NARAYANA IIT ACADEMY - INDIA

IIT - JEE (2010) PAPER I QUESTION & SOLUTIONS (CODE 0)

PART | : CHEMISTRY

PAPER - |

SECTION - |
Single Correct Choice 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.

Key:
Sol.:

Key:
Sol.:

In the reaction @70&43 wer_, the products are
(A) Br4<j>—OCH3 and H, (B) @Br and CH,Br
(© @—Br and CH3;OH (D) @—OH and CH3Br

(D)

HBr——H" +Br-

OH
H H® ® r\ -
O—CH; s C|>—CH3 - + CHBr
H

Plots showing the variation of the rate constant (k) with temperature (T) are given below. The plot that
following Arrhenius equationis

SN
i K

(A)

=N
K =AeRT

Rate constant K increases exponentialy with the rise in temperature. Since rate const. K also depends upon
orientation factor A hence its maximum valueis not at all infinity rather limited to an optimal vaue.

The species which by definition has ZERO standard molar enthalpy of formation at 298 K is

(A) Brz(g) (B) Cl2(9)
(C) H0(9) (D) CHq(9)
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Key: (B)
Sol.:  Bromine and water exist in liquid state at 298 K. Methane is not an elemental species.
4. Theionization isomer of [Cr(H20)4 CI(NOZ)JCI is

(A) [Cr(H,0),(O,N)]cl, (B) [Cr(H,0), Cl,](NO,)

(©) [cr(H,0),cl(ONO)]Cl (D) [Cr(H,0),Cl,(NO,)|-H,0
Key: (B)

Sol.:  [Cr(H,0),CI(NO,)]Cl==2=2=[Cr(H,0), CI(NO,)| +CI"

[Cr(H,0),Cl, |(NO,)==22=Cr(H,0),Cl, | +NO,.

5. The correct structure of ethylenediaminetetraacetic acid (EDTA) is
COOH—CH, ,CHy—COOH HOOC COOH
(A) /N—CH:CH—N\ (B) N—CH2—CH2—N/
COOH—CH, CH,—COOH HOOC COOCH
_COoH
COOH—CH, CH,—COOH COOH—CH, H.C H
© N—CH,—CH,—N (D) >N—CH—(|ZH—N\/
COOH—CH, CH,—COOH H CHy CH,—COOH
COCH
Key: (C)
Sol.:  Based onfacts
6. The bond energy (in kcal mol™) of aC—C single bond is approximately
(A) 1 (B) 10
(©) 100 (D) 1000.
Key: (C)
Sol.:  C—C single bond dissociation energy ranges between 88 to 150 K cal mol™.
7. The synthesis of 3-octyne is achieved by adding a bromolkane into a mixture of sodium amide and an

alkyne. The bromoalkane and alkyne respectively are
(A) BrCH,CH,CH,CH,CH, and CH,CH,C=CH (B) BrCH,CH,CH, and CH,CH,CH,C=CH
(© BrCH,CH,CH,CH,CH, and CH,C=CH (b) BrCH,CH,CH,CH, and CH,CH,C=CH.
Key: (D)
Sol.: CH;—CH,-C=C-C-CH,-CH,—-CH;
3-—octyne

N

©  CH,~CH,-CH,~CH,Br
CH,-CH,-C=CH —"" , cH _CH,-C=C—— 4,

CH,-CH,-CH,—CH,-C=C—CH,-CH,

3 octyne
8. The correct statement about the following disaccharide is

CH,OH
H 0 H HOH,C 0 H

!

@ (b)

OH H H o]

OH OCH,H,CO CH,OH
OH
H OH H
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(A) Ring (a) is pyranose with o —glycosidic link (B) Ring (a) isfuranose with o —glycosidic link
(©) Ring (b) isfuranose with o —glycosidic link (D) Ring (b) is pyranose with  —glycosidic link.

Key: (A)
Sol.:  Ring (@) is pyranose whereas ring(b) is furanose. a—anomeric form of ring (a) is attached through glycosidic
bond.

SECTION - 11
Multiple Correct Choice Type

This section contains 5 multiple correct answer(s) type questions. Each question has 4 choices (A), (B), (C) and
(D), out of which ONE OR MORE is/are correct.

9. In the Newman projection for 2, 2—dimethylbutane
X
CH4 CH,
H H
Y
XandY can respectively be
(A) HandH (B) Hand C,Hs
(C) CHsand H (D) CH3and CHa.
Key: (B,D)
CH4
Sol.:

H,C—C—CH,—CH
13 2‘ 3278
2, 2-dimethyl butane

C, —C, rotation

CHy  CH, H
H> H CH CHg
180°
e
rotation H
HC,H
2''5 C2H5

X and 'Y become H and C,Hs

Hscz—‘cl'rCHz—CH3

CH,

CHy
CH,  CHs

180

rotation H H
CHLCHs CH,
X and 'Y become CH3 and CHs.

10. The regent(s) used for softening the temporary hardness of water is (are)
(A) Cay(PO,), (B) Ca(CH),
(C) Na,CO, (D) NaOCl.
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Key:
Sol.:

11.

Key:
Sol.:

12.

Key:
Sol.:

13.

Key:

Sol.:

(B,C)

Temporary hardness is due to the presence of bicarbonates of Ca and Mg. Temporary hardness can be
removed by clarke’ s process which involves the addition of slaked lime

Ca(Hcog)2 + Ca(OH)2 ——2CaC0O, +2H,0

Washing soda removes both the temporary and permanent hardness.
Ca( HC03)2 + Na,CO, —— CaCO, + 2NaHCO,.

Among the following, the intensive property is (properties are)

(A) molar conductivity (B) electromotive force
(C) resistance (D) heat capacity.
(A)

EMF, resistance and heat capacity are extensive properties of course, resistivity is an intensive property.

Aqueous solutions of HNO3, KOH, CH3;COOH, and CH;COONa of identical concentrations are provided.
The pair(s) of solutions which form a buffer upon mixing is(are)

(A) HNO, and CH,COOH (B) KOH and CH,COONa
(C) HNO, and CH,COONa (D) CH,COOH and CH,COONa .
(C,D)

Mixture of weak acid and its salt are known as acidic buffer.
H*NO; + CH,CO,Na" —— CH,CO,H + Na NOj;
strong acid weak acid

In an acid-based reaction. The equilibrium shifts to the direction which results in the formation of weaker
acid.

OH
In the reaction © _ NeoH()/Br_y the intermediate(s) is (are)
P

(0]
Br
(A) (B)
Br Br Br
S)
(@) O@
© (D)
5 Br
r
(A C)
OH

is strongly activating towards EAS reaction and it is ortho—para directing
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06) 6@ 0®

Br

SECTION - 11l
Linked Comprehension Type

This section contains 2 paragraphs. Based upon the first paragraph, 3 multiple choice questions and based
upon the second paragraph 2 Multiple choice questions have to be answered. Each of these questions have
four choices (A), (B), (C) and (D) out of which ONLY ONE is correct.

Paragraph for Questions 14 to 16
Copper is the most noble of the first row transition metals and occurs in small depositsin several countries. Ores of
copper include chacanthite (CuSO,. 5H,0), atacamite (Cu,CI(OH)3), cuprite (Cu,O), copper glance (Cu,S) and
mal achite (Cu,(OH),COs). However 80% of the world copper production comes from the ore chalcopyrite (CuFeS,).
The extraction of copper from chal copyrite involves partia roasting, removal of iron and self-reduction.

14, Partial roasting of chalcopyrite produces

(A) Cu,Sand FeO (B) Cu,O and FeO
(C) CuSand Fe;05 (D) Cu,0 and Fe,0s
Key: (B)

Sol: CuFeS; + O, — Cu,S+ 2FeS + SO,
The sulphites of copper and iron are partially oxidized
2FeS+30,—— 2Fe0+2S0,

2Cu,S+30, — 2Cu,0+2S0, .

15. Iron is removed from chal copyrite as
(A) FeO (B) FeS
(C) Fe03 (D) FeSIO;
Key: (D)
Sol: Feisremoved in the form of FeSiOs.
FeO+Si0,—— FeSiO,

16. In self-reduction, the reducing speciesis
(A) S (B) O*
©) s~ (D) SO,
Key: (C)
Sol: Cu,S+2Cu,0——6Cu+S0,

S? oxidized into S™ henceit isreducing species.
Paragraph for Questions 17 to 18
The concentration of potassium ions inside a biological cell is at least twenty times higher than the outside. The
resulting potential difference across the cell isimportant in several processes such as transmission of nerve impulses
and maintaining theion balance. A ssmple model for such a concentration cell involving ametal M is:
M(s)|M* (ag; 0.05 molar) || M (ag; Imolar) | M (s)
For the above electrolytic cell the magnitude of the cell potential |E,, | =70 mV.
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17.

Key:

Sol:

18.

Key:

Sol:

For the above cell
(A) Ey <0 AG>0 B) E. >0, AG<0
(©) Eq <0 AG°>0 (D) E. >0 AG°<0

(B)

Eea = @Iogg = apositive value
=70 mV (given)

HenceAG < 0.

If the 0.05 molar solution of M* is replaced by a0.0025 molar M™ solution, then the magnitude of the cell
potential would be

(A) 35mVv (B) 70 mvV

(C) 140mv (D) 700 mV

©)

£ _ ~2303RT log 0.0025
el F 1

_ —2.323RT 10(0.05)°

=2x70mV

=140 mV.

SECTION - IV
Integer Answer Type

This Section contains TEN questions. The answer to each question is a Single Digit Integer ranging from O to
9. The correct digit below the question number in the ORS is to be bubbled.

19.

Key:

Sol.:

20.

Key:
Sol.:

The value of ninthe molecular formula Be,Al,SigO;g is
@)

[S| 6018 ]127

Be,AlLBi Oy

The total number of basic groupsin the following form of lysineis

®
HaN—CH,—CH,—CH,—CH, o
/CH—C<
H N 0®
)
®
HN—CH,—CH,—CH,—CH,
CH o
HoN g \c\/
O
*

* Group are basic.
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21.

Key:

Sol.:

22.

Key:
Sol.:

23.

Key:

Sol.:

24,

Key:
Sol.:

25.
Key

Based on VSEPR theory, the number of 90 degree F—Br —F anglesin BrFs is
®)

/l\

The structure of BrFs is square pyramidal. The number of FBrF angles having the value of 90° is eight (8).
Dueto trivial distortion, however, the bond angles (F—Br—F) are dightly less than 90°(85°).

Amongst the following, the total number of compounds whose aqueous solution turns red litmus paper blue
is

KCN K»SO, (NH),C,0,  NaCl Zn(NOy),
FeCl, K,CO;s NH,NO; LiCN
3)

KCN, K,CO;3, LiCN are basic salt can convert red litmus to blue.

