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Note:

IT-JEE2004-S-1

For the benefit of the students, specially the aspiring ones, the question of IIT-JEE, 2004 Screening are also given in
this booklet. Keeping the interest of students studying in class XI, the questions based on topics from class XI have been
marked with *’, which can be attempted as a test. For this test the time allocated in Chemistry, Physics and

Mathematics are 30 minutes, 25 minutes and 28 minutes respectively.

FIITIEE solutions to IIT-JEE, 2004 Screening

1*.

Ans.

2%,

Ans.

Ans.

Ans

2- phenyl propene on acidic hydration gives
(A) 2-phenyl-2-propanol (B) 2-phenyl-1-propanol
(C) 3-phenyl-1-propanol (D) 1-phenyl-2-propanol

CH, H,C H;C

CH
(A) ’ | CH; OH
;
¢
Nen e +
L ok OH, - CH,
S — P N °

C, is rotated anticlockwise 120°about C,- C; bond. The resulting conformer is

(A) Partially eclipsed (B) Eclipsed
(C) Gauche (D) Staggered
©)

On120°
rotation

H,C
CH,4 CH;
The resulting conformer is a Gauche conformer

Benzamide on treatment with POCI; gives

(A) Aniline (B) Benzonitrile
(C) Chlorobenzene (D) Benzyl amine
(B) i
N
wy Z

POCI; is a dehydrating agent

The methods chiefly used for the extraction of Lead & Tin from their ores are respectively

(A) Self reduction & carbon reduction (B) Self reduction & electrolytic reduction
(C) Carbon reduction & self reduction (D) Cyanide process & carbon reduction
(A) Factual
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5*. H O
N7
H;C O e, __Fe/Bn o product on monobromin ation of this compound s
0 H o
N N
H,C CH, H;C CH;
Br
Br
0 0
H H
N n g
(C) H;C CH, (D) H;C CH;
Br Br
Ans. (B) The ring with maximum electron density will be substituted by an electrophile
O
"7
Me. I I Me
The ring attached with — NH- will have rich electron density due to resonance. As ortho position is
blocked, the electrophile attacks the para position
6. The order of reactivity of Phenyl Magnesium Bromide with the following compounds is
I )L O‘
H C)}\CH H;C H A
3 O 3 (a0 Ph (I11) Ph
(A) (ID) > (D) > (1) (B) (I) > (I1I) > (I1)
(©) dI)>(I)>II) (D) All react with the same rate

Ans. (C) Nucleophile attacks the most electrophilic site first. Among aldehyde and a ketone, aldehydes are more
electrophilic as in ketones the 5+ charge an carbonyl carbon is decreased by +I effect of both alkyl groups

(0] 0]
R)L\R R)LH
More over in the tetrahedral intermediate aldehydes have less steric repulsion than ketone and aldehydes
increases the —ve charge on oxygen less in comparison to ketones

(0} o)
R/4\R RﬂkH
Nu Nu

Based on the above the order of reactivity is (II) > (I) > (III)
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7. (NH4),Cr,0- on heating gives a gas which is also given by
(A) Heating NH4;NO, (B) Heating NH;NO;
(C) Mg;N, + H,O (D) Na(comp.) + H,0,

Ans.  (A) (NHy),Cr,0; —2>N, T +Cr,0, +4H,0

NH,NO,—2-N, T +2H,0

. n|Zn" (a=0. e (a=0. e. The emf of the above cell is 0. . Equilibrium constant for
8 Z Zz+( 0.1M) F2+( 0.01M)|Fe. Th f of the ab 11 is 0.2905 V. Equilibri fe

the cell reaction is

(A 100432/0.059] (B 100432/0.0295

(C) 100426/0.0295 (D) e0.32/0,295
Ans. (B)E=E°- wlog Kc

n
0.2905 = E° - 0.0591 logﬂ
0.01
E°=0.2905 + 0.0295 = 0.32
o= 0.0591 logK
n
032= 0.0591 logK

0.32/0.0295
K=10

9%, HX is a weak acid (K, = 10”). It forms a salt NaX (0.1M) on reacting with caustic soda. The degree of
hydrolysis of NaX is
(A) 0.01% (B) 0.0001%
(©) 0.1% (D) 0.5%

Ans.  (A)X +H,0 ——>HX+OH"

K
Ky=—%=10""
Ka
K,=Co’=10"
o’=10"=a=10"
% degree of dissociation = 10™ x100 = 0.01%

10. Spontaneous adsorption of a gas on solid surface is an exothermic process because
(A) AH increases for system (B) AS increases for gas
(C) AS decreases for gas (D) AG increases for gas
Ans.  (C)For spontaneous absorption AG is negative as well as the degree of randomness of gas molecules
decreases thereby AS also negative. That’s why T.AS is —ve
. AH=AG + T.AS
Thereby AH is —ve
11*. For a monoatomic gas kinetic energy = E. The relation with rms velocity is
1/2 1/2
) u=(%) ® u-[(2)
m 2m
1/2 1/2
E E
C u=|— D u=||—
© u=[5c) ® u=[ ]

Ans. (A) Since,

I m . 3PV
= —x—xc” (c=msvelocity) = ,[— =c¢
3 v m
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For Imolecule PV =kT = ¢ = /3k—T
m

KE=%kT — OKE=3kT = c= | 2NE
m

12%, The pair of compounds having metals in their highest oxidation state is
(A) MnO,, FeCls (B) [MnO4], CrO,Cl,
(C) [Fe(CN)s]”, [Co(CN);] (D) [NiCl,]*, [CoCL,]

Ans. (B)[MnOy4]’, Mn =+7
CrO,Cly, Cr=+6

13. The compound having tetrahedral geometry is
(A) [NI(CN),J” (B) [PA(CN),J*
(C) [PACLT" (D) [NiCLyJ*
O e T
3d 4s 4p
et | [T
3d 4s 4p

Hybridisation of [NiCl;]* = sp’
Shape of [NiCl,]* = Tetrahedral

14. Spin only magnetic moment of the compound Hg[Co(SCN),] is

(A) V3 (B) 15
() 24 (D) 8

Ans.  (B)  Hg[Co(SCN),]

o= [T

3d 4s 4p
n=3
U= yn(n+2) = /3x5 = Jis
15. A sodium salt of an unknown anion when treated with MgCl, gives white precipitate only on boiling. The
anion is
(A) SO~ (B) HCO;y
(C) CO5™ (D) NOy
Ans.  (B)MgCl, + 2NaHCO; ——> Mg(HCO;4 )2 +2NaCl
soluble
Mg(HCO3), —2—>MgCO, ¥ +H,0+CO,
white
16*. Which Hydrogen like species will have same radius as that of Bohr orbit of Hydrogen atom?
(A) n=2, Li* (B) n=2, Be’"
(C) n=2, He" (D) n=3, Li*'

")
Ans. B)r=
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17. H,N NH,

COOH
X

Arrange in order of increasing acidic strength
(A) X>Z>Y (B) Z<X>Y
C) X>Y>Z D) Z>X>Y

+ +
Ans. (A) pKa value of carboxylic group is less than pKa of —NH;(y) in amino acid and —NH;(z) will have

+
comparatively less pKa than — N H;(z) due to —I effect of carboxylate group.

18. 0.004 M Na,SO, is isotonic with 0.01 M Glucose. Degree of dissociation of Na,SO, is
(A) 75% (B) 50%
(©) 25% (D) 85%

Ans. (A) nNaZSO4 = MGlucose — 0.01xRT

or 0.01 RT =1ix0.004 RT

i=25

Na,SO, 2Na'+ S0,
1-a 20 a
i=1+20.=2.5

a=0.75

or 75% dissociation

19. AH,,,= 30 KJ/mole and AS,,, =75 Jmol'K". Find temperature of vapour, at one atmosphere
(A) 400K (B) 350 K
(C)298 K (D) 250 K

Ans. (A) AG=AH - TAS
At equilibrium AG =0

3
7= 20 300 g0k
AS 75
20. 2 mol of an ideal gas expanded isothermally & reversibly from 1 litre to 10 litres at 300 K. What is the
enthalpy change?
(A) 498 KJ (B) 11.47KJ
(C) -11.47KJ (D) 0KJ

Ans. (D)H=E+PV
and AH = AE + A(PV)
or AH = AE + nRAT
AT=0
AE=0
LAH=0
21%, (A) follows first order reaction. (A) —— product

Concentration of A, changes from 0.1 M to 0.025 M in 40 minutes. Find the rate of reaction of A when
concentration of A is 0.01 M

(A) 3.47x10* M min (B) 3.47x10° M min”'

(C) 1.73x10™* M min™' (D) 1.73x10° M min'
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Ans.

22%,

Ans.

23%*,

Ans.

24.

Ans.

25.

Ans.

26.

Ans.

(A)Concentration changes from 0.01 to 0.025 M in 40 minutes = 2t;,, = 40min
t;, =20min

r=KJ[A] :%xo.m: 3.47x10™

2-hexyne gives trans-2-hexene on treatment with

(A) Li/ NH; (B) Pd/ BaSO,
(C) LiAlH,4 (D) Pt/H,

(A) Li/NH; brings about trans addition of H,

How many chiral compounds are possible on mono chlorination of 2-methyl butane?

(A) 2 (B) 4
©) 6 (D) 8
Cl
B) CH,
cl H,C Cl HC
H,C : i .
(;\L HyC + : + >1
CH H,C CH, H.C (d-]) CH,HC cl
HyC CH, 3 3 (@) 3 Hj (d-1) CH;

Which of the following pairs give positive Tollen’s test?
(A) Glucose, sucrose (B) Glucose, fructose
(C) Hexanal, Acetophenone (D) Fructose, sucrose

(B) Aldehydes and a- hydroxy ketones give positive Tollen’s test. Glucose has an aldehydic group and
fructose is an o hydroxy ketone

Which of the following has — O — O — linkage

(A) H>8,06 (B) H>S,05
(C) H,S5,05 (D) H,S404
(B)
H,S,04 - HO—lsi—lsl—OH
0 O
0 0
| |
H,8,04 - Ho_lsl_o_o_lsl_OH (per oxy linkage)
0 0
0
|
H,S,0; - HO—|S|—OH
0
0 0
H:8,0¢ - HO—|S|—S—S—|S|—OH
| |
0 0
When I is oxidised by MnOj in alkaline medium, I converts into
(A) 105 (B) L,
(C) 104 (D) 107

(A) 2KMnO, + 2KOH ——>» 2K,MnO, + H,0 + O
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27*.

Ans.

28*,

Ans.

29%,

Ans.

30.

Ans.

31.

Ans.
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2K,MnO, + 2H,0——2MnO, +4KOH + 20
2KMnO, +H,0—"¢_,2Mn0, +2KOH +3[0]

KI+[O] —> KIO;
2KMnO, +KI+H,0—— 2KOH + 2MnO, +KIO,

Number of lone pair(s) in XeOF, is/are

(A) 0 B) 1
© 2 (D) 3
(B) Structure of XeOF, 0

/ib

F/ lF

Number of lone pairs on the central atom is 1.

According to MO Theory,

(A) O," is paramagnetic and bond order greater than O,
(B) O, is paramagnetic and bond order less than O,
(C) O, is diamagnetic and bond order is less than O,
(D) O," is diamagnetic and bond order is more than O,

(A) O, B.O.= %[no. of bonding —no. of antibonding electrons] = %[10—5] =25

0, BO.= %[10—6]

o1s26%1s262526*2s> cs2pz2 TC2pX2 T 2pxl
n2py? || n"2py!

One unpaired ¢ hence paramagnetic

A block P of mass m is placed on a horizontal frictionless plane.
A second block of same mass m is placed on it and is connected to
a spring of spring constant k, the two blocks are pulled by distance
A. Block Q oscillates without slipping. What is the maximum
value of frictional force between the two blocks.

(A) kA2 (B) kA
(C) psmg (D) zero
(A) amax = LI , hence fx =M ap., = kA

2m 2

A beam of white light is incident on glass air interface from glass to air such that green light just suffers
total internal reflection. The colors of the light which will come out to air are

(A) Violet, Indigo, Blue (B) All coolers except green

(C) Yellow, Orange, Red (D) White light

(C) Condition for light to transmit is sin C < 1/p, py, > pg > e

Six charges of equal magnitude, 3 positive and 3 negative are to be P Q
placed on PQRSTU corners of a regular hexagon, such that field at the
centre is double that of what it would have been if only one +ve charge

is placed at R v R
(A) +a +3 +a R (B) T +a +n +9 e

(C) T +5 +n ) +9 - (D) +a ) +a ] +3 - T s

©
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32.

Ans.

33%.

Ans.

34*.

Ans.

35.

Ans.
36%*.

A Gaussian surface in the figure is shown by dotted line. The electric 2 N
field on the surface will be K . .
(A) due to q; and g, only (B) due to g, only v N e
(C) zero (D) due to all V- K
AY /
N Vs
(D)

A horizontal circular plate is rotating about a vertical axis passing through its centre with an angular
velocity @y. A man sitting at the centre having two blocks in his hands stretches out his hands so that the
moment of inertia of the system doubles. If the kinetic energy of the system is K initially, its final kinetic
energy will be

(A) 2K (B)K/2
(OK (D)K/4
B) oy =2I0'= o' =wy/2

[
K=—-lo

5@

2
K= Lg% _K
2 2 2

A particle is acted by a force F = kx, where k is a +ve constant. Its potential energy at x = 0 is zero. Which
curve correctly represents the variation of potential energy of the block with respect to x

(A) u (B) U
X
X
© U (0) U
X, X
X k 2
B)U=- kad -
2
0
An equilateral prism is placed on a horizontal surface. A ray R S
PQ is incident onto it. For minimum deviation Q
(A) PQ is horizontal P

(B) QR is horizontal

(C) RS is horizontal

(D) Any one will be horizontal.
(B) For minimum deviation, i = ¢

A pipe of length ¢, closed at one end is kept in a chamber of gas of density p;. A second pipe open at both

ends is placed in a second chamber of gas of density p,. The compressibility of both the gases is equal.
Calculate the length of the second pipe if frequency of first overtone in both the cases is equal.

4, P2 4, |2

A) —/, |[—= B) —/¢, |—

(W) 3 lJpl ®) 2 1,/p2
© 1,22 D) £, [P
Py P2
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37*.

Ans.

38.

Ans.

39.

Ans.

40%*.

Ans.

IT-JEE2004-S-9

3v v
(B) ’61: __13 ’62: _2
1 f,
Wi _YVy
40, 1,

o a4 for

3vy 3 \py
Three discs A, B and C having radii 2, 4, and 6 cm respectively are coated with carbon black. Wavelength
for maximum intensity for the three discs are 300, 400 and 500 nm respectively. If Qa, Qp and Q¢ are
power emitted by A, B and C respectively, then

(A) Q4 will be maximum (B) Qg will be maximum
(C) Qc will be maximum (D) Qa=Qs=Qc

(B) AnT = constant

1 1
T1:T2:T3::§: :g

ENE

Q=0eAT!
Qa:QB:Qc:: 3—414—415—4
Qg will be maximum.

Monochromatic light of wavelength 400 nm and 560 nm are incident simultaneously and normally on
double slits apparatus whose slits separation is 0.1 mm and screen distance is Im. Distance between areas
of total darkness will be

(A) 4 mm (B) 5.6 mm
(C) 14 mm (D) 28 mm
D) 2n+ DA =C2m+ 1A,

2n+1 560 7

2m+1 400 5

10n=14m+2
By inspection, form=2;n=3

m=7;n=10

As= 7;1—(11)[(2n2 +1)—(2n, +1)] =28 mm.

Shown in figure is a Post Office box. In order to calculate the value of < =
external resistance, it should be connected between !

(A) B' and C’ (B) A and D E

(C©)Cand D (D)Band D D

(B)

A disc is rolling without slipping with angular velocity ®. P and Q are
two points equidistant from the centre C. The order of magnitude of
velocity is

(A) vo>ve>vp (B) vp>ve > v
(©)vp = vg,vg=V/2 (D) vp<vc>vg

T e

(B) About instantaneous axis of rotation i.e. point of contact v = ro, rp is maximum .". vp is maximum.
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41*.

Ans.

42%,

Ans.

43%,

Ans.

44,

Ans.

45.

Ans.

A body starts from rest at time t = 0, the acceleration time graph is Acceleration

shown in the figure. The maximum velocity attained by the body ™
will be

(A) 110 m/s (B) 55 m/s

(C) 650 m/s (D) 550 m/s

11 Time
(sec.)

(B) Maximum velocity = area under the graph =55 m/s.

A source emits sound of frequency 600 Hz inside water. The frequency heard in air will be equal to
(velocity of sound in water = 1500 m/s, velocity of sound in air = 300 m/s)

(A) 3000 Hz (B) 120 Hz
(C) 600Hz (D) 6000 Hz
©

If liquefied oxygen at 1 atmospheric pressure is heated from 50 k to 300 k by supplying heat at constant
rate. The graph of temperature vs time will be

(A) (B)
T T
t | t
© D)
' /—/ !
t t
©
Six identical resistors are connected as shown in the figure. The R

equivalent resistance will be
(A) Maximum between P and R.

(B) Maximum between Q and R.
(C) Maximum between P and Q. % R
R
R

(D) all are equal.

©
In a photoelectric experiment anode potential is plotted against plate current
I
-
B
o A
v

(A) A and B will have different intensities while B and C will have different frequencies.
(B) B and C will have different intensities while A and C will have different frequencies.
(C) A and B will have different intensities while A and C will have equal frequencies.
(D) A and B will have equal intensities while B and C will have different frequencies.
(A)
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46%*.

Ans.

47.

Ans.

48.

Ans.

49.

Ans.

50%.

Ans.

S51%*.

Ans.
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. o oz C .
Pressure depends on distance as, P = ECXP(_k_OJ , where a., 3 are constants, z is distance, k is
Boltzman’s constant and 0 is temperature. The dimension of [ are

(A) M'L°T° BYM'L'T!
(C) M°L*T° (D)M'L'T?

©) % should be dimensionless, hence o. = MLT
o/ p=ML"'T?=P, hence p = M°L’T°

An electron traveling with a speed u along the positive x-axis enters into a

. yT
region of magnetic field where B = -By k (x > 0). It comes out of the ®B
region with speed v then .
(A)v=u at y>0 B)v=u aty<0 —

(C)v>u aty>0 D)v>u aty<0

(B) Charged particle will move in a circular path with constant speed inside the magnetic field.

A capacitor is charged using an external battery with a resistance x in
series. The dashed line shows the variation of In I with respect to time. If

the resistance is changed to 2x, the new graph will be Wl | e
(A)P B)Q -
(OR (D) S

B)I=I, "¢ = InI=InI,—t/xC
Iy is inversely proportional to x.

A 280 days old radioactive substance shows an activity of 6000 dps, 140 days later it’s activity becomes
3000dps. What was its initial activity
(A) 20000 dps
(C) 12000 dps

(B) 24000 dps
(D) 6000 dps

(B) A= 7\,N1 = }LN() e_ml , A= 7\.N2 = 7\,N() e_Mz and Ay= 7\,N() =24000 dpS

Two identical rods are connected between two containers one of them is at 100°C and another is at 0°C. If
rods are connected in parallel then the rate of melting of ice q; gm/sec. If they are connected in series then
rate is ¢o. Then the ratio q, / q; is

(A)2 (B) 4

(C) % (D) Y
CT CT

D)q, = , = dq,/q =1/4

(D) q R, /2 Q@ R, and q2/ q,

A particle starts sliding down a frictionless inclined plane. If S, is the distance traveled by it from time t=
n- 1 sec to t = n sec, the ratio S, / S+ 1S

2n-1 2n+1
A B
( )2n+l ® 2n
2n 2n+1
C D
© 2n+1 (D) 2n-1

(A) S, = %(2n—1) , Spe1 = %(2n+2—1)
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52.

Ans.

53.

Ans.

54.

Ans.

55%.

Ans.

56*.

Ans.

A small bar magnet is being slowly inserted with constant
velocity inside a solenoid as shown in figure. Which graph best
represents the relationship between emf induced with time

- )

A
(A) ®)
emf emf
I Time - 1 Time
C
©) ®)
emf
/\ emf
VAT N —
Time
©)

A point object is placed at the centre of a glass sphere of radius 6 cm and refractive index 1.5. The distance
of virtual image from the surface is
(A) 6 cm

(C) 12 cm

(B)4 cm
(D)9 cm

(A) Object is at centre of curvature, hence image will also be at centre of curvature.

A proton has kinetic energy E = 100 keV which is equal to that of a photon. The wavelength of photon is
A, and that of proton is A;. The ratio of A, / A, is proportional to

( A) E2 (B) El/2

©F" (D) E™
h hc

(B) }“proton =

T }V hoton — -
VamgE T " E
An ideal gas is initially at Py, V; is expanded to P,, V, and then compressed adiabatically to the same

volume V; and pressure P;. If W is the net work done by the gas in complete process which of the
following is true

(A)YW=>0; P;>P, B)YW<0; P;>P,
OW>0; P; <P, D)W<0; P; <P,
B) Py

Py

P,

Vi Vv,

A wire of length / =6 £ 0.06 cm and radius r = 0.5 £ 0.005 cm and mass m = 0.3 £ 0.003 gm. Maximum

percentage error in density is

(A)4 (B) 2
O1 (D) 6.8

m
A)p=

(nr?
Ap Am 2Ar Al 0.003 2x0.005 0.06 4
— =t —F— = + + =— =4%
p m r 14 0.3 0.5 6 100
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57*. The sides of a triangle are in the ratio 1 : V3 2, then the angles of the triangle are in the ratio
(A)1:3:5 B)2:3:4
©)3:2:1 D)1:2:3

Ans. (D)Leta=x,b:\/§x,c=2x
cd=a’+b"=2C=90°
1 0
tan A= — = LZA=30".
NG

=A:B:C=1:2:3.

58%*. Area of the triangle formed by the line x + y = 3 and angle bisectors of the pair of straight lines
X -y +2y=1is
(A) 2 sq. units (B) 4 sq. units
(C) 6 sq. units (D) 8 sq. units

Ans. (A)X -y +2y-1=0
= Equations of linesarey =x+ 1, y=—-x+1
= angle bisectors arey =1 and x =0

. 1 .
= area of triangle = 5 x2x2=2sq. units

59. If three distinct numbers are chosen randomly from the first 100 natural numbers, then the probability that
all three of them are divisible by both 2 and 3 is
(A) 4/25 (B) 4/35
(C)4/33 (D) 4/1155
Ans. (D) Numbers between 1 and 100 which are divisible by both 2 and 3 are 16.
16
C
Hence the probability is —3 = 4 .
0¢, 1155
60. The area enclosed between the curves y = ax” and x = ay” (a > 0) is 1 sq. unit, then the value of a is
(A) 1/:/3 (B) 112
O 1 (D) 173

Ans. (A) Points of intersection of y = ax” and x = ay” are (0, 0) and (l, lj .
a a

1/a
HenceI \/g—axz x:l:>a=L (asa>0).
AE ke
61%*. Given both 0 and ¢ are acute angles and sinf :% ,cos ¢ :é , then the value of 0 + ¢ belongs to
w[=z ® |22
372 273
2n Sm Sn
C) | —,— D) |—, =
( )(3 6} (D) (6 }
Ans.  (B)sin0=1= 0 ="
2 6

1 T b4 T 2
coshp=— => —<dp<— =0 +tde|—, —|.
¢ 3 3 ¢ 2 ¢ (2 j
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62%.

Ans.

63.

Ans.

64*.

Ans.

65.

Ans.

66%*.

Ans.

67.

Ans.

If tangents are drawn to the ellipse x* + 2y* = 2, then the locus of the mid-point of the intercept made by the
tangents between the coordinate axes is

1 1 1 1

A) —+—5=1 B) —+—=1

2x2 4y2 4x2 2y2

2 2 22
Xy Xy
C) —+—=1 D) —+-—=1
© 2 4 ®) 4 2
(A) Equation of tangent at any point ‘0’ is %cos 0+ ysin 0 =1 and the midpoint of its intercept between
2
. 2 1 .1 1
the axes is | —sec 0, —cosecO | = locusis —+——=1.
2 2 2x% 4y°

t2
If f (x) is differentiable and I x f(x)dx = % t°, then f (%} equals
0

(A)2/5 (B) -5/2
O1 (D) 52

(A) Differentiating both sides, we get

4
2Pyt = 2L 2

:>f(t2)=t:>f(ij:ig.
25 5

The value of x for which sin (cot™ (1 + x)) = cos (tan”' x) is

(A) 12 B) 1
€0 (D) —1/2
1 1 ) ) 1

(D) = S>X +2x+2=x"+1=>x=-—.

\/l+(1+x)2 1+ x2 2
Iff(x)=x>+bx*+cx +dand 0<b’<c, then in (-0, )
(A) f(x) is a strictly increasing function (B) f(x) has a local maxima
(O) f(x) is a strictly decreasing function (D) f(x) is bounded

(A)f' (x)=3x"+2bx +¢
D=4b’-12¢c =4 (b’°-¢c)-8c=>D<0 = f(x)>0 V x € (-0, o) = f(x) is an increasing function.

If o (# 1) be a cube root of unity and (1 + ©*)" = (1 + »*)", then the least positive value of n is
(A)2 (B)3
©5 (D)6

B)(1+o)'=(1+0) "= (o) =(-0")"=(0)"'=1=>n=3.

If f (x) = x” log x and f(0) = 0, then the value of a for which Rolle’s theorem can be applied in [0, 1] is

(A)-2 (B) -1
o (D) 12
(D) For function to satisfy the condition of Rolle’s theorem, it should be continuous in [0, 1]
= lim f(x)=f(0) = lim 22X 0= lim L"lzo: o> 0.
x—0" x—0" x~ x>0t —gx %"

Also ¥V o> 0, f(x) is differentiable in (0, 1) and f (1) =0 = £ (0).
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68%*.

Ans.

69%.

Ans.

70%.

Ans.

71.

Ans.

72.

Ans.

73%.

Ans.

For all ‘x’, x> + 2ax + 10 — 3a > 0, then the interval in which ‘a’ lies is
(A)a<-5 B)-5<a<2
C)a>5 (D) 2<a<5

(B)D<0=4a’-4(10-3a)<0=>4a’+12a-40<0=>-5<a<2.

The angle between the tangents drawn from the point (1, 4) to the parabola y* = 4x is
(A) /6 (B) m/4
(C)n/3 (D) m/2

. . 1
(C) Equation of tangent is y = mx + —.
m

Since it passes through (1, 4)
Sm-4m+1=0=>m +m=4, mm, =1 :>|m1—m2|=2\/§

tan9—¥=\/§ :ng.

IT-JEE2004-S-15

If one root is square of the other root of the equation x* + px + q = 0, then the relation between p and q is

(A) p’—q(Bp-1)+q’=0 B) p'-q@p+1)+q°=0
©p’ +qBp-1)+q’=0 D) p’+q@p+1)+q°=0

(A) Let the roots be o, o

S +a=-p,=q=afa+)=—p (@ +1+3+a)=-p =p -qBp-1)+q*=0.

1
The value of the integral j .| 1=x dx is
0 I+x

T T
©O-1 (D) 1

n/2

1
(B)LetI=J- /T—de.Putx=cosG:>dx=—sin6d9 then I = J‘(I—cose)de:g—l.
+X
0 0

Ifa=(i+j+k),a-b=1and daxb=j—k,then b is

(A) i-j+k (B) 2j—k
©) i (D) 2i
(C) ax(ixb)=(3-bya—(@-d)b
(+j+0)x(G-k)=(+]+k)-36 = b=1.

If ™'C,=(k*—3) "Cys1, thenk €

(A) (=0, —2] (B) [2, )
©) [3, V3] (D) (V3. 2]
D)™C = (2 —3)— o= k-3 = 1L

r+1 n

L 0<K-3<lor 3<K’<4.
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74.

Ans.

75.

Ans.

76.

Ans.

77.

Ans.

78%*.

Ans.

79.

If f (x) = sin x + cos X, g (x) = x* — 1, then g(f(x)) is invertible in the domain
T T N

A 03 - B -, =

w o] @ -5

T T
© {—5, 5} (D) [0, n]

(B) g (f (x)) = (sin x + cos x)* — 1 =sin 2x which is invertible in [_Tn, g} .

If y=y(x) and 2tsinx (ﬂj =—cosX, y(0) =1, then y(gj equals

y+1 \dx
(A)1/3 (B) 2/3
©)-173 D) 1
(A)i— —CoSX dx

y+1  2+sinx

In(y+1)=—-In(2+sinx)+lnc=y+1=

.Puttingx=0andy=1, we getc =4

2+sin X
- y(ﬁj _
2) 3
If the lines x-1 = y+l = z-1 and x=3 = y—k g intersect, then the value of k is
2 3 4 1 2 1
(A)32 (B)9/2
(C)-2/9 (D) -3/2

(B) General points on the lines are 2A + 1,34 — 1,4A + 1) and (n+ 3, 2p + k, p)
Equating the corresponding coordinates, we get k = 9/2.

Given 2x —y—2z=2,x -2y + z=—4,x + y + Az = 4 then the value of A such that the given system of
equation has NO solution, is

(A)3 B)1
© 0 (D)-3
2 -1 2
(D) As A, #0, fornosolutionA=0= (1 -2 1|=0= A=-3.
1 1 A
If the line 2x + /6 y = 2 touches the hyperbola x> — 2y” = 4, then the point of contact is
(A) (-2, V6) (B) (-5, 2V6)
1 1
|-, — D) (4, -6
©) [ : Jg) (D) (4, -6)

(D) Equation of tangent is xx; — 2yy; =4
on comparing with 2x + J6 y=2,wegetx, =4and y, = 6.

2
IfA= {Z } and |A’| = 125 then the value of o is

o
A)xl (B)+2
©)£3 D)=£5
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Ans.

80.

Ans.

81.

Ans.

82%.

Ans.

83*.

Ans.

84.

Ans.

Note:

IT-JEE2004-S-17

(C)|AF=125=|A|=5=a==3.

The unit vector which is orthogonal to the vector 5f+23+ 6k and is coplanar with the vectors 2i +3+12

and i—j+k is

2i-6j+k 2i-5]
A) —F—— B)
V41 N29
3j-k 2i-8j+k

V10 J69

(C) Let 5=5i+2j+6f<, B:2i+j+f<, 6:I—j+f<,thenrequired unit vector will be along ax(bxd).
3j-k

N

2 —
If f(x) is differentiable and strictly increasing function , then the value of lim fO) =) is
=0 f(x)-£(0)

ax (B xC) = 273 —9k = unit vector is

(A1 (B) 0
O -1 (D) 2

(C) Using L’Hospital’s rule
2xf! 2 _f

lim 2D s 0 x)

x—0 f'(x)

An infinite G.P. has first term ‘x” and sum ‘5°, then x belongs to
(A)x< -10 (B) -10<x<0
(©)0<x<10 (D) x>10

(C) The sum of an infinite G.P. = IL =5 (given)
-r
<l =>0<x<10.

<l=[1-2
5

If one of the diameters of the circle x* + y* — 2x — 6y + 6 = 0 is a chord to the circle with centre (2, 1), then
the radius of the circle is

(A) V3 (B) V2
© 3 D)2
(C) Centre is (1, 3) and radius =2
If r = radius of second circle then r* =2+ (3 — 1)’ + (2 — 1)*=r=3.
Ify is a function of x and log (x +y) — 2xy = 0, then the value of y ' (0) is equal to
(A1 (B) -1
©)2 D)0
(A)Atx=0,y=1
log(x +y)—2xy =0
2y(x+y)-1

1 (Hd_yjﬂzo SOy _2y(xey)-l dyl

X+y dx Jdx dx 1-2(x+y)x  dx (0. 1)

FIITJEE solutions to IIT-JEE, 2004 Screening Test is based on Screening Test paper created using
memory retention of select FIITI€€ students appeared in this test and hence may not exactly be the
same as the original paper. However, every effort has been made to reproduce the original paper in
the interest of the aspiring students.
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FIITJEE Solutions to IITJEE-2004 Mains Paper

Physics
Time: 2 hours

Note:  Question number 1 to 10 carries 2 marks each and 11 to 20 carries 4 marks ecach.

1. A long wire of negligible thickness and mass per unit length A —a><ca—
is floating in a liquid such that the top surface of liquid dips by
a distance ‘y’. If the length of base of vessel is 2a , find surface
tension of the liquid. (y << a)

Sol. £ (2T cos 0) =Alg

_ Mg
2cos 6
Lo ke e e
2y 2y
2. An ideal diatomic gas is enclosed in an insulated chamber at

temperature 300K. The chamber is closed by a freely movable
massless piston, whose initial height from the base is 1m. Now the
gas is heated such that its temperature becomes 400 K at constant
pressure. Find the new height of the piston from the base.

If the gas is compressed to initial position such that no exchange
of heat takes place, find the final temperature of the gas.

Atmosphere
V7

Sol. Process 1 is isobaric
T,=300K, T, =400 K

A%
— = constant
T

Axl Axh 4
=——=h=—m
300 400 3

Process 2 is adiabatic

2

7
L 2
Ax 4j5 ST (AxD) ST, = 400(%}5 K.

TV'" =constant , 400(

3. In Searle’s apparatus diameter of the wire was measured 0.05 cm by screw gauge of least count 0.001 cm.
The length of wire was measured 110 cm by meter scale of least count 0.1 cm. An external load of 50 N
was applied. The extension in length of wire was measured 0.125 c¢cm by micrometer of least count
0.001 cm. Find the maximum possible error in measurement of young’s modulus.

2
Sol.  yo dF/mD? _ 4FL
(AL)/L  nD?(AL)

Maximum possible relative error
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+—
110 0.050 0.125

g:&+@+A(AL)_(E 2x0.001 0.001)

Y L D AL

Percentage error

100x£=l+4+i
Y 11 5

=0.8+4+0.09 =4.89 %.

4. Two infinitely large sheets having charge densities o, and o, i o2
respectively (o; > o) are placed near each other separated by 2 B
distance ‘d’. A charge ‘Q’ is placed in between two plates such that A/.(‘JS”

there is no effect on charge distribution on plates. Now this charge
is moved at an angle of 45° with the horizontal towards plate having
charge density o, by distance ‘a’ (a < d). Find the work done by
electric field in the process.

Sol. E= (0,-0,)
2¢g,

work done by electric field, W=qE. d=E-2Xgq- (0, ~0,)a

q
V2 2\/580

5. An o -particle and a proton are accelerated from rest through same potential difference and both enter into
a uniform perpendicular magnetic field. Find the ratio of their radii of curvature.

Sol. r= —V2q\/m

gB
Ty _ My %
m m, d,
4 e
= =x— =+/2:1
1 2e
6. A small ball of radius ‘r’ is falling in a viscous liquid under gravity. Find the dependency of rate of heat

produced in terms of radius ‘r’ after the drop attains terminal velocity.

Sol. Rate of heat produced = F.v

=6mNIvy.vy
dQ 2

— =6mnr.v
at NL.vy

2
VT =§(G—p)r2g/n
dQ

—OCI‘5

dt

7. A syringe of diameter D = 8 mm and having a nozzle of V=0.25 m/s
diameter d = 2 mm is placed horizontally at a height of
1.25 m as shown in the figure. An incompressible and
non-viscous liquid is filled in syringe and the piston is h=1.25m \
moved at speed of 0.25 m/s. Find the range of liquid jet * N
on the ground. :
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Sol.

Sol.

Sol.

10.

Sol.

IIT-JEE 2004-M-3

AV = Constant
D*V =d%

2 2
v:D—V =(§J x0.25
d? 2
=16x0.25=4m/s

X=V &:4,/2”'25 :4><1:2m
g 10 2

A light ray is incident on an irregular shaped slab of

refractive index /2 at an angle of 45° with the normal
on the incline face as shown in the figure. The ray
finally emerges from the curved surface in the medium
of the refractive index p = 1.514 and passes through
point E. If the radius of curved surface is equal to 0.4 m,
find the distance OE correct upto two decimal places.

Using Snell’s law

Wy sin 45° = p, sin O

6 =30°.

i.e. ray moves parallel to axis
Hs _”’2 _ (Mz _Mz)

OE » R
OF = 6.056 m ~ 6.06 m

A screw gauge of pitch 1mm has a circular scale divided into 100 divisions. The diameter of a wire is to be
measured by above said screw gauge. The main scale reading is Imm and 47" circular division coincides
with main scale. Find the curved surface area of wire in true significant figures. (Given the length of wire
is equal to 5.6 cm and there is no zero-error in the screw gauge.)

Least count = lﬂ =0.01mm.
100

Diameter =M. S. + No. of division coinciding with main scale x Least count.
=Imm +47 x 0.0l mm
=1.47 mm = 0.147 cm.

Curved surface area = nd/ = %x 0.147x5.6 =2.6 cm®

The age of a rock containing lead and uranium is equal to 1.5 x 10° yrs. The uranium is decaying into lead
with half life equal to 4.5 x 10° yrs. Find the ratio of lead to uranium present in the rock, assuming initially
no lead was present in the rock. (Given 2" = 1.259)

NU_ 1 t/le_ 1 1/3_ 1

N_o‘@ ‘(Ej 1259
N, 1

N, +N, 1259

Now _0.259.

N

U
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11. An inductor of inductance (L) equal to 35 mH
and resistance (R) equal to 11 € are connected v
in series to an AC source. The rms voltage of R
a.c. source is 220 volts and frequency is 50 Hz. [§ 'Y

U w

(a) Find the peak value of current in the circuit.

(b) Plot the current (I) vs (®t) curve on the given voltage vs (wt) curve. (Given m = 2—72)

Sol. Z-= [(mL)2 +R2]

\A 22042 v VVE VR

Ip=—= =20Amp
z \/[(100nx35x10—3)2+(11)2]

v

()

. T
I1=1;sin (ot- —
o sin ( 4)

=20 sin (100 7t - g)

12. Two identical blocks A and B are placed on a rough inclined plane of
inclination 45°. The coefficient of friction between block A and incline is
0.2 and that of between B and incline is 0.3. The initial separation between

the two blocks is v2 m. The two blocks are released from rest, then find
(a) the time after which front faces of both blocks come in same line and
(b) the distance moved by each block for attaining above position.

Sol. apy = gsin45°—0.2g cos 45° = 42 m/s?
ag =g sin45°—-0.3 g cos 45":%\/5111/52

axg=0.5 V2 m/s’
1 2

SAB = —apt

AB B AB

= ﬂ—;‘

05v2

t=2 sec.

S = %aBt2 = 7\/§m

SA = %aAt2 =8/2m

13. In a photoelectric setup, the radiations from the Balmer series of hydrogen atom are incident on a metal
surface of work function 2eV. The wavelength of incident radiations lies between 450 nm to 700 nm. Find
the maximum Kkinetic energy of photoelectron emitted.

(Given hc/e = 1242 eV-nm).
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Sol.

14.

Sol.

15.

Sol.

16.
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AE =136 [1_1}:*‘_02%
4 pn2 el A
_ 1242x4n?
13.6(n? - 4)

Amin Which lies between 450 nm and 700 nm is for transition from n =4 to n =2 and is equal to 487.05 nm
For maximum K_.E. of photoelectron

hc

— ¢ =K.E.nax
min
KB = 120512 5 _g 556V
4x16

A spherical ball of radius R, is floating in a liquid with half of its volume submerged in the liquid. Now the
ball is displaced vertically by small distance inside the liquid. Find the frequency of oscillation of ball.

Restoring force = nR*xpg  (for small x)
2

d x 2
= -m ——=7nR"xpg
dt?

XA )
Nl

dz_X__EEX (as iﬁ =m )
e SRY 35 Pg g
. Motion is SHM
ENPCINEN |

2R

The two batteries A and B, connected in given circuit, have equal . R o
e.m.f. E and internal resistance r; and r, respectively (r; > ;). The 4 4"
switch S is closed at t = 0. After long time it was found that terminal A B

potential difference across the battery A is zero. Find the value of R.

Since average voltage across capacitor and inductor for D.C. sources will be zero at steady state.
2E 2E

= = (@)
P.D. across the battery A =E —Ir; =0
= 1=E/nm ... (1)
From (i) and (ii),
R = 4y -1)
3

A point object is moving with velocity 0.01 m/s on principal axis towards a convex lens of focal length 0.3
m. When object is at a distance of 0.4 m from the lens, find

(a) rate of change of position of the image, and

(b) rate of change of lateral magnification of image.
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17.

Sol.

18.

Sol.
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l:l_l UQ=0.01m/S
f v u

PO

f=0.3m

du u? f
dm __2(,_v)dv
dt £ f)dt
_2 [1—@j 0.09=1.8s"
0.3

An experiment is performed to verify Ohm’s law using a resister of resistance R = 100€2, a battery of
variable potential difference, two galvanometers and two resistances of 10°Q and 10°Q are given. Draw
the circuit diagram and indicate clearly position of ammeter and voltmeter.

Voltmeter

P R=100Q

Ammeter

A uniform rod of length L, conductivity K is connected from one end Insulation

to a furnace at temperature T,. The other end of rod is at temperature

T, and is exposed to atmosphere. The temperature of atmosphere is ~ Fumnace

T,. The lateral part of rod is insulated. If T, — Ty << T, T, =T, +A T T A K To,e Ts

& AT o (T; — Ts), find proportionality constant of given equation.
The heat loss to atmosphere is through radiation only and the

emissivity of the rod is €.

KA(T, -T,)
L
- SGA[(TS +AT)! - Tf] = 4eGAT, AT

=eoA (T, - T.Y)

K(T, =T
= (1—S):AT [4ch§ +ﬂ

K(T, - T
o oar-— KT Si{
L[408TS3+}
L
K

.. Proportionality constant = T kT
L [408T53 + L}
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19. A cubical block is floating inside a bath. The temperature of system oo
is increased by small temperature AT. It was found that the depth ]
of submerged portion of cube does not change. Find the relation 0|
between coefficient of linear expansion (a) of the cube and volume Coutt. of valume
expansion of liquid (y). expn. =y

Sol. At initial temperature for the equilibrium of the block
ALpyg = Axp,g
Lpb = ng e (1)
At final temperature
A’ =A(l +2aAT)
Py =pu1—vAT)
For the equilibrium of the block
A(1 +20AT)(x) p, (1 —vAT) = ALp, = Axp,

= 1+20AT-yAT=1
=y=2a

20. In a Young’s double slit experiment light consisting of two wavelengths A; = 500 nm and A, = 700 nm is
incident normally on the slits. Find the distance from the central maxima where the maximas due to two

wavelengths coincide for the first time after central maxima. (Given 3 =1000 ) where D is the distance

between the slits and the screen and d is the separation between the slits.

Sol. y, = DM
d

~ mDA,
Y2 = d

7
Yi=y :>n=gm

For the first location, m=5,n=7
5 y=7x1000x5x 107 =35x 10" =3.5 mm.

Note: FIITIEE solutions to IIT-JEE, 2004 Main Papers created using memory retention of select FIITJEE
students appeared in this test and hence may not exactly be the same as the original paper.
However, every effort has been made to reproduce the original paper in the interest of the aspiring
students.
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57.

Ans.

Sol.

58.

Ans.

Sol.

59.

Ans.

Sol.

60.

Ans.

Sol.

FIITIEE solutions to II'T-JEE, 2005 Screening

PHYSICS

Find current in 2Q2 resistor

(A0 B)2A

©)4A D)1A

A

According to Kirchoff’s junction rule no current passes through 2Q resistor.
S1=0

In Young’s double slit experiment the angular position of a point on the central maxima whose intensity is one
fourth of maximum intensity

(A) sin” (W/d) (B) sin”™" (1/2d)
(C) sin™" (1/3d) (D) sin”' (3/4d)
C :
I=1,, cos’¢/2 . Iy

= ¢=2n/3 and %dsinezé—n

0=sin"! (lj
3d

Ratio of area of hole to beaker is 0.1. Height of liquid in beaker is 3m, and hole is at the height of 52.5 cm from
the bottom of beaker, find the square of the velocity of liquid coming out from the hole

(A) 50 (m/s)* (B) 50.5 (m/s)*
(C) 51 (m/s)? (D) 42 (m/s)*
A

oo A 2B D i

In the figure shown, a cubical block is held stationary against a rough wall by §<— 22 —>
applying force ‘F’ then incorrect statement among the following is § :]: a
(A) frictional force, f= Mg (B) F =N, N is normal reaction " 2 F
(C) F does not apply any torque (D) N does not apply any torque § $a

D A

For equilibrium, f=Mg

F=N ¥ L<F
For rotational equilibrium normal will shift downward. ? —>N

Hence torque due to friction about centre of mass = Torque due to Normal Mg

reaction about centre of mass.
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61.

Ans.

Sol.

62.

Ans.

Sol.

63.

Ans.

Sol.

64.

Three infinitely charged sheets are kept parallel to x — y plane having charge
densities as shown. Then the value of electric field at ‘P’ is

A) 2% ®) 2%
=N o
(©) =20 (D) 204
€ o

C
- c N -20) /~ —0)
B 52 () 1) L2 )
= 2¢, 2¢,
_T25;
<o

Z=3a iZ
=
i ep
z=2a ¢
-2
* o
Z=

A cylindrical conducting rod is kept with its axis along positive z-axis, where a uniform magnetic field exists

parallel to z-axis. The current induced in the cylinder is

(A) zero (B) clockwise as seen from +z axis
(C) anti-clockwise as seen from +z axis (D) opposite to the direction of magnetic field.
A
Since B is constant
e
dt
~1=0

A circular disc of radius R/3 is cut from a circular disc of radius R w

and mass 9 M as shown. Then moment of inertia of remaining disc
about ‘O’ perpendicular to the plane of the disc is

(A) 4 MR? (B) 9MR?
(C) %7 MR’ (D) ? MR?

A @
2 i) 2
Ip= 91\/2{ —[M(RZB) +M(—ij ] = 4MR?

Depict the shown v — x graph in a— x graph. v
Vo
- _O_:
(A) a4 B) at

X\
x

Nitin M Sir (physics-iitjee.blogspot.com)
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Sol.

65.

Ans.

66.

Ans.

Sol.

67.

Ans.

Sol.

68.

Ans.

Sol.

IIT-JEE-2005-S-3

A a

Equation of curve is

VX R

VO XO V X

Xo
dv v Vg X
a=—=—"T(w)=-"]1-2

dt Xo Xo X

d
Alternative: a =—v (—V

j ; but dv/dx is negative and v is decreasing with the increase in x.
X

Hence ‘a’ should increase with increase of ‘x’.

A particle is confined to rotate in a circular path with decreasing linear speed, then which of the following is
correct?

(A) L (angular momentum) is conserved about the centre.

(B) only direction of angular momentum L is conserved.
(C) It spirals towards the centre.
(D) its acceleration is towards the centre.

B

The atomic number (Z) of an element whose k, wavelength is A is 11. The atomic number of an element whose
k., wavelength is 4\ is equal to

(A) 6 (B) 11
(C) 44 (D) 4
A

(Z — 1)*\ = constant
(10O =4MZ -1’ =>2Z=6

The graph shown in the figure represents energy density E, versus
A for three sources sun, welding arc, tungsten filament. For Ay,

I : E.
correct combination will be
(A) 1 — Tungsten, 2 — Welding arc, 3 — Sun 3
(B) 1 — Sun, 2 — Tungsten, 3 — Welding arc. J\
(C) 1 — Sun, 2 — Welding arc, 3 - Tungsten I !
(D) 1 — Welding arc, 2 — Sun, 3 - Tungsten o A

A

Temperature of sun would be maximum out of the given three
as A, T = constant
Am for Sun is minimum

T, is the time period of simple pendulum. The point of suspension moves vertically upwards according to y =
2

T
kt*, where k = 1 m/s>. New time period is T,, then —12 =92 (g=10 m/s?)
T;

(A)4/5 (B) 6/5
(©) 5/6 (D) 1
B
Acceleration of the point of suspension
2
a—d—zl=2k=2m/s2
dt
T=2n L:>T1 =27t\/E and T, =2n4/£
st 10 12
T
TS
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69.

Ans.

70.

Ans..

Sol.

71.

Ans.

Sol.

72.

Ans.

Sol.

73.

Ans.

Sol.

Which of the following does not have the same dimension?
(A) Electric flux, Electric field, Electric dipole moment

(B) Pressure, stress, Young’s modulus

(C) Electromotive force, Potential difference, Electric voltage.
(D) Heat, Potential energy, Work done

A

A capacitor (C = 4.0 puF) is connected through a resistor (R = 2.5 MQ) across a battery of negligible internal
resistance of voltage 12 volts. The time after which the potential difference across the capacitor becomes three
times to that of resistor is (In 2 = 0.693)

(A) 13.86 sec. (B) 6.48 sec.
(C) 3.24 sec. (D) 20.52 sec.
A C=4pF 25MQ
t t
q—Cs{l—e RC] —i= ¢ RC
R =12V
3VR = VC

t t
= a{l—e RC] =3ge RC = ¢RC=1/4
t/RC =2In2 ... t=20 x(0.693) = 13.86 sec

A photon of energy 10.2 eV collides inelastically with a Hydrogen atom in ground state. After a certain time
interval of few micro seconds another photon of energy 15.0 eV collides inelastically with the same hydrogen
atom, then the observation made by a suitable detector is

(A) 1 photon with energy 10.2 eV and an electron with energy 1.4 eV

(B) 2 photon with energy 10.2 eV

(C) 2 photon with energy 1.4 eV

(D) one photon with energy 3.4 eV and 1 electron with energy 1.4 eV

A

10.2 eV photon on collision will excite H-atom to first excited state but Hydrogen atom will return to ground
state before next collision. Second photon will provide ionization energy to Hydrogen atom, i.e., electron will be
ejected with energy = 1.4 eV

In a resonance tube with tuning fork of frequency 512Hz, first resonance occurs at water level equal to
30.3 cm and second resonance occurs at 63.7 cm. The maximum possible error in the speed of sound is

(A)51.2 cm/s (B) 102.4 cm/s

(C) 204.8 cm/s (D) 153.6 cm/s

C

£1+e:l andffre=3—V
4f 4f

2v
o=
i

Al =0) Av
(Zz - Zl) v
Av =2fA(l, — 01) = 2(AL; + Aly) (For maximum error)
=2x512x0.2=204.8 cr/s.

A thin concave and a thin convex lens are in contact. The ratio of the magnitude of power of two lenses is 2/3
and focal length of combination is 30cm, then the focal length of individual lenses are

(A)—15cm, 10 cm (B) - 75 cm, 50 cm
(C) 75 cm, - 50 cm (D) 75 cm, 50 cm
A

Pconcave — 2

PCOHVCX 3
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Ans.

Sol.
75.

Ans.

Sol.

76.

Ans.

Sol.

71.

Ans.

Sol.

78.
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1 1 1
— = +
F fconcave fconvex
1 -2 1 1 .
— =—+—=—= =10 cm, where f is focal length of convex lens
30 3f f 3f
Which of the following process does not occur through convection
(A) Boiling of water (B) Land breeze and Sea breeze
(C) Circulation of air around furnace (D) Heating of glass bulb through filament
D

Heating of glass bulb is by radiation.

A tank of height 33.25 cm is completely filled with liquid (un = 1.33). An
object is placed at the bottom of tank on the axis of concave mirror as shown y
in the figure. Image of the object is formed 25 cm below the surface of the
liquid, then focal length of the mirror is

15cm

-

1

1
(A) 10 cm (B) 15 cm 25cm : 33.25
(C) 20 cm (D) 25 cm j) l
C

After first refraction, position of the image = % =25cm

From reflection, % = 1t 1. 1

From second refraction position of the object = %

lz—;zs—i: f=-18.31 cm
sy =2
1.33
Hence magnitude of focal length of convex lens is 18.31 cm.

The nearest possible matching answer is 20 cm.

In YDSE, an electron beam is used to obtain interference pattern. If speed of electron is increased then
(A) no interference pattern will be observed.
(B) distance between two consecutive fringes will increase.
(C) distance between two consecutive fringes will decrease.
(D) distance between two consecutive fringes remains same.
C
h

e

mv

v is increased, A is decreased.
B =AD/d = B decreases.

A spherical body of area A and emissivity e = 0.6 is kept inside a perfectly black body. Total heat radiated by
the body at temperature T

(A) 0.4 e AT* (B) 0.8eAT*
(C) 0.6 eAT* (D) 1.0eAT*
D

When a non black body is placed inside a hollow enclosure the total radiation from the body is the sum of what
it would emit in the open ( with e<l ) and the part (1-a) of the incident radiation from the walls reflected by it.
The two add up to a black body radiation . Hence the total radiation emitted by the body is 1.06AT*.

Probably in the examination paper ‘G’ is misprinted as ‘e’

An open organ pipe resonated with frequency ‘f,” and 2™ harmonic. Now one end is closed and the frequency is
slowly increased then it resonates with frequency f, and nth harmonic then

3 3
A)yn=3,f,=—f B)n=51f,=—f
(A) 2= (B) 2= fi

5 5
(C)n=3,f2=zf1 (D)n:5,f2=zf1
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Ans.

Sol.

79.

Ans.

Sol.

80.

Ans.

Sol.

81.

Ans.

Sol.

82.

Ans.

Sol.

3.

Ans.

Sol.

D
(L [B
L\ p
p_n [B
40\ p
L4 ng
) n

5 .
For the first resonance n =35, £, = Zfl (as frequency increases)

Temperature of a gas is 20°C and pressure is changed from 1.01x10° Pa to 1.165x10° Pa . If volume is decreased
isothermally by 10%. Bulk modulus of gas is

(A) 1.55x10° (B) 0.155x10°
(C) 1.4x10° (D) 1.01x10°
A

(1.165-1.01)x10°
0.1

=1.55x10°

B =— AP/(AV/V) =

A galvanometer with resistance 1002 is converted to ammeter with a resistance of 0.1Q. The galvanometer
shows full scale deflection with a current of 100 pA. Then the minimum current in the circuit for full scale
deflection of galvanometer will be

(A) 100.1mA (B) 10.01mA
(C) 1.00ImA (D) 0.1001mA
A o
Lo J00R” 100 Ly g
100+ R’ 1001 _
(100) (100 x107%) = R'(I— 100 x107%) 100 Q
. 1=100.1 mA

One calorie is defined as the heat required to raise the temperature of 1 gm of water by 1°C in a certain interval
of temperature and at certain pressure. The temperature interval and pressure is

(A) 13.5°C to 14.5°C & 76 mm of Hg (B) 6.5°C to 7.5°C & 76 mm of Hg
(C) 14.5°C to 15.5°C & 760 mm of Hg (D) 98.5°C t0 99.5°C & 760 mm of Hg
C

By definition.

If a star converts all of its Helium into oxygen nucleus, find the amount of energy released per nucleus of
oxygen. He =4.0026 amu, O = 15.9994 amu

(A) 7.26 MeV (B) 7 MeV
(C) 10.24 MeV (D) 5.12 MeV
C

E = Amc® = [4 x 4.0026 — 15.9994] x 931.5 = 10.24 MeV

Two litre of water at initial temperature of 27°C is heated by a heater of power 1 kW. If the lid of kettle is
opened, then heat is lost at the constant rate of 160 J/s. Find the time required to raise the temperature of water
to 77°C with the lid open (Specific heat of water 4.2 kJ/kg)

(A) 5 min 40 sec (B) 14 min 20 sec
(C) 8 min 20 sec (D) 16 min 10 sec
C

Rate of heat gain = 1000 — 160 = 840 J/s
2x4.2x10° x (77 -27)
840

Required time = =500 sec = 8 min 20 sec
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84. Ideal gas is contained in a thermally insulated and rigid container and it is heated through a resistance 100Q2 by
passing a current of 1A for five minutes, then change in internal energy of the gas is
(A)OkJ (B)30kJ
(©)10kJ (D)20kJ

Ans. B

Sol. AW=0 .. AQ=AU
AQ =AU =T"RAt = (1)*(100)(5 x 60) =30 kJ

Analyse your performance in Screening Test for evaluation of your preparation for Mains. A
comprehensive analysis of your preparation on different topics would be couriered to you. Fill this sheet
as per answers you have made in the IIT-JEE Screening Examination as per the sequencing provided
in the solution booklet and send to nearest FIITJ€E's office immediately.
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FIITJEE Solutions to IITJEE-2005 Mains Paper

Physics
Time: 2 hours

Note: Question number 1 to 8 carries 2 marks each, 9 to 16 carries 4 marks each and 17 to 18 carries
6 marks each.

Q1. A whistling train approaches a junction. An observer standing at junction observes the frequency to be
2.2 KHz and 1.8 KHz of the approaching and the receding train. Find the speed of the train (speed of
sound = 300 m/s)

Sol.  While approaching

, \"
S

2200 = f, _ 300
300-v,

While receding

\"
fll:f
O(V+VS]

1800 =, (ﬂj

300 + v

On solving velocity of source (train) vs = 30 m/s

Q2. A conducting liquid bubble of radius a and thickness t (t <<a) is charged to potential V. If the bubble
collapses to a droplet, find the potential on the droplet.

Sol.  Potential of the bubble (V)= ——3
4neq a

by conservation of volume
4na’t = iTER3
3

13

R=(3a%)
Hence, potential on the droplet
V'= 149 (as charge is conserved)
4ney R
NE
Ve [_j v
3t
Q3. The potential energy of a particle of mass m is given by
E 0<x<1
V(=1 A
0 x>1

A and A, are the de—Broglie wavelengths of the particle, when 0 < x < 1 and x > 1 respectively. If the
total energy of particle is 2Ey, find A4/A,.
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Sol. K.E.=2E;-Ey=Ey (for0<x<1)
2mE,
KE = 2E, (for x> 1)
o
JAmE,
Mooz
Ay
Q4. A U tube is rotated about one of it's limbs ®

with an angular velocity o. Find the difference (B
in height H of the liquid (density p) level,
where diameter of the tube d << L.

< T —>

L (0]
Sol. APA-= J' dmxe? b
0
212
oL pA
pgHA = Z—P= !
¥
2 2
He Lzo)
9 0

Q5. A wooden log of mass M and length L is hinged by a
frictionless nail at O. A bullet of mass m strikes with velocity v
and sticks to it. Find angular. velocity of the system
immediately after the collision about O.

o
DE—

m
- - _A_A___
\%
Sol.  Apply conservation of angular momentum about O
2
(mv)L = (mL® + —Mé‘ Jo
_ 3mv
0\) -_—_—
(3m +M)L
Q6. What will be the minimum angle of incidence such that the W =2

total internal reflection occurs on both the surfaces?

/ e 2

W3= \/3
Sol. For first surface =2
2 sinc; = /2 sin90°
= ¢ =45 0o\ =2
For second surface ol 0
2 sinc,= \/5 sin90°
= C; =60° pe= V3

.. Minimum angle of incidence = Max {c4, ¢c,} = 60°
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Q7.

Sol.

Q8.

Sol.

Q9.

Sol.

Q10.

Sol.

IT-JEE2005-PH-3

The side of a cube is measured by vernier callipers (10 divisions of a vernier scale coincide with
9 divisions of main scale, where 1 division of main scale is 1 mm). The main scale reads 10 mm and
first division of vernier scale coincides with the main scale. Mass of the cube is 2.736 g. Find the
density of the cube in appropriate significant figures.

Least count of vernier callipers = (1 — % ymm = 0.1mm
Side of the cube =10 mm +1 x 0.1 mm =10.1 mm = 1.01 cm

Density = 2'7363 = 2.66g/cm®
(1.01)

An unknown resistance X is to be determined using
resistances Ry, Ry or R;. Their corresponding null points
are A, B and C. Find which of the above will give the
most accurate reading and why?

or R, or R3

o2

‘%‘_fﬂ+

X r ry

|1 | =[3r,| = A (o)

OX| _(Hth A A B C
X rr,
dX - . .
For |— to be minimum, r,r, . should be maximum and as r, +r, is constant.

This is true for r, =r, .

So R, gives most accurate value.

A transverse harmonic disturbance is produced in a string. The maximum transverse velocity is 3 m/s
and maximum transverse acceleration is 90 m/s®. If the wave velocity is 20 m/s then find the
waveform.

If amplitude of wave is A and angular frequency is o,

ﬂ:i S o = 30 rad/s
o’A 90
V=9 = k = Em_1
k 2
A=10cm

Considering sinusoidal harmonic function

y = (10 cm) sin(30t + gx +¢)

A cylinder of mass m and radius R rolls down an inclined plane of inclination 6. Calculate the linear
acceleration of the axis of cylinder.

mgsin6—f =ma,,;, (1)
fR = lis o (2)
Aaxis = Ra (3)

_2gsin®
axis 3
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Q11. Along solenoid of radius a and number of turns per F
unit length n is enclosed by cylindrical shell of < > T I
radius R, thickness d (d<<R) and length L. A —~
variable current i = igsin wt flows through the coil. If : !
the resistivity of the material of cylindrical shell is p, -
find the induced current in the shell. = “'~~,I

T

Sol. ¢ = (ugniy sinwt)ra?

== =(py Niyo coswt)ra’
dt (1o Nig )
Resistance = p2rR

_ (Mpnigm cos wt)na?(Ld)
- p27R

Q12. Two identical ladders, each of mass M and
length L are resting on the rough horizontal
surface as shown in the figure. A block of
mass m hangs from P. If the system is in
equilibrium, find the magnitude and the
direction of frictional force at A and B.

Sol. For equilibrium of whole system,

P
ZF, =0 y
~ N- (ZM +m j g N mg N ‘
2 ‘
For rotational equilibrium of either ladder A Mg Mg B X
f

Calculating torque about P

NL cos 6 — Mg% cosf —fL sin6 =0

= f= (M+m)g%te

Q13. Highly energetic electrons are bombarded on a target of an element containing 30 neutrons. The ratio
of radii of nucleus to that of Helium nucleus is (14)"°. Find
(a) atomic number of the nucleus.
(b) the frequency of K, line of the X—ray produced. (R=1.1x 10’ m™" and ¢ = 3 x10°® m/s)

Sol. r=ro A"
o (A)% 143
Mo 4
= A=56andZ=(56-30)=26
for K,—line,
Jv= % (z-1)

= v=1.546 x 10" Hz
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Q14. A small body attached to one end of a vertically hanging spring is
performing SHM about it's mean position with angular frequency o and
amplitude a. If at a height y* from the mean position the body gets
detached from the spring, calculate the value of y* so that the height H
attained by the mass is maximum. The body does not interact with the
spring during it's subsequent motion after detachment. (aoa2 >q)

Sol. At position B as the potential energy of the spring will be zero, the
total energy (Gravitational potential energy + Kinetic energy) of

the block at this point will be maximum and therefore if the block Natural

gets detached at this point, it will rise to maximum height, length
«-Mg g
= —===-<a
y K ol
Mean
Position
Q15. In the given circuit, the switch S is closed at time t = 0. The charge Q Ri
on the capacitor at any instant t is given by Q(t) = Q, (1-e ). Find the | v
value of Qo and a in terms of given parameters shown in the circuit. s §
R,

Sol.  Applying KVL in loop 1 and 2,
V—i1R1—%: M

q .
— —-bRy, =0 (2
c "R 2)

.. _dq
l1— 12 at S (3)
On solving we get,
t(Ri+R,)
CVR, 1—e7 CRR,

" R, +R,

VR, e RitRy
R, +R, CR,R,

Q16. Two identical prisms of refractive index J3 are kept as shown in
the figure. A light ray strikes the first prism at face AB. Find,
(a) the angle of incidence, so that the emergent ray from the
first prism has minimum deviation. 60° 60°
(b) through what angle the prism DCE should be rotated about A C E
C so that the final emergent ray also has minimum deviation.

