/\ Resonance

Educating for better tomorrow

QUESTIONS AND SOLUTIONS OF IIT-JEE 2011

Date : 11-04-2011 Duration : 3 Hours Max. Marks : 240

PAPER -2

Please read the instructions carefully. You are allotted 5 minutes specifically for this purpose.

14.

15.

16.

17.

INSTRUCTIONS

’i\.‘ Gene;ile.question paper CODE is printed on the right hand top corner of this sheet and on the back
page of this booklet.

2. No additional sheets will be provided for rough work.

3. Blank papers, clipboards, log tables, slide rules, calculators, cellular phones, pagers and
electronic gadgets are NOT allowed.

4, Write your name and registration number in the space provided on the back page of this booklet.

5. The answer sheet, a machine-gradable Optical Response Sheet (ORS), is provided separately.

6. DO NOT TAMPER WITH/MUTILATE THE ORS OR THE BOOKLET.

7. Do not break the seals of the question-paper booklet before being instructed to do so by the
invigilators.

8. This Question Paper contains having 60 questions.

9. On breaking the seals, please check that all the questions are legible.

B. Filling the Right Part of the ORS:

10. The ORS also has a CODE printed on its Left and Right parts.

11. Make sure the CODE on the ORS is the same as that on this booklet. If the codes do not
match, ask for a change of the booklet.

12. Write your Name, Registration No. and the name of centre and sign with pen in the boxes

provided. Do not write them anywhere else. Darken the appropriate bubble UNDER each
digit of your Registration No. with a good quality HB pencil.

C. Question paper format and Marking Scheme:
13.

The question paper consists of 3 parts (Chemistry, Physics and Mathematics). Each part
consists of four sections.

In Section | (Total Marks: 24), for each question you will be awarded 3 marks it you darken
ONLY the bubble corresponding to the correct answer and zero marks if no bubble is darkened.
In all other cases, minus one (-1) mark will be awarded.

In Section Il (Total Marks: 16), for each queshon you will be awarded 4 marks if you darken ALL
the bubble(s) corresponding to the correct answer(s) ONLY and zero marks otherwise. There
are no negative marks in this section.

In Section Ill (Total Marks: 24), for each question you will be awarded 4 marks if you darken
ONLY the bubble corresponding to the correct answer and zero marks otherwise. There are no
negative marks in this section.

In Section IV (Total Marks: 16), for each question you will be awarded 2 marks for each row in
which you have darkened ALL the bubble(s) corresponding to the correct answer(s) ONLY and
zero marks otherwise. Thus, each question in this section carries a maximum of 8 marks.
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page of this booklet.

DO NOT BREAK THE |SEALS|WITHOUT BEING

INSTRUCTED TO DO SO BY THE INVIGILATOR



Useful Data :
R =8.314 JK~" mol™' or 8.206 x 1072 L atm K~" mol™
1 F = 96500 C mol™’
h=6.626 x 10734 Js
1eV=1602x10"J
c=3.0x108ms™"

N, = 6.022 x 10?3
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| CHEMISTRY |

PART-II

SECTION - | (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.

Sol.

Sol.

Sol.

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

(A) 11, Il in haematite and Il in magnetite (B) II, Il in haematite and Il in magnetite
(C) Il in haematite and I, Il in magnetite (D) Il in haematite and Il, Ill in magnetite
Ans. (D)

In haematite(Fe,O,), Fe is present (lll) oxidation state and in magnetite (Fe,O,) Fe is present in (Il) and
(1l1) oxidation state.

Among the following complexes (K-P),

K,[Fe(CN),] (K), [Co(NH,) ICI, (L), Na,[Co(oxalate),] (M), [Ni(H,0)]Cl, (N), K,[Pt(CN),] (O) and
[Zn(H,0),(NO,), (P)

the diamagnetic complexes are :

(A) K, L, M, N B)K, M, O, P C)L,MO,P (D)L, M, N, O
Ans. (C)

K—[Fe(CN),J* : 3d° electron configuration after pairing of electrons for d’sp*® hybridisation it contains one
unapaired electrons.

L-[Co(NH,),]** : 3d®electron configuration, d*sp?, diamagnetic.

M—[Co(ox),]* : 3d°electron configuration, d’*sp®, diamagnetic.

N-[Ni(H,0),]** : 3d®electron configuration, sp*d? with two unpared electrons ; paramagnetic.
O-[Pt(CN),]* : 5d® electron configuration, dsp* diamagnetic.

P—[Zn(H,0)J** : 3d™ electron configuration, sp*d* diamagnetic.

Passing H,S gas into a mixture of Mn?*, Ni#*, Cu** and Hg** ions in an acidified aqueous solution precipitates:
(A) CuS and HgS (B) MnS and CuS (C) MnS and NiS (D) NiS and HgS

Ans. (A)
In presence of acidic medium, ionisation of H,S is supressed so less number of S* ions are produced. So
only those sulphides are precipitated which have low solubility product (K.,) value, For example CuS and

HgsS.

Consider the following cell reaction :
2Fe (s) + O, (9) + 4H* (aq) —— 2Fe* (aq) + 2H,0 (I) E°=167V
At [Fe*] =102 M, P (O,) = 0.1 atm and pH = 3, the cell potential at 25°C is :

(A) 1.47 V (B) 1.77 V (C) 1.87 V (D) 1.57 V

Ans. (D)
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| CHEMISTRY |

0059 [Fe*P?

