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The question paper contains 84 questions uBgierts (Chemistry, Mathematics and Physics), and each
part consists diour sections.
For each question iBection I, you will be awarded 3 marksif you have darkened only the bubk
corresponding to the correct answer aath mark if no bubbles are darkened. In all other cases sninu
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For each question irsection I, you will be awarded 3 marks if you darken only the bubbl
corresponding to the correct answer aedo mark if no bubbles are darkened. Partial marks will| be
awarded for partially correct answers. No negatiaeks will be awarded in this section.
For each question isection Ill, you will be awarded 3 marks if you darken only the bubbl
corresponding to the correct answer aath mark if no bubbles are darkened. In all other cases sninu
one ¢ 1) mark will be awarded.
For each guestion iBection 1V, you will beawarded 3 marksif you darken the bubble corresponding
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PART - | : CHEMISTRY

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

1. The synthesis of 3-octyne is achieved by addingoabalkane into a mixture of sodium amide and an
alkyne. The bromoalkane and alkyne respectively are

(A) BrCH,CH,CH,CH,CH; and CHCH,C°CH
(B) BrCHQCHQCHg and CHCH2CH2C0 CH
(C) BrCH,CH,CH,CH,CH; and CHC®° CH

(D) BrCH2CH2CH2CH3 and CHCHZCO CH
Ans (D)
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2. The correct statement about the following disaddeas

CH,0H

T/ O y CH,OH 0 H
n (@ H (b) OH

I\OH H

OH OCH,CH,0 CH,OH
H OH OH H

(A) Ring (a) is pyranose with-glycosidic link
(B) Ring (a) is furanose wita-glycosidic link
(C) Ring (b) is furanose with-glycosidic link
(D) Ring (b) is pyranose with-glycosidic link
Ans (A)

3. Inthe reaction@ OCH, _HBT o the products are

(A) Br‘<j>*OCH3 and H (B) @Br and CHBr
(C)<j>’5r and CHOH (D)@OH and CHBr

Ans (D) ||.|

O\ H+ O+\ Br— OH
> — > + CH,Br

4. Plots showing the variation of the rate constahwith temperature (T) are given below. The plaitth
follows Arrhenius equation is

(A)l (8)11/ (C)I i (D)ll :
T — T—>V T —

T—>
Ans (A)
5. The species which by definition has zero standasthnenthalpy of formation at 298 K is
(A) Bry(9) (B) Ck(9) (C) RO(9) (D) CH(9)
Ans (B)

The standard molar enthalpy of formation at 298 ldroelement in its standard state is zero.
6. The bond energy (in kcal md) of a G C single bond is approximately

A1 (B) 10
(C) 100 (D) 1000
Ans (C)
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7. The correct structure of ethylenediaminetetraaeatid (EDTA) is

HOOC—CH, CH;—COOH HOOC, COOH
(A) MN—cH=cH—N (B) N=CHp-CH,—N
N\ /
HOOC—CH, CH,—COOH HOOC COOH
COOH
HOOC—CH, CH,—COOH HOOC"CH?\ Ctia M
©) \N—CHZ—CHz—N< (D) /N—CH——-CH-——N\
HOOC~-CH; CH,—COOH H CH, CH,—COOH
Hooc”
Ans (C)
8. The ionization isomer of [Cr(}D),CI(NO,)]|Cl is
(A) [Cr(H20)4(ON)]CI (B) [Cr(H0).Cl2](NO,)
(C) [Cr(H0),CI(ONO)]CI (D) [Cr(HO)CI(NO2)]H0
Ans (B)

[Cr(CH,0O),CI(NO,)ICI and [Cr(HO),CIL]J(NO,) are ionization isomers.

This section contains 5 multiple choice question&ach question has four choices (A), (B), (C) and {D
out of which ONE or MORE may be correct.
9. Inthe Newman projection for 2, 2-dimethylbutane

X and Y can respectively be
(A)Hand H (B) H and ¢Hs (C) GHs and H (D) CHand CH
Ans (B) and (D)
rotation about €- C;s bond X =Me, Y = Me
rotation about €- C,s bond X =H, Y = CHs
10. Aqueous solutions of HNY KOH, CHCOOH and CHCOONa of identical concentrations are
provided. The pair(s) of solutions which form afleaupon mixing is (are)
(A) HNOz; and CHCOOH
(B) KOH and CHCOONa
(C) HNO; and CHCOONa
(D) CH;COOH and CHCOONa
Ans (D)
A weak acid and its highly ionized salt solutiorllierm buffer on mixing.
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OH

11. In the reaction@ _ NaOH(aq)/Br, the intermediate (s) is)are

o Q o o
Br
(A) (B) (©) (D)
Br Br® Br Br a4

Ans (A) and (C)

In alkaline medium; OH group is strong electron releasing and o- ardirgeting group.
12. The reagent(s) used for softening the temporargress of water is(are)

(A) Ca(POy), (B) Ca(OH) (C) NaCG; (D) NaOCI

Ans (B) and (C)

For softening the temporary hardness of water, B3(@nd NaCO; reagents may be used.
13. Among the following, the intensive property is (pesties are)

(A) molar conductivity (B) electromotive force

(C) resistance (D) heat capacity

Ans (A) and (B)

Molar conductivity and electromotive force are thiensive properties.

This section contains 2 paragraphs. Based upon tHast paragraph 2 multiple choice questions and
based upon the second paragraph 3 multiple choiceugstions have to be answered. Each of these
questions has four choices (A), (B), (C) and (D) bof which only one is correct.