60° 60°

Sol. (a) For minimum deviation
rf=r,= Z_B
1 2 2
sini
. |n|0 :\/5
sin30
= i=60°
(b) Prism DCE should be rotated about C in anticlockwise direction through 60° so that the final
emergent ray is parallel to the incident ray and angle of deviation is zero (minimum)
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Q17. A cylinder of mass 1 kg is given heat of 20000J at atmospheric pressure. If initially temperature of
cylinder is 20°C, find
(a) final temperature of the cylinder.
(b) work done by the cylinder.
(c) change in internal energy of the cylinder.
(Given that Specific heat of cylinder= 400 J kg™ °C™", Coefficient of volume expansion
=9 x 1072 °C™", Atmospheric pressure = 10°> N/m?and Density of cylinder = 9000 kg/m®)

Sol. (a) AQ=msAT

20000J
= AT= 5
1kgx (400J/kg °C)
Thina = 70°C

=50°C

(b) W = Pgim AV = Py VOYAT
1
= (10° N/m? (—m3j 9 x 107°/°C) (50°C) = 0.05 J
( ) 9107 ( ) ( )
(c) AU = AQ — W = 20000 J — 0.05 J = 19999.95 J

Q18. In a moving coil galvanometer, torque on the coil can be expressed as t = ki, where i is current
through the wire and k is constant. The rectangular coil of the galvanometer having numbers of turns
N, area A and moment of inertia | is placed in magnetic field B. Find
(a) k in terms of given parameters N, I, A and B.
(b) the torsional constant of the spring, if a current iy produces a deflection of ©/2 in the coil.
(c) the maximum angle through which coil is deflected, if charge Q is passed through the coil almost
instantaneously. (Ignore the damping in mechanical oscillations)

Sol. (a) t=iNAB sina
For a moving coil galvanometer o.= 90°
ki = iNAB = k =NAB

(b) t=C8

2i NAB
iNAB = Cr/2 = C = 20

T

(c) Angular impulse = [z. dt = | NABidt = NABQ
= NABQ = log
_NABQ
M &
Using energy of conservation
1 1

2 2
_I(’)O T Ecemax

2
= Omax = (DO\/I =Q NABr
C 2li,
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FIITJEE Solutions to IITJEE-2006
Physics

Time: 2 hours

Note:

Sol.

Sol.

Sol.

The marking Scheme is (+3, —1) for question numbers 1 to 12, (+5, —1) for question numbers 13 to 20,
(+5, =2) for question numbers 21 to 32 and (+6, 0) for question numbers 33 to 40.

Given, |c|1
R, =1Q C,=2uF : :
R, =20 C, = 4uF 1
iR, ©C2
sk
SR,y
[\
I
(n
The time constants (in uS) for the circuits I, II, III are respectively
(A) 18, 8/9, 4 (B) 18, 4, 8/9
(C)4,8/9, 18 (D) 8/9, 18,4
(D)
T, =8/9 uS
T, =18 uS
;=4 uS

Two blocks A and B of masses 2m and m, respectively, are connected by
a massless and inextensible string. The whole system is suspended by a
massless spring as shown in the figure. The magnitudes of acceleration
of A and B, immediately after the string is cut, are respectively

A g g2 B)g/2, g
(OF:9% (D) g/2, g/2

(B) 3mg
ap=g/2 E
aB =8 2mg mg

A point object is placed at a distance of 20 cm from a thin plano-convex lens of focal

length 15 cm, if the plane surface is silvered. The image will form at

(A) 60 cm left of AB (B) 30 cm left of AB g\
(C) 12 cm left of AB (D) 60 cm right of AB 0 om
(C{ 2 1 1
5
v e Ty
2 1 1
15 v 20

= v=-12cm i.e.12 cm left of AB
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Sol.

Sol.

Sol.
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A biconvex lens of focal length f forms a circular image of sun of radius r in focal plane. Then
(A) mr* oc £ (B) mr? < £
(C) if lower half part is covered by black sheet, then area of the image is equal to /2

(D) if fis doubled, intensity will increase

(B)
r=f tan o

Hence, nr* oc 2

Given a sample of Radium-226 having half-life of 4 days. Find the probability, a nucleus disintegrates after
2 half lives.

(A)1 (B) 1/2
© 15 (D) 3/4
(B)

Disintegration of each nuclei is independent of any factor. Hence, each nuclei has same chance of

disintegration.

Graph of position of image vs position of point object

from a convex lens is shown. Then, focal length of the

lens is

(A) 0.50 £ 0.05 cm

(B)0.50£0.10 cm

(C) 5.00 £ 0.05 cm s :
(D) 5.00+£0.10 cm

D)

l=l—l2f:5cm
f v u
fo WV

u+v

Au

—+
u

Af

f

Av
%

N |Au| +|Av|

Juf+[v

Af=0.15 (for f=5cm)

The most appropriate answer is 5.00 £ 0.10 cm

A massless rod is suspended by two identical strings AB and CD of equal
length. A block of mass m is suspended from point O such that BO is

equal to ‘x’. Further, it is observed that the frequency of 1* harmonic
B /& D

—> L
Then, length of BO is X

(A)L/5 (B) 4L/5
(C) 3L/4 (D) L/4

(fundamental frequency) in AB is equal to 2™ harmonic frequency in CD.
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Sol.

Sol.

Sol.

10.

Sol.

11.
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(A) A

1n 11 ' ¢
20\ p \ T, T,
T2:T1/4

For rotational equilibrium, T\x = To(L —x) =>x =L/5

A system of binary stars of masses m, and mg are moving in circular orbits of radii r and rg respectively. If

T, and Ty are the time periods of masses m, and mg respectively, then

3/2
A) A = (B)Ta>Ts (ifra> 1)
Ty Iy
(C) To > Tg (if my > mp) (D) Ta=Tg [+3,-1]
(D)
Gm,mg mArA4Tc2 _ mBrB4rc2
(tp +13)° TA T3

= My = Mpl
TA = TB

v "

A solid sphere of mass M, radius R and having moment of inertia about an axis passing through the centre of
mass as I, is recast into a disc of thickness t, whose moment of inertia about an axis passing through its edge

and perpendicular to its plane remains I. Then, radius of the disc will be

2R 2
(A) Nl (B) R\/g
© % ® = [+3, 1]

NG

(4)
ZMR2 =32
5 2

2R

Ji5

A student performs an experiment for determination of g[z

4n?e
T2

] , ¢ ~ 1m, and he commits an error of A/.

For T he takes the time of n oscillations with the stop watch of least count AT and he commits a human error

of 0.1sec. For which of the following data, the measurement of g will be most accurate?

Al AT n Amplitude of oscillation
(A) 5mm 0.2 sec 10 5 mm
(B) 5mm 0.2 sec 20 5 mm
(C) 5mm 0.1 sec 20 1 mm
(D) 1 mm 0.1 sec 50 1 mm
(D)
The circular divisions of shown screw gauge are 50. It moves 0.5 mm on s
main scale in one rotation. The diameter of the ball is
(A) 2.25 mm (B) 2.20 mm
(C) 1.20 mm (D) 1.25 mm

FIITJ€E Ltd. ICES House, 29-A, Kalu Sarai, Sarvapriya Vihar New Delhi - 16, Ph : 2686 5182, 26965626, 2685 4102, 26515949 Fax : 26513942

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

Sol.

12

Sol.
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©

Zero error = 5 x% =0.05 mm

Actual measurement

=2x0.5 mm+25><%—0.05 mm

=1 mm+ 0.25 mm — 0.05 mm = 1.20 mm

Consider a cylindrical element as shown in the figure. Current flowing A—IB—C
the through element is I and resistivity of material of the cylinder is p. 4; - 1“
- ]

Choose the correct option out the following.
o>

(A) Power loss in first half is four times the power loss in second half.

(B) Voltage drop in first half is twice of voltage drop in second half.

(C) Current density in both halves are equal.

(D) Electric field in both halves is equal.

(B)

Ry A 4
R, A, 1
PR _4
P, I’R, |
Vv, IR, 4
vV, R, 1
Lol

1, 4

More than One Choice may be correct .(+5, —1)

13.

Sol.

14.

Sol.

In the given diagram, a line of force of a particular force field is shown. Out of the
following options, it can never represent
(A) an electrostatic field (B) a magnetostatic field

(C) a gravitational field of a mass at rest (D) an induced electric field

(4), (O

The electrostatic potential (¢,) of a spherical symmetric system, kept at

origin, is shown in the adjacent figure, and given as Or

q
= >R
o ey (r> 0)

-9 <R Ro
¢1’ 4 EO RO (r_ 0)

r ——
Which of the following option(s) is/are correct?

(A) For spherical region r < Ry, total electrostatic energy stored is zero.

(B) Within r = 2R, total charge is q.

(C) There will be no charge anywhere except at r = Ry.

(D) Electric field is discontinuous at r = Ry,

(4), (B), (O), (D)

The potential shown is for charged spherical conductor.
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15.

Sol.

16.

Sol.

17.

Sol.

18.

IT-JEE2006-PH-5

A solid cylinder of mass m and radius r is rolling on a rough inclined plane of inclination 6. The coefficient

of friction between the cylinder and incline is p. Then

(A) frictional force is always pmg cos 6 (B) friction is a dissipative force

(C) by decreasing 0, frictional force decreases (D) friction opposes translation and supports
rotation.

(O, (D)

Function x = A sin? ot + B cos” wt + C sin ot cos ot represents SHM

(A) for any value of A, B and C (except C = 0) (B) if A = —B; C = 2B, amplitude = |BJ§ |
(C)if A =B; C=0 (D)if A= B; C =2B, amplitude = |B|
(A), (B), (D)

x:%(l—cos 20)t)+%(1+cos 2mt)+%sin 20t

ForA=0,B=0

x:g sin 2mt
2

For A=-Band C=2B
x =B cos 2wt + B sin 2wt
Amplitude = |B\/§ |

ForA=B;C=0

X=A,

Hence this is not correct option
ForA=B,C=2B

x =B+ Bsin2mt

It is also represents SHM.

In a dark room with ambient temperature Ty, a black body is kept at a temperature T. Keeping the

temperature of the black body constant (at T), sunrays are allowed to fall on the black body through a hole in

the roof of the dark room. Assuming that there is no change in the ambient temperature of the room, which of

the following statement(s) is/are correct?

(A) The quantity of radiation absorbed by the black body in unit time will increase.

(B) Since emissivity = absorptivity, hence the quantity of radiation emitted by black body in unit time will
increase.

(C) Black body radiates more energy in unit time in the visible spectrum.

(D) The reflected energy in unit time by the black body remains same.

(4), (B), (O), (D)

The graph between 1/A and stopping potential (V) of three metals having v
work functions ¢;, ¢, and ¢3 in an experiment of photo-electric effect is metal | metal 2
plotted as shown in the figure. Which of the following statement(s) is/are metal 3
correct? [Here A is the wavelength of the incident ray].

(A) Ratio of work functions ¢; : ¢, : p;=1:2:4 |0.001 0.0020.004 |5 !
(B) Ratio of work functions ¢; : ¢, : p3=4:2:1

(C) tan 0 is directly proportional to hc/e, where h is Planck’s constant and c is the speed of light.

(D) The violet colour light can eject photoelectrons from metals 2 and 3.
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Sol. (A4), (C)
he
——d=eV
: o
vt ¢
el ¢
For plate 1: plate 2 plate 3
L =0.001 L] =0.002 L] =0.004
he he he
(I)]Z(i)zl(i)} =1:2:4
For plate 2, threshold wavelength
:E: he _ 1000 — 500 nm
¢, 0.002hc 2
For plate 3, threshold wavelength
- he ~ he 1000 —250nm

T3 0.004hc 4

Since violet colour light A is 400 nm, SO Ayjo1er< Anreshold fOr plate 2

So, violet colour light will eject photo-electrons from plate 2 and not from plate 3.

19. An infinite current carrying wire passes through point O and in
perpendicular to the plane containing a current carrying loop ABCD

as shown in the figure. Choose the correct option (s).

(A) Net force on the loop is zero.

(B) Net torque on the loop is zero.

(C) As seen from O, the loop rotates clockwise.

(D) As seen from O, the loop rotates anticlockwise
Sol. (4), (C)

Magnetic force on wire BC would be perpendicular to the plane of the loop along the outward direction and

on wire DA the magnetic force would be along the inward normal, so net force on the wire loop is zero and

torque on the loop would be along the clockwise sense as seen from O.

20. A ball moves over a fixed track as shown in the figure. From
A to B the ball rolls without slipping. Surface BC is
frictionless. K,, K and K¢ are kinetic energies of the ball at
A, B and C, respectively. Then
(A)ha>hc; Kg>Ke
(B)ha>hc; Ke> Ky

ha

T T T A T I A,
B

(C©)hy=h¢; Kg=Kc (D)hy < he; Kg>Ke

Sol. (4), (B), (D)

Ear =mghy + Ky

Ex=Kg

E.=mghc + K¢

Using conservation of energy

Ex=Eg=Ec

Kg> K¢

Kg > K,

Mg(hs —he) + (Ka —Kc) =0
Ke-Ka

jhA—hc= Mg
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*Comprehension -1

The capacitor of capacitance C can be charged (with the help of a resistance R) by a

voltage source V, by closing switch S; while keeping switch S, open. The capacitor can R

be connected in series with an inductor ‘L’ by closing switch S, and opening S;.

21. Initially, the capacitor was uncharged. Now, switch S is closed and S, is kept L
open. If time constant of this circuit is T, then
(A) after time interval t, charge on the capacitor is CV/2
(B) after time interval 21, charge on the capacitor is CV(1—e2)
(C) the work done by the voltage source will be half of the heat dissipated
when the capacitor is fully charged.
(D) after time interval 27, charge on the capacitor is CV(I—¢ ")
Sol. (B)
Q=Qy(l-¢")
Q=CV(l - ¢ after time interval 2.
22. After the capacitor gets fully charged, S, is opened and S, is closed so that the inductor is connected in series

with the capacitor. Then,
(A) at t = 0, energy stored in the circuit is purely in the form of magnetic energy
(B) at any time t > 0, current in the circuit is in the same direction

(C) at t > 0, there is no exchange of energy between the inductor and capacitor

(D) at any time t > 0, instantaneous current in the circuit may V T

Sol. (D)
q=Q cos ot
. dq .
1=—— = Qoo sin ot
m Qo
= iy = CoV = V\/E
L
23. If the total charge stored in the LC circuit is Qy, then for t > 0

(A) the charge on the capacitor is Q = Q, cos [E +;]

2 JLC

I t
B) the charge on the capacitor is Q = cos| ———
B) g p Q=Qq (2 \/Ej
L d’Q
(C) the charge on the capacitor is Q = —LCd—2
t
1 d%Q

(D) the charge on the capacitor is Q = —————

Sol. ©
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A wooden cylinder of diameter 4r, height h and density p/3 is kept on a hole of
diameter 2r of a tank, filled with water of density p as shown in the figure. The

height of the base of cylinder from the base of tank is H.

24.

Sol.

25.

Sol.

26.

Sol.

27.

IT-JEE2006-PH-8

Comprehension-11

If level of liquid starts decreasing slowly when the level of liquid is at a

height h; above the cylinder, the block just starts moving up. Then, value
of h; is

(A) 2h/3 (B) Sh/4
(©) 5h/3 (D) 5h/2
© Py + pg hy)m(2r)*

[Py + pgh; Jx(4r%) + §n4r2hg = [Py + pe(hy +hy)]n(3r%) + Pynr®

h; =5h/3

R

g(P/3)mGrHh Pew (r)>  [Po+ pg(h+hy)m(3r’

Let the cylinder is prevented from moving up, by applying a force and water level is further decreased. Then,

height of water level (h, in figure) for which the cylinder remains in original position without application of

force is

(A) h/3 (B) 4h/9

(C) 2h/3 (D) h

(B) Py g 2ri)m

Pyn(4r®) + %n4r2hg = (Py + pghy)n(3r%) + Pyt

h; =4h/9

(EB)ghnar’y Pm @’ ok )

If height h, of water level is further decreased, then

(A) cylinder will not move up and remains at its original position.
(B) for hy =h/3, cylinder again starts moving up

(C) for hy = h/4, cylinder again starts moving up

(D) for hy =h/5 cylinder again starts moving up

4

For h, <4h/9 cylinder does not moves up

Two waves y; = A cos( 0.5 mx — 100 nt)

and y, = A cos( 0.46 mx — 92 nt) are travelling in a pipe placed along x-axis. Find the number of times
intensity is maximum in time interval of 1 sec.

(A)4 B)6

©)8 D) 10
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Sol. (A)
Ifi—f=4s"
28. Find wave velocity of louder sound
(A) 100 m/s (B) 192 m/s
(C) 200 m/s (D) 96 m/s
Sol. ©
v =v, =200 m/s

29. Find the number of times y;+y,=0atx=0in 1 sec
(A) 100 (B) 46
(©) 192 (D) 96

Sol. (D)
y1TYy2=Acos 100mt + A cos 92nt=0
cos 100nt = —cos 92nt
1007t = (2n + 1) — 92t

@+
192

2

A=ty —ty= ——

+1 — b 192

Questions 30-32 could not be retrieved due to large length of comprehension.

33. There is a rectangular plate of mass M kg of dimensions (a x b). The plate

unit area per unit time. These are striking in the shaded half region of the

is held in horizontal position by striking n small balls each of mass m per / ;Z\
a

plate. The balls are colliding elastically with velocity v. What is v?
Itis givenn=100,M=3 kg, m=0.0l kg;b=2m;a=1m; g=10 m/s’. M/]\
Sol. Torque about hinge side

b

b 3b
ax—n(2 mv)x—=Mg—
3 ( ) 2 g5

2, M0 s
3 2x100x0.01

2 Mg
V=
3 abnm

34. In an insulated vessel, 0.05 kg steam at 373 K and 0.45 kg of ice at 253 K are mixed. Then, find the final
temperature of the mixture.
Given, Liyion = 80 cal/g =336 1/g, Lyaporization = 340 cal/g = 2268 J/g,
Sice =2100 J/kg K = 0.5 cal/gK and Sy, = 4200 J/kg K=1 cal /gK

Sol. 2AQ=0
Heat lost by steam to convert into 0°C water
Hp = 0.05 x 540 + 0.05 x 10 x1
=27+ 5 =32 kcal

Heat required by ice to change into 0°C water

Hg= 0.45 x%x 20+0.45x80 =4.5+ 36.00 = 40.5 kcal

Thus, final temperature of mixture is 0°C.
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35. In hydrogen-like atom (z = 11), n™ line of Lyman series has wavelength A equal to the de-Broglie’s

wavelength of electron in the level from which it originated. What is the value of n?

Sol. LI iz —iz
A oy np
—=R(1)? (l _LJ
I n
p=h_h
p mv
- hr  th2n _ 2nr
mvr nh n
s o2 _ 1(0.529x1071%)n?
n (m)(11)
L 1 = 1 - :1.1x107(11)2(1—izj
A 21(0.529x107 0 (2m)(0.529x107'%)n n
_ 1 oL
(2m)(0.529x1071%)(1.1x 10%)(11) n
n 1 =25
n
n’-1=25n
n’-25n—-1=0
n=25
Hence answer = 24
36. A circular disc with a groove along its diameter is placed horizontally. A S
block of mass 1 kg is placed as shown. The co-efficient of friction )
=25 m/s*
between the block and all surfaces of groove in contact is p = 2/5. The 2 me
disc has an acceleration of 25 m/s®. Find the acceleration of the block
. . cos 0 = 4/5
with respect to disc. «in0=3/5
N in 37°
Sol. N, =mg \ mi]zm
N, =m a sin 37° ; éma cos 37°
abd:macos37 — N, — uN; —10m/s2. :
m P-1E | '___l______
N, & v
mg
37. Heat given to process is positive, match the following option P(atm)
of column I with the corresponding option of column II 30 Fro--=---- J
Column I Column II
(A) JK (P) AW >0 S M
(B) KL (QAQ<0 Y S - "
© LM (R) AW <0 ! !
(D) MJ (S)AQ>0 10 20 V()

Sol. (A)=>(Q), (B)(P), (S), (O—S), (D)= (D), (R)
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38.

Sol.

39

Sol.

40.

Sol.
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Match the following Columns

Column I Column II
(A)  Nuclear fusion (P) Converts some matter into energy
(B)  Nuclear fission (Q) Generally possible for nuclei with low atomic number
(C)  B-decay (R) Generally possible for nuclei with higher atomic number
(D)  Exothermic nuclear reaction (S) Essentially proceeds by weak nuclear forces

(A)—>(P), (), (B)—>(P), (R), (O—XS), (P), (D)—P), (D), (R)

Match the following Columns

Column I Column I1

(A) Dielectric ring uniformly charged (P) Time independent electrostatic field out of system
(B) Dielectric ring uniformly charged rotating | (Q) Magnetic field
with angular velocity o

(C) Constant current in ring i, (R) Induced electric field

(D) i=igcos ot (S) Magnetic moment

(A)>(P), (B)—D), (S), (O—Q), (S), (D)D), (R), (S)

A simple telescope used to view distant objects has eyepiece and objective lens of focal lengths f, and f;,

respectively. Then

Column I Column II
(A) Intensity of light received by lens (P) Radius of aperture (R)
(B) Angular magnification (Q) Dispersion of lens
(C) Length of telescope (R) focal length f, f,
(D) Sharpness of image (S) spherical aberration

(A)—>(P), (B)—R), (O)—>R), (D)~ (P), (D), (S)
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FIITJEE Solutions to

ITTJEE-2007
(Paper-I, Code-7)

Time: 3 hours M. Marks: 243

Note: (i) The question paper consists of 3 parts (Physics, Chemistry and Mathematics). Each part has 4 sections.

(ii) Section I contains 9 multiple choice questions which have only one correct answer. Each question carries +3 marks
each for correct answer and — I mark for each wrong answer.

(iii) Section II contains 4 questions. Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Bubble (A) if both the statements are TRUE and STATEMENT-2 is the correct explanation of STATEMENT-1
Bubble (B) if both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of STATEMENT- 1
Bubble (C) if STATEMENT-1 is TRUE and STATEMENT-2 is FALSE.

Bubble (D) if STATEMENT-1 is FALSE and STATEMENT-2 is TRUE.

carries +3 marks each for correct answer and — 1 mark for each wrong answer.

(iv) Section III contains 2 paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered. Each
question has only one correct answer and carries +4 marks for correct answer and — I mark for wrong answer.

(v) Section IV contains 3 questions. Each question contains statements given in 2 columns. Statements in the first column
have to be matched with statements in the second column and each question carries +6 marks and marks will be awarded if
all the four parts are correctly matched. No marks will be given for any wrong match in any question. There is no negative
marking.

PART- 1 (PHYSICS)
SECTION - I

Straight Objective Type

This section contains 9 multiple choice questions numbered 1 to 9. Each question has 4 choices (A), (B), (C) and (D), out of

which only one is correct.

Sol.

A circuit is connected as shown in the figure with the switch S open. When the 3uF 6uF

switch is closed the total amount of charge that flows from Y to X is

(A)O (B) 54uC

(©)27pC (D) 81 uC S

3Q 6Q
MWW

1
A%

©

27 uC
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Sol.

Sol.

Sol.
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3uF  6pF 3uF 6pF
Ilul X +opc MX +18uC
S
3Q 6Q T
MWW MWW +27 IJ,C
Ay —MWW—MW
1! 30 Y 60
9V { |
9V
Initial charge distribution (when switch S is open) Final charge distribution (when switch S is closed)

A long, hollow conducting cylinder is kept coaxially inside another long, hollow conducting cylinder of larger radius.

Both the cylinders are initially electrically neutral.

(A) A potential difference appears between the two cylinders when a charge density is given to the inner cylinder.

(B) A potential difference appears between the two cylinders when a charge density is given to the outer cylinder.

(C) No potential difference appears between the two cylinders when a uniform line charge is kept along the axis of the
cylinders.

(D) No potential difference appears between the two cylinders when same charge density is given to both the
cylinders.

A)

dV =-E-df

A

2me,r

and E =

where r is distance from the axis of cylindrical charge distribution (r is equal to or greater than radius of cylindrical
charge distribution).

In the options given below, let E denote the rest mass energy of a nucleus and n a neutron. The correct option is

A) E(5°U) > E(Y1)+E(3Y)+2E(M) ®B) E(5°U)<E(L1)+E(3Y)+2E(n)
(©) E(5°U) < E(4Ba)+E(3Kr)+2E(n) (D) E(3°U) = E(%'Ba)+E(3Kr)+2E(n)
A)

Rest mass energy of U will be greater than the rest mass energy of the nucleus in which it breaks (as conservation of
momentum is always followed)

In an experiment to determine the focal length (f) of a concave mirror by the u—v method, a student places the object
pin A on the principal axis at a distance x from the pole P. The student looks at the pin and its inverted image from a
distance keeping his/her eye in line with PA. When the student shifts his/her eye towards left, the image appears to the
right of the object pin. Then,

(Ayx<f (B) f<x<2f
(C)x=2f (D) x > 2f
(B)

Due to parallax

The largest wavelength in the ultraviolet region of the hydrogen spectrum is 122 nm. The smallest wavelength in the
infrared region of the hydrogen spectrum (to the nearest integer) is

(A) 802 nm (B) 823 nm
(C) 1882 nm (D) 1648 nm
(B)

Transition from oo to n = 3 will produce smallest wavelength in infrared region.

A resistance of 2 Q is connected across one gap of a metre-bridge (the length of the wire is 100 cm) and an unknown
resistance, greater than 2Q, is connected across the other gap. When these resistance are interchanged, the balance point
shifts by 20 cm. Neglecting any corrections, the unknown resistance is

A)3Q B)4Q

©OsQ D)6
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Sol. (A) 2 X
2 = ¢ @) B va__l_
x 100/ T
i:£+20 ...(ii) fe— ¢ —%—100-¢
2 80—/

Solving (i) and (ii) x = 3Q

7. A ray of light travelling in water is incident on its surface open to air. The angle of incidence is 6, which is less than the
critical angle. Then there will be
(A) only areflected ray and no refracted ray
(B) only arefracted ray and no reflected ray
(C) areflected ray and a refracted ray and the angle between them would be less than 180° — 20
(D) areflected ray and a refracted ray and the angle between them would be greater than 180° — 20

Sol. ©
{ Refracted ray
: Reflected ray
Incident ray
8. Two particle of mass m each are tied at the ends of a light string of length 2a. The

whole system is kept on a frictionless horizontal surface with the string held tight so
that each mass is at a distance ‘a’ from the center P (as shown in the figure). Now, the
mid-point of the string is pulled vertically upwards with a small but constant force F. As
a result, the particles move towards each other on the surface. The magnitude of
acceleration, when the separation between them becomes 2x is

A) F a ®) F X
2m ([a? —x? 2m /32 —x2
F x F Ja’-x’
© —— ® =
2m a 2m X
Sol. (B)
2Tsin®@=F
T cos 0 =mA
F
2tanQ =—
mA
F X
A=—| ————
2m aZ _ XZ
9. Consider a neutral conducting sphere. A positive point charge is placed outside the sphere. The net charge on the

sphere is then,

(A) negative and distributed uniformly over the surface of the sphere

(B) negative and appears only at the point on the sphere closest to the point charge
(C) negative and distributed non-uniformly over the entire surface of the sphere
(D) zero

Sol. (D)
SECTION - 11

Assertion - Reason Type
This section contains 4 questions numbered 10 to 13. Each question contains STATEMENT-1 (Assertion) and STATEMENT-2
(Reason). Each question has 4 choices (4), (B), (C) and (D) out of which ONLY ONE is correct.
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10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.
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STATEMENT-1
The formula connecting u, v and f for a spherical mirror is valid only for mirrors whose sizes are very small compared
to their radii of curvature.

because

STATEMENT-2

Laws of reflection are strictly valid for plane surfaces, but not for large spherical surfaces.

(A) Statement-1 is True, Statement-2 is True; Statement -2 is a correct explanation for Statement-1.

(B) Statement-1 is True, Statement-2 is True; Statement -2 is NOT a correct explanation for Statement-1.
(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

©

STATEMENT-1
If the accelerating potential in an X-ray tube is increased, the wavelengths of the characteristic X-rays do not change.

because

STATEMENT -2

When an electron beam strikes the target in an X-ray tube, part of the kinetic energy is converted into X-ray energy.
(A) Statement-1 is True, Statement-2 is True; Statement -2 is a correct explanation for Statement-1.

(B) Statement-1 is True, Statement-2 is True; Statement -2 is NOT a correct explanation for Statement-1.

(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

(B)

STATEMENT-1

A block of mass m starts moving on a rough horizontal surface with a velocity v. It stops due to friction between the
block and the surface after moving through a certain distance. The surface is now tilted to an angle of 30° with the
horizontal and the same block is made to go up on the surface with the same initial velocity v. The decrease in the
mechanical energy in the second situation is smaller than that in the first situation.

because

STATEMENT-2

The coefficient of friction between the block and the surface decreases with the increase in the angle of inclination.
(A) Statement -1 is True, Statement-2 is True; Statement-2 is a correct explanation for statement-1.

(B) Statement -1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for statement-1.

(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

©

STATEMENT-1
In an elastic collision between two bodies, the relative speed of the bodies after collision is equal to the relative speed
before the collision.

because

STATEMENT-2

In an elastic collision, the linear momentum of the system is conserved.

(A) Statement -1 is True, Statement-2 is True; Statement -2 is a correct explanation for Statement-1.

(B) Statement -1 is True, Statement-2 is True; Statement -2 is NOT a correct explanation for Statement-1.
(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

(B)
SECTION - III

Linked Comprehension Type

This section contains 2 paragraphs P, ;s and Pj;.19. Based upon each paragraph, 3 multiple choice questions have to be

answered. Each question has 4 choices (4), (B), (C) and (D), out of which ONLY ONE is correct.
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P14_16: Paragraph for Question Nos. 14 to 16

A fixed thermally conducting cylinder has a radius R and height L,. The cylinder is open <— 2R >

at its bottom and has a small hole at its top. A piston of mass M is held at a distance L
from the top surface, as shown in the figure. The atmospheric pressure is Py.

14.

Sol.

15.

Sol.

16.

Sol.

«~>
—

The piston is now pulled out slowly and held at a distance 2L from the top. L,
The pressure in the cylinder between its top and the piston will then be
P
(A) Py B 70
Py Mg Py Mg
2 * nR2 ( P TR2 Piston

©

A

While the piston is at a distance 2L from the top, the hole at the top is sealed. The piston is then released, to a position
where it can stay in equilibrium. In this condition, the distance of the piston from the top is

2P,nR* P,mR* — Mg
*) [nR2P0+Mg](2L) ® [ mR°P, ]QL)

P,nR? + Mg P,nR?
© [ TR P, j(zL) ®) [nRZPO—Mg](ZL)

D)
Mg + P(nR?) = PynR?
Py(2LnR?) = P(x1R?) (P,-V, =P,V, for isothermal process)

x= (PO”RZJ(A)

R *P, — Mg

The piston is taken completely out of the cylinder. The hole at the top is sealed. A
water tank is brought below the cylinder and put in a position so that the water surface
in the tank is at the same level as the top of the cylinder as shown in the figure. The
density of the water is p. In equilibrium, the height H of the water column in the
cylinder satisfies

(A) pg(Lo=H)? + Py(Lo ~ H) + LoPy = 0

(B) pg(Lo-H)’ ~ Py(Lo — H) — LoPy = 0

(©) pg(Lo=H)? + Py(Lo ~ H) = LoPy = 0

(D) pg(Lo~H)* ~ Po(Lo ~ H) + LoPy = 0

©
TR?PoLy = P(L, — H)nR? .0
P =P+ pg(L, — H) )

Solving (i) & (ii), we get the answer.

Py7_19: Paragraph for Question Nos. 17 to 19

Two discs A and B are mounted coaxially on a vertical axle. The discs have moments of inertia 7 and 2/ respectively about the
common axis. Disc A is imparted an initial angular velocity 2 using the entire potential energy of a spring compressed by a
distance x;. Disc B is imparted an angular velocity @ by a spring having the same spring constant and compressed by a distance
x,. Both the discs rotate in the clockwise direction.

17.

Sol.

The ratio of x;/x; is

1
(A) 2 (B) 5

1
© V2 ® =
©

1 1
Ekxlz = 51(20\))2
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1 1
Ekx% = 5(21)(()))2

X

X,
18. When disc B is brought in contact with disc A, they acquire a common angular velocity in time t. The average frictional
torque on one disc by the other during this period is
2l® 91w
A) — B) —
(A) i B) = .
91w 3lo
C) — D) 22
© 4t ®) 2t
Sol. (A)
Applying conservation of angular momentum
I(20)+ 21
L 1(20)+21(0) 4o n
31 3
T
o' =0+—t oL (i
51 (i)
From (1) & (ii), T = 2lo
3t
19. The loss of kinetic energy during the above process is
o’ o’
A) — B) —
) = (B) 3
o’ o’
C) — D) —
© 2 (D) o
Sol. B)
SECTION -1V

Matrix-Match Type
This section contains 3 questions. Each question contains statements given in two columns which have to be matched. Statements
(4, B, C, D) in column I have to be matched with statements (p, q, r, s) in column II. The answers to these questions have to be
appropriately bubbled as illustrated in the following example.
If the correct match are A-p, A-s, B-r, C-p, C-q and D-s, then the correctly bubbled 4 x 4 matrix should be as follows:

®OOOO
OO

®OOO
®OOO

20. Some physical quantities are given in Column I and some possible SI units in which these quantities may be expressed
are given in Column II. Match the physical quantities in Column I with the units in Column II and indicate your
answer by darkening appropriate bubbles in the 4 x 4 matrix given in the ORS.

S O w >

(A) GM, M, (p) (volt) (coulomb) (metre)

G — universal gravitational constant, M, — mass of the earth,

M, — mass of the Sun
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3RT (@) (kilogram) (metre)® (second)
B) V ;R — universal gas constant, T — absolute temperature,

M — molar mass

F? (r) (meter)* (second)™
(C) ——; F — force, q > charge, B — magnetic field
qZBZ
GM (s) (farad) (volt)” (kg)™"

(D) R =, G — universal gravitational constant,

M, — mass of the earth, R, — radius of the earth

Sol. A —>(p) & (q), B =(1r) & (s), C =>(1r) & (5), D —(r) & (s)
21. Some laws/processes are given in Column I. Match these with the physical phenomena given in Column II and
indicate your answer by darkening appropriate bubbles in the 4 x 4 matrix given in the ORS.

(A) Transition between two atomic energy levels (p) Characteristic X-rays
(B) Electron emission from a material (q) Photoelectric effect
(C) Mosley’s law (r) Hydrogen spectrum
(D) Change of photon energy into kinetic energy of electrons (s) P-decay

Sol. A =(p) & (1), B>(q) & (5), C =(p), D >(q)
22. (C)olumn I gives certain situations in which a straight metallic wire of resistance R is used and Column II gives some

resulting effects. Match the statements in Column I with the statements in Column II and indicate your answer by
darkening appropriate bubbles in the 4 x 4 matrix given in the ORS.

(A) A charged capacitor is connected to the ends of the wire (p) A constant current flows through the wire

(B) The wire is moved perpendicular to its length with a constant | (q) Thermal energy is generated in the wire
velocity in a uniform magnetic field perpendicular to the
plane of motion

(C) The wire is placed in a constant electric field that has a | (r) A constant potential difference develops
direction along the length of the wire. between the ends of the wire

(D) A battery of constant emf is connected to the ends of the wire | (s) Charges of constant magnitude appear at
the ends of the wire

Sol. A —(q), B =>(r) & (s), C —>(1) & (s), D =(p), (q) & (1)
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PART- II (CHEMISTRY)
SECTION -1
Straight Objective Type

This section contains 9 multiple choice questions numbered 23 to 31. Each question has 4 choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

23. The number of structural isomers for C¢H,4 is
(A) 3 (B) 4
<€) 5 D) 6
Sol. ©
CeHi4

H,C—CH,—CH,—CH,—CH,—CH; H,C—CH—CH,—CH,—CH,

CH,4
H;C—CH—CH—CH,—CH, H3C—(|IH—CH—CH3 CH,4
CH,4 CH; CH;, H;C—C——CH,——CH,
CH,4
Hence (C) is correct.
In the following reaction,
conc. HNO,
©\ J’J\O conc. II SO, e IS0, X
the structure of the major product ‘X’ is
(A) (B) O,N o
NO,
N N
H H
C D
i ©\ O : /@\ 0
H H
NO
Sol. B)

QO——O

O

AT < > conc. HNO, b | |

O T Q conc. H,S0O, O2N O NH—C
H

Due to presence of lone pair of electron on nitrogen atom, it will activate the ring and it will stabilize
intermediate cation at o and p positions.

Hence (B) is correct.
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25. When 20 g of naphthoic acid (C,;HgO,) is dissolved in 50 g of benzene (K; = 1.72 K kg mol™), a freezing point
depression of 2 K is observed. The van’t Hoff factor (i) is
(A) 0.5 ®B) 1
© 2 D) 3
Sol. A)
AT; = K¢ x molality x i
2:1.72x£xmxi
172 50
i=0.5
Hence (A) is correct.
26. Among the following, the paramagnetic compound is
(A) Na,O, (B) O
(©) N,O (D) KO,
Sol. D)
O%’ = cls’ 6 *1s%,02s* 5 * 257, 02p§, Tc2p)2( = Tc2p§,n * Zpi =n* 2p§

Number of unpaired electrons = 0.
N=N—> O Number of unpaired electrons = 0

® O

0=0 O <«=——> 0—0——> 0  Number of unpaired electrons =0
0, = ols?, o *1s%62s%, 6 * 252, 62p§, n2p,2( = n2p§,n *2p,2( =m* 2p1y

Number of unpaired electrons = 1

Thus O; is paramagnetic.

Hence (D) is correct.

27. The value of log,(K for a reaction A——B is

(Given : A Hjggc =—54.07kJ mol™', A Sjoqc =10JK 'mol 'and R=8.314 JK 'mol™; 2.303x8.314x298 = 5705)

(A) 5 (B) 10
(C) 95 (D) 100
Sol. B)

AG® = AH® — TAS’ = —54.07 x 1000 — 298 x 10 = — 57050 J mol™'
—57050 =-5705 log oK

lOgloK =10

Hence (B) is correct

28. The species having bond order different from that in CO is
(A) NO~ (B) NO*
(C) CN° D) N,
Sol. (A)

NO™ (16 electron system)

Bond order = 2.

NO®, CN™ and N; are isoelectronic with CO therefore all have same bond order (= 3)
Hence (A) is correct.

29. The percentage of p-character in the orbitals forming P—P bonds in P, is
(A) 25 (B) 33
(€) 50 (D) 75

Sol. (D)

P is sp hybridized in P,.
/ P
\P

Hence (D) is correct.

P
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30.

Sol.

31.

Sol.
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Extraction of zinc from zinc blende is achieved by
(A) electrolytic reduction (B) roasting followed by reduction with carbon
(C) roasting followed by reduction with another metal (D) roasting followed by self-reduction

B)
Option (B) is correct.

The reagent(s) for the following conversion,

Br N
\/\Br'H_ H

is/are
(A) alcoholic KOH (B) alcoholic KOH followed by NaNH,
(C) aqueous KOH followed by NaNH, (D) Zn/CH;0H
B)
H2C_CH2 Alc. KOH
| S H,C=CH %, HC=CH
Br Br

Br
Because CH, = CH — Br has partial C — Br double bond character, it requires more stronger base to remove

HBr.
Hence(B) is correct.

SECTION - 11

Assertion-Reason Type

This section contains 4 questions numbered 32 to 35. Each question contains STATEMENT-1 (Assertion) and STATEMENT-2
(Reason). Each question has 4 choices (4), (B), (C) and (D) out of which ONLY ONE is correct.

32.

Sol.

STATEMENT-1: p-Hydroxybenzoic acid has a lower boiling point than o-hydroxybenzoic acid.
because

STATEMENT-2: o-Hydroxybenzoic acid has intramolecular hydrogen bonding.

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1.

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1.
(C) Statement-1 is True, Statement -2 is False.

(D) Statement-1 is False, Statement-2 is True.

(D)
O—H.___ o
//
C—OH
More stabilized by intramolecular hydrogen bonding
H O
oo | —
More stronger intermolecular forces increases the boiling point.
c—o0 (o]
| i
O H

Hence (D) is correct.
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33. STATEMENT-1: Micelles are formed by surfactant molecules above the critical micellar concentration (CMC).
because
STATEMENT-2: The conductivity of a solution having surfactant molecules decreases sharply at the CMC.
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1.
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1.
(C) Statement-1 is True, Statement-2 is False.
(D) Statement-1 is False, Statement-2 is True.
Sol. B)
The formation of micelles takes places only above a particular temperature called Kraft temperature (Ty) and above a
particular concentration called critical micelle concentration (CMC).
Each micelle contains at least 100 molecules. Therefore conductivity of the solution decreases sharply at the CMC.
Hence (B) is correct.

34. STATEMENT-1: Boron always forms covalent bond.
because
STATEMENT-2: The small size of B** favours formation of covalent bond.
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1.
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1.
(C) Statement-1 is True, Statement-2 is True.
(D) Statement-1 is False, Statement-2 is True.
Sol. A)
According to Fajan’s rule small cations having high charge density always have tendency to form covalent bond.
Hence (A) is correct

35. STATEMENT-1: In water, orthoboric acid behaves as a weak monobasic acid.
because
STATEMENT-2: In water, orthoboric acid acts as a proton donor.
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1.
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1.
(C) Statement-1is True, Statement-2 is False.
(D) Statement-1 is False, Statement-2 is True.

Sol. ©
H;BO; (orthoboric acid) is a weak lewis acid.

H;BO, + H,0==B(OH), + H®

It does not donate proton rather it acceptors OH™ form water.
Hence (C) is correct

SECTION - 111
Linked Comprehension Type

This section contains 2 paragraphs Css.zs and Cse.y. Based upon each paragraph, 3 multiple choice questions have to be
answered. Each question has 4 choices (4), (B), (C) and (D), out of which ONLY ONE is correct.

Cj6.33 : Paragraph for question Nos 36 to 38

Chemical reactions involve interaction of atoms and molecules. A large number of atoms/molecules (approximately 6.023 x 10%)
are present in a few grams of any chemical compound varying with their atomic/molecular masses. To handle such large numbers
conveniently, the mole concept was introduced. This concept has implications in diverse areas such as analytical chemistry,
biochemistry, electrochemistry and radiochemistry. The following example illustrates a typical case, involving
chemical/electrochemical reaction, which requires a clear understanding of the mole concept.

A 4.0 molar aqueous solution of NaCl is prepared and 500 mL of this solution is electrolysed. This leads to the evolution of
chlorine gas at one of the electrodes (atomic mass: Na =23, Hg = 200; 1 Faraday=96500 coulombs)

36. The total number of moles of chlorine gas evolved is
(A) 0.5 B) 1.0
©) 2.0 (D) 3.0
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Sol.

37.

Sol.

38.

Sol.

The noble gases have closed-shell electronic configuration and are monoatomic gases under normal conditions. The low boiling
points of the lighter noble gases are due to weak dispersion forces between the atoms and the absence of other interatomic
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B)

NaCl——>Na* +CI”
At anode:
2CI'——Cl,

Moles of CI" =2 in 500 ml.
Therefore 1 mole of Cl, evolves.
Hence (B) is correct.

If the cathode is a Hg electrode, the maximum weight (g) of amalgam formed from this solution is

(A) 200 (B) 225
(C) 400 (D) 446
(D)

Na — Hg (amalgam) formed = 2 moles at cathode.
Hence (D) is correct.

The total charge (coulombs) required for complete electrolysis is
(A) 24125 (B) 48250
(C) 96500 (D) 193000

(D)

2 moles of electrons (2 Faraday) are required.
1F = 96500

2F =193000

Hence (D) is correct.

Cj39.41: Paragraph for Question Nos. 39 to 41

interactions.

The direct reaction of xenon with fluorine leads to a series of compounds with oxidation numbers +2, +4 and +6. XeF, reacts
violently with water to give XeO;. The compounds of xenon exhibit rich stereochemistry and their geometries can be deduced

considering the total number of electron pairs in the valence shell.

39.

Sol.

40.

Sol.

41.

Sol.

Argon is used in arc welding because of its

(A) low reactivity with metal (B) ability to lower the melting point of metal
(C) flammability (D) high calorific value
A)

Argon is used mainly to provide an inert atmosphere in high temperature metallurgical (arc welding of metals/alloys)

extraction.
Hence (A) is correct.

The structure of XeOj is

(A) linear (B) planar
(C) pyramidal (D) T-shaped
© ..
Xe
0= | o

sp° hybridized pyramidal structure.
Hence (C) is correct.

XeF, and XeF; are expected to be

(A) oxidizing (B) reducing
(C) unreactive (D) strongly basic
(A)

6XeF, +12H,0——4Xe + 2XeO, + 24HF + 30,
XeF +3H,0—— XeO; + 6HF

Hence (A) is correct.
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SECTION -1V

Matrix-Match Type

This section contains 3 questions. Each question contains statements given in two columns which have to be matched. Statements
(4, B, C, D) in Column-I have to be matched with statements (p, q, r, s) in Column-II. The answers to these questions have to be
appropriately bubbled as illustrated in the following example.

If the correct matches are A-p, A-s, B-q, B-r, C-p, C-q and D-s, then the correctly bubbled 4 x 4 matrix should be as follows:

S aw »

P qg r s

OJOIGIO.
®OOO®
@OOO
OIOIGIO,

42.

appropriate bubbles of the 4 x 4 matrix given in the ORS.
Column-I

(A)
(B)
©
(D)
A->

(A)

Sol.

®)

©

Pt(NH;),Cl,]
Co(H,0)5Cl1]Cl1
Ni(H,0),]Cl,
p,q,s B— p,r,s

— e

OH,
\ /
Co
H3N/‘ \NH3

OH,

NH,

H;N

(trans)

Co(NH3)4(H,0),]Cl,

C->q,s

2+

Co?" = 3d’ (Paramagnetic)
[Pt(NH3),Cl,] is square planar.

(cis)

Pt?" =5d%s" (diamagnetic)

OH,

OH
H,0 2
>
H,0 ‘ OH,
cl

+

Co* =3d’

(paramagnetic)

D—>q,s

Match the complexes in Column-I with their properties listed in Column-II. Indicate your answer by darkening the

Column-II
(p) geometrical isomers
(qQ) paramagnetic
(r)  diamagnetic
(s)  metal ion with +2 oxidation state
NH,
OH
H,0 / 2
>CO\
H,N ‘ NH,
OH,
(cis)
Cl
H;N
3 \2+/
Pt\
Cl NH;
(trans)
D
® .
OH,
OH
H,O 2
\ /
/Co\
H,0 ‘ OH,
| OH, _
Ni*"=3d® (weak field ligand, paramagnetic)
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43. Match gases under specified conditions listed in Column-I with their properties/laws in Column-II. Indicate your
answer by darkening the appropriate bubsbles of the 4 x 4 matrix given in the ORS.
Column-I Column-II
(A) hydrogen gas (P =200 atm, T = 273K) (p)  compressibility factor = 1
(B) hydrogen gas (P ~ 0, T = 273K) (q) attractive forces are dominant
(C) CO,(P=1atm, T=273K) (ry PV=nRT

(D) real gas with very large molar volume (s) P(V-nb)=nRT
Sol. A->p,s B-or C->p,q D-p,s

PV .
(A) 2= RTm at high pressure and low temperature.

2
Equation [P + T;ZJ(V —nb) =nRT reduces to P(V —nb) =nRT.
(B) For hydrogen gas value of Z =1 at P = 0 and it increase continuously on increasing pressure.

(C) CO, molecules have larger attractive forces, under normal conditions.

D) 2= % , at very large molar volume Z # 1.

44. Match the chemical substances in Column-I with type of polymers/type of bonds in Column-II. Indicate your answer by
darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS.
Column-I Column-II
(A) cellulose (p) natural polymer
(B) nylon-6, 6 (qQ)  synthetic polymer
(C) protein (r)  amide linkage
(D) sucrose (s)  glycoside linkage
Sol. A->p,s, B>qr; Cop,r D-os

(A)  Cellulose

OO0

(Glycoside linkage)
(B) Nylon6,6
H

O
| I
C

(Amide linakge)
(C)  Protein
H O
R H | |
\C/ N C
N N >< N
e N
H o H
(Amide linkage)

(D)  Sucrose
CH,OH

H O H
H
OH H O._ CH,OH
0 0 OH H
H OH H
H OH
(Glycoside linkage)
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PART III (MATHEMATICS)
SECTION -1

Straight Objective Type

This section contains 9 multiple choice questions numbered 45 to 53. Each question has 4 choices (4), (B), (C) and (D), out of
which ONLY ONE is correct.

45.

Sol.

46.

Sol.

47.

A hyperbola, having the transverse axis of length 2 sin6, is confocal with the ellipse 3x* + 4y* = 12. Then its equation is

(A) x* cosec’® — y? sec’0 = 1 (B) x* sec?0 — y* cosec?0 = 1
(C) x*sin®0 —y* cos?0 =1 (D) x* cos’0 — y*sin®® =1
(A)

2 2

The given ellipse is XT + y? =1

—a=2b=+3 = 3=4(1-¢) =e= %

so that ae = 1

Hence the eccentricity e;, of the hyperbola is given by
1 =¢;sin® = e; = cosecO

= b’ = sin’6(cosec’® — 1) = cos’®

2 2
X y

sin’0  cos?0

Hence the hyperbola is =1 or x*cosec’® —y%sec’0 =1

The tangent to the curve y = ¢* drawn at the point (c, ¢°) intersects the line joining the points (¢ — 1, ¢") and
(et 1,

(A) on the left of x=c (B) on the right of x =¢
(C) at no point (D) at all points
A) B
Slope of the line joining the points (c — 1, ¢~ ") and (c + 1, ¢ ") is equal Y
ec-i—l _ ecfl
to ———— >e°
2
= tangent to the curve y = ¢* will intersect the given line to the left of the A
linex =c. % (c, €
Alternative X
The equation of the tangent to the curve y = ¢* at (c, €°) is 0
y—e’=e(x—c¢) (D)
Equation of the line joining the given points is
c -1
y—eH:@[x—(c—l)] Q)

Eliminating y from (1) and (2), we get

x—(c—-D]2-(—-ec]=2¢"
et+e' -2

or x—c=——--<0 =>x<c.
2—(e—¢e)

= the line (1) and (2) meet on the left of the line x = c.

A man walks a distance of 3 units from the origin towards the north-east (N 45° E) direction. From there, he walks a
distance of 4 units towards the north-west (N 45° W) direction to reach a point P. Then the position of P in the Argand
plane is

(A) 3e™* +4i (B) (3 —4i) ™

(C) (4+3i)e™ (D) (3 +4i) ™
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Sol. (D) P y
Let OA = 3, so that the complex number 4
associated with A is 3e™*, 3e™4
If z is the complex number associated with P, 3 A
then ﬂ _ ie—inn _ 4 <n/4 N
0— 3e1n/4 3 3 O
= 3z —9¢™* = 12ie'™*

=z=(3+4i)e™

48. Let f(x) be differentiable on the interval (0, o) such that f(1) = 1, and
() —x* (1)
lim—————=1
t—x t—X
for each x > 0. Then f(x) is
1 2x? 1 4x?
A) —+— B) —+—
(&) 3x 3 ®) 3x 3
1 2 1
©) ——+= D) —
X X X
Sol. (A)

i 3£ (x) - x (1) _

t—x t—X

= xX*f(x) - 2xf(x) +1=0

1

= f(x)=cx’+ L aiso f1)=1
3x

=c=—.
3

Hence f(x) = gx2 + 1 .
3 3x

49. The number of solutions of the pair of equations
25in°0 — cos20 = 0
2 cos’0 — 3 sind =0
in the interval [0, 27] is

(A) zero (B) one
(©) two (D) four
Sol. ©
2sin’0 — c0s20 = 0 = sin’0 = i
also 2c0s”0 = 3sind = sin® = %
= two solutions in [0, 27].
50. Let o, B be the roots of the equation x*—px+ r=0 and %, 2B be the roots of the equation x* — gx + r = 0. Then the
value of ris
2 2
(&) 5(p-a)(2a-p) ®) S(a-p)(2p-a)
2 2
© 5(a=2p)(2a-p) (D) 5(2p-a)(2a-p)
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Sol. D)
The equation x* — px + r = 0 has roots (c, ) and the equation

x? — qx + 1= 0 has roots (%,2[3).

=>r=of anda+B:pand%+2B=q

2q3— P oand q=23P-0

= B= 3

:aﬁ=r=§ Qq-p) @p - ).

51. The number of distinct real values of A, for which the vectors — A%1 + j +k, i-22 j +k and i +:i — 22k are
coplanar, is
(A) zero (B) one
(C) two (D) three
Sol. ©
S |
1 22 1[=0=1°-32-2=0
| R

S(1+2PW-2)=0=h=% 2.

52. One Indian and four American men and their wives are to be seated randomly around a circular table. Then the
conditional probability that the Indian man is seated adjacent to his wife given that each American man is seated
adjacent to his wife is

(A) 12 B) 113
©) 2/5 (D) 1/5
Sol.  (C)

Let E = event when each American man is seated adjacent to his wife
A = event when Indian man is seated adjacent to his wife

Now, n(A N E) = (4!) x (2!)°

Even when each American man is seated adjacent to his wife

Again n(E) = (5!) x 21)*

- P(éj _n(ANE) _(4hx @ _2

E n(E)  (GHx2)* 5

Alternative
Fixing four American couples and one Indian man in between any two couples; we have 5 different ways in which his
wife can be seated, of which 2 cases are favorable.

2
.. required probability = 5

2
sec” X

I £(t) dt
53. lin}(zi2 equals
X—— XZ_L
16

(A) §f(z) (B) Ef(z)
T T

©) gf(lj (D) 4(2)
n \2
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Sol. (A)

SeCZ X

j f(t)dt

lim 272 (9 formj
P 2 T 0
4 X

16

2
f(sec” x)2secx secx tan X

m

2x

Let L=1i
x>
4

L2 _8i2)

n/4 b

SECTION 11
Assertion — Reason Type

This section contains 4 questions numbered 54 to 57. Each question contains STATEMENT — 1 (Assertion) and STATEMENT -2
(Reason). Each question has 4 choices (4), (B), (C) and (D) out of which ONLY ONE is correct.

54. Let the vectors PQ, QR, RS, ST, TU and UP represent the sides of a regular hexagon.

STATEMENT -1 : PQx(RS+ST) 0.
because

STATEMENT -2 : PQxRS=0 and PQxST #0.

(A) Statement -1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False

(D) Statement -1 is False, Statement -2 is True

Sol. ©) T S
Since F(j M]"ﬁ “* TR is resultant of SR and ST vector.
= PQx (R§ + §T) 0. U R

But for statement 2, we have ﬁé xRS=0
which is not possible as W} MfS .
Hence, statement 1 is true and statement 2 is false.

55. Let F(x) be an indefinite integral of sin’x.

STATEMENT -1 : The function F(x) satisfies F(x + ) = F(x) for all real x.
because

STATEMENT -2 : sin’(x + 1) = sin’x for all real x.

(A) Statement -1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False

(D) Statement -1 is False, Statement -2 is True

Sol. D)
RO = [sin xax = [0 2

= F®Xx)= % (2x — sin2x) + c.

Since, F(x + 7) # F(x).
Hence statement 1 is false.
But statement 2 is true as sin’x is periodic with period .
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56. Let Hy, H,, ..., H, be mutually exclusive and exhaustive events with P(H;) > 0,i=1, 2, ..., n. Let E be any other event
with 0 <P(E)<1.

STATEMENT -1: P(H; | E) > P(E | H;) . P(H;) fori=1,2, ...,n
because
n
STATEMENT -2: » P(H;)=1
i=1
(A) Statement -1 is True, Statement -2 is true; Statement-2 is a correct explanation for Statement-1
(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1

(C) Statement -1 is True, Statement -2 is False
(D) Statement -1 is False, Statement -2 is True

Sol. (D)

Statement : 1
If P(H; n E) = 0 for some i, then P(%) = P(] =0

IfPH;NE)=0forVi=1,2...n,then
P(ij_ P(H; ﬁE)X P(H;)

E P(H,) P(E)
p[Ej X P(H,)
:Hi7>P E -P(H,) [as 0 <P(E) <1]
P(E) H, ‘

Hence statement 1 may not always be true.
Statement : 2

Clearly H{U H, ... UH, =S (sample space)
= P(H,) +P(Hy) + ... + P(H,) = 1.

57. Tangents are drawn from the point (17, 7) to the circle x* + y* = 169.

STATEMENT -1 : The tangents are mutually perpendicular.
because

STATEMENT -2 : The locus of the points from which mutually perpendicular tangents can be drawn to the given
circle is x* + y* = 338
(A) Statement -1 is True, Statement -2 is true; Statement-2 is a correct explanation for Statement-1
(B) Statement -1 is True, Statement -2 is true; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False
(D) Statement -1 is False, Statement -2 is True
Sol. A)
Since the tangents are perpendicular = locus of perpendicular tangents to circle
x?+y* =169 is a director circle having equation x> + y* = 338.

SECTION - 111
Linked Comprehension Type

This section contains 2 paragraphs Mss_gy) and My, 3. Based upon each paragraph, 3 multiple choice questions have to be
answered. Each question has 4 choice (4), (B), (C) and (D), out of which ONLY ONE is correct.

Msg 6o : Paragraph for question Nos. 58 to 60

Consider the circle x> +y* = 9 and the parabola y* = 8x. They intersect at P and Q in the first and the fourth quadrants,
respectively. Tangents to the circle at P and Q intersect the x-axis at R and tangents to the parabola at P and Q intersect the x-axis

at S.

58. The ratio of the areas of the triangles PQS and PQR is
(A)1:+2 B) 1:2
©1:4 (D) 1:8
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Sol. (©)

Coordinates of P and Q are (1, + 2\/5) and (1, - 2\/5) .
Area of APQR = %-4«/§~8=16\/§ @—)

1 S (1 0),

Area of APQS = 5 . 4x/§ 2= 4\/5 Gol (Lo 2
Ratio of area of triangle PQS and PQR is 1 : 4.
%

22)
59. The radius of the circumcircle of the triangle PRS is
(A) 5 (B)3+3
©) 342 (D) 243
Sol. (B)

Equation of circumcircle of APRS is (x + 1) (x = 9) + y2 +Ay=0
It will pass through (1,2v2), then =16+ 8 + 1. 24/2 =0

8
:ﬁZZﬁ

Equation of circumcircle is x> + y* — 8x + zﬁy -9=0.

Hence its radius is 3\/5 .
Alternative
Let Z/PSR=160

. 22
= sinf=—+=

23

= PR =62 =2R-sinf = R=33.
60. The radius of the incircle of the triangle PQR is

(A)4 B) 3
(C) 8/3 (D) 2

Sol. (D)
. L. . A
Radius of incircle is r=—

S
as A=16y2
:6ﬁ+6ﬁ+4ﬁ:8ﬁ
2
162
T2

Mg;—63 : Paragraph for Question Nos. 61 to 63

Let V, denote the sum of the first r terms of an arithmetic progression (A.P.) whose first term is r and the common difference is
(2r—1). Let
T,=V.1—V,—2and Q, =T, —T,for r=1,2, ...

61. The sum V; + V, + ... + V,is
(A) én(n+l)(3n2—n+l) (B) %n(n+l)(3n2+n+2)
(©) %n(2n2—n+1) (D) %(2n3—2n+3)
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62.

Sol.

63.

Sol.
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(B)

Vem J[r+ G- DEr- D= @0+

N | —

DV, :%n(n + 13’ +n+2).

T, is always

(A) an odd number (B) an even number

(C) aprime number (D) a composite number
D)

Vi - Vi= @+ 17 - - %[(r-&- 1P+ %(1)

=3 +2r+1

T,=3%+2r—1=(+ 1)@r-1)
which is a composite number.

Which one of the following is a correct statement?

(A) Q1,Qa, Qs, ... are in A.P. with common difference 5
B) Q1, Qy, Qs, ... are in A.P. with common difference 6
(C) Q1,Qy, Qs, ... are in A.P. with common difference 11

(D) Q=Q=0Q;5=...
(B)
T,=3%+2r—1

T =3+ 1Y +20c+ 1)1
Q=T Ty =3[2r+ 1]+ 2[1]
Q=6r+5

Qr+l :6(r+ 1)+5

Common difference = Q,,; — Q, = 6.

SECTION -1V
Matrix-Match Type

This section contains 3 questions. Each question contains statements given in two columns which have to be matched. Statements
(4, B, C, D) in Column I have to be matched with statements (p, q, r, s) in Column II. The answers to these questions have to be

appropriately bubbled as illustrated in the following example.

If'the correct matches are A—p, A—s, B—q, B—+, C-p, C—q and D-s, then the correctly bubbled 4 x 4 matrix should be as follows:

c aw »

®ee
®©eee

G0
®®
GJ0,
OIO)

64.

Consider the following linear equations
axtby+cz=0
bx+cy+az=0
cx+ay+bz=0

Match the conditions / expressions in Column I with statements in Column II and indicate your answers by darkening
the appropriate bubbles in 4 x 4 matrix given in the ORS.

Column 1

Column I1

(A) at+b+c#0anda’+b*+c*=ab+bc+ca

(p) the equations represent planes meeting only at a single
point.

(B) at+b+c=0anda’+b>+c?=ab+bc+ca

(q) the equations represent the line x =y = z.

(C) a+b+c#0anda’+b*+c’#ab+bc+ca

(r) the equations represent identical planes.

(D) at+b+c=0anda’+b>+c*=ab+bc+ca

(s) the equations represent the whole of the three dimensional
space.

FIITJEE Ltd. ICES House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi - 110016, Ph : 26515949, 26569493, Fax : 26513942

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IIT-JEE2007-PAPER-I-22

Sol. A-r B-q C-p D-s

a b ¢ |
A=b ¢ a|=-—(a+b+c)(a—b)*+(b-c)*+(c—a)]
c a b 2
(A). Ifa+b+c=0anda’+b’+c?=ab+bc+ca
=A=0anda=b=c=#0
= the equations represent identical planes.
(B). a+tb+c=0anda’+b*+c’#ab+bc+ca
= A =0 = the equations have infinitely many solutions.
ax +tby=(a+Db)z
bx+cy=(b+c)z
=B -ac)y=(b’-ac)z=>y=z
= axtbytcy=0=ax=ay=>x=y=z
©). a+b+c=0anda’+b>+c’#ab+be+ca
= A # 0 = the equation represent planes meeting at only one point.
(D). a+tb+c=0anda’+b*+c’=ab+bctca=a=b=c=0
= the equation represent whole of the three dimensional space.
65. Match the integrals in Column I with the values in Column II and indicate your answer by darkening the appropriate
bubbles in the 4 x 4 matrix given in the ORS.
Column I Column 11
1
dx 1 (2)
Zlog| £
(A) _I,1+x2 ) log| 3
1
dx 2
(B) (@ 2log[fj
6[ V1-x? 3
3
dx T T
© [= © 3
2
2
dx n
D) [—— © 3
IJ- xvVx? -1 2
Sol. A-s B-s C-p D-r
dx b
A). =—
*) Jl 1+x* 2
dx b
(B). ===
0 1-x 2
Tdxo 1,2
O). ——=—In=
© ZI 1-x> 23
2
dx b
®).  [—=—=3
1 xVx~—1 3
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66. In the following [x] denotes the greatest integer less than or equal to x.
Match the functions in Column I with the properties Column II and indicate your answer by darkening the appropriate
bubbles in the 4 x 4 matrix given in the ORS.

