IIT - JEE (2011) PAPER II QUESTION & SOLUTIONS CODE O

PART | : CHEMISTRY

PAPER - 11

SECTION - I(TOTAL MARKS: 24)
(Single Correct Answer Type)

This section contains 8 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1

Sal. :

Sal. :

Among the following complexes (K — P),

K3[Fe(CN)e] (K), [Co(NHz)e] Cl3 (L), Nag[Co(oxalate)s] (M), [Ni(H20)s] Clz (N), K[Pt(CN),] (O) and
[Zn(H20)6] (NO5), (P)

the diamagnetic complexes are

(A) K,L,M,N (B) K,M,0O,P
(C) L,M,0O,P (D) L,M,N, O
(©
K3Fe(CN)g is paramagnetic
[Ni(H,0)¢] Cl, is paramagnetic too.
Consider the following cell reaction :
2Fe g + Oyg + 4H* () = 2Fe** @) T 2H20 ¢ E° =167V
At [Fe?"] = 10°M, P(O,) = 0.1 atm and pH = 3, the cell potential at 25°C is
(A) 147V (B) 1L.77V
(C) 187V (D) 157V
(D)
+ +2 o —
2Fe) + O, +4H" — 2Fe™  + 2H,0(¢) E°=1.67V
272
. 00591, [Fe?]
Ecat = B — n I T
[0:]x[H']
10°7
167 008 [10°] 4
4 (107)a0%)

0.0591, 10°

=167- ——log—-—
4 Yo"
=167- %wlx 7 =1.566 ~ 1.57 Volt.
The major product of the following reactionis
RCH,OH
‘ H® (anhydrous)
O
(A) ahemiacetal (B) an acetd
(C) an ether (D) an ester
(B)
@ ’ O - O\
O O ® O OCH,R

Acetal
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Key.:
Sol. :

Sal. :

Key:
Sal.

Passing H,S gas into a mixture of Mn?*, Ni%*, Cu?** and Hg?* ions in an acidified agueous solution
precipitates

(A) CuSand HgS (B) MnSand Cus
(C) MnSand NiS (D) NiSand HgS
(A)

Cu*" & Hg”" ions belong to Group — |1 of salt analysis & their sulphides are very less soluble. Hence CuS
and HgS will be precipitated out even in acidic medium by passing H,S gas.

Oxidation states of the metal in the minerals haematite and magnetite, respectively are

(A) 11, 11l and haematite and 111 in magnetite (B) 1, 11'in haematite and Il in magnetite
(C) 1l in haematite and 11, 111 in magnetite (D) 11I'in haematite and 1, I1l in magnetite
©

Formula Oxidation state of Fe
Haematite > Fe,0; +3
Magnetile - Fe;0, (FeO + Fe,0O3) +2, +3

Amongst the compounds given, the one that would from abrilliant colored dye on treatment with NaNO, in
dil. HCI followed by addition to an alkaline solution of B-naphthol is

N(CH,), NHCH;
o o (J
NH, CH,NH,
o ST Ny
H,C

3
©
Azodyetestis given by Aromatic 1° amine

N——NCI OH ch =N
OH
NaNo2 +HCl

Red azo dye

The freezing point (in °C) of a solution containing 0.1 g of K3[Fe(CN)e] (Mol. Wt. 329) in 100 g of water

(Ki=1.86 K kgmol™) is

(A) —-2.3x 107 (B) - 5.7 x 10°

(C) -5.7x 107 (D) -1.2x 102

(A)

ATi=ixkixm

ixKk; x % X @
B WA

4x1.86x ot 100
329" 100

=0.0226
=226x 102~ 23 x 102
Freezing point = - 2.3 x 102

The following carbohydrateis
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Key.:

Sal.

(A) aketohexose (B) an aldohexose
(C) an a-furanose (D) an o - pyransose
(B)
H OH
H—O
HO HHOH
HO OH H
H

is an aldohexose.

SECTION - Il (TOTAL MARKS: 16)
(Multiple Correct Answer(s) Type)

This section contains 4 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE may be correct.

9.

Key.:
Sol. :

10.

Key.:
Sol. :

The equilibrium
2Cul == Cuw°+CU'

In agueous medium at 25°C shifts towards the | eft in the presence of

(A) NO; (B) CI-
(C) SCN- (D) CN™
(B, C, D)

The equilibrium constant for the reaction

2Cu* —=Cu+Cu* is high enough to keep it largely towards right. The Cu* will exist in water with

stability when either present as complexes or as insoluble salt CuCl, CuCn and CuSCN are insoluble
cuprous salt.

The correct functional group X and the reagent / reaction condition Y in the following scheme are

X —(CH,), - X UL 5> condensation polymer

iy
\>C—(CH2) 4—6//
HO \OH

heat

(A) X = COOCHg, Y = H,/ Ni / heat (B) X = CONH,, Y = H,/ Ni / heat
(C) X = CONH,, Y = Br,/ NaOH (D) X =CN, Y =H,/ Ni/ hesat
(A, B, C, D)

(A) o) o)

H3C—O—|C£—(CH2)4—|C!—OCH3 —%™— CH,OH +HO-CH, —(CH,), CH,OH
(B) 0 0

HzN—H—(Cng—g—NHZ —% NH,—(CH,), - NH,
© o) o]

HzN—H—(CHzM—H—NHz —52  NH,—(CH,), - NH,
@) Nc-(cH,),-cN —M5 NH, -(CH,), - NH,

Diamines give polyamides with dicarboxylic acids
Similarly di-ols give polyester with dicarboxylic acid.
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11

Key.:

Sal. :

12.