Amongst the following, the total number of compounds soluble in aqueous NaOH is
HiC._ _CHz

COOH OCH,CHg OH
@ @ S @
CH,CH3 COOH
© ©/CH2CH3 “
4)
COOH COOH

©©“

are solublein ag. NaOH.

A student performs a titration with different burettes and finds titre values of 25.2 mL, 25.25 mL, and 25.0
mL. The number of significant figuresin the average titre valueis

®3)
25 2+2525+25.0
Average = 3
=7545/3
=25.15 ~ 25.1.

No. of significant figure = 3.

The number of neutrons emitted when 2°U undergoes controlled nuclear fission to & Xe and 2Sr is

©)
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Sol.:

26.

Key:

Sol.:

27.

Key:
Sol.:

28.
Key

Sol.:

235 142 0
U —— g Xet+ 35+ 3.

In the scheme given below, the total number of intramolecular aldol condensation products formed from
‘Y'is

1.0, v L NeOH()
2.2n, H,0 2. heat

1)

O OH
.0, NaOH (aq)
o o}
o}

The concentration of R in the reaction R — P was measured as a function of time and the following datais
obtained :

[R] (moloar) | 1.0 | 0.75 0.40 0.10
t (min.) 00 | 005 0.12 0.18
The order of thereactionis
(0)
R— P
_de after 0.05 min= 025 _ 5 M min
dt 0.05
_de after 0.12 min = 060 _ 5 M min?
dt 0.12
_de after 0.18 min = 20 _ 5M min?t
dt 0.18

The average rate remains same throughout. This implies that rate is independent of concentration (zero
order).

The total number of cyclic isomers possible for a hydrocarbon with the molecular formulaC4Hg is

®)

Cyclicisomers C4Hg
CHy

o )_\ /_\\ HZC:<]

3

Total isomers=5
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PART II: MATHEMATICS

SECTION - |
Single Correct Choice 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.

X 1
29. The number of 3 x 3 matrices A whose are either 0 or 1 and for which the system A | y |=| 0| has exactly
z| |0
two distinct solutions, is
(A)O (B)2°-1
(C) 168 (D)2
Key. (A)
Sol. Three planes cannot meet only at two distinct points. Hence ‘A’ is correct.
30. The vaue of I|m—3 tlnfit) dt is
x>0 X t"+4
1
A)O B) —
(A) ( )12
1 1
C) — D) —
© > (D) o
Key. (B)
T In(1+1t)dt
4
Sol. mo ! :4
an X
B xIn@+x) _ i In(1+ x)
%00 (X +4)3x2 %003k (X4 +4)
—ilim In(1+x) :i.
4x3 x>0 X 12
31. Let p and q be real numbers such that p = 0, p* # —q. If o and B are nonzero complex numbers satisfying
a + B =—pand o+ p* = g, then aquadratic equation having % and £ asitsrootsis
a
(A) (P + ) X~ (p° +20) X + (P° + ) = 0 (B) (P’ + )X~ (P’ ~20) x + (p*+ ) =0
©) (pP°-a) x"—(5p°—20) x + (p°—q) =0 (D) (P - x*=(5p" +20) x + (p°-) = 0
Key. (B)
2 2
so X B_o"+B
p o of
o +B°= (o + B) { (o + B)* - 3ap}
q=-p (p’ - 3ap)
3
=q+p°=3app = ap= @+p)
3p
oF+ B2 =pPo2 (@+p’) _3p°-29-2p° p’-2g
3p 3p 3p
L o' +pt_p’-2q
ap  q+p’
= X%~ (F:O qu)X+1=0 = (P’ + X~ (p°~20) x + (p° +g) =0
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32. Equation of the plane containing the straight line %:%:% and perpendicular to the plane containing the
straight lines XY ZagXY_Zig
3 4 2 4 2 3
(A)x+2y—-2z=0 (B)3x+2y—2z=0
(C)x-2y+z=0 (D)5x+2y—-4z=0
Key. (C)
ij ok
Sol.  fi=(3i+4]+2K)x(4i +2j+3k) = [3 4 2| =8 )10k
4 2 3

The equatlon of plane containing the IInd and I11rd given lines.
r(8| —j—lOk) 0 =8x-y-10z=0.
Now normal vector to the required planeis given by

i 7k
2 3 4 |=-26i+52]-26k
8 -1 -10

= —26(i —2j+K)

The equation of the required planeisx —2y + z=0.

33. If the angle A, B and C of the triangle are in the an arithmetic progression and if a, b and ¢ denote the
lengths of the sides opposite to A, B and C respectively, then the value of the expression

a . C . .
—sin2C+—sin2A is
c a

1 V3
A) = B) —
(A) > (B) >
©)1 (D) v/3
Key. (D)
Sol. iIs,|n2C+ Sin2A = mZsmC cosC+—C25|nAcosA
c a sinC sinA
=2sn(A +C)
=2X £ = \/é

34, Let f, g and h be real-valued functions defined on the interval [0, 1] by f(x) = € +&*, g(x) = xe* and
h(x) = x> + e .If a band c denote, respectively, the absolute maximum of f, g and h on [0, 1], then

(A)a=bandc b (B)a=canda=b
(C)a=b (D)a=b=c
Key. (D)

Sol. 1>x>x* Vxe|[0,1]
e >xe’ 2 x%" vxe [0, 1]
ie, eX +eze* +xe’ 2 e +x%
equality holdswhen x =1

i.e, f(x) = g(x) > h(x) vxe [0, 1]
Hencea=b=c.
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35.

Key.
Sol.

36.

Key.

Sol.

Let o be a complex cube root of unity with o = 1. A fair die is thrown three times. If ry , r; and r3 are the
numbers obtained on the die, then the probability that o" +®»? +®»® =0is

1 1
A) — B) =
A) g ® 3
2 1
C — D) —
© 3 ®) 35
(©)
|
Required prob. = M:E = E
6x6x6 9 9

Let P, Q, R and S be the points on the plane with position vectors —2iA—], 4iA,3iA+3] and —3f+2]
respectively. The quadrilateral PQRS must be a

(A) parallelogram, which is neither arhombus nor arectangle
(B) square (C) rectangle, but not a square

(D) rhombus, but not a square
(A)

P:—2i—], Q:4i,R:3+3], S:=3i +2j
PQ= of P = 6f+]

QR=3i+3j-4i = - +3]
FS:—3?+2]+2?+]2 —f+3j
SR=3i+3j+3-2] = 6i+]

PQ. FS:(G?+]).(—?+3]):—3 #0 o
Here PG ISR and PSIOR PR
but PQ is not perpendicular to PS

SECTION - 11
Multiple Correct Choice Type

This section contains 5 multiple correct answer(s) type questions. Each question has 4 choices (A), (B), (C) and
(D), out of which ONE OR MORE is/are correct.

37.

Key.
Sol.

38.

Let z; and z, be two distinct complex numbers and let z = (1 —t) z; + tz, for some real number t with0 <t <
1. If Arg(w) denotes the principal argument of a nonzero complex number w, then

A) lz—z| + |z— 22| = |11 - 2o (B)Arg(z—z) =Arg(z-2z)

(C)‘Z a e 2_1‘:0 (D) Arg (z-2) = Arg (22— 2)
Z,-2, ,—4

(A,C,D)

Asz=(1-t)z;+tz, z

= 71, Z, Z, are collinear P2 1t 2.2

.. A, D arecorrect
z-z, 7-%,
Z,-7, 22 _?1
.. (C) iscorrect.

Also

Let A and B be two distinct points on the parabola y? = 4x. If the axis of the parabola touches a circle of
radius r having AB asits diameter, then the slope of thelinejoining A and B can be
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Key,
Sol.

39.

Key.
Sol.

40.

Key.
Sol.

1 1
(A) —= (B) -
r r
2 2
© - (D) -=
r r
(C,D)
Slope of lineAB B (t2°, 2t)
M = (t,-t) :[ - j: +2 (t7 2t) A
(tz - tl) (tz + tl) t1 + t2 r ’

As |t1+t2| =r

Let f be area-vaued function defined on the interval (0, ) by f(x) =Inx + J'\/1+sint dt. Then which of
0

the following statement(s) is (are) true?

(A) f"(x) existsfor dl xe (0, «0)

(B) f '(x) existsfor all xe (0, «) and f " is continuous on (0, ), but not differentiable on (0, «)
(C) there existsa > 1 such that [f '(x)| < [f(x)| for al xe(a., )

(D) there exists > 0 such that [f(x)] + [f'(x)| < B for dl xe (0O, )

(B.C)

f(x):|nx+j 1+sint dt, x>0
0

f'(x)= l+\/1+sinx ,X>0
X

Clearly f '(x) existsfor al xe (0, )
and f '(x) is continuous on (0,w0)

but not differentiable on (0,)

More over f '(x), f(x) > 0 Vxe (1, x0)

andInx + '[\/l+sintdt>1+\/l+sinx Vxe (m, o)
X
0
1.
— isnot bounded.
X

.. (D) isincorrect .
Hence, option B, C are correct.

1.4 4
The value(s) of IM dx is (are)
o 1+Xx

22
(A) - (B) E
71 3n
©0 (O )E_7
(A)
jx ‘(1-x)*
o (1+x?)
R 6 5 4 _ + 2_
J;(x —4x> +5x")dx - _[—dx == 4I i1 dx = 7 s
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41. Let ABC be atriangle such that Z/ACB = % and let a, b and c denote the lengths of the sides oppositeto A,

B and C respectively. The value(s) of x for whicha=x?+x+1,b=x*-~1andc=2x + 1is(are)

(A) -(2++3) (B) 1+43
(©) 2++3 (D) 43
Key. (B)
Sol VB (x4 + (X7 1) - (2x+1)° -
' 2 2.2 =D (X2 +x+1)
ﬁ_ (¢ +3x+2) (x* —x) + (x* -1)° 2x+1 Z
2 2(x% =1) (x> +x +1)
V3 (x+2)x+x*-1 o
2 2(X*+x+1) B X ax+1 ©
2x% +2x -1
V3= x?+x+1

=x? (\/5—2)+x(\/§—2)+ 3+1=0

yo B-2£)(3-2"-4B3-2(B+1) _ 5
2(v/3-2)

SECTION - Il
Linked Comprehension Type

This section contains 2 paragraphs. Based upon the first paragraph, 3 multiple choice questions and based
upon the second paragraph 2 Multiple choice questions have to be answered. Each of these questions have
four choices (A), (B), (C) and (D) out of which ONLY ONE is correct.