Column I Column II

(A) x x| (p) continuous in (-1, 1)

(B) \/m (q) differentiable in (-1, 1)

(€) x+[x] (r)  strictly increasing in (=1, 1)

D) x-1]+x+1] (s) not differentiable at least at one point in (=1, 1)

Sol. A-p,q,r B-p,s C-r,s D-p,q

(A). x[x| is continuous, differentiable and strictly increasing in (— 1, 1).
(B). \/m is continuous in (— 1, 1) and not differentiable at x = 0.
©). X + [x] is strictly increasing in (— 1, 1) and discontinuous at x = 0 = not differentiable at x = 0.
(D). x—1|+x+1=2in(-1,1)

= the function is continuous and differentiable in (— 1, 1).
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FIITJEE Solutions to

ITTJEE-2007
(Paper-II, Code-8)

Time: 3 hours M. Marks: 243

Note: (i) The question paper consists of 3 parts (Physics, Chemistry and Mathematics). Each part has 4 sections.

(ii) Section I contains 9 multiple choice questions which have only one correct answer. Each question carries +3 marks
each for correct answer and — I mark for each wrong answer.

(iii) Section II contains 4 questions. Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Bubble (A) if both the statements are TRUE and STATEMENT-2 is the correct explanation of STATEMENT-1
Bubble (B) if both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of STATEMENT- 1
Bubble (C) if STATEMENT-1 is TRUE and STATEMENT-2 is FALSE.

Bubble (D) if STATEMENT-1 is FALSE and STATEMENT-2 is TRUE.

carries +3 marks each for correct answer and — 1 mark for each wrong answer.

(iv) Section III contains 2 paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered. Each
question has only one correct answer and carries +4 marks for correct answer and — 1 mark for wrong answer.

(v) Section 1V contains 3 questions. Each question contains statements given in 2 columns. Statements in the first column
have to be matched with statements in the second column and each question carries +6 marks and marks will be awarded if
all the four parts are correctly matched. No marks will be given for any wrong match in any question. There is no negative
marking.

PART-1

SECTION -1

Straight Objective Type

This section contains 9 multiple choice questions numbered 1 to 9. Each question has 4 choices (4), (B), (C) and (D), out of
which ONLY ONE is correct.

Sol.

A spherical portion has been removed from a solid sphere having a charge distributed
uniformly in its volume as shown in the figure. The electric field inside the emptied

space is

(A) zero everywhere (B) non-zero and uniform
(C) non-uniform (D) zero only at its center
B)
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Sol.
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2a

A magnetic field B= Boj exists in the region a < x < 2a and By
B= —Boj , in the region 2a < x < 3a, where By is a positive constant. A
positive point charge moving with a velocity V= Voi, where vy is a 0
positive constant, enters the magnetic field at x = a. The trajectory of the
charge in this region can be like, -B,
(A z 4 B) z 4
] ] ! > 5} | za |
| I I v I I I v
a 2a 3a X \ X
v \4
©) z 4 D) z 4
}/=\4 , a : 2a
a 2a 32 X
v v
A)
fora<x<2a path will be concave upward
2a<x<3a path will be concave downward

A small object of uniform density rolls up a curved surface with an initial velocity v.
2

It reaches up to a maximum height of 4— with respect to the initial position. The
g

object is

(A) ring (B) solid sphere
(C) hollow sphere (D) disc

D)

1, 1 vY 3v?
—mv +=1 | —| =mg| —
2 2 R 4g

Hence I, :%mR2

3a X

Electrons with de-Broglie wavelength A fall on the target in an X-ray tube. The cut-off wavelength of the emitted X-

rays is
2mc) 2h
(A) &y = B) kg =—
h mc
2m’c*A’
(C) 7\.0 :T (D) }\.0 :}\.
A)
2
S RV
N2m(eV) 2mA
. _he
eV
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A student performs an experiment to determine the Young’s modulus of a wire, exactly 2 m long, by Searle’s method.
In a particular reading, the student measures the extension in the length of the wire to be 0.8 mm with an uncertainty of
+0.05 mm at a load of exactly 1.0 kg. The student also measures the diameter of the wire to be 0.4 mm with an
uncertainty of £0.01 mm. Take g = 9.8 m/s? (exact). The Young’s modulus obtained from the reading is

(A) (2.0£0.3) x 10" N/m? (B) (2.0 £0.2) x 10" N/m?
(C) (2.0£0.1) x 10" N/m? (D) (2.0 £ 0.05) x 10" N/m?
(B)
_ 4F¢
nd>Al

AY 2AD A(L)
— =+ —2=0.1125

Y D AL

AY =2 x 10" x 0.1125

a -a
Positive and negative point charges of equal magnitude are kept at (0, 0, 5] and (O, 0, 7) , respectively. The work

done by the electric field when another positive point charge is moved from (—a, 0, 0) to (0, a, 0) is
(A) positive

(B) negative
(C) zero
(D) depends on the path connecting the initial and final positions
© y

B 1 (0,2, 0)

'_q
A Az
(_a’ 09 0) Az X
+q

In the experiment to determine the speed of sound using a resonance column,

(A) prongs of the tuning fork are kept in a vertical plane

(B) prongs of the tuning fork are kept in a horizontal plane

(C) in one of the two resonances observed, the length of the resonating air column is close to the wavelength of sound
in air

(D) in one of the two resonances observed, the length of the resonating air column is close to half of the wavelength of
sound in air

A

Water is filled up to a height h in a beaker of radius R as shown in the figure. The
density of water is p, the surface tension of water is T and the atmospheric pressure is
Py. Consider a vertical section ABCD of the water column through a diameter of the
beaker. The force on water on one side of this section by water on the other side of
this section has magnitude

(A) |2P0Rh +nR*pgh— 2RT|
(B) |2P0Rh +Rpgh® — 2RT|

(©) |P0nR2 +Rpgh® - 2RT|
(D) [P,7R” + Rpgh® + 2RT|
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Sol. (B) TR

h
j(P0 +pgx)2Rdx —2RT = F
0

2P Rh + Rpgh> - 2RT =F dx

(Po+pgx)2Rdx X '

9. A particle moves in the X-Y plane under the influence of a force such that its linear momentum 1is

p(tHy=A [I cos(kt) — 3 sin(kt):| , where A and k are constants. The angle between the force and the momentum is

(A) 0° (B) 30°

(C) 45° (D) 90°
Sol. (D)

F= ‘3—1: = AK [-i sin(kt)— cos(kt)]

F-P=0

SECTION - 11
Assertion - Reason Type

This section contains 4 questions numbered 10 to 13. Each question contains STATEMENT-1 (Assertion) and STATEMENT-2
(Reason). Each question has 4 choices (4), (B), (C) and (D) out of which ONLY ONE is correct.

10. STATEMENT-1 < >

A vertical iron rod has a coil of wire wound over it at the bottom end.
An alternating current flows in the coil. The rod goes through a
conducting ring as shown in the figure. The ring can float at a certain
height above the coil.

Because
STATEMENT-2

In the above situation, a current is induced in the ring which interacts with the horizontal component of the magnetic
field to produce an average force in the upward direction.

(A) Statement -1 is True, Statement-2 is True; Statement -2 is a correct explanation for Statement-1.

(B) Statement -1 is True, Statement-2 is True; Statement -2 is NOT a correct explanation for Statement-1.

(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

Sol. (A)

11. STATEMENT-1
If there is no external torque on a body about its center of mass, then the velocity of the center of mass remains
constant.
because

STATEMENT-2

The linear momentum of an isolated system remains constant.
(A) Statement -1 is True, Statement-2 is True; Statement -2 is a correct explanation for Statement-1.
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(B) Statement -1 is True, Statement-2 is True; Statement -2 is NOT a correct explanation for Statement-1.
(C) Statement -1 is True, Statement-2 is False.
(D) Statement -1 is False, Statement-2 is True.

Sol. (D)

12. STATEMENT-1
The total translational kinetic energy of all the molecules of a given mass of an ideal gas is 1.5 times the product of its
pressure and its volume.

because

STATEMENT-2

The molecules of a gas collide with each other and the velocities of the molecules change due to the collision.
(A) Statement -1 is True, Statement-2 is True; Statement -2 is a correct explanation for Statement-1.

(B) Statement -1 is True, Statement-2 is True; Statement -2 is NOT a correct explanation for Statement-1.
(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

Sol. (B)
13. STATEMENT-1
A cloth covers a table. Some dishes are kept on it. The cloth can be pulled out without dislodging the dishes from the
table.
because

STATEMENT-2

For every action there is an equal and opposite reaction.

(A) Statement -1 is True, Statement-2 is True; Statement -2 is a correct explanation for Statement-1.

(B) Statement -1 is True, Statement-2 is True; Statement -2 is NOT a correct explanation for Statement-1.
(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

Sol. (B)

SECTION - 111
Linked Comprehension Type

This section contains 2 paragraphs P,;s and P;;;9. Based upon each paragraph, 3 multiple choice questions have to be

answered. Each question has 4 choices (4), (B), (C) and (D), out of which ONLY ONE is correct.

P14_16: Paragraph for Question Nos. 14 to 16

The figure shows a surface XY separating two transparent media, medium b d
— 1 and medium -2. The lines ab and cd represent wavefronts of a light

wave travelling in medium-1 and incident on XY. The lines ef and gh

represent wavefronts of the light wave in medium-2 after refraction.

Medium-1
a’ c
X T Y

h

Medium-2
e
g
14. Light travels as a
(A) parallel beam in each medium (B) convergent beam in each medium
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15.

Sol.

16.

Sol.
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(C) divergent beam in each medium (D) divergent beam in one medium and convergent beam

in the other medium.

b
A) .
:
o
L' Medium -2
v /e
. f
' h
[}
e 1
o Medium -1

The phases of the light wave at ¢, d, e and f are ¢., ¢4, O and ¢ respectively. It is given that ¢, # ¢¢
(A) ¢, cannot be equal to ¢4 (B) ¢q4 can be equal to ¢,

(©) (¢a— ¢p) is equal to (. - dc) (D) (¢a = ¢c) is not equal to (¢ — ¢c)
©
Speed of the light is

(A) the same in medium-1 and medium-2
(C) larger in medium-2 than in medium-1

(B) larger in medium-1 than in medium-2
(D) differentatband d

(B)

Py7_10: Paragraph for Question Nos. 17 to 19

Two trains A and B are moving with speeds 20 m/s and 30 m/s respectively in

the same direction on the same straight track, with B ahead of A. The engines
are at the front ends. The engine of train A blows a long whistle.

Intensity

Assume that the sound of the whistle is composed of components varying in ! !

frequency from f; = 800 Hz to f, = 1120 Hz, as shown in the figure. The spread

f) f, Frequency

in the frequency (highest frequency — lowest frequency) is thus 320 Hz. The
speed of sound in still air is 340 m/s.

17.

Sol.

18.

Sol.

The speed of sound of the whistle is

(A) 340 m/s for passengers in A and 310 m/s for passengers in B
(B) 360 m/s for passengers in A and 310 m/s for passengers in B
(C) 310 m/s for passengers in A and 360 m/s for passengers in B
(D) 340 m/s for passengers in both the trains

(B)

Speed of sound is frame dependent.

The distribution of the sound intensity of the whistle as observed by the passengers in train A is best represented by

2z 2
g 5
@) 2 (B) 2 4.
f) f, Frequency fi f, Frequency
2 2
g 5
© 2 . (D) 1 =
f) f, Frequency f) f,  Frequency
(V)
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19.

Sol.
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The spread of frequency as observed by the passengers in train B is

(A) 310 Hz (B) 330 Hz
(C) 350 Hz (D) 290 Hz
(A)

SECTION -1V

Matrix-Match Type

This section contains 3 questions. Each question contains statements given in two columns which have to be matched. Statements

(4, B, C, D) in column I have to be matched with statements (p, q, r, s) in column II. The answers to these questions have to be

appropriately bubbled as illustrated in the following example.

If the correct matches are A-p, A-s, B-q, B-r, C-p, C-q and D-s, then the correctly bubbled 4 x 4 matrix should be as follows:

®OOO
OOOO
®OOO
OOOO

TS O w >

20.

Sol.

21.

Column I describe some situations in which a small object moves. Column II describes some characteristics of these
motions. Match the situation in Column I with the characteristics in Column II and indicate your answer by darkening
appropriate bubbles in the 4 x 4 matrix given in the ORS.

(A) The object moves on the x-axis under a conservative force in such | (p) The object executes a simple
a way that its “speed” and “position” satisfy v = c;q/c, -x%, harmonic motion.

where ¢, and ¢, are positive constants.

(B) The object moves on the x-axis in such a way that its velocity and | (q) The object does not change its
its displacement from the origin satisfy v = —kx, where k is a direction.
positive constant.

(C) The object is attached to one end of a massless spring of a given | (r) The kinetic energy of the object
spring constant. The other end of the spring is attached to the keeps on decreasing.
ceiling of an elevator. Initially everything is at rest. The elevator
starts going upwards with a constant acceleration a. The motion of
the object is observed from the elevator during the period it
maintains this acceleration.

(D) The object is projected from the earth’s surface vertically upwards | (s) The object can change its direction
with a speed 2,/GM, /R, , where, M, is the mass of the earth and only once.

R, is the radius of the earth. Neglect forces from objects other
than the earth.

A= (p), B> (9 & (1), C = (p), D = (1) & (q)

Two wires each carrying a steady current I are shown in four configurations in Column I. Some of the resulting effects
are described in Column II. Match the statements in Column I with the statements in Column II and indicate your
answer by darkening appropriate bubbles in the 4 x 4 matrix given in the ORS.
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(A) Point P is situated midway ------ e e———— (p) The magnetic fields (B) at P due
between the wires. pe to the currents in the wires are in
the same direction.
______ —_—
(B) Point P is situated at the mid- \ \ (q) The magnetic fields (B) at P due
point of the line joining the to the currents in the wires are in
centers of the circular wires,

\ \
1 1
! ! . . .
P \ opposite directions.
which have same radii. ol
| |
1 1
1 1
1
/

(C) Point P is situated at the mid- P (r) There is no magnetic field at P.
point of the line joining the .
centers of the circular wires,
which have same radii.

(D) Point P is situated at the common (s) The wires repel each other.
center of the wires.

Sol. A—>(qQ) & (1),B—>(p),C—>(q) & (r),D > (q)

22. Column I gives some devices and Column II gives some process on which the functioning of these devices depend.
Match the devices in Column I with the processes in Column II and indicate your answer by darkening appropriate
bubbles in the 4 x 4 matrix given in the ORS.

(A) Bimetallic strip (p) Radiation from a hot body
(B) Steam engine (qQ) Energy conversion

(C) Incandescent lamp (r) Melting

(D) Electric fuse (s) Thermal expansion of solids

Sol. A—(s),B—>(q),C— (p),D— (1)
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PART- II (CHEMISTRY)

SECTION -1
Straight Objective Type

This section contains 9 multiple choice questions numbered 23 to 31. Each question has 4 choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

23. Among the following, the least stable resonance structure is
(A) o) B) o)
Q
= N = N
° ®
O 0]
© ° 0 (D) °o
@/’\/A%// S LS
| MT
9 0
S]
Sol. (A)
(A) ©) Same charges are present at nearest position (Less stable)
/\/\@ ¢O
= N
°
o
(B) ©
©
o2
(€) ©
O N0
Jo
(D) ©
Jo
Hence (A) is correct
24, For the process H,O(1) (1 bar, 373 K) — H,0(g) (1 bar, 373 K), the correct set of thermodynamic parameters is
(A) AG=0,AS=+ve (B) AG=0,AS=-ve
(C) AG=+ve,AS=0 (D) AG=-ve,AS=+ve
Sol. (A)
H,0(1) == H,0(z)
(1bar,373 K) (1 bar, 373K)

At 100°C H,O(¢) has equilibrium with H,O(g) therefore AG = 0.
Because liquid molecules are converting into gases molecules therefore AS = +ve
Hence (A) is correct.

25. Cyclohexene on ozonolysis followed by reaction with zinc dust and water gives compound E. Compound E on further
treatment with aqueous KOH yields compound F. Compound F is
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Sol.

26.

Sol.

27.

Sol.

28.

Sol.

29.

Sol.
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®) CHO

Q/COOH (D)

(A)

CO,H
CO,H
CHO
&) CHO (aldol LoKnOdl:nsauon Qﬁ O
(E)

Hence (A) is correct.

Consider a reaction aG + bH — Products. When concentration of both the reactants G and H is doubled, the rate
increases by eight times. However, when concentration of G is doubled keeping the concentration of H fixed, the rate is
doubled. The overall order of the reaction is

A) 0 B) 1
©) 2 (D) 3
(D)

aG + bH—— Product
rate o« [G]? [H]°
a=1,b=2

Hence (D) is correct

Among the following metal carbonyls, the C — O bond order is lowest in

(A) [Mn(CO)6]" (B) [Fe(CO)s]
(©) [Cr(CO)e] (D) [V(CO)J
(B)

(A) Mn"=3d%s’ in presence of CO effective configuration = 3d%4s’.
Three Ione palr for back bonding with vacant orbital of C in CO
(B) Fe = 3d 4s in presence of CO effective configuration = 3d® four lone pair for back bonding with CO.
(C) cr’ =3d%s’
Effective configuration = 3d°.
Three lone pair for back bonding with CO.
(D) V- = 3d*4s? effective configuration = 3d° three lone pair for back bonding with CO.
Maximum back bonding is present in Fe(CO)s there for CO bond order is lowest here.

A positron is emitted from **Na,, . The ratio of the atomic mass and atomic number of the resulting nuclide is

(A) 22/10 (B) 22/11
(C) 23/10 (D) 23/12
(©)

On position emission from nucleus, proton converts into neutron therefore atomic number decreases by one
but atomic mass remains constant.

Atomic mass _ 23
atomic number 10

Hence (C) is correct.

Consider a titration of potassium dichromate solution with acidified Mohr’s salt solution using diphenylamine as
indicator. The number of moles of Mohr’s salt required per mole of dichromate is

A) 3 (B) 4
©) 5 (D) 6
(D)
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30.

Sol.

31.

Sol.
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Cr,03 +Fe** — > Fe’* +Cr**

n factor of Cr,07 =6

n factor of Fe®* = 1
So to reduce one mole of dichromate 6 moles of Fe?* are required.
Hence (D) is correct.

The number of stereoisomers obtained by bromination of trans-2-butene is

A1 (B) 2
© 3 (D) 4
(A)
H,C H

\ / Bn M d

/C:C (Anti addition) eso product

H CH,

Hence (A) is correct.

A solution of metal ion when treated with KI gives a red precipitate which dissolves in excess KI to give a colourless
solution. Moreover, the solution of metal ion on treatment with a solution of cobalt(Il) thiocyanate gives rise to a deep
blue crystalline precipitate. The metal ion is

(A) Pb” (B) Hg**
(C) Cu** (D) Co**
(B)

Hg’" + KI—>Hgl, (Red ppt.)

Hel, + KI ——K,Hel,

(excess Soluble

Hgl** + Co(SCN),——  Hg(SCN),

blue crystalline precipiates

SECTION - 11

Assertion — Reason Type

This section 4 questions numbered 32 to 35. Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Each question has 4 choices (4), (B), (C) and (D) out of which ONLY ONE is correct.

32.

Sol.

33.

Sol.

34.

STATEMENT-1: Molecules that are not superimposable on their mirror images are chiral

because

STATEMENT-2: All chiral molecules have chiral centres.

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

(©

STATEMENT-1: Alkali metals dissolves in liquid ammonia to give blue solution

because

STATEMENT-2: Alkali metals in liquid ammonia give solvated species of the type [M(NH;),]" (M = alkali metals).
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1

(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

(B)

Blue colour is due to solvated electrons.

STATEMENT-1: Band gap in germanium is small.
because
STATEMENT-2: The energy spread of each germanium atomic energy level is infinitesimally small.
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(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

Sol. (C)
35. STATEMENT-1: Glucose gives a reddish-brown precipitate with Fehling’s solution.
because

STATEMENT-2: Reaction of glucose with Fehling’s solution gives CuO and gluconic acid.
(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1
(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False
(D) Statement-1 is False, Statement-2 is True
Sol. (C)
C¢H,,04 + Fehling solution—(C¢H,,0,) + ?ugo i)
Red ppt.

SECTION - III
Linked Comprehension Type

This section contains 2 paragraphs Cssss and Csgyy. Based upon each paragraph, 3 multiple choice questions have to be
answered. Each question has 4 choices (4), (B), (C) and (D), out of which ONLY ONE is correct.

Ci6.35 : Paragraph for question Nos 36 to 38

Reimer-Tiemann reaction introduces an aldehyde group, on to the aromatic ring of phenol, ortho to the hydroxyl group. This
reaction involves electrophilic aromatic substitution. This is a general method for the synthesis of substituted salicyladehydes as

depicted below.
o ®
OH O Na OH
CHO
CHO
aq.HC1
— [ — ——
CH3 CH3 CH3
) (IT) (11T
36. Which one of the following reagents is used in the above reaction?
(A) aq. NaOH + CH;Cl (B) aq. NaOH + CH,Cl,
(C) aq. NaOH + CHCl; (D) aq. NaOH + CCl,
Sol. (C)

o )
OH,, + CHCl; ==CCl, + H,0

CC%—)CI% :CCl,
dichlorocarbene intermediate

37. The electrophile in this reaction is
(A) : CHCI (B) *CHCl,
(C) :CCly (D) .CClL4
Sol. (C)

o )
OH,, + CHCl; ==CCl, + H,0

CC%—)CI% :CCl,
dichlorocarbene intermediate

38. The structure of the intermediate I is
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A o ® B e ®
) O Na ®) O Na

CH,CI CHCl,
C e ® D e ®
© O Na ©) O Na

CCl, CH,0H
(B)

- O@
CHCl,

#:CCl, —>

CH, CH,

Cj9.41 : Paragraph for question Nos 39 to 41

Redox reactions play a pivotal role in chemistry and biology. The values of standard redox potential (E°) of two half-cell
reactions decide which way the reaction is expected to proceed. A simple example is a Daniel cell in which zinc goes into
solution and copper gets deposited. Given below are a set of half-cell reactions (acidic medium) along with their E° (V with
respect to normal hydrogen electrode) values. Using this data obtain the correct explanations to Questions 39-41.

L +2e — 20 E°=0.54
Cl, +2e — 2CI° E°=1.36
Mn*" +¢ — Mn* E°=1.50
Fe*' + e — Fe? E°=0.77

0, +4H" + 4¢" — 2H,0 E°=1.23

39.

Sol.

40.

Sol.

41.

Sol.

Among the following, identify the correct statement.

(A) Chloride ion is oxidized by O, (B) Fe*' is oxidized by iodine
(C) Iodide ion is oxidized by chlorine (D) Mn?" is oxidized by chlorine
(C)

Reduction potential of I, is less than Cls.

While Fe*" is stable, Mn®" is not stable in acid solution because

(A) O, oxidises Mn*" to Mn*" (B) O, oxidises both Mn*" and Fe?* to Fe**
©) Fe** oxidizes H,O to O, (D) Mn*" oxidises H,O to O,
(D)

Reaction of Mn®* with H20 is spontaneous.

Sodium fusion extract, obtained from aniline, on treatment with iron (II) sulphate and H,SO, in presence of air gives a
Prussian blue precipitate. The blue colour is due to the formation of

(A) Fey[Fe(CN)gl3 (B) Fes[Fe(CN)sl,
EC; Fe4[Fe(CN)gl, (D) Fes[Fe(CN)gls
A
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SECTION -1V
Matrix-Match Type
This section contains 3 questions. Each question contains statements given in two columns which have to be matched. Statements
(4, B, C, D) in Column-I have to be matched with statements (p, q, r, s) in Column-II. The answers to these questions have to be

appropriately bubbled as illustrated in the following example.

If the correct matches are A-p, A-s, B-q, B-r, C-p, C-q and D-s, then the correctly bubbled 4 x 4 matrix should be as follows:

P @ r s
®@OOO

A
B@O@OO®
C@OOO
OGIOIOIO,
42. Match the reactions in Column I with nature of the reactions/type of the products in Column II. Indicate your answer by
darkening the appropriate bubbles of the 4 X 4 matrix given in the ORS.
Column I Column II
(A) O, = 0,+0,> (p) redox reaction
(B) Cro, 7 +H' — (qQ) one of the products has trigonal planar structure
(C) MnO, +NO, +H — (r) dimeric bridged tetrahedral metal ion
(D) NO;™ + H,S0, + Fe** — (s) disproportionation
Sol. A-p,s
B-r
C- P q
D-p
43. Match the compounds/ions in Column I with their properties/reactions in Column II. Indicate your answer by darkening
the appropriate bubbles of the 4 x 4 matrix given in the ORS.
Column I Column II
(A) C¢HsCHO (p) gives precipitate with 2, 4-dinitrophenylhydrazine
(B) CH;C =CH (q) gives precipitate with AgNO;
(C) CN° (r) isanucleophile
D) I (s) isinvolved in cyanohydrin formation
Sol. A-p,q,s
B—q
C-q,r,s
D-q,r
(Note: Assuming AgNO3 is ammonical.)
(A) NO, O,N
PhCHO + O,N NH—NH, — PhHC—=N—NH NO,
(ppt.)
PhCHO + Ag,0— 2 >PhCOO™ + Ag{
(white ppt.)
CN
PhCHO—XN_, Ph—C—0O
H
(B) CH3C = CH ammonical AgNO, CH3 _ C = CngJr \L
(White ppt.)
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(C) CN
PhCHO—XX_y Ph—C—0O

H
AgNO; +CN™ ——>AgCN {

(D) AgNO; +I"——Agld

44. Match the crystal system/unit cells mentioned in Column I with their characteristic features mentioned in Column II.
Indicate your answer by darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS.
Column I Column II
(A) Simple cubic and face-centred cubic (p) have these cell parameters
a=b=cand a ==y
(B) cubic and rhombohedral (q) are two crystal systems
(C) cubic and tetragonal (r) have only two crystallography angles of 90°
(D) hexagonal and monoclinic (s) belong to same crystal system
Sol. A-p,s
B P> q
C-q
D—q,r
Crystals class Axial distances Angles
Cubic a=b=c a=B=y=90°
Tetragonal a=b=#c a=B=y=90°
Orthorhombic azb#c a=B=y=90°
o =p=90°
Hexagonal a=b#c
y=120°
Trigonal and rhombohedral a=b=c o=pB=y#90°
- a=p=90°
Monoclinic azb#c
vy #90°
Triclinic azb#c a#B=y#90°
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PART- III (MATHEMATICS)
SECTION -1
Straight Objective Type

This section contains 9 multiple choice questions numbered 1 to 9. Each question has 4 choices (A), (B), (C) and (D),

out of which only one is correct.

45, Let a, B, ¢ be unit vectors such that @ + b+ ¢ =0 . Which one of the following is correct?

(A) axb=bxcé=¢cxa=0 (B) axb=bxc=¢xd#0

(C) axb=bxc=axc=0 (D) axb, bx¢, ¢xa are mutually perpendicular
Sol. B)

Since a, b, ¢ are unit vectorsand a+b+¢=0,

a, b, ¢ represent an equilateral triangle.

xb=bxc=Cxa #0.

o1

46. Let f(x) :#1/;1 forn > 2 and g(x) = (fofo ... of )(x) . Then J.x“’zg(x)dx equals
1+x" foccurs n times
L 1 L
(A) (1+nx") »+K B) —(1+nx") n+K
n(n-1) n-1
1 s 1 s
(©) ——(1+nx") n+K D) —(1+nx") n +K
n(n+1) n+l1
Sol. (A
Here fF(x) = — &) X

[1+f(X)n]l/n = (1+2Xn)l/x

X
fff(x) =———
( ) (1+3Xu)1/n

X

= g(x) = (fofo...of) (x) = —————

g( ) ( n terms )( ) (1+1’1Xn)1/n

Hence 1= J.X”’2 (x)dx = I&

£ (1+nx™)""

d n
1 o n2x"dx 1 &(1+nx )
=72J. nl/n:72 nl/ndx
n° Y(1+nx") n° Y (1+nx")
1

g | 2y

. I—n(n_l)(1+nx) +k.

2

47. j—}; equals

dy)’ AN AR

W (dj ® [d] &)
) &)

© (dx2 dx ) dx? J\dx

Sol. (D)
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*48.

Sol.

*49.

Sol.

*50.

Sol.

IIT-JEE2007-PAPER-2-17

-1
Since, dx__1 :(ﬂ]
dy dy/dx \dx
d(dx) d [dyjl dx
> —|—|==|-=] —
dyldy ) dx\dx) dy
dy? dx? J\dx dy dx®> \dx ) ~

The letters of the word COCHIN are permuted and all the permutations are arranged in an alphabetical order as in an
English dictionary. The number of words that appear before the word COCHIN is

(A) 360 (B) 192
(©) 96 (D) 48
©)

COCHIN

The second place can be filled in *C; ways and the remaining four alphabets can be arranged in 4! ways in four
different places. The next 97" word will be COCHIN.
Hence, there are 96 words before COCHIN.

If |z|=1and z # % 1, then all the values of - lie on
-z
(A) a line not passing through the origin B) |z|= NG
(C) the x-axis (D) the y-axis
(D)
Let z= cos0O + sin0, so that
z cos0+sin6
1-7> 1-(cos20+isin20)
cosO+isind cosO+isin®

B 2sin? 0 — 2isinOcosO - —2isinO(cos O +1isin0)
i
2sin 0

Hence - lies on the imaginary axis i.e., x = 0.
-z
Alternative
1
LetE= —2_=—2% -

1-72° 7zz-z Z-Z
which is imaginary.

Let ABCD be a quadrilateral with area 18, with side AB parallel to the side CD and AB =2CD. Let AD be
perpendicular to AB and CD. If a circle is drawn inside the quadrilateral ABCD touching all the sides, then its radius is
(A) 3 B)2

©) 312 D)1

®) 1 o C (a,2r)
18= 5 Ba) (2r) > ar=6 (0, 2r) ~\

. 2 .
Liney = A (x —20) is tangent to (x — )’ +
o

(y-n’=r

200=3rand ar=6 A B
r=2. (0,0) (20, 0)

Alternate
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1 X
—(x+2x)x2r=18 — >
2 r X—r
Xr=06 ..(1)
tanf =21 fan(90 — 0) = 22T
r
0
X—r: T 2r 90-0
r 2X -1
x(2x -3r)=0
3r
X=— .2
5 2
From (1) and (2) 2x-r
r=2. 2x

*51. Let O(0, 0), P(3, 4), Q(6, 0) be the vertices of the triangle OPQ. The point R inside the triangle OPQ is such that the
triangles OPR, PQR, OQR are of equal area. The coordinates of R are

4 2
) [5, 3) (®) (3, gj

4 4 2
© 23] ® (53]

Sol. ©)
Since, A is isosceles, hence centroid is the (3.4
desired point. )

0,0) 6,0)

52. The differential equation m
X

(A) variable radii and a fixed centre at (0, 1)

(B) variable radii and a fixed centre at (0, —1)

(C) fixed radius 1 and variable centres along the x-axis
(D) fixed radius 1 and variable centres along the y-axis

determines a family of circles with

dy _1-y’
y

Sol. (O)

dy _y1-y°

dx y

Y _dy=[d
NEhitie
= —Jl-y* =x+c¢
= x+e)l+yr=1

centre (—c, 0); radius vc¢> —c?+1=1.

=

53. Let E® denote the complement of an event E. Let E, F, G be pairwise independent events with P(G) > 0 and P(ENFNG)
= 0. Then P(E~F® | G) equals
(A) P(E) + P(FO) (B) P(E) - P(F%)
(C) P(ES) - P(F) (D) P(E) - P(F%)
Sol. ©
p E°NF°) P(E‘NF°nG) P(G)-P(ENG)-P(GNF)
G P(G) P(G)
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_ P(G)(1-P(E) - P(F))

> G) [+ P(G)#0]
=1-P(E) - P(F)
= P(E%) - P(F).

SECTION -II

Assertion — Reason Type

This section contains 4 questions numbered 54 to 57. Each question contains STATEMENT — 1 (Assertion) and STATEMENT -2
(Reason). Each question has 4 choices (4), (B), (C) and (D) out of which ONLY ONE is correct.

54.

Sol.

55.

Sol.

Let f(x) =2 + cosx for all real x.
STATEMENT -1 : For each real t, there exists a point ¢ in [t, t + ©t] such that f'(c)=0.
because

STATEMENT -2 : f(t) = f(t + 2) for each real t.

(A) Statement -1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False

(D) Statement -1 is False, Statement -2 is True

B)

f(x)=2+cosx Vx € R

Statement : 1

There exists a point ¢ € [t, t + ©] where f'(c) =0

Hence, statement 1 is true.

Statement 2:

f(t) = f(t + 2m) is true.

But statement 2 is not a correct explanation for statement 1.

Consider the planes 3x — 6y —2z=15and 2x +y — 2z = 5.

STATEMENT -1 : The parametric equations of the line of intersection of the given planes are x = 3 + 14¢,
y=1+2t,z=15t

because

STATEMENT -2 : The vectors 14i+ 2]+ 15k is parallel to the line of intersection of the given planes.
(A) Statement -1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False

(D) Statement -1 is False, Statement -2 is True

D)
3x -6y —-2z=15
2x+y—-2z=S5

forz=0,we getx=3,y=-1
Direction vectors of plane are
<3 -6 2>and<2 1 -2>
then the dr’s of line of intersection of planes is <14 2 15>
x-3 y+1 z-0
14 2 15
=>x=141L+3 y=21-1 z=15)1
Hence, statement 1 is false.
But statement 2 is true.
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Sol.

*57.

Sol.
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Lines L; : y—x=0and L, : 2x + y = 0 intersect the line L; : y + 2 = 0 at P and Q, respectively. The bisector of the
acute angle between L, and L, intersects L; at R.

STATEMENT -1 : The ratio PR : RQ equals 242 : /5.

because

STATEMENT -2 : In any triangle, bisector of an angle divides the triangle into two similar triangles.

(A) Statement -1 is True, Statement -2 is true; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False

(D) Statement -1 is False, Statement -2 is True

© /
In AOPQ

PR OP 22 /
Clearly —=——="% /

RQ 0Q 5 ¥

ANO
LN
y=-2
L P /R Q
(_2> _2) (l 5 _2)

2
STATEMENT -1: The curvey = % +x +1 is symmetric with respect to the line x = 1.

because

STATEMENT -2 : A parabola is symmetric about its axis.

(A) Statement -1 is True, Statement -2 is true; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is true; Statement-2 is NOT a correct explanation for Statement-1

(C) Statement -1 is True, Statement -2 is False
(D) Statement -1 is False, Statement -2 is True

(V)
2

=X ix+1
Y 2

3 1 2
> y-—=—(x-1
e

= it is symmetric about x = 1.

SECTION - 11I

Linked Comprehension Type

This section contains 2 paragraphs Mss_gy) and My, 3. Based upon each paragraph, 3 multiple choice questions have to be
answered. Each question has 4 choice (4), (B), (C) and (D), out of which ONLY ONE is correct.

Msg g9 : Paragraph for question Nos. 58 to 60

If a continuous f defined on the real line R, assumes positive and negative values in R then the equation f(x) = 0 has a root in R.
For example, if it is known that a continuous function f on R is positive at some point and its minimum values is negative then
the equation f(x) = 0 has a root in R.

Consider f(x)=ke* — x for all real x where k is a real constant.

58.

The line y = x meets y = ke* for k < 0 at
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(A) no point (B) one point
(C) two points (D) more than two points
Sol. B) y

Line y = x intersect the curve y = ke* at exactly
one point when k < 0.

59. The positive value of k for which ke* — x = 0 has only one root is
(A) /e (B) 1
©C)e (D) log.2

Sol. A)

Let f(x) =ke* — x
fx)=ke*-1=0 =>x=-Ink
£'(x) = ke*

f”(x)|x:—lnk =1>0

Hence f(-Ink) = 1 + Ink

For one root of given equation

1+Ink=0
hence k = 1 .
e

60. For k> 0, the set of all values of k for which k €¢* — x = 0 has two distinct roots is

(A) (0, 1) (®) (1, 1)

e e
1

© (g, 00) D) 0, 1)
Sol. (A)

For two distinct roots 1 +Ink <0 (k> 0)

Ink < -1

k<1

e

Mg1_63 : Paragraph for Question Nos. 61 to 63

Let A, G;, H; denote the arithmetic, geometric and harmonic means, respectively, of two distinct positive numbers. For n> 2,
let A, ; and H,_; has arithmetic, geometric and harmonic means as A,, G,, H, respectively.

*61. Which one of the following statements is correct?
A)G>G, >G> ... B)G <G <Gs3<...
(C) G1 :G2:G3: (D) G1 <G3<G5< ...and G2>G4>G(,>
Sol. ©
A1=a+b;Gl=\/E;H1:2ab
2 a+b
An — An—l + Hn—l , Gn — An—lHn—l , Hn — 2An—1Hn—1
2 Anfl + anl
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Sol.

*63.

Sol.
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Clearly, G, =G, =G;=...= Jab .

Which of the following statements is correct?

(A)A; > Ay > As> ... (B)A <Ay <A;<...
(C) A1>A3>A5>...and A2<A4<A6<... (D)A1<A3<A5<... and A2>A4>A6>...

A)

AyisAM.of AjandHand A, >H, = A, >A,>H,
A3 is A.M. OfAz and H, and Ay>Hy, = Ay> A3 >H,
SOA >A2>A3>

Which of the following statements is correct?

(C) H1>H3>H5>...and H2<H4<H5<... (D)H1<H3<H5<... and H2>H4>H5>...

(A)H,>H,>H; > ... (B)H, <H,<H;< ...
(B)

As above A1 >H2>H1, A2>H3>H2

s Hy<H,<H;< ...

SECTION -1V

Matrix — Match Type

This section contains 3 questions. Each question contains statements given in two columns which have to be matched. Statements
(4, B, C, D) in Column I have to be matched with statements (p, q, r, s) in Column II. The answers to these questions have to be
appropriately bubbled as illustrated in the following example.

If the correct matches are A—p, A—s, B—q, B—r, C—p, C—q and D—s, then the correctly bubbled 4 x 4 matrix should be as follows:

OIOIOIOI
®©eee)-
QICIVIOIL
@O~

C a=w »

64.

Sol.

x2—6x+5

Let f(x)= .
) x2=5x+6

Match the conditions / expressions in Column I with statements in Column II and indicate your answers by darkening

the appropriate bubbles in 4 x 4 matrix given in the ORS.

Column I
(A) If -1 <x <1, then f(x) satisfies (p)
(B) If 1 <x <2, then f(x) satisfies Q)
(C) If 3 <x <35, then f(x) satisfies (r)
(D) Ifx >S5, then f(x) satisfies (s)

A->p,r,s; B>qs; Co>q,s; Dop,r,s

Column I1
0<fx)<1

f(x) <0
f(x) >0
f(x) < 1

FIITJEE Ltd. ICES House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi - 110016, Ph : 26515949, 26569493, Fax : 26513942

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IIT-JEE2007-PAPER-2-23

_ x=Dx-=3) y
S (x-2)(x-3)

The graph of f(x) is shown

(A) If-1<x<1

f(x)

—0<fo)<1 — y=1
B)  Ifl<x<2 =f(x)<0
(€  If3<x<5 =fx)<0 .
D)  Ifx>5 =0<fx<I N 2| 3 5

*65. Let (X, y) be such that
sin”'(ax) + cos™'(y) + cos™' (bxy) = g .

Match the statements in Column I with the statements in Column II and indicate your answer by darkening the
appropriate bubbles in the 4 x 4 matrix given in the ORS.

Column I Column II
(A) Ifa=1and b= 0, then (x, y) (p) lies on the circle X2+ y2 =1
(B) Ifa=1andb=1, then (x, y) (@ lieson(x*-1)(y*-1)=0
(C) Ifa=1andb=2, then (x, y) (r) lieson y=x
(D) Ifa=2andb=2, then (x, y) (s) lieson(4x*—1)(y*-1)=0
Sol. A->p; B>q;Cop; Dos

(A) Ifa=1,b=0
then sin”'x + cos™'y = 0
= sin"'x =—cos™'y
=x+ y2 =1.
(B) Ifa=1andb=1, then
sin”'x + cos 'y + cos 'xy = g
= cos 'x — cos’ly =cos’1xy

= xy++1-x?/1-y* =xy (taking sine on both the sides)

©  Ifa=1b=2
= sin”'x + cos'y + cos '(2xy) = g

= sin"'x + cos™'y = sin”'(2xy)
= xy+V1-x*yl1-y? =2xy

= x*+y*=1 (on squaring).
D) Ifa=2and b=2 then

sin"'(2x) + cos”(y) + cos™'(2xy) = g

= 2xy + \/1—4x2«ll— 2 =2xy

S>@EC-1) @y -1)=0.

*66. Match the statements in Column I with the properties Column II and indicate your answer by darkening the
appropriate bubbles in the 4 x 4 matrix given in the ORS.
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Column I Column II
(A) Two intersecting circles (p) have a common tangent
(B) Two mutually external circles (@) have a common normal
(C) two circles, one strictly inside the other (r)  do not have a common tangent
(D) two branches of a hyperbola (s)  donot have a common normal
Sol. A->p,q; Bo>p,q;C>q,r;D>q,r

(A) When two circles are intersecting they have a common normal and common tangent.

(B) Two mutually external circles have a common normal and common tangent.

(C) When one circle lies inside of other then, they have a common normal but no common tangent.
(D) Two branches of a hyperbola have a common normal but no common tangent.
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FIITJEE Solutions to

IIT - JEE - 2008
(Paper - 1, Code-7)

Time: 3 hours M. Marks: 246

Note: (i) The question paper consists of 3 parts (Part I : Mathematics, Part II : Physics, Part III : Chemistry). Each part has 4
sections.

(ii) Section I contains 6 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which only
one is correct.

(iii) Section II contains 4 multiple correct answer type questions. Each question has 4 choices (A), (B), (C) and (D), out of
which one or more answers are correct.

(vi) Section III contains 4 Reasoning type questions. Each question contains STATEMENT-1 and STATEMENT-2.
Bubble (A) if both the statements are TRUE and STATEMENT-2 is the correct explanation of STATEMENT-1
Bubble (B) if both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of STATEMENT- 1
Bubble (C) if STATEMENT-1 is TRUE and STATEMENT-2 is FALSE.

Bubble (D) if STATEMENT-1 is FALSE and STATEMENT-2 is TRUE.

(iv) Section IV contains 3 sets of Linked Comprehension type questions. Each set consists of a paragraph followed by 3
questions. Each question has 4 choices (A), (B), (C) and (D), out of which only one is correct.

Marking Scheme:

(i) For each question in Section I, you will be awarded 3 Marks if you have darkened only the bubble corresponding to the
correct answer and zero mark if no bubble is darkened. In all other cases, minus one (— 1) mark will be awarded.

(ii) For each question in Section II, you will be awarded 4 Marks if you have darkened all the bubble(s) corresponding to
the correct answer and zero mark for all other cases. It may be noted that there is no negative marking for wrong
answer.

(iii) For each question in Section III, you will be awarded 3 Marks if you have darkened only the bubble corresponding to
the correct answer and zero mark if no bubble is darkened. In all other cases, minus one (— 1) mark will be awarded.

(iv) For each question in Section IV, you will be awarded 4 Marks if you have darkened only the bubble corresponding to
the correct answer and zero mark if no bubble is darkened. In all other cases, minus one (— 1) mark will be awarded.

Mathematics

PART -1
SECTION -1
Straight Objective Type

This section contains 6 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which
ONLY ONE is correct.

1. Let a and b be non-zero real numbers. Then, the equation (ax® + by® + ¢) (x* — 5xy + 6y°) = 0 represents
(A) four straight lines, when ¢ = 0 and a, b are of the same sign
(B) two straight lines and a circle, when a =b, and c is of sign opposite to that of a
(C) two straight lines and a hyperbola, when a and b are of the same sign and c is of sign opposite to that of a
(D) a circle and an ellipse, when a and b are of the same sign and c is of sign opposite to that of a
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Sol. (B)
(ax2 + by2 +c) (x2 —5xy + 6y2) =0
= ax’+by’+c=0orx’—5xy +6y>=0

=ty = (—S) iffa=b,x-2y=0andx-3y=0
a
Hence the given equation represents two straight lines and a circle, when a = b and c is of sign opposite to that of a.
. . ‘ 2+x), 3<x<-1 .
2. The total number of local maxima and local minima of the function f (x) = is
x2/3 N -l1<x<2
(A)O B)1
©)2 D)3
Sol. ©
Local maximum at x =— 1 ]
and local minimum at x = 0 ;
Hence total number of local maxima and local 3 :
minima is 2. / -2 - 0o 2
(x-D" . -
3. Letg (x) = ; 0 <x <2, mand n are integers, m = 0, n > 0, and let p be the left hand derivative of |x — 1|

logcos™(x —1)

atx=1.If lim g(x) =p, then
x—1"

A)n=1,m=1 B)n=1,m=-1
C)n=2,m=2 D)n>2, m=n
Sol. ©

From graph, p=—1
= lim g(x)=-1
x—>1"

. —x+1

= limg(l+h)=-1 x—1
h—0

= lim _h =-1 < >
h—0{ Jogcos™h 0 1

n-1 n-1

o lim— (Ejlim[h j:—l,which holds ifn=m =2.

h—>0m - (—tanh) m /h—0\ tanh
, T2
4. If 0<x<1,then vI+x? [{xcos(cot’lx)+sin(cot’1x)} 71} is equal to

X

A
*) V1+ x2
(©) xv1+x> (D) V1+x?

Sol. (©)

1/2
V1+x2 [(x coscot™ x +sincot ™! X)z —1}

(B) x

= 1+x?

) 1/2
[x coscos™! X +sinsin™ lj -1
V1+x? V1+x?

, , A2
= \1+x? KX+1] —1}
Vi+x? A1+x2

= V1+x? (xz+171)”2 =xv1+x2.
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Consider the two curves C; : y2 =4x,Cy: x>+ y2 —6x+1=0. Then,
(A) C; and C, touch each other only at one point

(B) C, and C, touch each other exactly at two points

(C) C, and C; intersect (but do not touch) at exactly two points

(D) C, and C, neither intersect nor touch each other

B)

The circle and the parabola touch each other at x = 1
i.e. at the points (1, 2) and (1, — 2) as shown in the
figure. <

The edges of a parallelopiped are of unit length and are parallel to non-coplanar unit vectors &, b, ¢ such

thatd-b=b-8=2&-4=1/2. Then the volume of the parallelopiped is

1 1
W ®) =
NG 1
© ® =

@A)

1 1/2 1/2
1/2 1 1/2] = —.

1/2 1/2 1 V2

1

SECTION -11
Multiple Correct Answers Type

This section contains 4 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.

Sol.

Let f (x) be a non-constant twice differentiable function defined on (— oo, o) such that f (x) = f (1 — x) and { '(%) =0.
Then
(A) f' (x) vanishes at least twice on [0, 1] B) f’(%j =0

1/2 1/2 1

(©) J.f(x+%jsinxdx:0 (D) jf(t)esi"’"dt: jf(l—t)e““mdt
-1/2 0 1/2

(A,B,C,D)

f(x)=f(1 -x)

Putx=1/2+x

1 1 1/4 3/4
f §'+'X =f E'—'X 2

Hence f (x + 1/2) is an even function or f (x + 1/2) sin x is an odd function.
Also, f' (x) =—f (1 —x) and for x = 1/2, we have f'(1/2) =0 .

1 0
Also, [f(1-t)e™™dt=— [f(y)e™™dy (obtained by putting, 1 —t=y).
1/2 1/2
Since £'(1/4) =0, f' (3/4)=0. Also f (1/2)=0
= " (x) = 0 atleast twice in [0, 1] (Rolle’s Theorem)
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8. A straight line through the vertex P of a triangle PQR intersects the side QR at the point S and the circumcircle of the
triangle PQR at the point T. If S is not the centre of the circumcircle then
1 2 1 2
(A) gt o e (B) S+ >
PS ST QSxSR PS ST QS xSR
1 4 1 4
(& )* o D) —<+<=
PS ST QR PS ST QR
Sol. (B, D) P
PS x ST=QS x SR
1
ps st 2 ST PIS ) SlT
1 2 *0
PS ST . JQSxSR S R
Q
QS;SR>1/QSXSR T
QR 1 2
—> JQSxSR = ———>—
JQSxSR QR
1 1 4
— >
PS ST QR
9. Let P (x4, y1) and Q (X2, ¥2), y1 <0, y» < 0, be the end points of the latus rectum of the ellipse x>+ 4y2 = 4. The
equations of parabolas with latus rectum PQ are
A) x> +2By=3+3 B) x2-23y=3+3
©x*+243y=3-3 D) x> -23y=3-f3
Sol. B,0C)
22
L + L — 1
4 1
b’=a’(1-¢)
3
= e=—
2 R
| .
= P(\/_, _E) and Q( \/— —fj (given y; and y, less than 0). Qx2, y2) P2, y2

Co-ordinates of mid-point of PQ are
R= (0, — l) .
2
PQ= 23 = length of latus rectum.
= two parabola are possible whose vertices are [0, - g - %J and [0, ﬁ - %j .

Hence the equations of the parabolas are x* — 2\/§y =3+3

and X2+2\/§y =3—\/§.

10. Let S, = and T, = ) —— forn=1,2,3, .... Then,
;nz—o—kn+k2 zn +kn+k2

T
A)S, < B) S, >——=
*) 3f ® 5> 5

T
C Tn<7 D Tn>7
O <35 RN

FIITJEE Ltd. ICES House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi - 110016, Ph : 26515949, 26569493, Fax : 26513942

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

Sol.

IIT-JEE2008-PAPER-1-5

(A, D)

S, < limS, = lim 1 %
=0 N n 1+k/n+(k/n)

-_,'—

01+x+x 3

n-I 1 n

Now, T,> —= as h> f(kh) > jf(x)dx >h) f(kh)
3\/§ k=0 0 k=1

SECTION - 111

Reasoning Type

This section contains 4 reasoning type questions. Each question has 4 choices (A), (B), (C) and (D), out of which
ONLY ONE is correct.

11.

Sol.

12.

Consider the system of equations ax + by =0, cx + dy = 0, where a, b, ¢, d € {0, 1}.
STATEMENT — 1: The probability that the system of equations has a unique solution is 3/8.
and

STATEMENT - 2: The probability that the system of equations has a solution is 1.

(A) Statement-1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False

(D) Statement -1 is False, Statement -2 is True

(B)

For unique solution 2 b #0 wherea, b,c,d {0, 1}

d

Total cases = 16.
Favorable cases = 6 (Either ad =1, bc =0 or ad =0, bc = 1).

. . . .. 6 3 . . . .
Probability that system of equations has unique solution is 6 = 3 and system of equations has either unique solution

or infinite solutions so that probability for system to have a solution is 1.

Consider the system of equations

x—-2y+3z=-1
—x+y-2z=k
x—-3y+4z=1

STATEMENT -1 : The system of equations has no solution for k # 3.

and
1 3 -1
STATEMENT -2 : The determinant|—1 -2 k|#0, fork= 3.
1 4 1

(A) Statement-1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False

(D) Statement -1 is False, Statement -2 is True
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Sol. (A)
1 -2 3
D=-1 1 -2/=0
1 -3 4
-1 -2 3
and D,=|k 1 -2[=3-k)=0ifk=3
1 -3 4
1 -1 3
D,=-1 k -2/=(k-3)=0,ifk=3
1 1 4
I -2 -1
Dy;=-1 1 k|=(k-3)=0,ifk=3
1 -3 1

= system of equations has no solution for k # 3.

13. Let f and g be real valued functions defined on interval (-1, 1) such that g”(x) is continuous, g(0) = 0, g'(0) = 0, g"(0) =
0, and f(x) = g(x) sinx.

STATEMENT -1 : lin(l)[g(x)cot x —g(0)cosecx] = f"(0) .
X—>

and
STATEMENT -2 : £(0) = g(0).

(A) Statement-1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1
(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False
(D) Statement -1 is False, Statement -2 is True
Sol. B)
f'(x) = g(x)cosx + sinx.g'(x)
= £(0) = g(0)
" (x) =2g' (x) cos x — g (x) sinx +sin x g” (x)
=1 0)=2¢g (0)=0

im g'(x)cosx — g(x)sinx =g'(0) =0=1"(0).

. . -¢g(0
But lim[g(x)cotx —g(0)cosec x]=hmg(x)CO.SX g )=1
x—0 x—>0 smx x—0 COSX

14. Consider three planes
Pix—-y+tz=1
Pyix+y—-z=-1
P;:x—-3y+3z=2.
Let L;, L,, L3 be the lines of intersection of the planes P, and P;, P; and Py, and P, and P,, respectively.

STATEMENT -1 : At least two of the lines L, L, and L; are non-parallel.
and
STATEMENT -2 : The three planes do not have a common point.

(A) Statement-1 is True, Statement -2 is True; Statement-2 is a correct explanation for Statement-1
(B) Statement -1 is True, Statement -2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement -1 is True, Statement -2 is False
(D) Statement -1 is False, Statement -2 is True
Sol. (D)
The direction cosines of each of the lines L, L,, L; are proportional to (0, 1, 1).
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-1V

Linked Comprehension Type

This section contains 3 paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered. Each
question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct.

Paragraph for Question Nos. 15 to 17

Consider the functions defined implicitly by the equation y* — 3y + x = 0 on various intervals in the real line.
Ifx € (-0, —2) U (2, ), the equation implicitly defines a unique real valued differentiable function y = f(x).
If x e(-2, 2), the equation implicitly defines a unique real valued differentiable function y = g(x) satisfying g(0) = 0.

15. If f(—loﬁ):zﬁ,then f”(—loﬁ):

42
7337

(C) 4«/—

A) 57

Sol. (B)

Differentiating the given equation, we get

3y2y' -3y'+1=0
= y’(—lO\/E) =——

Differentiation again we get 6yy'> + 3y%y

f”(—lO\/E):—6'2\/§— 42

eyt 7R

16. The area of the region bounded by the curves y =

(A) f(dx +bf(b)—af(a)

(F0) 1)

(©) j((f(x))dx bf(b) +af(a)

Sol. (A)
b

b
The required area = .ff (x)dx =xf(x)| —

a

=bf(b)—af(a) + dex

1
17. jg'(x)dx =
1
(A) 2g(-1)
(©) —2¢g(1)
Sol. (D)
We have y' = which is even

3(1-(ro)

1
Hence jg'(X) =g —-g(=1) =2gD.
-1

42
® 7
42
(D) e

f(x), the x-axis, and the lines x = a and x =b, where —0 <a<b<-2,is

(B) bj((f(xx)_)dx +bf(b)—af(a)

(D) —bj((f(x"))dx bf(b) + af(a)

(B)0
(D) 2g(1)
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Paragraph for Question Nos. 18 to 20
A circle C of radius 1 is inscribed in an equilateral triangle PQR. The points of contact of C with the sides PQ, QR, RP
are D, E, F, respectively. The line PQ is given by the equation Bx+ y—6=0 and the point D is {3\2/5, ;] . Further, it
is given that the origin and the centre of C are on the same side of the line PQ.
18. The equation of circle C is
(A)(x72\/§)2+(y71)2:1 (B) (x72\/§)2+[y+%]2:1
(C)(x—ﬁ)2+(y+1)2:1 (D) (x—ﬁ)2+(y—1)2=1

Sol. (D)

R/ 60° 60\ p

aw F(«/E,O) \J§X+y—6—0
x=3

Equation of CD is - 2 _

N‘&

= CE(«/?,])

Equation of the circle is (x - \/5)

[S)

19. Points E and F are given by

(A)[ﬁ,i],(ﬁ, 0) ®) (ﬁ,;],(ﬁ, 0)

B 2
of B 3] (B! o (3 B (51
©O22)(22 P22

Sol. A)
Since the radius of the circle is 1 and C (\/g, 1) , coordinates of F = (\/3, 0)

x—«/g y—-1

Equation of CE is =

:Ez[ﬁ 3].

272

=1

N‘&‘

N\'—‘
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20. Equation of the sides QR, RP are
2 2 1
A y=—>--x+l,y=—-7-=x-1 B) y=—=x, y=0
Ay NE Y="5 ®B)y Nl
©) y:§x+1,y:—§x—1 (D) y=+3x,y=0
Sol. 1))
Equation of QRisy — 3 = x/g(x—«/g)
 y=Ax

Equation of RP is y = 0.

Paragraph for Question Nos. 21 to 23

Let A, B, C be three sets of complex numbers as defined below
A={z:Imz>1}
B:{z:‘z—2—i‘:3}

C={ZZR€((1—i)Z)=\/§}.

21. The number of elements in the set AN B N Cis
(A0 B)1
©2 (D)
Sol. (B)

A = Set of points on and above the line y = 1 in the Argand plane.
B = Set of points on the circle (x — 2)* + (y — 1)* = 3

C=Re(l —i) z=Re((1 - i) (x + iy)

=>Xty= \/5

Hence (A N B N C) = has only one point of intersection.

22. Let z be any point in A " B N C. Then, |z+1 —i‘z + ‘2—5 —i‘z lies between
(A) 25 and 29 (B) 30 and 34
(C) 35 and 39 (D) 40 and 44
Sol. ©

The points (— 1, 1) and (5, 1) are the extremities of a diameter of the given circle .
Hence |z+ 1 —if? + |z— 5 —i* = 36.

23. Let z be any point in A B~ C and let w be any point satisfying|w —2—i| < 3. Then, |z]—|w|+3 lies between
(A)—6and 3 (B)-3and 6
(C) -6 and 6 (D) -3 and 9

Sol. (D)

2] =Iwl| <|z—w]

and ‘Z - w‘ = Distance between z and w

z is fixed. Hence distance between z and w would be maximum for diametrically opposite points.
=|z-w[<6

=-6<z|—|W|<6

= -3 <|z| - |w|+3<9.
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Physics

PART - II
Useful Data:
Plank’s constanth=4.1 x 107° eV.s
Velocity of light ¢ = 3 x 10° m/s
SECTION -1

Straight Objective Type

This section contains 6 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which
ONLY ONE is correct.

24.

Sol.

25.

Sol.

26.

Sol.

Two beams of red and violet colours are made to pass separately through a prism (angle of the prism is 60°). In the

position of minimum deviation, the angle of refraction will be

(A) 30° for both the colours (B) greater for the violet colour
(C) greater for the red colour (D) equal but not 30° for both the colours
A)

At minimum deviation for any wavelength
r,=r1,=A/2,Becauser; +1, = A

Which one of the following statements is WRONG in the context of X-rays generated from a X-ray tube?
(A) Wavelength of characteristic X-rays decreases when the atomic number of the target increases.

(B) Cut-off wavelength of the continuous X-rays depends on the atomic number of the target

(C) Intensity of the characteristic X-rays depends on the electrical power given to the X-ray tube

(D) Cut-off wavelength of the continuous X-rays depends on the energy of the electrons in the X-ray tube

(B)
hc

Acutoff = e—v (independent of atomic number)

An ideal gas is expanding such that PT? = constant. The coefficient of volume expansion of the gas is

1 2
(A)? (B)?
3 4
(C)? D) T
©)
_ L(LV)
T ylar
PT? = constant
nRT

——T* = constant
Vv

— | w

y=
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27.

Sol.

28.

Sol.

IIT-JEE2008-PAPER-1-11

A spherically symmetric gravitational system of particles has a mass density
_|p, forr<R
0 forr>R
where p, is a constant. A test mass can undergo circular motion under the influence of the gravitational field of

particles. Its speed V as a function of distance r (0 < r < o) from the centre of the system is represented by

A Vv ®B) Vv
R r R r
© Vv D Vv
R r R r
©
2
G 4 TPor = A s r<R
3 r

Hence, v oc r

GﬂTEpDR3 v?
_3 [ij , >R

r’ r

Hence v o

Jr

Students I, II and III perform an experiment for measuring the acceleration due to gravity (g) using a simple pendulum.
They use different lengths of the pendulum and /or record time for different number of oscillations. The observations
are shown in the table.

Least count for length = 0.1 cm

Least count for time = 0.1 s

Student Length of the Number of Total time for Time
pendulum (cm) oscillations (n) (n) oscillations (s) period (s)
1 64.0 8 128.0 16.0
11 64.0 4 64.0 16.0
111 20.0 4 36.0 9.0

. . A .
If E;, Ejj and Ejj are the percentage errors in g, i.e., (—g x IOOJ for students I, II and III, respectively,
g

(A)E=0 (B) E; is minimum
(C)E;=Ey (D Ep is maximum
B)

_aaf !t
g=4n T
Ag_ AL AT

g l T

A At

= E= i +2—, greater the value of t, lesser the error
4 t

Hence, fractional error in the Ist observation is minimum
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29. Figure shows three resistor configurations R1, R2 and R3 connected to 3V battery. If the power dissipated by the
configuration R1, R2 and R3 is P1, P2 and P3, respectively, then
Figure:
IQ§ 1Q 1Q
| 1Q
13V —)Y
|;§ T g . 3v 12 10
1Q ==
“é 10 10 %19
R1 R2 R3
(A) P1>P2>P3 (B) P1>P3>P2
(C) P2>PI1 >P3 (D) P3 >P2>P1
Sol. ©)
VZ

Ri=1Q,R=12Q,R;=20Q
P2>P1>P3

SECTION - 11

Multiple Correct Answers Type

This section contains 4 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.

30. In a Young’s double slit experiment, the separation between the two slits is d and the wavelength of the light is . The

intensity of light falling on slit 1 is four times the intensity of light falling on slit 2. Choose the correct choice(s).

(A) Ifd=2, the screen will contain only one maximum

(B) If A <d<2A, at least one more maximum (besides the central maximum) will be observed on the screen

(C) If the intensity of light falling on slit 1 is reduced so that it becomes equal to that of slit 2, the intensities of the
observed dark and bright fringes will increase

(D) If the intensity of light falling on slit 2 is increased so that it becomes equal to that of slit 1, the intensities of the
observed dark and bright fringes will increase

Sol. (A) & (B)
For at least one maxima, sin 6 = A/d
IfA=d, sin6@=1andy - o
If A <d<2d, sin 0 exists and y is finite
31. The balls, having linear momenta p, = pi and p, = fpi, undergo a collision in free space. There is no external force

acting on the balls. Let p, and p, be their final momenta. The following option(s) is (are) NOT ALLOWED for any

non-zero value of p, aj, a,, by, by, ¢; and c,.