Key.:

Sal. :

For thefirst order reaction

2N,;0; (g) —> 4NO; (g) + O (9)

(A) the concentration of the reactant decreases exponentially with time.

(B) the half-life of the reaction decreases with increasing temperature.

(C) the half-life of the reaction depends on theinitial concentration of the reactant.
(D) the reaction proceeds to 99.6% completion in eight half-life diration.

(A,B,D)

d|N,O
First order reaction : —%: K.[N,Os]

Half life period : ty, = g}:—z

With temperature ‘K’ increases and therefore t,,, decreases
At the completion of 8 half lives

Remaining % = —~x100= —x100= 0.39
28 256

. Y% reacted = 100 - 0.39 = 99.61 %.

Reduction of the metal centre in agueous permagnate ion involves

(A) 3éelectronsin neutral medium (B) 5 electronsin neutral medium
(C) 3electronsin akaline medium (D) 5 electronsin acidic medium
(A,C,D)

8H" +5¢ +MnO, —— Mn* +4H,0
2H,0+3e" + MnO, —— MnO, + 40H"
2H,0+3e" + MnO, —— MnO, + 40H"

SECTION = 11l (TOTAL MARKS: 24)
(Integer Answer Type)

This Section contains 6 questions. The answer to each question is a Single-digit integer, ranging from 0O to 9.
The bubble corresponding to the correct answer is to darkened in the ORS.

13.

Key.:
Sal. :

The number of hexagonal faces that are present in atruncated octahedron is
6
The truncated octahedron is an Archimedean solid with 14 faces out of which 8 faces are hexagonal and rest

6 faces are sguare shaped.
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14.

Key.:
Sol. :

15.

Key.:
Sol. :

16.

Key.:
Sol. :

H,C._ @ CH,CHg
The total number of contributing structures showing hyperconjugation
(involving C — H bonds) for the following carbocation is

HsC &~ CHCHs

aH =6
", contributing hyper conjugating structure = 6

Among the following, the number of compounds than can react with PCl5 to give POCl; is O,, CO,, SO,
HZOs HZSOAv I:’4010
5
CO, + PCls —— POCI; + COCl,
PCl; + H,O —— POCI; + 2 HCI
(if equi molar amounts are used, the reaction is more gentle and yields POCI )
PC|5 + S0, ——> POC|3 + SOC'Z
PC|5+ PO, — 10 POC|3
PCls + H,SO, —— POCIl; + HSO,Cl + HCI

chlorosulphonic acid
2PCls + H,SO, ——> SO, Cl, + 2POCI; + 2HCI

sulphuryl chloride

In 1 L saturated solution of AgCl [K, (AgCl) = 1.6 x 10, 0.1 mole of CuCl
[Kg (CuCl) = 1.0 % 10 is added. The resultant concentration of Ag" in the solution is 1.6 x 10™. The value
of “x” is
7
AgCl(s) —— Ag + CI
X X
CuCl(s) —— Cu’ + CI
y y
Net Cl” insolution = (x +y)
ke AQCl = 1.6 x 10 =[Ag'] [CI]
=x(x+y)

x(x+y)=16x10"® . (i)
ke Of CuCl = 1.0 x 10 = [Cu"][CI']

1.0x10° =y (x +y) (1))
from equation (i) and (ii)

X _16x10"
y
=—X
y 16
putting the value of y in eg. (i)

4
x.[x +£xj =1.6x10"°
1.6
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17.

Key.:
Sol. :

18.

Key.:

Sal.

4

X2 x 10 _ 1.6x107%°
1.6

x? = (1.6)° x 10

x=16x 10"

The volume (in mL) of 0.1 M AgNO; required for complete precipitation of chloride ions present in 30 mL
of 0.01 M solution of [Cr(H,0)sCI]Cl,, assilver chlorideis close to

6

2AgNO; + [Cr(H,0)sCl] Cl, —— 2AgCl + [Cr(H,0)sCI1(NO3),

. milli equivalent . of AgNO; reacted = milli equivalent of [Cr(H,0)sCI]Cl, reacted

thus M xn x V)AgNo3 =(Mxnx V)[Cr(HZO)SCI]CIZ

= 01x1xV=001x2x30

V=6

The maximum number of isomers (including stereoisomers) that are possible on mono-chlorination of the

following compound, is
CH,

L
CH CH/ ‘ \CHZCH
3 2 H 3

8
\ Y *
HyC— CH,—CH—CH,—CH, + ¢, _Monochlorination o, o cH_cH,—CH,
Hs Jj H,
(1 chiral)
(A)
Cl
* * é
H3C—iH—CH—CH2—CH3 H,C——CH,—C——CH,——CHj,
| AIH3 éHa
(2 chiral carbon) (no chiral carbon)
(B) (©)
HyC——CH,—CH—CH,CH,
H,Cl
(no chiral carbon)