Paragraph for questions 14 to 15
The concentration of potassium ions inside a bickdgcell is at least twenty times higher than dluside.
The resulting potential difference across the rselmportant in several processes such as transmiss$
nerve impulses and maintaining the ion balanceinfple model for such a concentration cell involviag
metal M is:
M(s) | M (aqg ; 0.05 molar) || M(aq ; 1 molar | M(s)
For the above electrolytic cell the magnitude @f tkll potential |Ey| = 70 mV.

14. For the above cell

(A) Ecer < 0;DG >0 (B)Eey>0:;DG <0
(C) Been <0;DG*>0 (D) B> 0;DG° <0
Ans (B)

For the given electrochemical cell, the cell panghould be positive (ie.,.& > 0). DG should be
negative for spontaneity of the cell reaction.

15. If the 0.05 molar solution of Mis replaced by a 0.0025 molar*Molution, then the magnitude of the
cell potential would be
(A) 35 mV (B) 70 mV (C) 140 mVv (D) 700 mV
Ans (C)
The given cell is a concentration cell

IIT-JEE 2010 5 @



_0.059 C,
cell _T |Og C_l
0.059 1
= log
1 0.002¢
=0.059 log 400

=0.059 2.6021 153 mV.

E

Paragraph for Questions 16 to 18
Copper is the most noble of the first row transitinetals and occurs in small deposits in severahiries.
Ores of copper include chalcanthite (Cu®®,0), atacamite (GCI(OH)s), cuprite (CyO), copper glance
(CwS) and malachite (G(OH),CGOs). However, 80% of the world copper production cerfrem the ore
chalcopyrite (CuFe. The extraction of copper from chalcopyrite inxes partial roasting removal of iron
and self-reduction.
16. Partial roasting of chalcopyrite produces

(A) Cu,S and FeO (B) GO and FeO
(C) CuS and F©, (D) CyO and FegOs
Ans (A)

On partial roasting of chalcopyrite (CukgSCwS and FeO are produced.
17. Iron is removed from chalcopyrite as
(A) FeO (B) FeS (C) R©3 (D) FeSIiQ
Ans (D)
Iron is removed from chalcopyrites in the form efrbus silicate in the zone of slag formation as

follows.
FeO + SiO, ® FeSIiQ

gangue flux (slag)
18. In self-reduction, the reducing species is
(A)S (B) O ©) s (D) SG
Ans (C)
In the self reduction stage, the reaction is
CuS + 2ClO ® 6Cu + SO
In this reaction, $ is the reducing species

-1
This section contains TEN questions. The answer tach questions is a single digit integer ranging
from O to 9. The correct digit below the question amber in the ORS is to be bubbled.
19. A student performs a titration with different buest and finds titre values of 25.2 mL, 25.25 mLd an
25.0 mL. The number of significant figures in theege titre value is
Solution
The least significant figure for the values giver8i
The number of significant figures in the averatre tvalue is 3.
20. The concentration of R in the reactiorBRP was measured as a function of time and thevollp data

is obtained:
[R] (molar) 1.0 0.75 0.40 0.10
t(min) 0.0 0.05 0.12 0.18
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21.

22.

23.

The order of the reaction is
Solution
Substituting the values in the zero order reaatide constant expression, we get

=2 (AL, - [A1)
1

(1) k=—— (10- 075) =1 025=5
0.05 0.05
1 1.
(2) k=——— (1L0- 040)=———" 06=5
0.12 0.12
0.18 0.18

\ order of the reaction is 0.
The number of neutrons emitted whgAU undergoes controlled nuclear fissiorg{tXe and 39

Solution

Ans 3

235 142 90 1
o U® ,°Xe + Sr + 35n

The total number of basic groups in the following of lysine is
C)
H3N_CH2 - CH2 "‘CH2 - CHZ O
N 4
CH—C
/ \
H,N 0
Ans 2
Solution
NH, ! NH, ! Kng
o_M + oH _M OH
H3KI/\/\)\H/ — HZN/\/\)\( —_— HZ"N/\/\)\H/
@] 0]

Since two equivalents of acid are required fortradization.

Number of basic groups = 2

The total number of cyclic isomers possible folydrbcarbon with the molecular formulaHg is
Ans 5

Solution

MF=CHs ; DU=2

0 A o A g

Number of cyclic isomers =5

iSr

24. In the scheme given below, the total number otimlecular aldol condensation products formed from
Y is
.0 1. NaOH
L0, |y (aq) |
2. Zn,H)0 2. heat
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Ans 1

Solution
(:@ Ozonolysis %
- = —

Diketone is symmetrical, hence one aldol prodsi¢ébrmed.
25. Amongst the following, the total number of composisdluble in aqueous NaOH is

HyCo-CHs COOH OCH,CHj OH

@ @ Ej @
OH
NO, CH,CH3 COOH
[j Ej “OO
H3C’N‘CH3
Ans 4

Solution
Phenols and carboxylic acids are soluble in NaQOtitism.
26. Amongst the following, the total number of composivehose aqueous solution turns red litmus paper

blue is

KCN K.SO, (NHg).C,04,  NaCl Zn(NQ),
FeCk K,CO;, NH;NO; LiCN

Ans 3

Solution

Strong acid- strong base salts give neutral solution. The vahg salts are salts of weak acid and
strong base and they undergo hydrolysis to giveliak solutions which turn red litmus blue.
KCN + HO ® KOH + HCN
K.CO; + HHO® KOH + HO +CQ
LICN + H,O ® LiOH + HCN
27. Based on VSEPR theory, the number of 90 decr&@r-H angles in Brkis
Ans 0
Solution
In BrFs, the central bromine atom is’dp hybridised and there are 5 shared pairs and arepair of
electrons. Because of the presence of a lonetpaithond angles are all a bit distorted and as,gbeh
number of 90 degree angles is zero.
28. The value of n in the molecular formula B&SigO15 is
Ans 3
Solution
[SicO14)** silicate anion has 12 negative charges.
BeAl; SigOss (+2)n + (+3)2 +(12)=0 or n=3.
( Aluminium is trivalent, and Be is divalent)
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PART - Il : MATHEMATICS