(A) P =ai+bj+ck B) P, =ck
f)z =azi+sz f)z =czl2

(©) P =ai+bj+ck (D) P =ai+b]
132 :azi+b2_]’701k 132 :azi+b1j

Sol. (A& (D)
P=P+P, =P +P,
Fei=0
[Bl=0
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32. Assume that the nuclear binding energy per nucleon (B/A) versus mass number (A) is as shown in the figure. Use this
plot to choose the correct choice(s) given below.

Figure: B/A%

8--

6--

4-- —

2

0 t t >
100 200 A

(A) Fusion of two nuclei with mass numbers lying in the range of 1 < A <50 will release energy
(B) Fusion of two nuclei with mass numbers lying in the range of 51 < A < 100 will release energy
(C) Fission of a nucleus lying in the mass range of 100 < A < 200 will release energy when broken into two equal

fragments
(D) Fission of a nucleus lying in the mass range of 200 < A < 260 will release energy when broken into two equal
fragments

Sol. (B) & (D)

If (BE)final = (BE)initial >0
Energy will be released.

33. A particle of mass m and charge q, moving with velocity V enters Region Il normal to the boundary as shown in the
figure. Region II has a uniform magnetic field B perpendicular to the plane of the paper. The length of the Region II is
£. Choose the correct choice(s).

Figure: Region I | Region II | Region III

0_,_EV |

. . o . /B
(A) The particle enters Region III only if its velocity V > =
m
(B) The particle enters Region III only if its velocity V < aB
m
(C) Path length of the particle in Region II is maximum when velocity V = aB
m

(D) Time spent in Region II is same for any velocity V as long as the particle returns to Region I
Sol. (A), (C) & (D)
SECTION - III

Reasoning Type

This section contains 4 reasoning type questions. Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is
correct.

34. STATEMENT-1
The stream of water flowing at high speed from a garden hose pipe tends to spread like a fountain when held vertically
up, but tends to narrow down when held vertically down.

and

STATEMENT-2

In any steady flow of an incompressible fluid, the volume flow rate of the fluid remains constant.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False

(D) STATEMENT -1 is False, STATEMENT-2 is True

Sol. (A)
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35.

Sol.

36.

Sol.

37.

Sol.

STATEMENT-1

Two cylinders, one hollow (metal) and the other solid (wood) with the same mass and identical dimensions are
simultaneously allowed to roll without slipping down an inclined plane from the same height. The hollow cylinder will
reach the bottom of the inclined plane first.

and

STATEMENT-2

By the principle of conservation of energy, the total kinetic energies of both the cylinders are identical when they reach

the bottom of the incline.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False

(D) STATEMENT -1 is False, STATEMENT-2 is True

(D)
_ mgR’sin®
I, +mR?

STATEMENT-1

In a Meter Bridge experiment, null point for an unknown resistance is measured. Now, the unknown resistance is put
inside an enclosure maintained at a higher temperature. The null point can be obtained at the same point as before by
decreasing the value of the standard resistance.

and

STATEMENT-2

Resistance of a metal increases with increase in temperature.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False

(D) STATEMENT -1 is False, STATEMENT-2 is True

(D)
R(100-¢)
/

Runknown =

STATEMENT-1
An astronaut in an orbiting space station above the Earth experiences weightlessness.

and

STATEMENT-2

An object moving around the Earth under the influence of Earth’s gravitational force is in a state of ‘free-fall’.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False

(D) STATEMENT -1 is False, STATEMENT-2 is True

A
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SECTION -1V

Linked Comprehension Type

This section contains 3 paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered. Each question
has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct.

38.

Sol.

39.

Sol.

40.

Sol.

41.

Sol.

42.

Paragraph for Question Nos. 38 to 40

In a mixture of H-He" gas (He" is singly ionized He atom), H atoms and He" ions are excited to their respective first
excited states. Subsequently, H atoms transfer their total excitation energy to He" ions (by collisions). Assume that the
Bohr model of atom is exactly valid.

The quantum number n of the state finally populated in He" ions is

(A)2 B3 ©)4 D)5
©

The wavelength of light emitted in the visible region by He" ions after collisions with H atoms is
(A)6.5x107 m (B)5.6x10" m

(C)4.8x10"m (D)4.0x 107 m

©

h .. .
E,—E;= TC [ A: visible region]
The ratio of the kinetic energy of the n = 2 electron for the H atom to that of He" ion is
1 1
A) — B) — O)1 D)2
(A) 2 (B) 5 © (D)

A)
KE oc Z*/n?

KE 2 2 4

He

Paragraph for Question Nos. 41 to 43

A small spherical monoatomic ideal gas bubble (y = 2) is trapped inside a liquid of density p, (see figure). Assume

that the bubble does not exchange any heat with the liquid. The bubble contains n moles of gas. The temperature of the
gas when the bubble is at the bottom is Ty, the height of the liquid is H and the atmospheric pressure is Py (Neglect
surface tension).

Figure: Py

As the bubble moves upwards, besides the buoyancy force the following forces are acting on it

(A) Only the force of gravity

(B) The force due to gravity and the force due to the pressure of the liquid

(C) The force due to gravity, the force due to the pressure of the liquid and the force due to viscosity of the liquid
(D) The force due to gravity and the force due to viscosity of the liquid

(D)

Buoyant force is resultant of pressure-force of liquid.

When the gas bubble is at a height y from the bottom, its temperature is

2/5 2/5
A) T, (M{J B) T, [Poﬂ)rg(H_Y)J
P, +p.gy P, +p,gH
3/5 3/5
P+ H P + H-
© T (Op,gJ D) T, [Op,g(y)]
P, +p,gy P, +p,gH
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Sol.

43.

Sol.

44,

Sol.

45.

Sol.

46.

Sol.

®)
POT =BT

Py =Py+p,gH, T =T,
P,=Po+ p, gH-y)

The buoyancy force acting on the gas bubble is (Assume R is the universal gas constant)

P, +p,gH)*"* nRgT
(A) p,nRgT()% (B) zf/)s gl -
(P, +p,gy) (P, +p,gH) [P, +p,g(H-y)]
3/5
(©) pnRgt, PP D) p.nReT,

(P, +p.gy)™’ (P, +p,gH)"’[P, +p,g(H - )"
(B)

p, Vg = Buoyancy force = p,g

2/5
o1, B +p,g(H-y)
P+p,gH

nRT,
P

2

P,=P+ p, gH-y)
Paragraph for Question Nos. 44 to 46
A small block of mass M moves on a frictionless surface of an inclined plane, as shown in figure. The angle of the

incline suddenly changes from 60° to 30° at point B. The block is initially at rest at A. Assume that collisions between
the block and the incline are totally inelastic (g = 10 m/s?).

Figure: ANeM
\4
60°\B
30° C
) |
U I
J3m 343m

The speed of the block at point B immediately after it strikes the second incline is
(A) V60 m/s (B) V45 m/s (©) 30 m/s (D) V15 mJs
(B)

Along the plane velocity just before collision

v=42g(3) = V60 ms

Along the plane velocity just after collision
vg=V cos 30° = \/E m/s

E--- -C
I 3 mI 3V3m I

The speed of the block at point C, immediately before it leaves the second incline is

(A) V120 m/s (B) V105 m/s (C) 90 m/s (D) /75 m/s

(B)
mg (3) = %m(vi -vi)=  ve= 105 m/s

If collision between the block and the incline is completely elastic, then the vertical (upward) component of the
velocity of the block at point B, immediately after it strikes the second incline is

(A) V30 m/s B) V15 m/s ©0 (D) —/15 m/s

©

vy =V sin 30° cos 30° — v cos 30° cos 60°

y
vy =0

v cos 30°

. \
vsin 30° '\
\

Before collision After collision
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Chemistry

PART - III
SECTION -1

Straight Objective Type
This section contains 6 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which

ONLY ONE is correct.

47. Native silver metal forms a water soluble complex with a dilute aqueous solution of NaCN in the presence of
(A) nitrogen (B) oxygen
(C) carbon dioxide (D) argon

Sol. B)

Ag dissociates in a solution of NaCN in the presence of air, and forms sodium argentocyanide.
4Ag+8NaCN +2H,0+0, —>4Na| Ag(CN), |+4NaOH

48. 2.5mL of %M weak monoacidic base (Kb =1x10"" at 25 C) is titrated with %M HCl in water at 25°C. The
concentration of H' at equivalence point is (KW =1x10"at 25° C)
A) 3.7x10"°M (B) 3.2x107"M
(C) 3.2x107°M (D) 2.7x10°M
Sol. (D)
BOH + HCl—— BCI+H,0
C
B + H,O——BOH + H’
C (1 - h) Ch Ch
2.5% 2
Volume of HCl used = S —7.5ml
2/15
2.5x 2
Concentration of Salt, C = S _ 0.1M
_Ch® K,
1-h K,

Solving h = 0.27
[H] =Ch=0.1x027=2.7x10> M

49. Under the same reaction conditions, initial concentration of 1.386 mol dm™ of a substance becomes half in 40 seconds

k
and 20 seconds through first order and zero order kinetics, respectively. Ratio [—] of the rate constants for first
0

order (k;) and zero order (ky) of the reactions is

(A) 0.5 mol™" dm’ (B) 1.0 mol dm™
(C) 1.5mol dm™ (D) 2.0 mol™" dm’
Sol. A)
K = 0.693  0.693
ot 40
I = A, _ 1386
0
2t,, 2x20
k

_0693 40 _0.693
40 1386 1386

1

k

=0.5 mol 'litre

0
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50. The major product of the following reaction is
Me
PhS Na
(A) Me \\SPh (B) Me SPh
|
NO,
(©) (D) Me SPh
f S SPh
NO,
Sol. (A)
Me Br Me WSPh
ww
F F
PhS™Na*
dimethyl formamide
NO, NO,

It is easier to do nucleophilic substitution on alkyl halides than on aryl halides.

51. Hyperconjugation involves overlap of the following orbitals
(A) o-c (B) o-p
©) p-p (D) n-n
Sol. (B)

Hyperconjugation involves overlap of © —p orbitals.

52. Aqueous solutions of Na,S,0; on reaction with Cl, gives
(A) Na,S,06 (B) NaHSO,
(C) NaCl (D) NaOH
Sol. (B)

Na,S,0, +4Cl, + 5H,0 —— 2NaHSO, +8HCl
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This section contains 4 multiple correct answer(s) type questions. Each question has 4 choices (A), (B), (C) and (D),

out of which ONLY OR MORE is/are correct.

53. A gas described by van der Waal’s equation
(A) behaves similar to an ideal gas in the limit of large molar volumes

(B) behaves similar to an ideal gas in the limit of large pressures

(C) is characterized by van der Waal’s coefficients that are dependent on the identify of the gas but are independent of

the temperature

(D) has the pressure that is lower than the pressure exerted by the same gas behaving ideally

Sol. (A, C, D)

( n’a

P+Wj(v—nb) =nRT

At low pressure, when the sample occupies a large volume, the molecules are so far apart for most of the time that the

intermolecular forces play no significant role, and the gas behaves virtually perfectly.
2

. . n-a
a and b are characteristic of a gas and are independent of temperature. The term [P + F

exerted by an ideal gas while P represents the pressure exerted by a real gas.

54.

The correct statement (s) about the compound given below is (are)
Cl

(A) The compound is optically active

(B) The compound possesses centre of symmetry
(C) The compound possesses plane of symmetry
(D) The compound possesses axis of symmetry

Sol. (A, D)

Me

H

Cl

Cl

rotating carbon—1 by 180°

Me
The molecule possesses an axis of symmetry (C,) perpendicular to the C — C bond.

Me

55. The correct statement (s) concerning the structures E, F and G is (are)

H3C—>_/<O H3C—/\:<OH H3C—/\:<CH3
OH

H3C CH3 H3C CH3 H3C

() () (©)

j represents the pressure
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Sol.

56.

Sol.

(A) E, F and G are resonance structures (B) E, FandE, G are tautomers
(C) F and G are geometrical isomers (D) F and G are diasteromers
(B), (C), (D)

A solution of colourless salt H on boiling with excess NaOH produces a non-flammable gas. The gas evolution ceases
after sometime. Upon addition of Zn dust to the same solution, the gas evolution restarts. The colourless salt (s) H is
(are)

(A) NH,NO;, (B) NH,NO,
(C) NH4CI (D) (NH4),S0,4
(A, B)

NH,NO, + NaOH —— NH, + NaNO, + H,O
7NaOH + NaNO, +4Zn — 4Na,ZnO, + NH, + 2H,0
NH,NO, + NaOH — NaNO, + NH, +H,0

3Zn +5NaOH + NaNO, — 3Na,ZnO, + NH, + H,0

SECTION - 111

Reasoning Type
This section contains 4 reasoning type questions. Each question has 4 choices (A), (B), (C) and (D), out of which
ONLY ONE is correct.
57. STATEMENT-1: For every chemical reaction at equilibrium, standard Gibbs energy of reaction is zero.
and
STATEMENT-2: At constant temperature and pressure, chemical reactions are spontaneous in the direction of

Sol.

58.

Sol.

decreasing Gibbs energy.

(A) STATEMENT -1 is True, STATEMENT-2 is True; STATEMENT -2 is correct explanation for STATEMENT-1

(B) STATEMENT - 1 is True, STATEMENT-2 is True; STATEMENT -2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False

(D) STATEMENT - 1 is False, STATEMENT-2 is True

(D)

At equilibrium AG =0, AG® of a reaction may or may not be zero.

For a spontaneous process AG < 0

STATEMENT-1: The plot of atomic number (y-axis) versus number of neutrons (x-axis) for stable nuclei shows a
curvature towards x-axis from the line of 45° slope as the atomic number is increased.

and

STATEMENT-2: Proton-proton electrostatic repulsions begin to overcome attractive forces involving protons and

neutrons and neutrons in heavier nuclides.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

(A)
/7
/7

2] /7
= 7/
] 7
°
—
e
B

. Stable
S ;
Z. nuclei

No. of neutrons

If the curve does not bend down towards the x axis then the proton-proton repulsion would overcome the attractive
force of proton and neutron. Therefore, the curve bends down.
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Sol.

60.

Sol.
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STATEMENT-1: Bromobenzene upon reaction with Br,/Fe gives 1, 4 — dibromobenzene as the major product.
and
STATEMENT-2: In bromobenzene, the inductive effect of the bromo group is more dominant than the

mesomeric effect in directing the incoming electrophile.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

©

In bromobenzene, it is the mesomeric effect which directs the incoming electrophile.

STATEMENT-1: Pb*" compounds are stronger oxidizing agents than Sn*" compounds.

and

STATEMENT-2: The higher oxidation states for the group 14 elements are more stable for the heavier members

of the group due to ‘inert pair effect’.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

©

The lower oxidation states for the group 14 elements are more stable for the heavier member of the group due to inert

pair effect.

SECTION -1V

Linked Comprehension Type

This section contains 3 paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered.
Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct.

Paragraph for Question Nos. 61 to 63

There are some deposits of nitrates and phosphates in earth’s crust. Nitrates are more soluble in water. Nitrates are difficult to
reduce under the laboratory conditions but microbes do it easily. Ammonia forms large number of complexes with transition
metal ions. Hybridization easily explains the ease of sigma donation capability of NH; and PH;. Phosphine is a flammable gas
and is prepared from white phosphorus.

61.

Sol.

62.

Sol.

Among the following, the correct statement is

(A) Phosphates have no biological significance in humans

(B) Between nitrates and phosphates, phosphates are less abundant in earth’s crust

(C) Between nitrates and phosphates, nitrates are less abundant in earth’s crust

(D) Oxidation of nitrates is possible in soil

©

Among the following, the correct statement is

(A) Between NH; and PH;, NHj is better electron donor because the lone pair of electrons occupies spherical ‘s’
orbital and is less directional

(B) Between NH; and PH;, PHj; is better electron donor because the lone pair of electrons occupies sp® orbital and is
more directional

(C) Between NH; and PH;, NHj is a better electron donor because the lone pair of electrons occupies sp® orbital and is
more directional

(D) Between NH; and PHj;, PHj; is better electron donor because the lone pair of electrons occupies spherical ‘s’
orbital and is less directional

©
On going from top to bottom in nitrogen group the bond angle decreases due to more p-character in the bond pair and
subsequently more s-character in lone pair orbital.
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63. White phosphorus on reaction with NaOH gives PH; as one of the products. This is a
(A) dimerization reaction (B) disproportionation reaction
(C) condensation reaction (D) precipitation reaction

Sol. B)

P, +3NaOH + 3H,0 ——»3NaH, PO, + PH,

Paragraph for Question Nos. 64 to 66

In the following sequence, products I, J and L are formed. K represents a reagent.

1. Mg/elher
Hex —3— ynal I NaBH,  p_ 2.CO, T—X 5 Me H, L
2. PB . i Pd/BaSO,
o 310 % Cl quinuﬁne !
(0]
64. The structure of the product I is

(A) NN (B) Me
Me X Br wBr

©) NN (D) Br
Me = Br Me N\ /

Sol. (D)
CH,-CH,-C=C-CH, -CHO—5*"% ,CH, -CH,-C=C-CH, -CH,Br

2.PBr

65. The structures of compounds J and K respectively are

A Me COOH
N —  / and  SOCIy

B) OH
Mew and SO7Cly

(0]

©) Mex/j and SOCly
— COOH
®)  Me COOH
\ N / and  CH3SO,Cl

Sol. (A)
1. Mg/ Ether
CH,-CH,-C=C-CH,-CH,Br —%__,j_X , CH,-CH,-C=C-CH,-COCl
3. H;0
J=CH, -CH, -C=C-CH, -COOH
K = SOCl,

Hence, (A) is the correct answer.

66. The structure of product L is

A Me /—CHO B e TN cho

© — CHO D) AN
TN Me = CHO
Me

Sol. (©)
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Paragraph for Question Nos. 67 to 69

Properties such as boiling point, freezing point and vapour pressure of a pure solvent change when solute molecules are added to
get homogeneous solution. These are called colligative properties. Applications of colligative properties are very useful in day-to-
day life. One of its examples is the use of ethylene glycol and water mixture as anti-freezing liquid in the radiator of automobiles.

A solution M is prepared by mixing ethanol and water. The mole fraction of ethanol in the mixture is 0.9.

Given:

Freezing point depression constant of water (Kram) =1.86 K kg mol™
Freezing point depression constant of ethanol (K?‘h"'""l ) =2.0K kg mol™
Boiling point elevation constant of water (ngm) =0.52K kg mol™

Boiling point elevation constant of ethanol (tha"m ) =1.2K kg mol™

Standard freezing point of water =273 K
Standard freezing point of ethanol = 155.7 K
Standard boiling point of water =373 K
Standard boiling point of ethanol =351.5 K
Vapour pressure of pure water = 32.8 mm Hg
Vapour pressure of pure ethanol =40 mm Hg
Molecular weight of water = 18 g mol™
Molecular weight of ethanol = 46 g mol™

In answering the following questions, consider the solutions to be ideal dilute solutions and solutes to be non-volatile and non-
dissociative.

67.

Sol.

68.

Sol.

69.

Sol.

The freezing point of the solution M is

(A) 268.7K (B) 2685K
(C) 2342K (D) 1509K
(D)

AT, =K, xm

2xL6><1000=4.83 K

9%
Freezing point of solution M = 155.7 — 4.83 = 150.87 K ~150.9 K

The vapour pressure of the solution M is

(A) 39.3mm Hg (B) 36.0 mm Hg
(C) 29.5 mm Hg (D) 28.8 mm Hg
(B)

P=0.9 x40 =36 mm Hg

Water is added to the solution M such that the fraction of water in the solution becomes 0.9. The boiling point of this
solution is
(A) 3804K (B) 376.2K
(C) 3755K (D) 354.7K
(B)
AT, =K, xm
0.1

0.9%18
T,=373+32=3762K

=0.52x x1000 =32 K
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FIITJEE Solutions to

IIT - JEE - 2008
(Paper - 2, Code—4)

Time: 3 hours M. Marks: 243

Note: (i) The question paper consists of 3 parts (Part I : Mathematics, Part II : Physics, Part III : Chemistry). Each part has 4
sections.

(ii) Section I contains 9 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which only
one is correct.

(iii) Section II contains 4 questions. Each question contains STATEMENT-1 and STATEMENT-2.

Bubble (A) if both the statements are TRUE and STATEMENT-2 is the correct explanation of STATEMENT-1
Bubble (B) if both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of STATEMENT- 1
Bubble (C) if STATEMENT-1 is TRUE and STATEMENT-2 is FALSE.

Bubble (D) if STATEMENT-1 is FALSE and STATEMENT-2 is TRUE.

(iv) Section III contains 3 sets of Linked Comprehension type questions. Each set consists of a paragraph followed by 3
questions. Each question has 4 choices (A), (B), (C) and (D), out of which only one is correct.

(v) Section IV contains 3 questions. Each question contains statements given in 2 columns. Statements in the first column
have to be matched with statements in the second column. The answers to these questions have to be appropriately bubbled
in the ORS as per the instructions given at the beginning of the section.

Marking Scheme:

(i) For each question in Section I, you will be awarded 3 Marks if you have darkened only the bubble corresponding to the
correct answer and zero mark if no bubble is darkened. In all other cases, minus one (- 1) mark will be awarded.

(ii) For each question in Section II, you will be awarded 3 Marks if you darken only the bubble corresponding to the
correct answer and zero mark if no bubble is darkened. In all other cases, minus one (—1) mark will be awarded.

(iii) For each question in Section III, you will be awarded 4 Marks if you darken only the bubble corresponding to the
correct answer and zero mark if no bubble is darkened. In all other cases, minus one (— 1) mark will be awarded.

(iv) For each question in Section IV, you will be awarded 6 Marks if you have darken ALL the bubble corresponding
ONLY to the correct answer or awarded 1 mark each for correct bubbling of answer in any row. No negative mark will
be awarded for an incorrectly bubbled answer.

Mathematics

PART -1
SECTION -1

Straight Objective Type
This section contains 9 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE

is correct.

1. An experiment has 10 equally likely outcomes. Let A and B be two non-empty events of the experiment. If A consists
of 4 outcomes, the number of outcomes that B must have so that A and B are independent, is
(A)2,40r8 B)3,60r9
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(C)4or8 (D)5or10
Sol. (D)
P(A A B) = —x P _2P/3
10 10 10
2p . .
= ? 1s an integer
=p=5orl0.
2. The area of the region between the curves y = Lt sinx andy = 1=sinx bounded by the lines x =0 and x = r is
COS X Ccos X 4
V2-1
S S (B) j
0 (1+t2) 1—t? ]+t2)\/
V2+1 4t «/5+1
©) (D) 7&
J. (1+ )1 '[ (1+2)V1-
Sol. (B)
3 T+ sinx /l—sinx
I - dx
0 COSX COSX
n/4 1+tani l—tani [1+tangj—[1—tan§]
- J- )2( X dx:I dx
0| \[l-tan= 1+ tan — Jlftanzi
2
n/4 Ztani J2-1
2

—=—dx= — T
6[ l—tanzg J. (+ W1

3. Consider three points
a, 3,0 <§ . Then
(A) P lies on the line segment RQ
(C) R lies on the line segment QP

Sol. (D)
P = (=sin(B — o), —cosp) = (x1, y1)
Q= (cos(B — o), sinf) = (x2, y2)

and R = (x,c0s0 + x;sinb, y,cos0 + y;sinb)

————dt as tan =t.

P = (—sin(p — a), — cosP), Q = (cos(B — a), sinP) and R = (cos(p — a + 0), sin(ff — 0)), where 0 <

(B) Q lies on the line segment PR
(D) P, Q, R are non-collinear

We see that T = [ -
cos0 +sind

and P, Q, T are collinear
= P, Q, R are non-collinear.

X, cos0+Xx,sin0 y,cosO+y,sind
cos0+sin®

4. Let I= J'%dx , J= J.#dx . Then, for an arbitrary constant C, the value of J — I equals
e +e ™t +1 e +e 41
1 e4x—ezx+lj 1 [ezx+ex+lj
A) —logl —— [+C B) —log| —— |+C
(&) 2 g[e4x+ezx+1 ( )2 & e —e* +1
1 ezx—ex+1j 1 (e4x+e2"+lj
C) —log| —— |+C D) —log| ——— [+C
© 2 g(ez"+ex+1 ( )2 & e e 41
Sol. ©
2x 2
Jfl:'fe MG dx .{EZ D dz where z = ¢*
+e¥ +1

+77 +1
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2X _ X
.'.J—l=lln 6278+1 +c
2 le™*+e*+1

S. Let g(x) = log(f(x)) where f(x) is a twice differentiable positive function on (0, ) such that f(x + 1) = x f(x). Then, for
N=1,23, ...,
1 1
B N N
(v )¢ ()
(A) —4{1+1+L+4..+%} B) 4{1+l+i+...+%}
9 25 (2N-1) 9 25 (2N-1)
©) —4{1+l+i+...+%} D) 4{1+1+L+...+%}
9 25 (2N +1) 9 25 (2N +1)
Sol. (A)
g(x + 1) =log(f(x + 1)) = logx + log(f(x))

= logx + g(x)
= g(x+1)-gkx)=logx

1
= ¢t D=0 =
1 1
M= |-g'=|=—4
g( 2) g(zj
1 1 4
"12+—|-g"|1+= |=—
g( 2] g( 2] 9

" L e .
g(N+2] g[N 2] N-1)?

Summing up all terms
Hence, g”[N+lj—g”[lj:_4 1+l+...+% )
2 2 9 (2N-1)

6. Let two non-collinear unit vectors 4 and b form an acute angle. A point P moves so that at any time t the position

vector OP (where O is the origin) is given by acost+ bsint . When P is farthest from origin O, let M be the length of
OP and 4 be the unit vector along@ . Then,

A AN/2 A—b A\1/2
A) a=2F snaM=(1+4-b) ®) =220 andM=(1+4-5)
a+b a-b
PO AN1/2 4—b AN\1/2
©) =20 anam=(1+24-b) D) =22 andM=(1+24-5)
a+b A-b
Sol. (A

‘@‘:‘écost+f)sint‘
) s a2
:(cos t+sin t+2costsmta-b)
L m\l2
:(1+2costs1nta~b)

= (1 +sin2ta- B)Uz
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Sol.

Sol.

Sol.

A\1/2
'.‘OP :(1+'€1 b) when, t=—

. a+b
T e
A+

V2
V2

. a+b
= l= -
a+b

Let the function g: (—o0, ) — [—E j be given by g(u) = 2tan"'(e") —g . Then, g is

ks
2’2
(A) even and is strictly increasing in (0, )

(B) odd and is strictly decreasing in (—oo, )

(C) odd and is strictly increasing in (—oo, o)

(D) neither even nor odd, but is strictly increasing in (-, o)

©
g(u) =2tan™" (e“) —g

=2tan"'e" —tan'e" —cot'e" =tan"'e" —cot ' e"

g(=x) = —g(x)
= g(x) is odd
and g'(x) > 0 = increasing.

Consider a branch of the hyperbola x* — 2y* — 2 V2x-42 y — 6 =0 with vertex at the point A. Let B be one of the end
points of its latus rectum. If C is the focus of the hyperbola nearest to the point A, then the area of the triangle ABC is

2 3
A) 1- 3 (B) \/;—1

2 3
©) 1+\/; (D) \/;H

®)
_ 2 2
Hyperbola is (x=V2) _(y+2) _1
4 2
a=2, b=42
3
e=,[—
2

b’ 1(3-V2)x2 (f3-42)
2 2 2

1
Area= —a(e—1)x—
2 a

- e 1.

A particle P starts from the point zy = 1 + 2i, where i =+/—1 . It moves first horizontally away from origin by 5 units and

then vertically away from origin by 3 units to reach a point z,. From z; the particle moves V2 units in the direction of
coon . T . . . . . . . ..
the vector i+ j and then it moves through an angle 5 in anticlockwise direction on a circle with centre at origin, to

reach a point z,. The point z, is given by

(A) 6+7i B)-7+6i
(C) 7+6i (D) —6+7i
(D)

zo= (1 +2i)

z; = (6 + 5i)

7, = (-6 + 7i).
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SECTION -1I

Reasoning Type

This section contains 4 reasoning type questions. Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is

correct.

10.

Sol.

11.

Sol.

Consider

Li:2x+3y+p-3=0

Ly:2x+3y+p+3=0,

where p is a real number, and C : x> + y* + 6x — 10y + 30 = 0.

STATEMENT-1 : Ifline L, is a chord of circle C, then line L, is not always a diameter of circle C.
and

STATEMENT-2 : Ifline L, is a diameter of circle C, then line L, is not a chord of circle C.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1.

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

©
Circle = (x + 3)* + ((y - 5)* =4
Distance between L; and L,
6 .
= —— <radius

NE

= statement (2) is false
But statement (1) is correct.

. 1
Let a, b, ¢, p, q be real numbers. Suppose a, P are the roots of the equation x* + 2px + q = 0 and a, B are the roots of
the equation ax” + 2bx + ¢ = 0, where p*> ¢ {-1, 0, 1}.

STATEMENT-1: (p*>—q) (b —ac)>0
and
STATEMENT-2: b#pa or c#qa

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1.

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

B)

Suppose roots are imaginary then 3 = a
1 - 1 .
and E =a = B= B not possible

= roots are real = (p> — q) (b* —ac) > 0

= statement (1) is correct.

ib:01+landgzg,ot+[3=—2p, ap=q
a B B a

IfB=1,thena=q = c=qa(not possible)
-2b -2b .
also a+1=—— = -2p= —— = b =ap(not possible)
a a
= statement (2) is correct but it is not the correct explanation.
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12. Suppose four distinct positive numbers a,, a,, a3, a4 are in G.P. Let b, =a;, b, =b; + a», b; =b, + a;and by =bs + a,.

STATEMENT-1 : The numbers by, b,, b;, by are neither in A.P. nor in G.P.
and
STATEMENT-2 : The numbers b, b,, bs, by are in H.P.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1.

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

Sol. ©)
by=a;,by=a +ay,by=a,+a,+as by=a +tataztay
Hence by, b,, bs, by are neither in A.P. nor in G.P. nor in H.P.

13. Let a solution y = y(x) of the differential equation

xVx =1 dy—yy’ -1dx=0 satisfy y(Z)Z%.

STATEMENT-1 : y(x) = sec (sec" X — %)
and
2f

STATEMENT=2 : y(x) is given by ~=23>_ Jj— L
y X

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1.

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

Sol. (O

J.xx/x -1 B '[y\/y -1

sec”'x = sec” y+c

2
sec”' 2 =sec™ [—] +c
NG

T
c=——
3

o a

r_
6

1 4.
s€C X =secC y+g

y= sec(sec’1 X —Ej
6
_ I &

COS —=C0S —+—
X y
Sl a1 (B
COS —=C0S ——cCO0S —_—
y X 2
1B L
y 2x x2
2.5 -1
y X x?
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SECTION - III
Linked Comprehension Type

This section contains 2paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered. Each question
has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct.

Paragraph for Question Nos. 14 to 16

2
Consider the function f: (-0, 00) — (-0, o) defined by f(x) :xz—iaxﬂ , 0<a<2.
X +ax +1
14. Which of the following is true?
A) Q+a’ () +2-a)?f'(-1)=0 B)2-a’f'(1)-2+a)}’f'(-1)=0
©) F()F(-1)=2-a) (D) (1) f(-1)=—~2+a)’
Sol. A)

_dax(x” +ax +1)7 —dax(x” = 1)(2x +a)(x* +ax +1)
(x* +ax +1)*
4a

NEy e

Q2+a)’f'()+@2-a?’f'(-1)=0.

f"(X)

—4a

) T (2-ay

15. Which of the following is true?
(A) f(x) is decreasing on (-1, 1) and has a local minimum at x = 1
(B) f(x) is increasing on (-1, 1) and has a local maximum at x = 1
(C) f(x) is increasing on (-1, 1) but has neither a local maximum nor a local minimum at x = 1
(D) f(x) is decreasing on (-1, 1) but has neither a local maximum nor a local minimum at x = 1
Sol. (A)
£ = 223(x2 -1 :
(x“+ax+1)

Decreasing (—1, 1) and minima at x = 1

(0
16. Let g(x)= 5
J1+t

dt

which of the following is true?

(A) g'(x) is positive on (oo, 0) and negative on (0, «)
(B) ¢'(x) is negative on (—o0, 0) and positive on (0, o)
(C) g'(x) changes sign on both (—o0, 0) and (0, )

(D) g'(x) does not change sign on (—o, )

Sol. (B)

o(x)= f'(e™)e”

1+e*

Hence positive for (0, ) and negative for (—oo, 0).

FIITJEE Ltd. ICES House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi - 110016, Ph : 26515949, 26569493, Fax : 26513942

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IIT-JEE2008-PAPER-2-8

Paragraph for Question Nos. 17 to 19

Consider the line

x+1 y+2 z+1 x-2 y+2 z-3
Ll: :7:7,L2: ==
3 1 2 1 2 3
17. The unit vector perpendicular to both L; and L, is
—i+7j+ 7Kk —i-7)+ 5k
99 5V3
—147j+5k 7i-7j-k
C) ——— D) —2 >~
© ™ D) 799
Sol. B)
i j k
3 1 2|=-i-7j+5k
1 23
Hence unit vector will be o7tk
5V3
18. The shortest distance between L, and L, is
17
A) 0 B) —=
(&) ®) NG
41 17
C)—= D) —
© 3 D) 5
Sol. (D)
A+2)-D+2-2)(-)+A+3)5) 17
S.D= =—F.
53 53
19. The distance of the point (1, 1, 1) from the plane passing through the point (-1, -2, —1) and whose normal is
perpendicular to both the lines L, and L, is
2 7
A) — B) ——
13 23
C)— D) —
© N D) N
Sol. ©)

Plane is givenby -(x + 1) - 7(y +2) + 5(z+ 1) =0
=>x+7y-5z+10=0

. 1+7-5+10 13
= distance=————=—.

75 TS
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SECTION -1V

Matrix-Match Type

This contains 3 questions. Each question contains statements given in two columns which have to be matched.
Statements (A, B, C, D) in column I have to be matched with statements (p, q, r, s) in column II. The answers to
these questions have to be appropriately bubbled as illustrated in the following example.

If the correct match are A-p, A-s, B-r, C-p, C-q and D-s, then the correctly bubbled 4 x 4 matrix should be as

AIBOOG
s @O
c®O@OO
PPOOG

Li:x+3y-5=0

L,: 3x-ky—-1=0

Ly:5x+2y—-12=0
Match the Statements / Expressions in Column I with the Statements / Expressions in Column II and indicate your
answer by darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS.

Column I Column II
(A) L,, L,, L; are concurrent, if P k=-9
B) One of Ly, L,, L; is parallel to at least one of the other two, if 6
(@ k=-—
5
©) L;, L,, L; form a triangle, if 5
() k=—
6
(D) Ly, L,, L; do not form a triangle, if (s)k=5

Sol. (A) = (s); B) > (p, 9); (C) > (r); (D) —> (p, q, 9)
x+3y—5=0and 5x + 2y — 12 = 0 intersect at (2, 1)
Hence6-k-1=0 k=5
for Ly, L, to be parallel

1 3

—=— = k=-9

3 -k

for L,, L; to be parallel
3 -k _—6

= .
5 2 5
-6 . .
fork #5, -9, ? they will form triangle

fork=5k=-9, %6 they will not form triangle
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21. Consider all possible permutations of the letters of the word ENDEANOEL.
Match the Statements / Expressions in Column I with the Statements / Expressions in Column II and indicate your
answer by darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS.

Column I Column II
(A) The number of permutations containing the word ENDEA is (p) 5!
B) The number of permutations in which the letter E occurs in the first and the last positionsis  (q) 2 x 5!
©) The number of permutations in which none of the letters D, L, N occurs in the last five (r) 7 x 5!
positions is
(D) The number of permutations in which the letters A, E, O occur only in odd positions is (s)21 x 5!

Sol. (A) > (p); (B)—> (s); (C) = (q); D) > (@)
(A) ENDEA, N, O, E, L are five different letter, then permutation = 5!
9-2)!

(B) If E is in the first and last position then o =T7x3x5!=21x5!
4!
(C) for first four letters = 2
for last five letters = 5!/3!
151
Hence i><i:2><5!
2! 3!
(D) For A, E and O 5!/3! and for others 4!/2!
140
henceixi:ZXS!.
31 2!
22. Match the Statements / Expressions in Column I with the Statements / Expressions in Column II and indicate your

answer by darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS.

Column I Column II
2
o 2x+4 . ®0
(A) The minimum value of X rox+a is
X+2
B) Let A and B be 3 x 3 matrices of real numbers, where A is symmetric, B is skew- (q) 1

symmetric, and (A + B) (A - B) = (A — B) (A + B). If (AB)' = (—1)k AB, where
(AB)'is the transpose of the matrix AB, then the possible values of k are

©) Let a = log; logs2. An integer k satisfying 1< 20537 <2 must be less than @2

. . 1 T (s) 3
(D) If sin® = cos¢, then the possible values of —| 6+ ¢ — 3 are
T

Sol.  (A)—>(1); (B) > (q,5); (C) > (r,5); (D) > (p, 1)
(A) yo X 2xr4
+2
S>x+Q2-y)x+4-2y=0
Sy +4y—1220
y<-6ory=>2
minimum value is 2.
B)(A+B)(A-B)=(A-B)(A+B)
= AB=BA
as A is symmetric and B is skew symmetric
= (AB)'=-AB
=k=landk=3
(C) a=log;log;2 = 37" =log,3

Now 1< 278 <o
=1<32%<2

= log, [%) <k <log,(3)

=>k=1lork<2andk<3.
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(D) sinb = cosp = cos(g - 9) =cos¢

T
——0=2nn+
5 o

1 T
;[eid)—gj:—Zn

= 0 and 2 are possible.

Physics

PART -1I
SECTION -1
Straight Objective Type

This section contains 9 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE
is correct.

23. A glass tube of uniform internal radius (r) has a valve separating the two identical ends. Initially, the valve is in a
tightly closed position. End 1 has a hemispherical soap bubble of radius r. End 2 has sub-hemispherical soap bubble as
shown in figure. Just afterTopening the valve,

Figure:

1
(A) air from end 1 flows towards end 2. No change in the volume of the soap bubbles
(B) air from end 1 flows towards end 2. Volume of the soap bubble at end 1 decreases
(C) no changes occurs
(D) air from end 2 flows towards end 1. volume of the soap bubble at end 1 increases
Sol. B)

P, = pressure just inside the bubble at the end 2 = P +

P, = pressure just inside the bubble at the end 1 =Py + —

R >r= P, <P; = Air will flow from end 1 to end 2

24. A block (B) is attached to two unstretched springs S1 and S2 with spring constants k and 4k, respectively (see figure I).
The other ends are attached to identical supports M1 and M2 not attached to the walls. The springs and supports have
negligible mass. There is no friction anywhere. The block B is displaced towards wall 1 by a small distance x (figure II)
and released. The block returns and moves a maximum distance y towards wall 2. Displacements x and y are measured

with respect to the equilibrium position of the block B. The ratio s
X

Figure: H\E 4.‘

Mi1| 1

va»—. A

(A)4 (B) 2 (©) % (D) i

Sol. ©)
Lo, 1.,
—kx*= —4ky" =>y=x/2
2 2 Yy y
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25.

Sol.

26.

Sol.

27.

A bob of mass M is suspended by a massless string of length L. The horizontal velocity V at position A is just
sufficient to make it reach the point B. The angle 0 at which the speed of the bob is half of that at A, satisfies

Figure: B

™

>
<

T
(A) 6=7 ®)

b 3n
©) 5<6<7 (D)

(D)

1 1 5gl
—5mgl= —m—- +mg/l(l —cos 0O
5 Smgt= S m— gl( )

cos(9=—z
8

Hence, 3n/4<0<m

A parallel plate capacitor C with plates of unit area and separation d is filled with a liquid of dielectric constant K = 2.

The level of liquid is 3 initially. Suppose the liquid level decreases at a constant speed V, the time constant as a

function of time t is

Figure:
_Cl
d
....................... et R
e
L |_|
6e,R
A) —2— B
@) 5d +3Vt ®)
6g,R
) ——— D
© 5d -3Vt D)
(A)
2¢g, €,
d “2d
— =Vt vt
_ 3
equivalent 2 So 80
d tad
——vt 4wt
3 3

ST= Cequivalent R

(15d+9Vt)e,R

2d* =3dVt-9V*t?

(15d—9Vt)e,R

2d* +3dVt -9Vt

A light beam is travelling from Region I to Region IV (Refer Figure). The refractive index in Regions I, II, III and IV

n, n n . o ) ) _ . . .
are no, 70’? and ?0 , respectively. The angle of incidence 0 for which the beam just misses entering Region IV is
Figure: Region I Region II| Region III Region IV
1, 1, o
2 6 8
0 0.2 m 0.6 m

. a1
(C) sin (ZJ

.1
(D) sin [gj
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Sol. (B)
Total internal reflection occurs at the interface of region Il and I'V.
Because mediums are parallel

ng sin 6 = &sin(ﬁj
8 2
sin 6 = 1/8

28. A vibrating string of certain length ¢ under a tension T resonates with a mode corresponding to the first overtone (third

harmonic) of an air column of length 75 c¢m inside a tube closed at one end. The string also generates 4 beats per
second when excited along with a tuning fork of frequency n. Now when the tension of the string is slightly increased
the number of beats reduces 2 per second. Assuming the velocity of sound in air to be 340 m/s, the frequency n of the
tuning fork in Hz is

(A) 344 (B) 336 (€©)117.3 (D) 109.3
Sol. (A)
-3 ( 340 j -
4\0.75
~ n=344Hz
29. A radioactive sample S1 having an activity S5uCi has twice the number of nuclei as another sample S2 which has an

activity of 10 uCi. The half lives of S1 and S2 can be
(A) 20 years and 5 years, respectively
(B) 20 years and 10 years, respectively
(C) 10 years each
(D) 5 years each
Sol. (A)
SuCi= lt}—z(ZN )

1

In2
10 uCi= T—(NO)

2

Dividing we get T, = 4T,

30. A transverse sinusoidal wave moves along a string in the positive x-direction at a speed of 10 cm/s. The wavelength of
the wave is 0.5 m and its amplitude is 10 cm. At a particular time t, the snap —shot of the wave is shown in figure. The
velocity of point P when its displacement is 5 cm is

Figure: M
P

NELE NELE

(A) —J m/s (B)——J m/s
©) ﬁ1 m/s (D)—ﬁl m/s
Sol. (A)

y=5cmand V=+ve
y=Asin(ott¢d) V=Awmcos(ottd)
We get ot + ¢ =30°

0=2n~= 2n
A5
v=Ao cos(ot + ¢) = [l—ojx(z—n)(ﬁj = ﬂ m/s
100 5 2 50

FIITJEE Ltd. ICES House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi - 110016, Ph : 26515949, 26569493, Fax : 26513942

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IIT-JEE2008-PAPER-2-14

. 2 . . .
31. Consider a system of three charges %,% and —?q placed at points A, B and C, respectively, as shown in the figure.

Take O to be the centre of the circle of radius R and angle CAB = 60°
Figure: y

7

C

60° y X
A

(A) The electric field at point O is

4 - directed along the negative x-axis
TE,

(B) The potential energy of the system is zero
2

(C) The magnitude of the force between the charges at C and B is qiz
54ng R
(D The potential at point O is 4
12ne R
Sol. ©)
| 2
Fae= —— 3AN3)__ 4

SECTION - 11
Reasoning Type

This section contains 4 reasoning type questions. Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is
correct.

32 STATEMENT-1
For practical purposes, the earth is used as a reference at zero potential in electrical circuits.

and

STATEMENT-2
Q

ne,R
(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1
(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for

STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False
(D) STATEMENT -1 is False, STATEMENT-2 is True

Sol. B)

The electrical potential of a sphere of radius R with charge Q uniformly distributed on the surface is given by

33 STATEMENT-1
It is easier to pull a heavy object than to push it on a level ground.

and

STATEMENT-2

The magnitude of frictional force depends on the nature of the two surfaces in contact.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False

(D) STATEMENT -1 is False, STATEMENT-2 is True
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34

Sol.

35

Sol.
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(B)

In pushing Normal contact force is greater than in pulling.

STATEMENT-1
For an observer looking out through the window of a fast moving train, the nearby objects appear to move in the

opposite direction to the train, while the distant objects appear to be stationary.
and

STATEMENT-2
If the observer and the object are moving at velocities \71 and \72 respectively with reference to a laboratory frame, the

velocity of the object with respect to the observer is V, -V, .

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT -1 is True, STATEMENT-2 is False

(D) STATEMENT -1 is False, STATEMENT-2 is True

(B)
Distance appeared to move depends upon angle
subtended on eye.

STATEMENT-1
The sensitivity of a moving coil galvanometer is increased by placing a suitable magnetic material as a core inside the
coil.

and

STATEMENT-2
Soft iron has a high magnetic permeability and cannot be easily magnetized or demagnetized.
(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for STATEMENT-1
(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1
(C) STATEMENT -1 is True, STATEMENT-2 is False
(D) STATEMENT -1 is False, STATEMENT-2 is True
©
SECTION - 11

Linked Comprehension Type

This section contains 2paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered. Each question
has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct.

Paragraph for Question Nos. 36 to 38
The nuclear charge (Ze) is non-uniformly distributed within a nucleus of radius R. The charge density p (r) [charge per
unit volume] is dependent only on the radial distance r from the centre of the nucleus as shown in figure The electric
field is only along rhe radial direction.
Figure: p(r)

d
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36.

Sol.

37.

Sol.

38.

Sol.

39.

Sol.

40.

The electric field atr=R is

(A) independent of a (B) directly proportional to a
(C) directly proportional to a> (D) inversely proportional to a
A)
For a = 0, the value of d (maximum value of p as shown in the figure) is
3Ze 3Ze 4Ze Ze
A B C D

&) 4nR’ ®) 7R’ © 3nR’ ) 3R’
(B)

Rd
q= J‘f(R —x)4nx’dx = Ze

iR
q= 3Ze

nR’

The electric field within the nucleus is generally observed to be linearly dependent on r. This implies.
(A)a=0 (B)a=% (C)a=R (D)azzTR
©

If within a sphere p is constant E o« r

Paragraph for Question Nos. 39 to 41

A uniform thin cylindrical disk of mass M and radius R is attached to two identical massless springs of spring constant
k which are fixed to the wall as shown in the figure. The springs are attached to the axle of the disk symmetrically on
either side at a distance d from its centre. The axle is massless and both the springs and the axle are in horizontal plane.
The unstretched length of each spring is L. The disk is initially at its equilibrium position with its centre of mass (CM)

at a distance L from the wall. The disk rolls without slipping with velocity V, = Voi . The coefficient of friction is p.
Figure:

Vo
X

The net external force acting on the disk when its centre of mass is at displacement x with respect to its equilibrium
position is

(A) —kx (B) —2kx ©) —233 (D) —%
D)
2kx — f=ma
= fR=Ia
a=Ra

4kx

- ma= ——
3

The centre of mass of the disk undergoes simple harmonic motion with angular frequency ® equal to

k 2k 2k 4k
(A) \/% (B) \/% © \3u D) \3m
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Sol. D)
—(2kx)R =Tpa
_ MR gy =Ky
3mR’ 3m
41. The maximum value of V, for which the disk will roll without slipping is
M M 3M 5M
A) ug [~ B) pg,|— C) pg,[>— D) pg,|>—
(A) Hgy1 (B) ngy = ©) pey= (D) negy—
Sol. ©)
2kx — fiax = ma
2kx.r = Ipa
finax = umg
o x= Shmg
2 k

1 1
= QK% ==L
2 2
RV 1
Y= R K
SECTION -1V
Matrix-Match Type
This section contains 3 questions. Each question contains statements given in two columns which have to be matched. Statements
in Column I are labelled as A, B, C and D whereas statements in Column II are labelled as p, q, r and s. The answers to these

questions have to be appropriately bubbled as illustrated in the following example.

If the correct matches are A-p, A-r, B-p, B-s, C-r, C-s and D-q, then the correctly bubbled matrix will be look like the following:

®OOO
®OOO
OOOO
®OOO

g O w »

42. Column I gives a list of possible set of parameters measured in some experiments. The variations of the parameters in
the form of graphs are shown in Column II. Match the set of parameters given in Column I with the graph given in
Column II. Indicate your answer by darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS.
Column I Column I1
(A) Potential energy of a simple pendulum (y axis) as  (p) y
a function of displacement (x axis)

(B) Displacement (y axis) as a function of time (x (q) y
axis) for a one dimensional motion at zero or
constant acceleration when the body is moving
along the positive x-direction
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Sol.

43.

Sol.

©

(D)

Range of a projectile (y axis) as a function of its
velocity (x axis) when projected at a fixed angle

The square of the time period (y axis) of a simple
pendulum as a function of its length (x axis)

A)—>s,(B)>q&s, (C)—>s,(D)>q

)

(s)

o

Column I Contains a list of processes involving expansion of an ideal gas. Match this with Column II describing the

thermodynamic change during this process. Indicate your answer by darkening the appropriate bubbles of the 4 x 4

matrix given in the ORS.

(A)

(B)

©

(D)

Column I

An insulated container has two chambers
separated by a valve. Chamber I contains an ideal
gas and the Chamber II has vacuum. The valve is
opened.

1 H 1

ideal gas H vacuum

An ideal monoatomic gas expands to twice its
original volume such that its pressure P oc

v

where V is the volume of the gas

An ideal monoatomic gas expands to twice its

original volume such that its pressure P oc ——,
\%

where V is its volume

An ideal monoatomic gas expands such that its
pressure P and volume V follows the behaviour
shown in the graph

Vi 2v, Vv
A)—>q¢B)>p&r,(C)>p&s,D)—>q&s

(P

(@

@)

Column II
The temperature of the gas decreases

The temperature of the gas increases or remains

constant

The gas loses heat

The gas gains heat
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An optical component and an object S placed along its optic axis are given in Column I. The distance between the
object and the component can be varied. The properties of images are given in Column II. Match all the properties of
images from Column II with the appropriate components given in Column I. Indicate your answer by darkening the
appropriate bubbles of the 4 x 4 matrix given in the ORS.

Column I Column 11
(A) N (p) Real image

(B) (@)  Virtual image
© (r)  Magnified image
(D) (s) Image at infinity

A)—>p,qr&s,(B)>q,(C)>p,q,r&s,D)>p,q,r&s

Chemistry

PART - 111
SECTION -1

Straight Objective Type

This section contains 9 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D), out of which
ONLY ONE is correct.

45.

Sol.

46.

Sol.

47.

Sol.

The TUPAC name of [Ni(NH;),][NiCly] is

(A) Tetrachloronickel (II) — tetraamminenickel (II)
(B) Tetraamminenickel (II) — tetrachloronickel (II)
(C) Tetraamminenickel (II) — tetrachloronickelate (IT)
(D) Tetrachloronickel (II) — tetraamminenickelate (0)

©

TUPAC name is tetraamminenickel (II) — tetrachloronickelate (IT)

Among the following the coloured compound is

(A) CuCl (B) Ki[Cu(CN)]
(C) CuF, (D) [Cu(CH;CN),]BF,
©

In the crystalline form CuF, is blue coloured.

Both [Ni(CO),] and [Ni(CN),]*" are diamagnetic. The hybridization of nickel in these complexes, respectively, are

(A) sp’, sp’ (B) sp’,dsp’
(C) dsp, sp’ (D) dsp, dsp’
(B)

Ni(CO), = sp’
[Ni(CN),J* = dsp’
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48.

Sol.

49.

Sol.

50.

Sol.

51

Among the following, the surfactant that will form micelles in aqueous solution at the lowest molar concentration at
ambient conditions is

(A) CH;(CH,);sN*(CH;);Br™ (B) CH,(CH,), OSO;Na"
(C) CH3(CH,)sCOO Na* (D) CH;3(CH,);;N"(CH;);Br™
(A)

Critical concentration for micelle formation decreases as the molecular weight of hydrocarbon chain of surfactant
grows because in this case true solubility diminishes and the tendency of surfactant molecule to associate increases.

Solubility product constant (K,) of salts of types MX, MX, and M;X at temperature “T” are 4.0 x 108,32 x 10" and
2.7 x 107", respectively. Solubilities (mole dm ) of the salts at temperature ‘T” are in the order

(A) MX >MX, > M;X (B) M;X > MX,>MX
(C) MX,>M;X >MX (D) MX>M;X >MX,
D)

Solubility of (MX) = V4x107® =2x107*
Solubility of (MX,) = 8x107°

Solubility of (M5X) = 1x10™*

o MX > M;X > MX,

Electrolysis of dilute aqueous NaCl solution was carried out by passing 10 milli ampere current. The time required to
liberate 0.01 mol of H, gas at the cathode is (1 Faraday = 96500 C mol ")

(A) 9.65 x 10* sec (B) 19.3 x 10* sec
(C) 28.95 x 10 sec (D) 38.6 x 10* sec
B)

Q=ixt

Q=10x10"xt
2H,0+2¢" ——H, +20H"

To liberate 0.01 mole of Hy, 0.02 Faraday charge is required
Q=10.02 x 96500 C

- 0.02x96500 =107 x t
t=19.30 x 10* sec

Cellulose upon acetylation with excess acetic anhydride/H,SO, (catalytic) gives cellulose triacetate whose structure is
AcO.

AcO. . o o—g
H
OAc H
AcO H o) o
H H
»)
OAc H
" o H OAc
o H
H
OAc H - H OAc
i—o
H OAc
AcO.
AcO. H 0 O—§
H
OH H
AcO H o) o
H H
®) OH H H OH
(0) H
g H OH
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—

OAc OAc OAc OAc OAc OAc
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Sol. (A)
As in cellulose B 1-4 glycosidic linkage is present.

52. In the following reaction sequence, the correct structures of E, F and G are

“ o [E] g [F]+[G]

(* implies 13C labelled carbon)

O O
A) E= A ‘ ‘ G = CHI,
* A\e ®
Ph CH, ONa
0 0
®) E= I /H\ G = CHI,
* ©
Ph CH, 8
0 0
*
© E-= ‘ F= ‘ G = CHI,
Nk o ®
Ph CH, ph” ONa
(@) O
*
D) E= ‘ P ‘ G=CH,I
AN o ®
Ph CH, Ph O Na
Sol.  (C)

0 0
II el |
Ph— C—CHy—C—OH —> Ph—C—CHj + CO,
(E)
0 0

* I
Ph—C—CH3 —2—> Ph—C—COONa + CHI
Q) (G)
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53.

Sol.

The correct stability order for the following species is

%(8/\ N\ /Ca\o)\ M

an () av)
A) dh>(1v) > (1) > (1) B) @O)> D>l > (av)
(©) an> (D> (Av)> (1) D) @O> 1 >1n>[av)
(0)]
M CH3 (|:H3
®
C_ .. CHp Cs ® CHy
NS B ~ ~
H3C Q CH;3 H3C” ™SO0 ~CHj
Stabilizes by resonance and have six o - hydrogen atoms (hyperconjugation)
(1) CH CH
® /0 ® /°
H3C—CH—0-HC\ - H3C—CH:O—HC\
CH3 CHj3
Stabilizes by resonance and have only three o - hydrogen atoms.
I CH
an @ 3
H3C—CH—CH2—HC\
CHj3
have five o - hydrogen atoms.
av) CH
® /o
H2C—CH2—CH2—HC\
CH3
have only two o - hydrogen atoms.
SI>M>1T>1V
SECTION - 11
Reasoning Type

This section contains 4 reasoning type questions. Each question has 4 choices (A), (B), (C) and (D), out of which
ONLY ONE is correct.

54.

Sol.

55.

STATEMENT-1: The geometrical isomers of the complex [M(NH;),Cl,] are optically inactive.

and

STATEMENT-2: Both geometrical isomers of the complex [M(NH;),Cl,] possess axis of symmetry.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True

(B)

The molecule should not posses alternate axis of symmetry to be optically active.

STATEMENT-1: [Fe(H,0)sNO]SO, is paramagnetic.

and

STATEMENT-2: The Fe in [Fe(H,0)sNO]SO, has three unpaired electrons.

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is correct explanation for STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True
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Sol. (A)
[ Fe(H,0),NO |so,
Here Fe has +1 oxidation state.

Fe" =3d°4s' in presence of NO' 4s! electron are paired in 3d sub shell.
So electronic configuration of Fe™ is

IMIEEGN
3d

B S E—

56. STATEMENT-1: Aniline on reaction with NaNO,/HCl at 0°C followed by coupling with B-naphthol gives a dark blue
coloured precipitate.
and
STATEMENT-2: The colour of the compound formed in the reaction of aniline with NaNO,/HCl at 0°C followed by
coupling with B-naphthol is due to the extended conjugation.
(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is correct explanation for STATEMENT-1
(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for

STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False
(D) STATEMENT-1 is False, STATEMENT-2 is True

Sol. D)

® O
CeHsN7Cl gives scarlet red coloured dye with 3 - naphthol.

57. STATEMENT-1: There is a natural asymmetry between converting work to heat and converting heat to work.
and
STATEMENT-2: No process is possible in which the sole result is the absorption of heat from a reservoir and its
complete conversion into work.
(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is correct explanation for STATEMENT-1
(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1
(C) STATEMENT-1 is True, STATEMENT-2 is False
(D) STATEMENT-1 is False, STATEMENT-2 is True
Sol. (B)

SECTION - III
Linked Comprehension Type

This section contains 2 paragraphs. Based upon each paragraph, 3 multiple choice questions have to be answered.
Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct.

Paragraph for Question Nos. 58 to 60

A tertiary alcohol H upon acid catalysed dehydration gives a product I. Ozonolysis of I leads to compounds J and K. Compound
J upon reaction with KOH gives benzyl alcohol and a compound L, whereas K on reaction with KOH gives only M,

O
H,C Ph
M=
H,C H
58. Compound H is formed by the reaction of
(0] (0]
(A) )}\ + PhMgBr (B) )}\ + PhCH,MgBr
Ph CH,4 Ph CH,
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0 0o Me

© )L + PhCH,MgBr (D) )}\ + )\

Ph H Ph H Ph MgBr
Sol. (B)
O OH

| |
Ph—C—CH3 + PhCHpMgBr —— Ph—C—CHj3

HpC—Ph
59. The structure of compound I is
Ph CH; H;C Ph
ISE=—— (®) —
H Ph H Ph
Ph CH, H,C CH,
© — D)
H CH,Ph Ph H
Sol. (A)
Cl)H CHj3
Ph—C—CH3 —&2 Ph—C=—=CH-Ph
_ I
HpC—Ph D
60. The structures of compounds J, K and L, respectively, are
(A) PhCOCH3;, PhCH,COCH; and PhCH,COO K" (B) PhCHO, PhCH,CHO and PhCOO K"
(C) PhCOCH;, PhCH,CHO and CH;COO K" (D) PhCHO, PhCOCH; and PhCOO K™
Sol. D)
CH3 CH3

Ph—CH:?H —i07—> Ph—C=O0 + Ph—CHO
K J

Ph (K) )

Hence, (D) is the correct answer.

Paragraph for Question Nos. 61 to 63
In hexagonal systems of crystals, a frequently encountered arrangement of atoms is described as a hexagonal prism. Here, the top
and bottom of the cell are regular hexagons and three atoms are sandwiched in between them. A space-filling model of this
structure, called hexagonal close-packed (HCP), is constituted of a sphere on a flat surface surrounded in the same plane by six
identical spheres as closely as possible. Three spheres are then placed over the first layer so that they touch each other and
represent the second layer. Each one of these three spheres touches three spheres of the bottom layer. Finally, the second layer is
covered with a third layer that is identical to the bottom layer in relative position. Assumer radius of every sphere to be ‘r’.

61. The number of atoms on this HCP unit cell is
(A) 4 B) 6
©) 12 (D) 17
Sol. (B)

I

O

A
Y
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Total effective number of atoms = 12 x % +2x % +3=06

62. The volume of this HCP unit cell is
(A) 24421 B) 1621
3
© 12V2r° )
ENE)
Sol.  (A)

2
Height of unit cell = 4r\/;

Ve

Base area = 6 X T(Zr)2

Volume = height xbase area

= 24217

63. The empty space in this HCP unit cell is
(A) 74% (B) 47.6%
©) 32% (D) 26%
Sol. D)

Packing fraction = 74%
Empty space = 26%

SECTION -1V

Matrix-Match Type

This contains 3 questions. Each question contains statements given in two columns which have to be matched.
Statements (A, B, C, D) in column I have to be matched with statements (p, q, r, s) in column II. The answers to
these questions have to be appropriately bubbled as illustrated in the following example.

If the correct match are A-p, A-s, B-r, C-p, C-q and D-s, then the correctly bubbled 4 x 4 matrix should be as

follows:
P g9 r s
A®OO®
JOIOIGIO
cl®O®OOG
P ®OO®
64. Match the compounds in Column I with their characteristic test(s)/ reaction(s) given in Column II. Indicate your
answer by darkening the appropriate bubbles of the 4 x 4 matrix gives in the ORS.
Column I Column II
® (p) sodium fusion extract of the compound gives
(A) H2N NH3(C3 Prussian blue colour with FeSO,
® O
NH;I
B) HO (q) gives positive FeCl; test
COOH
® ©
(C) HO NH;Cl (r) gives white precipitate with AgNO;
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® O
D) O,N NH—NH;Br (s) reacts with aldehydes to form the
corresponding hydrazone derivative
NO,
Sol. A-r,s
B-p,q
C- P qr
D-p,s
65. Match the entries in Column I with the correctly related quantum number(s) in Column II. Indicate your answer by
darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS.
Column I Column II

(A) Orbital angular momentum of the electron in a hydrogen-like (p) Principal quantum number
atomic orbital
(B) A hydrogen-like one-electron wave function obeying Pauli (q) Azimuthal quantum number

principle
(C)  Shape, size and orientation of hydrogen-like atomic orbitals (r) Magnetic quantum number
(D) Probability density of electron at the nucleus in hydrogen-like (s) Electron spin quantum number
atom
Sol. A-q
B-s
C- pPqr
D- P,qr
66. Match the conversions in Column I with the type(s) of reaction(s) given in Column II. Indicate your answer by
darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS.
Column I Column II
(A)  PbS — PbO (p) roasting
(B)  CaCO, - CaO (@) calcination
C©) ZnS—Zn (r) Carbon reduction
D) Cu,S—Cu (s) self reduction
Sol. A-p
B-q
C-p,r
D-p,s

FIITJEE Ltd. ICES House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi - 110016, Ph : 26515949, 26569493, Fax : 26513942

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

FIITJEE Solutions to
IIT - JEE - 2008

(PAPER - 1, CODE - 1)

Time: 3 Hours Maximum Marks: 240

\

A. Question paper format:

1. The question paper consists of 3 parts (Chemistry, Mathematics and Physics). Each part has 4 sections.

2. Section I contains 8 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its
answer, out of which only one is correct.
3. Section II contains 4 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its

answer, out of which one or more is/are correct.

4. Section III contains 2 groups of questions. Each group has 3 questions based on a paragraph. Each question
has 4 choices (A), (B), (C) and (D) for its answer, out of which only one is correct.