(D)
Thus ‘A’ has two structures, ‘B’ has 4, ‘C’ has 1, and ‘D’ has one therefore total product will be
8
SECTION - IV (TOTAL MARKS: 16)
(Matrix-Match Type)

This section contains 2 questions. Each question four statements (A, B, C and D) given in Column I and five
statements (p, q, r, s and t) in Column II. Any given statement in Column I can have correct matching with one or
more statementfs) given in Column II. For example, if for a given question, statement B matches with the statements
given in q and r, then for that particular question, against statement B, darken the bubbles corresponding to q and r in
the ORS.

19.

Match the reactionsin Column | with appropriate types of steps/ reactive intermediate involved in these
reactions as given in Column |1

E
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Column | Column 1
(A) H,C O o (p) Nucleophilic substitution
i /
aq. NaOH
(B) @) (g) Electrophilic substitution
O
CH,CH,CH,Cl
CH,Mgl H3
(© @) 1c8) ()  Dehydration
18
CH,CH,CH,OH X
HZS<)4)
(D) CH,CH,CHy—C(CHy), (9 Nucleophilic

$H Hzg)A @
H,C CH,
(®)

Key:  (A-rst); (B-p,st); (C-r,9); (D-q,1)

o)
Sol. H.C. O OH VY
7Y S
¢ Addition N
g o]
o)

Carbanion

| (0]
- iti CH,CH,CH Cl
CH,CH,CH,CI Nu" addition > LMLy,
CH, Mgl Hy
(source of
carbanion) _
S\
O
Hy
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O—H HO ok
| L I
—CH, —CH, _CH2
—_—
O —ONT=0 N
107 18 O
¢ P
18 p
C—CH,
0 H,0 @ \
— N 18
H*, /A o
CH,CH,CH,C(CH,), H,SO, CH,CH,CH,C(CH,),
OH QOH
~
H
-H,0
EAS
ﬂ+
H,C CHg H,C
CHy
20. Match the transformationsin Column | with appropriate optionsin column 11
Column | Column 1
(A) CO,(s) > CO, () (p) Phasetransition
(B) CaCOs(s) » CaO (s) + CO; (9) (@)  Allotropic change
(C)  2He > H;(g) () AHispositive
(D) Puite, solic) = Pred, solic) (89 ASispositive

() ASisnegative
Key:  (A-pr.ys); (B-.9); (C-1); (D-q.r.t)
Sol.: (A) COyx(s) +Q —— COz(g)
AH = +ve, phase transition and AS = +ve
(B) CaCls(s) + Q —— CaO(s) + CO(9)
AH = +ve, AS = +ve
(©) 2H” — H:(g)
two particle give one gaseous particle
AS=-ve
(D) Punite, sia ——> Preg, siid
AH = +ve, AS=+ve, dlotropic change
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PART Il : PHYSICS

SECTION - I(TOTAL MARKS: 24)
(Single Correct Answer Type)

This section contains 8 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

21.

Sal.:

22.

Key:

Sal.:

23.

Key:
Sal.:

A satellite is moving with a constant speed V in a circular orbit about the earth. An object of mass m is
gjected from the satellite such that it just escapes from the gravitational pull of the earth. At the time of its
gjection, the kinetic energy of the object is

) Smv? (B) mv?
© gmv2 (D) 2mV2,

(B)
At the time of gection Erqiq =0
GMm

r

.. Total Kinetic Energy = Erqq — P.E. =

= mv?
A point mass is subjected to two simultaneous sinusoidal displacements in x—direction, x,(t) = Asinot and
X,(t) = Asin(mt +2—3ﬂ;} . Adding a third sinusoidal displacement x,(t) = Bsin(wt+¢) bringsthe massto a

completerest. The value of B and ¢ are

A) v2A, 2= ) A 2
4 3
© 3A X © AZ.
6 3
(B)
X1 + X2 = Asin(ot + n1/3) X, XX,
X1+Xo+X3=0=> X3 = A sin(cot+4—;) 2n/3
4ﬂ/3 ;Xl
X3

The density of asolid ball isto be determined in an experiment. The diameter of the ball is measured with a
screw gauge, whose pitch is 0.5 mm and there are 50 divisions on the circular scale. The reading on the
main scale is 2.5 mm and that on the circular scale is 20 divisions. If the measured mass of the ball has a
relative error of 2%, the relative percentage error in the density is

(A) 0.9% (B) 2.4%
©) 31% (D) 4.2%.
©

0.5mm 1

Least count of screw gauge =

50 100
.. Diameter D = 2.5 + 20 x i =2.7mm
100

Now, density = ————
3)
I
312
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24.

Key:
Sol.:

25,

Key:
Sol.:

26.

