(aa+B)>0 (D) cos a <0
53. (B), (C), (D? \
o= 3s.|n—1 1 6_1
\11J 2 11 2
TE
| %)

= —2<0L< —
[ 4) 4_1
B = 3cos Lg} 05
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54.

54.

cos! (4) > c0os™* (1
o
cos*l(4 ST
LgJ 3
= 3cos—l(|4\|>n
L9/

=cosP<0,sinB<0,cosa<0,cosB<0,sina>0
cos (. +PB)=cosacosPB—sinasin >0

Let E: and E> be two ellipses whose centers are at the origin. The major axes of E1 and E>
lie along the x-axis and the y-axis, respectively. Let S be the circle x? + (y — 1)> = 2. The
straight line x + y = 3 touches the curves S, E1 and E> at P, Q and R, respectively.

2¢

Suppose that PQ = PR = = Ifer  ande; arethe eccentricitiesof E;  and Ea,
respectively, then the correct expression(s) is (are)
Ay e rer=" @ee- T
ST, 2o
(C) ‘612 — ej _2 (D) e e2=ﬁ3/_
8 4
(A), (B)

. X y2_ X2 yz_
Let ellipse a_2+F_1—> Ei(a>b)and E2 > a_2+F_1 (a<h)

Circles=x?+(y —1)?=2

Tangent,x +y =3 ... (1)
Normal of circle x -y = K

Given it passes (0, 1)

=>K=-1

Normal to circle x —y = -k ... (2)
eg. (1) and (2) solving P = (1, 2)

For point Q and R,

x-1 _Y-2_ 2¢
11 3
J2 2
3 Qz(f,éjaHdRE(l,g
33 33
2 2

As normal y = — X + 3 to :_2+§:1is
c2=a?m?+ b?

= 9 =a’+b? ... (3)
) (54 . 2 2
AspointQ | , | liesEx: X, ¥,=1
(33 a b
25 16
9a> 9b?
= a’=5
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From (3),b*=4
b? 1
e = . J1-— = 1__ ==
Similarly,
o = ol
, = N
8 2P
elezz_"l
20
1 7 _8+43 43
e+ =T+ = = =
5 8 40 40
S
& ¢l = 5 8 420 | | 40

55. Consider the hyperbola H: x?> — y? = 1 and a circle S with center N(xz, 0). Suppose that H
and S touch each other at a point P(x1, y1) with X1 > 1 and y: > 0. The common tangent to
Hand S atP intersects the x-axis at point M. If (£, m) is the centroid of the triangle
A PMN, then the correct expression(s) is(are)

ds 1 d
(A) —=1-—"forx;>1 (B) ———forx;>1
dx, 3% ' Xy 3(1/x 1} 1
(C)2:1+L‘orx>1 (D) fory>0
dx, 3)(12 ' dyl 3 '
55. (A), (B), (D)
x2—y?=1
2xX— 2yy =0y (X1, Y1
== .. (1)
y
1 A N

L—L :—1 Pl I
yx-x M (X2, 0)
= X2 =2X1 ... (2)

Equation of PM is Y- %1 =1
X=X Y
x2-y? 1
Puty:O, X = yl: -
X X
v=1 0l N=@,0  P=(x.y)
B e e
1
SL0=Exe +L
3%,
dr _, 1
dx, 3x?
me ¥ L dm_1
3 dy, 3
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Also,m:ly -1 21
3t 3+
dm _ X
dx; 2-1

56. The option(s) with the values of a and L that satisfy the following equation is(are)
An

t[ e (sin® at + cos* at) dt

0 =L?
!et (sin® at + cos* at) dt
4 A
a=<Z,L= a=2,L=
A)a=2 L= 1 B)a=2 L= *1
er -1 e" +1
4n An
©a=4L= = O)a=4L="2
er — er +
56. (A), (C)

l[ e (sin® (at) + cos* (at)) dt

s

l'e‘ (sin® (at) + cos* (at))dt

Let f(t) = e' (sin® (at) + cos® (at))
F(km+t) =e*t(sinf (a (km + t)) + cos® (a (kn + 1))