Paragraph for Questions Nos. 42 to 44

Let p be an odd prime number and T, be the following set of 2 x 2 matrices.
b
T,= {A :{a }:a,b,Ce{O, 12 ...,p—]}}
c a

Sol. 42t0 44
asAissymmetricb=c
det A =& —b”=(a+b) (a—b)
abce{012...p-1}
no. of numbers of type

np=1
np+1=1
np+2=1 nel
np+ (p-1)=1
42, The number of A in T, such that A is either symmetric or skew—-symmetric or both, and det(A) divisible by
pis
(A) (P—1)° (B)2(p-1)
(©) (p-1*+1 (D) 2p-1
Key. (D)

Sol. asdet(A) isdiv. by p = either a+ b div. by p corresponding nu. Of ways = (p — 1) [excluding zero]
or (a—b) isdiv. by p corresponding no. of ways=p
Total number of ways=2p-1
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43.

Key.

Sol.

44,

Key.

Sol.

45,

Key.

Sol.

46.

Key.

Sol.

The number of A in T, such that the trace of A isnot divisible by p but det (A) isdivisibleby pis
[Note: The trace of amatrix isthe sum of its diagonal entries.]

(A) (p—q) (P°pp+0q)

©) (p-17

©

asTr(A) notdiv.byp=>a=0

det(A) isdiv. by p= & —bc div. by p

no. of ways of selection of g, b, ¢
(P-DI(p-1) x 1] = (p—1)?

(B) p*—(p—-1)°

D) (P-1) (p*~2)

The number of A in T, such that det (A) is not divisible by pis

(A) 2p° (B) p°-5p
EC; p’-3p (D) p*-p°
D

Total number of A=pxpxp=p°
No. of A such that det(A) div. by p
=(p—1)?+no. of A inwhicha=0
=(p-1)7*+p+p-1
required no. = p* — p*

Paragraph for Questions Nos. 45 to 46

2

y

Thecirclex? + y? — 8x = 0 and hyperbola %—7 =

1 intersect at the points A and B.

Equation of acommon tangent with positive slope to the circle as well asto the hyperbolais

(A)2x-\By—-20=0
(C)3x—-4y+8=0

(B)

Equation of tangent at point P(6)

(B)2x- /5y +4=0
(D)4x—-3y+4=0

XSO _y@nod 4 o ) A6 23
3 2
since eg. (i) will be atangent to the circle
4secO 1 .
. 3 4 (-30) (30\@0) /
sec’ 0 . tan® 0
V9 4 5 Q 2V3)

by solving it we will get
2x —~/By +4=0

Equation of the circlewith AB asits diameter is
(A) x> +y*—12x+24=0
(C)x*+y?+24x—-12=0

(A)

9 g2
X, (X 48

9 4
4x% = 36 + 9(—x? + 8x)
13x° - 72x-36=0
X =6,
y:iZ\/I—S
Required equation of circleis
(x—6)2+y*—12=0
X2 +y?—12x+24=0

(B)X*+y?+12x+24=0
D)x“+y —-24x-12=
(D) x> +y? -2 2=0

(6. 243)

30) 30)\@0)

\_

<Q 23)
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SECTION - IV
Integer Answer Type

This Section contains TEN questions. The answer to each question is a Single Digit Integer ranging from 0 to
9. The correct digit below the question number in the ORS is to be bubbled.

47.

Key.

Sol.

48.

Key.
Sol.

Let ® be the complex number cosz—;[ +is nz—;c . Then the number of distinct complex numbers z satisfying

z+1 o ®°
o z+o° 1 |=0isequato
®° 1 z+o
)
(;):COSEHSinﬁ:—lHé
3 3 2 2

o isone of cube root of unity.
z+1 o ®?
0 Z+o 1 1|=0

®’ 1 z+o

Rl—)R1+R2+R3

z z z
o z+o® 1 |=0 [ 1+o)+u)2:0]
o 1 z+o
C,>C—-C,& C,—> C,—Csgives
0 0 z
0o-z-0® z+0°-1 1 |=0
o — 1-z-0 zZ+o

7[ (0-2-0")(1-2-0)- (0" -D(z+o’ -1)]=0

772 =0
= =0

=z=0
Ans.is =1

T

The number of values of 0 in theinterval (—g EJ such that 0 = n—; forn=0,+ 1, £ 2 and tand = cot50 as

well assin20 = cos40 is

3)
tan® = cot 50

taneztan[f—sej
2
0=nt+r0-50

2
60 = N+~

2

0= Thel ....()
6 12

sin20 = cos40
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sin20 =1-2sin*20

= 2sin’20+sin20-1=0
=N 2sin?20+2sin20-sin20-1=0
(2sin20-1)(sn20+1) =0

s‘nze:%, sn20=-1
20=T 3 - _T

6" 6 6

n oSt __T

12’12 4

All three values of 6 which satisfy the eq. (i).

49. For any real number x, let [x] denote the largest integer less than or equal to x. Let f be areal valued
function defined on the interval [-10, 10] by

f(x) = { x-[x] ,If [X]I,S odd, . Then the value of n—sz(X)COSnX dxis
1+[x]—-x if [x]iseven 10 -,
Key. (4
1-{x} , 0<x<1
Sol. f)=< {x} , 1<x<2
1—{x} , 2<x<3

Heref(x) is periodic with period 2 and cos =X is also periodic with period 2
f(x) cos nx is periodic with period “2”.

10 2 40
I f (x) cosnx dx :10.[f(x) cosmx dX = —
-10 0 n

2 10 2
Hence, — j f(x) cosnx dx :n—x4—(2) =4.
10 ~10 10 =

50. If the distance between the plane Ax — 2y + z = d and the plane containing the lines
X-1 y=2 273,4X=2_¥=3 2745 /5 then|d|is
2 3 4 3 4
Key. (6)

Sol. The equation of the plane containing the given lineswill bea(x — 1) + b(y —2) + ¢(z-3) = 0wherea, b, ¢
are direction ratios of normal to the plane considering vectors paralle to the two lines
2i + 3j + 4k and 3i + 4j + 5k
So 28, +3b; +4c,=0
38, +4b; +5¢,=0
3 — _bl — G
15-16 10-12 8-9
Sotheplaneisx -2y +z=0
Hence distance between two planes

|d| /6
U _/s
VI +22+1

|dE6
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2 2

51. The line 2x + y = 1 is tangent to the hyperbola X—Z—)t:—:l. If this line passes through the point of
a

2

intersection of the nearest directrix and the x—axis, then the eccentricity of the hyperbolais
Key. (2

Sol. Sincetheline2x +y — 1 = O istangent
S0, C? = &m’ - b?
1=4a-b° (i)
a
Also line passes through (——,Oj
e (0,0
o, 2(—9):1
e =2
= ... (ii) €
Using (i) and (ii) e=2
52. Let S, k=1,2,..., 100, denote the sum of the infinite geometric series whose whose first term is kT_|1
1 100 9 -, .
and the common ratio s - Then the value of 100'+Z|(k —3k+1)SK| is
Pok=1
Key. (4
k-1
Kk 1
Sol. =L =—"
S 1_} k-1)!
k
Wehave S, =1
$=1
_1
>3
100
Now, Y '|(k*-3k+1)S|
k=1
S +5+5, iol(k —3k+l)
=S5, +S,+S;+
& (k-1
100 1 1
=1+1+ =+ -
S es ey
1414 tpfgp 1
2 2! 98! 99!
= 4_2
99!
100° &
) + > |(k* =3k +1)S,|=4.
100! ; )S‘|

53. Let f be areal-valued differentiable function on R (the set of al real numbers) such that f(1) = 1. If the y-
intercept of the tangent at any point P(X, y) on the curve y = f(x) is equal to the cube of the abscissa of P,
then the value of f(-3) isequal to

Key. (9
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Sol. eg. of tangent at P(x, y)
Y-y=Yx-x
dx

y—integer y—xﬂ =x°
dx

dy_y__ o
dx X
—ldx 1
I.F.:eIX =—
X
The solution

fx)=y=
f(-3)=9

54, If a and b are vectors in space given by 5=i_—€ and B:%’
(251+B).|:(é>< b)x(a- 26)} is
Key. (5
Sol. |al bkl ab=0
Let  I=(axb)x(a-2b)=(axb)xa—2@xb)xb
=|af b-(ab)a-2(ab)b+2|b|a
=b+2a
(2a+Db)I=|2a+bf=5

then the value of

55. The number of all possible values of 6, where 0 < 6 < =, for which the system of equations
(y + 2) cos36 = (xyz) sin 30
2c0s30 N 2sn30
y z
(xyz) sin36 = (y + 22) cos30 + ysin 30 have a solution (Xo, Yo, Zo) Withyo Zo = 0, is
Key. (3

Xsin3o =

Sol. (y+2)cos30 = (xyz)sin30 (A)
xsin39:200536+25m39 (B)
y z

(xyz)sin30 = (y + 2z)cos30 + ysin30 (C)
When cos 30 = 0.
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tan36:y+2: 2z :y+22
xyz y(xz-2) xyz-y
as y#0
(Y +2) (xz2—2) =22(x2)
Xyz + X2 — 22— 2y = 2x2°
Xyz = 2y + 27 + x2° (i)
Again, 2z(xz—-1) = (y + 22) (xz-2)
2XZ% = 22 = Xyz + (2XZ% — 4z — 2Y)
Xyz=2y +2z (i)
from (i) and (i) xz2=0
= Xx=0asz=0
from(A) (y +2z) cos30=0
= y+z=0

But when cos 30 = 0 from (B)
sin 30 =0 not possible
So y =—z putting in (B) and (C)

x=0
sin36=c0s360
~  tane=1—0-1, 2
12 12 4
56. The maximum value of the expression — _ ' is
sin? 0+ 3sin0.cos +5cos” 0
Key. (2
Sol. Let y=— : 1 — = 13
sin“0+3sin6coso +5cos” 0 3+200$26+§sin26
—EsZc:osze+§sin2(asE
2 2 2
1
max. valueof y=——=2
5
3-=
2
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PART Ill: PHYSICS

SECTION - |
Single Correct Choice 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.

57.

Key.

Sol.

58.

Key.

Sol.

59.

An AC voltage source of variable angular frequency o and fixed amplitude V is connected in serieswith a
capacitance C and an dectric bulb of resistance R (inductance zero). When o isincreased
(A) the bulb glows dimmer (B) the bulb glows brighter
(C) total impedance of the circuit is unchanged (D) total impedance of the circuit increases.
(B)
P =Vims lms COS ¢
_ Vrm52 . R

z z

As o increase Z, decreases, so P increases.
Hence correct option is (B).