(9,

Section IV contains 2 questions. Each question has four statements (A, B, C and D) given in column I and five
statements (p, q, 1, s and t) in Column II. Any given statement in column I can have correct matching with one
or more statements(s) given in column II. For example, if for a given question, statement B matches with the
statements given in q and r, then for that particular question, against statement B, darken the bubbles
corresponding to q and r in the ORS.

B. Marking scheme:

o

For each question in Section I you will be awarded 3 marks if you darken the bubble corresponding to the
correct answer and zero mark if no bubble is darkened. In case of bubbling of incorrect answer, minus one
(-1) mark will be awarded.

=

For each question in Section II, you will be awarded 4 marks if you darken the bubble(s) corresponding to
the correct choice(s) for the answer, and zero mark if no bubble is darkened. In all other cases, Minus one
(-1) mark will be awarded.

*®

For each question in Section III, you will be awarded 4 marks if you darken the bubble(s) corresponding to
the correct answer and zero mark if no bubble is darkened. In all other cases, minus one (-1) mark will be
awarded.

9. For each question in Section IV, you will be awarded 2 marks for each row in which you have darkened the
bubble(s) corresponding to the correct answer. Thus, each question in this section carries a maximum of 8

\marks. There is no negative marking for incorrect answer(s) for this section. /
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IITJEE 2009 (PAPER-1, CODE-1),

PART I: CHEMISTRY

SECTION-I
Single Correct Choice Type

This section contains 8 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out which ONLY ONE is correct.

1. The Henry’s law constant for the solubility of N, gas in water at 298 K is 1.0 x 10° atm. The mole fraction
of N, in air is 0.8. The number of moles of N, from air dissolved in 10 moles of water at 298 K and 5 atm
pressure is

(A) 4.0x107* (B) 4.0x107°

(C) 5.0x10™* (D) 4.0x 107
Sol.  (A)

P= KH XN:

0.8 x5=1x10" %y,

An, = 4 %1073 (in 10 moles of water)

n
= 4x107 =—>
n, +10

ny x5x107° +4x10™ = ny,

=n, =4x10"

2. The correct acidity order of the following is
H OH COOH COOH
cl CH;
) (1) (1) )
(A) (II) > IV) > (I1) > (1) (B) (Iv)> D> (1) > 1)
(©) Dp>dn> @ >1av) D) > >davy>d)
Sol. (A)
) Al oy
Ka =9.98 pKa=4.17 CH
pka (1) (IV)3
PKa =9.38 pKa=4.37

Decreasing order of acidic strength: II1 > 1V >11>1
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Sol.

Sol.

Sol.

Sol.

Sol.

The reaction of P, with X leads selectively to P4Og. The X is

(A) Dry O, (B) A mixture of O, and N,
(C) Moist O, (D) O; in the presence of aqueous NaOH
B)

P,+30, —X2 5 P04 (exclusively)
(N, is used to retard the further oxidation.)

Among cellulose, poly(vinyl chloride), nylon and natural rubber, the polymer in which the intermolecular
force of attraction is weakest is

(A) Nylon (B) Poly(vinyl chloride)
(C) Cellulose (D) Natural Rubber
D)

As chain of natural rubber involves weak van der Waal force of interaction.

Given that the abundances of isotopes >*Fe, *°Fe and *'Fe are 5%, 90% and 5% respectively, the atomic
mass of Fe is

(A) 55.85 (B) 55.95
(C) 55.75 (D) 56.05
(B)

— ZAixi
A =

in
A=54x0.05+56x0.90+57x0.05 (where A is atomic mass of Fe)

A =5595

The IUPAC name of the following compound is
OH

CN

Br
(A) 4-Bromo-3-cyanophenol (B) 2-Bromo-5-hydroxybenzonitrile
(C) 2-Cyano-4-hydroxybromobenzene (D) 6-Bromo-3-hdyroxybenzonitrile

(B)
Priority of CN is highest.

Among the electrolytes Na,SO,, CaCl,, Al,(SO,); and NH,CI, the most effective coagulating agent for
szSg sol is

(A) Na,SO,4 (B) CaCl,
(©) Aly(SO4)3 (D) NH,CI
©)

As Sb,S; is a negative sol, so, Al,(SO,); will be the most effective coagulant due to higher charge density
on AI’" in accordance with Hardy-Schulze rule.
Order of effectiveness of cations: AI’ > Ca™ > Na"> NH]
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Sol.

The term that corrects for the attractive forces present in a real gas in the van der Waals equation is
2

(A) nb B) C;,nz
©) —”;fz (D) —nb
(B)

2
The measure of force of attraction for ‘n’ moles of real gas [%)
n’a
(P +FJ(V —nb) =nRT

SECTION-II
Multiple Correct Choice Type

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

9.

Sol.

10.

Sol.

11.

Sol.

The compound(s) formed upon combustion of sodium metal in excess air is(are)

(A) N8202 (B) N8.20
(C) NaO, (D) NaOH
(A, B) in dry air

The correct statement(s) about the compound H;C(HO)HC-CH=CH—-CH(OH)CHj; (X) is(are)

(A) The total number of stereoisomers possible for X is 6

(B) The total number of diastereomers possible for X is 3

(C) If the stereochemistry about the double bond in X is trans, the number of enantiomers possible for
Xis4

(D) If the stereochemistry about the double bond in X is cis, the number of enantiomers possible for X is 2

(A, D)
The compound(s) that exhibit(s) geometrical isomerism is(are)
(A) [Pt(en)Cl] (B) [Pt(en),]Cl,
() [Pt(en),CL]Cl, (D) [Pt(NH;),Cly]
(C,D)
Cl Cl
cl
en it en Pttt en
—en Cl
cis - form trans - form
c NH, C cl
Pt Pt
NH; Cl NH; NH;,
Trans Cis
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12. The correct statement(s) regarding defects in solids is(are)
(A) Frenkel defect is usually favoured by a very small difference in the sizes of cation and anion
(B) Frenkel defect is a dislocation defect
(C) Trapping of an electron in the lattice leads to the formation of F-center
(D) Schottky defects have no effect on the physical properties of solids

Sol. (B,C)

SECTION-III

Comprehension Type

This section contains 2 groups of questions. Each group has 3 multiple choice question based on a paragraph. Each
question has 4 choices (A), (B), (C) and (D) for its answer, out of which ONLY ONE is correct.

Paragraph for Question Nos. 13 to 15
A carbonyl compound P, which gives positive iodoform test, undergoes reaction with MeMgBr followed by

dehydration to give an olefin Q. Ozonolysis of Q leads to a dicarbonyl compound R, which undergoes
intramolecular aldol reaction to give predominantly S.

1. MeMgBr Q 1.05 >R 1. OH S

2.HY, H,0 2.Zn, H,0 2.A
3.H,80,,A
13. The structure of the carbonyl compound P is
Me
\ \
(A) (B)
P
o Me O/ Me
(0]
©) (D)
P
07 ki
Me
Sol. (B)
14. The structure of the products Q and R, respectively, are
0 (0}
A H B 1
Me Me Me Me Me Me Me Me
0 0
Me
H CH
D 3
©) ‘ ' CHO (D) ' ©¢CHO
Me Et Me Et Me Me  Et

Sol. (A)
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15. The structure of the product S is

(0]
(A) (B) ”\
(0]
Me Me
Me
(0]
Me Me

©

Sol.  (B)

Solution for the question nos. 13 to 15

Me AN
\ ) CH, MgBr N
‘L/\® Me
O
; l
I
C\H
(— O;/Zn H,0
|| —Me Me
c— CH2
Me

Me
CH
\CHZ Q;;\CH
s \
C
\
Me Me O

Paragraph for Question Nos. 16 to 18

p-Amino-N, N-dimethylaniline is added to a strongly acidic solution of X. The resulting solution is treated with a
few drops of aqueous solution of Y to yield blue coloration due to the formation of methylene blue. Treatment of the
aqueous solution of Y with the reagent potassium hexacyanoferrate (II) leads to the formation of an intense blue
precipitate. The precipitate dissolves on excess addition of the reagent. Similarly, treatment of the solution of Y with
the solution of potassium hexacyanoferrate (I1I) leads to a brown coloration due to the formation of Z.

16. The compound X is

(A) NaNO; (B) NaCl
(C) Na,SO, (D) Na,S
Sol. D)
17. The compound Y is
(A) MgCl, (B) FeCl,
(C) FeCl, (D) ZnCl,
Sol. ©
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18. The compound Z is

(A) Mgy[Fe(CN)g] (B) Fe[Fe(CN)s]
(C) Fey[Fe(CN)sls (D) KyZn3[Fe(CN)s],
Sol. (B)

Solution for the question nos. 16 to 18
Na,S+2H"——>H,S+2Na"
X
N(CHs), N(CH;),

<> +H,S + <> +6Fe3* —>6Fe’ + NH; +4H" + Methylene Blue

4FeCl, +3K Fe(CN) ——>Fe,[Fe(CN), |, + 2KCI

Intense blue
FeCl, + K[ Fe(CN), | —Fe[ Fe(CN), ]+3KCl

Brown coloration
(X) — Na,S
(Y) - FeCl;
(Z) — Fe[Fe(CN)g]

SECTION -1V
Matrix — Match Type

This section contains 2 questions. Each question contains statements given in two columns, which have to be
matched. The statements in Column I are labelled A, B, C and D, while the statements in Column II are labelled p,
g, 1, s and t. Any given statement in Column I can have correct matching with ONE OR MORE statement(s) in
Column II. The appropriate bubbles corresponding to the answers to these questions have to be darkened as
illustrated in the following example:

If the correct matches are A —p, sand t; B—q and r; C — p and q; and D — s and t; then the correct darkening of
bubbles will look like the following:

®OOO0
®OOOO

®OOOO
PPOOOO

a w  »

19. Match each of the compounds in Column I with its characteristic reaction(s) in Column II.
Column -1 Column —II

(A) CH;CH,CH,CN (p) Reduction with Pd—C/H,

(B) CH;CH,OCOCH; (9) Reduction with SnCl,/HCl

(C) CH;—CH=CH-CH,OH | (r) Development of foul smell on treatment with chloroform

and alcoholic KOH

(D) CH;CH,CH,CH,NH, (s) Reduction with diisobutylaluminium hydride (DIBAL-H)

(t)  Alkaline hydrolysis

Sol.  (A-p,q,s,t)(B-s,t)(C-p)(D-1)
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20.

Sol.

Match each of the diatomic molecules in Column I with its property/properties in Column II.

Column - I Column - 1T
(A) B, (p) Paramagentic
B N () Undergoes oxidation
© O, (1) Undergoes reduction
(D) 0O, (s) Bond order > 2
(1) Mixing of ‘s’ and ‘p’ orbitals

(A-p,r, ) B-s,t) (C—p, q) (D-p, q,s)) [According to MOT]

PART II: MATHEMATICS

SECTION-I
Single Correct Choice Type

This section contains 8 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out of which ONLY ONE is correct.

21.

Sol.

22.

Sol.

23.

Let z = x + iy be a complex number where x and y are integers. Then the area of the rectangle whose
vertices are the roots of the equation 72’ +77° =350 is

(A) 48 (B) 32
(©) 40 (D) 80
A)

27(7% +7%2) =350

Putz=x+1iy

& +y) (X —y) =175
X+y) K -y)=5.5-7
x2+y2:25

x,yel

Area =8 x 6 =48 sq. unit.

If a, B, ¢ and d are unit vectors such that (QXB)-(Exd) =land a-¢ =%, then

(A) a, B, ¢ are non-coplanar (B) B, c, d are non-coplanar
© b, d are non-parallel (D) a, d are parallel and b, ¢ are parallel

éxa) =1 possible only when |5><5| :|6xa| =1
and (EXB)II(EXH)

The line passing through the extremity A of the major axis and extremity B of the minor axis of the ellipse
x> + 9y* = 9 meets its auxiliary circle at the point M. Then the area of the triangle with vertices at A, M and
the origin O is

FIITJEE€ Ltd., FIITUEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26515949, 26569493, Fax 26513942

website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2009-Paper 1-CMP-9

Sol.

24.

Sol.

25.

Sol.

26.

Sol.

31 29
A) — B) —
(A) 0 (B) 0
21 27
C) — D) —
© 10 @) 10
D)
Equation of line AMisx +3y—-3=0
3
Perpendicular distance of line from origin = —
NT)
Length of AM = 2, /9—2 = 2><i
10 10
= Area = —><2><i><i = sq. units
NI
15
Let z = cos0 + i sinf. Then the value of ZIm(sz_l) at0=2°1s
m=1
(A) — B) —
sin 2° 3sin2°
: (D)
2sin 2° 4sin 2°
D)

X =sinO + sin30 + ... +sin296
2(sinB)X =1 — c0s20 + c0s20 — cos40 + ... + c0s280 — cos300
X = l—cc?s309 _ .1

2sin© 4sin 2°

Let P(3, 2, 6) be a point in space and Q be a point on the line T = (i—j+2l§)+p<—3f+j+512). Then the

value of p for which the vector % is parallel to the plane x —4y + 3z =1is

1 1
(A) 7 (B)- 7

1 1
© 3 (D) - 3
A)

Any point on the line can be taken as

Q= {(1-3w), (u-1), (5p+2)}

PQ = {-3u-2,n-3,51-4}

Now, 1(-3p—-2)-4u-3)+3(Bpn-4)=0
=>-3u-2-4p+12+150-12=0
8u=2=pu=1/4.

The number of seven digit integers, with sum of the digits equal to 10 and formed by using the digits 1, 2

and 3 only, is

(A) 55 (B) 66
©)77 (D) 88
©)

Coefficient of x' in (x + x> + x°)’
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27.

Sol.

28.

Sol.

coefficient of x* in (1 + x + x?)’
coefficient of x* in (1 —x*)” (1 — x)”
_ 7+3-1

= Cy =7

= 9C3 -7

SELLLUN S 1)

Alternate:

The digitsare 1, 1,1, 1, 1,2, 3

orl,1,1,1,2,2,2

Hence number of seven digit numbers formed

= 7—'+7—' =77.
51 4131

X X
Let f be a non-negative function defined on the interval [0, 1]. If J-«Il —(f’(t))2 dt :.[f(t) dt,0<x<1,and
0 0

1 1 1
(B) f(5j>5 and f(g] >

1 1 1
(D) f(zj >5 and f(§j<

f(0) = 0, then

(A) f(l) < 1 and f(l) >
2) 2 3

© f(%) <% and f(%j <

©)
£ = +/1-f?

= f(x) = sinx or f (x) = — sinx (not possible)
= f(x) = sinx
Also, x > sinx V x > 0.

W= W=

Tangents drawn from the point P (1, 8) to the circle x* + y* — 6x — 4y — 11 = 0 touch the circle at the points
A and B. The equation of the circumcircle of the triangle PAB is

(A)X*+y* +4x -6y +19=0 (B)x*+y*—4x— 10y +19=0
(C)xX*+y* —2x+6y—-29=0 D)x*+y* —6x -4y +19=0
B)

The centre of the circle is C (3, 2).
Since CA and CB are perpendicular to PA and PB, CP is the diameter of the circumcircle of triangle PAB.
Its equation is

x=3)x-D+@y-2)(y-8=0
orx’+y* —4x—10y+19=0.

SECTION-II
Multiple Correct Choice Type

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

29.

Sol.

In a triangle ABC with fixed base BC, the vertex A moves such that cosB + cosC = 4sin® % Ifa,bandc

denote the lengths of the sides of the triangle opposite to the angles A, B and C, respectively, then

(A)b+c=4a (B)b+c=2a
(C) locus of point A is an ellipse (D) locus of point A is a pair of straight lines
B, C)
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ZCOS(B+C)COS(EJ=4Sin2é
2 2
cos(B;Cj =2 sin (A/2)
*3)
cos
= —2 =2
sinA/2
sinB+sinC —»
sin A

= b + ¢ = 2a (constant).

sin*x cos*x 1
=—, then
2 5

30. If

sin®x  cos® x 1
—J,-— =

8 27 125
sin® x N cos® x _i
8 27 125

(A) tan®x = B)

(C) tan’ x = (D)

W= Wl o,

Sol. (A, B)
4

sin*x  cos*x
+ =

1
2 3005

2
3sin4x+2(1—sin2 X) :g
= 25sin* x =20 sinx +4 =0

:sinzng andcoszxzz
5 5

8 27 125

2 2 sin®x  cos® x 1
. tan x:§and — =

2
f X
a—a’-—x? "

31. LetL = lim 7 4 ,a>0.IfL is finite, then
x—0 X
(A)a=2 B)a=1
1 1
COL=— D)L= —
© 64 D) 32

Sol. (A, C)
2

a—val-x> X 1 1
L= lim 4~ lim N

x—0 X4 x—0 X2 (a+\/32?) 4X2
~ lim (4—a)—+a? —x?
X_)04x2(a+\/H)

numerator — 0 ifa=2 and then L = é .

32. Area of the region bounded by the curve y = ¢ and lines x =0 and y = e is
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(A)e—1 (B) Iln(e+1—y)dy
1 .

(C) e— j e*dx (D) jln ydy
0 1

Sol. (B,C,D)

5
Required Area = jln ydy
1

= (ylny-y) =(e-e)- {-1} =1

(5] c
Also, J.lnydy:jln(e+l—y)dy
| |

1
Further the required area=¢ x 1 — J-exdx .
0

SECTION-III

Comprehension Type

This section contains 2 groups of questions. Each group has 3 multiple choice questions based on a paragraph. Each
question has 4 choices (A), (B), (C) and (D) for its answer, out of which ONLY ONE is correct.

Paragraph for question Nos. 33 to 35
A fair die is tossed repeatedly until a six is obtained. Let X denote the number of tosses required.

33. The probability that X = 3 equals

25 25
(A) 216 (B) 36
5 125
© 36 (D) 216
Sol.  (A)

o [S)(3)1_25
PX=3) (6)(6J6 216

34. The probability that X > 3 equals

125 25
A) — B) ==
) 216 ®) 36
5 25
C) — D) =—
© 36 ®) 216
Sol. (B)
poxny- LS, Lol
6 6 6 36
11 25
Required probability = 1 -—=—.
anreep YT 736 36
35. The conditional probability that X > 6 given X > 3 equals
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125 25
(A) 216 (B) 216
5 25
© 36 (D) 36
Sol. (D)

For X > 6, the probability is

5,50, ws_(;j(zj
6 6 T 6°\1-5/6 6

For X >3

i+i+i+ w—(§j3
64 65 66 6

6
Hence the conditional probability (576) _25

(5/6) 36

Paragraph for question Nos. 36 to 38

Let o be the set of all 3 x 3 symmetric matrices all of whose entries are either 0 or 1. Five of these entries are 1 and
four of them are 0.

36. The number of matrices in .« is
(A) 12 (B)6
©)9 (D)3

Sol. (A)
If two zero’s are the entries in the diagonal, then
’C, % °C
If all the entries in the principle diagonal is 1, then
3
G
= Total matrix = 12.

X 1
37. The number of matrices A in £ for which the system of linear equations A|y |=|0| has a unique
z 0

solution, is
(A) less than 4 (B) at least 4 but less than 7
(A) atleast 7 but less than 10 (D) at least 10

Sol. B)
0 a b
a 0 c
b c 1
eitherb=0orc=0=|A|#0
= 2 matrices

0 a b
a 1l ¢
b ¢ 0

eithera=0orc=0=|A|=0
= 2 matrices
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1 a b]
a 0 c
b ¢c O

eithera=0orb=0=|A|#0
= 2 matrices.

1 a b]
a 1 ¢
b ¢ 1]

Ifa=b=0=1A|=0
Ifa=c=0=|A|=0
Ifb=c=0=A|=0
= there will be only 6 matrices.

X 1
38. The number of matrices A in & for which the system of linear equations A|y |=|0 | is inconsistent, is
z 0

(A)0 (B) more than 2
©2 (D) 1

Sol. (B)
The six matrix A for which |A]| =0 are
[0 0 1]

0 0 1| = inconsistent.
1 11

= inconsistent.

S = O
—_— = =
S = O

= infinite solutions.

—_
(=
S o =

= inconsistent.

= inconsistent.

_— O = = O O
L

=> infinite solutions.

_—— O O = O =

ot —_— O
]

SECTION -1V
Matrix — Match Type

This section contains 2 questions. Each question contains statements given in two columns, which have to be
matched. The statement in Column I are labelled A, B, C and D, while the statements in Column II are labelled p,
g, 1, s and t. Any given statement in Column I can have correct matching with ONE OR MORE statement (s) in
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Column II. The appropriate bubbles corresponding to the answers to these questions have to be darkened as
illustrated in the following example:
If the correct matches are A — p, s and t; B — q and r; C — p and q; and D —s and t; then the correct darkening of
bubbles will look like the following.

q r S t

FMOOOOO
B OO@OOO
clOOOOO®
P®HOOOO

39.
A)

(B)
©

D)

Sol.

(p)-

(@-

().

(8)-
).

40.

(A)

Match the conics in Column I with the statements/expressions in Column II.

Column I
Circle (p)
parabola Q)
Ellipse

(r)
Hyperbola (s)

®
A - P B) > (s, 1)

1 h?
k—“(lk—J

= 1 =4(k’ + 1)

Column II
The locus of the point (h, k) for which the line hx + ky = 1 touches the
circle x* +y* =4
Points z in the complex plane satisfying [z+ 2| —|z—2| =13

. . . . 1-t?
Points of the conic have parametric representation x = NE) (1 2], y =
+1

2t
1+t

The eccentricity of the conic lies in the interval 1 < x <o
Points z in the complex plane satisfying Re(z + 1)* =z* + 1

© - (D) = (q,9)

2
S hi+ K= (%) which is a circle.

If |z—z)| — |z — zo] = k where k < |z, — 7,

the locus is a hyperbola.

Let t =tana

— x = /3 cos20 and y = sin2a

X .
or cos2a. = —= and sin2a =y

NE]

2

" T+ y2 =sin® 20+ cos? 20 = 1 which is an ellipse.

If eccentricity is [1, ), then the conic can be a parabola (if e = 1) and a hyperbola ife € (1, ).

Letz=x+1iy;x,y € R
S xH 1Py =xt+yi+]

= y* = x; which is a parabola.

Match the statements/expressions in Column I with the open intervals in Column II.

Column I Column II
Interval contained in the domain of definition of non-zero T T
solutions of the differential equation (x —3)*y’ +y=0 p) )
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(B) Interval containing the value of the integral @ (O nj
5 q , —
2
[x=Dx-2)(x=3)(x =) (x-5)dx
1
©) Interval in which at least one of the points of local maximum T 5T
of cos’x + sinx lies (r) 34
D) Interval in which tan '(sinx + cosx) is increasing ©) (0 nj
S 2
(t) (—TC, TC)
Sol.  (A)—>(,q,8) B>, ©->®q,r,t) D) —> (s)

@), -3¥iy_0
dx

d d
j(x _X3)2 - _J.?y

1
= —— =Infy[+c¢
x-3

so domain is R — {3}.

(B). Putx=t+3
2

2
J-(t+2)(t +Dt(t-D(t-2)dt= j t(2-1)( -4)dt=0 (being odd function)
2 -2

2
©). fx)= %—(sinx —3

Maximum value occurs when sin x =

N | —

D). f'(x) > 0 if cosx > sinx.

PART III: PHYSICS

SECTION -1

Single Correct Choice Type

This section contains 8 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out of which ONLY ONE is correct.

41. Look at the drawing given in the figure which has been drawn with ink of y
uniform line-thickness. The mass of ink used to draw each of the two inner 5
circles, and each of the two line segments is m. The mass of the ink used to
draw the outer circle is 6m. The coordinates of the centres of the different
parts are: outer circle (0, 0) left inner circle (—a, a), right inner circle (a, a),
vertical line (0, 0) and horizontal line (0, —a). The y-coordinate of the centre
of mass of the ink in this drawing is

a a
(A) o (B) 3

a a
© o (D) 3
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Sol. (A) Ay
v :6mx0+mxa+mxa+m><0+m><(—a) /__é_\‘gm
cm 10 xm ,’;11 m .
LAVAS TN
_ 4 PR NSUNEE B
\\\(—a, a) nga, a) / X

42. The figure shows certain wire segments joined together to form a
coplanar loop. The loop is placed in a perpendicular magnetic
field in the direction going into the plane of the figure. The a b
magnitude of the field increases with time. I; and I, are the
currents in the segments ab and cd. Then,
@A) L=
B) I <L
(C) 1, is in the direction ba and I, is in the direction e¢d e
(D) 1, is in the direction ab and I, is in the direction de

Sol. D)
According to Lenz’s law, current will be in anticlockwise sense as magnetic field is increasing into the
plane of paper.

43. Two small particles of equal masses start moving in opposite directions from a point V__A v
A in a horizontal circular orbit. Their tangential velocities are v and 2v respectively,
as shown in the figure. Between collisions, the particles move with constant speeds.
After making how many elastic collisions, other than that at A, these two particles
will again reach the point A?

(A) 4 (B) 3
(C) 2 (D) 1

Sol. © V A2V
Velocity will exchange after each collision

1% collision &

44. A disk of radius a/4 having a uniformly distributed charge 6C is placed . y
in the x-y plane with its centre at (—a/2, 0, 0). A rod of length a carrying
a uniformly distributed charge 8C is placed on the x-axis from x = a/4
to x = 5a/4. Two point charges —7C and 3C are placed at (a/4, —a/4, 0) | —
and (—3a/4, 3a/4, 0), respectively. Consider a cubical surface formed by .
six surfaces x = + a/2, y = £+ a/2, z = £ a/2. The electric flux through
this cubical surface is

) =€ ® £
€o )

© = () 2%
€o €

Sol.  (A)

Total charge enclosed by cube is —2C. Hence electric flux through the cube is -2¢ .
€9
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45.

Sol.

46.

Sol.

47.

Sol.

48.

Three concentric metallic spherical shells of radii R, 2R, 3R, are given charges Q;, Q,, Qs, respectively. It
is found that the surface charge densities on the outer surfaces of the shells are equal. Then, the ratio of the
charges given to the shells, Q; : Q; : Qs, is

(A)1:2:3 B)1:3:5
) 1:4:9 (D) 1:8:18
(B) Qi +Q,+Qy)

Q Q+Q, :Q1+Q2 +Q;

4nR?  4m(2R)? 4m(3R)?
= Q:Q2:Q3::1:3:5

The x-t graph of a particle undergoing simple harmonic motion is shown

below. The acceleration of the particle att =4/3 s is 1 /\ /\
NG 2
2

2 2 n 2 E
(A) " cm/s (B) ETY cm/s 50 4\/8 12 t(s)
2
(©) 2—2 cm/s* (D) —g n’ cmy/s’ -
(D)

The given motion is represented by
x =1 sin (n/4) t

2, 2
EX T in ()t
dt> 16
Att=4/3 sec,

2
d_x:_ﬁnz cm/s’.
dt? 32

A ball is dropped from a height of 20 m above the surface of water in a lake. The refractive index of water
is 4/3. A fish inside the lake, in the line of fall of the ball, is looking at the ball. At an instant, when the ball
is 12.8 m above the water surface, the fish sees the speed of ball as

(A) 9m/s (B) 12m/s
(C) 16 m/s (D) 21.33m/s
©
Vi =2x10x7.2
=>v=12m/s

4

Ximage of ball — g X pall

4 §x12:l6m/s

Vimage of ball = EVbau =

A block of base 10 cm x 10 cm and height 15 c¢m is kept on an inclined plane. The coefficient of friction

between them is /3. The inclination © of this inclined plane from the horizontal plane is gradually

increased from 0°. Then

(A) at 6 =30°, the block will start sliding down the plane

(B) the block will remain at rest on the plane up to certain 6 and then it will topple

(C) at 6 =60°, the block will start sliding down the plane and continue to do so at higher angles

(D) at 8 = 60°, the block will start sliding down the plane and on further increasing 6, it will topple at
certain 0
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Sol.

(B)
For sliding, tan 0 > /3 (=1.732)

For toppling, tan 6 > % (=0.67)

F.B.D. at just toppling condition.
SECTION - 11

Multiple Correct Choice Type

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

49.

Sol.

50.

For the circuit shown in the figure

24V]

(A) the current I through the battery is 7.5 mA

(B) the potential difference across Ry is 18 V

(C) ratio of powers dissipated in Ry and R; is 3

(D) if Ry and R, are interchanged, magnitude of the power dissipated in R, will decrease by a factor of 9.

(A &D)
24-2x10°T1-6x10°1-1)=0
24-2x10°1-15x10°1=0
Hence I =7.5 mA

i=6mA

24-6x10°T =2 x10°(I' =) =0
24-6x10°T - 1.5x10°1"=0
I'=35mA

i’ =2mA

P 6

P, 2?

=)

C, and C, denote the molar specific heat capacities of a gas at constant volume and constant pressure,
respectively. Then

(A) C, —C, is larger for a diatomic ideal gas than for a monoatomic ideal gas.

(B) C, + C, is larger for a diatomic ideal gas than for a monoatomic ideal gas.

(C) C,/C, is larger for a diatomic ideal gas than for a monoatomic ideal gas.

(D) C,. C, is larger for a diatomic ideal gas than for a monoatomic ideal gas.
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Sol. (B & D)
For Monoatomic gas
C, = ER, C,= >
2 2
For diatomic gas
C,=2R C,=IR
2 5
51. A student performed the experiment of determination of focal length of a concave mirror by u — v method

using an optical bench of length 1.5 meter. The focal length of the mirror used is 24 cm. The maximum
error in the location of the image can be 0.2 cm. The 5 sets of (u, v) values recorded by the student
(in cm) are: (42, 56), (48, 48), (60, 40), (66, 33), (78, 39). The data set(s) that cannot come from
experiment and is (are) incorrectly recorded, is (are)

(A) (42, 56) (B) (48, 48)

(C) (66, 33) (D) (78, 39)

Sol. (C&D)
1 1 1 .
—=—+4— (mirror formula)
f v u
f=-24cm
52. If the resultant of all the external forces acting on a system of particles is zero, then from an inertial frame,
one can surely say that
(A) linear momentum of the system does not change in time
(B) kinetic energy of the system does not change in time
(C) angular momentum of the system does not change in time
(D) potential energy of the system does not change in time

Sol. A)
Linear momentum remains constant if net external force on the system of particles is zero.

SECTION -II1
Comprehension Type

This section contains 2 groups of questions. Each group has 3 multiple choice questions based on a paragraph. Each
question has 4 choices (A), (B), (C) and (D) for its answer, out of which ONLY ONE is correct.

Paragraph for Question Nos. 53 to 55

When a particle is restricted to move along x-axis between x = 0 and x = a, where a is of nanometer dimension, its
energy can take only certain specific values. The allowed energies of the particle moving in such a restricted region,
correspond to the formation of standing waves with nodes at its ends x=0 and x=a. The wavelength of this standing
wave is related to the linear momentum p of the particle according to the de Broglie relation. The energy of the
particle of mass m is related to its linear momentum as E = p*/2m. Thus, the energy of the particle can be denoted
by a quantum number ‘n’ taking values 1, 2, 3, .... (n = 1, called the ground state) corresponding to the number of
loops in the standing wave.

Use the model described above to answer the following three questions for a particle moving in the line x = 0 to
x=a Takeh=6.6 x 10" Jsande=1.6 x 107" C.

53. The allowed energy for the particle for a particular value of n is proportional to
(A)a” (B) a"?
(©)a" (D) a’
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Sol.

54.

Sol.

55.

Sol.

(A)
a= & => A= Z_a
2 n
h
kdeBroglie ==
p
2a_h _nh
n p 2a
P
2m  8a’m
= E o 1/a°

If the mass of the particle is m = 1.0 x 107" kg and a = 6.6 nm, the energy of the particle in its ground state

is closest to

(A) 0.8 meV (B) 8 meV
(C) 80 meV (D) 800 meV
(B)
2 —3412
h (6.6x1077) — 8 meV.

E= =
8a’m 8x(6.6x107°)?x107"x1.6x107"*

The speed of the particle that can take discrete values is proportional to
(A)n~"? (B)n’"
(C)n'"? (D)n

Paragraph for Question Nos. 56 to 58

Scientists are working hard to develop nuclear fusion reactor. Nuclei of heavy hydrogen, ; H known as deuteron and

denoted by D can be thought of as a candidate for fusion reactor. The D-D reaction is ;| H + H —J He + n + energy.

In the core of fusion reactor, a gas of heavy hydrogen is fully ionized into deuteron nuclei and electrons. This
collection of ;H nuclei and electrons is known as plasma. The nuclei move randomly in the reactor core and

occasionally come close enough for nuclear fusion to take place. Usually, the temperatures in the reactor core are
too high and no material wall can be used to confine the plasma. Special techniques are used which confine the
plasma for a time t, before the particles fly away from the core. If n is the density (number/volume) of deuterons, the
product nty is called Lawson number. In one of the criteria, a reactor is termed successful if Lawson number is
greater than 5 x 10" s/cm’.

It may be helpful to use the following: Boltzmann constant k = 8.6 x 107 eV/K;

56.

Sol.

In the core of nuclear fusion reactor, the gas becomes plasma because of
(A) strong nuclear force acting between the deuterons

(B) Coulomb force acting between the deuterons

(C) Coulomb force acting between deuteron-electron pairs

(D) the high temperature maintained inside the reactor core

(D)

=1.44x10"eVm.
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57.

Sol.

58.

Sol.

Assume that two deuteron nuclei in the core of fusion reactor at temperature T are moving towards each
other, each with kinetic energy 1.5 kT, when the separation between them is large enough to neglect
Coulomb potential energy. Also neglect any interaction from other particles in the core. The minimum
temperature T required for them to reach a separation of 4 x 10™'> m is in the range

(A)1.0x10°K<T< 2.0x10°K (B)20x 10°K<T< 3.0x10°K
(C)3.0x10°K<T< 40x10°K (D)4.0x 10°K<T< 5.0x10°K
(A)
2
2x15kT= (conservation of energy)
4ne,
T=14x10°K

Results of calculations for four different designs of a fusion reactor using D-D reaction are given below.
Which of these is most promising based on Lawson criterion?

(A) deuteron density = 2.0 x 10" ¢cm™, confinement time = 5.0 x 107 s

(B) deuteron density = 8.0 x 10'* cm™, confinement time = 9.0 x 10™" s

(C) deuteron density = 4.0 x 10 cm™, confinement time = 1.0 x 10" s

(D) deuteron density = 1.0 x 10** cm™, confinement time = 4.0 x 107'% s
(B)

nty > 5 x 10" (as given)
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SECTION -1V
Matrix-Match Type

This section contains 2 questions. Each question contains statements given in two columns which have to be
matched. The statements in Column I are labelled A, B, C and D, while the statements in Column II are labeled
p, q 1, sandt. Any given statement in Column I can have correct matching with ONE OR MORE statement(s) in
Column II. The appropriate bubbles corresponding to the answers to these questions have to be darkened as
illustrated in the following example:

If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s and t; then the correct darkening of bubbles

will look like the following.
r S t

®OOOO
OOOOO

®OOOO
P®HOOOO

59. Column II shows five systems in which two objects are labelled as X and Y. Also in each case a point P is
shown. Column I gives some statements about X and/or Y. Match these statements to the appropriate
system(s) from Column II.

a w >

Column - I Column IT
(A) The force exerted | (p) Y Block Y of mass M left on a fixed
by Xon Y hasa inclined plane X, slides on it with a
. — X .
magnitude Mg. constant velocity.
(B) The gravitational P
potential energy of | (q) P Two ring magnets Y and Z, each of
X is continuously B mass M, are kept in frictionless
increasing. 7 vertical plastic stand so that they
repel each other. Y rests on the base
Mechanical energy Y I X and Z hangs in air in equilibrium. P
of the system X + is the topmost point of the stand on
© Y is cogtinuously |_ X | the common axis of the two rings.
decreasing. The whole system is in a lift that is
going up with a constant velocity.
The torque of the
(D) weight of Y about
point P is zero.
() A pulley Y of mass my is fixed to a
table through a clamp X. A block of
Y mass M hangs from a string that goes
< over the pulley and is fixed at point P
l of the table. The whole system is kept
in a lift that is going down with a
constant velocity
(s) A sphere Y of mass M is put in a
nonviscous liquid X kept in a
container at rest. The sphere is
released and it moves down in the
liquid.
t) A sphere Y of mass M is falling with
its terminal velocity in a viscous
liquid X kept in a container.
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Sol. A) =@, 1), (B)—>(q,s, ), (C) > (p, 1, 1), (D) > (@)

60. Six point charges, each of the same magnitude g, are arranged in different manners as shown in Column I1.
In each case, a point M and a line PQ passing through M are shown. Let E be the electric field and V be the
electric potential at M (potential at infinity is zero) due to the given charge distribution when it is at rest.
Now, the whole system is set into rotation with a constant angular velocity about the line PQ. Let B the
magnetic field at M and p be the magnetic moment of the system in this condition. Assume each rotating
charge to be equivalent to a steady current.

Column -1
A) E=0 (p)
B) V=0
© B=0
D) p=0

@

(1)

(s)

®

Column II

+ = .
.7 Q
7
- +
'/
P+ -
P
-+ — |+ - 4+
—— G = G - =@ Y =@ = O == -
M

N
AN RN

Sol.  (A)—=>(p,1,9),(B)>(1,9),(C) > (p, g, V), (D) > (I, 5)

EE O I S

Charges are at the corners of a
regular hexagon. M is at the
centre of the hexagon. PQ is
perpendicular to the plane of
the hexagon.

Charges are on a line
perpendicular to PQ at equal
intervals. M is the mid-point
between the two innermost
charges.

Charges are placed on two
coplanar insulating rings at
equal intervals. M is the
common centre of the rings.
PQ is perpendicular to the
plane of the rings.

Charges are placed at the
corners of a rectangle of sides
a and 2a and at the mid points
of the longer sides. M is at the
centre of the rectangle. PQ is
parallel to the longer sides.
Charges are placed on two
coplanar, identical insulating
rings at equal intervals. M is
the mid points between the
centres of the rings. PQ is
perpendicular to the line
joining the centers and
coplanar to the rings.
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Time: 3 Hours Maximum Marks: 240

(Question paper format: \

1. The question paper consists of 3 parts (Chemistry, Mathematics and Physics). Each part has 4 sections.

2. Section I contains 4 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out of which only one is correct.
3. Section II contains 5 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its

answer, out of which one or more is/are correct.

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

(9,

Section IV contains 8 questions. The answer to each of the questions is a single — digit integer, ranging from 0
to 9. The answer will have to be appropriately bubbled in the ORS as per the instructions given at the beginning
of the section.

B. Marking scheme:

>

For each question in Section I you will be awarded 3 marks if you darken the bubble corresponding to the
correct answer and zero mark if no bubbles is darkened. In case of bubbling of incorrect answer, minus one
(-1) mark will be awarded.

=~

For each question in Section II, you will be awarded 4 marks if you darken the bubble(s) corresponding to the
correct choice(s) for the answer, and zero mark if no bubble is darkened. In all other cases, Minus one (-1)
mark will be awarded.

*®

For each question in Section III, you will be awarded 2 marks for each row in which you have darkened the
bubble(s) corresponding to the correct answer. Thus, each question in this section carries a maximum of 8
marks. There is no negative marking for incorrect answer(s) for this section.

9. For each question in Section IV, you will be awarded 4 marks if you darken the bubble corresponding to the

erect answer and zero mark if no bubble is darkened. In all other cases, minus one (-1) mark w
awarded.
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IITJEE 2009 (PAPER-2, CODE-1),

PART I: CHEMISTRY

SECTION-I

Single Correct Choice Type

This section contains 4 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out which ONLY ONE is correct.

1. In the following carbocation. H/CHj that is most likely to migrate to the positively charged carbon is
H H
1 | 2+ | 4 5
H,C T 3 T C CH;4
OH H CHy
(A) CH; at C-4 (B) HatC-4
(C) CH; atC-2 (D) HatC-2
Sol. D)
Lo I ®
1 5 g 1 3 4
2 4 H shift from C;, to C;
H;C—C (|J3—C—CH3 H3C—(|32—CH2—(|JH—CH3
OH H CH;4 OH CH,4
(driving force is conjugation from oxygen)
2. The correct stability order of the following resonance structures is

H,C=N=N H,C-N=N H,C-N=N H,C-N=N
) ) (m) )

A (> D> AV) > (1) (B) (1) > (I > (II) > (IV)
(©) > @) > 1) > AV) (D) dID) > (@) > AV) > (II)
Sol. (B)
On the basis of stability of resonating structures.
3. The spin only magnetic moment value (in Bohr magneton units) of Cr(CO); is
(A0 (B) 2.84
(C) 4.90 (D) 5.92
Sol. (A)
[Cr(CO)q]

Cr(24) = [Ar]3d’ 4s'
Since (CO) is strong ligand, in Cr(CO)sno unpaired electron is present. So ‘spin only’ magnetic moment is
zero.

4. For a first order reaction A — P, the temperature (T) dependent rate constant (k) was found to follow the

equation log k = —(2000)%+ 6.0 . The pre-exponential factor A and the activation energy E,, respectively,

are
(A) 1.0 x 10°s™ and 9.2 kJmol™ (B) 6.0 s and 16.6 kimol™
(C) 1.0 x 10°s™" and 16.6 kimol™ (D) 1.0 x 10°s™" and 38.3 kimol ™
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Sol.

D)
Given, log K=6 — 2000
T
Since, log K =1log A — _Ba So, A = 10° sec” and Ea = 38.3 kJ/mole
2.303RT

SECTION-II

Multiple Correct Choice Type

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

5.

Sol.

Sol.

The nitrogen oxide(s) that contain(s) N—N bond(s) is(are)

(A) N,O (B) N20Os
(C) N204 (D) N2OS
(A,B,C)
N,O N=——N-+O , N,O N—O——N
2 23 // \\
0

N\ 09

N0, N—N . N0 N—o—X
'/ \‘ // \\
o} ¢} 0

In the reaction
2X+B,H, —[BH, (X), | [BH,]

the amine(s) X is(are)

(A) NH; (B) CH3;NH,
(©) (CH3),NH (D) (CH3):N
(A, B, C)

Due to bulkiness of trimethylamine, it does not react.

The correct statement(s) about the following sugars X and Y is(are)

CH,OH

H O py HOH,C O H
H H HO H
OH H H
HO
H OH OH H

X
(A) X is areducing sugar and Y is a non-reducing sugar
(B) X is a non-reducing sugar and Y is a reducing sugar
(C) The glucosidic linkages in X and Y are & and g, respectively
(D) The glucosidic linkages in X and Y are £ and a, respectively

4

O—N—N

H

CH,OH
O wu
H O
H
OH
OH H
Y
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Sol.

Sol.

Sol.

(B, C)

Among the following, the state function(s) is(are)

(A) Internal energy (B) Irreversible expansion work
(C) Reversible expansion work (D) Molar enthalpy

(A, D)

For the reduction of NOj ion in an aqueous solution, E® is +0.96 V. Values of E° for some metal ions are

given below
V¥ (aq)+2e” >V E’=-1.19V

Fe' (aq)+3e” — Fe E’=-0.04 V
Au*(agq)+3¢” >Au  E"=+140V
Hg’*(aq)+2¢" >Hg E’=+0.86V

The pair(s) of metals that is(are) oxidized by NO; in aqueous solution is(are)

(A) Vand Hg (B) Hg and Fe
(C) Fe and Au (D) Feand V
(A, B, D)
E;o,(aq) =0.96 V All'V, Fe, Hg have less SRP w.r.t. NO;.

(SRP)

So, V, Fe, Hg can be oxidized by NO; in aqueous solution.

SECTION - 111

Matrix — Match Type

This section contains 2 questions. Each question contains statements given in two columns, which have to be
matched. The statements in Column I are labelled A, B, C and D, while the statements in Column II are labelled p,
g, 1, s and t. Any given statement in Column I can have correct matching with ONE OR MORE statement(s) in
Column II. The appropriate bubbles corresponding to the answers to these questions have to be darkened as
illustrated in the following example:

If the correct matches are A — p, sand t; B—q and r; C — p and q; and D — s and t; then the correct darkening of
bubbles will look like the following:

®OOOO
OOOOO
®OOOO
PPOOOO

a = >

10.

Match each of the compounds given in Column I with the reaction(s), that they can undergo given in
Column II.
Column - I Column - II
Br

(A) (p) Nucleophilic substitution
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OH
(B) () Elimination
CHO
©) (r)  Nucleophilic addition
OH
Br
(D) (s) Esterification with acetic anhydride
NO,
(t) Dehydrogenation
Sol.  (A-p,q,t)(B—p,s,t) (C-r,s)(D-p))
11. Match each of the reactions given in Column I with the corresponding product(s) given in Column II.
Column -1 Column - II
(A) Cu+ dil HNO; (p) NO
(B) Cu+conc HNO; | (q) NO,
(C) Zn+dil HNO; (r) N,O
(D) Zn + conc HNO; (s) Cu(NOs),
() Zn(NOs),

Sol.  ((A-p,s)(B-q,s) (C-r,t)(D—q,1)
3Cu +dil.8HNO, — 3Cu(NO, ), +4H,0+2NO

Cu +conc. 4HNO; — Cu(NO, )2 +2H,0+2NO,
4Zn +dil. I0HNO, — 4Zn(NO, ), + 5H,0 + N,0
Zn +conc. 4HNO, — Zn(NO;), +2H,0+2NO,
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SECTION -1V

Integer Answer Type

This section contains 8 questions. The answer to each of the questions is a single digit integer, ranging from 0 to 9.
The appropriate bubbles below the respective question numbers in the ORS have to be darkened. For example, if the
correct answers to question numbers X, Y, Z and W (say) are 6, 0, 9 and 2, respectively, then the correct darkening
of bubbles will look like the following:

XY Z W

OOOO
OOOO
OOO®
DO
OO
©l60[0,
O@OO®®
QOO0
BOOO®®
OOOO®

12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

16.

The oxidation number of Mn in the product of alkaline oxidative fusion of MnO, is

6
2MnO, +4KOH+0, - 2K,MnO, +2H,0 O.S. of Mn = +6 in K,MnO,

(Potassium manganate)
The number of water molecule(s) directly bonded to the metal centre in CuSO, -5H,0 is

4
CuS0, -5H,0 - [ Cu(H,0), ]SO, -H,0

So, water molecules directly attached to Cu are 4.
The coordination number of Al in the crystalline state of AlICl; is

6
Coordination number of Al is 6. It exists in ccp lattice with 6 coordinate layer structure.

In a constant volume calorimeter, 3.5 g of a gas with molecular weight 28 was burnt in excess oxygen at
298.0 K. The temperature of the calorimeter was found to increase from 298.0 K to 298.45 K due to the
combustion process. Given that the heat capacity of the calorimeter is 2.5 kJ K™', the numerical value for
the enthalpy of combustion of the gas in kJmol ™ is

9
Energy release at constant volume due to combustion of 3.5 gm of a gas = 2.5 x 0.45

Hence energy released due to the combustion of 28 gm (i.e., 1 mole) of a gas =2.5x0.45 x% =9 kJmol™

The dissociation constant of a substituted benzoic acid at 25°C is 1.0 x 10~ The pH of a 0.01 M solution of
its sodium salt is
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Sol.

17.

Sol.

18.

Sol.

19.

Sol.

8
K. (C¢HsCOOH) =1 x 107
pH of 0.01 M C¢HsCOONa

C,H,COO0 +H,0 = C,H,COOH+OH"'

0A01(1—h) 0.0l h 0.01h
K, _0.01h’
" K, 1-h
10 107h?
= 1-h=1
10*  1-h ( )
[OH]=0.01h=0.01 x 10*=10"°
[H]=10"
pH=28

The total number of cyclic structural as well as stereo isomers possible for a compound with the molecular
formula CsHj is

7
CycliC C5H10

1 2 3 4 5
For 3" structure 2 cis-trans and 1 optical isomer are possible.
Total 7 isomers.

The total number of & and S particles emitted in the nuclear reaction %3 U — *3Pb is

8
0 U™ —% 5 X2 22 55, PH* (601, 2P), total 8 paritcles.

At 400 K, the root mean square (rms) speed of a gas X (molecular weight = 40) is equal to the most
probable speed of gas Y at 60 K. The molecular weight of the gas Y is

4

MS(x g0 k) MP( 0 K)
M.W. (X gas) =40; M.W. (Y gas) =x

3RT, B 2RT,

Ml M2
400x3  [2x60
40 X
30 = @
X

x=4
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PART II: MATHEMATICS

SECTION-I

Single Correct Choice Type

This section contains 4 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out of which ONLY ONE is correct.

20.

Sol.

21.

Sol.

The normal at a point P on the ellipse x> + 4y* = 16 meets the x-axis at Q. If M is the mid point of the line
segment PQ, then the locus of M intersects the latus rectums of the given ellipse at the points

(25 22) o[22 )

2777 ’

2 4
(©) (izﬁ, i%) (D) [izﬁ, i#j

(C) 'y
Normal is 4x sec ¢ — 2y cosec ¢ = 12 P (4cos¢, 2sin ¢)
Q= (3 cosg, 0)
M= (a, B) M

_ 3cosdp+4cosd 7 .
o= — = Ecosd) Q(3cos¢, 0)

2
=cosdp=—a

B = sind

cos’d +sin® ¢ =1

= ioc2+[32=1 = i><2+y2=1
49 49

= latus rectum x = + 2\/§
48 2 1
— + = 1 =vy=+ =
49 y Y 7

*243, £ 1/7).

The locus of the orthocentre of the triangle formed by the lines (1 + p)x —py +p(1 +p)=0, (1 +q)x —qy +
q(1 +q)=0and y =0, where p # q, is

(A) a hyperbola (B) a parabola
(C) an ellipse (D) a straight line
D)

Intersection point of y = 0 with first line is B(—p, 0)
Intersection point of y = 0 with second line is A(—q, 0)
Intersection point of the two lines is C(pq, (p + 1)(q + 1))
Altitude from C to AB is x = pq

q
+q
Solving these two we get x =pq and y =—pq
.. locus of orthocentre is x + y = 0.

Altitude from B to ACisy =— . (x+p)
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22.

Sol.

23.

Sol.

A line with positive direction cosines passes through the point P(2, — 1, 2) and makes equal angles with the
coordinate axes. The line meets the plane 2x + y + z = 9 at point Q. The length of the line segment PQ

equals

(A)1 (B) V2
©) 3 (D)2
(©)

1 1 1

NERNENC

D.C of the line are

Any point on the line at a distance t from P(2, — 1, 2) is (2

which lieson2x +y+z=9=t= NC

t
+

+ —

——1+L2tj
NERRENERNE

If the sum of first n terms of an A.P. is cn’, then the sum of squares of these n terms is

2 1).2
@) M ®)
2 _ 2
©) n(4n3 l)c D) n
©
t,=c {n*—(n— 1%
=c(2n-1)

= 12 =c’(4n’ —4n +1)

- Zn:ti _ 2 {4n(n+1)(2n+1) _4n(n+1) +n}
n=1
2

6 2

= %{4(n+1)(2n+1)—l2(n+1)+6}
Czn 2 02 2
:T{4n +6n+2—6n—6+3}=?n(4n -1).

SECTION-1I

n(4n2 + l)c2

3

(4n2 +1)c2

6

Multiple Correct Choice Type

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

24.

The tangent PT and the normal PN to the parabola y* = 4ax at a point P on it meet its axis at points T and
N, respectively. The locus of the centroid of the triangle PTN is a parabola whose

(A) vertex is (2—;, 0)

(C) latus rectum is %

(B) directrix is x =0

(D) focus is (a, 0)
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Sol. (A, D)
G=(hk)
2
o h= 2a+at ,kzﬁ
3 3

N (3h‘2a):£ T (-at?, 0)
a 4a°

= required parabola is

9y  (3x-2a) 3( 2a)

22 a al 3

=y = E(X—EJ
Y 3 3

Vertex = (é—a, Oj ; Focus = (a, 0)

25. For function f(x) = x cosl ,x2>1,
X

(A) for atleast one x in interval [1, ), f(x +2) — f(x) <2
(B) lim f'(x) =1

X—>00
(C) for all x in the interval [1, ), f(x +2) — f(x) > 2
(D) f'(x) is strictly decreasing in the interval [1, o)

Sol. (B, C,D)
For f(x) = xcos(lj ,x21
X

f(x)= cos(lj+lsin(l) — 1 forx > o
X

X X

also f"(x) = Lzsin (l) —Lzsin (lj —%cos (lj
X X X X X X

= —Lcos(l) <0 forx=>1

x> X

= f'(x) is decreasing for [1, )

= f(x +2) <f(x). Also, limf(x+2)-f(x)= lim[(x+2)cos

X—>00

.'.f(x+2)—f(x)>2Vle

—xcosl} =2

X+2 X

6
26. For0<6< g , the solution(s) of ZCOS ec(e + @j cos ec(e +%} =42 is(are)

m=1

T T

(A) " B) 5
T Sn

©) o (D) R

Sol. (C,D)
Given solutions

sin((0+3n/2)—(0+51/4))

1 [sin(9+n/4—6) sin(0+7n/2-(0+7/4))
sin(n/4)

+ +...
sin@-sin(0+mn/4) sin(0+n/4)-sin(0+m/2)

sin(0+3m/2)-sin(0+57/4)

N (éa, at?, 0)

}—4&

= V2[cot@—cot(0+7/4)+cot(0+m/4)—cot(B+m/2)+...+cot(0+51/4)—cot(0+3n/2)] = 442
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=tanO+cot0=4=tan0 =2+ \/5

i Sn
=0=—or —
12 12
27. An ellipse intersects the hyperbola 2x* — 2y* = 1 orthogonally. The eccentricity of the ellipse is reciprocal
of that of the hyperbola. If the axes of the ellipse are along the coordinates axes, then
(A) equation of ellipse is x* + 2y* =2 (B) the foci of ellipse are (£ 1, 0)
(C) equation of ellipse is x> + 2y =4 (D) the foci of ellipse are (+ v/2, 0)

Sol. (A, B)
Ellipse and hyperbola will be confocal
= (tae, 0)= (£1,0)

1
= |tax—, 0| =(=1,0
[sx 0] =10
:>a:\/7andefL

V2
Sb=a(l-¢)=>b*=1
2 2

.. Equation of ellipse X?+yT =1.

28, Ifl,= J'( SIMOX_ 4x.n=0,1,2, ..., then

e 1+7)sinx

10
AL =1,,, (B) D Ly =107
m=I
10
©) Y =0 D), =1,
m=l

Sol. (A,B,C)

J‘ sin nx

(1+7t )smx

n X - L
sinnx T sinnx sinnx

- o - [

0[(1+TC )smx (1+n* )sme , Sinx

T . .
sin(n+2)x —sinnx
Now, Iy — I, = '[ : dx
sin x

0

dx =0

_ j:'2cos(n+1)x~sinx

sin x
0

=>IL=nL= J.Zcosxdx:O
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SECTION — 111

Matrix — Match Type

This section contains 2 questions. Each question contains statements given in two columns, which have to be
matched. The statement in Column I are labelled A, B, C and D, while the statements in Column II are labelled p,
g, 1, s and t. Any given statement in Column I can have correct matching with ONE OR MORE statement (s) in
Column II. The appropriate bubbles corresponding to the answers to these questions have to be darkened as
illustrated in the following example:

If the correct matches are A — p, s and t; B — q and r; C — p and q; and D —s and t; then the correct darkening of
bubbles will look like the following.

®OOOO0
OOOOO
®OOOO
OOOOO

29. Match the statements/expressions in Column I with the values given in Column II.
Column I ' Column II
(A) The number of solutions of the equation xe*™ — cosx = 0 in the | (p) 1

interval (O, E)
2

(B) Value(s) of k for which the planes kx + 4y +z=0,4x +ky +2z=0 | (q) 2
and 2x + 2y + z = 0 intersect in a straight line
© Value(s) of k for which [x — 1| + |[x — 2| + |x + 1] + [x + 2| = 4k has | (1) 3
integer solution(s)

g O = »

(D) Ify' =y + 1 and y(0) = 1 then value(s) of y(In2) (s) 4
® 5
Sol.  (A)—>(p) B) = (g, s) ©—->(@q,r,s,t (D) > (r)
(A). f(x)>0,Vx e (0,n/2)
f(0) <0 and f(n/2) > 0
so one solution.
(B). Let (a, b, c) is direction ratio of the intersected line, then
ak+4b+c=0
4a+kb+2c=0
a b c

8_k 4-2k K2-16
We must have 2 (8 — k) +2 (4 — 2k) + (k> —= 16) =0

—k=2,4
(©).  Letfx)=|x+2|+[x+ 1]+ [x—1]+[x—2|
= k can take value 2, 3, 4, 5. —4x ax
4 - 2x 2x—4
6
2 T2
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(D). ij Idx

= f(x)=2e"-1
= f(In2)=3
30. Match the statements/expressions in Column I with the values given in Column II.
Column I Column IT
(A) Root(s) of the expression 2sin’ + sin’20 = 2 s
() "
6
. . o . 6x 3x T
(B) Points of discontinuity of the function f(x) = [—} cos[—} , | (@ 2
T T
where [y] denotes the largest integer less than or equal to y
©) Volume of the paralleloplped with its edges represented by P
the vectors 1+_], 1+2_] and 1+_]+TCk @ 3
(D) Angle between vectors a and b where @, b and ¢ are unit (s) ks
vectors satisfying a + b++/3¢=0 2
® T

Sol.  (A)—>(q,9) B)—> (@, r,s,t) (C)—> () (D) > ()
(A).  2sin®0 + 4sin’0 cos’0 =2
sin®0 + 2sin’0(1 — sin?0) = 1

36in%0 — 2sin‘0 — 1 = 0 = sinf = £ + |
2
=0 ZE, Ly
4 2
(B). Lety= 3x
T
1 b
= —<y<3 Vxe {—, n}
2 6
Now f(y) = [2y] cos[y]
Critical points are y = l , V= = % y=3
= points of discontinuity {E E E
63 2’
1 10
©). 1 2 0] =n = volume of parallelopiped = ©
1 1 =
D). li+vl=

= +J2+2cosa =\/§

=2+2cosa=3

= o=

w|a
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SECTION -1V
Integer Answer Type

This section contains 8 questions. The answer to each of the questions is a single digit integer, ranging from 0 to 9.
The appropriate bubbles below the respective question numbers in the ORS have to be darkened. For example, if the
correct answers to question numbers X, Y, Z and W (say) are 6, 0, 9 and 2, respectively, then the correct darkening
of bubbles will look like the following:

XY Z W

OOOO
OOOO
OOO®
DO
OO
OOO®
O@OO®®
0l0[0[0
®EOO®®
OOOG

31. Let f: R — R be a continuous function which satisfies f(x) = If (t)dt . Then the value of f(In5) is
0

Sol. 0
flx) = jf(t)dt = (0)=0
0

also, f'(x) = f(x), x>0

= f(x) =ke", x>0

-+ f(0) = 0 and {(x) is continuous = f(x) =0V x>0
- f(In5) = 0.

32. The centres of two circles C; and C, each of unit radius are at a distance of 6 units from each other. Let P
be the mid point of the line segment joining the centres of C; and C, and C be a circle touching circles C,
and C, externally. If a common tangent to C; and C passing through P is also a common tangent to C, and
C, then the radius of the circle C is

Sol. 8
22
cosa = —
3
. 1
smmo = —
3
22
tano. = ——
R
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33.

Sol.

34.

Sol.

35.

Sol.

36.

Sol.

Alternate:

R+1P=(R-1)1+ (432)
= R =8.

The smallest value of k, for which both the roots of the equation x* — 8kx + 16(k*— k + 1 ) = 0 are real,
distinct and have values at least 4, is

2
x*—8kx+ 16 (K —k+1)=0
D>0=k>1 (D)

_—b>4:>%>4 4\/

=k>1 ...
f4)>20=16-32k+16 (K -k+1)>0
K-3k+2>0

k<1uk>2 ..03)

Using (1), (2) and (3)

kmin=2.

The maximum value of the function f(x) = 2x” — 15 x> + 36x — 48 on the set A = {x|x* + 20 < 9x|} is

7

f(x)=6(x—-2)(x—-3)

so f (x) is increasing in (3, o)
Also, A={4<x <5}

St =1(5) =17.

Let ABC and ABC' be two non—congruent triangles with sides AB =4, AC = AC' = 242 and angle B =
30°. The absolute value of the difference between the areas of these triangles is

4 A
a’+16-8

2xaxd

3 _a’+s

7 8a
—a’—43a+8=0
:>a1+a2=4x/§,a1a2=8 B
=la;—a)f =4

cosP =

= A - Ay :%X4Sin30°x4=4 .

If the function f(x) = x> + ¢** and g(x) = f'(x), then the value of g'(1) is
2

f(0) =1, f'(x) = 3x* +%e"/2

= f(g(x) g'(x) = 1

Putx=0= g'(1) = 2.

L
£'(0)
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37. Let p(x) be a polynomial of degree 4 having extremum at x =1, 2 and lim (1 + p(); j =2 . Then the value

x—0

X
of p(2) is
Sol. 0
LetP(x)=ax'+bx’ +cx* +dx +e
P()=P'(2)=0
2
lim {Lf(x)J )
x—0 X

=>P0)=0=e=0
lim(2x+P'(x)j:2

x—0 2x

= P(0)=0 =d=0
lim(—2+z (X)jzz

x—0

=c=1

On solving, a=1/4,b=-1
4

So P(x) = XT —x+x

=P2)=0.
38. Let (x, y, z) be points with integer coordinates satisfying the system of homogeneous equations:
3x-y—-z=0
-3x+z=0
—-3x+2y+z=0.
Then the number of such points for which x> + y* + z* < 100 is
Sol. 7
3x-y—z=0
-3x+z=0
=y=0
and z = 3x
Sty +Z2=x2+2=x"+9x*=10x*< 100
=x’<10

=>x=0,£1,+2,%+3
There are such seven points.
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PART III: PHYSICS

SECTION-I

Single Correct Choice Type

This section contains 8 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out which ONLY ONE is correct.

39.

Sol.

40.

Sol.