This section contains 8 multiple choice question&ach question has four choices (A), (B), (C) and {D

out of which ONLY ONE is correct.
29. Let w be a complex cube root of unity witht 1. A fair die is thrown three times. If ir, and g are the

numbers obtained on the die, then the probabhiyw" +w +w" = 0is

1 1 2 1
A) — B) — C)—= D) —
(A) 18 ( )9 ( )9 ( )36
Ans (C)
Let S ={1, 2, 3, 4, 5, 6}. Butv* =w, w* =W, w® = w’.
\ S ={1,2 31,2 3}

$=4{1,2,3,1,2,3}
$={1,2,3,1,2,3}
wh +w? +wk =0
r, can be selected in 6 ways. Wheisrselected ,rcan be selected in 4 ways.

When &, r, are selectedzcan be selected in 2 ways.

Probability = 48 _2
21€ 9

30.Let P, Q, R and S be the points on the plane wititipn vectors- 2i - ] 4i, 30 + 3] and - 3f+2]
respectively. The quadrilateral PQRS must be a
(A) parallelogram, which is neither a rhombus noeetangle
(B) square
(C) rectangle, but not a square
(D) rhombus, but not a square
Ans (A)
P=¢2,-1), Q=(4,0), R=(3,3), S=3,2)
PQ=+/37, PS=410, SR=+/37, QR=4/10, PR=+/41
So PQRS is a parallelogram which is neither a rhesmior a rectangle.
31. The number of 3 3 matrices A whose entries are either 0 or 1 anavhich the system

X 1
A y = 0 has exactly two distinct solutions, is

z 0
(A) O B)2-1 (C) 168 (D) 2
Ans (A)

Three planes cannot intersect in exactly two dis§ioints.

X
32. The value ofim — 10&*Y g i
x®0 x* o tt+4

(A) 0 (8) 1—12 © % ©

Ans (B)
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33.

34.

35.

36.

1

Given limit = Lt AN @+x) _ 1+x 1
x®0 (X4 +4) 3X2 X®0§(5X4—+4) 12

Let p and g be real numbers such that@ p'* gand p? -q. If a andb are nonzero complex numbers

satisfyinga +b =- p anda® + b* = g, then a quadratic equation havi%g and b as its roots is
a

(A) (P*+a)¢- (p°+2q) x+ (B+a)=0 (B) (B+a)X- (p°- 2q)x+ (F+a)=0
©) (- g - (5p°- 2g)x + (- q) =0 (D) B- a)x*- (5P’ + 2q)x + (B- @) =0
Ans (B)

a+b=-p

a’+b’=q (a+b)(@@+b)*- 3ab)=q abzpi;q

\ The quadratic equation is? - x M +1=0

ab
(p*+0) x*- x (p*- 20) + (p* +0) =0
Let f, g and h be real-valued functions definedtaninterval [0, 1] byf (x) = e +e %,
g(x) = xe* +e " and h(x) = x%e* +e** . Ifa, b and ¢ denote, respectively, the absahagimum
of f, g and h on [0, 1], then

(A)a=bandé b. (B)a=candab (C)at bandd b (D)a=b=c
Ans (D)
f €x) = 2x (eX2 - e'xz) f(x) is strictly increasing in (0, 1)

1

\ a=f(1)=e+=
€

Similarly, b = g(1) =e+ X andc=h(l) e+~
€ €

Hencea=b=c.
If the angles A, B and C of a triangle are in athametic progression and if a, b and ¢ denote ¢hgths

of the sides opposite to A, B and C respectivdigntthe value of the expressignsinZC +Esin2A is
c a

) % (8) % ©1 (D)3

Ans (D)
2B=A+C 3B=180 \ B=6C

8sin2c+ sin2A = i(acosC+ CCOSA )= b osinB=y3
o a 2R R
Equation of the plane containing the straight Ifé@%zi and perpendicular to the plane containing
the straight Iines)i =Y-Z andl =Y-2 is
3 4 2 4 2 3
(A)x+2y-2z=0 (B)y3x+2y 2z=0
(C)x-2y+z=0 (D)5x+2y 4z=0

Ans (C)

IIT-JEE 2010 10 @



i
Required plane is parallel to the vec(G'Ar + 4] + 2IA<) ’ (4iA + 2] + 3I2) =3

N A o
w N R

4
=8i - j- 10k
X 'y z
\ Required plane i 3 4|=0
8 -1 -1
i.e., 26x +52y 26z=0

X 2y+z=0

This section contains 5 multiple choice question&ach question has four choices (A), (B), (C) and {D
out of which ONE or MORE may be correct.
37. Let z and z be two distinct complex numbers and let z = (f) z + tz for some real humber t with
0 <t<1.If Arg(w) denotes the principle argumeht. nonzero complex number w, then
(A) |z- 2| + |z- | = |2 - Z] (B) Arg(z- z) = Arg(z- z)
(C)|Z’ S (D) Arg (z- ) = Arg (2.~ 2)
Z,- 2y Z,- 174
Ans (A), (C) and (D)
z=(1-t)yzr+tz, forO<t<1
2, Z, 2 are collinear and z lies betweerand z. So (A), (D) are correct and (B) is not correct.
The line through zis of the forma (z- z;) +a (z- z,) =0
Furthera (z, - z;)+a (z,- z,) =0 So (C) is true.
1
38. The value(s) of )(4(1—)2()4 dx is (are)
o 1t+X