Key:
Sol.:

% error in density = 21« 100+ 3%x100 =3.1%.
m

A long insulated copper wireis closely wound as a spiral of N turns. The Y
spiral hasinner radius aand outer radius b. The spiral liesin the X-Y plane

and a steady current | flows through the wire. The Z-component of the

magnetic field at the centre of the spiral is

|
W) o m2) @ e[ 21 X

(b-a) \a 2(b-a) \b-a

NI NI
© () @) ()
(A)
dN:b—’i‘adr

N
uo(—jldr
_ (" b-a _ Nyl b
5=], 2r _Z(b—a)ln(aj

A light ray traveling in glass medium is incident on glass air interface at an angle of incidence 6. The
reflected (R) and transmitted (T) intensities, both as function of 0, are plotted. The correct sketch is
4

100% . 100%
/ > T
(A) ® Z
Y - .
i 0 0 o
A
© (D)
90° ~
©

For 0<0 <6, therewill belittle reflection
For 6> 6, there will be no transmission.

A ball of mass 0.2 kg rests on a vertical post of height 5 m. A bullet of VvV m/s
mass 0.01 kg traveling with a velocity V m/s in a horizontal direction, \
hits the centre of the ball. After the collision, the ball and bullet travel \
independently. The ball hits the ground at a distance 20 m and the bullet 3

at a distance of 100 m from the foot of the post. The initial velocity of “\_
thebullet is
(A) 250 m/s (B) 25072 mis 020 00
(C) 400 m/s (D) 500 ms.

(D)

t= 2x5 =1s
\ 10

COM = vx0.01=0.2x 20+ 0.01x100
= v =500 m/s
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27. Which of the field patterns given below is valid for electric field as well as for magnetic field ?

N

/TN

N

) \\
©

Key: (C)

Sol.: In case of non-conservative electric field, lines as shown in (C) are possible. Also, in case of toroid,
magnetic field lines are circular

(B)
(D)

28. A wooden block performs SHM on a frictionless surface with frequency, T 2
Vo. The block carries acharge +Q onits surface. If now a uniform electrical —> g
field E is switched on as shown, then the SHM of the block will be +Q %

Z
Z

(A) of the same frequency and with shifted mean position I_l_,m\_

(B) of the same frequency and with the same mean position
(C) of changed frequency and with shifted mean position
(D) of changed frequency and with the same mean position.

Key: (A)
Sol.:  Anadditional constant force will not change the frequency but will shift the mean position.

SECTION - Il (TOTAL MARKS: 16)
(Multiple Correct Answer(s) Type)

This section contains 4 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE may be correct.

29. A series R-C circuit is connected to AC voltage source. Consider two cases; (A) when C is without a
dielectric medium and (B) when C isfilled with dielectric of constant 4. The current I through the resistor
and voltage V¢ across the capacitor are compared in the two cases. Which of the following is/are true ?

A 15>138 B) 15<I1
© V&>ve (D) V& <VE.
Key: (B,C)

Sal.: Z=,|R*+

2.2
o C

Zn>23= 15 <12 and v > vE

30. A thin ring of mass 2 kg and radius 0.5 misrolling without dlipping on a 10m/s
horizontal plane with velocity 1 m/s. A small ball of mass 0.1 kg, moving 20 m/s
with velocity 20 m/s in the opposite direction, hits the ring at a height of -
0.75 m and goes vertically up with velocity 10 m/s. Immediately after the
collision 0.75m
(A) thering has pure rotation about its stationary CM
(B) thering comesto a complete stop m
(C) friction between the ring and the ground isto the | eft
(D) thereisno friction between the ring and the ground.

Key: (C)
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Sol..  Assuming friction to be absent at point of contact (to check the tendency
of gsliding), we find that under the impulsive forces shown in figure, the
point of contact moves to the right hence friction will act towards left. J=2Ns

[Fdt

J=1Ns
31. Which of the following statement(s) iS/are correct ?
(A) if the electric field due to a point charge varies as r2° instead of r?, then the Gauss law will still be
valid

(B) the Gausslaw can be used to calculate the field distribution around an electric dipole
(C) if the electric field between two point charges is zero somewhere, then the sign of the two chargesis
the same
(D) the work done by the external force in moving a unit positive charge from point A at potential V5 to
point B at the potential Vg (Vg — Va).
Key: (C,D)
Sol:  IfEecr?®®then ¢ E-ds=f(r) 2 Qae
sphere 80
(A) isincorrect.

Asfield of an electric dipole is not symmetric, cJSE-dé isincalculable

. (B) isincorrect.
In case of similar charges, null point is between the two charges.
(C) iscorrect.
Weq =0d(Ve - Va)
: (D) isincorrect.

32. Two solid spheres A and B of equal volumes but of different densities d, and
dg are connected by a string. They are fully immersed in a fluid of density d.
They get arranged into an equilibrium state as shown in the figure with a
tension in the string. The arrangement is possible only if
(A) da<de (B) ds>dr
(C) dA > d|: (D) dA + dB =2 d;:.
Key: (A,B,D)

Sol.: For equilibrium of system
V(da +ds)g=2V drg G
SECTION - 11l (TOTAL MARKS: 24)

(Integer Answer Type)

This Section contains 6 questions. The answer to each question is a Single-digit integer, ranging from 0O to 9.
The bubble corresponding to the correct answer is to darkened in the ORS.
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33.