Photoelectric effect experiments are performed using three different metal plates p, q and r having work
functions ¢, = 2.0 eV, ¢4 = 2.5 eV and ¢, = 3.0 eV, respectively. A light beam containing wavelengths of
550 nm, 450 nm and 350 nm with equal intensities illuminates each of the plates. The correct I-V graph for

the experiment is (Take hc = 1240 eV nm)
(A) ! P (B) !
q
r
D
r
v v
©) ! r D) I
q
P
)y
p
v v
A)

Vi = (1/e)[(hc/A) — ¢]

Vp = (1/e)[(1240/550) — 2]eV = 0.2545 V

V, = (1/e)[(1240/450) — 2.5]eV = 0.255 V

V, = (1/e)[(1240/350) — 3]eV = 0.5428 V

If n is the number of photons in unit time then nhc/A =1
= dplig:h=Nping:n=Ap:iAq: A,

A uniform rod of length L and mass M is pivoted at the centre. Its two ends are
attached to two springs of equal spring constants k. The springs are fixed to rigid
supports as shown in the figure, and rod is free to oscillate in the horizontal plane.
The rod is gently pushed through a small angle 6 in one direction and released.
The frequency of oscillation is

1 |2k 1 [k
A) —, |— B — |=—
A M (B) 2n\/;
1 |6k 1 [24k
C) —.— D) — |Z2=
© M D)
©
¢ ¢ 1d°0
Restoring torque = -2 x k| —0 |— = ——
& (2 j2 dt?
k¢?
d%o 7(_9)
a2 M2
12
6k
> o0=,—
M

FIITJ€E€ Ltd., FIITUEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26515949, 26569493, Fax 26513942

website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2009-Paper 2-CMP-18

41. A piece of wire is bent in the shape of a parabola y = kx* (y-axis vertical) with a bead of mass m on it. The
bead can slide on the wire without friction. It stays at the lowest point of the parabola when the wire is at
rest. The wire is now accelerated parallel to the x-axis with a constant acceleration a. The distance of the
new equilibrium position of the bead, where the bead can stays at rest with respect to the wire, from the y-

axis is
a a
A) — B) —
(A) o (B) 2k
2a a
© — (D) —
gk 4gk
Sol. B)
tan O = —
g
tan 0 = dy =2kx
dx
a
= X=—
2gk
42. The mass M shown in the figure oscillates in simple harmonic motion with
amplitude A. The amplitude of the point P is K, k, i,
kA k,A P
(A — (B) —=2—
k, k;
kA k,A
© — (D) —2
k, +k, k; +k,
Sol. D)
X +X, = A
k]Xl = kzXz
k
Hence x; = 2A
k, +k,
SECTION -11

Multiple Correct Choice Type

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

43. Under the influence of the coulomb field of charge +Q, a charge —q is moving around it in an elliptical
orbit. Find out the correct statement(s).
(A) The angular momentum of the charge —q is constant
(B) The linear momentum of the charge —q is constant
(C) The angular velocity of the charge —q is constant
(D) The linear speed of the charge —q is constant
Sol. A)
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44,

Sol.

45.

Sol.

46.

Sol.

47.

Sol.

The figure shows the P-V plot of an ideal gas taken through a cycle ABCDA. P
The part ABC is a semi-circle and CDA is half of an ellipse. Then, 3 A
(A) the process during the path A — B is isothermal /
(B) heat flows out of the gas during the path B— C — D 2 1)\\ B
(C) work done during the path A - B — C is zero 1 C
(D) positive work is done by the gas in the cycle ABCDA 0
1 2 3 V
(B) & (D)
AQ=AU+W
For process B— C - D
AU is negative as well as W is also negative
A sphere is rolling without slipping on a fixed horizontal plane surface. In the C
figure, A is the point of contact, B is the centre of the sphere and C is its topmost \v
point. Then,
~ _ - - ~ ~ - ~ —
(A) Ve -V, =2(V5 - V) (B) Ve—Vg=Vg-V,
©) |Ve =V | =2[Vg - V| (D) |V =V, | = 4[Vg] A
B) & ()

A student performed the experiment to measure the speed of sound in air using resonance air-column

method. Two resonances in the air-column were obtained by lowering the water level. The resonance with

the shorter air-column is the first resonance and that with the longer air column is the second resonance.

Then,

(A) the intensity of the sound heard at the first resonance was more than that at the second resonance

(B) the prongs of the tuning fork were kept in a horizontal plane above the resonance tube

(C) the amplitude of vibration of the ends of the prongs is typically around 1 cm

(D) the length of the air-column at the first resonance was somewhat shorter than 1/4th of the wavelength
of the sound in air

A) & (D)

Larger the length of air column, feebler is the intensity

Two metallic rings A and B, identical in shape and size but having different resistivities p, and pg, are kept
on top of two identical solenoids as shown in the figure. When current I is switched on in both the
solenoids in identical manner, the rings A and B jump to heights h, and hg, respectively, with h, > hg. The

possible relation(s) between their resistivities and their masses my and mg is(are)
B

(A) pa>pp and my = mg (B) pa < pp and mp = mg
(C) pa> pp and mp > mp (D) pa <pp and my < mg

(B) & (D)
As —d—(f = emf is same, the current induced in the ring will depend upon resistance of the ring. Larger the

resistivity smaller the current.

FIITJ€E€ Ltd., FIITUEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26515949, 26569493, Fax 26513942

website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2009-Paper 2-CMP-20

SECTION - 111

Matrix-Match Type

This section contains 2 questions. Each question contains statements given in two columns, which have to be
matched. The statements in Column I are labelled A, B, C and D, while the statements in Column II are labelled p,
g, 1, s and t. Any given statement in Column I can have correct matching with ONE OR MORE statement(s) in
Column II. The appropriate bubbles corresponding to the answers to these questions have to be darkened as
illustrated in the following example:

If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s and t; then the correct darkening of bubbles
will look like the following.

®OOOO
®OOOO

®OOOO
®OOOO

T O =

48. Column I shows four situations of standard Young’s double slit arrangement with the screen placed far
away from the slits S; and S,. In each of these cases S,P, = S,P;, S|P, — S,P; =A/4 and S|P, — S,P, = A/3,
where A is the wavelength of the light used. In the cases B, C and D, a transparent sheet of refractive index
p and thickness t is pasted on slit S,. The thicknesses of the sheets are different in different cases. The
phase difference between the light waves reaching a point P on the screen from the two slits is denoted by
O(P) and the intensity by I(P). Match each situation given in Column I with the statement(s) in Column IT
valid for that situation.

Column I Column II
(A) s, | >, () 8(Po)=0
P,
— — (@) 3(P)=0
Sy
| (» I[(P)=0

| (s) I (Po) > I(Py)

‘i 1 O T(P2)>1(P)
|

(B) (- Dt=2/4

S
(©) (u-Dt=n12 s h >,
P,

— 1

(D) (- 1)t =30/4 S"L .
Py
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Sol. A->P,s);B>(q;C—->{t);D - (r,s, )

49. Column II gives certain systems undergoing a process. Column I suggests changes in some of the
parameters related to the system. Match the statements in Column I to the appropriate process(es) from
Column I1.

Column I Column I

(A) The energy of the system is increased | (p) System: A capacitor, initially uncharged
Process : It is connected to a battery

(B) Mechanical energy is provided to the
system, which is converted into energy of
random motion of its parts ) System: A gas in an adiabatic container
fitted with an adiabatic piston
(C) Internal energy of the system is

converted in to its mechanical energy Process: The gas is compressed by
pushing the piston
(D) Mass of the system is decreased
(r) System: A gas in arigid container
Process: The gas gets cooled due to

colder atmosphere surrounding it

(s) System : A heavy nucleus, initially at rest

Process: The nucleus fissions into two
fragments of nearly equal masses
and some neutrons are emitted

®) System: A resistive wire loop

Process: The loop is placed in a time
varying magnetic field
perpendicular to its plane

Sol. A= (P, q,t); B> (q); C—>(s); D —(5)
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SECTION -1V

Integer Answer Type

This section contains 8 questions. The answer to each of the questions is a single-digit integer, ranging from 0 to 9.
The appropriate bubbles below the respective question numbers in the ORS have to be darkened. For example, if the
correct answers to question numbers X, Y, Z and W (say) are 6, 0, 9 and 2, respectively, then the correct darkening
of bubbles will look like the following

XY Z W

©OOO
OOOO
OOO®
OO
OOOY
©l60[0,
OlOJ0I0
QOO0
®OO®®
OOOO®

50.

Sol.

51.

Sol.

52.

A steady current I goes through a wire loop PQR having shape of a right angle triangle with PQ = 3x, PR =

4x and QR = 5x. If the magnitude of the magnetic field at P due to this loop is k(;;ol ), find the value of
X
k.

7 5
I I 3
B= Ho [cos53°+cos37°] = 7( Ho j X j12x/5
12x 48mx &
4 P 4x
k=7

A light inextensible string that goes over a smooth fixed pulley as shown in the figure connects two blocks
of masses 0.36 kg and 0.72 kg. Taking g = 10 m/s?, find the work done (in joules) by the string on the
block of mass 0.36 kg during the first second after the system is released from rest.

8
2mg — T =2ma
T-mg=ma
= a=¢g/3

T =4mg/3

W=Ts= T.%alt2 = 8 Joules

A solid sphere of radius R has a charge Q distributed in its volume with a charge density p = kr®, where k
and a are constants and r is the distance from its centre. If the electric field at r = R/2 is 1/8 times that at r =
R, find the value of a.
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Sol.

53.

Sol.

54.

Sol.

55.

Sol.

2
p=kr*

E(r:%):éE(rzR)

qenclosed 1 Q

4ne, (R/Z)2 8 4mg R’
32qenclosed = Q

R/2 47[1( (R j(a+3)
enclosed = | kr*4mr*dr= —
Aenclosed ! (a+3)\ 2

4nk (a+3)
= R
Q" ary)
Q — 2a+3
qenclosed
2073 =32
a=2

A metal rod AB of length 10x has its one end A in ice at 0°C and the other end B in water at 100°C. If a
point P on the rod is maintained at 400°C, then it is found that equal amounts of water and ice evaporate
and melt per unit time. The latent heat of evaporation of water is 540 cal/g and latent heat of melting of ice
is 80 cal/g. If the point P is at a distance of Ax from the ice end A, find the value of A. [Neglect any heat
loss to the surrounding. ]

9
% _ dInVapour | AX }’ (10— 2)x l
& d 0°C (ice) 400°C 100°C (steam)
400kS ~ 300kS
ML, (100=M)XLygo
A=9

Two soap bubbles A and B are kept in a closed chamber where the air is maintained at pressure 8 N/m”.
The radii of bubbles A and B are 2 cm and 4 cm, respectively. Surface tension of the soap-water used to
make bubbles is 0.04 N/m. Find the ratio ng/n,, where n, and ng are the number of moles of air in bubbles
A and B, respectively. [Neglect the effect of gravity.]

6

4T
P,=P,+ o 16 N/m?

A

PB:P0+;—T:12N/m2

B
3
ng PRy o
n, Py\Ry

A 20 cm long string, having a mass of 1.0 g, is fixed at both the ends. The tension in the string is 0.5 N. The
string is set into vibrations using an external vibrator of frequency 100 Hz. Find the separation (in cm)
between the successive nodes on the string.

5

20 cm
V= \/I =10m/s
u

oD
rd

FIITJ€E€ Ltd., FIITUEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26515949, 26569493, Fax 26513942

website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2009-Paper 2-CMP-24

56.

Sol.

57.

Sol.

Distance between the successive nodes = A/2 =5 cm

Three objects A, B and C are kept in a straight line on a frictionless horizontal surface. These have masses
m, 2m and m, respectively. The object A moves towards B with a speed 9 m/s and makes an elastic
collision with it. Thereafter, B makes completely inelastic collision with C. All motions occur on the same
straight line. Find the final speed (in m/s) of the object C.

. [m] @

A B C
4
After 1% collision m _9mss IE' m
mva = mv), +2mvg " B C
1=YB7YA v —6ms
0-v,

After 2™ collision

2
2mvy =(2m+m)ve = ve= gvgzvc=4m/s

A cylindrical vessel of height 500 mm has an orifice (small hole) at its bottom. The orifice is initially
closed and water is filled in it upto height H. Now the top is completely sealed with a cap and the orifice at
the bottom is opened. Some water comes out from the orifice and the water level in the vessel becomes
steady with height of water column being 200 mm. Find the fall in height (in mm) of water level due to
opening of the orifice.

[Take atmospheric pressure = 1.0 x 10° N/m?, density of water = 1000 kg/m’ and g = 10 m/s”. Neglect any
effect of surface tension.]

6
P =P, — pgh =98 x 10° N/m’
P()Vo =PV

10°[A(500 — H)] = 98 x 10°[A(500 — 200)]
H =206 mm
Level fall =206 — 200 = 6 mm
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CODE 3

PAPER 1
Time: 3 Hours

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

4 N
INSTRUCTIONS

A. General:

1. This Question Paper contains 32 pages having 84 questions.

2. The question paper CODE is printed on the right hand top corner of this sheet and also on the back
page (page no. 32) of this booklet.

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

4. Blank papers, clipboards, log tables, slide rules, calculators, cellular phones, pagers and electronic
gadgets in any form are not allowed.

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

6. Do not Tamper / mutilate the ORS or this booklet.

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

B. Filling the bottom-half of the ORS:

8. The ORS has CODE printed on its lower and upper Parts.

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

10. Write your Registration No., Name and Name of centre and sign with pen in appropriate boxes. Do not
write these any where else.

11. Darken the appropriate bubbles below your registration number with HB Pencil.

C. Question paper format and Marking scheme:

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

13. For each question in Section I, you will be awarded 3 marks if you darken only the bubble
corresponding to the correct answer and zero mark if no bubbles are darkened. In all other cases, minus
one (—1) mark will be awarded.

14. For each question in Section II, you will be awarded 3 marks if you darken only the bubble
corresponding to the correct answer and zero mark if no bubbles are darkened. Partial marks will be
awarded for partially correct answers. No negative marks will be awarded in this Section.

15. For each question in Section III, you will be awarded 3 marks if you darken only the bubble
corresponding to the correct answer and zero mark if no bubbles are darkened. In all other cases,
minus one (—1) mark will be awarded.

16. For each question in Section IV, you will be awarded 3 marks if you darken the bubble corresponding
to the correct answer and zero mark if no bubble is darkened. No negative marks will be awarded for in

\_ this Section J

Write your name, registration number and sign in the space provided on the back page of this booklet.
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Useful Data
Atomic Numbers: Be 4; C 6;N7;08; Al 13; Si 14; Cr24; Fe 26; Zn 30; Br 35.
lamu = 1.66 x 10" kg R = 0.082 L-atm K" mol ™'
h = 6.626 x 10T s N, = 6.022 x 10%
m, = 9.1 x 10" kg e = 1.6x107"°C
c = 3.0x10°ms™! F = 96500 C mol™
Ry = 2.18x107'%7J dne, = L1Ix 107" C?m™!
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IITJEE 2010 PAPER-1 [Code — 3]

PART - I: CHEMISTRY

SECTION - I (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. The synthesis of 3 — octyne is achieved by adding a bromoalkane into a mixture of sodium amide and an
alkyne. The bromoalkane and alkyne respectively are
A) BI'CH2CH2CH2CH2CH3 and CH3CH2C =CH B) BrCH2CH2CH3 and CH}CH2CH2C =CH
C) BYCH2CH2CH2CH2CH3 and CH3C =CH D) BrCH2CH2CH2CH3 and CH3CH2C =CH

Sol. (D)
CH,-CH,-C=CH—"23CH,-CH,-C=CNa"
CH, —CH, —CH, —CH, [ Br+Na] "C=C-CH, -CH,—CH, —-CH, —-CH, —-CH, -C =C—CH, - CH,

3-octyne
2. The correct statement about the following disaccharide is
CH,0OH
H +—0
O
! H' Hom,e H
H
@)
HO OCH,CH, CH,OH
H  OH OH H
A) Ring (a) is pyranonse with o - glycosidic link
B) Ring (a) is furanonse with a - glycosidic link
C) Ring (b) is furanonse with a - glycosidic link
D) Ring (b) is pyranonse with f - glycosidic link
Ans. (A)
3. In the reaction OCH,4 HBr the products are
A) B)
Br OCH, and H, Br and CH;Br

) D)
@Br and CH;OH @OH and CH;Br
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Sol.

Sol.

Sol.

Ans.

(D)

P HBr
O—CHy —— OH + CH,Br

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

A) B)
= e
T —— T —
®) D)
= =
T — T —
(A)
Kk = Ae Ea/RT

As T 1; k 1 exponentially.

T —

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

A) Br(g) B) Cl;(g)
C) H0(g) D) CH4(g)
(B)

Cl, is gas at 298 K while Br; is a liquid.

The bond energy (in keal mol ") of a C — C single bond is approximately

A) 1 B) 10
C) 100 D) 1000
©
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7. The correct structure of ethylenediaminetetraacetic acid (EDTA) is
A)  HOOC—CH, CH;—COOH  B)  jooc._ COOH
“>N-CH=CH—N__ —N—CHp~CH;—N_
HOOC—CH, CH,—COOH HOOC COOH
C)  HOOC—CH, _CH,—COOH D) COOH
SN—CH,~CH,~N__ Cﬁz
HOOC—CH, CH;—COOH HOOC—CH,__ H
NHC—CH—N__
/ / CH,—COOH
H CH,
HOOC
Ans.  (C)
8. The ionization isomer of [Cr(H,0),CI(NO,)]Cl is
A) [Cr(H20)4(0:N)]ClL, B) [Cr(H20)4CL](NO>)
C) [Cr(H,0),CI(ONO)]CI1 D) [Cr(H,0),CL,(NO,)]H,O
Sol.  (B)

Cl™ isreplaced by NO; in ionization sphere.

SECTION - II (Multiple Correct Choice Type)

This section contains 5 multiple choice questions. Each question has four choices A), B), C) and D) out of which
ONE OR MORE may be correct.

9. In the Newman projection for 2,2-dimethylbutane

HaC CH,

H H

Y

X and Y can respectively be
A) Hand H B) H and C,Hs
C) C,Hsand H D) CHj; and CH;,

Sol.  (B,D)
CHs

H3;C—CH,—C;—CH
34 3 2 |2 3

CH;
On C, — C; bond axis
X =CH;
Y = CH;
On C, — C, bond axis
X=H
Y = C,H;s
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10. Aqueous solutions of HNO;, 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
Sol.  (C,D)

In option (C), if HNOs is present in limiting amount then this mixture will be a buffer. And the mixture
given in option (D), contains a weak acid (CH;COOH) and its salt with strong base NaOH, i.e.

CH;COONa.
OH
NaOH(aq)/Br,
11. In the reaction the intermediate(s) is(are)
A) o° B) 0
Br
Br
Br Br
) 0° D) 0°
Br
Br
Sol. (A, B, C)
Phenoxide ion is para” and ortho directing. (* preferably)
0 5% e 0] 0
@ o @:D ib ) i?
Br © Br Br
Br Br
HoH OF He3 HeH
Br
+ R +
Br Br
Br
12. The reagent(s) used for softening the temporary hardness of water is(are)
A) Ca3(POy), B) Ca(OH),
C) Na,CO4 D) NaOCl
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Sol.

13.

Sol.

(B,C, D)
Ca(HCO;), +Ca(OH), ——2CaCO; { +2H,0

[Clarke's method ]

NaOCl+H,0—=—=HOCI+ NaOH

OH" + HCO; ——CO> +H,0

Ca(HCO,), +Na,CO, —»CaCO, 4 +2NaHCO,

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

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

Resistance and heat capacity are mass dependent properties, hence extensive.

SECTION-III (Paragraph Type)

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

Paragraph for Question Nos. 14 to 15

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 is important in several processes such as transmission of nerve impulses
and maintaining the ion balance. A simple model for such a concentration cell involving a metal M is:

M(s)| M*(aq; 0.05 molar) | | M*(aq), 1 molar) | M(s)

For the above electrolytic cell the magnitude of the cell potential | Ecen | =70 mV.

14.

Sol.

15.

For the above cell

A) Ey <0,AG>0 B) E. >0;AG<0
C) E. <0;AG">0 D) E_, >0;AG" >0
B)

M (S) + M(:q)lM —>Mz-aq).05M +M (S)
According to Nernst equation ,
2.303RT, Mj
Ecell = O - log -OjM
F My

=0- —2'30F3RT log(5x107)

=tve
Hence, [Ece| = Ecen = 0.70 V and AG < 0 for the feasibility of the reaction.

If the 0.05 molar solution of M" is replaced by 0.0025 molar M" solution, then the magnitude of the cell
potential would be

A) 35mV B) 70 mV

C) 140 mV D) 700 mV
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Sol.

©

From above equation % =0.0538
SO, Ecn = Eiu - 0.0538 10g 0.0025

=0 —@log 0.0025

~0.13988 V

~ 140 mV

Paragraph for Question Nos. 16 to 18

Copper is the most noble of the first row transition metals and occurs in small deposits in several countries. Ores of
copper include chalcanthite (CuSO, -5H,0), atacamite (CuZCl(OH)3), cuprite (Cu,0), copper glance (Cu,S)

and malachite ( Cu, (OH )2 CO3) . However, 80% of the world copper production comes from the ore of chalcopyrite

(CuFeSz) . The extraction of copper from chalcopyrite involves partial roasting, removal of iron and self-reduction.

16.

Sol.

17.

Sol.

18.

Sol.

Partial roasting of chalcopyrite produces
A) Cu,S and FeO
C) CuS and Fe,04

(B)
2CuFeS, + 0, — Cu,S+2FeS+S0, T
2Cu,S+30, — 2Cu,0+280, T

2FeS+30, — 2Fe0+280, T

Iron is removed from chalcopyrite as
A) FeO
C) FCQOj,

(D)
FeO +Si0, — FeSiO,

(slag)

In self-reduction, the reducing species is
A) S
C) S

(©)
Cu,$+2Cu,0 > 6Cu +S0,7

(Blister copper)

S* - S* is oxidation, i.e., S* is reducing agent.

Cu,0 and FeO
CUZO and F6203

FeS
FCSiO3

0
SO,
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SECTION-IV (Integer 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.

19.

Ans.

20.

Sol.

21.
Sol.

22.

Sol.

23.

Sol.

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 figures in the average titre value is

3

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

[R] (molar) 1.0 0.75 0.40 0.10
t (min.) 0.0 0.05 0.12 0.18
The order of the reaction is
0
From two data, (for zero order kinetics)
1 _x_025_ 5
t 0.05
_x_0.60
Tto012

The number of neutrons emitted when *, U undergoes controlled nuclear fission to ' Xe and %St is

3
235 142 90 1
o U™ =, Xe™ +,Sr" +3;n

The total number of basic groups in the following form of lysine is

H;N—CH,—CH,—CH,—CH 0
3 2 2 2 \2 //
/CH—C\
H,N 0®
2
0
|l o

——C—O0~ and —NH, are basic groups in lysine.

The total number of cyclic isomers possible for a hydrocarbon with the molecular formula C4Hj is

5
In C4Hg, possible cyclic isomers are
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24, In the scheme given below, the total number of intra molecular aldol condensation products formed from
Y’ is

1. NaOH(aq)
2. Zn H,0 2. heat

Sol. 1
0]
.0, 1. NaOH (ax
(Ij 212?1 H,0 ? % %)
25. Amongst the following, the total number of compound soluble in aqueous NaOH is
H,C CH
N COOH OCH,CH, oH
f f f _CH,0H ©
CH,CH; COOH
f i f _CH,CH;4
Sol.
COOH COOH
3
These four are soluble in aqueous NaOH.
26. Amongst the following, the total number of compounds whose aqueous solution turns red litmus paper blue
is
KCN KzSO4 (NH4)2C204 NaCl ZH(NO3)2 FCC13 K2C03 NH4NO3 LiCN
Sol. 3

KCN, K,CO;, LiCN are basic in nature and their aqueous solution turns red litmus paper blue.
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27. Based on VSEPR theory, the number of 90 degree F—Br—F angles in BrFs is

9

Br

FoemrenF
F

Sol. 0

All four planar bonds (F-Br—F) will reduce from 90° to 84.8° after /p—bp repulsion.

28. The value of n in the molecular formula Be, ,Al,Si¢O;5 is

Sol. 3
Be3AIZSi6018 (Beryl)
(according to charge balance in a molecule)
2n+6+24-36=0
n=3
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PART - Il: MATHEMATICS

SECTION - I (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.

29.

Sol.

30.

Sol.

31.

Sol.

Let ® be a complex cube root of unity with @ # 1. A fair die is thrown three times. If 1|, 1, and r3 are the
numbers obtained on the die, then the probability that ®" + "2 + " =0 is

1 1
(A)E B) ry

2 1
(C)§ (D) I
©

Iy, I, I3 € {19 23 33 49 59 6}
r1, Iy, 13 are of the form 3k, 3k + 1, 3k + 2

31x°C x*Cx’C; _ 6x8 2
6x6%6 216 9

Required probability =

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

(A) parallelogram, which is neither a rhombus nor a rectangle

(B) square

(C) rectangle, but not a square

(D) rhombus, but not a square

(A) S(-3i+2j) R(3i +3])
Evaluating midpoint of PR and QS which

~

givesM = [% + ]} , same for both.

PQ=SR=6i+] M
PS=QR=-i+3] P -

. P(-2i-]) Q(4i)
= PQ-PS=0

PQ | SR, PS||QR and [PQ|=[SR.[PS=[QR]
Hence, PQRS is a parallelogram but not rhombus or rectangle.
X 1

The number of 3 x 3 matrices A whose entries are either 0 or 1 and for which the system A|y [=| 0| has

z 0
exactly two distinct solutions, is
(A) 0 B)2° -1
(C) 168 (D)2
(A)

Three planes cannot intersect at two distinct points.
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32.

Sol.

33.

Sol.

34.

Sol.

X

The value of limiJ‘Mdt is
x>0 d th 44
1

A)0 B) —
(A) ( )12

1 1
C)— D) —
( )24 ( )64
(B)
1 ftm(+0dt . xIn(1+x)
11]f1'1—3 4—211 _—
0x e th 14 x>0 (x4 1 4)3x2

o 1 In(+x) 1
=lim————" = —

x>03 x(x*+4) 12
Let p and q be real numbers such that p # 0, p’ # q and p’ # — q. If o and P are nonzero complex numbers

. . . .a . .
satisfying o + p = — p and o’ + B’ = q, then a quadratic equation having E and B as its roots is
o

(B) (p3 +q)x2 —(p3 —2q)x+(p3 +q) =0
(D) (p3 —q)x2 —(Sp3 +2q)x+(p3 —q) =0

(A)(p3 +q)x2 —(p3 +2q)x+(p3 +q) =0
©)(p* —a)x* -(5p* —2q)x+(p* —q) =0
B)
o’ +B=q
= (a+B) -3ap (a+p)=q
q+p’
3

=S-p +3pap=q=af =

— (E+EJX+E~E:O
p B o

o

x* —wa:o
op

= Xz—{M]X+1ZO
of

3
pz_z(p;qj
e )
P +dq
3p
3 2 3 3 3 _
:>(p3+q)x2—(3g -2p —2q)3X+(p +q@=0
=>@E+tPx - -29)x+(p +q=0.

Let f, g and h be real-valued functions defined on the interval [0, 1] by f(x)=€< +&*, g(x)

=xe“ +e* andh x)= x2e re X If a, b and ¢ denote, respectively, the absolute maximum of f, g and
h on [0, 1], then

(A)a=bandc#b
(C)a#bandc#b

(B)a=canda#b
(D)a=b=c

(D)
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35.

Sol.

36.

Sol.

2 2 2 2
fx)= € +e™ :>f(x):2x(eX e )0 vxe [0, 1]
Clearly for0 <x <1 f(x) 2 g(x) = h(x)

~f(1)=g(1)=h(l)=e+ 1 and f(1) is the greatest
e

1
s.a=b=c=e+ - =a=b=c.
e

If the angles A, B and C of a triangle are in an arithmetic progression and if a, b and ¢ denote the lengths of

. . . . a . C . .
the sides opposite to A, B and C respectively, then the value of the expression —sin2C +—sin 2A is
C a

1 3
A)— B) —
(A) 5 (B) 5
©1 (D) V3
(D)
B =60°
a . Cc . . .
. — sin2C + —sin2A = 2sinA cosC + 2sinCcosA
Cc a
= 2sin(A + C) = 2sinB =2 x?:\/g .

. - . . Xy z . -
Equation of the plane containing the straight line 5 = 3 = 2 and perpendicular to the plane containing the
straight lines xX_¥y_z and x_¥y_z is

3 4 2 4 2 3
(A)x+2y-2z=0 B)3x+2y-2z=0
OC)x-2y+tz=0 (D)5x+2y—4z=0
©
Plane 1: ax + by + cz = 0 contains line X y_ 2
2 3 4
. 2a+3b+4c=0 (1)
Plane 2: a’x + b'y + ¢’z = 0 is perpendicular to plane containing lines g = % :g and % = % :§

So3a " +4b"+2¢"=0and4a’ +2b'+3¢'=0

a b
12-4 8-9 6-16
— 8a-b-10c=0 ...(ii)
From (i) and (ii)
a b c

—30+4 32420 —2-24
=  Equation of plane x — 2y +z=0.
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SECTION — II (Multiple Correct Choice Type)

This section contains 5 multiple choice questions. Each 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 = (1 —t) z; + tz, for some real number t with 0 <t
< 1. If Arg (w) denotes the principal argument of a non-zero complex number w, then

A)|z-zi|+|z- 25| = |21 - 23
z-2, 71-7

© - _-|=0
-4 L7

Sol. (A), (C), (D)
Givenz=(1-t)z, +tz,

B) Arg (z—-z)) = Arg (z - z,)
(D) Arg (z— z1) = Arg (z, — 71)

- £7h ¢ Darg( 274 ):0 ()
Z, -7 Z, -7
=arg (z—z)) = arg (22— z1)
z-7y Z-7
z2,-2, 4,7
z-7 7-7|_,
2,-2, ,-7
P(2)
A(z1) B(z2)
AP +PB=AB
= |z-z|+|z— 2=z, — 7).
1 4 4
38. The value(s) of I de is (are)
1+ X
0
22 2
A)—-m B) —
(A) Z B 105
71 3=
oo D) —-—=—
© ( )15 :
Sol.  (A)
L 4 4
[0y,
0 1+X

1
I(x6—4x5+5x4—4x2+4— 42jdx
7 1+X
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39.

Sol.

40.

Sol.

41.

Sol.

Let ABC be a triangle such that ZACB = % and let a, b and ¢ denote the lengths of the sides opposite to A,

B and C respectively. The value(s) of x for which a = xX’+x+1,b=x*—1and ¢ =2x + 1 is (are)

Aa)-(2+43) B)1+ 3
(€©)2+43 (D) 43
(B)

Using cosine rule for ZC
V3 (2 +x+1)" +(x2 =1 =(2x+1)?
2 2(x% +x+1) (x> -1)

\/—_Zx +2x-1

X2 +x+1

= (V3-2)x* +(B-2)x+(3+1)=0
_(2-V3)x43

2(3-2)
—x=—=(2+3), 1+ 3 = x=1+/3as (x> 0).

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 as its diameter, then the slope of the line joining A and B can be

1 1
(A)—= ®) -
r r
2 2
©= D) —
r r
(©), (D)
A=( 20).B= (&, 2,)
Centre = [t +t2 (t,+1t5) }
thtthh=%xr
_2h-ty) 2 42
-t t+t,

X
Let f be a real-valued function defined on the interval (0, o) by f (x) = Inx + J‘\/ 1+sint dt. Then which of

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

(A) £"(x) exists for all x € (0, o)

(B) f'(x) exists for all x € (0, ) and f' is continuous on (0, ), but not differentiable on (0, o)
(C) there exists o > 1 such that |f'(x)| <|f(x)| for all x € (a., ®0)

(D) there exists B > 0 such that [f(x)| + |f'(x)| < B for all x € (0, )

B), (O

f'(x) :l+\/1+sinx
X

f'(x) is not differentiable at sinx =—1 or x = 2nn —g, neN

Inx € (1,0) f(x)>0,f(x)>0
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This section contains 2 paragraphs. Based upon the first paragraph 2 multiple choice questions and based upon the
second paragraph 3 multiple choice questions have to be answered. Each of these questions has four choices A),

Consider f(x) — f'(x)

X
= 1nx+.[x/1+sint dt—l—\/l+sinx
X
0

X

= j\/1+sint dt —/1+sinx +lnx—l
X
0

X
Consider g(x) = J.«/l +sint dt —+/1+sinX
0

It can be proved that g(x) > 2W2-410 vxe (0, 0)

Now there exists some o > 1 such that l—lnX <242 -10 for all x e (o, o) as 1 Inx is strictly
X X

decreasing function.

= g(x) Zl—lnx.
X

SECTION — III (Paragraph Type)

B), C) and D) out of WHICH ONLY ONE CORRECT.

The circle x> + y* — 8x = 0 and hyperbola % vy =1 intersect at the points A and B.

42.

Sol.

43.

Paragraph for Questions 42 to 43

2 2

y

Equation of a common tangent with positive slope to the circle as well as to the hyperbola is

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

22
A tangent to %—yjzl is y=mx++9m? -4, m>0

It is tangent to x> +y* — 8x =0
4m+y9m? —4
V1+m?

= 495m* + 104m> — 400 = 0

—4

Snt= 2 or m=2
5 5

. 2

.. the tangent is y =—m+

i
Sl =

:>2x—x/§y+4:0.

Equation of the circle with AB as its diameter is

(A)x*+y —12x+24=0 B)x*+y*+12x+24=0
(O)x*+y +24x—12=0 D)x*+y*—24x-12=0
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Sol.

(A)
A point on hyperbola is (3sec6, 2tanf)
It lies on the circle, so 9sec’0 + 4tan’0 — 24sec = 0

= 13sec’0 — 24secd —4 =0 = secO =2, —i

13
cosech=2 = tan0=~/3 .
The point of intersection are A ( 6,2\3 ) and B(6, -2J3 )

.. The circle with AB as diameter is

=62 +y = (243)" =P +y>— 12x+24=0.

Paragraph for Questions 44 to 46

Let p be an odd prime number and T, be the following set of 2 x 2 matrices :

44,

Sol.

45.

Ans.

46.

Ans.

ab
sz{A:[C a}:a, b,CE{O,l,....,p—l}}

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)
©@-1'+1 D)2p-1
(D)

We must have a” — b” =kp
=(at+b)(a-b)=kp

= eithera— b =0 or a+ b is a multiple of p
when a = b; number of matrices is p

and when a + b = multiple of p => a,bhasp - 1
.. Total number of matrices=p +p — 1
=2p-1.

The number of A in T, such that the trace of A is not divisible by p but det (A) is divisible by p is
[Note: The trace of a matrix is the sum of its diagonal entries.]

A P-DE -p+1) B)p' - (-1
©) -1y D) (p-1) (p*~2)
©

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

(A)2p® (B)p’ - 5p
(©)p’-3p (D) p* - p’

(D)
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SECTION — IV (Integer 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. Let S, k=1,2, ....., 100, denote the sum of the infinite geometric series whose first term is % and the

100

+Z| 3k+1 |

o1
common ratio is E . Then the value of

Sol.  (3)

k=2
Syl k
(k=2)! (k=D!

e

_2 2 3.3 4, .9 10
1 oor 1r 2 21 31 98! 99!
_100
99!
48. The number of all possible values of 8, where 0 <0 < r, for which the system of equations
(y +z) cos 30 = (xyz) sin 30
. 2cos30 2sin30
Xsin30 = +
Yy V4

(xyz) sin 30 = (y + 2z) cos 36 + y sin 30
have a solution (Xo, yo, Zg) With yyz, # 0, is

Sol. A3)
(y +z) cos 30 — (xyz) sin 30 =0 . (D
xyz sin 30 =(2 cos 30) z+ (2sin 30) y .2

S (y+2z)cos30=(2cos30)z+(2sin30)y=(y+2z) cos 30 +y sin 30
y (cos 36 — 2 sin 30) =z cos 30 and

y (sin 30 — cos 36) =0 = sin 30 — cos 30 = 0 = sin 36 = cos 36

S 30=nn+m/4

49. Let f be a real-valued differentiable function on R (the set of all 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) is equal to
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Sol. )]
y-yi=mXx-x)
Put x =0, to get y intercept

_ 3
Yy —mx; = Xl

dy

}’1_)(1&=X13
Y _y_ e
dx
d y__p
dx x

1
e,[f;dx e—lnx l

X

y X l:J.—szldX

X X

2
X:—J-xdx:> Y_ X ¢
X X 2

3
= f(x) = —X?+%x - f(=3)=9.

50. The number of values of 0 in the interval (—g, gj such that 0 # % forn=0, £1, £2 and tan0 = cot 50 as

well as sin 20 = cos 40 is

Sol. 3)
tan® = cot 56
= cos606=0
4c0s°20 — 3c0s 20 =0

3

=c0s20=0 or iT

sin 20 = cos 40
= 2sin® 20 +sin20 — 1 =0
2sin? 20 + 2sin 20 —sin20 — 1 =0

sin26 = —1 or sin20 = %

c0s20 =0 and sin26 = -1

—20=-1 =9=-T
2 4
cos29=i£, sin20 = 1
2 2
9= g% 5T
6 6 121
__ & moom
4712712
51. The maximum value of the expression ! is

sin® 0+ 3sinOcos O+ 5cos’ O

Sol.  (2)
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1

4cos’ 6+1+%sin26

1

= 3
2[1+cos26]+1+asin26

lies between l to E
2 2

.. maximum value is 2.
Minimum value of 1 + 4 cos? 0 + 3 sin 0 cos 0

N 4(14cos20) +%sin26

1
3 .
:1+2+200s29+5 sin 20
3 .
:3+200526+5 sin 20

So=3- /4+2 =3—§:l.
4 2 2
1

So maximum value of 3 is 2.
4c0s> 0+1+=sin 20

52. If @ and b are vectors in space given by é:ﬂ andf)zw

NG s

, then the value of

Sol.  (5)

E=(2a+ Ea)[zl”l2 a+la’ B]
— 218 |6 + 18 (a-B) + 216 (B-3) + a6
— slal B’ =5

2 2

53. The line 2x + y = 1 is tangent to the hyperbola X—Z—y
a

F =1. If this line passes through the point of

intersection of the nearest directrix and the x-axis, then the eccentricity of the hyperbola is
Sol. ?2)
o a .
Substituting (—, Oj my=-2x+1
e

0= —EH
e
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2a_,
e

a=

|

Also, 1 = Va’m? —-b?
1 =a’m’ - b?
1=4a’-b’
2

=2

4
b =e’- 1.
Also, b*=a’ (e - 1)
La=1l,e=2

X-1_ y-2 z-3
3 4

54. If the distance between the plane Ax — 2y + z = d and the plane containing the lines

X-2 y-3 z
3 4

-4 . .
and 5 is\/6 , then |d| is

Sol. 6)
21+3m+4n=0
31+4m+5n=0

Il m n

-1 2 -1

Equation of plane will be
ax—-1)+b(y-2)+c(z=-3)=0
-1x-D+2@F-2)-1(z-3)=0
-Xx+1+2y-4-z+3=0
-x+2y —z=0

x—-2y+z=0

d_s

d=6.

=

55. For any real number x, let |x| denote the largest integer less than or equal to x. Let f be a real valued
function defined on the interval [-10, 10] by
) ={ X —[x] .If [X]-ISOdd
1+[x]-x if [x]iseven
5 10
Then the value of ?—0 J. f(X) cos nx dx is
-10

Sol.  (4)

X—-1, 1<x<2
f(x)=
1-x, 0<x<1
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f(x) is periodic with period 2

10
s 1= jf(x)cosnx dx
-10

10 2
= ZIf(X)cosnX dx = ZXSJf(X)cosnX dx
0 0

1 2
= 10| [(1=x)cos mx ax-+ [ (x= D cosmx cx | =10(1, +1,)
0 1

2
I, =j(x—1)cosnx dx putx—-1=t
1

1
I, :—J‘t cosnt dt
0

1 1
|, = j(l—x)cosnx dx = —J.Xcos(nx)dx
0 0

1
S I=10 [—2J'Xcos X dX]
0

1

SInTTX  cos X
= —ZO[X +— }
T T 0
1 17 4 :
= —2O|:——2——2:|:—(2) TC—I =4
VIR 1o T 10
2n . . 27 . Cn
56. Let o be the complex number cos— + i sin— . Then the number of distinct complex numbers z satisfying
z+1 ® o’
o 7+ 1 [=0 isequal to
o’ 1 Z+ o
Sol. 1
ei2n/3
z+1 ® o’
o  Z+o’ 1 |=0
o’ 1 Z+ o
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1 o) o’

zZll z+0®> 1 |=0

1 1 Z+ o)
= 7[(z+0*)z+o)-1-0(z+o-D+o*(1-z2-0*)]=0
=27=0

= z =0 is only solution.
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PART - I1l: PHYSICS

SECTION - I (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.

Sol.

58.

Sol.

59.

Sol.

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
R0, Reo and Ry, respectively, the relation between these resistances is

1 1 1
A) S T B) R100:R40+R60
Rigp Ry Rgo
C) Rin>Re> Ry D) s
100 60 0
Rigo R Ry
(D)
Power o« 1/R

To Verify Ohm’s law, a student is provided with a test resistor Ry, a high resistance R;, a small 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)
C) D)
©

G is acting as voltmeter and G, is acting as ammeter.

An AC voltage source of variable angular frequency o and fixed amplitude V is connected in series with a
capacitance C and an electric bulb of resistance R (inductance zero). When o is increased

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)
Impedance Z = ! 5+ R®
(@C)

as o increases, Z decreases.
Hence bulb will glow brighter
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60. A thin flexible wire of length L is connected to two adjacent fixed points and carries a current I in the
clockwise direction, as shown in the figure. When the system is put in a uniform magnetic field of strength
B going into the plane of the paper, the wire takes the shape of a circle. The tension in the wire is
XX XXX XXX

X X X X X
X X X X X X
X X X X X X

X X X X X XXX

A) IBL B) 1BL
T
) IBL D) IBL
2n 4
Sol. ©)
2Tsin 92 — BiRdo Teos(d62) T cos (d612)
Td6 = BiRd0 (for © small) T y T
T-BiR = 2L -, ¥ 2Tsin (d672)
2n
61. A block of mass m is on an inclined plane of angle 0. The coefficient of p %
friction between the block and the plane is p and tan 6 > p. The block is held /
stationary by applying a force P parallel to the plane. The direction of force 0

pointing up the plane is taken to be positive. As P is varied from P, =
mg(sinb — u cosB) to P, = mg(sinb + p cosb), the frictional force f versus P

graph will look like
A) f 4 B) f4
Py R R
Py P P P, P
(@) f4 D) f4
P, . P, P,
P2 P B
Sol. (A)

Initially the frictional force is upwards as P increases frictional force decreases.

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 axis to infinity is

2GM

2GM
A) T(4\/5—5) B) —T(4ﬁ—5)
GM 2GM
Ty S S
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Sol.  (4)
 s2mrdrG
VZ—I O ZTrdr

3R

Jr? +16R?

63. Consider a thin square sheet of side L and thickness t,
made of a material of resistivity p. The resistance \L

between two opposite faces, shown by the shaded areas ! Lo

in the figure is T(—
A) directly proportional to L B) directly proportional to t
C) independent of L D) independent of t
Sol. ©)
rR=PL
Lt
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

Sol. (D)

SECTION - II (Multiple Correct Choice Type)

This section contains 5 multiple choice questions. Each 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 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 collision is 4 kg ms~
C) Kinetic energy of the centre of mass is 0.75 J

D) Total kinetic energy of the system is 4J

1

Sol. A, C)
By conservation of linear momentum
u=>5v-2 ...(1)
B}: Newton’s experimental law of collision B before collision after collision
u=v+2 ... (i)

using (i) and (ii) we have
v=1m/sandu=3m/s

_ 1
Kinetic energy of the centre of mass = Emsystemvgm =0.751]

FIJ€EE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2010-Paper 1-CMP-28

66.

Sol.

67.

Sol.

68.

Sol.

One mole of an ideal gas in initial state A undergoes a cyclic process \V4

ABCA, as shown in the figure. Its pressure at A is Py. Choose the B
| : 4V,

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 is PyV /n 4 Vo C A

. P >
C) Pressure at C is 70 To T

. T
D) Temperature at C is TO

(4, B)
Process AB is isothermal process

A student uses a simple pendulum of exactly 1m length to determine g, the acceleration due to gravity. He
uses a stop watch with the least count of 1 sec for 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%

4, ©)
AT A1
T t 40
AT =0.05 sec
_ 47°Ln?
12
Ag_2at
g t

= % error = %XIOO:S%

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

A) |Q]>]Q
B) |Q[<|Q,

C) at a finite distance to the left of Q; the electric field is zero
D) at a finite distance to the right of Q, the electric field is zero

Q Q>

(4, D)
No. of electric field lines of forces emerging from Q, are larger than terminating at Q,

FINJ€E Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942

website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2010-Paper 1-CMP-29

69. 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) The ray gets totally internally reflected at face CD

B) The ray comes out through face AD

C) The angle between the incident ray and the emergent ray is 90°
D) The angle between the incident ray and the emergent ray is 120°

Sol. (4,B,C)

Using snell’s law

sin~

1 -
—=<sin
3

Net deviation is 90°

!

N

SECTION -III (Paragraph Type)

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

Paragraph for Questions 70 to 71

Electrical resistance of certain materials, known as superconductors, changes abruptly Tc(B)
from a nonzero value to zero as their temperature is lowered below a critical —>
temperature T.(0). An interesting property of superconductors is that their critical Te(©)
temperature becomes smaller than T.(0) if they are placed in a magnetic field, i.e., the
critical temperature T. (B) is a function of the magnetic field strength B. The
dependence of T.(B) on B is shown in the figure. N
B
70. In the graphs below, the resistance R of a superconductor is shown as a function of its temperature T for

two different magnetic fields 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)

0

R

9l

B,

B,

B, .-
B) g "
:
B,
0 T
D) R
0 T
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Sol. (A4)
Larger the magnetic field smaller the critical temperature.
71. A superconductor has T¢ (0) = 100 K. When a magnetic field of 7.5 Tesla is applied, its T, decreases to
75 K. For this material one can definitely say that when
A) B=15Tesla, T,(B)=80K B) B=5Tesla, 75 K<T,(B) <100 K
C) B=10 Tesla, 75K <T.< 100 K D) B=10 Tesla, T,=70K
Sol. (B)

Paragraph for Questions 72 to 74

When a particle of mass m moves on the x-axis in a potential
of the form V(x) = kx” it performs simple harmonic motion.

The corresponding time period is proportional to < as 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 = 0 in a way 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) = ox* (a > 0) for ||
near the origin and becomes a constant equal to V, for
x| = X, (see figure).

72. If the total energy of the particle is E, it will perform periodic motion only if
A) E<O B) E>0
C) Vo>E>0 D) E>V,

Sol. ©)

Energy must be less than V

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

m 1 |m
M Na B o
C) A/& D) Af&
m m

Sol. (B)
[a] = ML?T?
Only (B) option has dimension of time
Alternatively

2
lm[d—xj +kx* =kA?
2 dt

(&) =)
Ad
e

fm 1 ¢! du
4 |—— J. =T Substitute x = Au
2k A 0,[1_u4
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74.

Sol.

This section contains TEN questions. The answer to each question is a single digit integer ranging from 0 to 9. The

The acceleration of this particle for [x| > X, is

A) proportional to V, B) proportional to Vo

0

C) proportional to .

D) zero
0

(D)

As potential energy is constant for [x| > X, the force on the particle is zero hence acceleration is zero.

SECTION -1V (Integer Type)

correct digit below the question number in the ORS is to be bubbled.

75.

Sol.

76.

Sol.

77.

Sol.

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

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

speed on the surface of the earth is taken to be 11 kms™, the escape speed on the surface of the planet in

kms™! will be

3
g_N6 . p_2

g 11 7 p 3
Hence, E:ﬁ

R 2

r 12
Vesc (x R p - i
VSSC R2p 11
V'ese = 3 km/s.

A piece of ice (heat capacity = 2100 J kg °C™" and latent heat = 3.36 x10°J kg™') of mass m grams is at
-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 m is

8
420=(mx 2100 x 5+ 1 x3.36 x 10°) x 107
where m is in gm.

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™.

7
c+v

fapp = f0
cC—V
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78.

Sol.

79.

Sol.

80.

Sol.

81.

Sol.

af— e g,

(c=v)
where c is speed of sound
df = £f0

100

hence dv ~ 7 km/hr.

The focal length of a thin biconvex lens is 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 m,s to ms,. The ratio —22 is

ms,

6

f
m=
f+u

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

A
Broglie wavelengths are A, and A, respectively. The ratio k_p , to the nearest integer, is
o

3

|-

—mv- =qV

=
mv

A=8=3.

When two identical batteries of internal resistance 1Q each are connected in series across a resistor R, the
rate of heat produced in R is J;. When the same batteries are connected in parallel across R, the rate is J,.
If J, =2.25 J, then the value of R in Q is

4
2
5= (ﬂj R
R+2
E 2
J2=( j R since J1/J, =2.25

R+1/2
R=4Q.

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

9
AT = constant

7\4ATA = 7\'BTB
Rate of total energy radiated oc AT*
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82. When two progressive waves y; = 4 sin(2x - 6t) and y, = 3sin[2x—6t—%} are superimposed, the

amplitude of the resultant wave is

Sol. 5
Two waves have phase difference m/2. 5
3
4
83. A 0.1 kg mass is suspended from a wire of negligible mass. The length of the wire is 1m and its cross-

sectional area is 4.9 x 107 m®. If the mass is pulled a little in the vertically downward direction and
released, it performs simple harmonic motion of angular frequency 140 rad s™'. If the Young’s modulus of
the material of the wire is n x 10° Nm™, the value of n is

Sol. 4
YA
(D = —
mL
84. A binary star consists of two stars A (mass 2.2M;) and B (mass 11Mj), where M; is the mass of the sun.

They are separated by distance d and are rotating about their centre 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 centre of

mass is
Sol. 6
L m,r’
total — 1 12 +1
LB erZ

skeskeoskeoskoskoskosk
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Useful Data
Atomic Numbers: B5C6;N7,08;F9;Nall;Sil4; P15;S16;Cl17; Ti22;
V 23; Cr 24; Ni 28; Cu 29; Br 35; Rh 45; Sn 50; Xe 54; T1 81.
lamu = 1.66 x 10" kg e = 1.6x107"°C
R = 0.082 L-atm K™ mol™ c = 3.0x10°ms™
h = 6.626 x 10°*J s F = 96500 C mol ™
Na = 6.022 x 10* Ry = 2.18x 10787
m. = 9.1 x 10" kg dne, = 1.11x 107 7' C*m™
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IITJEE 2010 PAPER-2 [Code — 0]

PART - I: CHEMISTRY

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.

*1. The compounds P, Q and S
0]
COOH OCHj3 g
AN
O
H,C H,;C
3 p 3 0 S

were separately subjected to nitration using HNO3/H,SO, mixture. The major product formed in each case
respectively, is

0]

COOH OCHj,4 Co
/©/ O
H,C NO3
NO,

0
COOH OCHjg |

C\

B) 0
HO NO, HaC
NO, NO,
NO,
0
COOH OCHj,4 Co
/@ O
HaC

HO

{%

°
ii :; o
N

HO H3C NO,

)
HO NO,
NO,
o
COOH OCH4 g\ /©\
D) /©/ ©/ 0) NO,

NO,
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Sol. (©)
O,N
COOH COOH
__mNoy . ..
/©/ S0, 7 (- OH gp is more activating)
HO
OCH,4 OCHj
HNO; . . .
o, (- OCH, gp is more activating)
NO,
0]
|
| o C

©/C\o —e 0
*2. Assuming that Hund’s rule is violated, the bond order and magnetic nature of the diatomic molecule B, is

A) 1 and diamagnetic B) 0 and diamagnetic

C) 1 and paramagnetic D) 0 and paramagnetic
Sol. (A)

B2 (10) = Glsz 6*lsz 0252 0*252 n2p,z(

6-4 . . .
Bond order = 5 =1 (nature diamagnetic as no unpaired electron)
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3. The packing efficiency of the two-dimensional square unit cell shown below is

i)
(§<>

|< —————— L--—--—-- >

A) 39.27% B) 68.02%

C) 74.05% D) 78.54%
Sol. (D)

a= (2x/§r)

2 2
PF = 2xmr _21tr2 T
(2 \/Er) 8r 4

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

A) Ni(CO), B) [NiCl]*

C) Ni(PPhy), D) [Ni(CN)J*™
Sol. (B)

[NiCL]? O.S. of Ni=+2
Ni(28) = 3d® 4s?
Ni? =3d"

3d 4s 4p

[IRIEIEE

Cl™ being weak ligand
3d 4s 4p

LAl T e L e

J/

sp°
No. of unpaired electrons = 2
Magnetic moment p=2.82 BM.
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O
V4
5. In the reaction H3C C< () oo B s T the structure of the
74
Product T is
//O
H,C C 0
Y
\O—C/ NH
5
[0)
H,C V4 /0
H,C NH NH—C
©) AN D)
/C
O/
Sol. ©
I
H3C@C_NH2 Hoffmann Bri;(ijr;irc deg radation H3C@NH2

0O

O
C—Cl
I
Hsc@m_c@
(D

*6. The species having pyramidal shape is
A) SOs B) BrF;
C) SiOr D) OSF,
Sol. (D)
S
20N
O/ \F F
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SECTION-II (Integer Type)

This Section contains 5 questions. The answer to each question is a single-digit integer, ranging from 0 to 9. The
correct digit below the question no. in the ORS is to be bubbled.

*7. 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 x 10*. The value of x is

Sol. 7

d= m\a/ss = 10.5 g/cc means in 1 cc = 10.5 g of Ag is present.

Number of atoms of Agin 1 cc = IIOT';X N,

In 1 cm , number of atoms of Ag = 3/ 11(())85 N,

2/3
In | cm’, number of atoms of Ag = (IIOT;- N Aj

105 " 1.05x6.022x10% )"’
In 10™"?m” or 10" cm?, number of atoms of Ag =£%NAJ x107° =( 05X61(())8 <10 ] x107®

=1.5x10’
Hence x=7

*8. Among the following , the number of elements showing only one non-zero oxidation state is
O, CL F,N, P, Sn, Tl, Na, Ti

Sol. 2
Na, F show only one non-zero oxidation state.

*9. One mole of an ideal gas is taken from a to b along two paths denoted by the solid and the dashed lines as
shown in the graph below. If the work done along the solid line path is w, and that along the dotted line
path is wy, then the integer closest to the ratio wg/wy is

4.5 +
4.0 4
3.5 -

P 30

(atm.) 25 7
2.0 A

1.5 4
1.0 -

0.5 +

0.0 T T Y T Y Y
0.0 05 10 15 20 25 30 35 40 45 50 55 6.0
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Sol. 2
wWg=4x15+1x1+25x%x2/3=8.65
Process is isothermal

Ws =2x 2.303log% =2x%x2.303xlogll=2x2.303x1.0414 =4.79

Wa _ 865 _1c0-2
w, 4.79
*10. The total number of dirpotic acids among the following is
H3PO4 HzSO4 H3PO3 H2C03 HzSzO7
H3BO3 H3P02 HzCI‘O4 H2S03
Sol. 6
H,S0,, H,COs, H,S,07, H,CrOy4, H;PO;, H,SO;
11. Total number of geometrical isomers for the complex [RhCI(CO)(PPh3)(NH;)] is
Sol. 3

SECTION-III (Paragraph Type)

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

Paragraph for questions 12 to 14

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

HyC OH
H;C
X
0 o
12. The compounds P and Q respectively are
I I
H,C H H H
R _CH H and ° \C/ B _CH H and \C/
) H,C C || ) H,C C ||
| 0 | 0
o O
H3C\CH/CH2\C/H ) H3C\C/H H3C\CH/CH2\C/H ) H\C/H
© | [ — [E— | [— |
CH, O 0 CH, O 0
Sol. (B)
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13.

Sol.

14.

Sol.

Sol:

The compound R is

I
H,C C
A A4 \H
) _C
HyC” |
\OH
o
CH C
N
C) H;C \CH/ H
\OH
(4)
The compound S is
T
CH C
~ N
A) H;C \CH/ H
H,C
SeN
CH, CN
CH /CH\
C) H5C \CH OH
H,C
\OH
(D)
(1210 14)

Nitin M Sir (physics-iitjee.blogspot.com)

B)

D)
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CH, -
H 3
CH, H | (|)H "
+ KZCO3(aq.) C\ /
0 0 HsC
(P) Q ﬁ_H
0
\LHCN
CH
CH 3
| /3 CH, é __CH,—OH
HBc—c o N L
\ [ <5 HC C—C=—CN
1l |
OH
OH O ()
(Given product)

Paragraph for questions 15 to 17

The hydrogen-like species Li*" is in 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
O 2p D) 3s

Sol. (B)
For, S; (spherically symmetrical)
node =1
= n-1=1
n=2
For S,, radial node = 1

2
= Z13.6xz Ey in ground state =—13.6

E=——F— =n=3

So, state S is 2s and S, is 3p.

*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
Sol. ©)
E, __—13.6x9 —995
Epgoms) 4% (-13.6)
*17. The orbital angular momentum quantum number of the state S, is
A) 0 B) 1
C 2 D) 3
Sol. (B)

Azimuthal quantum number for S, =/ =1
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SECTION-IV (Matrix Type)

This Section contains 2 questions. Each question has four statements (A, B, C and D) given in Column I and five
statements (p, g, 1, s and t) in Column II. Any given statement in Column I can have correct matching with one or
more statement(s) given in Column II. For example, if for a given question, statement B matches with the
statements given in q and r, then for that particular question, against statement B, darken the bubbles corresponding

to q and r in the ORS.
18. Match the reactions in Column I with appropriate options in Column II.
Column I Column IT
A) @N:CH @OH —e @*NN{%OH p) Racemic mixture
OH OH ﬁ
‘ ¢ CH, - .
B) H,c—C—C—cH, 5%, 1, o \c<— cH, q) Addition reaction
CH; CH, CH;
c

0 OH
// 1. LiAIH, / . . .
0) L T HC r)  Substitution reaction
CH; CHs
D) SH4<:>—C1&> @ s)  Coupling reaction

t)  Carbocation intermediate

Sol. (A-r,59; (B-19; (C-p,q); (D-r)
(A) It is an example of electrophilic substitution reaction which results in coupled product hence it is
coupling reaction also.
(B) Pinacole-pinacolone rearrangement. In this reaction intermediate is carbocation.
(C) It is an example of addition reaction by carbonyl compounds and both enantiomers will be formed.
Hence, racemic mixture will be obtained.

ﬁ <'|)L1+
C
C ~
\CH3 LiAIH, | CH; + AlH;
(addition) H
(D) It is an example of nucleophilic substitution.
19. All the compounds listed in Column I react with water. Match the result of the respective reactions with the
appropriate options listed in Column II.
Column I Column II
A) (CHj;),SiCl, p) Hydrogen halide formation
B) XeF, q) Redox reaction
C Ch r) Reacts with glass
D) VCli;s s) Polymerization

t) O, formation

Sol.  (A-p,s); (B—p,q,1,9; (C—p, 4, 9; (D-p)
(A) (CH,), SiCl, +2H,0 — (CH, ), Si(OH), + 2HCI

(CH3;),Si(OH), can undergo polymerization to form silicones.

(B) 3XeF, +6H,0 — XeO, +2Xe+12HF + llO2
2

(C) ClL,+H,0—> 2Hc1+%o2
(D) VCI, +H,0 — VOCI, +2HCI
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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.

Sol.

21.

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 plane is

8 4 7 4 4 1
A U R R B -y, ——, —
( )(3 3 3) ( )(3 3 3)

1 2 10 2 1 5
C T S T D U R R
( )(3 3 3) ( )(3 3 2)
(4)
Distance of point (1, — 2, 1) from plane x + 2y —2z=a is 5 = o = 10.

. x-1 y+2 z-1
Equation of P = = =t
a Q 1 2 -2

5+a 5 8 4 -7

=(t+1,2t-2,-2t+1)and PQ=5=>t= == =Q=|-, -, —|.
Q=( ) Q 9 3 Q (3 3 3)

. . . ., 4 1 . . . .
A signal which can be green or red with probability 3 and 3 respectively, is received by station A and

then transmitted to station B. The probability of each station receiving the signal correctly is % If the

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

3 6
(A) 3 (B) F

20 9
© 23 (D) 20
©

Event G = original signal is green
E| = A receives the signal correct
E, = B receives the signal correct
E = signal received by B is green

P(signal received by B is green) = P(GE,E,) + P(GEE2 ) + P((_}Ellji2 ) + P((_}ElEz)

46
P(E)= ——
() 5x16
P(G/E)=40/5X16:@.
46/5x16 23

Two adjacent sides of a parallelogram ABCD are given by AB=2i +10]’+1ll€ and AD=—i + 2}'+2I€ .

The side AD is rotated by an acute angle a in the plane of the parallelogram so that AD becomes AD'. If
AD’ makes a right angle with the side AB, then the cosine of the angle a is given by

8 17
(A) ry B) e
1 45
(©) 5 (D) Y
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Sol. (B)
AD = A—BX(EXA—D) = 5(61?—103—2112) = coso. = Mzﬁ .
|aD|[AD| 9
*23, Forr=0,1, ..., 10, let A,, B, and C, denote, respectively, the coefficient of X" in the expansions of (1 + x)lo,

10
(1+x)*and (1 +x). Then ) 4, (BB, —C,,4,) is equal to
r=1

(A)Bjy—Cig (B) 4, (B, -Cy4,)
<o D) Cip—Byo
Sol. (D)

10
Lety = ZAr (BioB; —CjpA,)

r=1

10
D" A,B, =coefficient of x in (1 +x)' (x + 1))~ 1

r=l1

10
=Cy—1=Cy—1and Z(Ar )2 = coefficient of x'®in (1 +x)'° (x + 1)) = 1 =By — 1
r=1

= y=Bo(Cio—1) = C1o(Big— 1) = Cip — Byo.

24. Let f be a real-valued function defined on the interval (— 1, 1) such that e f (x) =2 +I t* +1dt , for all x
0
e (=1, 1) and let ' be the inverse function of f. Then (f') (2) is equal to
A1 B) 173
©) 12 (D) 1/e
Sol. (B)
X
e Xf(x) = 2+I\/t4 +dt ...()
0
f(f(x) = x
= ') '®) =1=(f'Q) = + =f0)=2=f"'2)=0
f'(f(2)
1
f—l 2 r—
() )

e XF(x) - f(x) = Vx* +1

Putx=0=f(0)—2=1= f(0)=3

')y = 1/3.
*25. Let S= {1, 2, 3, 4}. The total number of unordered pairs of disjoint subsets of S is equal to
(A) 25 (B) 34
(C) 42 (D) 41
Sol. (D)
Total number of unordered pairs of disjoint subsets
_ 341 Al
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SECTION - II (Integer Type)

This Section contains 5 questions. The answer to each question is a single-digit integer, ranging from 0 to 9. The
correct digit below the question no. in the ORS is to be bubbled.

*26.

Sol.

27.

Sol.

28.

Sol.

*29.

Sol.

Let a;, a,, a3, ..., a;; be real numbers satisfying a; = 15, 27 — 2a, > 0 and a, = 2a,_| —a,, fork=3,4, ...,

2 2 2
al +a, +..+a, a +a, +..+a,

11.If =90, then the value of T is equal to
(0)
a,=2a,_ | — a, = a,, a, ..., a;; are in A.P.

al +a, +..+a; 1la’ +35x11d* +10ad

90

11 11
= 225 +35d* + 150d = 90
35 +150d+135=0=>d=-3,-9/7

a, +a, +..+a 11[

Given a, < % Ld=-3andd#-97T=> ——————— =

30-10x3]=0.
11

Let f be a function defined on R (the set of all real numbers) such that f'(x) = 2010 (x — 2009) (x — 2010)*
(x —2011)* (x — 2012)*, for all x € R. If g is a function defined on R with values in the interval (0, o) such
that f (x) = In (g (x)), for all x € R, then the number of points in R at which g has a local maximum is

)
f(x) = In {g(x)}
gx) ="

g'(x)=¢e™  f(x)

gx)=0=f(x)=0ase™ =0

= 2010(x — 2009)(x — 2010)*(x — 2011)*(x — 2012)* =0
so there is only one point of local maxima.