22 2 71 3p
A —- B C)o D)—- —
()7I0 ()105 (®) ()152
Ans (A)
. 4 22
Given integral=  x°- 4x® +5x* - 4x* +4- = dx==-p
1+x 7

0

39. Let ABC be a triangle such th&ACB =% and let a, b and ¢ denote the lengths of the sigpesite to

A, B and C respectively. The value(s) of x for whz=X + x+1,b=%X- 1 andc =2x+ 1 is (are)
@) - (2+3) (B) 1+4/3 (C) 2++/3 (D) 43
Ans (B) A
By cosine formula
P _ V3 (X2-12+(x%+x+1)2- (2x+1)?

COS— =—= 2x+1 21
6 2 2(x%+x+1) (x2-1) x $

o V3 (X% - D+ (X2 +3x+2) (X2 - x) L}

. -,__ 2 2 6
2 2(x“+x+1) (x°- 1) B iral C

_ (X2 D2 +x(x*- ) (x+2)
2(x2+x+1) (x2-1)
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40.

41.

\ A3(x2+x+1) =2x%+2x-1
i.e., (W3- 2x2+(+/3- 2x+(/3+1) =0
i.e., x2+x- (3/3+5) =0
solving we get x =/3+1, - (2+\/§)
The negative value makes the side 2x + 1 negative
\ x=43 +1
Let A and B be two distinct points on the parabdla 4x. If the axis of the parabola touches a ciafle
radius r having AB as its diameter, then the slofgie line joining A and B can be

1 1 2 2
(A) - - (B) - (©) - (D) - —
r r r '
Ans (C), (D) \
Let A be (%, y1) and B be (X y-) 1
\ yl=4dxand ' =4% ...(1)
X, +X, Y, Y SR
If C is the centre of the circle, then C is2—2% 21 5 ) A
> X
Now YitYa| r, Ce
A
for the circle can touch the axis of the parabslal@wn in the figure. B

YyitY=%2r

Slope of AB Y1 Y2 _ 4(321 - yzz)
Xy- X Yi -2

Let f be a real-valued function defined on thenve (0,¥) by

X
f(x)=Inx+ +/1+sint dt. Then which of the following statement(s) is(areg?

0
(A) f (x) exists for all i (0, ¥)
(B) f (x) exists for all X (0, ¥) and f is continuous on (G¢), but not differentiable on (&)
(C) there exista > 1 such that [)| < [f(x)| for all XI (a ¥
(D) there exist® > 0 such that [f(x)| + (k)| £ b for all xT (0,¥)

Ans (B), (C)
1 - -1 COSX
fg¢x)==++1+sinx, f e
©) X ®) x?  2J1+sinx

f (x) exists on (0¥) andf ¢ is continuous on (G¢)

But f ¢(x) does not exist in (&%), for example ai :3_2p

Both f(x) andf ¢ (x)are positive for X (1,¥)
f((x) is bounded in (2¥) and f(X)® +¥ as x® +¥
Hence (C) is true.

Since f(x) is unbounded, [f(x)| {¥)| is also unbounded.
Hence (D) is false.
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This section contains 2 paragraphs. Based upon tHast paragraph 2 multiple choice questions and
based upon the second paragraph 3 multiple choiceugstions have to be answered. Each of these
guestions has four choices (A), (B), (C) and (D) bof which only one is correct.

Paragraph for questions 42 to 43
2 2

The circle X + y*- 8x =0 and hyperbolgl(g— - yT =1 intersect at the points A and B.

42. Equation of a common tangent with positive slopthtocircle as well as to the hyperbola is

(A) 2x - 4/5y - 20=0 (B) 2x - /5y +4=0
(C)3x- 4y+8=0 (D)4x 3y+4=0
Ans (B)

Equation of any tangent to the hyperbola)éisecq - %tanq =1
i.e.,2seqx 3tanqy 6=0
This is also tangent to the circléxy* 8x = 0, whose centre is (4, 0) and radius isrtsi
\ | 8seq - 6 | _4
‘\/4sec,2 q+9tan® q‘
4 (4seq 3)2=16(13semy 9)
12 sebq + 8seq 15=0

35

\ seq =- >

N | &

Of these onlyseq = -

N w

tang = +

N | &

Equation of the tangent with positive slope):—zls-

N |

Y
2

i.e., 2x- /By+4=0

43. Equation of the circle with AB as its diameter is
(A)x*+y- 12x+24=0 (B)k+y +12x+24=0
(C) % +y*- 24x- 12=0 (D) k+y*- 24x- 12=0
Ans (A)
To get A and B solve®+ y* 8x = 0 with 4x* 9y ?= 36
\ 4% 9(8x x %) =36
i.e., 13% 72x 36=0

<

\ x:-gandG
13

For A, B x coordinate is positive. /

A

\ x=6 y*=8x x?=12
y=% 2.3
\ Ais (6,2V3) and B isl6,- 24/3).
\ Equation of the circle on AB as diameter is
(X 6)2+(y 2/3)(y+2/3)=0 e, k+y 12x+24=0

(4,0)

i3
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Paragraph for questions 44 to 46
Let p be an odd prime number angbE the following set of 2 2 matrices:

a b -
Tp: A: a,b,CI {0,1, 2: 1p-1}
cC a

44. The number of A in Jsuch that A is either symmetric or skew-symmetritoth, and det(A) divisible

by pis

(A) (p - 17 (B)2(p- 1) ©) (- 17 +1 (D) 2p- 1
Ans (D)

When A is symmetric matrix we must have b = ¢

\ detA=4- b’=(a+b)(a b)

Now (& - b is divisible by p when atleast (a + b) is divisiby p or (a b) is divisible by p.
(a + b) is divisible by p.