Key:

Sal.:

Key:

Sal.:

35.

Key:
Sol.:

eS
Water (with refractive index =g) in a tank is 18 cm deep. Oil of 10
i p=L
7 R=6cm i
refractive index 2 lies on water making a convex surface of radius of \/-\
curvature R = 6 cm as shown. Consider oil to act as a thin lens. An
object Sis placed 24 cm above water surface. The location of itsimage e
isat x cm above the bottom of thetank. Then x is H
2

Refraction at air-oil boundary

714 1 (714)-1

'V, 24 +6

1 AAvs 1

a4, 24 8 24 12
7x12

V, = =2lcm

Refraction at oil-water boundary
4/3 7/4 4 1
———=0=—=—=
V +21 v 12
i:i:\/:4x12
v 12
X=2cm

=16cm

A silver sphere of radius 1 cm and work function 4.7 eV is suspended from an insulating thread in free-
space. It is under continuous illumination of 200 nm wavelength light. As photoelectrons are emitted, the
sphere gets charged and acquires a potential. The maximum number of photoelectrons emitted from the
shphereis A x 10% (where 1 < A < 10). Thevalue of Z is

7
:E:%z 6.21eV
A 200
__Lre
Ang, I
When emission will stop then
E=eV+¢
n(1.6x107%°)" x 9x10°
- ( )2 =151x(1.6x10™)
10
2
e 15x10 - 151 <10F 15.1 <107
1.6x9x10 1.6x9 16x9
= z=7

A train is moving along a straight line with a constant acceleration a. A boy standing in the train throws a
ball forward with a speed of 10 m/s, at an angle of 60° to the horizontal. The boy has to move forward by
1.15 minside the train to catch the ball back at theinitial height. The acceleration of thetrain, in m/s? is

5

u, =10sin60 =53 m/s

2u
. t:—yzle—‘z\/é:\/ﬁs

g
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36.

Key:
Sol.:

37.

Sal.:

38.

Key:

S =uxt+laxt2
2
1 .
1.15=5><t—§a><t

1.15:5><\/§—ga

NIESRSIE

= a:l—::_):5mls2

Two batteries of different emfs and different internal _| ————wW—
resistances are connected as shown. The voltage across AB in

voltsis

=5x1.73-1.15=8.65-1.15

A block of mass 0.18 kg is attached to a spring of force—constant 2
N/m. The coefficient of friction between the block and the floor is

0.1. Initially the block is at rest and the spring is un—stretched. An W

impulse is given to the block as shown in the figure. The block

3V
|1 A
Wy

AAMANNY

dlides a distance of 0.06 m and comes to rest for the first time. The
initial velocity of the block in m/sisV = N/10. Then N is

4
Work done by friction

=—umgx = —[0.1>< 0.18x10x 0.06] =-108x10"*

%mvz -108x10* = 1
=36x10™
0.00v? =144 x10™

12
v="x10"= 4

3 10
N=4

L =Lax (0.06)°
27 2

A series R-C combination is connected to an AC voltage of angular frequency o = 500 radian/s. If the
impedance of the R-C circuit is R+/1.25, the time constant (in millisecond) of the circuit is

4
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Sal.:

Z=1/R2+X§=R\/§

F“”ﬁ CT
)\

\/

2

5

R*+X2=>R
4
_R_2
¢ 2 oR
c-_2
oR
rzRC:Rizz
oR o

:i:4><10‘3:4ms
500

SECTION - IV (TOTAL MARKS: 16)
(Matrix-Match Type)

This section contains 2 questions. Each question four statements (A, B, C and D) given in Column I and five
statements (p, q, r, s and t) in Column II. Any given statement in Column I can have correct matching with one or
more statementfs) given in Column II. For example, if for a given question, statement B matches with the statements
given in q and r, then for that particular question, against statement B, darken the bubbles corresponding to q and r in
the ORS.

39.

Key:
Sol.:

Column | shows four systems, each of the same length L, for producing standing waves. The lowest
possible natural frequency of a system is called its fundamental frequency whose wavelength is denoted as
A1. Match each system with statements given in Column Il describing the nature and wavelength of the

standing waves.

Column |
Pipe closed at one end
(A)
0 L
(B) Pipeopen at both ends
0 L

(C) Stretched wire clamped at both ends

S E

S[ LE

(D) Stretched wire clamped at both ends and at
mid—point
S | E
S[ | LE
L/2

(A —p,t); (B—p,S); (C—q,S); (D—q,r)
(A) %:L:kl:4L

Longitudinal wave

)

(@

()

(t)

A-pt

Column |1
Longitudinal waves

Transverse waves
}\.f =L

M=20

7\.f =4L
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Sal.:

(B) %=L3x1=2L

Longitudinal wave B-p, s
(© %=L:Xl=2L

Transverse wave C-g,s

7\‘1 7\‘1
D) —+—==L=r=L

2 2
Transverse wave D-q,r

One mole of a monatomic ideal gas is taken through a cycle ABCDA as P
shown in the P-V diagram. Column Il gives the characteristicsinvolved in  3p
the cycle. Match them with each of the processes givenin Column I.