2%-1 2vk 2Jk 0 2k-1 Jk
Let k be a positive real number and let A = 2k 1 —2k | and B=|1-2k 0 2Vk | If det

2k 2% -1 ~k 2k 0
(adj A) + det (adj B) = 10°, then [Kk] is equal to
[Note : adj M denotes the adjoint of a square matrix M and [k] denotes the largest integer less than or equal
to kJ.

)
Al =@k + 1), |B|=0 (Since B is a skew—symmetric matrix of order 3)
= det (adj A) = |A" ' =(2k + 1)’)* =106 = 2k + 1 =10 = 2k =9
[k] = 4.
Two parallel chords of a circle of radius 2 are at a distance V3+1 apart. If the chords subtend at the centre,
angles of % and 277[ , where k > 0, then the value of [k] is
[Note : [k] denotes the largest integer less than or equal to k].
)
2c08—+2cos~ = V3+1
2k k
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T o \/§+1
COS—+COS— =

2k k 2
Let£=0, cos6+c059:\/ngl = 2cos29—1+cos9:\/§+l

2 2 2 2 2
c0s9=t 22+t — \/§2+3 =0
t_—1i1/1+4(3+x/§) _-1x(2V3+1) _2-243 3 cte L] ]
4 4 4 2 T2 2

9% k=3
2 6

*30. Consider a triangle 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 the triangle is 15y/3 . If ZACB is obtuse and if r denotes
the radius of the incircle of the triangle, then r* is equal to

Sol. (3
A:labsinC:sinC:z—Azmzﬁ:>C:120°
2 ab  6x10 2

=c= \/a2 +b%—2abcosC

= J62 +10% —2x6x10xc0s120° = 14
) 225x3
r= — P

s (6+10+14j2 -
2

SECTION - III (Paragraph Type)

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

Paragraph for questions 31 to 33.

Consider the polynomial f(x) = 1 + 2x + 3x* + 4x°. Let s be the sum of all distinct real roots of f(x) and let t = s|.

31. The real number s lies in the interval
1 3
A)|-—, 0 B) | 11, - =
(59 @ (-3
3 1 1
O |—, —— D) |0, —
( )( 4 2) ( )( 4)
Sol. (©)
1 3 3 1
Since, ——|-f|-=|<0 = Slein (——, ——).
3 =) F
32. The area bounded by the curve y = f(x) and the lines x =0, y =0 and x = t, lies in the interval
3 21 11
A=, 3 B) | =, —
( )[4 ) ( )(64 16)
(©) 9. 10) ® (0. 2
' " 64
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Sol. (4)
3 1
—S<s<——
4 2
1 3
—<t<=
2 4
1/2 3/4
(4x® +3x% +2x+1)dx <area< [ (4x* +3x* +
|
0 0
[ +x +x2 +x]y <area<[x*+x +x* +x)
I 1 1 1 81 27 9 3
—t—+—F—<area < —+—+—+—
16 8 4 2 256 64 16 4
— <area < —
33. The function f'(x) is
(A) increasing in (—t, —%) and decreasing in (—
L 1 . L
(B) decreasing in | —t, 2 and increasing in | —
(C) increasing in (-, t)
Sol. (B)

' (x)=2[12x+3]=0 =>x=-1/4.
Paragraph for qu

2

Tangents are drawn from the point P(3, 4) to the ellipse %+ 2

*34, The coordinates of A and B are
(A) (3,0) and (0, 2)
8 2\/161)
C)|——, —— | and (0,2
Sol. (D)

y=mx+N9m’ +4
4-3m=~9m’ +4

16+9m2—24m:9m2+4:>m:£—

24

1
2
Equation is y—4:%(x—3)
2y -8=x-3=>x-2y+5=0

yB

xa
LetB=(a, )= —+—-—
(a, B) o 4

55

1=0 =

1 -2

9 8

55

B

FITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
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(D) decreasing in (-, t)

estions 34 to 36.

y2

1 touching the ellipse at points A and B.

oy 5 2090 g (2 F)
5 15 5

23

(D) (3,0)and( 2. -

)

5
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*35.

Sol.

*36.

Sol.

The orthocentre of the triangle PAB is

8 7 25
@ (s3) ®(33)
11 8 8 7
(%3] (553
©
Slope of BD must be 0

W | o0

= y- 8_ 0 (x + 2) = y=
y 5 5 y
Hence y coordinate of D is 8/5.

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

(A) 9x* + 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
(4)

Locus is parabola

Equation of AB Is %+%:1 = §+y=l =>x+3y-3=0

3y-3)°
(=3 (y -y = S

10x* + 90 — 60x + 10y* + 160 — 80y = x* + 9y* + 9 + 6xy — 6x — 18y
= 9x” +y* — 6xy — 54x — 62y + 241 =0.

SECTION -1V (Matrix Type)

This Section contains 2 questions. Each question has four statements (A, B, C and D) given in Column I and five
statements (p, q, 1, s and t) in Column II. Any given statement in Column I can have correct matching with one or
more statement(s) given in Column II. For example, if for a given question, statement B matches with the
statements given in q and r, then for that particular question, against statement B, darken the bubbles corresponding
to q and r in the ORS.

*37.

Match the statements in column-I with those in column-II.
[Note: Here z takes the values in the complex plane and Im z and Re z denote, respectively, the imaginary
part and the real part of z]

Column — I Column - 11
(A) The set of points z satisfying |z — i|z|| = |z + i|z]|

. . ... 4
is contained in or equal to (p) an ellipse with eccentricity 3

B) The set of points z satisfying |z + 4|+ |z—4| =10 (q) the set of points z satisfying Im z= 0
is contained in or equal to

© If |o| = 2, then the set of points z=® — /o is (1) the set of points z satisfying [Im z| < 1
contained in or equal to

D) If || = 1, then the set of points z=® + 1/® is  (s) the set of points z satisfying [Re z| < 1
contained in or equal to

) the set of points z satisfying |z| < 3
Sol. (4) (¢)
Z =124 ,z#0
|2 |2
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z . .
ﬂ is unimodular complex number
z
and lies on perpendicular bisector of i and —i

= ﬁzil = z=1=1jz| = aisreal number = Im(z) =0.
z

B @
|z+4|+|z—-4|=10
z lies on an ellipse whose focus are (4, 0) and (-4, 0) and length of major axis is 10
=2ae=8and2a=10=e=4/5
[Re(z)| < 5.

© @) @

[wW| =2 = w =2(cos0 + isin0)

X + iy = 2(cos0 + isinB) — %(cos@ — isin@)

2 2
=§cos9+i§sin0:> al ~+ Y 2=1
2 2 (372 (5/2)
62:1—9/_421—1=E :e*i
25/4 25 25 5

® @ ®
[w|=1= x +1iy = cos + isin6 + cosO — isin6
X + iy =2cosf
[Re(z)| < 1, |[Im(z) = 0.

38. Match the statements in column-I with those in column-II.
Column - I Column - 11
- - -4
(A) A line from the origin meets the lines x=2 =7 21 = Z—IH and ®
_8
3 3 y+13 = z-1 at P and Q respectively. If length PQ = d,
then d* is
o » » (3 @ 0
*B) The values of x satisfying tan (x + 3) —tan (x — 3) = sin 3
are
©) Non-zero vectors d, b and ¢ satisfy i-b=0, (@O 4

(b-4)-(b+c)=0 and 2|B+6| =|B—?1| _If @ = pb+4¢, then the
possible values of . are
(D) Let f be the function on [-w, 7] given by f(0) = 9 and f(x) = (s) 5

sin(gzx)/sin(;j for x # 0. The value of E J. f(x)dx is
o1
-n

® 6

Sol. (A). (1)

. X 'y z. .

Let the line be — =< == intersects the lines
a b ¢

=S.D=0=a+3b+5¢c=0and3a+b—-5¢c=0=>a:b:c::5r:—5r:2r
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B

on solving with given lines we get points of intersection P = (5,-5,2)and Q = (?, —? gj

= PQ’=d’=6.

(B) @) ()
tan”' (x +3) —tan”' (x — 3) =sin"' (3/5)

L (x+3)=(x-3) 43 6 3
—> tan — — =tan = 3 =—
1+(x* -9) 4 x*-8 4
L x>—-8=8
orx =14,

© @ (s)
As @=pub+4%¢ = u(|b|)=-4b-¢ and |b[*=4a-¢ and |b[* +b-C—d-¢ =0
Again, as 2|5 +E| = |l; —&|
Solving and eliminating b-¢ and eliminating | d |

we get (24 —101)|bP=0 = p=0and 5.

(D) (r)

I:gj-sm9(x/2) £X2j311.19(x/2)x
77 sin(x/2) z ¢ sin(x/2)

x/2=0=dx=2d0

x=0,0=0

x=mn0=mn/2

_ _”./[zsm%’

sin &

EJ/- sin 90 — s1n76’) (s1n7¢9—sm50) (sin 50— sm39) (sin 30 —sin @) L sinf
T sin @ sin@ sin @ sin @ sin @
1671/ 7r/2

= I cos8€+cos66+cos4¢9+cos2€+1)d0+— I do
s 0

_ _6{sm8¢9+s1n6t9+s1n46+sm2¢9}r§[9]mz —o+ Ex{——o}
V4 8 6 4 2 V4 T L2
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PART - Ill: PHYSICS

SECTION - I (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.

39.

Sol.

40.

Sol.

41.

Sol.

A block of mass 2 kg is free to move along the x-axis. It is at rest and from t = 0 onwards it is subjected to a
time-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 after 4.5 seconds is

F(t)
4N
4.5s R
o) 3s L
A) 45017 B) 7.507J C) 5.067J D) 14.061J
©
Area under F-t curve = 4.5 kg-m/sec
2
K.E.= l(2)(2) =5.061J
2 2

A uniformly charged thin spherical shell of radius R carries uniform surface charge density of ¢ per unit
area. It is made of two hemispherical shells, held together by pressing them with force F (see figure). F is
proportional to

F F
—— e
1 o° 1 o?
A) 1 2r2 B) LI y —2 ) _6_2
€ o g R € R
(A4)
c? c?
Pressure = — and force = — x R >
€ 2¢g,

A tiny spherical oil drop carrying a net charge q is balanced in still air with a vertical uniform electric field

of strength %xlo5 Vm™'. When the field is switched off, the drop is observed to fall with terminal

velocity 2 x 107 ms™". Given g = 9.8 ms™, viscosity of the air = 1.8 x 107> Ns m™ and the density of oil =
900 kg m™, the magnitude of q is
A) 1.6x107"°C B) 32x10"C C) 48x10"7C D) 8.0x10"C

(D)

4 3

gnR pg =qE = 6mnRvr
q=8.0x10"C
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42.

Sol.

43.

Sol.

44,

Sol.

A Vernier calipers has 1 mm marks on the main scale. It has 20 equal divisions on the Vernier scale which
match with 16 main scale divisions. For this Vernier calipers, the least count is
A) 0.02 mm B) 0.05 mm C) 0.1 mm D) 0.2 mm

(D)
LC.=1MSD-1V.SD

- @ﬂj M.SD
20

= (1 —%)(lmm) =0.2 mm

A biconvex lens of focal length 15 cm is in 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 the lens. The final image is

A) virtual and at a distance of 16 cm from the mirror

B) real and at a distance of 16 cm from the mirror

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

D) real and at a distance of 20 cm from the mirror

6 cm 10 cm

(B)

A hollow pipe of length 0.8 m is 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 is 50 N and the speed of sound is 320 ms™', the mass of the string is

A) 5 grams B) 10 grams C) 20 grams D) 40 grams
(B)
2 [T
Vs _ VM
4L,  2/4
ul, =10 gm

SECTION -II (Integer Type)

This Section contains 5 questions. The answer to each question is a single-digit integer, ranging from 0 to 9. The
correct digit below the question no. in the ORS is to be bubbled.

45.

Sol.

A large glass slab (i = 5/3) of thickness 8 cm is placed over a point source of light on a plane surface. It is
seen that light emerges out of the top surface of the slab from a circular area of radius R cm. What is the
value of R?

6
sin O, = 3/5
S R=6cm.

8 cm

<----->
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46.

Sol.

47.

Sol.

48.

Sol.

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 ? m in 30 seconds. What is the speed of the object in km per hour ?

3

Forv, = 57—Om, uy=-25m
2
Vy = ?Sm, u2=—50m

25 18
Speed of object = —x— =3 kmph.
p ) 305 D

To determine the half life of a radioactive 6
element, a student plots a graph of 5
In dNE© versus t. Here M is the rate of =
dt dt 24
radioactive decay at time t. If the number of % 3

radioactive nuclei of this element decreases
by a factor of p after 4.16 years, the value of 2

pis 1

N~

w

s F-

N -
o F -

2

=]

8
N=Nye™
n|dN/dt] = (n(Noh) —At

From graph, A = % per year

0.693
typ= —— =1.386 year
27T Y

4.16 yrs = 3121/2
L p=8
A diatomic ideal gas is compressed adiabatically to Y of its initial volume. If the initial temperature of

the gas is T; (in Kelvin) and the final temperature is aT;, the value of a is

4
TV*! = constant

TV7/5_1 _ aT (LJWS—I
32

. a=4.
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49. At time t = 0, a battery of 10 V is connected across points A 2MQ 2uF
and B in the given circuit. If the capacitors have no charge |_
initially, at what time (in seconds) does the voltage across ¢ B3
them becomes 4 volt? I—
[take fn 5 =1.6, fn3=1.1] MQ 2uF

Sol. 2
4=10(1-¢" MQ  1uF

. t=2sec. — W ——

SECTION -III (Paragraph Type)

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

Paragraphs for Question 50 To 52

When liquid medicine of density p is to 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 the force becomes smaller than the weight of the drop, the drop gets detached from the

dropper.
50. 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
2 2
A) 2mT B) 27RT o 1 py ZRT
R r
Sol. ©)
2
Surface Tension force = 27r T— = 2wt
R R
=2
51. Ifr=5x10"m, p=10"kgm™, g=10m/s>, T=0.11 Nm™', the radius of the drop when it detaches from
the dropper is approximately
A) 14x107°m B) 33x10°m C) 20x107°m D) 41x10°m
Sol. (4)
2nr’T 4
=mg= —nR’
R g 3 pPg
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52.

Sol.

After the drop detaches, its surface energy is

A) 14x107°) B) 2.7x107°J C) 54x10°] D) 8.1x10°J

(B)
Surface energy = T(4nR*) =2.7 x 107°J

Paragraph for questions 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.

53.

Sol.

54.

Sol.

55.

Sol.

A diatomic molecule has moment of inertia I. By Bohr’s quantization condition its rotational energy in the
n™ level (n = 0 is not allowed) is

1( hn? 1({ h? h? h?
A) —| — B —| — C) n|— D) n*| —
) nz[Snzlj ) n(SnZIJ ) [8n21j ) (STEZIJ
(D)
_ nh
2n
2 2
KE _EZ(EJ 1
21 2n ) 21

It is found that the excitation frequency from ground to the first excited state of rotation for the CO

. 4 . . .
molecule is close to —x10"Hz. Then the moment of inertia of CO molecule about its centre of mass is
T

close to (Take h =27 x 107 Js)

A) 276 x10%kgm> B) 1.87x10%kgm*> C) 4.67x10 kgm’ D) 1.17 x 10" kg m*
(B)

hv =k.E,, — kE,y

1=1.87x10* kg m’

In a CO molecule, the distance between C (mass = 12 a.m.u) and O (mass = 16 a.m.u.),
where 1 am.u. = gx 107 kg, is close to
A) 24x10"m B) 1.9x10""m

C) 13x10""m D) 44x10"'m

©

=

m,d and 1= m,d

m, +m, m, +m, i I
I=m1rl2+m2r22

©d=13x10"m.
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SECTION - IV (Matrix Type)

This Section contains 2 questions. Each question has four statements (A, B, C and D) given in Column I and five
statements (p, q, 1, s and t) in Column II. Any given statement in Column I can have correct matching with one or
more statement(s) given in Column II. For example, if for a given question, statement B matches with the
statements given in q and r, then for that particular question, against statement B, darken the bubbles corresponding
to q and r in the ORS.

56. Two transparent media of refractive indices p; and p; 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 I different relationships between p;, p, and p; are given. Match them to
the ray diagram shown in Column II.

Column I Column II

A m<p p)

s M1
B wm>w Q)

s M1
O M2 = K3 r)

[2%] ™
D) wm>ps s)

n3 H1

t)
25 W

Sol. (A4) =@, 1), (B) > (4,59, (C) -, 11, (D) >(q,s)
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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 II. When a current I (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 I.
Match the two

Column I Column II
Vi V,

A)  1+0,V,isproportional to I p)

6 mH 3uF

B) e 0, Vz > V1 q) <V—'><L>

C) V[ = 0, V2: V 1‘) (V_‘, v

D)  1#0,V,is proportional to ) "

t) Vi vV,

Sol.  (A) >(r,s50,(B) >(q, 1,510, (0 =, q, (D) >(q, 1,51

L2
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PAPER-1 [Code — 8]
IITJEE 2011

PART - I: CHEMISTR

SECTION — | (Total Marks : 21)
(Single Correct Answer Type)

This section containg multiple choice questionsEach question has four choices (A), (B), (C) andl gDt of
whichONLY ONE is correct.

1. Extra pure Blcan be obtained by heating
(A) NH3 with CuO (B) NHNO;
(C) (NH,)Lr,0, (D) Ba(Ny)2
Sol. (D)

Ba(N,), 0l Ba+ 3N,

2. Dissolving 120 g of urea (mol. wt. 60) in 10000fywater gave a solution of density 1.15 g/mL. The
molarity of the solution is
(A) 1.78 M (B) 2.00 M
(C) 2.05 M (D) 2.22 M
Sol. (©)
Total mass of solution = 1000 + 120 = 1120 g
Total volume of solution in (L %)xm3

M:ﬂx .1 :1_20>< 1.1% 16:2.05M
M V(nL) 60 1120
3. Bombardment of aluminium hy-particle leads to its artificial disintegration two ways, (i) and (ii) as

shown. Products X, Y and Z respectively are,
IAOHL Py

(i)l

BSi+ X ¥Si+z

(A) proton, neutron, positron (B) neutron, pogitrproton
(C) proton, positron, neutron (D) positron, pratoautron
Sol. (A)

AL+ 0t S TS+ pi(X)
BAL+ 00 S0P+ YY)
1oP - LSi+.,B°(2)

4. Geometrical shapes of the complexes formed &yehction of Ni* with CI", CN"and HO, respectively,
are
(A) octahedral, tetrahedral and square planar téphedral, square planar and octahedral
(C) square planar, tetrahedral and octahedral odahedral, square planar and octahedral
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s, (B)
[Nicl,]” - Tetrahedra

[Ni(CN)[l]zf - Square Plane
[Ni(HZO)GT - Octahedra

5. The major product of the following reaction is
O
\ NH oood
\ (ii) Br CH)Cl
(0]
O
1/
C\
C[ N— CH2 Br (B) | /N—@CHZCI
C

\\
o)
o)
/!
| N
Y
C@ —
o— CH2 Br o—@wzm

Sol.
‘T
NH DDD@WEDD@ N—CH, Br
CHZ—Cl ‘
(0]
[Reason: Due to partial double bond character alongB€ bond prevents the attack of nucleophile at
phenylic position]
6. Among the following compounds, the most acidic i
(A) p-nitrophenol (B) p-hydroxybenzoic acid
(C) o-hydroxybenzoic acid (D) p-toluic acid
Sol. (©)
Due to ortho effect o-hydroxy benzoic acid is sgrest acid and correct order of decreasipisK
COOH COOH COOH

O QO Y

FITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2011-Paper 1-CPM-4

Sol.

AgNQOs(aq.) was added to an aqueous KCI solution gragleadd the conductivity of the solution was
measured. The plot of conductan(@k) versus the volume of AgNQs

A N A\ W A
voItJme volulme vcilume voilume
P Q) (R) S
(A (P) (B) (Q)
©) (R) (D) (S)
(D)

AgNO, +KCl(ag) -~ AgCI(9+ KNQ ( aq

Initially there is aq. KCI solution now as solutioof AgNO; is added, AgCI(s) is formed. Hence
conductivity of solution is almost compensated glightly increase) by the formation of KNQAfter end
point conductivity increases more rapidly becawtditaon of excess AgN@solution.

SECTION — Il (Total Marks : 16)
(Multiple Correct Answers Type)

This section containd multiple choice questionsEach question has four choices (A), (B), (C) and ¢Dt of
which ONE OR MORE may be correct.

8.

Sol.

Sol.

10.

Amongst the given options, the compound(s) inctvtall the atoms are in one plane in all the pussi
conformations (if any), is (are)

H H H
(A) /\/C—C\< ®) H_CEC_C\\CH
H,C CH, 2
© H,C=—C=—0 (D) H,C—C—=CH,
®.0)

Along C-C single bond conformations are possible in butaglia which all the atoms may not lie in the
same plane.

Extraction of metal from the ooassiteriteinvolves

(A) carbon reduction of an oxide ore (B) self-retion of a sulphide ore
(C) removal of copper impurity (D) removal of iranpurity
(A, C,D)

SnQ, + 2C- 2CG- Si
The ore cassiterite contains the impurity of F&, M/ and traces of Cu.

According to kinetic theory of gases

(A) collisions are always elastic

(B) heavier molecules transfer more momentum éovthll of the container

(C) only a small number of molecules have venhhiglocity

(D) between collisions, the molecules move inigtralines with constant velocities
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Sol. (A, B,C,D)

11. The correct statement(s) pertaining to the mdism of a gas on a solid surface is (are)

(A) Adsorption is always exothermic

(B) Physisorption may transform into chemisorptitrigh temperature
(C) Physiosorption increases with increasing tenajpee but chemisorption decreases with increasing

temperature

(D) Chemisorption is more exothermic than physgifion, however it is very slow due to higher eneofy

activation

Sol. (A B, D)

SECTION-III (Total Marls : 15)
(Paragraph Type)

This section contain® paragraphs.Based upon one of paragraghsnultiple choice questionsand based on the
other paragrapB multiple choice questionshave to be answered. Each of these question®hasHoices (A), (B),

(C) and (D) out ofvhich ONLY ONE is correct.

Paragraph for Question Nos. 12 and 13

An acyclic hydrocarbor®, having molecular formula &0, gave acetone as the only organic product thrahgh
following sequence of reaction, in whi€his an intermediate organic compound.

(i) conc. H, SQ

(catalytic amount

P D%ﬂ@ﬁi@jﬂﬁjﬂ QDH Qﬁ:ﬁlﬂ e 2
)i i )

(CsHio

)diIAacid i JZn/H O
3
12. The structure of compouiis
(A) CH,CH,CH,CH,- C= C- K
HsC
(C) H—\C—C: C—CH
~ —
HsC
Sol. (D)
13. The structure of the compou@ds
OH
HsC
A
(A) H—C——C——CH,CH,
H C/
3 H
OH
HsC
©
H—C—CH,CHCH,;
HsC
Sol. (B)

O

C
CH,

(B) H,CH,C-C= C- CH,CH,

HaC
(D) HeC—C—C=C—H
/
HaC
OH
HaC
(B) HsC \c C—CH,
C—C—C—
H c/
3 H
OH
(D)
CH4CH,CH,CHCH,CH,
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Solution for the Q. No. 12 to 13

HaC HC o] HaC OH
| (i) NaBH, / EtOH
HyC—C—C=—=C—H O0%#3%- H,c—C—C—CH, U 4"0 0 0.H;C—C——CH—CH,
" / Q
H;C P) HsC H;C
A lHZSOA(conc)
HaQ /CHs H3C\ /CH3
S _ IZn
C—O0+ o_c\ ~BEGD c—(
HyC Ch HyC CH;

Paragraph for Question Nos. 14 to 16

When a metal roil is dipped into an aqueous colourless concentratkdien of compoundN, the solution turns
light blue. Addition of aqueous NacCl to the bluduson gives a white precipitat®. Addition of aqueous NH
dissolveD and gives an intense blue solution.

14.

Sol.

15.

Sol.

16.

Sol.

The metal ro is

(A) Fe (B) Cu
(C) Ni (D) Co
(B)

Cu +2AgNQ, - CY NQ),+ 2Ac
M N Blue

While Cu partially oxidizes to Cu(N§ and remaining AgN@reacts with NaCl.

The compound is

(A) AgNOs (B) Zn(NGs),

(C) AI(NOs)s (D) Pb(NQ).

(A)

The final solution contains

(@) [Pb(NH,),]" and[ Cogl” ®) [AI(NH,),T" and[ cu( NH,),T”
(©) [Ag(NH,),] and[ cy NH),T" (D) [Ag(NH,),]" and[ Ni( NH,), T
©)

AgNO,+ NaCl . AgCl: +NaNQ
(N) ©

AgCI+2NH, - [Ag(NH,),] Cr
Cu(NQ,), + 4NH,OH - [ cy NH),]"
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SECTION-IV (Total Marks : 28)
(Integer Answer Type)

This section containg questions. The answer to each of the questioasiigyle digit integer, ranging from 0 to 9.
The bubble corresponding to the correct is to bkedeed in the ORS.

17. The difference in the oxidation numbers oftthie types of sulphur atoms in P&Og is
Sal. (5)
o 1l e ®
C]
N%.> O—|S|—S—S—”S—O Na
O o]

S will have oxidation number = +5, 0
Difference in oxidation number =5

18. A decapeptide (Mol. Wt. 796) on complete hygsi gives glycine (Mol. Wt. 75), alanine and
phenylalanine. Glycine contributes 47.0% to theltatight of the hydrolysed products. The number of
glycine units present in the decapeptide is

Sol. (6)
For n-units of glycine,
_ XTS5 L 100= 47
(796+ 9x 19
=>n=6
19. The work function(cp) of some metals is listed below. The number of teetahich will show
photoelectric effect when light of 300 nm waveldnfgtlls on the metal is
Metal Li Na K Mg Cu Ag Fe Pt W
@ (eV) 2.4 2.3 2.2 3.7 4.8 4.3 4.7 6.3 4.76
Sol. 4)
The energy associated with incident photo%\—cz
_6.6x10%x X 16
300x 10°
34
Einey = 00X 107X ¥ 169 =416 eV
300x 10° x 1.6¢ 10
So, number of metals showing photo-electric effedtl be (4), i.e., Li, Na, K, Mg
20. The maximum number of electrons that can hawecipal quantum number, n = 3, and spin quantum

1.
number,m, = 5 is

Sol. 9
For principal quantum number (n = 3)
Number of orbitals =7= 9

So, number of electromgth mg = —%will be 9.
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21.

Sol.

22.

Sol.

23.

Sol.

Reaction of Br with NaCO; in aqueous solution gives sodium bromide and sodbhromate with
evolution of CQ gas. The number of sodium bromide molecules ira@hn the balanced chemical
equation is

()
3Br, +3Na, CO, U - 5NaBr NaBrQ+ 3C(¢

So, number of NaBr molecules = 5
To an evacuated vessel with movable pistonuexternal pressure of 1 atm, 0.1 mol of He andnio0of

an unknown compound (vapour pressure 0.68 atm.’@} 8re introduced. Considering the ideal gas
behaviour, the total volume (in litre) of the gaae€§’C is close to

(7)

For any ideal gas, PV = nRT *1 atm
0.32 xV =0.1x0.0821 x 273

V =7 litre D
(unknown compound X will not follow

ideal gas equation) He + X

ForHe,n=0.1,P=0.32atm., V=2, T =273

The total number of alkenes possible by dehyamination of 3-bromo-3-cyclopentylhexane using
alcoholic KOH is

(5)
Total no. of alkenes will be =5
Br

|
HgC-CHyp—CHy—C—CHy—CHg HgC-CHy—CHy—C=CH—CHs

(E & Z)
Ot 90,

H3C—CH2—CH:(:—CH2—CH3
or (E & 2)

H3C-CHp—CHy—C—CHy-CHg

or é (only 1)
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PART - Il: PHYSICS

SECTION — | (Total Marks : 21)
(Single Correct Answer Type)

This section containg multiple choice questionsEach question has four choices (A), (B), (C) and ¢Dt of
whichONLY ONE is correct.

24.

Sol.

25.

Sol.

26.

Sol.

27.

Sol.

A police car with a siren of frequency 8 kHzn®ving with uniform velocity 36 km/hr towards dlta
building which reflects the sound waves. The spafesbund in air is 320 m/s. The frequency of tiners
heard by the car driver is

(A) 8.50 kHz (B) 8.25 kHz
(C) 7.75 kHz (D) 7.50 kHZ
(A)
_ 320 «8x 15 x 320+ 1C
320-10 320
=8.5 kHz

The wavelength of the first spectral line ia Balmer series of hydrogen atom is 6561 Ahe wavelength
of the second spectral line in the Balmer seriesirgfly-ionized helium atom is

(A) 1215 A (B) 1640 A
(C) 2430 R (D) 4687 R
(A)

1 _ (1 1)_5R
6561 4 9 36

1_yp(l_1|_3Rx4
A 4 16) 16

A =1215A°

Consider an electric fielf = E;Xxwhere K is a constant. The flux

through the shaded area (as shown in the figure}althis field is (a0,3)

(A) 2E" (B) V2E,&

OB (D) Eod 0,00 020"
\/E X

(©)
(Eo) (Projected area) =&

5.6 liter of helium gas at STP is adiabaticatiynpressed to 0.7 liter. Taking the initial temgbere to be
T4, the work done in the process is

9 3
(A) 3Rt (B) SRL
15 9
(C) 3 Rh (D) SRL
(A)
TV¥=C

Ty5.6/°=T,(0.77° = T,=Ty8)°=4T,
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NnRAT _ 9

0 Aw(work done on the system) =—RT,
y-1 8
28. A 2 uF capacitor is charged as shown in the figure. gdreentage of its 12
stored energy dissipated after the switch S iselito position 2 is S
(A) 0% (B) 20 %
(C)75% (D) 80 % 2uF|[8uF
Sol. (D)
Ui:%XZXVZ:VZ T
2V- q
g =2V ‘ 4
Now, switch S is turned to position 2 |
2V-q_¢q
2 8
8V-4q9=q
~q=
5
2 2
AH = V2- 64V . 4v
2x25x 8 2x 25K
_4Vv?
5
29. A meter bridge is set up as shown, to determmenknown |
resistance ‘X’ using a standard 10 ohm resistorhe T X 100
galvanometer shows null point when tapping-keyti$2a m o m L
cm mark. The end-corrections are 1 cm and 2 ( \,@
respectively for the ends A and B. The determivedde of A B
X' is - -
(A) 10.2 ohm (B) 10.6 ohm
(C) 10.8 ohm (D) 11.1 ohm
Sol. (B)
X (48 +2) = (10) (52 + 1)
x=>2-10m
50
30. A ball of mass (m) 0.5 kg is attached to thé eha string having length
(L) 0.5 m. The ball is rotated on a horizontatalar path about vertical :
axis. The maximum tension that the string can bee&824 N. The L |
maximum possible value of angular velocity of Hallradian/s) is :
(A)9 (B) 18 |
(C) 27 (D) 36 |
m [
Sol. (D)
324 = 0.50 (0.5)
oF = 324x 4

W= +/1296= 36 rad/:
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SECTION — Il (Total Marks : 16)
(Multiple Correct Answers Type)

This section containd multiple choice questionsEach question has four choices (A), (B), (C) and ¢Dt of
which ONE OR MORE may be correct.

31. A metal rod of length ‘L’ and mass ‘m’ is pieat at one end. A thin disk of mass —
‘M’ and radius ‘R’ (<L) is attached at its centerthe free end of the rod. Consider
two ways the disc is attached: (case A). The disoot free to rotate about its
centre and (case B) the disc is free to rotate ti®weentre. The rod disc system
performs SHM in vertical plane after being relehdeom the same displace
position. Which of the following statement(s) &€) true?

(A) Restoring torque in case A = Restoring torquedse B
(B) restoring torque in case A < Restoring torquedse B
(C) Angular frequency for case A > angular frequefuc case B.
(D) Angular frequency for case A < Angular freqagifior case B.
Sol. (A, D)
In case A
2 2

mg(//2) sinB + Mg ¢ sin@ = [m:f MR, MZZJGA
In case B

. . m/¢? .
mg (¢/2) sin@ + Mg ¢ sinB = 3 +M£° |ag
Ta=Tg, WA <Wy

32. A spherical metal shell A of radiug Bnd a solid metal sphere B of radius(RR,) are kept far apart and
each is given charge ‘+Q’. Now they are connebigd thin metal wire. Then
(A) E;™=0 (B) Q>
(C) G_A - & (D) Ezn surface< EBon surfac

o, R,

Sol. (A, B, C, D)
Rg < Ra
QatQ=2Q
kQ, _ kQ,

R, R,
0aRA = 0gRs
20R
Qa= Lk
R, +R;
20R
Qs = —Q °
R, +R;

33. A composite block is made of slabs A, B, C,abd E of 01 sL 6L
different thermal conductivities (given in terms af " A B 3K E
constant K) and sizes (given in terms of length,als) L
shown in the figure. All slabs are of same widtHeat ———> 6K
‘Q’ flows only from left to right through the blosk Then 2K C 4K
in steady state st
(A) heat flow through A and E slabs are same. ;

(B) heat flow through slab E is maximum. aL D 5K

(C) temperature difference across slab E is sstalle
(D) heat flow through C = heat flow through B +ah#iow through D.
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Sal. (A,C,D)or (A, B, C,D)
Let width of each rod is d

Rl = i, R2 :i 2
8kd 3kd
-1 r=4 5
°T 2kd' " 5kd 1 °
1
Rs= ——,

° " 24kd 4

R

R Rs
AW
\—Rs/\/\/\/\—/
Rq
34. An electron and a proton are moving on strajggrallel paths with same velocity. They enteremis

infinite region of uniform magnetic field perpendiar to the velocity. Which of the following
statement(s) is / are true?

(A) They will never come out of the magnetic fie&hion.

(B) They will come out travelling along paralleths.

(C) They will come out at the same time.

(D) They will come out at different times.

Sol. (B, D)
Both will travel in semicircular path
2
t= E= _do_ k() d time period of semi circular path
dt L dt

m is different, hence time will be different

SECTION-III (Total Marls : 15)
(Paragraph Type)

This section contain® paragraphs.Based upon one of paragrapghsultiple choice questionsand based on the
other paragrapB multiple choice questionshave to be answered. Each of these question®basHoices (A), (B),
(C) and (D) out ofvhich ONLY ONE is correct.

Paragraph for Question Nos. 35 and 36

A dense collection of equal number of electrons positive ions is called neutral plasma. Certaiids containing
fixed positive ions surrounded by free electrons lba treated as neutral plasma. Let ‘N’ be the bemadensity of
free electrons, each of mass ‘m’. When the elestiare subjected to an electric field, they arpldied relatively
away from the heavy positive ions. If the elecfield becomes zero, the electrons begin to oseil&bout the
positive ions with a natural angular frequenay ‘which is called the plasma frequency. To susth@éoscillations,
a time varying electric field needs to be appliedtthas an angular frequenay where a part of the energy is
absorbed and a part of it is reflected. (dhapproachesy, all the free electrons are set to resonance tegeitd all
the energy is reflected. This is the explanatibhigh reflectivity of metals.

35. Taking the electronic charge as ‘e’ and thenittivity as ‘cy’. Use dimensional analysis to determine the
correct expression fan,.

A e ®) o
me, Ne
Ne? m

(D)

E0
me, Ne

(©)
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Sal. ©
36. Estimate the wavelength at which plasma reflaawill occur for a metal having the density oferons N
= 4x 107" m*. Takinge, = 10™ and mass n¥ 10%°, where these quantities are in proper Sl units.
(A) 800 nm (B) 600 nm
(C) 300 nm (D) 200 nm
Sal. (B)
w=2rc/A

Paragraph for Question Nos. 37 to 39

Phase space diagrams are useful tools in analaingnds of dynamical problems. T
They are especially useful in studying the changemotion as initial position and
momenum are changed. Here we consider some sinyplandcal systems in one- 3
dimension. For such systems, phase space is a iplameich position is plotted along é
horizontal axis and momentum is plotted along eaftaxis. The phase space diagram i8
X(t) vs. p(t) curve in this plane. The arrow on theve indicates the time flow. For
example, the phase space diagram for a particleingowith constant velocity is a Position —»
straight line as shown in the figure. We use tlin sionvention in which positon or

momentum upwards (or to right) is positive and daards (or to left) is negative.

37. The phase space diagram for a ball thrownecadlyi up from ground is
Momentum Momentum

(A) ]( \ 2 (B) N
Position \j‘ Position

Momentum Momentum

(©)

Position

/7/ (D) N\
\\(_ Position _‘(/

Sol. (D)

38. The phase space diagram for simple harmonidgomas a circle Momentum
centered at the origin. In the figure, the two leiscrepresent the same
oscillator but for different initial conditions, dnE; and & are the Ex
total mechanical energies respectively. Then E,

(A) E1 = V2E, (B)E = 26 f N\
(©) & =4E (D) B = 16 K? Position

Sol. (C)
EOA?
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39. Consider the spring-mass system, with the nsafsnerged in
water, as shown in the figure. The phase spaceatador one
cycle of this system is

(A) Momentum (B) Momentum

C

Y

N/
\
Y

Position k_/z Position

(C) Momentum (D) Momentum

/ \ /I
\J¥/  Posiion \ J Position

Sol.  (B)

SECTION-IV (Total Marks : 28)
(Integer Answer Type)

This section containg questions. The answer to each of the questioasiigyle digit integer, ranging from 0 to 9.
The bubble corresponding to the correct is to bkedeed in the ORS.

40. A boy is pushing a ring of mass 2 kg and radits m with a stick as Stick
shown in the figure. The stick applies a force NMféh the ring and rolls it
without slipping with an acceleration of 0.3 f/§he coefficient of
friction between the ground and the ring is largeugh that rolling
always occurs and the coefficeint of friction betwehe stick and the ring
is (P/10). The value of P is

Ground
Sal. (4)
Now AR
N-fs=ma Ofs=14N —
and (f-f )R =lo,a=Rx
O0fc=0.8N . /T
Sopu= =04 N N
10 fi
P=4
v fs
Mg
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41. Four solid spheres each of diame{& cm and mass 0.5 kg are placed with their cefatietise corners of
a square of side 4 cm. The moment of inertia ofsifsem about the diagonal of the square is N kg-
m?, then N is
Sol. 9)
2
2 2 a Y
=2/ =xmf |[+2 =mf+nm — =
(Bemw ) im (5] ..
| =9x10*kg-nf
ON=9 ,.*”..
F—0

42. Steel wire of lenght ‘L’ at 4C is suspended from the ceiling and then a masdsrhung from its free
end. The wire is cooled down from“4Dto 30C to regain its original length ‘L’. The coefficieof linear
thermal expansion of the steel is ¥6C, Young’s modulus of steel is ¥ON/m? and radius of the wire is 1

mm. Assume that k> diameter of the wire. Then the value of ‘m’ inikgnearly

Sol. 3)
Change in lengthL = Mgl = LaAT
YA
0 m=3 kg
43. Four point charges, each of +q, are rigidlgdiat the four corners of a square planar soapdilside ‘a’.

The surface tension of the soap filmyisThe system of charges and planar film are inligiuim, and

2 1/N
a= k{q—} , where ‘k’ is a constant. Then N is
Y

Sol.  (3)

Since I%Iectric 0 % U ya

2 1/3
[Fa= k(q—j
Yy

ON=3

44, A block is moving on an inclined plane making angle 4% with the horizontal and the coefficient of
friction is u. The force required to just push it up the indirmdane is 3 times the force required to just
prevent it from sliding down. If we define N = {Qthen N is

Sol. (5)
mg(sin® + pcoP) = 3mg(si® — pcoH)
Ou=05
ON=5
45. The activity of a freshly prepared radioacteenple is 18 disintegrations per second, whose mean life is

10’ s. The mass of an atom of this radioisotope i§°Kg. The mass (in mg) of the radioactive sample is

Sol. ()
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d_N:)\N

dt
( \J
dt

ON-= T=101°><1(f = 10° atoms
msample = 1625 x 1019 kg =1 mg

46. A long circular tube of length 10 m and radu8 m carries a current | along its
curved surface as shown. A wire-loop of resistam@®5 ohm and of radius 0.1 m i
placed inside the tube with its axis coincidinghnibe axis of the tube. The curre
varies as | =¢cos(300 t) whereglis constant. If the magnetic moment of the loop [
NHolsin(300 t), then ‘N’ is

-HU

Sol.  (6)

. |
Binside = HoNi = uLO
do __po(r?) di
dt L dt

. E,
So magnetic moment %jmz

= 6|J0|05|n(300t)
Therefore, n =6

U Ew=-
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PART - IlI:

SECTION — | (Total Marks : 21)
(Single Correct Answer Type)

This section containg multiple choice questionsEach question has four choices (A), (B), (C) and ¢Dt of
which ONLY ONE is correct.

47.

Sol.

48.

Sol.

49.

Let (%, Yo) be solution of the following equations
(2x)"2 = (3y)™

P =
Then % is

1 1
(A) 3 (B) 3
©= (D)6

2
(©)
(29" = (3y)™ ()
I = gy ..(i)
= (logx) (log3) = (logy)log2
— logy = 109X)(19g3) ...l

log 2

In (i) taking log both sides
(log2) {log2 + logx} = log3{log3 + logy}
(log2y + (log2) (logx) = (log3) + M(Iogx) from (iii)

log 2

(log 3y - (log 2¥

(logx) = —log2 = logx
log2

= (log2¥ - (log3yf =

= X== = Xg=

N
N |-

Let P={e -sind—- co® =+ 2 co@} and Q :{e:sin9+ cosﬂ=\/_25ir®} be two sets. Then

(AAPOQand Q-P£0O (B)QOP
(©)POQ D)P=Q
(D)
In set P, sii = (\/§+1)c059 = tarf=+/2+1
. 1

Inset Q,(+2-1)sinB= co® = tand= ——=/2+1 =P =Q.

Q.(v2-1) N Q
Leté=Ai+Aj+I2,B=Ai+]+I2 and(f:Ai—]—Iz be three vectors. A vectar in the plane ofa and t, whose

o 1

rojection onc is —, is given b
proj NE g y
A) -3+ X (B) -3 -3 +k
(C) 3i—j+X (D) i +3 - X
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Sol. ©)
Vv =Aa+ub
=\ (f+i+l€)+u(f—f+lg)
Projection ofv on €
VE 1 [()\+p)f+()\—p)]+(A+p)I2J[@iA—jA—kA) 1

___:> p—
Tl 3 3 NE
SA+U-A+U-A-U=1lu-A=1l=A=u-1
V=(u—1)(?+]+l§)+u(f—f+l€) = p(2?+2k)—?—]—|2
v=(2u-1)i-j+(2u-1)k

Atpu=2,v=3i-j+3K.

Vi3 X sinx?
50. The value of — ( 2)dx is
iz SinX” + sin In 6-x
1 3 1 3
A) =In— B) =In—
) 4 2 ® 2 2
3 1 3
C) In—= D) =In—
© > (D) L
Sol. (A)
X2 =t= 2x dx = dt
In3 i S sin(In6-t
2T sint g2 _sin(in6= 9
2,,sint+sin( In6- ) 2,,sin(In6- §+ sint

In3
2|=1j1dt:>|:1|n§.
A 5

In2

51. A straight line L through the point (32) is inclined at an angle 60° to the Iin@x+y=1. If L also
intersects the x-axis, then the equation of L is

(A) y+/ax+2-3/3=C (B) y-/3x+2+3/3= ¢
(C) 3y -x+3+2/3=C (D) Y3y +x-3+2/3=C
sol.  (B)
y=-\/1_3x+1
m++/3 _ /3 \ /
1-~/3m
0,1)

= m+J§=i(x/§— 3m)
=4m=0=>m=0 60°

or2m=2J/3 =>m=+3 (3.-2)
0 Equation is y + 2 =/3(x-3)

= Vax-y-(2+3/3=¢

52. Leta andp be the roots of % 6x — 2 = 0, witto > B. If a, = a" —B" for n> 1, then the value o?%

is
(A)1 (B) 2
€3 (D) 4
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Sol.  (C)
a=a"-p"
a’-6a-2=0
Multiply with a® on both sides
=a%-6a°-20%=0 ...(0)
similarly p*°-6p° - 282 = 0 ...(ii)
(i) and (i)
—ql0- Blo _ 6(0(9 _ Bg) — 2(0(8 _ BS)

_2
= ap- 68 = 2a= —a1°26938:3.

53. Let the straight line x = b divides the arealesed by y = (+ x)?, y = 0 and x = 0 into two parts;® < x
<b)and R(b<x<1)suchthat R- R, = % Then b equals

3 1
(A) 2 (B) 2
1 1
(C) 3 (D) a
so.  (B)

._b )2 _1 2 _1
.}[(1 x)” dx _[(1 X) dx-4

x-0° (x-0° _1 .
= - =
3 L 3 |, 4 1
3 8
3M+_1—[O—M]:_l
3 3 3 4
3
= 2(b-1) =——1:>(b—lf:—1 :>b=l.
3 12 8 2

SECTION — Il (Total Marks : 16)
(Multiple Correct Answers Type)

This section containd multiple choice questionsEach question has four choices (A), (B), (C) andl ¢Dt of
which ONE or MORE may be correct.

54. Let f: R— R be a function such that f(x + y) = f(x) + f(¥),x, y O R. If f(x) is differentiable at x = 0, then
(A) f(x) is differentiable only in a finite inteal containing zero
(B) f(x) is continuous] x O R
(C) f(x) is constanfl x O R
(D) f(x) is differentiable except at finitely mamppints

Sol. (B, C)
+ f(0)=0

and f(x) = Limow

h
T (1) RPN
== LlEnOT =f(0) = k(say)
= f(x) = kx + ¢ = f(x) = kx (- f(0) = 0).
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55.

Sol.

56.

Sol.

57.

Sol.

The vector(s) which is/are coplanar with ves:t?ofj?+2lz and iA+2]+I2 , and perpendicular to the vector

iA+]\+|2 is/are

(A) j-k (B) i +]
C)i-j D) -j+k
(A, D)

Any vector in the plane of+j+2k andi+2j+k is T =(A+u)i+(A+2u)j+(2A +p)k
Also, FE=0=A+u=0
= [Fab|=0

2 2
Let the eccentricity of the hyperbofe;—% =1 be reciprocal to that of the ellipsé x 4y’ = 4. If the
a

hyperbola passes through a focus of the ellipss® th

2 2
(A) the equation of the hyperbolai(g——y? = (B) a focus of the hyperbola is (2, 0)
(C) the eccentricity of the hyperbola\ié (D) the equation of the hyperbola 5«3y = 3
(B, D)
2 2
Ellipse is% +% =1

12:22(1—e2):e:§

O eccentricity of the hyperbola e 2= (g—lj =>3=4

V3

Foci of the ellipse aré\/é, 0) and (—\/é, 0).

Hyperbola passes througﬁk}@, O)

%zl:azzsandﬁzl
a

O Equation of hyperbola i’ 3y = 3
Focus of hyperbola is (ae, 9)(\/§xi, 0] =(2,0).

NE

Let M and N be two 3 3 non-singular skew symmetric matrices such that #NM. If P" denotes the
transpose of P, then®™? (M'N)™ (MN)T is equal to

(A) M? (B) — N
(C)-M (D) MN
©

MN = NM

MZNZ(MTN)—l(MN—l)T
MZNZN—l(MT)—l(N—l)T.MT

= MAN.MHYNHMT = -MZNM) YN MT

= +MNMINMT = -M.NMM *N7'M = -MNN M = -M2,
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SECTION-III (Total Marls : 15)
(Paragraph Type)

This section contain® paragraphs.Based upon one of paragrapghsultiple choice questionsand based on the
other paragrapB multiple choice questionshave to be answered. Each of these question®basHoices (A), (B),
(C) and (D) out ofvhich ONLY ONE is correct.

Paragraph for Question Nos. 58 to 59

Let U; and U be two urns such that;l¢ontains 3 white and 2 red balls, angddntains only 1 white ball. A fair
coin is tossed. If head appears then 1 ball is drawandom from Uand put into Y. However, if tail appears then
2 balls are drawn at random from &hd put into Y. Now 1 ball is drawn at random from.U

58. The probability of the drawn ball from, Being white is

13 23
(A) 30 (B) 38
19 11
©) 30 (D) 30
o, (B)

H - 1 ball from U to U,
T - 2ballfromUto U,
E : 1 ball drawn from b

PANfromq_ix@xl}lx(_zx_gJ, y sz1+1>< sz scfc, 2 23
2 (577 25 27 2%, | 2%, 2 g, 30

59. Given that the drawn ball from, i$ white, the probability that head appeared encibin is

17 11
(A) >3 (B) >3
15 12
©) >3 (D) 23
so. (D)
1(3x1+ 2x1j
P(ﬂ)= P(W/H)x R H _2\5" 5 2)_12
W)~ P(W/T) TR +(W HOR B 23/30 23

Paragraph for Question Nos. 60 to 62

19 7
Leta, b and c be three real numbers satisffmgb d/ 8 2 7=[0 0 § ... (E)
7 37
60. If the point P(a, b, c), with reference to (s on the plane 2x + y + z = 1, then the valiéao+ b + c is
(A)O (B) 12
7 (D) 6
Sol. (D)
a+8b+7c=0

9a+2b+3c=0
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atb+c=0

Solving these we get

b=6a=>c=-7a

nowz2x+y+z=0
=2a+b6a+(-7a)=Ha=1,b=6,c=-7.

61. Letw be a solution of X— 1 = 0 with Im¢) > 0. If a = 2 with b and ¢ satisfying (E), théretvalue of

3 1 3.
—+—+— isequal to
o o
(A) -2 (B) 2
©)3 (D) -3
Sol. (A)
a = 2, b and c satisfies (E)
b=12,c=-14
3,1 3_3 1 3 _
S+ == =D,
o? Q)b W° 0)2 w12 o 14
62. Let b = 6, with a and c satisfying (E).dfandB are the roots of the quadratic equatiof bx + ¢ = 0,
(<) n
then 2(1+}] is
=\ a
n=0
(A) 6 (B)7
6
C) — D)
(©) > (D)
Sol. (B)
aX+bx+c=0=>x+6x-7=0
=a=1B=-7
[ n 2] n
S(Lo) 3L
n=0 a B n=0 e

SECTION-IV (Total Marks : 28)
(Integer Answer Type)

This section containg questions. The answer to each of the questioasiiggle digit integer, ranging from 0 to 9.
The bubble corresponding to the correct is to bketed in the ORS.

63. Consider the parabolay 8x. LetA; be the area of the triangle formed by the endtpaihits latus rectum

and the point 6% 2] on the parabola, amth be the area of the triangle formed by drawing ¢atg at P

and at the end points of the latus rectum. T@én is
2

Sol. (2) L
y?=8x=4.2.x A @ 4
ALPM _ 5
AABC B(0, 2) /2, 2)
ﬁ = 0.0 (2,0)
A, ¢
M
(%

X==2
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64.  Letf@)= sin[ tari? (L”en , where—g <8< E. Then the value of—3—(f (8)) is

Jcos B d(tan®)
Sal. (1)
, [ Sin® _nmm
sm(tan (mj),wheree D( 7 4)

. sin@

(o )

= sin(sin‘l( tarﬁ)) = tan®.

X
65. Let f: [1,00) — [2, ®) be a differentiable function such that f(1) =|f26jf (t)dt=3xf(x) - x® for all x>
1

1, then the value of f(2) is
Sol.  (6)
6J-f (t)dt = 3x f(x) — ¥ = 6f(x) = 3(x) + 3xf(X) = 3%
1

= 3f(x) = 3xF(x) — 3¥ = xf'(x) — f(x) = ¥
dy d _ .

=> X—-y=X"=> —-—y=X ...(I)
dx dx X

1
F=d X% = gonx

Multiplying (i) both sides by1
X

ldy 1 d 1)_
x dx X2y—1:> dx(y'xj_l
integrating

X:X+C

X

Putx=1,y=2
=>2=1l+c=>c=1=y=X+X
= f(x) = X+ x= f(2) = 6.

66. The positive integer value of n > 3 satisfyihg equation 1 1 + 1 is

EHIECIEE

Sal. (7
sinST— sin™ (25in7T co@j sirt
1 _ 1 _ 1 N n n - 1 n n n —
L SRC 11 § . 2n . T . 3T .21 LT . 3m
sin— sin—  sin— sin— sin— sin— sin— sin—
n n n n n n n n
. Am . 3 4t 31t
= sin—=sit— => —+—=TT=n=7.
n n n n
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67.

Sol.

68.

Sol.

69.

Sol.

p
Let @, &, &, ..., &g be an arithmetic progression with=a3 and $= Zai , 1< p<100. For any integer
i=1

n with 1< n< 20, let m = 5n. If% does not depend on n, thensa

) _
&, &, &, ... AgolS an A.P.

P
a=3,$=>a,1lsp<100
i=1

s (e+(5n-9d

=

S g(e—mnd)

W |EU>

is independent of n of 6d = 0= d = 6.

wm|»

If z is any complex number satisfying |z —3}< 2, then the minimum value of |2z — 6 + 5i| is

5)

Length AB =g §e2

= Minimum value = 5. o0 5 3.0)
A@3, -512)

The minimum value of the sum of real numbersaa’, 3a2 1, & and & with a >0 is

8)

at+a‘+at+ a*+ a’+ A+ B+ ;1
5 S

minimum value = 8.
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Please read the instructions carefully. You are allotted 5 minutes specifically for this purpose.
4 INSTRUCTIONS )
A. General:
1. Thequestion paper CODEis printed on the right hand top corner of thisettand on the back page (p
No. 36) of this booklet.
2. No additional sheets will be provided for rowgbrk.
3. Blank papers, clipboards, log tables, slidesutalculators, cellular phones, pagers and eldctgadget
are NOT allowed.
4. Write your name and registration number ingbace provided on the back page of this booklet.
5. The answer sheet, a machine-gradable Opticgld®se Sheet (ORS), is provided separately.
6. DO NOT TAMPER WITH/MULTILATE THE ORS OR THE BOKLET.
7. Do not break the seals of the question-papeklbbbefore being instructed to do so by the iilatgrs.
8. This question Paper contains 36 pages havirguéstions.
9. On breaking the seals, please check thatalyjtiestions are legible.
B. Filling the Right Part of the ORS:
10. The ORS also has a CODE printed on its LeftRight parts.

11. Make sure the CODE on the ORS is the samieaa®h this bookletf the codes do not match ask for a

12.

change of the booklet.

Write your Name, Registration No. and the nafngentre and sign with pen in the boxes providaa not
write them anywhere else. Darken the appropriate bbble UNDER each digit of your Registration N
with agood quality HB pencil.

Question paper format and Marking scheme:

13.

14.

15.

16.

17.

The question paper consists3gparts (Chemistry, Physics and Mathematics). Each pansists offour
sections.

InSection | (Total Marks: 24), for each question you will beaaded3 marks if you darkenONLY the
bubble corresponding to the correct answer zet@d marks if no bubble is darkened. In all other cas
minus one (—1)mark will be awarded.

In Section Il (Total Marks: 16), for each question you will beaaded4 marks if you darkenALL the
bubble(s) corresponding to the correct answeéd{8).Y andzero marks other wise. There ane negative|
marks in this section.

InSection Il (Total Marks: 24), for each question you will beaaded4 marks if you darkenONLY the
bubble corresponding to the correct answerzerd marks otherwise There aneo negative marksin this
section.

InSection IV (Total Marks: 16), for each question you will beaaded2 marks for each row in whic
you have darkerALL the bubble(s) corresponding to the correct ansy&@(NLY and zero marks
otherwise. Thus each question in this sectionesarmaximum of 8Marks. There arao negative marks

hge

12

©

es,

in this section. )
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PAPER-2 [Code — 5]
IITJEE 2011

PART - I: CHEMISTR

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

This Section contain8 multiple choice questionsEach question has four choices (A), (B), (C) angl ¢Dt of
whichONLY ONE is correct.

1.

Sol.

Sol.

The freezing point (iﬁC) of a solution containing 0.1 g of;fke(CN) (Mol. Wt. 329) in 100 g of water
(K¢ = 1.86 K kg mol) is

(A) —2.3x 107 (B) -5.7x 102
(C) -5.7x 10°° (D) -1.2x 102
(A)
3_

K,[Fe(CN), | - 3K +[ Fq CN,]
i=4
AT, =K, xix 0 x1900_1 ggy 4x 01, 1000 5 5 1

M 329 100

T, = -2.3x 10°

Amongst the compounds given, the one that wimrlt a brilliant colored dye on treatment with NajN©@
dil. HCI followed by addition to an alkaline solai of(3-naphthol is

N(CHy), NHCH;,

(A) ©/ (B) ©/
CH,NH,

(D) ©/

@NHZ Oa . H3C@N—N—CI
“ @
Hsc@N:N—CI + O afaguieR Hﬁ@N:N

(B~ Neptho)

Brilliant Colour Dye
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3. The major product of the following reaction is

0 IQR(aEn[:lzy rog -

@)

(A) a hemiacetal (B) an acetal

(C) an ether (D) an ester
Sol. (B)

R
/—\J+ PO0—H
‘ ﬁ + H — l[é
=
OJ OJ o) O—CH,~R
® Acetal
4. The following carbohydrate is
H
OH
o
HO OH
HO
H OH
H H

(A) a ketohexose (B) an aldohexose

(C) ana-furanose (D) am-pyranose
Sol. (B)
5. Oxidation states of the metal in the mineraksnhatite and magnetite, respectively, are

(A) 11, Il in haematite and Il in magnetite (8], Il in haematite and Il in magnetite

(C) Il'in haematite and I, 11l in magnetite (D) In haematite and I, 11l in magnetite
Sol. (D)

Haematite : F®;: 2x + 3 x (-2) =0

x=3

Magnetite : FgO, [an equimolar mixture of FeO andJBg]
FeO:x-2=0x=2
FeOz;:x=3

6. Among the following complexe& £P)
K3[Fe(CN)] (K), [Co(NHy)e|Cls (L), Na[Co(oxalatel] (M), [Ni(Hz0)ICl, (N), K[Pt(CN)] (O) and
[Zn(H20)el(NO3) (P)
(A) K, L, M, N (B) K,M, O, P
(C)L,M,O,P (D) L,M,N, O

6. (©)
Following compounds are diamagnetic.
L: [CO(NHg)dClg
M : Na[Co(Ox)g]
O : Ky[Pt(CN)y]
P : [Zn(HO)e](NO3),
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7. Passing kS gas into a mixture of M Ni?*, C#* and Hg" ions in an acidified aqueous solution
precipitates
(A) CuS and HgS (B) MnS and CuS
(C) MnS and NiS (D) NiS and HgS

Sol. (A

H.S in presence of aqueous acidified solution preatigs as sulphide of Cu and Hg apart fror? FRi*?,
Cd", As” sb®and Si¥.

8. Consider the following cell reaction:
2Fgy + O+ 4H 4 » 2FE ,+ 2H Q E= 167
At [F€?] = 10° M, P(Q,) = 0.1 atm and pH = 3, the cell potential atQs

(A) 147V (B) 1.77V
(C) 1.87V (D) 1.57 V
so. (D)

2Fe(9+ Q( 9+ 4H( ahO O 2F%( d& 2H(Q
N =4 (no. of moles of electron involved)
From Nernst's equation,

. 0.059
Ecen = Eg — n 1|09 Q

00501, (10%) :
= 1.67- | [H =10
4 0g0.1x(103)4 {:[w)=107]

=1.67-0.106
=157V

SECTION - Il (Total Marks : 16)
(Multiple Correct Answer(s) Type)

This section containd multiple choice questionsEach question has four choices (A), (B), (C) andl gDt of
whichONE OR MORE may be correct.

9. Reduction of the metal centre in aqueous peraratg ion involves
(A) 3 electrons in neutral medium (B) 5 electranseutral medium
(C) 3 electrons in alkaline medium (D) 5 electranacidic medium
Sol. (A, D)

In acidic medium

MnO; +8H" +5¢ O . Mrf'+ 4H C

In neutral medium

MnQ; +2H,0+ 3¢ 0 - MnQ+ 40H

Hence, number of electron loose in acidic andnaémedium 5 and 3 electrons respectively.

10. The correct functional group X and the reageattion conditions Y in the following scheme are

X~-(CH,),-X0O "0 0 0 0 O OO, condensation polyme

(@) (0]

0 No—crp—
/ N
HO heat OH

(A) X =COOCH, Y = Hy/Ni/heat (B) X =CONH, Y = Hy/Ni/heat
(C) X =CONH, Y =Br,/NaOH (D) X =CN, Y = H/Ni/heat
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Sol.

11.

Sol.

12.

Sol.

(A, B, C, D)
Condensation polymers are formed by condensafiardls or diamine with dicarboxylic acids.
o)
[ I
Hence, X may be-C-OR or -C-NH, or -C=N
i i
Q Q N HO—C—(CHg)4—C—OH
H3CO— C~(CHy),—C—0CHg 0 "~ OH-H,C(CH,), - CH,- OH » Poly- estel
o (0] (@]
o Il I
Y _ HO—C~(CHy)4—C—OH _
HoN—C—(CHy) ;—C——NH, 0 ¥, H,N - CH, (CH,), - CH, - NH, > Polyamide

Br, /OH A ) )
Hbffmann Bromamide Reaction

n i
HO—C~(CHy),—C—OH _
HoN—(CHy)4—NHo » Polyamide
I I
_ HO—C~(CH,)4-C—OH _
N=C-(CH,),-C= NO¥- H,N- CH,~( CH,) - CH,~ NH, > Polyamides

For the first order reaction

2N,0,(g) -~ 4NQ,(d+ Q[ ¢

(A) the concentration of the reactant decreaspsmentially with time

(B) the half-life of the reaction decreases witbreasing temperature

(C) the half-life of the reaction depends on thiéial concentration of the reactant
(D) the reaction proceeds to 99.6% completionghtehalf-life duration

(A, B, D)

For first order reaction

[A] = [A]

Hence concentration of [NdDdecreases exponentially.

Also, i, = %93 Which is independent of concentration apgdecreases with the increase of

temperature.

S 2803 1B
t99.6 - Tlog a

2.303 0.693
t9% = T( X =8 E/z

24)=8

The equilibrium
2CU i
in aqueous medium at 25 shifts towards the left in the presence of

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

Cu* ions will react with CN and SCN forming [Cu(CN)]*" and [Cu(SCNJJ*" leading the reaction in the
backward direction.

Cu”* +2CN - Cy CN,
2Cu(CN), -~ 2CuCN+( CN,
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CucN+3cN - [ cy cN,]”

2+ 3-
Cu™ +4SCN - [ cy scCW, |
CU** also combines with Cu€Which reacts with Cu to produce CuCl pushing trection in the backward

direction.
CuCl, + Cu— 2CuCl

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

This section contain® questions The answer to each of the questionsssgle-digit integer, ranging from 0 to 9.
The bubble corresponding to the correct answer Ietdarkened in th@RS.