(a + b) is divisible by p in the following cases.

a takes the value| b takes the value
1 p-1
2 p- 2
p-1 1

i.e., (p- 1) cases
or when (& b) is divisible by p, the following cases arise:

a takes the value| b takes the value
0 0
1 1
2 2
p-1 p- 1

i.e., p cases

\ the total number of cases are (2fh)

When A is a skew symmetric matrix we must have0aand b = c.
\ D=F butbtakesvalues 0,1, 2, .. .-(f)

For these values’lis not divisible by p.

Hence the required number of ways are<(2p
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45. The number of A in Jsuch that the trace of A is not divisible by p dat (A) is divisible by p is
[Note: The trace of a matrix is the sum of its diagomufies]
A P-DE-p+1l)  (B)F- (p-17 (©) (p- 1y (D) (p- 1) (F°- 2)
Ans (C)
Given 2a is not divisible by p. \ a cannot take 0.
Now for (& - bc) to be divisible by p.
We must have as follows:

a can take any value from 1, 2, . . - (ft)
b can take any value from 1, 2, . . .-(ft)
for every choice of a and b there exists exactly walue out of 1, 2, . . .. (1) for ¢ to take such that

(a® - bc) is divisible by p.
\ the required number of ways are-(fy.
46. The number of A in Jsuch that det (A) is not divisible by p is
(A) 2p° (B)p’- 5p (C)p- 3p (D) p- p’
Ans (D)
Total number of such A’s are as follows
a can take any value from 0,1, 2. .: (b)) ® p ways
b can take any value from0, 1,2 .. -(p)® p ways
c can take any value from0, 1,2 .. - () ® p ways
\ total number of Aare
Of these (p 1)° cases are such that det A is divisible by p ahda(earlier solution)
and when a = 0 the number of cases where det&iigble by p are as follows.
bc is divisible by p in the following ways.
b=0; c=0 ...CLcase)
b=0; ¢c=1,2...p1l) ® (p- 1) cases
c=0; b=1,2...p1)® (p- 1)cases
totalcases =1+ (p1l) + (p- 1) =(2p- 1)

\ required number of ways = p (p- 1)*- (2p- 1)
=p- p’+2p- 1- 2p+1
=(p- )

This section contains TEN questions. The answer tach questions is a single digit integer ranging
from O to 9. The correct digit below the question amber in the ORS is to be bubbled.

47. Let &, k=1, 2,..., 100, denote the sum of the infigig®metric series whose first terrn—kl;+s|—1 and the

100
common ratio is% . Then the value o% + ‘(k2 - 3k +1)Sk‘ is

k=1
Ans 4
(k-1
]
S = k.]_ :(k_ll)l
1.1 !
k
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00 (k2-3k+1| 1 1 (k-1%-k
Now, ==t =+ |
vl (k-1 o 1 . (k-D!
100
ol k-1 k |
s (k=21 (k- D)1
2 3 3 4 4 5 99 100
= —_—— 4+ — - — + —-— 4.+ — - —
1 21 2033 3 4 98 99!
= 4. 100
ele]l
\%4- 4_@ :1_OC)+4_1_OC):4
100 991 99l ele]l

48. The number of all possible valuesgfwhere 0 <q < p, for which the system of equations
(y + 2) cos 8 = (xyz) sin 3
xsin3q = 2cos3q N 2sin3q
y z

(xyz) sin31=(y + 2z) cos§+ysin 3
have a solution (X Yo, ) With yoz5* 0, is

Ans 3

(y+2z)cos 8- (xyz)sin3=0 (1)
Xyz sin 31 = (2 cos §) z + (2sin §)y .-(2)
\' (y+2)cos 8= (2cos 8) z + (2 sin )y ..(3)
Also (2cos8)z+(2sing)y=(y+2z)cosG+ysin I ..(4)

\ from (3) and (4) we have
y (cos 8- 2 sin 3)) =z cos g and
y(sin3- cos3)=0 sinFP-cosFP=0 sin3F=cos Y
— p . _"p_ P
\ 3= np+z ie., q—?+ﬁ but 0<g<p.
\  3values.
49. Let f be a real-valued differentiable function ofthe set of all real numbers) such that f(1) =f1hé
y-intercept of the tangent at any point P(x, y)tloa curve y = f(x) is equal to the cube of the &sscof
P, then the value off@) is equal to

Ans 9
y intercept of the tangent at any point (x, y)*= xy- mx = X
dx
x3 3
Hencey =- 7+cx Buty(l)=1 =§

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

50. The number of values ofin the interval - % % such thatg? % forn=0,t1,+2 and
tanq = cot 5 as well as sin@= cos 4 is
Ans 3
tanq = cot §) cos B cosq sin5qsing=0
\ cos@=0
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_ p = _ p s
6g=(2n+1)—, nl | =(2n+1)—,nl |
q = ( )2 q=( )12