Sol. E=E°- log [H+]4P02
0.06 (1073)? 0.03
=1.67 I =1.67 — ——logl10’
6 4 %9403y 01 6 2 10910
0.03
=1.67 - > x7=1.67-0.105=1.565=1.57 V.
5. The freezing point (in °C) of a solution containing 0.1 g of K,[Fe(CN) ] (Mol. Wt. 329) in 100 g of water

(K, =1.86 K kg mol™) is :
(A) — 2.3 x 102 (B) — 5.7 x 102 (C)-5.7 x 103 (D) — 1.2 x 102

Ans. (A

Sol. AT =ixK xm

=4 x 1.86 x =2.3x%x1072

329x0.1
= Tf20—2.3><10‘2:—2.3X10‘2°C.

6. Amongst the compounds given, the one that would form a brilliant colored dye on treatment with NaNO, in
dilute HCI followed by addition to an alkaline solution of B-naphthol is :

N(CH,), NHCH, NH, CH,NH,
WO e o I oY
H,C
|)NaNO/HCI
Sol. CH3 NH,———> “> —N@

+ NaOH Colored dye
7. The major product of the following reaction is
| RCH,OH
—
H® (anhydrous)
@)
(A) a hemiacetal (B) an acetal (C) an ether (D) an ester
Ans. (B)
(&)
H RCH,OH
w (- Q==
o) o @ 0~ NOCH,R
Acetal
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| CHEMISTRY |

8. The following carbohydrate is

(A) a ketohexose (B) an aldohexose (C) an a-furanose (D) an a-pyranose
Sol.

It is a B-pyranose hence it 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. Reduction of the metal centre in aqueous permanganate ion involves.

(A) 3 electrons in neutral medium (B) 5 electrons in neutral medium

(C) 3 electrons in alkaline medium (D) 5 electrons in acidic medium

Ans. (A, C,D)/ (A, D)
Sol. In acidic medium,

MnO,~ —— Mn*

(v.f.=5)
In neutral / basic medium

MnO,~ ——> MnQO,

(v.f.=3)
In strongly basic medium

MnO,~ —— MnO*
(v.f.=1)
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10.

Sol.

11.

Sol.

12.

Sol.

| CHEMISTRY |

The equilibrium
2Cu' — Cu® + Cu"
in aqueous medium at 25° C shifts towards the left in the presence of :
(A) NO, (B) CI- (C) SCN- (D) CN-

Ans. (B, C, D)
CI-, CN-, SCN- ions forms precipitate with Cu*.

For the first order reaction
2N,O, (g) — 4NO,(9) + O, (9)
(A) The concentration of the reaction decreases exponentially with time
(B) The half-life of the reaction decreases with increasing temperature
(C) The half-life of the reaction depends on the initial concentration of the reactant
(D) The reaction proceeds to 99.6% completion in eight half-life duration

Ans. (A, B, D)
C =Ce™

t o K T on increasing T.

e C K

After eight half lives,

Co
C= 8
C
Co ——g
= % completion = C—leOO =99.6%
0

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

WY
X—(CH,),— X S 5 » condensation polymer :
w >C—(CH2),—C<
OH OH
heat
(A) X = COOCH,, Y = H,/Ni/heat (B) X=CONH,, Y = H,Ni/heat
(C) X=CONH,, Y = Br,/NaOH (D) X =CN, Y = H,/NI/heat

Hy /Ni
A

HOOC—(CHj ), —COOH
A

(A)  CH,00C— (CH,), — COOCH, HOCH, — (CH,), — CH, — OH

I (I?
O —(CH,),—0—C—(CH,),—C

H,/Ni —(CHa)a—
(B)  NH,0C — (GH,), — CONH, ————» NH, — (CH,), — NH, — o 242228
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| CHEMISTRY |

I I
NH —(CH,);—NH—C —(CH,),—C

HOOC—(CH, ), —COOH
2 A

Br:
(C)  NH,0C—(CH,), — CONH, ——=>- NH, — (CH,), — NH

I I
NH — (CH,), — NH — C — (CH,), — C

H.,/Ni - —
(D)  NC— (CH,),— CN — > NH, — (CH,), — NH, —20c—(ra—coer

I (Il)
NH — (CH,);— NH — C — (CH,), — C

Section lll (Total Marks : 24)

(Integer Answer Type)
This section contains 6 questions. The answer to each of the questions is a single-digit integer, ranging
from 0 to 9. The bubble corresponding to the correct answer is to be darkened in the ORS.

13.

Sol.

14.

Sol.

Among the following, the number of compounds that can react with PCI, to give POCI, is O,, CO,, SO,,
H,0, H,SO,, P,O,.

Ans. 4

PCI, produces POCI, on reaction with these compounds

PCIl, + SO, —— POCI, + SOCI, (Source : J.D. Lee)

5

PCl, + H,O —— POCI, + 2HCI (Source :NCERT)

5

PCl, + H,.SO, —— SO.Cl, + 2POCI, + 2HCI  (Source : J.D. Lee)
6PCl, +P,0,,—— 10POCI, (Source : Green wood)..

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).CI]CL, as silver chloride is close to.

Ans. 6

m moles of [Cr(H,0),CI|CI, = 0.01 x 30 = 0.3.
= mmole of CI-=0.3x2=0.6

= mmole of Ag* = mmoles of CI-

= 0.1xV=0.56

= V=6mL.
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15.

Sol.

16.

Sol.

17.