A thinflexible wire of length L is connected to two adjacent fixed
points and carries a current | in the clockwise direction, as shown in
the figure. When the system is put in auniform magnetic field of
strength B going into the plane of the paper, the wire takes the shape
of acircle. Thetensionin thewireis

(A) IBL (B)

X X X X \X
X X
X X X X X

X X X X X
X

1BL
T
IBL IBL

© o (D) TR

©
2T =iB(2R)

iB(2R)
roiBL
2

Hence correct option is (C).

A block of mass m is on an inclined plane of angle 6. The coefficient of

friction between the block and the planeis . and tan 6 > . The block is held p
stationary by applying a force P parallel to the plane. The direction of force P’
pointing up the plane is taken to be positive. As P is varied from P, = mg (sin 0
0 —pn cos6) to P, mg (sin © + p cos 0), the frictional force f versus P graph
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will look like

(A) (B)
fa fa

U
v
)

v
o

© (D)
f A f A
P, / P, P,
; B P > P
Key. (A)
Sol. P, =mg(sin®—pcoso)

friction;nitig = pmgcosd up along the plane
frictionsng = umgcosb down aong the plane
Hence correct option is (A).

60. A real gasbehaveslike anided gasif its

(A) pressure and temperature are both high (B) pressure and temperature are both low
(C) pressureishigh and temperatureislow (D) pressureislow and temperature is high.
Key. (D)

Sol. For ideal gas behaviour pressure should be low and temperature should be high.
Hence correct option is (D).

61. Consider a thin square sheet of side L and thickness t, made of a materia of [ ]
resistivity p. The resistance between two opposite faces, shown by the shaded
areasin thefigureis
(A) directly proportional to L

—  f—

(B) directly proportional tot CE—
(C) independent of L «—L—
(D) independent of t.
Key. (C)
! L p
Sol. R=p—=p-—==
pA P Lt t

Hence correct option is (C).

62. A thin uniform annular disc (see figure) of mass M has outer radius 4R and
inner radius 3R. The work required to take a unit mass from point P on its
axistoinfinity is

(A) %(4«5—5) (B) —%(4&—5)
©) % (D) %(ﬁ—l).
Key. (A)
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Sol.

63.

Key.

Sol.

AN
&

_G~c5'2nrdr
V2 x?

£ rdr

dv =

V =-2nGo

rr+x’=z
2rdr=dz
dz

IL__

VrE+x? 2z
1z

===z
2h

V= —2nGc[\/r2 +x2}

= —2nGr[ 4RV2-5]

[T

4R

3R

W= (1) [o+ 2nGo(4R2 - 5R)]

M

(16— 9)R?
2nGM

=N 425,
o (4/2-5)

Hence correct option is (A).

=21G-—— (4R/2-5R)

Incandescent bulbs are designed by keeping in mind that the resistance of their filament increases with the
increase in temperature. If at room temperature, 100 W, 60 W and 40 W bulbs have filament resistances
R100, Reo @nd Ry, respectively, the relation between these resistancesis

1 1 1
=4t —
Riw Ruw Rg

(A)

(©) Ry >Ry >Ry

(D)

r=Y
p

(B) R100 = R4o + Reo

1 1 1
>—>—

(D) :
RlOO RGO R4O

As temperature increase, resistance increases

S0, Ry > Rg >Ry -
Hence correct option is (D).
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64.

Key.
Sol.

To verify Ohm'slaw, a student is provided with atest resistor Ry, a high resistance Ry, asmall resistance
R, two identical galvanometers G; and G,, and a variable voltage source V. The correct circuit to carry out
the experiment is

(A) (B)
e [, -— " [G,-wh—
- Jv‘v‘ v‘r ™ Jv‘v‘v‘r
RT : Rl RT 2 R,
> >
Vv V
© (D)
iy -y
e ) - )
' R ' R
v v
Vv V
©

Anideal voltmeter should have large resistance and an ideal ammeter should have low resistance.
Hence correct option is (C).

SECTION - Il
Multiple Correct Choice Type

This section contains 5 multiple correct answer(s) type questions. Each question has 4 choices (A), (B), (C) and
(D), out of which ONE OR MORE is/are correct.

65.

Key.
Sol.

A point mass of 1 kg collides elastically with a stationary point mass of 5 kg. After their collision, the 1 kg
mass reverses its direction and moves with a speed of 2 ms™. Which of the following statement(s) is (are)
correct for the system of these two masses ?
(A) total momentum of the system is 3 kg ms™
(B) momentum of 5 kg mass after collisionis4 kg ms™
(C) kinetic energy of the center of massis0.75J
(D) tota kinetic energy of the systemis4 J.
(A). (©)
OAMWM+OGO=1))+5V
V=5V'-2 ()
V'+2 _1
V-0
V'=V-2 ... (i)
V=5(\V-2)-2
From equation (i) and (ii)
V=5V-10-2
4V =12
V =3m/s.
P.=(1) (3)=3kg—m/s.
v, _0E+EO _1
CcM 6 2

1.1 3
Ky ==(6)=>=>=0.751
o =5075=7

K =5 (D7 =453

m/s

Hence correct options are (A), (C).
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66.

Key.

Sol.

67.

Key.

Sol.

68.

A few electric field lines for a system of two charges Q; and Q, fixed
a two different points on the x—axis are shown in the figure. These
lines suggest that

(A) Q> Q] Q Q.
(B) Qi<
(C) at afinitedistanceto theleft of Q; the electric field is zero
(D) at afinitedistanceto theright of Q, the electric field is zero.
(A), (D)
Density of field linesis more are Q;
Q1] > Q|
Q1 and Q, are of opposite signs
So, null point will be closer to charge of smaller magnitudei.e., Q.
Hence correct options are (A), (D).

A ray OP of monochromatic light is incident on the face AB of prism ABCD
near vertex B at an incident angle of 60° (see figure). If the refractive index of

the material of the prism is +/3 , which of the following is (are) correct ?
(A) theray getstotally internally reflected at face CD
(B) theray comes out through face AD
(C) theangle between the incident ray and the emergent ray is 90°
(D) theangle between the incident ray and the emergent ray is 120°.
(A). (B), (C)

1sin60 = +/3sinr

r=230°

SinB, =—
3

0, = 35°

At CD angle of incidence is greater than 6. .

At AD angle of incidenceisless than critical angle
So ray will come out of AD.
Angle of deviation
—30+90+30=090°
Hence correct options are (A), (B), (C)

One mole of an ided gasin initia state A undergoes a cyclic process V4
ABCA, as shown in figure. Its pressure at A is P,. Choose the correct  4v/ -]
option(s) from the following :

(A) internal energiesat A and B arethe same

(B) work done by thegasisprocessAB is PV /n4 vV,

(@) pr%sureatCis% >T

. T
(D) temperatureat Cis 70 .
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Key.  (A), (B), (C), (D)

Sol. Internal energy of anided gas depends on temperature

Y
W, =nRT/n—2
Vl

- <1>(R)%fn%

0
=RV, /n4
For CA

=
— = constant
T

PaItC:Po

TaC=-2

INEC N

Hence all options are correct.

69. A student uses a simple pendulum of exactly 1 m length to determine g, the acceleration due to gravity. He
uses a stop watch with the least count of 1 second fore this and records 40 seconds for 20 oscillations. For
this observation, which of the following statement(s) is (are) true ?

(A) error AT in measuring T, the time period, is 0.05 seconds
(B) error AT in measuring T, the time period, is 1 second

(C) percentage error in the determination of g is 5%

(D) percentage error in the determination of g is 2.5%.

Key. (A), (C)
Sol. Error in measurement of T = 2—103: 0.05s
dg _,dr
g T
@ = 2>< i
g 40

% error in calculation of g = 5%.

SECTION - 111
Linked Comprehension Type

This section contains 2 paragraphs. Based upon the first paragraph, 3 multiple choice questions and based
upon the second paragraph 2 Multiple choice questions have to be answered. Each of these questions have
four choices (A), (B), (C) and (D) out of which ONLY ONE is correct.

Paragraph for Question Nos. 70 to 72
When a particle of mass m moves on the x—axis in a potentia of the form V (x) = kx?, it performs simple

harmonic motion. The corresponding time period is proportiona to \/% , @ can be seen easily using

dimensional analysis. However, the motion of a particle can be periodic even when its potential energy
increases on both sides of x = 0in away different from kx? and its total energy is such that the particle does
not escape to infinity. Consider a particle of mass m moving on the x—axis. Its potential energy is V(x) =
ax* (o > 0) for |x| near the origin and becomes a constant equal to V for [x| > X, (seefigure).

V(x)

A
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70.

Key.

Sol.

71.

Key.

Sol.

72.

Key.

Sol.

73.

If the total energy of the particleis E, it will perform periodic motion only if

(A) E<O (B) E>O0
EC% Vo>E>0 (D) E>V,.
B

For periodic motion
Total energy should be less than V, but greater than zero.
Hence (C) is correct.

For periodic motion of small amplitude A, thetime period T of this particle is proportional to

m 1 |m
B AV ® Ve
o 1 |a
© A ® me

(B)

Dimensionally only B is correct.

The acceleration of this particle for [x| > Xqis

(A) proportiona to Vg (B) proportiona to Vo
0
. V,
(C) proportiona to (D) zero.
mX,
(D)
For x > Xq

potential energy is constant
force on particleis zero.
Hence (D) iscorrect.

Paragraph for Question Nos. 73 to 74
Electrical resistance of certain materials, known as superconductors, changes abruptly from a nonzero value
to zero as their temperature is lowered below a critical temperature Tc(0). An interesting property of
superconductorsisthat their critical temperature becomes smaller than Tc(0) if they are placed in magnetic
field, i.e., the critical temperature T¢(B) is afunction of the magnetic field strength B. The dependence of

Tc(B) on B isshown in thefigure.
T(B)4

Tc(o) —

> B
O
In the graphs below, the resistance R of a superconductor is shown as a function of its temperature T for

two different magnetic field B; (solid line) and B, (dashed line). If B, is larger than B;, which of the
following graphs shows the correct variation of R with T in these fields ?

(A) R4 (B) R4
~T B
B, | ™
o T 0 >T
(C) RaA (D) R4
5 : »T 5 »T
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Key.
Sol.

74.

Key.

(A)

As B increases, critical temperature decreases.

A superconductors has T¢(0) = 100 K. When amagnetic field of 7.5 Teslais applied, its T¢ decreasesto 75
K. For this material one can definitely say that when

(A) B=5Teda Tc(B) =80K (B) B=5Teda, 75K < T¢(B) < 100 K
(C) B=10Tesla 75K < T¢(B) < 100K (D) B =10Tesla T¢(B) = 70 K.
(B)

SECTION - IV
Integer Answer Type

This Section contains TEN questions. The answer to each question is a Single Digit Integer ranging from O to
9. The correct digit below the question number in the ORS is to be bubbled.