= ek (1) ... (for even values of a)

Az T

lf(t)dt (1+e7 + 27 + 337) t[f(t) dt  gtn_q

T

1[ f (1) dt [f @) dt
0

er -1

Section 3 (Maximum Marks : 16)

e This section contains TWO paragraph.

e Based on each paragraph, there will be TWO questions

e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE
of these four option(s) is(are) correct

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

e Marking scheme :

+4 1f only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0 If none of the bubbles is darkened

—2 In all other cases
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PARAGRAPH 1

Let F :® — T be athrice differentiable function. Suppose that F(1) =0, F(3) = -4 and
F(x) <0 forall x € (1/2, 3). Let f(x) = xF(x) forall x € .

57. The Correct statement(s) is(are)
(A)f(1) <0 (B)f(2) <0
(C)f(x) =0 forany x € (1, 3) (D) f(x) =0 for some x € (1, 3)

57. (A), (B), (C)
f(X) =x F(x)
f(x) =F(x) +xF(x)
f(1) =F1)+F@1Q) =F@)<0 (0 F(x) <0V x e(1/2,3f
(2) =2F(2)<0 (0 F(2)<0)
f(x) =F(X)+xFX)<0 Vxe(l3)
(U F(x)<0and x F (x) <0 forall x e (1, 3))
o f(x) =0 forany x € (1, 3)
Hence (A), (B), (C) are correct.

3 3

58. If I x2F'(x) dx = -12 and J' x3F"(x) dx = 40, then the correct expression(s) is(are)
1

3

3
(C) 9f(3) - f(l) +32=0 (D)‘ ‘[f(X) dx = -12
58. (C), (D)

( x2 ) %y
jf(x)dx :fx F(x ) dx :|K|:(X)._2_J1—I_2_.F'(x)dx
1 1 1

9 1

=" (=4A)-0-— _(—12) _

2( 4) -0 5 =-12
3 3
[eroo =40 = (CFOO),_ [aerGo =40

= 27 F(3) - F(1) =4(1)

Also, f(3) =F(3) +3F(3)
f1) =F(Q)

(C) = 9f(3)-f(1)+32
9 F(3) + 27 F(3) — F(1) + 32
27F(B)-F(1)-4=0 (0 F(3) = -4)
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PARAGRAPH 2

Let n1 and n2 be the number of red and black balls, respectively, in box I. Let n3 and n4 be the
number of red and black balls, respectively, in box II.

59. One of the two boxes, box | and box Il, was selected at random and a ball was drawn
randomly out of this box. The ball was found to be red. If the probability that this red ball

.1 . . .
was drawn from box Il is 5 , then the correct option(s) with the possible values of ny, na,

nz and n4 is(are)

(A)n1=3,n2=3,n3=5,n4=15 (B)yn1=3,n2=6,n3=10,n4=50
(C)n1=8,n2=6,n3=5,n4=20 (D)n1=6,n2=12,n3=5,n2=20
59. (A), (B)
P(By) = 1/2 P(RIBY) = t—
102
P(B;) = 1/2 P(RIB;) = —2
kBZ\
ixrndﬁﬂjl
, .3 .4) -
3Mnen 1,8/ pmp I 3
Ls o) U1 2)

60. A ball is drawn at random from box | and transferred to box Il. If the probability of
drawing a red ball from box I, after this transfer, is l_, then the correct option(s) with the

3
possible values of n; and nz is(are)
(A)ni=4and n,=6 (B)yni=2andn2=3
(C)ny=10and n2=20 (D)nz=3and n, =6
60. (C), (D)
1
P(E) ==
(E) 3

(R0 . L WO | UL Y S
A z}kl AR z)

Among the given options, (C) and (D) satisfies the equation.

aaaaaaq
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