Sol.

| CHEMISTRY |

In 1 L saturated solution of AgCI [K_ (AgCI) = 1.6 x 10-'%], 0.1 mol of CuCl
[Ksp(CuCI) = 1.0 x 1079 is added. The resultant concentation of Ag* in the solution is 1.6 x 10~. The value

of "X"is

Ans. 7
AgCl(s) — Ag"* + CI K (AgCl) = 1.6 x 10-"°
Z Z+Y
CuCl(s) — Cu* + CI K, (CuCl) = 10°
Y Z+Y
Z(Z+Y)=16x107"°
Y (Z+Y)=10¢

(Z+Y)?=16x10"+10°
(Z+Y)?=~10°

Z+Y =103
Z(Z+Y)=16x107"
Zx103%=1.6x 10"
Z=16x107

1.6 x 10>*=1.6 x 10~
x=7

R R A

The number of hexagonal faces that are present in a truncated octahedron is

Ans. 8

The maximum number of isomers (including stereocisomers) that are possible on monochlorination of the
following compound, is

&
C
cH.cH? | NeH,cH,
H
Ans. 8
CH,

| Cly /hy
CH,—CH,—CH—CH,—CH,

i P
CH, — CH, — CH — CH, — CH, + CH, — CH — CH — CH,CH,

| |
Cl 2'=2 Cl 2°=4
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| CHEMISTRY |

c|;H3 CH,CI
+ CH, — CH, — cl: — CH, — CH, + CH, — CH, — CH — CH,CH,

Cl
1 1
Total =8
18. The total number of contributing structures showing hyperconjugation (involving C—H bonds) for the following
carbocation is
H,C~e CH,CH,
Ans. 6
Sol. There are total 6 hyperconjugable H-atoms in this carbocation which are countributing in the
hyperconjugation.
SECTION — IV (Total Marks : 16)
(Matrix-Match Type)
This section contains 2 questions. Each question has four statements (A, B, C and D) given in Column |
and five statements (p, g, r, s and t) in Column II. Any given statement in Column | can have correct
matching with ONE or MORE statement(s) given in Column Il. For example, if for a given question, statement
B matches with the statements given in q and r, then for the particular question, against statement B, darken
the bubbles corresponding to g and r in the ORS.
19. Match the transformation in column | with appropriate options in column Il
Column | Column i
(A) CO,(s) — CO,(9) (p) phase transition
(B) CaCO,(s) —— CaO(s) + CO,(9) (q) allotropic change
(C)2He —— H(9) (r) AH is positive
(D) I:)(white, solid) P(red, solid) (S) AS iS pOSitive
(t) AS is negative
Ans. (A-p,r,s);(B=-rs);(C-t);(D=-p,q,t)
Sol. (A) CO, (s) — CO, (9)

It is phase transition. The process is endothermic (sublimation).
Gas is produced, so entropy increases.

Resonance J10411Page # 9



20.

| CHEMISTRY |

(B) On heating CaCO, decomposes. So, process is endothermic.
The entropy increases as gaseous product is formed.

(C)2He ——H,(9)

Entropy decreases as number of gaseous particles decreases.
(D) It is phase transition.

White and red P are allotopes.

Red P is more stable than white.

So AH is — ve.

Match the reactions in column | with appropriate type of steps/reactive intermediate involved in these
reactions as given in column |l
Column | Column i

i
A) ©/J 29 NaOH (p) Nucleophilic substitution

0O O
B) ©)‘\CH2CHZCH2CI _ CHgMgl | ©/£HQ (9) Electrophilic substitution
O WBO
18 \
©)‘\CH2CHZCH2 OH _HpSO04 ©/Q (r) Dehydration

H,SO,

) ©/CH ,CH,CH, c CH3>2 M504
H,C CH,

(s) Nucleophilic addition

(t) Carbanion

Ans. (A, s, t); (B-p,s); (C-r,s); (D-q, 1)

Resonance 110411Page # 10



| CHEMISTRY |

Suc o 5

C CH,—CH,—C —CH,

aq /NaOH

sl ©)\/vr (Carbanion)

H,O | (Nucleophilic addition)

O

OH® /A
dehydratlon

0]

I‘z:{\\‘
o(D

— CH, —CH,—CH,

@ &)
CH,CH,CH,Cl ——Mal_
Nucleophilic | )
addition H, Cl
O
(Nucleophilic
H,O | substitution)
CH, 4——J

)
Q o
(D)k CH,CH,CH,"OH HpS04 | ©)‘\CH CH,CH,"OH
(Nucleophilic
« M250a addition)
dehydrauon

@
CHZCH;CHZC(CHa)z Electrophilic

CH,CH,CH, c CH,), _ H2S04 ol
©/ dehydration substitution
H,C CH,

Resonance 110411Page# 11



PHYSICS

PART-II
SECTION - | (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.

A light ray traveling in glass medium is incident on glass-air interface at an angle of incidence 0. The

21.
reflected (R ) and transmitted (T) intensities, both as function of 0, are plotted. The correct sketch is
N N
100% 100%0 frmmmrsmzazzsmrmmeap === == = o
T
= =
(A) % (B) ﬂ%
£ £
R T
0 0 90° ~
N 4
100% [rm--mrsmmmmemmemmepmr === == 100%
w
2 Z
(C) e (D) 2
2 &
£ 5
R~
0 0 90° i’
Ans. (C)
Sol. ©
air

glass

Initially most of part will be transmitted. When 6 > i_, all the light rays will be total internal reflected. So

transmitted intensity = 0
So correct answer is (C)

Resonance 110411Page # 12



22.

Sol.

23.

Sol.

24.

PHYSICS

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

(A)%mVZ (B) mV2 (C)%mv2 (D) 2m\V?

Ans. (B)
(B)

Ve = \/EVO

1 1
KE = Emvg = Em(x/Evo)2 =mv?