75.

Key.

Sol.

76.

Key.

Sol.

77.

Key.

Sol.

A binary star consists of two starts A (mass 2.2. M) and B (mass 1 Ms), where Mg is the mass of the sun.
They are separated by distance d and are rotating about their center of mass, which is stationary. The ratio
of the total angular momentum of the binary star to the angular momentum of star B about the center of

massis.
6.

rl rZ

— >
O, ©,
2.2M, 1M

1117 +2.217

11r?

11r, =221,

22 ¢

11 v}

2
=1+2x[£j =6

11 \22

The focal length of a thin biconvex lensis 20 cm. When an object is moved from a distance of 25 cm in

front of it to 50 cm, the magnification of its image changes from mys to ms,. Theratio —2 is
m50

6.

A 0.1 kg mass is suspended form awire of negligible mass. The length of the wireis 1 m and its cross—
sectional areais 4.9 x 107 m If the massis pulled alittle in the vertically downward direction and
released, it performs simple harmonic motion of angular frequency 140 rad s™. If the Y oung's modulus of
the material of thewireisn x 10° Nm=, thevalue of nis

4.
o =K
m
-7
140x140— YA _ Y (4.9x107)

m- (D0.)
140x140 = y(49)x 10”7
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78.

Key.

Sol.

79.

Key.

Sol.

80.

Key.

Sol.

81.

y = 4x10°
n=4.

When two progressive waves y; 4 sin (2x — 6t) and y, = 3 dn(Zx—Gt—gj are superimposed, the

amplitude of the resultant waveis
5.

Amplitude =/4*+3* =5.

Two spherical bodies A (radius 6 cm) and B (radius 18 cm) are at temperatures T, and T, respectively. The
maximum intensity in the emission spectrum of A isat 500 nm and in that of B is at 1500 nm. Considering
them to be black bodies, what will be theratio of total energy radiated by A to that of B ?
9.

(T1) (500 nm) =T, (1500 nm)

Tl = 3T2

E, =o-4n(6cm)?(T,)*

E, = c-4n(18cm)* (T,)*

Ev (1) 3¢ -
E_B_(sj (=9

Gravitational acceleration on the surface of a planet is %g, where g is the gravitational acceleration on

the surface of the earth. The average mass density of the planet is 2 times that of the earth. If the escape

speed on the surface of the earth istaken to be 11 kms™, the escape speed on the surface of the planet in
kms™ will be
2.
GM, 6 9= V6 GM,
RZ 11 11 R?
29.R, =11km/s

J29:R; =X
g.R. (19)?
gR, X°

R 121

@)

s = ...(ii)

: :2- . ..(iii)

A stationary source is emitting sound at a fixed frequency f,, which is reflected by two cars approaching the
source. The difference between the frequencies of sound reflected from the cars is 1.2% of f,. What is the
difference in the speeds of the cars (in km per hour) to the nearest integer ? The cars are moving at constant
speeds much smaller than the speed of sound which is 330 ms™.
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Key.

Sol.

82.

Key.

Sol.

83.

Key.
Sol.

84.

Key.
Sol.

vV ° 100
AV, =7km/hr.

When two identical batteries of internal resistance 1Q2 each are connected in series across aresistor R, the
rate of heat produced in R is J;. When the same batteries are connected in parallel across R, therateis L. If
J.=2.25 ) thenthevaueof RinQis

4,
2
%:[ 2 jR
2+R

2
%z( & ) R
05+R

_ 405+R)?
- (2+R)?
9 4R+05)
4 24R

3 2R+2

E_ 2+R
6+3R=4R+2
R=4Q.

2.25

A piece of ice (heat capacity = 2100 J kg™ ° C* and latent heat = 3.36 x 10° Jkg™) of massm gramsisat —
5°C at atmospheric pressure. It is given 420 J of heat so that the ice starts melting. Finally when the ice-
water mixture is in equilibrium, it'is found that 1 gm of ice has melted. Assuming there is no other heat
exchange in the process, the value of mis

8.
[ M(2100)(5) +1(3.36x10°) |x10°° = 420
11m + 336 = 420

11m = 420-336 =84

m=8gm.

An o—particle and a proton are accelerated from rest by a potential difference of 100 V. After this, their de

by
Brogliewavelengths are ., and A, respectively. Theratio }L—” , to the nearest integer, is

3

3.

L
~2mk

k=qv

L
J2(m)qv
Xy _ [mya, _ \/(4m)(2q) 253,
A, My, (m)q
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IIT - JEE (2010) PAPER II QUESTION & SOLUTIONS CODE O

PART | : CHEMISTRY

PAPER -1l

SECTION - |
Single Correct Choice Type

This section contains 6 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1. The compounds P, Q and S
i
COOH OCH, C\o
HO~ : HaC” : :

P Q S
where separately subjected to nitration using HNO4/H,SO, mixture. The major product formed in each case
respectively, is

i
COOH OCHz IC\O
(A)
HO HyC O,N

(B)

COOH OCHy
X
HO HsC NO,

NO,
i
COOH OCH C.
: ~o NO,
(D)
HO H,C NO,
NO,
Key: (C)
COOH COOH
Sol.:
P —_—
NO,
OH OH
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Key:
Sol.:

Key:
Sol.:

Key:

OCH, OCH,

NO,
Q —_—
CH, CH,

ﬁ o

Assuming that Hund' s rule is violated, the bond order and magnetic nature of the diatomic molecule B, is

(A) 1and diamagnetic (B) 0and diamagnetic
(C) 1and paramagnetic (D) 0 and paramagnetic.
(A)

B, —— 10 electron

015035 0350 * 35 T3, I, (If Hund'sruleis obeyed)
0150 * s 03505 113, 13, (If Hund'sruleis violated)

Bond order = % =1

Paramagnetic if Hund'srule is obeyed

Diamagnetic of Hund'sruleisviolated.

The packing efficiency of the two-dimensional square unit cell shown below
is

(A) 39.27% (B) 68.02%
(C) 74.05% (D) 78.54%.
(D)
Let us consider the squerare plane (given)
Area= L2
Areacovered by 2xTIr? (two circle)

4r=~2L
22

4

2 2
Area= 2.1 QL :n|_2.i:HL
4 16 4

: - TL?

Packing efficiency = 100
d 4 4><L2><

_ 3'Tl4x100 — 78.5%.

The complex showing a spin-only magnetic moment of 2.82 B.M. is

(A) Ni(CO), (® [NicL ]
(C) Ni(PPh,), (D) [Ni(CN)A]Z’
(B)
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Sol.:

Key:

Sol.:

Key:

Sol.:

Ni,
Ni*?

—48°3d°
—43°3°

3d 4s 4p

[

(AN

2 unpaired electron (n = 2)
p=n(n+2) =8 BM
=2.82BM.

(6]
. // (1) NaOH/Br, )
In the reaction HaC C T thestructure of the Product T is
\ o

() (B) e CH
u 3
o)
0
HaC NH NH-C
© <:> Ne (D)
V4
o)
©
o Q 0
[l c—cl I
C—NH, NH, NH—C
(@)
(1)NaOH/Br,
Hoffman Bromide reaction W
CHg CHy CHy
The species having pyramidal shapeis
(A) SO, (B) BrF,
(C) Siof (D) OSF,

(D)

2
O/‘\F

Pyramidal
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SECTION - 11
Integer Type

This section contains a group of 5 questions. The answer to each of the questions is a single-digit integer.
ranging from O to 9. The correct digit below the question no. in the ORS is to be bubbled.

7.

Key:
Sol.:

Key:
Sol.:

Key:
Sol.:

Silver (atomic weight = 108 g mol™) has a density of 10.5 g cm™. The number of silver atoms on a surface
of area 107> m? can be expressed in scientific notation as y x10* . The value of x is

()
Consider a single layer square shaped arrangement of n x n silver atoms. Also assume the radius of each
silver atomr.

Areaof the layer = (2rn)’= 10?m? = 10%cm?

Mass of the layer

Surface area x thickness x density = number of atoms x mass of single atom.
10° x 2rx10.5= n?x108x1.66x10* [put 2rn =107
n® = 5.855x10%
n=3.82x10°

number of silver atoms on the surface
=n? =(3.82x10°)’

=1.4592 x 10’
SooX=T.
Among the following, the number of elements showing only one non-zero oxidation stateis
O,Cl,F,N,P,Sn, Tl,Na, Ti
)

Fluorine and sodium shown only one non zero oxidation state, fluorine show — 1 and sodium shown + 1.

One mole of an idedl gasis taken from ato b along two paths denoted by the solid and the dashed lines as

shown in the graph below. If the work done aong the solid line path is ws and that along the dotted line
path is wy, then the integer closest to the ratio wg/wsis

4.5+

4.0

35+

P 3.0

(am.) 2.5

2.0

15

1.0

0.5

0.0 T T T T T T T T T T T 1
00 05 10 15 20 25 3.0 35 40 45 50 55 6.0
V(lit.)
)
Wg=4x15+1x15+0.80x 25
=9.375
\%
ws=2.33pV log -2
Vl
=233x4x05log 55
0.5

~ 4.606
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wy 9375 2
w, 4606
10. The total number of diprotic acids among the following is

H3PO4 HZSO4 H3PO3 H2C03 HZSZO7
H3803 H3P02 H,CrO, HzSOg

Key: (6)
Sol.:  Thetota number of diprotic acids are 6
O (0] 0]
| [
Ho™~ ﬁ\OH Ho”~ |\H Ho” oH
OH
P
Il
S—O—S—OH Cr
wo ||l Ho [Ny HOT Non
0 O 0

11. Total number of geometrical isomers for the complex [RhCI(CO)(PPhz)(NH3)] is
Key: (3)
Sol.:  Thetotal number of geometrical isomers for the complex [RhCI(O)(PPhs)(NH3)] is 3.

A B A B A C
N S N S AL
AN N (o
D C C D D B

SECTION - 11l
Paragraph Type

This section contains 2 paragraphs. Based upon each of the paragraphs 3 multiple choice questions have to
be answered. Each of these question has four choices (A), (B), (C) and (D) out of which ONLY ONE is correct.