= P PP PP )
12 4 12 12 4 12

sinj=cos4=1 2 sin’2q

\ 2sif2q+sing; 1=0

. 1
sin2g=- 1,—
in2q L2

\ 2q=(4k-1)%,ki | or 2q=rp+(-1)r%, (7

Henceq = @E%E ..... E ..... Eﬂ@ ..... .. (2)
4 4 4 4 12 12 12
From (1) and (2), the common solutions 'mB,B areq = - B,E,@
2 2 412 12

1

51. The maximum value of the expression-; , is
sin? g+ 3singcosq +5cos’ q

Ans 2

The given expression =— _ 1
sin? g+3singcosq+5cos’

2
~ 2sin? q+6singcosq+10cog q
_ 2
1- cos2q+3sin2q+5(1+cos2q)
_ 2
- 6+3sin2q+4cos2q

Minimum value of the denominator & /3? +4% =1

\ Maximum value of the given expression = 2

52.If aandb are vectors in space given hytl-—\/gzj andbzaﬂ?ljfk , then the value of

(2a+ b). [(a' b)’ (a- 2b) is
Ans 5
Note thataxb = 0

(22+b) Afla” b} (a- 2b)| simplifies tosfa’|p|” = 5@ =5
2
b2
intersection of the nearest directrix and the »satkien the eccentricity of the hyperbola is
Ans 2

2
53. The line 2x + y = 1 is tangent to the hyperbeﬁ?- Y_ 1. If this line passes through the point of
a

2 2

Any tangent tox—2 - % =1 is of the formy = mx = va’m? - b?
a
Comparing withy = 2x + 1, we get m = 2 and 4&- b° = 1.
But 2x + y = 1 passes througha}, 0
e

So2a=e.
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4g- b’=1 4a&- df+d=1
\ &(5- €)=1 and5@- ¢'=4.
(€-4)(€-1)=0. Soe=2.
54. If the distance between the plane ARy + z = d and the plane containing the lines
X-1_y-2_2-3 ;14X 2-Y-3_2"% /6 then[d|is
2 3 4 3 4
Ans 6

x-1vy-2 z-3
Equation of the plane is 2 3 4 | =0

3 4 5
X-2y+z=0 .Y
Ax-2y+z=d ...(2)
(1) and (2) are parallel. So A = 1.

: . d
Distance between the plane%ﬁi =46 |d]|=6
1+1+4

55. For any real number x, let [x] denote the largestder less than or equal to x. Let f be a realedl
function defined on the interval 10, 10] by
x - [x] if[x]is odd
1+[x]- x if [x]is even

f(x)=

2 10
Then the value oﬁ)—o f (x)cospx is

-10

Ans4

2 10 2
p—o f(x) cospxdxzp— f(x) cospx dx, n an integer.

1 -10 n=-10 n

9 n+l

n+l n+l
When nis odd f(x)cospxdx= (x- n) cospxdx =%
n n
n+l n+l

When nis even f(x)cospxdx= ([@L+n- x) cospxdx =%
p

n n

2
Hence the required value%— 10><£ +10><£ =4
10 p2 p2

56. Let w be the complex numbeosz—sf) + isinz—sf). Then the number of distinct complex numbers z

z+1 w w?

satisfyingl w  z+w? 1 |=0 is equato
2

w 1 zZ+
Ans 1
z+1 w w2 z W w?
w z+w? 1 |=0 z z+w? 1 [=0
w2 1 z+w z 1 z+w
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0 z+w?-w 1-w? | =0 2z°=0 z=0

0 1-w z+w- w?

PART - Il : PHYSICS

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

57.

58.

59.

Incandescent bulbs are designed by keeping in thiadthe resistance of their filament increases wit
the increase in temperature. If at room temperatlg® W, 60 W and 40 W bulbs have filament

resistance Ro, Rso and Ry, respectively, the relation between these resistan
1 1 1

A = + B) Ripo=R4 +R
( ) Rloo R40 RGO ( ) 100 40 60
1 1 1
(C) Rioo> Reo> Ruo (D) > >
RlOO R6O R4O
Ans (D)
1
Powerp —
H R

To verify ohm’s law, a student is provided withesttresistor R a high resistance;Ra small resistance
R,, two identical galvanometers,@nd G, and a variable voltage source V. The correcudito carry
out the experiment is

(A) (B)

(D)

Ans (C)
G, should acts as a voltmeter anglSBould act as an ammeter.

An AC voltage source of variable angular frequemcgnd fixed amplitude ¥is connected in series
with a capacitance C and an electric bulb of rasist R (inductance zero). Whernis increased

(A) the bulb glows dimmer (B) the bulb glowsddrier

(C) total impedance of the circuit unchanged @atimpedance of the circuit increases

Ans (B)

ImpedanceZ = X2 +R?
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60.

61.

62.