A long insulated copper wire is closely wound as a spiral of N’ turns. The spiral has inner radius ‘a’ and
outer radius b’. The spiral lies in the X-Y plane and a steady current I flows through the wire. The Z-
component of the magnetic field at the center of the spiral is

{17

b ﬁ X

w3l o Rl o) el
Ans. (A)

: Ho[lildxji uNi b
i "0

A point mass is subjected to two simultaneous sinusoidal displacements in x-direction, x, (t) = Asin ot and

2n
X, () = Asin (C‘)t +?j . Adding a third sinusoidal displacement x, (t) = B sin (ot + ¢) brings the mass to a

complete rest. The values of B and ¢ are

3n 4r 5n T
A) \/EA,T (B) A ©) V3 A (D) A, 5
Ans. (B)

Resonance 110411Page # 13



PHYSICS

120°
A
240 B=A
A
4
So B:A,¢:240°:?
25. Which of the field patterns given below is valid for electric field as well as for magnetic field?
A
\ \ | /
(A) € o > (B) > @ <
v
; ‘ ; @
Ans. (C)
Sol.  True for induced electric field and magnetic field.

Resonance J10411Page # 14
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26.

Sol.

27.

Sol.

PHYSICS

Aball of mass 0.2 kg rests on a vertical post of height 5 m. Abullet of 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 of 20 m and the bullet at a distance of 100 m from the
foot of the post. The initial velocity V of the bullet is

V m/s 0
—_— -
N ~~o
~—1 \ ~ <
\ N N
\
\ AN

\ \

\ \

\ \

1 \
1 \
1 \
1 1
I !

0 20 100
(A) 250 m/s (B) 250 /2 m/s (C) 400 m/s (D) 500 m/s
Ans. (D)
2h
R=U[—
g

2x5 2x5
=V 1/ =V 1/
= 20 Y7o and 100 2\710

= V., =20m/s, V, =100 m/sec.
Applying momentum conservation just before and just after the collision
(0.01) (V) = (0.2)(20) + (0.01)(100)

V =500 m/s

The density of a solid ball is to 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% (C) 3.1% (D) 4.2%

Ans. (C)

0.5
Least count= —— =0.01 mm

50
Diameter of ball D = 2.5 mm + (20)(0.01)
D=2.7mm
M
p= =4 (DY
vol 3" 2
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PHYSICS

A Am _ AD A .
(_Pj LI Sl (_F’J =2%+3(001j><100%
P Jmax m b P Jmax 2.7
A
=2 3.1%
p
28. A wooden block performs SHM on a frictionless surface with frequency, v,. The block carries a charge +Q

on its surface. If now a uniform electric field E is switched-on as shown, then the SHM of the block will be

£

-—
+Q

—TITIN—

(A) of the same frequency and with shifted mean position.
(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.

AT

Ans. (A)

1 [k
Sol. The frequency will be same f = —,/—
2 \m

E
but due to the constant qE force, the equilibrium position gets shifted by q? in forward direction. So Ans.

will be (A)

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. Two solid spheres A and B of equal volumes but of different densities d, and d, 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)d, <d. (B) d, > d, (C)d,>d, (D) d, +dg = 2d,

Ans. (A), (B), (D)

Resonance 110411Page # 16



Sol.

30.

Sol.

PHYSICS

For equilibrium
d,vg+d,yvg=d.vg+dvg

= d =

tokeept

d, +d
atle = Option (D) is correct

he string tight

d,>d.andd, <d_

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 is filled with dielectric of constant 4. The current |, through the resistor
and voltage V_ across the capacitor are compared in the two cases. Which of the following is/are true?

Educating for better tomorrow

(A) 15 > 18 (B) 15 <Ip
Ans. (B), (C)
R C
AN {1
Case | Z=R? +(
1\
O/
R
AN {}
Case Il
7\
o/
\' ;
Ié = ? Z'<Z
v
IR=— 1A <18
VE < V8
So.  V&>V¢ V3 +VE = V¢
Resonance

(C) V& >V¢E

(D) V& <V@

J10411Page # 17



PHYSICS

31. Which of the following statement(s) is/are correct?
(A) If the electric field due to a point charge varies as r 25 instead of r -2, then the Gauss law will still be
valid.
(B) The Gauss law 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 charges is
the same.
(D) The work done by the external force in moving a unit positive charge from point A at potential V, to point
B at potential V is (V, — V).
Ans. (C)
Kga, 2 9 e e
Sol.  ¢= _[Eds = pant= — .
Wexl = q(VB - VA)
Comment : (D) is not crrect answer because it is not given that charge is moving slowly.

32. A thin ring of mass 2 kg and radius 0.5 m is rolling without slipping on a horizontal plane with velocity 1 m/
s. Asmall ball of mass 0.1 kg, moving 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
(A) The ring has pure rotation about its stationary CM
(B) The ring comes to a complete stop.

(C) Friction between the ring and the ground is to the left.
(D) There is no friction between the ring and the ground.
Ans. (C)
Sol. Friction force on the ring.
Section — Il (Total Marks : 24)
(Integer Answer Type)
This section contains 6 questions. The answer to each of the questions is a single-digit integer, ranging
from 0 to 9. The bubble corresponding to the correct answer is to be darkened in the ORS.
33. Atrain 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 m inside the train to catch the ball back at the initial height. The acceleration of the train, in m/s?, is

Ans. 5
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PHYSICS

_ 2usin®
9

Sol. T

2><10><\/§
= ——=43sec
10x2 \/_

1
R=ucos0.T - EaT2
1 1 )
1.15 = 10 x ?E - Ea(\/E)

%a = 5\/§ -1.15

3—; =865-115=7.5

2
a=7.5x 3 5 m/sec?

a =5 m/sec?