Paragraph for Questions 12 to 14

Two aiphatic adehydes P and Q react in the presence of aqueous K,COj; to give compound R, which upon
treatment with HCN provides compound S. On acidification and heating, S gives the product shown below :

H,C OH
\
o~ O
12. The compounds P and O respectively are:
e Te
CH H HC H CH H H H
(A) N N (B) N 'Y
H3C ﬁ and | HsC ﬁ and I
e} e} e} o]
Hsc\ __CH, H e Hsc\ o, H
CH ¢ N /H CH \c/ H\ e
(©) I and c (D) | I and c
o | 0 I
CHy4 o] CHj, o}

Key: (B)
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13. The compound R is
O
e | AN
3
(A) ’C/ T ®  hc” |
HaC CH
CH
Z\OH H3C/ OH
CH, o
. L
~ __CH d
_ H.C
©) _CH—CH  H o M N TH
HC l \
CH, CH
\OH H3C/ \OH
Key: (A)
14. The compounds Sis
ﬁ CH ﬁ
CH,4 3
o
l oHT TN \C/C\H
(A) CH (B) He
e v .
s CH, H,C
Nen Sen
CN
CH, ™ Ctls |
| CH_ \C/CH\
© o ©) e | oH
H,C l 3
CH, CH,
Son OH
14. (D)
Sol.:(12-14)
HiC_ Va
/ C\ A N~
HsC c R c
I I
o O
(P) Q
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O cH, HO  ch, . Hcl’ <|3H3 ;
o B
H3C—C—(|:—CH2—OH _han H3C—C—(|:—CH2—OH —25  HC—C C-——CH,—OH

CH, CN CHj CO,H CHs

©) l A
HO
ey

Cyclic ester (lactone)

R)

Paragraph for Questions 15 to 17

The hydrogen-like species Li** isin a spherically symmetric state S, with one radial node. Upon absorbing
light the ion undergoes transition to a state S,. The state S, has one radial node and its energy is equal to the
ground state energy of the hydrogen atom.

15. The state S, is

(A) 1s (B) 2s
©) 2p (D) 3s
Key: (B)

Sol.: No. of radial node=n—- /¢ -1
Since state S, has 1 radial node it must be 2s orbital withn=2and ¢ =0.

(B)
16. Energy of the state S, in units of the hydrogen atom ground state energy is
(A) 0.75 (B) 1.50
(C) 225 (D) 4.50

Key: (C)
) _ 136 ,
Sol.:  Energy of state S; = —7><3 eV/atom
= -13.6x2.25 eV / atom
= 2.25 times energy of ground state of hydrogen atom.

©

17. The orbital angular momentum quantum number of the state S, is
A)O B) 1
© 2 (D) 3

Key: (B)

Sol.:  Energy of S, level =—13.6 eV/atom
_136x F

r.]2

=-13.6

P.Q.Nof level S, =3

Since S, has one radial node being present in 3 shell it must be 3p orbital.
The orbital angular momentum guantum number

i.e., Azimutha quantum number of S, = 1.
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SECTION - IV
Matrix Type

This section contains 2 questions. Each question four statements (A, B, C and D) given in Column | and five
statements (p, g, r, s and t) in Column I1. 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 that particular question, against statement B, darken the bubbles
corresponding to g and r in the ORS.

18. Match the reactionsin Column I with appropriate optionsin Column I1.
Column | Column 11

(A) QNZG . QOH o @N:NOOH (p) Racemic mixture

(8) (q) Addition reaction

OH OH

0—0

_ /CH3
AN
H,C—C——C——CH;, — 00 H;C C—CH;,

CH; CHg CHs

OH ()  Substitution reaction

C o

© araE N4

\ o CH

CH, N\

(D) < > e @ (s Coupling reaction
H cl ——

(t) Carbonation intermediate
Key: (A—I’, S), (B —t), (C—p, r)v (D_r)

w w O e

CH; CH, CHy CH, CHg
®) H3C—|C—C—CH3 - H3C—<%—C|:—CH3 — H3C—(|:—(T—CH3
OH OH OH CH; O

OAlH,

7 | "0
(© <;>—C——CH3 — @7?—(}'3 H,0 QT—CH3
\/ o !

(D) Intramolecular substitution reaction

NARAYANA IIT ACADEMY



1IT-JEE2010-Code-0-Questions and Solutions-Paper-l and Il

19.

Key:

Sol.:

All the compounds listed in Column | react with water. Match the result of the respective reactions with the
appropriate options listed in Column I1.

(A)

(B)
©
(D)

Column 1
(CH3)ZSiCI2
XeF,

Cl,
VCls

(A_ p, S), (B P, Q)v (C -p q)l (D - p)

CH,4 CH,

Column 11

(p) Hydrogen halide formation
(9) Redox reaction

() Resctswith glass

() Polymerization

() O,formation

(A) H3C—|Si—CI + 2H,0 —> H,C—S—O0OH —— Polymerisation
|

(B)

(©)
(D)

H OH
2XeF, + 3H,0 —— Xe+XeO;+ 3HF, + F,
SO, +4HF —— SiF,+ 2H,0

SiF, + 2HF —— H,SiFg

Cl, + H,0 —— HOCI + HCl.

VCl,+H,0 —— must form HCI on hydrolysis

(silicons)
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PART - II: MATHEMATICS

SECTION -1
Single Correct Choice Type

This section contains 6 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

20.

Key
Sol.

21.

Key
Sol.

22.

If the distance of the point P(1, —2, 1) from the plane x + 2y — 2z = a,, where a. > 0, is 5, then the foot of the
perpendicular from P to the planeis

84 7 4 41
®(3373) ®[553)
1210 2 15
O[553 ©(5-33)
(A
|5+ o|=15
=a=10

-1 y,+2_z-1 —(-19
2 -2 9

If (X1, Y1, 1) isfoot of perpendicular
(Xl, Y1, Z]_) 5(8/3, 4/3, -7/3)
A signal which can be green or red with probability g and % respectively, is received by station A and then

transmitted to station B. The probability of each station receiving the signa correctly is g If the signal

received at station B is green, then the probability that the origina signal was greenis

3 6
(A) < (B) -

20 9
© = (D) 0
©

E; — origina signal isgreen.

E, — original signa isred.

E — signal received at stetion B is green.
P(E,) p(E/ E,) +p(E,) p(E/E,)

ARG

4 [3)2 (1)2 1[3 11 3} 23
=+ 5] |HZ| xS +o%x—
514 4 5|4 4 4 4

Two adjacent sides of a parallelogram ABCD are given by AT3:2?+10]+1]J2 and ﬁ:—f+2}+2l§ . The
side AD is rotated by an acute angle o in the plane of the parallelogram so that AD becomes AD'. If AD’
makes aright angle with the side AB, then the cosine of the angle o is given by
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Key
Sol.

23.

Key

Sol.

24,

8 17
(A) 5 (B) 5

1 45
© 9 (D) o
(B)
TB.E>O, D’ D c
So 6 isacute.

_ ABAD _ 8

" |AB||AD| 9 o
cos(a + 0) = 0= cosa..cos - sina.. SN =0 o
8coso. - 17 .sina. = 0 s

N A B

64cos’a. = 17 sin‘a. = coso. = 5

Forr=0,1, .., 10, let A, B, and C, denote, respectively, the coefficient of x" in the expansions of
(1+x)%, (1+x)® and (1 + x)* . Then

10
ZA, (B10Br — C10Ar) isequal to
r=1

(A) Bio—Cuo (B) Aw ( BZ — CloAlo)
(©o (D) Cio—Bio
(D)

A= lOCr
B, =*C,
C, =30C,

10
ZAr (BJ.OBr - ClOAr)
r=1

10 10
=By ) AB —C, ) A?
r=1

r=1

10

=By {imcr.?‘)c, -Cy) (*C, )2}
r=1

r=1 =

10 Py
= BlO [10C1 20C1 + 10C2 20C2 v lOClO 20C10 ] - ClO Z(lo C,)

r=1
=B -[aoclo —1] - Cypo [20C10 -1]
=Cyp—Byo

Let f be areal-valued function defined on the interval (-1, 1) such that € f(x) =2 + _[\/t“ +1 dt, for al xe
0
(-1, 1), and let f * be theinverse function of f. Then (')’ (2) isequal to

(A) 1 (B)

Ol Wik

1
© 3 )

NARAYANA IIT ACADEMY



1IT-JEE2010-Code-0-Questions and Solutions-Paper-l and Il

Key
Sol.

25.

Key
Sol.

(B)

- (FY0) =x

Fr(F () . (F(x)) = 1
) =
0= 00
We haveto find (f*(2))’
) = —+
e f'(f(2)

Whenf!(x)=2=f(x)=2=x=0
givene” f(x) =2+ J'\/t“ +1 dt
0

e (f(x) +f'(x) =x*+ 1
putx =0

—f(0)=3

= (F1 (2)) = V3.

Let S={1, 2, 3, 4). Thetotal number of unordered pairs of digoint subsets of Sisequal to

(A)25 (B) 34
(C) 42 (D) 41
(D)
S={1, 2, 3,4}, then No. of unordered pairs of digoint subsets of Sis
3 +1:41
2
SECTION =11

Integer Type

This section contains a group of 5 questions. The answer to each of the questions is a single-digit integer.
ranging from O to 9. The correct digit below the question no. in the ORS is to be bubbled.

26.

Key
Sol.

217.

Key

Let &, &, &, ... , &1 be real numbers satisfying a, = 15, 27 -2, > 0 and & = 2&.; — &, fork=3,4, ..., 11.
2 2 2
if &ty = 90, then the value of Lo Bl Bttt isequd to
11 11
©)

al+a?+a’+ ... +an’=990

=+ (a+dy’+(a+2d)’+ ... + (a+ 10d)> = 990
=11+ (12 +22+3+...+10) +ad(2+4+6+..+20)=990
= 11 x 225+ d? x 385+ d x 15 x 110 = 990

= 7d*+30d+27=0

=d=-3,-9/7(n.p)

~.d=-83anda =15

Jararetray oo g5i104(-3) =0
1 211

Let f be afunction defined on R (the set of &l real numbers) such that f ’(x) = 2010 (x — 2009) (x — 2010)?
(x —2011)3 (x — 2012)*, for al xeR.

If g isafunction defined on R with values in the interval (0, «) such that f(x) = In (g(x)), for all xeR, then
the number of pointsin R at which g hasalocal maximum s

1)
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Sol.

28.

Key
Sol.

29.

Key
Sol.

30.

Key
Sol.

The sign scheme of f '(X)
R
2009 2010 2011 2012

The local maximum of f(x) occurs at x = 2009
Hence, local maximum of g(x) also occurs at x = 2009. Hence the number of point of local maximum = 1.

2k-1 2k 2Jk 0 2k-1 Kk
Let k be a positive real number and let A = | 2k 1 -2k | andB=[1-2k 0 2Jk|.If
2k 2k -1 ~Jk 2k 0

det (adj A) + det (adj B) = 10°, then [K] isequal to

{Note: adj M denotes the adjoint of a square matrix M and [k] denotes the largest integer less than or equal
tok].

(4)

A= (2k—1) (-1 +4k) + 2k (2K +4kk ) + 2k (ak vk + 2k )

(2k — 1) (4k? — 1) + 4k + 8Kk? + 8K* + 4k

= (2k —1) (4k*—1) + 8k + 16k?