1

“wC

As w increases, Z decreases and hence the bulb glaybedst

A thin flexible wire of length L is connected to dvadjacent fixed points and carries a current thi
clockwise direction, as shown in the figure. Whae system is put in a uniform magnetic field of
strength B going into the plane of the paper vitre is

C

IBL IBL IBL
(A) IBL B) — ©C)—— (D) —
p 2p 4p
Ans (C)
2T sin g =BiRq /2
Tg = BiRq WV
T=BiR=E£
2p
A block of mass m is on an inclined plane of argyl&he coefficient of friction between the block and

the plane isnand tang > m The block is held stationary by applying a forcearallel to the plane. The
direction of force pointing up the plane is taken be positive. As P is varied from
P: = mg(sing - mcosq) to B = mg(sing + mcosq), the frictional force f versus P graph will lobke

(A) ‘\ - (8)

st
Py Lig) N
© ©® T T
Ans (A)
A thin uniform annular disc (see figure) of masshigs outer radius 4R and inner radius 3R. The work

required to take a unit mass from point P on iis sxinfinity is

(A) %(4\/5 - 5)

GM
Ty

2GM
(D) H(ﬁ' 1)
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Ans (A)

W =m(Vy - Vp)
-1 0- - RsZprer
3R\j|’2+16R2
2GM
== (42-5
w29

63. Consider a thin square sheet of side L and thickhasade of a material of resistivity The resistance
between two opposite faces, shown by the shaded are¢he figure is
(A) directly proportional to L
(B) directly proportional to t
(C) independent of L
(D) independent of t
Ans (C)
L
Ru T}
64. A real gas behaves like an ideal gas if its
(A) pressure and temperature are both high
(B) pressure and temperature are both low
(C) pressure is high and temperature is low
(D) pressure is low and temperature is high
Ans (D)

This section contains 5 multiple choice question&ach question has four choices (A), (B), (C) and {D

out of which ONE or MORE may be correct.

65. A point mass of 1 kg collides elastically with atginary point mass of 5 kg. After their collisiche 1
kg mass reverses its direction and moves with adspé&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 s

(B) Momentum of 5 kg mass after collision is 4 kg m
(C) Kinetic energy of the centre of mass is 0.75 J
(D) Total kinetic energy of the system is 4J

Ans (A) and (C)

Linear momentum is conserved.

vV, =-2+5v§ .. (1)
Law of restitution,
vV, =VE+2 .. (2)

Solvingy=3ms' andv§=1ms*
Kinetic energy of centre of mass% (m, +m,) v,

=0.75J
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66. One mole of an ideal gas in initial state A undesya cyclic process ABCA, as shown in the figus. |
pressure at A isgPChoose the correct option (s) from the following
(A) Internal energies at A and B are the same
(B) Work done by the gas in process AB {¢#n 4

P,
(C) Pressure at C rs49

T
(D) Temperature at C |s43
Ans (A) and (B)
At A and B temperatures are same, therefore intemergies are same at A and B.

Hence option (A) is correct.

Workdone in isothermal processws=nRTIn \\//—2
1
=RV,In4
and hence option (B) is correct.

67. A student uses a simple pendulum of exactly 1 rgtleto determine g, the acceleration due to gravity
He uses a stop watch with the least count of faethis and records 40 seconds for 20 oscillatiéios
this observation, which of the following statemehié (are) true?

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

(C) Percentage error in the determination of gts 5

(D) Percentage error in the determination of g ¥82

Ans (A) and (C)

BT D por-ooss
T t

B9 _2DT _ 405

g T

% error =E “100=5%
g

68. A few electric field lines for a system of two chgas Q and Q fixed at two different points on the x-
axis are shown in the figure. These lines sugdext t

(A) 1] > [Ql
(B) Q] <Q

(C) at a finite distance to the left of @e electric field is zero

(D) at a finite distance to the right of ¢he electric field is zero

Ans (A) and (D)

Null point is closer to the weaker charge anddieghe external side for a set of unlike charges.
69. A ray OP of monochromatic light is incident on taee AB of prism ABCD

near vertex B at an incident angle of §8ee figure). If the refractive index

of the material of the prism ig3 , which of the following is (are) correct?

(A) The ray gets totally internally reflected acéaCD

(B) The ray comes out through face AD

(C) The angle between the incident ray and the gemtray is 90

(D) The angle between the incident ray and the gemgray is 120
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Ans (A), (B), (C)
Applying Snell's law at ‘P’
sin60=+/3sinr
r=30C
with reference to figure
A and B are correct
Net deviation, d =g+ dy + dk
=30 + (180 90) + 30
d=90

This section contains 2 paragraphs. Based upon tHast paragraph 2 multiple choice questions and

based upon the second paragraph 3 multiple choiceugstions have to be answered. Each of these

guestions has four choices (A), (B), (C) and (D) bof which only one is correct.

Paragraph for questions 70 to 71

Electrical resistance of certain materials, knows superconductors,

changes abruptly from a nonzero value to zero ag tlemperature is

lowered below a critical temperature-(0). An interesting property of

superconductors is that their critical temperatbezomes smaller than

Tc(0) if they are placed in a magnetic field, i.dne tcritical temperature

Tc(B) is a function of the magnetic field strengthThe dependence of:T

(B) on B is shown in the figure.

70. In the graphs below, the resistance R of a supératior is shown as a function of its temperatuferT
two different magnetic fields fsolid line) and B (dashed line). If Bis larger than B which of the
following graphs shows the correct variation of RWI in these fields?