34. 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 impulse is given
to the block as shown in the figure. The block slides a distance of 0.06 m and comes to rest for the first time.
The initial velocity of the block in m/s is V= N/10. Then N is

AT

> TN

Ans. 4
Sol.
u v=0 A
— ;
—ododo—
—_—
0.06
p=0.1

1 5 1
—mu”® = x 0. + —kx?
> umg x 0.06 > kx

1
5 x 0.18 u>*=0.1 % 0.18 x 10 x 0.06

04="
“7 10
N=4 Ans.

Resonance 110411Page # 10



PHYSICS

35. Two batteries of different emfs and different internal resistances are connected as shown. The voltage
across AB in volts is

6V 10

3V 20

=5 volt Ans.

4 7
36. Water (with refractive index = 5) in atank is 18 cm deep. Oil of refractive index 7 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 ‘'S’
is placed 24 cm above water surface. The location of its image is at ‘x’ cm above the bottom of the tank.

Then ‘X’ is

S
®

Ans. 2
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PHYSICS

[ B
p=1
24 cm
R =6cm
u=74 |s _
Sol. e S" 18 cm
n=4/3 oS
L ¥
B

Ho M1 _MHo—Hg

\Y; u R
7

71 4"

4v 24 6

7 3 1 2 1

av 24 24 24 12

7x12

“f -V =21cm

4

21 714
0os" 4/3
21 7.3
os" 4 4
0Ss"=16

BS" = 2cm
37. A series R-C combination is connected to an AC voltage of angular frequency ® = 500 radian/s. If the

impedance of the R-C circuit is R4/1.25 , the time constant (in millisecond) of the circuit is

Ans. 4
C| MWW
R
Sol.
(~)
—/
W = 500 rad/s

1

2
Z= [EJ +R* =R /1.25
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38.

Sol.

PHYSICS

1 2
i 2 — P2
(@Lj + R? = R? (1.25)

2
1 2
3 v
ol
1 _R
= oL 2
el 2
= o = 500 SecC.

2
= 3
500 x 10® ms

2x1000

=~ 500 M

4 ms

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
sphere is A x 107 (where 1 <A < 10). The value of ‘Z’is

Ans. 7

R=1cm
f=4.7cm
L + eV
p Cere
1240(ev)(nm)

200(nm) =4.7 (eV) + eV

1240
200

6.2-47=V .. V=15volt

e=47e+eV

1 Q
dneg R 7 1.5
Ne 5
@x109 1
100
15
9x 10" Ne=15 N = 15 1 108

T 9x10%x1.6x10° 16 9

= 5 X108 = @X107
3x16 48
Z=7
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SECTION — IV (Total Marks : 16)

This section contains 2 questions. Each question has four statements (A, B, C and D) given in Column |
and five statements (p, g, r, s and t) in Column II. Any given statement in Column | can have correct
matching with ONE or MORE statement(s) given in Column Il. For example, if for a given question, state-
ment B matches with the statements given in g and r, then for the particular question, against statement B,

(Matrix-Match Type)

darken the bubbles corresponding to q and r in the ORS.

PHYSICS

39.

Sol.

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

Column|
(A) ProcessA—> B
(B) Process B —» C
(C) Process C —» D
(D) Process D —» A

Ans.  (A)-p,rt, (B)-p,r (C)-aq,s,

A>B = V | P const

B—>C > dol 0
PITY

dé = du +do

C->D = V=17
du = +ve
do = +ve

DA = dw = —ve
dg = —ve
du=0

Columnlli

(p) Internal energy decreases
(q) Internal energy increases
(r) Heat is lost

(s) Heat is gained

(t) Work is done on the gas.
(D)—r, t

(), (1), ()

(P), (1)

(@, (s)
(), (©)
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40.

PHYSICS

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
L. Match each system with statements given in Column Il describing the nature and wavelength of the

standing waves.
Column|

(A) Pipe closed at one end

Column Il

(p) Longitudinal waves

0 L

(B) Pipe open at both ends (g) Transverse waves
0 L

(C) Stretched wire clamped at both ends nr=L

%0 L

(D) Stretched wire clamped at both ends (s)r=2L
and at mid-point

—

T

L/2
(t) 2, = 4L
Ans. (A -pt,(B)-p,s, (C)-qs, (D)—q,r

A
Sol. (&) 7 =L.a=4L,

Sound waves are longitudinal waves

A
® S=L.a=2

Sound waves are longitudinal waves

A
(C) ==Lxr=2L

2

String waves are transverse waves
(D) A=L

String waves are transverse waves
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PART -l

SECTION - | (Total Marks : 24)
(Single Correct Answer Type)

MATHEMATICS

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.

Sol.

42.

Sol.

2 2

X

Let P(6, 3) be a point on the hyperbola —- ——zz
a

(9, 0), then the eccentricity of the hyperbola is

3
(A) \E (B) \/; ©) V2

Ans. (B)

Equation of normal at P(6, 3)

2 2
X bV _ o
6 3
It passes through (9, 0)
3. 3 _ a’+b? b?
Ea —az+b? = - = 2 =1+¥

2

[ p? \F

= .J1+— = =

= e a2 2

A value of b for which the equations
X2+bx—-1=0

X2+x+b=0

have one root in common is

(A) -2 (B) -iy3 ©) iy5
Ans. (B)
x2+bx-1=0
x2+Xx+b=0
x2 X 1

b2+1 -1-b 1-b

PP+l —(b+))
T—(b+1) 1-b
= (b2+1)(1-b) =(b+1)?