= 8Kk3—4k?> - 2k + 1+ 8k + 16k* = 8k> + 12k® + 6k +1

[B| = 0 as B is skew symmetric matrix of odd order.

= (8k® + 12k? + 6k + 1)? = (10%?

= (2k +1)°=10°

=2k+1=10

= k=45

[k] = 4.

Two parallel chords of acircle of radius 2 are at a distance J3+1 apart. If the chords subtend at the center,

angles of %and % , Where k > 0, then the value of [K] is

[Note : [K] denotes the largest integer less than or equal to k]

3)
T T
2C0S —+2c0s— =+/3+1
k 2k f
2cos? i+cosl:3+\/§
2k 2k 2
cos o TEN(VS DT @3+ _ 3 or 31
2k 4 2 2
But cos l;t_\/g_l
2
cos 1:£ —cost = k=3
2k 2 6

Consider atriangle ABC and let a, b and ¢ denote the lengths of the sides opposite to vertices A, B and C

respectively. Suppose a= 6, b = 10 and the area of thetriangle is 153 . If ZACB isobtuse and if r denotes
the radius of theincircle of the triangle, then r? is equal to

@)

Thearea= 15v/3 B

s %xleO snC=15 3 6 S
C=120°
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10% + 62 —¢?

2x10x6
=-60=136-c>= =196 = c = 14.
Sincer= 2 153 —15\/§X2:\/§

s (10+6+14)/2 30

cosC =

r’=3.

SECTION - Il
Paragraph Type

This section contains 2 paragraphs. Based upon each of the paragraphs 3 multiple choice questions have to
be answered. Each of these question has four choices (A), (B), (C) and (D) out of which ONLY ONE is correct.

31.

Key
Sol.

32.

Key
Sol.

Paragraph for Questions Nos. 31 to 33
Consider the polynomial f(x) = 1 + 2x + 3x* + 4x*
Let sbethe sum of al distinct real roots of f(x) and let t = |g].

Therea number sliesin theinterval

1 -3
A) [—Z,OJ ®) [—nﬂ

3 1 1
43 ®f23)
©

f(x) is constant function

and f (—Ejf (—lj <0
4 2
f'(x)=12x*+6x+2>0V¥xeR

= f(x) hasonly onereal root in (—%—%)

The area bounded by the curvey =f(x) and thelinesx =0,y = 0and x =t, liesin the interval

3 21 11
A) (2,3} ®) (Q'EJ
21
© (9, 10) ©) [O'a]
@)
Required area

A=g(t) = j f (x)dx
0

= “\/‘\

t(1-t*)
1-t
g't)=f(x)>0 vx>0

st+t?+P+tt=
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33.

Key
Sol.

34.

Key
Sol.

= g(t) isincreasing vV t > 0

et

= E<A<5—25Iie£in 3,3
16 256 4

Thefunction f'(x) is

(A) increasing in (—t,—%) and decreasing in (—

j
j

(C) increasingin (-t, t) (D) decreasingin (-t, t)
(B)
f'(x) =12x” + 6x + 2 isincreasing
f'(x)=24x+6>0 and f"(x)<0
1 1

X>—= X<—=
4 4

AP N

(B) decreasing in (—t,—%) and increasing in (—

Hence B istrue.
Paragraph for Questions Nos. 34 to 36

2 2
Tangents are drawn from the point P(3, 4) to the ellipse %+y7 =1 touching the ellipse at points A and B.

The coordinates of A and B are

8 24161 9 8
(A) (3,0)and (0, 2) (®) [‘E'TJ and (_g, g)
8 24161 98
©) (_E’TJ and (0, 2) (D) (3, 0) and (_E'Ej
©
XY :
5 + 4 0 (i)
P(3, 4)
A
-3,0
=0 B(30)

Equation of chord
Contact AB
X+3y—-3=0 ..... (i)
Solve (i) & (ii) we get

98
A(-28] aao
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35.

Key
Sol.

36.

Key
Sol.

The orthocenter of the triangle PAB is

8 7 25

@53 ®[:%)

11 8 8 7
©) (E’EJ (D) (g:gj
(©)
Equation of PE
y—4=3(x-3) (i)
Equation of AD
y=§ (i)

Solving (i) & (ii) weget X :%l, yzg

The equation of the locus of the point whose distances from the point P and the line AB are equal, is

(A) 9% +y? —6xy —54x — 62y + 241 =0 (B) X* + 9y? + 6xy —54x + 62y —241=0
(C) 9x* + 9y* —6xy —54x — 62y —241 =0 (D) x*+y?—2xy + 27x + 31y —120=0
GV

_(a+3p-3)?

a—-3)°%+(B-4)° =

Jo-3?+ (-4 N

10(ct? — B0, + 9+ B2 — 83 +16) = 02 + 9B2 + 9+ 6ouP — 60r — 18
Required locusis 9x* + y* — 6xy —54x — 62y + 241 =0

SECTION - IV
Matrix Type

This section contains 2 questions. Each question four statements (A, B, C and D) given in Column | and five
statements (p, g, r, s and t) in Column I1. 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 q and r, then for that particular question, against statement B, darken the bubbles
corresponding to g and r in the ORS.

37.

Key.

Match the statementsin Column-1 with those in Column-I1.
[Note: Here z takes values in the complex plane and Im z and Re z denote, respectively, the imaginary
part and the real part of z.]

Column | Column Il

(A) | The set of points z satisfying |z — i|Z]| | (p) | an €ellipsewith eccentricity 4/5
= |z +i|z]] is contained in or egual to

(B) | The set of points z satisfying |z + 4| + |z—4] = | (9) | the set of points z satisfying Imz=0
10iscontained in or equa to

C r i isfying |i <
© If |w| = 2, then the set of pointsz=w - E is (r) | the set of points z salisfying fim 7] < 1
w

contained in or equal to

D S) | th f poi isfying |Rez| <2
©) If w| = 1, then the set of pointsz=w + L is () | the st of pointsz safisfying |Re |
w

contained in or equal to

(t) | the set of points z satisfying |z < 3

(A'qv r)v (B'p)v (C'pv S)v (D'q, r,s, t)
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Sol. [z=ilz|| = |z +i]z]|
(A) Puttingz=x +iy
Wegety x> +y* =0
i.e,Im(z)=0.
(B) 2ae=8,2a=10
10e=8 = e=—
9,3
(0,0)
(-5,0) (5,0
(Or _3)
b? = 25(1—E) =9
25
2 2
X_+y_=1
25 9

(©)

1

z=2(cosf+isin@) - ———
2(cosb+ising)

= 2(cose+isine)—%(cose—isin9)

z=§cose+§isin6
2 2

X =—C0s0, y=§sin6
2 2
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38.

Key.

Sol.

(D) Letw =cos0O +isind
. 1
Z=X+1y=W+—

w

= X +1iy = 2cos0
X =2c0s0,y=0
(@. ()

Match the statementsin Column — | with the valuesin Column-I1

Column | Column 1l
(A) | A line from the origin meets the lines | (p) -4
8
X_f
x-2_y-1_z+1_ "3 _y+3_z-1 _
1 -2 1 2 -1 1

P and Q respectively. If length PQ = d, then

d®is
(B) | The vaues of x satisfying tan™(x + 3) —tan™ | (q) 0

(x—3)=sin® (Ej are

5

(©) | Non-zero vectors a,b and ¢ satisfy ab =0, | () 4

(b-3).(b+¢)=0 and 2|b+cl|b-al. If

a=pub+4¢, then the possible values of p are
(D) | Letf bethefunction on [-r, ] given by f(0) = | () 5

9and f(x) =sin (%)/sin[%} forx #0. The

27 .
value of —_[f(x)dx is
TE*T[
(t) 6

(A_t)r (B - pl I’), (C - q)! (D - r)
(A) P(L+2,1- 24, A —1)

Q(2u+§,—u—3,u+1j

2
|PQ|2:d2:(k—2u—§) (-2 +4)+(L—p-2)°

As OP and OQ are collinear 2u+§:ﬂ:7“—_l
3 —u-3 p+1
(from last two)
Ap-A+2=0 (0

and ku—4u+§k:% (fromistand Ilird) .. .(ii)

from (i) and (i) 2. —3u=5 .. (iii)
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(B)

(©)

from (i) and (i) 3u?+2u—-1=0
1
Lu=-1 =
=703
s0,A=1,3
Hence, d? :% or6

tan(x +3)—tan ' (x —3) =sin™ [gj

= tan'(x +3) —tan'(x —3) =tan™ (g)

Lettan™(x + 3) = o, tan *(x —3) = B
>tanoa=x+3 tanf=x-3
3
tan(o.—pB) =—
(o.—P) 4

_ tana-tanpf 3

Clt+tanatanf 4
_(x+3-(x-3 _3
1+x2-9 4

(b—@{b+a;mj:0
(b-3).(4-p)b+2)=0
(4-p)|bf -laf=0
ab=0

(4-wIbf=laf (- ab=0)

Also2|b+¢|=|b-a|again put g-a-mb
2EJ+a__“b =|B—é|
4

1 T
S(4-wb+aj=b-3
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(4-p)?|bf +|alf=4|bP +4|af sinceab=0
((4-p)*-4)|bf=3|af

((4—n)” - 4)|bP=3(4—-1) [b}

(4-p?-4=12-3u

16+ p?—8u—-4=12-3u

> —5u=0

p=0or5. but p=5isnot satisfying sopn = 0.

sin(ng

27 2
©) = [——~

™% &§nZ
2

. [ 9x X

L 28in| — [cos—

4 (2) 2

XX
T3 2dnZcos>
2 2

Ty SINX my SinX
Il |2

4.’[‘sin5x +i.’fsin4x

|1:TC,|2:O

4
S0, —xm=4.
e
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PART - lll: PHYSICS

SECTION -1
Single Correct Choice Type

This section contains 6 multiple choice questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

30. A block of mass 2 kg is free to move along the x—axis. Itisat rest and fromt=  F(f)
0 onwardsiit is subjected to atime—-dependent force F(t) in the x direction. The

force F(t) varies with t as shown in the figure. The kinetic energy of the block 4N
after 4.5 seconds is 45s
(A) 4507 (B) 7.50J .
(C) 5.06J (D) 14.06 J. O| N
Key. (C)
1 1
Sol. 2(V—O):§><4><3—§><2><1.5
2V =6-15
v=22
2
1..(9Y
K==(2)| =
a3
_8_ 5.06J.
16
Hence correct option is (C).
40. A uniformly charged thin spherical shell of radius R carries uniform
surface charge density of o per unit area. It is made of two hemispherical = =
shells, held together by pressing them with force F (see figure). F is —_— «—
proportional to
(A) iGZRZ (B) iCSZR
80 80
1¢6° 1o°
C) —— D) ——.
© g R © g, R?
Key. (A)
Sol.
_’ 4—
o __F
2, 7R
Fo o’nR? .
2¢,

Hence correct option is (A).
41. A tiny spherical oil drop carrying anet charge q is balanced in still air with a vertical uniform electric field
of strength 871R><105 Vm™. When the field is switched off, the drop is observed to fall with terminal

velocity 2 x 10° ms™. Given g = 9.8 ms?, viscosity of the air = 1.8 x 10° Ns m™ and the density of oil =
900 kg m 3, the magnitude of qis
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Key.