Column | Column 1
(A) ProcessA-B (p)  Internal energy decreases
(B) ProcessB-C (q)  Internal energy increases
(C) ProcessC-D () Heatislost
(D) ProcessD-A (9 Heatisgained

(t) Work isdone onthe gas.
(A _pvrvt); (B_pvr); (C—q,s); (D—r,t)
(A) Volume decreases

.. Temperature decreases A-p,r,t
(B)  Pressure decreases
.. Temperature decreases B-p,r
(C) Volumeincreases
.. Temperature increases C-q,s
PV P)(9V) 9PV
o TP _(PAOV)_9pv
nR nR nR
3P)(3V
7, (P _om

nR nR

PART I : MATHEMATICS

SECTION - I(TOTAL MARKS: 24)
(Single Correct Answer Type)

This section contains 8 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

41.

Sal.:

A value of b for which the equations

x> +bx-1=0

X*+x+b=0
have one root in common is
(A) —2 (B)-i3
©) V5 (D) V2
(B)

x*+bx-1=0... ()
X +x+b=0.. (i)
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42.

Sal.:

Sal.:

Key:

(i) - (i) givesx = E—Jri which is the common root

Putting x in (ii)

2
[b_ﬂ] +(b_+1j +b=0
b-1 b-1
= b*+3b=0
b(b*+3)=0
b=0,b°=-3
b=++3i
b=- J3i.

The circle passing through the point (-1, 0) and touching the y-axis at (0, 2) also passes through the point

3 5
) [—5,0j ®) (—E,zj

© [—3% (D) (-4, 0)

22
(D)
Equation of family of circle touching y-axisat (0, 2) will be
(X-0)2+(y-2?+ax=0
Since this passes through, (-1, 0)
1+4-1=0
A=5
Equation of circleis
X2+y?+5x-4y+4=0
Also passes through (-4, 0).

Let f(x) = x* and g(x) = sinx for al xeR. Then the set of all x satisfying (f ogogof) (x) =(gogof) (x),
where (f 0 g) (x) =f(g(x)), is

(A) =V, ne {0, 1,2, ...} (B)+vnm,ne {12 ..}
@)g+ERMG{”QHLQL2w} (D) 2nm, ne{...,-2,-1,0,1,2, ...}
(A)

f(x) = X2, g(X) = sinx

9(f(x)) = g(x°) = sinx’?

g(g(f(x)) = sin(si n(.XZ)). s
f.(9.(9.(Ff(x)))) = (sin (sin (x)))

f. (9.(a(f(x)))) = 9.(9.(F(x))
(sin(sin (XZ)))2 =sin(sin (XZ))
(sin(sin (x%)) [sinsin(x®) -1] =0

=sin(sin(x®))=0 [or, sin(sin(x®) = 1) -+ sin(x?) = g ]

=sn(x®)=0

X=x \/ﬁ{nzo,l,z w}

1 a b
Let ® # 1 be a cube root of unity and S be the set of all non-singular matrices of theform | ® 1 c/|,
o o 1
where each of a, b, and ¢ is either  or % Then the number of distinct matricesin the set Sis
(A)2 (B) 6
(C) 4 (D)8
(A)
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1 a b
LeteA=|® 1 c
o o 1

|Al=(1- ao) (1- cw)

For A to be non-singular matrix, none of aand ¢ should be o>
So,a=c=w

While b can take value o or o2

So, the number of distinct matricesinthe set Sis 2.

2 2

Let P (6, 3) be a point on the hyperbola X—2—§ =1. If the normal at the point P intersects the x-axis at
a

(9, 0), then the eccentricity of the hyperbolais

5 3
(A) \g (B) \E

(©) V2 (D) V3
(B

Let P be (asecb, btand)

asecO =6,btand =3

The equation of normal at Pis

ax cosd + bycot = & + b?

2 2 2 2
Puty:O,x:aer =9:>a+b =9

acoso a

%6

b 3 3
:>1+ —2:— = e= —
a 2 2

Let f: [-1, 2] — [0, ) be a continuous function such that f(x) = f(1-x) for al xe [-1, 2]. Let R, =

2
I xf (x) dx, and R; be the area of the region bounded by y = f(x), x = -1, x = 2, and the x-axis. Then
1

(A) Ry = 2R, (B) Ru=3R,
O 2R =R, (D) 3R:1=R;
©

Ry = Jz‘xf(x)dx,Rz = ff(x)dx

Ry = J%(l— x)f(1-x)dx (replacex by (-1 + 2 - X))
= J%(l—x)f(x)dx = Tf(x)dx—fxf(x)dx

D_Rl = R2 - Rl = ZR_]_ = Rz. _

1
If Iim[1+xln(l+b2 ]X =2bsin?0, b>0and O e (-r, 1], then the value of O is

Key:
Sol.:

T s
LS ®)+ %

T T
©+ (D)7
(D)

lim{1+x In (L+ b?)]* = 2bsin? (b>0)

fim-E [xIn (1+b%)]

) .
= eox = 2bsin®)
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Key:

Sal.:

= 1+b*=2bsin’0

0= < (bt 2)>1
207 p

= snf9=1(whenb=1) :e:i%

Let (x, y) be any point on the parabola y? = 4x. Let P be the point that divides the line segment from (0, 0)
to(x,y)intheratio1l: 3. Thenthelocusof Pis

A=y (B) y° = 2x
Egy%x (D) x*=2y

Let Pbe (h, k). So, h = % andkz%

As y*=4x = 16k*=16h=k’*=h
So, locus of Pisy® = x

SECTION - Il (TOTAL MARKS: 16)
(Multiple Correct Answer(s) Type)

This section contains 4 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE may be correct.