= X

= b2-b®+1-b=b%>+2b +1

b*+3b=0
b=0;b?=-3

= b=0, +/3i

Uy

=1. If the normal at the point P intersects the x-axis at

(D) 3

D) V2
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43.

Sol.

44.

Sol.

45.

Sol.

MATHEMATICS

Let o = 1 be a cube root of unity and S be the set of all non-singular matrices of the form

1 a b
o 1 c
002(1)1,

where each of a, b and c is either o or ®2. Then the number of distinct matrices in the set S is
(A) 2 (B) 6 € 4 (D)8

Ans. (A)

a, b, ce{on v’}

1 ab
Leta= | © 1 ©
o o 1
= [Al=1-(a+c)o+ace?

Now  |A| will be non-zero
onywhena=c=o
(a,b,c)=(0, 0, 0)or (o, @?, ®
number of non singular matrices = 2

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

3 5 35
() (-5’ 0] () [-; 2] © [‘? 5] (D) (-4, 0)
Ans. (D)

Let equation of circle is
X2+y?+2gx+2fy+c=0

as it passes through (-1,0) & (0,2)

1-2g+c=0

and 4+4f+c=0

also 2=¢

5
= f=-2, c=4;g=§

equation of circle is
X?+y2+5x -4y +4 =0
which passes through (—4, 0)

1
it lim [1+ x|n(1+b2)F= 2b sin26, b >0 and 6 e (=, 7, then the value of 6 is

A) 1= B) t~ C)t = D)+ —
(A) £ (B) +3 © 3 (R
Ans. (D)
xf,’n(1+b2)
ime X =1+b?=2bsin?0
x—0
1 1
0= — |b+=
= sme—z[ bj
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46.

Sol.

47.

Sol.

MATHEMATICS

1
We know b + B >2
= sinf9>1 but sin?@ <1
. T
= sin?0 =1 = 6215

Letf: [-1, 2] — [0, «) be a continuous function such that f(x) = f(1 — x) for all x € [-1, 2].

2
LetR, = IXf(X) dx and R, be the area of the region bounded by y = f(x), x = =1, x = 2, and the x-axis.
-1

Then
(AR, =2R, (B)R, = 3R, (C) 2R, =R, (D) 3R, =R,
Ans. (C)

2

2
R, = Ilf(x)dx and R = jle(x)dx

2
_ j - x)f(1— x)dx
-1

-
2
_ '[(1— x)F(x) dx
-1
Rl = Rz - Rl
= 2R =R,

Let f(x) = x2 and g(x) = sin x for all x € R. Then the set of all x satisfying (fogogof) (x)=(gogof) (x),
where (f 0 g) (x) = f(g(x)), is

(A) tynr.nef0,1,2..} (B) tnr.n e {1, 2,..}
(C) g +2nm,n e {..-2,-1,01,2,..} (D) 2nm, n e {..,-2,-1,0,1,2,..}
Ans. (A

f(x) = x2; g (X) = sin x
gof (X) = sin x2
= gogof (x) = sin (sin x?)
= (fogogof) (x) = (sin (sin x2))?= sin? (sin x?)
Now  sin? (sin x?) = sin (sin x?)

= sin (sinx?) =0, 1
. Y
= sin x? = nrx, (4n+1) 5 ME I
= sinx?=0
= X2 =nn

= X= +4nx ;neW
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MATHEMATICS

48. Let (x, y) be any point on the parabola y2 = 4x. Let P be the point that divides the line segment from (0, 0)
to (X, y) in the ratio 1 : 3. Then the locus of P is
(A) 2=y (B) y? = 2x (€) y>=x (D) x* = 2y
Ans. (C)
3
JP(x, y)=(y74,y)
Sol.
Yy
= Pl16'4
then locus of P is x = y?
SECTION - Il (Total Marks : 16)
(Multiple Correct Answers Type)
The 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.
I T
-X-=, X<-=
2 2
49.  Iff(x) = {-cosx , —g<xso , then
x-1 , O0<x<1
mx x>1
(A) f(x) is continuous at X = — g (B) f(x) is not differentiable at x = 0
- . - : 3
(C) f(x) is differentiable at x = 1 (D) f(x) is differentiable at x = — 5
Ans. (A, B, C, D)
—— i _ — ¢ L B
Sol. (A) atx——E Lf > =0 =f 2

= continuous
(B) atx=0 Rf'(0)=1
Lf(0)=0
= not differentiable
(C) atx=1 Rf(1)=1
Lf(1)=1
= differentiable at x =1
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50.

Sol.

51.

3
(D) atx=-->-=

2 2
= f(x) = —cos x

. . 3
= differentiable at x = — 2

MATHEMATICS

11
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

then
4 3
WPE) =5, PF=¢
2 1
©PE =, PE =%
Ans. (A, D)

P(E n F) = P(E) . P(F)

PEN F)+P(E m:):%
- - 2
PENF)=—

by (2)

P(F) + P (E) — 2P (E N F) =%
by (3)

1—[P(E)+P(F)—P(EmF)]:%

23
PE) +P (F)-P(ENFI =5

12
by @) &)  PEPEFE) = ¢

and P((E)+P(F) =%

25

. If P(T) denotes the probability of occurrence of the event T,

(1)
.(2)

..(3)

(4)

...(5)

...(6)

A7)

(B) P(E) =

(D) P(E) =

4 3 3 4
By (6) and (7) P(E) = 7, P(F) = 7 or P(E) = ¢, P(F) = &

5

5

P(F) =

3
P(F) =

gals alN

Let L be a normal to the parabola y2 = 4x. If L passes through the point (9, 6), then L is given by

(A)y—-x+3=0

Ans. (A, B, D)