Sol.

42.

Key.

Sol.

43.

Key.

Sol.

44.

(A) 16x10%°C (B) 3.2x107*°C
(C) 4.8x107*°C (D) 8.0x10%C.
(D)

mg :fvise

gnRspg =6mRVv;

R= gﬁ :§><10’5m
2 pg 7

Eq=mg
_ 47R%pg
"3 E
q=8x10"C.

A Vernier calipers has 1 mm marks on the main scale. It has 20 equa divisions on the Vernier scale which
match with 16 main scale divisions. For this Vernier calipers, the least count is

(A) 0.02mm (B) 0.05mm
(©) 0.1 mm (D) 0.2 mm.
(D)

V.C.=1ldivof M.S.—1divV.S
=1div of M.S—%div of MS

_ 2 divof MS
20

=0.2 mm.
Hence correct option is (D).

A biconvex lens of focal length 15 cmisin front of a plane mirror. The distance between the lens and the
mirror is 10 cm. A small object is kept at a distance of 30 cm from thelens. Thefinal imageis

(A) virtua and at adistance of 16 cm from the mirror

(B) real and at adistance of 16 cm from the mirror

(C) virtua and at a distance of 20 cm from the mirror

(D) rea and at adistance of 20 cm from the mirror.

(B)
For lens
1 1 1
V -30 15
V=30cm
For mirror
u=+20cm
v=-20cm
For lens
u=10
1 1 1
vV 10 15
1 3+2
vV 30

V =6 cm from lens = 16 cm from mirror.
Hence correct option is (B).

A hollow pipe of length 0.8 mis closed at one end. At its open end a 0.5 m long uniform string is vibrating
in its second harmonic and it resonates with the fundamental frequency of the pipe. If the tension in the wire
is50 N and the speed of sound is 320 ms™, the mass of the string is
(A) 5grams (B) 10grams
(C) 20 grams (D) 40 grams.
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Key.
Sol.

(B)

320 2

4x08 2x05

320 _ [50
8x08 \ pn
50x50 = 20

p

1
=—kg/m
u 50 g

e
n

m= i>< 0.5x1000 gm
50

=10 grams.

Hence correct option is (B).

SECTION -1l
Integer Type

This section contains a group of 5 questions. The answer to each of the questions is a single-digit integer.
ranging from O to 9. The correct digit below the question no. in the ORS is to be bubbled.

45.

Key.

Sol.

46.

Key.

Sol.

A large glass slab (1 = 5/3) of thickness 8 cm is placed over apoint source of light on aplane surface. It is
seen that light emerges out of the top surface of the dlab from acircular area of radius R cm. What is the

valueof R?
6.
R |
8 0
0
snf==- = tane:§
4
E=E = R=6cm
8 4

Image of an object approaching a convex mirror of radius of curvature 20 m along its optical axis is

observed to move from % m to 5—70 m in 30 seconds. What is the speed of the abject in km per hour ?

3.

10-14
, 100

1
25
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47.

Key.

Sol.

48.

Key.

Sol.

49.

Key.

Sol.

u,=-25m
v:éxE:SXlS:SKm/hr.
30 5 30

To determine the haf life of a radioactive e ement, a student

d'it(t) versust. Here % istherate of

radioactive decay at time t. If the number of radioactive
nuclel of this element decreases by a factor of p after 4.16
years, thevalue of pis

plotsagraph of /n

| DN(1)|
Mg |

1
r==year™
2)’

T, = 069 =1.38 years

% (1
2
4.16 years = 3 half lives
p=8.

A diatomic ideal gas is compressed adiabatically to 3—12 of itsinitia volume

PN WA 01O

thegasisT; (in Kelvin) and the final temperatureis aT;, thevalue of ais

4.

o (1 )“
TV =aT | =V
32

2 2

o= (32)%‘ —(32)5 = ()5 =4 .

At timet = 0, a battery of 10 V is connected across points A and B
in the given circuit. If the capacitors have no chargeinitially, at what
time (in seconds) does the voltage across them become 4 V ?

[Take: (n5=1.6, /n3=1.1].

4.
Vovg(l-e '), R=222 1000y
2+2
4=10(1-e"*) C=4x10"°F
e’ =16
= =/n5-/n3=0.5.
SECTION - Il

Paragraph Type

2MQ

Ae—

~AMA
Vv

2MQ

. In the initial temperature of

2uF

2uF

This section contains 2 paragraphs. Based upon each of the paragraphs 3 multiple choice questions have to
be answered. Each of these question has four choices (A), (B), (C) and (D) out of which ONLY ONE is correct.
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50.

Key.

Sol.

5L

Key.

Sol.

52.

Key.

Sol.

Paragraph for Question Nos. 50 to 52

When liquid medicine of density p isto be put in the eye, it is done with the help of a dropper. As the bulb
on the top of the dropper is pressed, a drop forms at the opening of the dropper. We wish to estimate the
size of the drop. We first assume that the drop formed at the opening is spherical because that requires a
minimum increase in its surface energy. To determine the size, we calculate the net vertical force due to the
surface tension T when the radius of the drop is R. When this force becomes smaller than the weight of the
drop, the drop gets detached from the dropper.

If the radius of the opening of the dropper is r, the vertical force due to the surface tension on the drop of
radius R (assuming r << R) is

(A) 2mrT (B) 2nRT
2nr?T 2nR*T
©) R (D) —
©)
T = F.
R

Ifr=5%x10"m, p = 10° kgm™, g = 10 ms?, T = 0.11 Nm™?, the radius of the drop when it detaches from
the dropper is approximately

(A) 1.4x10°%m (B) 33x10°m

(C) 20x10°%m (D) 41x10°m.

(A)

2nr? % =mg

2T _ 4 s
r E—pgnR g
2
w15
_ (5x10%)?x0.11x3
a 2x10*

4 25x10%x0.33

- 2x10°

R=14x10°m.

R4

After the drop detaches, its surface energy is
(A) 14x10°J (B) 2.7x10°J
(C) 54x10°J (D) 81x10°J
(B)

U =4nR%s

=4x3.14% (L4x107°)?x0.11

=2.7x107°J.

Paragraph for Question Nos. 53 to 55

The key feature of Bohr's theory of spectrum of hydrogen atom is the quantization of angular momentum
when an electron is revolving around a proton. We will extend this to a general rotational motion to find
quantized rotational energy of a diatomic molecule assuming it to be rigid. The rule to be applied is Bohr's
quantization condition.
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53.

Key.

Sol.

54.

Key.

Sol.

55.

Key.

Sol.

A diatomic molecule has moment of inertia |. By Bohr's quantization condition its rotational energy in the
n"level (n=0isnot allowed) is

1( h? 1( h?
*) —(ﬁ] ®) _{ﬁ]

h? h?
C) n|—- D) n?l —-|.
© {sﬁj ® (sﬁj
(D)
_mh
2n
nh
0=—
2l
L
2 4n°l?
n’h?
S 8n?l
Hence correct option is (D).

lo

It is found that the excitation frequency from ground to the first excited state of rotation for the CO
molecule is close to ﬂxlO11 Hz . Then the moment of inertia of CO molecule about its center of mass is
T
closeto (Takeh=2r x 10%* Js)
(A) 2.76 x 10 kg m? (B) 1.87x 10" kgm?
(C) 4.67 x 10" kgm? (D) 1.17 x 10" kgm?
(B)
_ 2
I
8r°l T
3h 10"

320l
| =1.87x10™ kgm?.

In a CO molecule, the distance between C (mass = 12 am.u.) and O (mass = 16 am.u.), where
lamu.= §><10’27 kg, iscloseto
(A) 24x10m (B) 19x10"°m
(©) 13%x10m (D) 4.4x10™Mm.
©

1.87x10™ = pr?

187x10% = 1216, 5 152

28 3

r’=1.6x10">

r=13x10"m.
Hence correct option is (C).
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SECTION - IV
Matrix Type

This section contains 2 questions. Each question four statements (A, B, C and D) given in Column | and five
statements (p, g, r, s and t) in Column I1. 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 that particular question, against statement B, darken the bubbles
corresponding to g and r in the ORS.

56. Two transparent media of refractive indices p; and pz have a solid lens shaped transparent material of
refractive index p, between them as shown in figures in Column II. A ray traversing these media is also
shown in the figures. In Column | different relationship between ;, 1, and ps are given. Match them to the
ray diagrams shownin Column 1.

Column | Column 1l
A) | w<u, (o)
Hs Hy
B) | w>u, (@
Hs My
© Mo =Ha Q)
2] Mo Hy
(D) My > Ug ©®
M My
®
M3 H, Wy
Key.  (A)=(p), (n); (B)=(q), (s). (1); (C) = (p), (r), (1); (D) - (q), ()
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57. You are given many resistances, capacitors and inductors. These are connected to a variable DC voltage
source (the first two circuits) or an AC voltage source of 50 Hz frequency (the next three circuits) in
different ways as shown in Column I1. When a current | (steady state for DC or rms for AC) flows through
the circuit, the corresponding voltage V; and V.. (indicated in circuits) are related as shown in Column |.
Match thetwo :

Column | Column 11
(A) | 1£0,V isproportional to () p A e V, N
—e
6mH 3uF
L7
=
\
(B) |1#0,V,>V; (@ s e Ve
0—4m\-—0—-w,._.
6mH 2Q
Lz
/rl
\
(©) | Vi=0,Vy>V, (n - VoV
0—‘m\—.—AMN._.
6mH 2Q
~AV
)
(D) | 1#0,V,isproportional to | €] 4 V, >e Vv, >
lb—‘W\—.—' |—.
6mH 3uF
~V
\
(®) i e Ve
1—-MM,——0—| |—.
1kO 3uF
~V
\—4
Key.  (A)=(r), (s), (1); (B)—(a). (r). (s), (1); (C) = (p), (@); (D) = (1), (s), (t)
Sol. X, =2n(50)(6x107°) = 6mx10™

1

106 10°

XC: 3 = = —
2nx50x3x10 3nx100 3n

Xe>X, .
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