(A) (B)
©) (D)
Ans (A)

Critical temperature is less if the magnetic fislanore.
71. A superconductor has:T0) = 100 K. When a magnetic field of 7.5 Teslajplied, its T decreases to
75 K. For this material one can definitely say tivaen

(A) B=5Tesla, EB) =80 K (B) B=5Tesla, 75 K <AI(B) < 100 K
(C)B=10Tesla, 75 K <dB) < 100 K (D) B =10 Tesla,dB) =70 K
Ans (B)
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Paragraph for questions 72 to 74
When a particle of mass m moves on the x-axis potential of the form V(x) = Kx it performs simple

harmonic motion. The corresponding time period iispprtional t a as can be seen easily using

dimensional analysis. However, the motion of aipl@ican be periodic
even when its potential energy increases on bottlessi of
x = 0 in a way different from Kxand is total energy is such that the
particle does not escape to infinity. Consider a@iga of mass m
moving on the x-axis. Its potential energy is Vé&ax* (a > 0) for |x|
near the origin and becomes a constant equalstloV|x| 3 X, (see

figure).
72. If the total energy of the particle is E, it wikgorm periodic motion only if
(A)E<O (BYE>0 (C)¥V>E>0 (D)E>V

73. For periodic motion of small amplitude A, the tiperiod T of this particle is proportional to

m 1 m a 1 |a
(A) A,/— (B) == (©) A,/— (D) —,/—
a AVa m AVm
74. The acceleration of this particle for |x| 3 X

(A) proportional to \§ (B) proportional tov—O
m

0
: V,
(C) proportional to (D) zero.
mX,

Solutions to questions 72 to 74
72.(C)
E>0, E<y
73.(B)
74. (D)
As potential energy is constant for |3

du L
=- d_ =0 and hence acceleration is zero.

X

-1
This section contains TEN questions. The answer tach questions is a single digit integer ranging
from O to 9. The correct digit below the question amber in the ORS is to be bubbled.

75. Gravitational acceleration on the surface of aqﬂlas%g, where g is the gravitational acceleration

on the surface of the earth. The average masstyarighe planet is% times that of the earth. If the

escape speed on the surface of the earth is take® 11 kms, the escape speed on the surface of the
planet in kms' will be

Ans 3
&:ﬁ and r_P :g
ge 11 e
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3/6

This suggests thath—P =
Re 22

Vv }RZ r
ek — % :i VeP=3 km S'l
Vee Rereg 11

76. A piece of ice (heat capacity = 2100 J4&C * and latent heat = 3.3610° J kg?') of mass m grams is at
-5° C at atmospheric pressure. It is given 420 J af Be that the ice starts melting. Finally when the
ice-water mixture is in equilibrium, it is foundahl gm of ice has melted. Assuming there is neroth
heat exchange in the process, the value of mis
Ans 8

336" 10°

rea fOr melting ice= —————— =336J
Q g 0

qupplied: 420
\ heat for raising temperature of ice = 42836 = 84 J
Q=mdT
84=m" 2100 5 m=0.008 kg
m=8g
77. A stationary source is emitting sound at a fixextjfrency §, which is reflected by two cars approaching
the source. The difference between the frequeradigsund reflected from the cars is 1.2% pfWhat
is the difference in the speeds of the cars (impkemhour) to the nearest integer? The cars arengati
constant speeds much smaller than the speed ofl shioh is 330 mis.

Ans7
_ V+V,
Fap =0 V-V,
df = 2f, v i
(V- Vvyp)
12

df =—f, dv=7km/hr
10C

78. The focal length of a thin biconvex lens is 20 ¢ihen an object is moved from a distance of 25 cm in
front of it to 50 cm, the magpnification of its imaghanges from gato my,. The ratio—= is
Mgq
ANns 6
my, f+ug 20- 50 _
mg, f+u, 20-25

79. An a-particle and a proton are accelerated from rest pgtential difference of 100 V. After this, their

I
de Broglie wavelengths alg andl , respectively. The ratiel)—p, to the nearest integer, is

a

Ans 3
lmVZ:qV;|:L;|:\/§:3
2 mv

80. When two identical batteries of internal resistafid& each are connected in series across a resistor R,
the rate of heat produced in R in When the same batteries are connected in paaalless R the rate is
J.=2.25 Jthenthevalue of RinQis
Ans 4
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81.

82.

83.

J = R

R+2

2

J, = El R

R+

2

905
‘]2

On solving, we get R =W,
Two spherical bodies A(radius 6 cm) and B(radiusi@ are at temperaturg and T, respectively. The
maximum intensity in the emission spectrum of Aais500 nm and in that of B is at 1500 nm.
Considering them to be black bodies, what will be tatio of the rate of total energy radiated btoA
that of B?
Ans9
E=eATT

2 4

Ea-Ra Ta

Eg Rg Ts

From Wein's law! ,T = constant
2 4

Ea_Ra lsg _ 6 15004—9
E. R, . 18 500

When two progressive waves ¥ 4 sin (2x- 6t) andy, =3sin 2x - 6t - % are superimposed, the

amplitude of the resultant wave is
Ans5

A s =AZ +AZ +2A A, cost

=\/42+32+2’ 4 3 cosg =5

A 0.1 kg mass is suspended from a wire of neglgibhss. The length of the wire is 1 m and its eross
sectional area is 4.9 10" m? If the mass is pulled a little in the verticathpwnward direction and
released, it performs simple harmonic motion ofudagfrequency 140 rad’s If the young’s modulus
of the material of the wire isTn10° Nm'?, the value of n is

Ans 4
F
k A F
w=,[— Y= =
\/; o) AY
|
or Fzﬂﬂ \ K:ﬂ
L L
AY
\ w=.,|—
Lm
, AY _n 10°" 49" 107 B
w? = = . =4
Lm 1° 01
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84. A binary star consists of two stars A(mass 2 &hd B(mass 11 Y where M is the mass of the sun.
They are separated by distance d and are rotatiogt dheir centre of mass, which is stationary. The

ratio of the total angular momentum of the binaigr 40 the angular momentum of star B about the
centre of mass is

Ans 6
mir, =msl,
. (m1r12+m2r22)w m, 2 m,
Ratio= > =—= — +1=—=+1 =6
m,rZw m, T, m,
* % %
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