49,

Key:
Sol.:

50.

Key:
Sol.:

51.

Let E and F be two independent events. The probability that exactly one of them occurs is %and the

probability of none of them occurring is % If P(T) denotes the probability of occurrence of the event T,

then
-4 =3 =1 -2
(A) P(E) = T P(F) c (B) P(E) = P(F) c
2 1 _ 3 4
(C) P(E) = = P(F) = t (D)P(E) = g,P(F) =3
(A, D)

P(E) + P(F) - 2P(EAF) = %

1-[P(E) + P(F) - PE A F)] = %

= P(E) + P(F) = g,P(EmF)= ;—EZS:P(E).P(F)= %

_3 _4 _4 _3
DP(E)—EIP(F)—gOrP(E)—gJD(F)—g

Letf: (0, 1) > R bedefined by f(x) = ;);bx , Wherebisaconstant such that 0 < b < 1. Then
—bx

(A) fisnot invertible on (0, 1) (B)f=f on (0, 1) andf '(b) = %
(©)f=f"on(0,1) andf'(b) = % (D) f *isdifferentiable on (0, 1)

(A)

Asrange of f(x) = R

= f(x) isnot invertible.

Let L be anormal to the parabolay® = 4x. If L passes through the point (9, 6), then L is given by
(A)y-x+3=0 (B)y+3x-33=0

(C)y+x-15=0 (D)y-2x+12=0
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Key: (A,B,D)

Sol.: Equation of normal is
y+tx=2t+t3
Asit passes through (9, 6)
6+0t=t3+2t
o t*-7t-6=0
or, (t+1)(t?-t-6)=0
or, t+1) (t-3) (t+2)=0
t=-1,-2,3
.. equation of normals are
y-x+3=0,y-2x+12=0

y+3x-33=0
—X—E, X S_E
2 2
52.  Iff(x)= {—cosx, —g<x§0
x-1 O<x<1
Inx, X>1,
then
(A) f(x) iscontinuous at x = - g (B) f(x) isnot differentiableat x = 0
(C) f(x) isdifferentiableat x = 1 (D) f(x) isdifferentiable at x = - g

Key: (A, B,C,D)
Sol.: f(%}}:|nnf(x): lim f(x)=0
x—>% xe%

.. f(x) iscontinuous at x = -rt/2
f(x) isaso continuous at x =0, 1

-1 X<~
2

. T

sinx ——<x<0
f'(x) = 2

1 O<x<1

1 x>1

X

f(x) isnot diff. atx =0
f(x) isdiff.atx=1
f(x) isdiff. at x =-3/2

SECTION - 11l (TOTAL MARKS: 24)
(Integer Answer Type)

This Section contains 6 questions. The answer to each question is a Single-digit integer, ranging from 0O to 9.
The bubble corresponding to the correct answer is to darkened in the ORS.

o -1 1 1 il |0
53. Let M be a3 x 3 matrix satisfying M| 1|=| 2 |,M|-1|=| 1 |,and M|1|=| O |. Then the sum of the
o |3 0| |-1 1| |12

diagonal entriesof M is
Key: (9
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Key:

Sal.:

55.

Sol.:
56.

Key:

Sal.:

ad | -1
M=|b e m 1| =|2
c f n3><3 03><3 3
d=-1
e=2
f=3
ad Il|1 1
=|lb e m||-1|=| 1
c f n|lO -1
a-d=1=a=0
b-e=1=b=3
c-f=-1=c¢c=2
ad ||1 0
=|b e mjl1|=|0
c f nJ1 12
a+d+1=0 = I=1
b+e+m=0 =>m=-5
c+f+n=12 = n=7
0 -1 1
M={3 2 -5
2 3 7

Sum of diagonal entries=9

The straight line 2x - 3y

S= (ZEJ(EEJKE—EJ(EEJ , then the number of point(s) in Slying inside the smaller part is
4)\2'4)\4" 4)\8'4

2

XX +y?<6

L=2x-3y-1>0

S=x*+y*-6<0 h\jﬁ//

Clearly (2%] and (%—%) satisfies above two inequality yﬁ

Letw= €%, and a, b, ¢, X, y, z be non-zero complex numbers such that
a+tb+c=x
a+bo+con’=y
a+ bw? + cw = z. Then the value of IXF+lyF+lzf is
laf +|bf+|CF
Valueis not fixed.
df (x)

1 divides the circular region x* + y*> < 6 into two parts.