B)y+3x-33=0

Cy+x-15=0

D)y-

2x+12=0
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MATHEMATICS

Sol. Equation of normal is
y=mx-—2m-m?
(9, 6) satisfies it
6 =9m —-2m - m?

m—7m+6=0 = m=1,2-3
m=1 = y=x-3
m=2 = y=2x-12
m=-3 = y=—3x+33
- X
52. Letf: (0, 1) —» R be defined by f(x) = 1_bx’ where b is a constant such that 0 < b < 1. Then
. . . 1
(A) fis not invertible on (0, 1) (B) f=f'on (0, 1) and f'(b) = m
1
(C)f=%"0n (0, 1) and f'(b) = W (D) ' is differentiable on (0, 1)
Ans. (A, B)
1
sol.  fpg= 2 -1, (b_bj
ol. X) = = -
bx -1 b (bX—l)

_ [1 _ bj

fo= P p ) <0vx(,1)
(bx —1)

Range of f(x) is (-1, b)

S0 range # co-domain

so fis not invertible

SECTION - lll (Total Marks : 24)
(Integer Answer Type)

This section contains 6 questions. The answer to each of the questions is a single-digit integer, ranging
from 0 to 9). The bubble corresponding to the correct answer is to be darkened in the ORS.

I
53. Leto= €% anda, b, c, X, y, z be non-zero complex numbers such that
a+b+c=x
a+tbo+co’=y
a+ bo?*+co=2z

IXPP +lyPP+lz)”
Then the value of |2l +|bf +|c| is

Ans. 3

Sol.  Ontaking o= e™3

expressionisintermsofa, b, ¢

so lets assume o = €%*?

a+t+b+c=x
a+bo+co’=y
a+bo*+co=z

, then the solution is following

X2 +|y? +]z? XX+Yy +2Z
la +|bP +|c? ~ lal®+|bl* +|c|?
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MATHEMATICS

(a+b+c)(a+b+c)+(a+bco+Cco )(a+bm +Cm)+(a+bm +Cm)(a+bm+0co )

lal® +[b* +|c|?

_3(lal + b +]cf)
lal> +|b > +|cf?

54. The number of distinct real roots of x* —4x®+ 12x2+x—-1=01is
Ans. 2

Sol. f(x) =x*—4x3+ 12x2 + x — 1
fi(X) =4x3—12x2 + 24x + 1
f'(x) = 12x2 — 24x + 24 y = f(x)
=12(x*-2x+2)>0 V xeR
' (x) is S.I. function /

X
Let o is a real root of the eqution f'(x) =0 /“ (0. 0)

f(x) is MD for x € (— o, o) and M.I. for X € (o, )

<

where a <0
f(0) =-1 and a<0
= f(a) is also negative

f(x) = 0 has two real & distinct roots.

55. Let y'(x) + y(X) g’'(X) = g(x) g'(x), y(0) =0, x € R, where f(x) denotes dL(;)

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

and g(x) is a given non-

Ans. O
Sol.  y(X)+y(XgXx=9(x)g'(x), y(0)=0VxeR
d
ax V) +y () g () = 9(x) g'(x)., g(0)=9(2)=0
I'F = ejg’(x)dx = @I

y (x) 90 = Ieg(x)g(x)g’(x) dx+ ¢

Letg(x) =t
g'(x) dx = dt

y(x) e = J te' dt
=te'—et+cC
y(x) = (g(x)=1) + c e
Let x =0 y(0) = (g(0)-1) + ¢ e=©

0=0-1)+c = c=1

y () = (9(x) =1) + e

y(2) = (9(2)-1) + e=@
y@=0-1)+e@=-1+1=0
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56.

Sol.

57.

Sol.

58.

Sol.

MATHEMATICS

Let M be a 3 x 3 matrix satisfying

0 -1 1 1 1 0
M 1212 , M -1 ,and M = . Then the sum of the diagonal entries of M is
0 3 0 -1 1 12

Ans.

9

aj1 a2 a3
LetM=|ap; ap ass

as

dzp as3
thena, =-1, a,-a,=1 = a, =0, a,+a,+a,=0 = a,=1
a22:2’ a21_a22=1 = a21_3’ a21+a22+a23=0:>a23:_5
a32:3’ a31_a32: = a31_2’ a'31+a'32+a'33:12:> a'33:7
Hence sum of diagonalof Mis=a, +a,+a,=0+2+7=9
Let3-_j_k,b=-i+] and ¢ =i+2j+3k bethree given vectors. If f is avector suchthat 7 xp = ¢ xb
and 7.4 =0, then the value of 7 . is
Ans. 9
(fF-C)xb =0
F-C=Ab =>7F=C+ib XeR
r.a=0

= (C+rb).a =0
= ((§ +2] +3Kk) + M={+])) (=j-k) =0
= (1 -2)7+2+1)] +3Kk) . (-i-k) =0
=> A-1-3=0
=\ =
SO F.b=(—37+6]+3k).(=i+])
=3+6=9
The straight line 2x — 3y = 1 divides the circular region x? + y? < 6 into two parts.