Let y'(x) + y(x) g(X) = 9(X) g'(x), ¥(0) = 0, xeR, where f '(x) denotes S and g(x) is a given non-
X

constant differentiable function on R with g(0) = g(2) = 0. Then the value of y(2) is
©)

ILF. = 7% gt

y() €9 = [ g(x)g'(x)dx = (gx) - 1) + ¢
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y(x) = (g(x) - 1) + cg®¥
Putx=0, 0=(-1)+c=>c=1
L y(2) =(-1) + 1e°

- y(2) =0.
57. Th)é(nl)meer of distinct real roots of x* - 4x® + 12x* + x - 1=0is
Key: (2
Sol..  Letf(x)=x'-43+ 12+ x-1
fr(x) =43 -12x+24x + 1 \\ /
f(x) = 12x%— 24x + 24 S

Hencef’'(x) >0Vx e R \_/

f '(x) is strictly increasing function. So, f(x) will have
only one point of extrema.

£(0) = -1
Hence f(x) = 0 has two distinct real roots.

58. Leta= —i—k, b=—i+] and & = i +2j+3k bethreegiven vectors. If T isavector suchthat Txb=¢xb
and 73=0, thenthevalue of 7.b is

Key: (9 ) )

Sal.: xb=Cxb

T=ax(Ccxb)
i ]k
txb=[1 2 3=i(0-3)+)(-3-0)+k(@+2) =-3-3j+3K
110
i ]k
F=ax(@xb)=|-1 0 -1=i(0-3)+j(3+3)+k(3-0)
-3 -3 3
F=-3+6j+3K

Fo=(-3+6]+3K).(-i+]) =3+6=9

SECTION - IV (TOTAL MARKS: 16)

(Matrix-Match Type)

This section contains 2 questions. Each question four statements (A, B, C and D) given in Column I and five
statements (p, q, r, s and t) in Column II. Any given statement in Column I can have correct matching with one or
more statementfs) given in Column II. For example, if for a given question, statement B matches with the statements
given in q and r, then for that particular question, against statement B, darken the bubbles corresponding to q and r in
the ORS.

59. Match the statement given in Column | with the interval s/'union of intervals given in Column |1
e Columnl . e Columnlli
(A) 2z P (-0, -1) U (1, )

The set {Re [1 2]: zisacomplex

number, |z| =1, z = £ 1}
(B) The domain of the function f(x) = sin™* (@ (-0, 0) U(O, )

832 ) .
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Key:
Sol.:

© 1 tan®0 1 (N (oo, -1 U[1, )

If f(6) = |-tan©® 1 tan 0|, then
-1 -—tan®6 1

the set {f(0) : 0< 0 < %} is

(D) 1ff(x) =x¥ (3x-10), x>0, thenf(x)is (9 (-0, 0] U [2, )

increasing in
® (-0, 0] U [2 )

(A-s), (B-1), (C-1), (D-1)
(A) z=¢€"°

. O . O
Re 2|eize “Re 2ie _
1-¢€ 1-cos20-isin20
(2i€”)i

P A0
=Rel - — 2.'e. =Re————= . =Re(—.—]=(—oo,—1]U[Loo)
2sin“0-i2sin®coso 2sin6(sin®—i coso)i sno

(B) 3=t

8t <1
9-t2
t?-8t-9

t2 -9
0< (t-9)(t+1)

(t-3)(t+3)

t<3u9<t
x<lu2<x ..(i)

-1<

0<

where <1

t2

t?+8t-9
—F—<
(9-t%)
(t+9)(t—1)<
(B-1)(3+t)
t<lu3<t
X<0uUl<x ..(ii)
from (i) & (ii)
XxX<0u2<x

0

1 tano 1
(C) f(6) =|-tan6 1 tan®

-1 -tan® 1
=1(1+ tan? 0) — tan O(— tan © + tan 0) + I(tan? 0 +1) = 2 sec’®
f(0) > 2
(D) f(x) = x¥*(3x - 10)
f/(x) =x¥? x 3+ (3x - 10) gx“

_ 3\/;(x+ 3x;10j
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o (- Ve) o (+ve)
0 2
X>2
60. Match the statement given in Column | with the values given in Column Il
e Columni . e Columnll
(W) ifa=j+y3k b=—j+Bkandc= ® =
243 k form atriangle, then the internal 6
angle of the triangle between aand b
is
B b 2
® [ (x)~3x) dx = 2 - b2, then the @ ?’T
value of f[ﬁj is
6
C 2 5/6 r
© The value of n—jseCnx)dxis r %
716
D S
©) The maximum val ue of Arg[li] for SN
A
[z1=1,z= 1isgivenby
® n
2
Key: (A_q)1 (B_-p,q,r,s,t), (C-S), (D_)
Sol.. (A) a+b=T
b T

0
a
ab -1+3 1
Cc0SO=———= =—
[a|lb] 2x2 2
o="
3

. 2n
Required angle = n— = = <%
eq g T3

b? - a?

b
(B) If (X)dx = = f (%j = can take many values

5/6

2 5/8 2 [In]secnx +tannx ||,

© ITr:_B j (secmx)dx =

716

In3 s
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—In

“wol el )~

1
Arg| —
g(l—zj

T
<—

D) >

Hence maxima does not exist.
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