3)/(5 3 1 1 11
IfS: 21_1 oy b Ty T T p | o T ,

4)\2 4)\4 4)\8 4
then the number of point(s) in S lying inside the smaller part is
2x—3y=1,x2+y*<6 X+y'=6

L} —_ /{b*

3)/(5 3)(1 1)(1 1 -
SE 21_! _!_! _1__1 _l_ 00 rv
af\2'4) 4 a)\8 4 (0, 0)
M @ o v (6.0) 0P J(s0)

Plot the two curves
[, 11, IV will lie inside the circle and point (1, I11, 1V) will lie on the P region
if (0, 0) and the given point will lie opposite to the line 2x -3y —-1=0
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MATHEMATICS

- 3y _ i1y (11 |
P(0, 0) = negative, P(Z, Z] = positive, P (4- 4j = positive P (8’ 2= negative

5 3
P [E' Zj = positive , but it will not lie in the given circle

3 1 1
S0 point (2: —j and (— ——] will lie on the opp side of the line

4 4’ 4
(3 1.1
S0 two point "4 and 2’ 2

3 1 1)
Further Z'Z and | 5+~ | satisfy S, <0

SECTION - IV (Total Marks : 16)

(Matrix-Match Type)

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

59.

Sol.

Match the statements given in Column-| with the values given in Column-Ii

Column-I Column-Ii
A " - " A - . b
(A) If a=]++/3k, b=-j++/3k and ¢ =23k form a triangle, (p) s
then the internal angle of the triangle between 3 and p is
; 2
T
(B) If J.(f(x) =3x)dX = 52 _p2 then the value of f(gj is ()] ?n
a
L2 518
(C)  Thevalueof ;-3 [sec(modx is ) g
716
1
(D) The maximum value of |A'd 17| forlzl=1,z= 1isgivenby (s) T
T
® >
Ans.  (A) = (a), (B) = (p), (C) = (s), (D) = (1)
a.b -1+3 2
(A) Cos(n_e)_|é||6|_x/1+3\/1+3 =2
—Ccosb = —
a
oo 2
3
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MATHEMATICS

(B) Using Leibeintz Theorem

f(b) — 3b = —
f(b) = b

5/6

(©)

m3 e

(D) z(z#1)lies

5/6
2 2
n J(secfcx)dx _ T {anseCnx+tannx|}

2b

/n3 T 7/6
2 1 1 ﬁn—s ><—\/§
) Mmi|——=-——"~=1||l-m|-=+—"+= ) g ﬁ 1
o NER'E V3 I B
= — = — =7
/n3 T /n3 n

on circle with center 0, radius 1

1
Arg [Ej =Arg 1 —Arg (1 — z) = angle between OA and BA

AV

AN

7

B(z

Absolute value of angle between OA and BA tends to z as B tends to A.

Alter # 1

2

1
arg(_l—zj‘ =larg 1 —arg (1 —z)| = |arg (1 — z)|

as|z|=1 i.e. Z lies on circle
= — z lies on circle
= 1 — z lies on circle
e
= max |arg (1 —z)| = >
Resonance

Educating for better tomorrow
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60.

Sol.

Alter # 2

z=¢g"

1 1 1

= = sin9+icos9
1-z 0 0 2 2

2sin?=—isin®  2sin—
2 2

1
Locusis — isx= —
1-z 2

. s
Maximum value of ¢ tends to 2

MATHEMATICS

N |
N[
N

N[ =

Match the statements given in Column-1 with the intervals/union of intervals given in Column-I|

Column-I Column-Ii
(A) The set {Re[lzlzz ] :z is a complex number, |z|=1 2z # il} is (p) (o0, =1) U (1, ®)
-z
8(3))(72
(B) The domain of the function f(x) = sin-" 1_320D) is (a) (o0, 0) U (0, )
1 tan© 1
(©) If £(0) = —tano 1 tan© , (1) [2, =)
-1 —-tan® 1
. b8

then the set {f(e) 10<0< E} is

(D) If f(x) = x32 (3x — 10), x > 0, then f(x) is increasing in (s) (o0, —1] U [1, )
(®) (=0, 0] U [2, )
Ans.  (A) = (s), (B) = (1), (C) - (), (D) > (r)
2i(x +iy) — 2y+2ix [—2y+2iXJ -1
A Re = Re =Re| 5,0 | =Re(-1ly) =
W (1—(x2 —y? +2xyi)J [1— x? +y? — 2xyi) 2y (y —ix) =7y
-1 -1
= -1<y<1 :721 or 73—1
Alternate
2ie 2i(cos 0 +isin®)
Re| | 20 | =Re| 1 (co520+isin20)
2i(cos 0 +isin0) i(cosO +ising) (cos6 +isin0)
=R 25in2 0 — 2isin6cos0) = Re sind(sin®—icos0) ) ~ Re —sinB(cosO +ising)
-1

=Re sin®

as—-1< sing<1

(—O0,0)U(O, oo)
Resonance
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8.3%7? 8t
(B) —13@31 = -1< 912 <1
8t 9-t2 +8t 8t
= -1< > <1 = 0s——— n > —1<0
9-t 9-t 9-t

t2-8t-9  8t-9+t2
<

N <0 =
t2-9 9-t?

MATHEMATICS

(t-9) (t+1) (t+9)(t-1)

0<t=3)(t+3) " (t-3) (t+3) =

] [, 2 4 o
0 0

T T T T

—IQ -3 14 1 +3
= te(—o,-9lu[-1,11U]9, ©) =
(©) f(6) = 2 sec?0
= f(0) > 2
= f(0) € [2,0)
(D) f(x) = x¥2 (3x = 10)
= fi(x) =x¥2 3 + %xl’z (3x -10)

as f'(x)>0

xl/2{3x + g(Bx - 10)} >0

9x
= 3x+7—15 >0

= 15—X—15 >0
> >

= X >2

= X € [2,0)

O <+

X € (-0,0)uU[2, )
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Name of the Candidate Roll Number

| have read all the instructions | have verified al the informa
and shall abide by them. tion filled in by the Candidate.
Sgnature of the Candidate Sgnature of the Invigilator
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