The maximum number of isomers (including stes@oers) that are possible on monochlorinationhef t

13.
following compound is
I
/C\
CHiCH; | CH,CH,
H
Sol. (8)
CH,
* . . .
CH3CH,C—CH,CH,CI Enantiomeric pair = 2
H
CH,
* . . .
CH3CH2C—$HCH3, Two Enantiomeric pairs = 4
H
CH,
Cl
CH,CI
*
H
Total=2+4+1+1=8
14. The total number of contributing structure shmvhyperconjugation (involving €H bonds) for the

following carbocation is
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Sol.

15.

Sol.

16.

Sol.

17.

Sol.

18.
Sol.

(6)

6 x H-atoms are there

Among the following, the number of compoundattican react with PCto give POJ{is
0,, CO,, SO, H,0, H,SO,, P,Oyg

()

The volume (in mL) of 0.1 M AgN{required for complete precipitation of chloridesopresent in 30 mL
of 0.01 M solution of [Cr(KHO)sCI]|Cl,, as silver chloride is close to

(6)
Number of ionisable Clin [Cr(H,O)sCIICl, is 2
O Millimoles of CI' = 30x% 0.01x 2 = 0.6
O Millimoles of Ag" required = 0.6
O 06=01V
V=6ml

In 1 L saturated solution of AgCI {KAQCI) = 1.6x 10%, 0.1 mol of CuCl [K(CuCl) = 1.0x 107 is
added. The resultant concentration of Agthe solution is 1.& 10*. The value of “x” is

(7)

Let the solubility of AgCl is x mollitré AgCl==Ag" +CI

and that of CuCl is y mollitré

X X
CuCl==Cu + CI
y vy
0 Kep of AgCl = [Ag][CI 7]
1.6 x 10™ = x(x +y) .. (i)
Similarly K, of CuCl = [CU][CI]
1.6 x 1 = y(x +y) D

On solving (i) and (ii)
[Ag']=1.6 x 10
0 x=7

The number of hexagonal faces that are présentruncated octahedron is

(8)

SECTION-IV (Total Marks : 16)
(Matrix-Match Type)

This section contain® questions Each question has four statements (A, B, C andii®n inColumn | andfive
statements(p, g, r, s and t) iolumn II. Any given statement in Column | can have correatching withONE

or MORE statement(s) given in Column Il. For example,af & given question, statement B matches with the
statements given g and r, then for the particulestion, against statement B, darken the bubbleesmonding to g
and r in the ORS.

19.

Match the transformations @lumn | with appropriate options icolumn I

Column | Column 11
(A) CO,(9 -~ Cca(9 (p) phase transition
(B) CaCQ(9- Cadp+ CH ) (q) allotropic change
(C) 2H.- H,(9) () AH is positive
(D)  Runie soig = Freq. soiiy (s) AS is positive

() AS is negative
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Sol.  (A) - (p,1.9) (B) - (r, s) ©-® (D) - (p.a, 1)

20. Match the reactions icolumn | with appropriate types of steps/reactive intermgdiavolved in these
reactions as given iecolumn I
Column | Column 11

5C o)

v
(A) D (p)  Nucleophilic substitution
RN

o o
I

o)
(B) CH,CH,CH,CI (q) Electrophilic substitution
O B9, CH,
o 18
18 .
©) CH,CH,CH,OH (r) Dehydration
[ i PN
CH,CH,CH,C(CHs),
(D) ©/ OH  DOEB- (s)  Nucleophilic addition
HeC CHy
® Carbanion
Sol. (A) - (r,s, 1) (B) - (p,s) (C)- (r,s) (D) - (g,”
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PART - II:

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

This Section contain8 multiple choice questionsEach question has four choices (A), (B), (C) angl ¢Dt of
whichONLY ONE is correct.

21. Which of the field patterns given below is ddlr electric field as well as for magnetic field?
(A) T (B) N\ l J
goi —> 0 <—

N N

(©) (D)
O
©

Sal.
22. A ball of mass 0.2 kg rests on a vertical pésteight 5 m. A bullet VvV mi/s .
of mass 0.01 kg, traveling with a velocity V m/s anhorizontal - T
direction, hits the centre of the ball. After thallision, the ball and Y *
bullet travel independently. The ball hits theugrd at a distance of \ \
20 m and the bullet at a distance of 100 m fromféloé of the post. \ 1
The velocity V of the bullet is 0 20 100
(A) 250 m/s (B) 250v/2 m/s
(C) 400 m/s (D) 500 m/s
Sal. (D)
5 =%(10)t2 = t=1sec
Vpan = 20 m/s
Voullet = 100 m/s
0.01V=0.01x 100 + 0.2x 20
v =100 + 400 = 500 m/s
23. The density of a solid ball is to be determiireen experiment. The diameter of the ball is snead with
a screw gauge, whose pitch is 0.5 mm and ther&@uivisions on the circular scale. The readinghan
main scale is 2.5 mm and that on the circular sisaB® divisions. If the measured mass of the bad a
relative error of 2 %, the relative percentage eirrdhe density is
(A) 0.9 % (B) 2.4 %
(©)3.1% (D) 4.2 %
Sal. ©

diameter = 2.5 +0'—5>< 20
50
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=2.70 mm
dr

% error {d_m + 3—) x100
m r

0.01

=2+ 3% x100
2.70

=31%

24. A wooden block performs SHM on a frictionlessface ?
with frequency,vo. The block carries a charge +Q on its ——>

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

(A) of the same frequency and with shifted measitjmm.
(B) of the same frequency and with the same meaitipn
(C) of changed frequency and with shifted mearitioos
(D) of changed frequency and with the same meaitipn.

Sol. (A

25. A light ray travelling in glass medium is ineit on glass-air interface at an angle of incidehceThe
reflected (R) and transmitted (T) intensities, bashfunction oB, are plotted. The correct sketch is

(A) (B)
100% 100%

Intensity

Intensity

0 0 90°

0 6 90°
(©) (D)
[ 10]0]174)) o N - 100% ez

Intensity
Intensity

0 0 90° 0 0 90°

Sal. ©)
After total internal reflection, there is no refted ray.

26. A satellite is moving with a constant speediiVa circular orbit about the earth. An objechadss ‘m’ is
ejected from the satellite such that it just essdpem the gravitational pull of the earth. At ttme of its
ejection, the kinetic energy of the object is

(A) %mv2 (B) mV?

(©) gmvz (D) 2mV?
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Sol.

27.

Sol.

28.

Sol.

(B)
2
mVv _ _ GMm 0 mV2 = GMm
r r?
A long insulated copper wire is closely wourgdaaspiral of Y

‘N’ turns. The spiral has inner radius ‘a’ and outadius ‘b’.
The spiral lies in the XY plane and a steady curferlows
through the wire. The Z-component of the magnfiticl at
the centre of the spiral is

|
BN (b £
® 26 (aj \‘V X
(8) Nl |n[waj

2(b-a) \ b-
© ( j
uoNl b+a
© Yeitin( 22
(A)
5 W,IN
a2r(b—a)
_ HIN dr HoIN In[a
“2(b-a), r 2(b- a)

A point mass is subjected to two simultanedusseidal displacements in x-direction(tx = A sinwt and

Xo(t) = A sin [wt +%j Adding a third sinusoidal displacemenftx= B sin (xt + ¢) brings the mass to a

complete rest. The values of B apdre

(A) V2A, 3—“ (B) A, %"
(C)JéA 5" (D) A,g
(B)
2n3 (°
21/3
a3\, > -
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SECTION - Il (Total Marks : 16)
(Multiple Correct Answer(s) Type)

This section containd multiple choice questionsEach question has four choices (A), (B), (C) and ¢Dt of
which ONE OR MORE may be correct.

29.

Sol.

30.

Sol.

31.

Sol.

32.

Two solid spheres A and B of equal volumesdiwdifferent densities gland
dg are connected by a string. They are fully immerisea fluid of density d °

They get arranged into an equilibrium state as shawthe figure with a
tension in the string. The arrangement is possiblg if

(A) da < c (B) ds > d

(C)dh>ck (D) da + & = 2¢ °

(A, B, D) ° Tzchg
|
e (da +d&)Vg

A thin ring of mass 2 kg and radius 0.5 m Ifmg without on
a horizontal plane with velocity 1 m/s. A smalllbaf mass 20 m/s
0.1 kg, moving with velocity 20 m/s in the opposiieection —
hits the ring at a height of 0.75 m and goes valificup with 0.75m
velocity 10 m/s. Immediately after the collision

(A) the ring has pure rotation about its statignam.
(B) the ring comes to a complete stop.

(C) friction between the ring and the ground ishte left.
(D) there is no friction between the ring and gheund.

(©)
During collision friction is impulsive and immedy after collision the ring will have a clockwisagular
velocity hence friction will be towards left.

Which of the following statement(s) is/are ectP

(A) If the electric field due to a point chargaries as ¥ instead of ¥, then the Gauss law will still be
valid.

(B) The Gauss law can be used to calculate #e fiistribution around an electric dipole

(C) If the electric field between two point chasgis zero somewhere, then the sign of the twogelsais
the same.

(D) The work done by the external force in movangnit positive charge from point A at potentig| ¥
point B at potential Y is (Vg — Va).

(C) or (C, D¥
(D) is correct if we assume it is work done agaétsctrostatic force

A series R-C circuit is connected to AC voltesgeirce. Consider two cases; (A) when C is withmut
dielectric medium and (B) when C is filled with Wietric of constant 4. The currertthrough the resistor
and voltage ¥ across the capacitor are compared in the two cd#igish of the following is/are true?

(A) 15 >15 (B) I <I%

(B) V& >V¢ (D) V¢ <V¢
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Sol.

(B,

~—

NI< O

I 2
VZ=VE+Vi= |R2+(—j
HVE= (R +|

22 = R2 +(ij2
wC

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

This section contain® questions The answer to each of the questionsssgle-digit integer, ranging from 0 to 9.
The bubble corresponding to the correct answaer etdarkened in thH@RS.

33.

Sol.

34.

Sol.

35.

Sol.

A series R-C combination is connected to anwbd@iage of angular frequenay = 500 radian/s. If the
impedance of the R-C circuit B+/1.25, the time constant (in millisecond) of the cirasit

(@)
_ / 1Y

R+/1.25= RWEEJ

RC=4ms

A silver sphere of radius 1 cm and work funct7 eV is suspended from an insulating threafige-
space. It is under continuous illumination of 208 wavelength light. As photoelectrons are emitteé,
sphere gets charged and acquires a potential. Bix&mam number of photoelectrons emitted from the
sphere is A 10 (where 1 < A < 10). The value of ‘Z' is

(7)
. . hc
Stopping potential =)\— -W

=6.2eV-4.7eV
=15eV

Kq
r
G- 15X 10?
9x1@ x 1.6¢x 10*°
27

V= =15

=1.05x 10

A train is moving along a straight line witlt@nstant acceleration ‘a’. A boy standing in ttartthrows a
ball forward with a speed of 10 m/s, at an anglé@fto the horizontal. The boy has to move forward by
1.15 minside the train to catch the ball backatinitial height. The acceleration of the tramni/s, is

(5)

o=1o£ ST ...(0)
2 2

t=+/3 sec

= 1.15:5\/:_3—28 ...(ii)

= a=5m/é
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36. A block of mass 0.18 kg is attached to a spoinfiprce-constant 2 N/m. The
coefficient of friction between the block and tHeof is 0.1. Initially the =)

block is at rest and the spring is un-stretched.ifApulse is given to the
block as shown in the figure. The block slides statice of 0.06 m and
comes to rest for the first time. The initial vatgcof the block in m/s is
V =N/10. Then N is

Sol. 4)
Applying work energy theorem

L —pmgx = ——; mvV?

2
=V :i
10
N=4
37. Two batteries of different emfs and differenternal 6V 10
resistances are connected as shown. The voltagesadB in Il MWWV
volts is
O— —O
A
1 MW
3V 2Q
Sal. (5)
i -3, 1 ampere
3
V,-6+1-V, =0
V, -V, =5
4 S
38. Water (with refractive index =) in a tank is 18 cm deep. Oil of
3 R =6cm p=1.0

. 7 .. . .
refractive mdex:1 lies on water making a convex surface of radius of%" n=7/4

curvature ‘R = 6 cm’ as shown. Consider oil to asta thin lens. An
object ‘S’ is placed 24 cm above water surface. [bbation of its image u=4/3
is at ‘X’ cm above the bottom of the tank. Thenis’

Sol. (2
7
‘. 1 Z"l
— =" =V; =21cm
4v, -24
4/3_714_
v, 21
V,=16 cm

Xx=18-16=2cm
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SECTION-IV (Total Marks : 16)
(Matrix-Match Type)

This section contain® questions Each question has four statements (A, B, C andii®n inColumn | andfive
statements(p, q, r, s and t) i€olumn II. Any given statement in Column | can have correatching withONE

or MORE statement(s) given in Column II. For example,af & given question, statement B matches with the
statements given q and r, then for the particuleastjon, against statement B, darken the bubblessmonding to q
and r in the ORS.

39. One mole of a monatomic gas is taken through & o B
cycle ABCDA as shown in the P-V diagram. 3p € A
Column 1l give the characteristics involved in the A
cycle. Match them with each of the processes
given in Column I. 1p f¥ >—3
C D
0 1V 3V Qv ‘v
Column | Column Il
(A) Process A~ B (p) Internal energy decreases
(B) Process B- C (@) Internal energy increases.
(C)  Process C- D () Heatis lost
(D)  Process D- A (s) Heatis gained

(t) Work is done on the gas

Sol. — (A) - (@ "rH)(B)~({@EnN(C)-(@s)Dr

Process A~ B - Isobaric compression
Process B> C N Isochoric process
Process C» D ‘ Isobaric expansion
Process D> A - Polytropic with T, = Tp
40. Column | shows four systems, each of the samgth L, for producing standing waves. The lowest

possible natural frequency of a system is calleduihdamental frequency, whose wavelength is derade
As. Match each system with statements given in Collindescribing the nature and wavelength of the
standing waves.

Column | Column II

(A) Pipe closed at one end (p)  Longitudinal waves
(o) L

(B) Pipe open at both ends (q) Transverse waves
(o) L

(©) Stretched wire clamped at both ends (=L
o} L

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

‘1, N

a 0 k

) L/2 L
® Ar=4L

Sol.  (A) - (p, ) (B) - (p,s) (C)~ (a,5) (D) (@, 1)
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PART - IlI:

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

This Section contain8 multiple choice questionsEach question has four choices (A), (B), (C) angl ¢Dt of
whichONLY ONE is correct.

1/x
41, if |im0[1+x|n(1+ b2)] =2bsife, b >0 and O (=1t 4, then the value o is
X -
Tt Tt
A) 1 B) + 1
(A) 7 (B) 3
T Tt
C) + 1 D) + 1
©) 5 (D) >
Sol. (D)
") = 2psir 0
2
= sirf 0 = 1+b
2b
2
= sirf 0 = 1asl+s >1
6 = +172.

42. Let f: F1, 2] - [0, «) be a continuous function such that f(x) = f{1x) for all x O[-1, 2]. Let
2

R, = Ixf(x)dx, and R be the area of the region bounded by y = f(x),>4=x = 2, and the x-axis. Then
1

(A) Ry = 2R, (B)R.= 3R
(C) 2R=R (D) 3R=R
. (©

R, :Jz'xf (x)dx:f(Z—l— x) f(2- 1~ ) dx

- _fl(l— ) (1= x) dx= [ (1- %) £(x) dx

-1
2
Hence 2R= [f (x)dx =R, .

1N

43. Let f(x) = ¥ and g(x) = sinx for all Xx] R. Then the set of all x satisfying (fogo g @ =(go g o f) (x),
where (f o g) (X) = f(g(x)), is

(A) +J/nm, n0{0,1,2,..} (B) +/nm, n0{1, 2, ..}
(©€) g+ 2nm, n0f{...~2,- 1,0,1, 2, }. (D) 2nm, nO{...~2,- 1,0,1, 2, }..
Sol. (A

(fogogof) (x) = sif (sin ¥)
(gogof) (x) = sin (sin3%

0 sirf (sin ») = sin (sin X)

= sin (sin X) [sin (sin ¥) - 1] =0
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=sin(sin®)=0or1

= sin ¥ = nior 2m+ 12, where m, |
=sin¥=0
=>x¥=m=x=+Jnm,n0{0,1,2,..}.

44. Let (x, y) be any point on the parabotasy4x. Let P be the point that divides the linersegt from (0, 0)
to (X, y) in the ratio 1 : 3. Then the locus ofsP i
(A) X’ =y (B) y° = 2x
(C) ¥ =x (D) x* =2y
Sol. ©) (h, k) (4h, 4k)
y? = 4x P
and Q will lie on it } }
= (4ky’ = 4x 4h (0,0)

=K=h
= y? = x (replacing h by x and k by y)

2 2
45. Let P(6, 3) be a point on the hyperbéﬁé’;\—yF =
a

0), then the eccentricity of the hyperbola is

5
(A) \g

(C) 2
Sal. (B)
_ 2
Equation of normal is (y 3) = 2_22()( -6) =
46. A value of b for which the equations
X+bx-1=0
X¥+x+b=0,
have one root in common is
(A) —V2
(C) in/5
Sal. (B)
x*+bx-1=0
X¥+x+b=0 .. (1)

Common root is
(b=-1)x-1-b=0

_b+1
> Xz ——
b-1

This value of x satisfies equation (1)

(b + 1)2 b+1

+

(b-27 b-1

3
(B) \E

(D) /3

a’ 3
Zo=lse= )2,
2b 2

(B) -i/3
(D) V2

+b=0= b =+/3i, -/3i, 0.

=1. If the normal at the point P intersects the xaati (9,
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1 a b
47. Letw# 1 be a cube root of unity and S be the set ofi@fll-singular matrices of the formw 1 c/|,
o w 1
where each of a, b, and c is eitleor «*. Then the number of distinct matrices in the st S

(A) 2 (B) 6
(C)4 (D)8

Sol. (A)
For being non-singular
1 a
w 1 z0
W w 1
—am’ - (@a+cw+1z0
Hence number of possible triplets of (a, b, @.is
i.e. @ o, wand v, w, w).

48. The circle passing through the point,(0) and touching the y-axis at (0, 2) also pags@aigh the point

A) (—g 0) ) (—52_’ 2)
©[-33) (D) (-4, 0)
so. (D)

Circle touching y-axis at (0, 2) is &0 + (y— 2> +Ax =0
passes through-(1, 0)

O01+4-A=0=>A=5

Ox*+y+5x-4y+4=0

Puty=0=>x=-1,-4

O Circle passes through 4, 0)

SECTION - Il (Total Marks : 16)
(Multiple Correct Answer(s) Type)

This section containd multiple choice questionsEach question has four choices (A), (B), (C) and ¢Dt of
which ONE OR MORE may be correct.

b I
—X——, XS-——
2 2
I
49. If f (x) ={ —cosx, ~5 <X= G then
x -1 O<x<1l
Inx, x>1
(A) f(x) is continuous at x = 172 (B) f(x) is not differentiable at x =0
(C) f(x) is differentiable at x = 1 (D) f(x) isffierentiable at x =3/2

Sol. (A /B,C,D)
lim f(x)=0=f(-10/2)

FIIT)€E Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: wwuw.fiitjee.com.

Nitin M Sir (physics-iitjee.blogspot.com)



Nitin M Sir (physics-iitjee.blogspot.com)

IITJEE2011-Paper 2-CPM-19

-1, X< -1/2

£ (x) = sinx, -m/2<x<0
(x)= 1, 0< x<1
1/x, x>1

Clearly, f (x) is not differentiable at x = 0 d¢0f) = 0 and '(0) = 1.
f (x) is differentiable at x =1 as @) = (1) = 1.

50. Letf: (0, 1)-» R be defined byf (x) =1b;bx , where be is a constant such that 0 < b < 1. Then
- bx

(A) fis not invertible on (0, 1) (B)# f*on (0, 1) and'(b) :TlC))
(C)f=f'on (0, 1) and'(b) :% (D) f*is differentiable on (0, 1)
Sol. (A)
b-x
f(x) =
) 1-bx
Lety: b-x szu
1-bx 1-by
0<x<1=0< b—by <1
b=Y S o=y<bory>t
1-by b
by —1<0m-1<y<t
1-by b
O-1<y<h.

51. Let L be a normal to the parabofa=y4x. If L passes through the point (9, 6), theis biven by
(A)y-x+3=0 (B)y+3x33=0
(Cy+x-15=0 (D)y-2x+12=0

Sol. (A, B, D)

y? = 4x

Equation of normal is y = mx — 2m -*m

It passes through (9, 6)

=m-7Tm+6=0

=>m=1,2,-3
>y-x+3=0,y+3x-33=0,y—-2x+12=0.

52. Let E and F be two independent events. Theghitity that exactly one of them occurs%sé and the

probability of none of them occurring 1325 If P(T) denotes the probability of occurrencetlud event T,

then

(A) P(E)—S.F(H c (B) P(B 5,P(F) c
_2 _1 _3 _4

©) P(E)—5,F(F) c (D) P(B 5,F(F) :
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So. (A D)
LetP(E)=eand P (F) =f
11
P (E0F)-P (En F) = =X
( )—P( ) e
— e +f-2ef =11 ()
25
P(_En_ -2
25
—(-e)(1-f)= 2
25
2
=>l-e-f+ef=— .. (2
25

From (1) and (2)

ele—2 ande+f:Z
25 5

Solving, we get

4 3 3 4
e=—, f=—ore=—, f=—.
5 5 5 5

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

This section contain® questions The answer to each of the questionssigle-digit integer, ranging from 0 to 9.
The bubble corresponding to the correct answer ietdarkened in thH@RS.

53. Leta=—i-k b=-i+j and¢=i+2j+3X be three given vectors. f is a vector such thatxb=tx b
and F[@=0, then the value of (b is

Sal. 9)
Fxb=¢xb
taking cross with a
ax(ixb) =ax(x B
(arb) 7- (& b= a (e b
= 7=-3i+6j+3k
Fb=3+6=09.

54. The straight line 2x 3y = 1 divides the circular regiofi ¥ y* < 6 into two parts. If

s={(23) (32 (G-I G

then the number of point(s) in S lying inside theadler part is

Sol. (2)
L:2x—-3y -1 _
SX2+y2_6 L: 2x =3y -1

IfL;>0and $<0
Then point lies in the smaller part.
3 1 1), . .
0|2 —-| and| = ,—-=| lieinside. Xy o
( 4) (4 4) \j X“+y -6
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55. Letw= €™, and a, b, ¢, X, y, z be non-zero complex numbeck that
a+tb+c=x
at+hl+tof=y
a+ k' +ow=z

2 2 2
+ +|Z .
Then the value | |y| 12 is

lal® +11% +| ¢°

Sol. 3

The expression may not attain integral value fioa,&, c

If we consider a = b = ¢, then

X = 3a

y=a(l+o+?) =al(1+iv3)

z=a(l+f+w)=a(l+iV3)

O Ixf+ Iyf +|2f = 9 |ad + 4 |ad + 4 |o] = 17 |
|xF+|yf+ |zt _ 1
laf+|bt+ |} 3

Note: However ifw = &®@v? , then the value of the expression = 3.

56. The number of distinct real roots 8fx4xC + 12¢ + x—1 =0 is

Sal. 2
Letf(x) =X -4 +12¢+x-1=0
f(X) =4 —125%¢ +24x + 1=4 (X= 3¢ + 6x) + 1
' (X) = 12¢ — 24x + 24 = 12 (k- 2x + 2)
f"(x) has O real roots
f (x) has maximum 2 distinct real roots as f (B3 &

57. Let y(X) + y(X)g(x) = g(X)d(x), y(0) = 0, x[OI R, where f(x) denotes% and g(x) is a given non-

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

Sol.  (0)
y'(X) + y(x) d(x) = g(x) d(x)
= @¥y(x) + &% g(x) y(x) = €% g(x) g(x)

= Ly (&) = g g9
0 y(x) = é®= Ieg(X)g(X) d( ¥ dx

= je‘ tdt, where g(x) = t

=(t-1)é+c

0 y(x) &= (g(x) - 1) &+ c
Putx=0=0=(0-1).1+ec=1
Putx=2=vy(2).1=(0-1).(1)+1

y(2) = 0.
58. Let M be a % 3 matrix satisfying
0 -1 1 1 1 0
M{1l|=| 2| M|-1=| 1| andM| 3j=| O
0 3 0 -1 1 |1

Then the sum of the diagonal entries of M is
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Sol. (9)
a b c
LetM=|d e f
h i
(0] [-1
M{1l|=|2|=b=-1,e=2, h=3
0] |3
1 1
M -1|=|1|=>a=0, d=3, g=2
10 -1
1 0
M{1|=| 0| =>g+h+i=12i=7
1] |12

O Sum of diagonal elements = 9.

SECTION-IV (Total Marks : 16)
(Matrix-Match Type)

This section contain® questions Each question has four statements (A, B, C andi®n inColumn | andfive
statements(p, g, r, s and t) i€olumn Il. Any given statement in Column | can have cormatching withONE

or MORE statement(s) given in Column Il. For example,af & given question, statement B matches with the
statements given q and r, then for the particuleastion, against statement B, darken the bubblessmonding to q
and r in the ORS.

59. Match the statements given in Column | with\takies given in Column I
Column - | Column =11
A If a= ]+J§R, b= —Aj+\/§R and ¢ = 2¢/3k form a triangle, ther ®) T
the internal angle of the triangle betwegrand b is 6
b
B J.(f (x)-3x)dx =a” - b” , then the value of(gj is ) 2—;
a
c 5/6
©) " The value ot ™ J- sed mx)dx is 0 I
In3 3
716
: 1 L
D) The maximum value ofArg| —— || for |z| = 1, z 1 is given
©) °~‘A9(1_z) 2 gven | o
by
I
t —
(t) >
Sol.  (A) - (a) (B) - () (C) - (s) (D) - (1)
(A). a-b=-1+3=2
d=2IH0=2
cod = 2 _1
2x2 2
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0= g 2—5 but its%T as its opposite to side of maximum length.

b
(B). I(f (x)-3x)dx = a - b

a

p 3 -+ 17

J.f (x)dx =>(p?-a2)+ &- =

) 2 2

= f(x) = x.

5/6
I + t

o IE[seorer amibic | (oS B oo o)

In3 T In3 6 6 6 6
(D). Letu:i:zzl_l

1-z u

2] = 1= ‘1—1‘ -1
u

= u-1]| = |u|
O locus of u is perpendicular bisector of line seghjeining 0 and 1

: T . .
= maximum arg u approache25 but will not attain.

60. Match the statements given in Column | withititervals/union of intervals given in Column |

Column =1 Column = I

) The set{Re(lzizzj 'z is a complex numbef [z 1, #z+ ]} is | (p) (=00, —1) O (1, »)
-7

® The domain of the functiof(x) :sin"l[%j is (a) (=o0, 0) O (0, )

1 tan@ 1
¢ If f(6)=|-tan@ 1 tarf| , then the set
© -1 -tan@ 1 (n [2, o)

{f(@):056<g] is

) If f(x) = x*4(3x - 10), x= 0, then f(x) is increasing in (s) (—o0, 1] O [1, o)

(t) (o0, 0] 01 [2, )

Sol.  (A) - (9) B)-® (OE0) G -

). ;= 12i(x+i_y)2 _ 22i(x +2iy) _
—(x+iy)® 1-(x"-y"+2ixy)
Using 1- X* =
_ 2x-2y _ 1
T2y -2ixy y
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v -l<ys< 1:»—15—1 or——lzl.
y y

(B). For domain
-2
-1< %Sl
-3
e st
-3
1-32
@ -1)E7?- D, 0
(32x—2 -1 =
= X0 (=, 0]0 (1, ).
X -2
1-F -2
(B2-1(3+ D, 0
FE?*-1)
= X0 (-0, 1)0[2, )
So, X[ (= e, 0] O [2, ).

=-1I<

Case-l: -1<0

Case-ll: 120

(©). R-R+Rs
0 0 2
f(0) = |-tanb 1 tard
-1 -—-tan® 1
=2 (taf @ + 1) = 2 seth.
O). (9= 2()" (3x=10)+(¥*x 3= 2(x)*(x-2)
Increasing, when x 2.
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PAPER-1 [Code - 8]
IITJEE 2012

PART - I: PHYSICS

SECTION I : Single Correct Answer Type

This section containd0 multiple choice questionsEach question has four choices (A), (B), (C) &) out of
whichONLY ONE is correct.

1. In the determination of Young's modu(us = 4)_:2(;‘?) by using Searle’s method, a wire of length L = 2m

and diameter d = 0.5 mm is used. For a load M k@g,%n extensiodi = 0.25 mm in the length of the wire

is observed. Quantities d ardare measured using a screw gauge and a micromespectively. They
have the same pitch of 0.5 mm. The number of diussion their circular scale is 100. The contritngito
the maximum probable error of the Y measurement

(A) due to the errors in the measurements ofdi/aare the same.

(B) due to the error in the measurement of @visd that due to the error in the measuremerit of
(C) due to the error in the measurement isftwice that due to the error in the measureroédt

(D) due to the error in the measurement of @is fimes that due to the error in the measuremient

Sal. (A)
LC.= E = 0.00Emm
100

AY _Ar, 2A(d)
Y ¢ d
Al 0.005x 10° _ 1

,A(d) _ 2x0.005 10 _ 1

d 0.5x10° 50

2. A small mass m is attached to a massless strirgge other end is fixed at P as shown in the éiglihe
mass is undergoing circular motion in the x-y plavith centre at O and constant angular speetf the

angular momentum of the system, calculated abcartdOP are denoted kfyo and EP respectively, then

z
NN
.00 .em
e
(A) L, and L, do not vary with time.
(B) L, varies with time whileL, remains constant.
(C) L, remains constant while, varies with time.
(D) L, and L, both vary with time.
o, (Q)
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Sol.

Sol.

A bi-convex lens is formed with two thin planoavex lenses as shown in the figure. Refractivesxnad of
the first lens is 1.5 and that of the second Isn%.2. Both the curved surface are of the sameisaafi
curvature R = 14 cm. For this bi-convex lens, foiodject distance of 40 cm, the image distancebill

R=14cm
(A) -280.0 cm (B) 40.0 cm (C)21.5cm (D) 13.3cm

(B)
P =5 1(%4— ca+ Lz J@ e_—lj -05,02_ 1

14 14 14 20
f=+20cm
1 1 _1
v -40 20
1_1 1_1
v 20 40 40
O v=40cm

A thin uniform rod, pivoted at O, is rotating tine horizontal plane with z
constant angular speed as shown in the figure. Attime t = 0, a small
insect starts from O and moves with constant speedth respect to the @
rod towards the other end. It reaches the entleofdd att =T and stops.\—7
The angular speed of the system remairteroughout. The magnitude of vV o

the torque (T |) about O, as a function of time is best represkby which o ==

plot?

(A) (B)
IT] IT] i
o | t o : t
T T
©) (D)
IT] IT] '
0 | t 0 : t
T T
(B)
1= wﬂ:mg(c+ mv’t*)
dt dt
= muv? 2t
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Sol.

Sol.

Sol.

A mixture of 2 moles of helium gas (atomic mas4 amu) and 1 mole of argon gas (atomic mass = 40

amu) is kept at 300 K in a container. The ratithefrms speedw) is
argon

(A) 0.32 (B) 0.45 (C) 2.24 (D) 3.16

VI'ITIS

(D)

v [3RT
rms M
Required ratio = My _ ‘/@ =410
M, 4

=3.16.

Two large vertical and parallel metal platesihgwa separation of 1 cm are connected to a DCagelt
source of potential difference X. A proton is ssded at rest midway between the two plates. ftiusd to
move at 48to the vertical JUST after release. Then X iglyea

(A) 1x10°V (B) 1x 107V (C) 1x 10°V (D) 1x 10%°V
(©)
qE = mg
qg(v/d) =mg
V= mgd
q
_1.67x10% x 16« 10°
1.6x10"
0%
= 0™ =10°V

Three very large plates of same area are keptiglaand close to each other. They are consilaseideal
black surfaces and have very high thermal conditigtivThe first and third plates are maintained at
temperatures 2T and 3T respectively. The temperatuithe middle (i.e. second) plate under stedate s
condition is

65 1/4 97 1/4 97 1/4 B
) [7j T ®) [7] T © [7] T (D) Q7T
© 2T 3T

oA (2T)* + oA (38T)* =0 2A(T)*
16T + 81T = 2 (T)*

97 T'=2(T)*
97
Tl4:_T4

(T) >
1/4
0 T':(ﬂj T
2
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Sol.

Sol.

10.

Sol.

A small block is connected to one end of a neassbpring of un-stretched length 4.9 m. The athdrof
the spring (see the figure) is fixed. The systéas bn a horizontal frictionless surface. The klig
stretched by 0.2 m and released from rest at t l£then executes simple harmonic motion with aagul
frequencyw = 173 rad/s. Simultaneously at t = 0, a small pelidblerojected with speed v form point P at
an angle of 45as shown in the figure. Point P is at a horiziodittance of 10 m from O. If the pebble hits
the block att = 1 s, the value of v is (take go=1/<)

z
\"
% 45°>.
o > =
o 10m

(A) V50 m/s (B) V51 m/s (C)V52m/s (D) /53m/s
(A)
2vsin 458 -1
g
0 v=+/50 m/s.

Young’s double slit experiment is carried outusyng green, red and blue light, one color atreti The
fringe widths recorded af&;, Br andpg, respectively. Then,

(A) Be >Bs >Br (B) Bs > Bs > Br (C)Br>Be>Bs

(D)
AR >Ag > Ag

0 Br>Bc>Ps

(D) Br>Bs >Ps

Consider a thin spherical shell of radius Rhwientre at the origin, carrying uniform positiverface
charge density. The variation of the magnitudehef electric field E(r)| and the electric potential V/(r)
with the distance r from the centre, is best regmweesd by which graph?

A - B -
*) [EM)I V(r) ®) [EMI V(r)
A . 4 A . 4
al N ] N
(0] R r (0] R r
c) - D) -
© [EMI V(r) () [EMI V(r)
A . A A . 4
il ] N N
(0] R r (0] R r
(D)
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SECTION II : Multiple Correct Answer(s) Type

This section contain§ multiple choice questions Each question has four choices (A), (B), (C) &bDjyl out of
which ONE or MORE are correct.

11.

Sol.

12.

Sol.

13.

Sol.

Consider the motion of a posmve pomt chairg@ region where there are simultaneous uniforactgt
and magnetic fieldsE = E, jand B= B, j At time t = 0, this charge has velocityin the x-y plane,

making an angléd with the x-axis. Which of the following option(s {are) correct for time t > 0?

(A) If 8=0°, the charge moves in a circular path in the x-n@la

(B) If 8=0°, the charge undergoes helical motion with congt@oh along the y-axis.

(C) If 8=10°, the charge undergoes helical motion with its pitefteasing with time, along the y-axis.
(D) If 8=90°, the charge undergoes linear but accelerated matany the y-axis.

(C, D)
If ©=90°,Bexerts no force on q.
If ©=0°10 ;the charge particle moves in helix with increagiitgh due toE along y-axis.

A cubical region of side a has its centre a tmigin. It encloses three fixed point chargeg, at
(0,-a/4, 0), +3q at (0, 0, 0) and] at (0, +a/4, 0). Choose the correct options(s)

z
o
s !
—q
C: @ y
—q 3q
g e e
x L
(A) The net electric flux crossing the plane x &2-is equal to the net electric flux crossing plene x =
-al2
(B) The net electric flux crossing the plane ya2-is more than the net electric flux crossingglame y =
-al2.

(C) The net electric flux crossing the entire oegis a .

0
(D) The net electric flux crossing the plane za#2+is equal to the net electric flux crossing plene x =
+a/2.

(A, C, D)
—q+39-9_ q

0 EO

Net flux through the cubical region
. -a a a
The flux passing through the faces= > X = +§ andz= +§ are same due to symmetry.

A person blows into open-end of a long pipeaAssult, a high pressure pulse of air travelsrdthe pipe.
When this pulse reaches the other end of the pipe,

(A) a high-pressure pulse starts travelling uppipe, if the other end of the pipe is open.

(B) a low-pressure pulse starts travelling upgipe, if the other end of the pipe is open.

(C) a low-pressure pulse starts travelling uppipe, if the other end of the pipe is closed.

(D) a high-pressure pulse starts travelling upgtipe, if the other end of the pipe is closed.

(B, D)

At the open end, the phase of a pressure wave ekdngrt radian due to reflection. At the closed end,

there is no change in the phase of a pressure avéo reflection.
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14. A small block of mass of 0.1 kg lies on a fixiedlined plane PQ which makes an an§lavith the
horizontal. A horizontal force of 1 N acts on thedk through its centre of mass as shown in tharég

The block remains stationary if (take g = 109n/s
Q

(O~

(0] P

(A) 6=45

(B) 8 > 45 and a frictional force acts on the block towards P

(C) 6 > 45 and a frictional force acts on the block towards Q

(D) 8 < 45 and a frictional force acts on the block towards Q

Sol. (A, C)
At 8=45°, mg sinB = 1x coD
At 6>45°, mg sinB8 > 1x cod (friction acts upward)
At 8<45°, mg sinB < 1x coD (friction acts downward)

15. For the resistance network shown in the figcheose the correct option(s)
Pl s
o ST 20
10 103
40N w17 4q
Q  4Q T
1 12v)
l I
(A) The current through PQ is zero. (BFI3A
(C) The potential at S is less than that at Q. ) 1§ 2A

Sol. (A, B, C, D)
Nodes P and Q are equipotential and nodes S a9 l2
and T are equipotential from wheatstone bridge,

no current passes through PQ and ST.
12 150
l,=—=3A
' 4 § | |
I T
I, =1, 12 =2A 12V
6+12
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SECTION III : Integer Answer Type

This section containS questions The answer to each question is single digit ieteganging from O to 9b6th
inclusive).

16.

Sol.

17.

Sol.

A circular wire loop of radius R is placed iretx-y plane centered at the origin O. A squar lobside

a(a<<R) having two turns is placed with its cemtte = V3R along the axis of the circular wire loop, as
shown in figure. The plane of the square loop makeangle of 45with respect to the z-axis. If the mutual

a2
inductance between the loops is given?&z—R, then the value of p is

)
2
2{ u°|R3 }az cos4s ,
- No_ 7 26%) b _ e
I I 8R2? RZ"?
So P=7

An infinitely long solid cylinder of radius Rak a uniform volume charge densgy It has a spherical
cavity of radius R/2 with its centre on the axigtwd cylinder, as shown in the figure. The magrétofithe
electric field at the point P, which is at a dista2R from the axis of the cylinder, is given b th

expressionzgpi. The value of k is
16ke,
z
| R 9:
R/2
™\ P
y

(6) z
4_R*)( - >
Y K(p3”8](_’) e
21E, (2R) 4R? Eoo

£ PR’ () , KTPR(-)

41E, R 24

= o K .
E = KpmR()) +—pmR (-
PTR(j) 24 ()]

23
%,

= 23 ~ ~
E=KpmR="(j) = R
p 24(J) PR())

=k=6
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18. A proton is fired from very far away towardsiacleus with charge Q = 120 e, where e is the releict
charge. It makes a closest approach of 10 fmaamtitleus. The de Broglie wavelength (in uniténof of
the proton at its start is: (take the proton mass,= (5/3) x 10°" kg; hle = 4.2x 10" J.s / C;

1 _ox10 m/F; 1 fm = 10°)
aTE,

Sol. (7)
0+lmvz _ K(Q)e _ K(120e)e
2 10x10*°  10< 10%
1x§x10,27 V= 9x 10 x 126x (1.8 10° 9
2 3 10x 10*°
Ve 9x6x10 x 120« 2.56 10°
50x10*

v=+/331.776¢ 18

L
mv

42x10%x 1.6 10° _ 4.2x 4.8 10%
- 21
g><10’27 xy[331.776 15 °/-6x>10

A=7x10"=7fm

A=

=0.07x 10"

19. A lamina is made by removing a small disc afntiéter 2R from a bigger disc of uniform mass dgresid
radius 2R, as shown in the figure. The momennheftia of this lamina about axes passing thougm®R

is lIo and b respectively. Both these axes are perpendicaléng plane of the lamina. The ratio/llg to
the nearest integer is

P
ST G)
I, ={4mR2 +m(4R2)}{EE+—mSR2}
2 42 4
— B2 (1.5

I, =mR {(2+4) (8+4ﬂ
l :mR2(6—E‘j -3 R ..(1)

8) 8

e
Iy =mR{2—(%+%ﬂ = mRz[ 2——2} = mF?[%?’j ..(2)

o le_37/8

00 3(Nearest Integer
|, "1378- o gen)
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20. A cylindrical cavity of diameter a exists insid cylinder of diameter 2a as shown in the figuBeth the
cylinder and the cavity are infinity long. A unifo current density J flows along the length. I&th

magnitude of the magnetic field at the point Piveg bylﬂzpoa.], then the value of N is

Sol.  (B)
5o Bolnd)_p, (d /4

2ma 21'[(361)
2

B = S5u,Ja_ p, NJe
12 12
So N=5
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PAPER-1 [Code - 8]
IITJEE 2012

PART - II: CHEMISTRY

SECTION —I: Single Correct Answer Type

This section containd0 multiple choice questionsEach question has four choices (A), (B), (C) andl ¢t of
which ONLY ONE is correct.

21. A compound WX, has cubic close packing (ccp) arrangement of Xuitit cell structure is shown below.
The empirical formula of the compound is

T @)
0

O M= [
OO X= O
I )
M O
= b
(A) MX (B) MX,
(©) MX (D) MsX 14

Sal. (B)
X :8><E+6><—1:4
8 2

M=4xt+1=2
4

So, unit cell formula of the compound i$X4 and the empirical formula of the compound is MX

22. The carboxyl functional group (-COOH) is presant

(A) picric acid (B) barbituric acid
(C) ascorbic acid (D) aspirin
Sol. (D)
OH HO
O,N NO, Q COOH
)L o) o) ﬁ
A "o Z O—C—CHj
/K/& —
o~ o o
NO, HO
(Picric Acid) (Barbituric Acid) (Ascorbic Acid) (Asprin)
23. As per IUPAC nomenclature, the name of the derjCo(H,O)4(NH3);]Cls is
(A) Tetraaquadiaminecobalt (1) chloride (B) Tadquadiamminecobalt (I11) chloride
(C) Diaminetetraaquacobalt (I1l) chloride (D) Diemmetetraaquacobalt (l11) chloride
Sol. (D)

[Co(H0)4(NH3),]Cl3
Diamminetetraaquacobalt (l11) chloride
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24. In allene (gH,), the type(s) of hybridization of the carbon atamgare)
(A) spandsp’ (B) spandsp”
(C) onlysp? (D) s* andsp®
Sol. (B)
sp sp sp
H,C=C =CH,
25. The kinetic energy of an electron in the seddalr orbit of a hydrogen atom isy[is Bohr radius]
h? h?
A —— B) ——
@ 2ma ®) Toema
h? h?
C) —— D) ——
©) 32ema D) Saema
Sol. (©)
As per Bohr’s postulate,
nh
mvr = —
2n
So,v= nh
2rmr
KE =L my?
2
2
So, KE:lm( nh ]
2\ Z2nmmr

2
. xn
Since,r &0

A
So, for 29 Bohr orbit
a,x 2

r= 1 :A].a0
2
KE :E Zh 5
2 | 4a’m’x(4a)
h2
KE
32 mg
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26. Which ordering of compounds is according todbereasing order of the oxidation state of nitrdge
(A) HNO;, NO, NHCI, N, (B) HNGO;, NO, N, NH,CI
(C) HNG;, NH,CI, NO, N, (D) NO, HNG;, NHLCI, N,

Sal. (B)

+5 +2 0 -3
HNO,, NO, N,, NH,Cl

27. For one mole of a van der Waals gas when0 andT = 300 K, thePV vs. 1/V plot is shown below. The
value of the van der Waals constar{atm.litrémol™) is

[Graph not to scale]
~246 1
*223.1 T
£ 21.6 §emeeeeean \,\
T 200 o
H ]
3 ; E
= : |
08 : .

[ |
0 20 30

1% (mol liter ")
(A) 1.0 (B) 4.5
(C) 15 (D) 3.0

Sol.  (C)

[Graph not to scale]

£

0 ) 2?;} 3.0
v (ol liter
van der Waals equation for 1 mole of real gas is,

(P+%)(V—b): RT

v

but, b = 0 (given)

:(P+%J(V): RT
v

0 PV=-axt+rRT . 0]
v
y=mx+c

Slope =tan1f—6) = —a
21.6- 20.1_

So,ta®=a= 15

24.6- 20.1_
3-0

or, tanf = 1.5

28. The number of aldol reaction(s) that occurth@ngiven transformation is
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OH —oH
CH,CHO+ 4HCHOO £33 M9 PH, \__‘
HO— OH
(A1 (B) 2
©) 3 (D) 4
Sol. ()]
(|)H
ﬁ "
HyC—C—HD J%(Hﬁc?:@ HO - CH, - CH, - CH= OO Q(ﬁc?:&Ho—CHz—?—CH:o
Aldol Aldol
(I
(i)oH™ J (i)H—C—H
(aldol)
C|)H
|C|) OH — oH (|:|—|2
i—c—o-+ Lo ~RELRETIAN HO-CHC—CH=0
|
OH
29. The colour of light absorbed by an aqueoustisslwf CuSQ is
(A) orange- red (B) blue-green
(C) yellow (D) violet
Sol. (A)

Aqueous solution of copper sulphate absorbs oreedjéght and appears blue (complementary colour).

(08/3
Yo

30. The number of optically active products obtdiffrem thecompleteozonolysis of the given compound is
Ve v
H;C—CH—CH—C—CH=CH— C—CH=CH—-CH,
H CH,
(A) O (B) 1
€ 2 (D) 4
Sol. (A)
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CHy l?
HgC—CH=CH- G—CH=CH- C—CH=CH- CH,

H CHg
l03/2n/H20
CHy I
HsC—CH=0 +4 O=CH-C—CH=0+ O:HC—Z:—CH:0+ HaC—CH=0
(achiral) W éHs (achiral)
(achiral) (achiral)

SECTION Il : Multiple Correct Answer (s) Type

This section contain§ multiple choice questionsEach question has four choices (A), (B), (C) andl ¢bt of
which ONE or MORE are correct.

31.

Sol.

32.

Sol.

33.

Which of the following hydrogen halides react{gth AgNGOs(aq) to give a precipitate that dissolves in Na-
2$,04(aq)?

(A) HCI (B) HF
(C) HBr (D) HI
(A, C, D)

HX +AgNO, - AgX | +HNO, (X =Cl, Br, 1)
AgX +2Na,S 0, - Na| A § Q), |+ Na

Identify the binary mixture(s) that can be saped into individual compounds, by differentiatraxction, as
shown in the given scheme.

|D MH. | Compound1 + | Compound 2

Binary mixture containing

Compound 1 and Compouan—‘
0 Y264, | compound 1 + Compound 2

(A) CsHsOH and GHsCOOH (B) GHsCOOH and @HsCH,OH
(C) GHsCH,OH and GHsOH (D) GeHsCH,OH and GHsCH,COOH
(B, D)

(A) Both are soluble in NaOH, henoeseparable

(B) Only benzoic acid (§HsCOOH) is soluble in NaOH and NaHGQvhile benzyl alcohol (§HsCH,OH)
is not. Henceseparable.

(C) Although NaOH can enable separation betweeayalcohol (gHsCH,OH) and phenol (§HsOH) as
only the later is soluble in NaOH. However, in N&Bk, both are insoluble. Henceseparable.

(D) a-phenyl acetic acid ({sCH,COOH) is soluble in NaOH and NaHGOWhile benzyl alcohol
(CsHsCH,0OH) is not. Henceseparable.

For an ideal gas, consider oy work in going from an initial stat¥ to the final stat&. The final state
Z can be reached by either of the two paths shovthérfigure. Which of the following choice(s) is¢ar
correct? [Také\S as change in entropy amchs work done]
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A

Q)

Q

<

o

(%]

o

£

S

o

V(liter)
(A) AS, ,=AS ,+AS ., B w,,=w, +w
©) w,y.,=w,, (D) &S, , ,=AS,,
Sal. (A, C)

AS, , =AS, , +AS , [ entropy B is a state function, hence adeljt
Wy ., =W, , (workdonein Y- Zis zero as it is an isochoric process)

34. Which of the following molecules, in pure fori®(are)unstable at room temperature?
(A) B) =
(©) O (D) O
Sol. (B, C)
I
Compound | | and @ being antiaromatic are unstable at room tempegatur
35. Choose the correct reason(s) for the statfithelyophobic colloidal particles.

(A) Preferential adsorption of ions on their sagfdrom the solution

(B) Preferential adsorption of solvent on theirface from the solution

(C) Attraction between different particles havimgposite charges on their surface

(D) Potential difference between the fixed layad ghe diffused layer of opposite charges aroura th

colloidal particles

Sol. (A, D)
Lyophobic colloids are stable due to preferenidsorption of ions on their surface from solutiord a
potential difference between the fixed layer angl diffused layer of opposite charges around thiicall

particles that makes lyophobic sol stable.

SECTION IllI: Integer Answer Type
This section contain§ questions.The answer to each question isiagle digit integer, ranging from 0 to 9 (both

inclusive).

36. 29.2 % (w/w) HCI stock solution has densityld?5 g mL*. The molecular weight of HCl is 36.5 g riol
The volume (mL) of stock solution required to preppa 200 mL solution of 0.4 M HCl is

Sol.  (8)
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Stock solution of HCI = 29.2% (w/w)

[
Molarity of stock solution of HCE 29.2<1000« 1.2

36.5x 100
If volume of stock solution required = V ml
x29-2, 1000_ 5405 0.4
36.5 80
= V=8ml
37. The substituentR; and R, for nine peptides are listed in the table givenotelHow many of these
peptides are positively charged at pH = 7.0?
©
H3N—(|:H—CO— NH— CH— CO— NH— CH— CG— NH— ICH—COO
H R, R, H
Peptide R R,
I H H
Il H CHj;
Il CH,COOH H
Y CH,CONH, (CH,)4NH,
V CH,CONH, CH,CONH,
VI (CH2)4NH, (CH,)4NH,
VI CH,COOH CHCONH,
VI CH,OH (CHp)4NH,
IX (CH,)4NH, CH;
Sol. 4)
Peptides with isoelectric point (pl) > 7, would €@s cation in neutral solution (pH = 7).
IV, VI, VIl and IX
38. An organic compound undergoes first-order dgmsition. The time taken for its decomposition 8 and
t
1/10 of its initial concentration arggtand t,1o respectively. What is the value 1’8]] x107? (take loge2 =
1/10
0.3)
Sol. 9
_2.303log8_ 2.308 3log
1/8 k k
2.303 2.30:
to=——10gl0=——
1/10 k g k
( 2.303x 3log ﬂ
Lo ><10:—k x10= 9
ti0 (2.303)
k
39. When the following aldohexose exists in Dsconfiguration, the total number of stereocisomarsits
pyranose form is
(|:HO
i
CHOH
CHOH
CHOH
CH,OH
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Sol. (8)
1CHO _» Fixed in D-configuratic
2
H H H H
H—3—oH
4 * )1
4
o 0 OH
H—r—OH
6 OH H
H,C—OH
Hence total number of stereoisomers in pyranosa fof D-configuration = 2= 8
40. The periodic table consists of 18 groups. Anoige of copper, on bombardment with protons, uyoles a
nuclear reaction yielding elemeKtas shown below. To which group, elem&nbelongs in the periodic
table?

SCu+iH - eyn+a+ 2 H+ X

Sal. (8)
sCu+ H' - 6,n+ ;Het 2 H+ 5 X
Mass number: 63 +1=36+4+1x2 + A
A=64-12=52
Atomic number: 29+ 1=6860+2+2x1+Z
Z=30-4=26
2X = ZFe
Hence X is in group ‘8’ in the periodic table.
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PAPER-1 [Code - 8]
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PART - lll: MATHEMATICS

SECTION I : Single Correct Answer Type

This section containg0 multiple choice questionsEach question has four choices (A), (B), (C) &) out of
whichONLY ONE is correct.

2
41 If lim (L“l—ax—bj =4, then
X = 00 X+1
(A)a=1,b=4 B)ya=1,b=-4
(C)a=2,b=-3 (D)a=2,b=
Sal. (B)
2
Given lim [Lm—ax—bj =4
X - 00 X+1
2 —ax? - ax—bx- 1-a)x* +(1-a-b)x+(1-b
L g Xrxrlmad-axctxb oy (17a) X H(1mab)xe(17h)
X 0 (X+1) X 0 (X+1)
—>l-a=0andta-b=4=b=-4,a=1
42. Let P = [¢] be a 3 x 3 matrix and let Q =jJpwhere k = 2*1g; for 1<, j < 3. If the determinant of P is 2,
then the determinant of the matrix Q is
(A) 210 (B) 211
(C) 2° (D) 2*
Sal. (D)
Pay; 2Za, 2y & a, a;
Q| = 8y ey ay = Q= PR 2y Dy By
2%ay, 2°a;, 2%a, 2%ay, 2%a;, 2%a,
&1 & &
Q=" |8, a, a,
831 83 A4z
= |Q| = 2%P|
QI = 2%
43. The locus of the mid—point of the chord of emntof tangents drawn from points lying on theigtraline
4x — 5y = 20 to the circle’x Y* = 9 is
(A) 20(x? +y?)-36¢+ 45/ = (B) 20(x® + y?)+ 36x— 45/= C
(C) 36(x° +y?)— 20k + 45/ = C (D) 36(x% +y?)+ 20x— 45/ = C
Sal. (A)

Equation of the chord bisected at P (h, k)

hx + ky = § + I ..(0)
Let any point on line b%a, go( —4)

Equation of the chord of contact is
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= ax+(ga—4jy:9 (1)) y
Comparing (i) and (ii) X% +y? = 9 X_ ¥4
D k B h2 + k2 5 4
o 4,_4 9
5
_ _20h O X
h(4h -5k
Now, ( ) = h” +k
20h 9 4
20 (I + 1) = 9 (4h- 5Kk) (a, T a-4)
20 (¢ + y?) — 36x + 45y = 0. /
44. The total number of ways in which 5 balls dfatent colours can be distributed among 3 persmnthat
each person gets at least one ball is
(A) 75 (B) 150
(C) 210 (D) 243
Sol. (B)

Number of ways
=3-3c.22+3C,1°
=243-96 + 3 =150.

sel x

45. The integral| —————dx equals (for some arbitrary constant K)

(secx + tarx ?ﬁ

(A) —ﬁ[l—]&_——;(sem+ tarx 3] +K (B)
secx+ tarx )?
(C) —ﬁ[l—]&.‘*%(sem*' tarx 3] +K (D)
secx+ tarx )2
sol.  (C)

| = sec x o

(secx+ tarx 3/2
Letsec x +tan x =t
= sec x—tan x = 1/t
Now (sec x tan x + séx) dx = dt
sec X (sec x + tan x) dx = dt

dt 1( 1)
sec xdx=—, =|t+=| =sec x
t 2 t
1
l_gj(Ht)ﬁ
2 7t

- %I(t_% w2yt

1 t—%+1 t—1%+1
=+
2 9, By
2 2

1

(secx + tarx J}V2

1

(secx + tarx 1{2 11

[i——l(secx+ tarx 3} +K
11 7

[i+%(sem+ tarx 2)] +K
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1 t_% t’%
2| 711

2 2
= - 1'[_72 _it_l}/Z

7 11

T 1 14%
2
= —li i+t_ :——1M/2{—1+—1(secx+ tan()z}+k
Ll 7 (secx+ tarx) 1 7

46. The point P is the intersection of the stralgte joining the points Q(2, 3, 5) and R(1, —1wibh the plane
5x —4y — z = 1. If S is the foot of the perpenthcidrawn from the point T(2, 1, 4) to QR, then taegth
of the line segment PS is

1
A) —— B) v/2
(A) N (B)
(©)2 (D) 242
Sol.  (A) T(2,1,4)
D.R.ofQRis 1, 4,1 Q(2, 3,5)
Coordinate of (ﬂ—lg’j S
3’3 3
D.R.of PTis 2, 2, -1 9
Angle between QR and PT is 45° P 4113
And PT =1 3’3 3
1
=PS=TS=—
J2
R(1, -1, 4)
NG cosE‘ . X% 0
47. Letf(x)= X then f is
, xao ,
0, x=0

(A) differentiable both at x =0 and at x = 2

(B) differentiable at x = 0 but not differentialdéx = 2
(C) not differentiable at x = 0 but differentiatdex = 2
(D) differentiable neither at x = 0 nor at x = 2

Sol.  (B)

lim
h-0 h
lim hcos(Ej =0
h-0 h
so, f(x) is differentiable at x = 0
f(2+h)-f(2
h-0 h

T
cos—|—-0

2
(2+n)jcos,

= lim
h-0 h
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(2+h)? cos(z:[hj

= lim
h-0 h
2
i'(2)= "mmsm(ﬂ_i)
h-0 h 2 2+h
_ o (2+h? . [ mih
= lim sin
h-0 h 2(2+h)

. (2+h? . mh moo_

lim in X =T

h-o Th 2(2+h) 2(2+h)
2(2+h)

m f(2-h)-1(2)
-0 -h

= fim (=) 00{21‘)‘

h-0 -h

Again, f'(z‘) =

= lim
h-0 -h

(2—h)zsin[n—n}

= lim 2 2-h
h-0 h

= lim (2-h)* Bin{ —h }
h-0 h 2(2-h)

= —lim (Z_h)zBin Ll x— L= T
h.o Th 2(2-h)" 2(2-h)
2(2-h)

48. Let z be a complex number such that the imagipart of z is nonzero and a 2 z + 1 is real. Then a
cannot take the value

(") -1 OF:

1 3

© 3 ©) 5
Sol. (D)

Given equation isz+ z+ 1-a =0

Clearly this equation do not have real roots if

D<0

=1-4(1-a)<0

=4a<3

3
a<-—.
4
X2 y2
49. The ellipseE; :§+7 =1 is inscribed in a rectangle R whose sides arellphta the coordinate axes.

Another ellipse E passing through the point (0, 4) circumscribesrd@angle R. The eccentricity of the
ellipse B is

J2 J3
(A) - (B) >
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1 3
C) = D) —
© > (D) 7
Sol. ©) y
Equation of ellipseis (y +2) (¢ 2) +A(x+3) (x—3) =0
It passes through (0, 43 A = 131 0,4)
2 2 (-3,2 ¥=2 _
. : XSy N =3
Equation of ellipse |sl—2+1—6 = X=-= \ «
1 )
e==. (-3,-2) y=-2'3, -2
2
Alternate
X2y
Let the ellipse be—2+b—2 =1 as it is passing through (0, 4) and (3, 2).
a
So, =16 and > +2 =1
a’ 16
=>da=12
So,12 =16 (+ )
= e=1/2.
50. The function f: [0, 3] [1, 29], defined by f(x) = 2% 15X + 36x + 1, is
(A) one—one and onto (B) onto but not one—one
(C) one—one but not onto (D) neither one—one mto 0
Sol. (B)

f(x) =2 - 15¢ + 36x + 1
f'(x) = 6x* — 30x + 36

=6 (¥ -5x +6)

=6 (x—2) (x-3)

f (x) is increasing in [0, 2] and decreasing in32
f (X) is many one

f(0)=1

f(2)=29

f(3)=28

Range is [1, 29]

Hence, f (X) is many-one-onto

SECTION II : Multiple Correct Answer(s) Type

This section contain§ multiple choice questions Each question has four choices (A), (B), (C) &) out of
which ONE or MORE are correct.

2 2
51. Tangents are drawn to the hyperbéJga—yT =1, parallel to the straight line 2xy = 1. The points of
contact of the tangents on the hyperbola are
9 1 9 1
A | —, — B)| ———, ~——
@ (55 7) ® (25 7)
(©) (3v3, -2/2) () (-3v3, 2/2)

Sol. (A, B)
Slope of tangent = 2
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The tangents are y = 2xv9x4-4
e, 2x-y=+ 4/2

-~ XY X e Y
2J2 4/2 22 42
Comparing it with%—% =1

=1 and -

We get point of contact {si ij and( 9 1)

22’ V2 22 2
Alternate:
. . (secB tan@
Equation of tangent at B)(is 3 X = > y=1
= Slope :Zice =2
3tan0

= sinB = 1

3

= points are[i ij and(—i —ij
22" 2 22" J2)
52. Let®, ¢ O [0, 2r] be such tha2coshB( I sinp) = siﬁe[ ta%ﬁ ceeéej cgs- , tan(21-6)> C and

-1<sinB< —?. Then¢ cannot satisfy

T T 4n
A) O<p<— B) — << —
(A) 0<¢ > ()2 ¢ 3
4m 3 3
C)—<bh<— D) —<¢<2m
© 3 v > (D) > ¢
Sol. (A, C,D)
P2
2 cosB (1 - sing) = Zs,meecoscl)— 1= 2si® co$ -
2cosB—2cobBsing =2sinBcosp — 1
2cosBb+1=2sin@+¢)
. 3

tan(21-06)> 0= tanB < 0 and-1< smE)<—7
= GD(g—T[E[)

2 3
1
§<S|n(6+¢)<1
= 2n+1[<9+¢<5_ﬂ+2n

6 6
2n+g_emax<¢<2n+5%[_emin
T 4
—<p<—.
2 ¢ 3

53. If y(x) satisfies the differential equatioh-yytanx = 2x secx and y(0) = 0, then

m_ T ) _ T
A —|=—= B) y|—=|=—
@y 5] @ v[})=T
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) _ T (T _4m . 2m?
©3)"% O35 2n
Sol. (A D)
ﬂ—ytanx= X sex
dx
dy . _
cosx&+( sinK)y = X

%(ycosx) = X

y (x) cos x = X + ¢, where ¢ = 0 since y (0) = 0

_T (nj_ ™ T (T[J_ZT[Z
whenx=—,y|—|=—=,whenx==, y| — |=—

47\ 4) 82 3' 73 9
Whenx:n, y'(E) = i+l

4 4) 8/2 2
Whenx:E, y'(Ej= E+£[

3 3) 3/3 3

54. A ship is fitted with three engines, B, and E. The engines function independently of each othién
respective probabilities%,% and % For the ship to be operational at least two sfédhgines must

function. Let X denote the event that the shipperational and let X X, and X denote respectively the
events that the engines, EE, and E are functioning. Which of the following is(arejér ?

(A) P[Xf x]:%3

(B) P [Exactly two engines of the ship are funeiig | X] =§
(C) P[x|x2]=i (D) P[x|x1]=l
16 16

Sol.  (B,D)
PO =5, POXG) =5, POX)) =

P(X) = P(X; n X, n XS)+P(X;n XS0 X)+P(XS n X ,n X )+P(X n X n X g::ll

1
c el
@ PXC/x) = PXNXT) 32 1
P(X) 1 8
4
7
(B) P [exactly two engines of the ship are fungitig | X] = 3—12 =g
4
5
X 32 _5
QP — | =2&(==
SLEIRE S
4
A
3
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55. Let S be the area of the region enclosed bg‘f; y=0,x=0and x=1. Then

(A)SzE (B)Szl—}
e e
1 1 1 1 1
(C) s< Z[HﬁJ (D) s< E-Fﬁ(l_ﬁj
Sol. (A B,D) A(0, 1) P
S> 1 (As area of rectangle OCDS = 1/e) 2
e y= B(i i]
J2' e

Sincee™ >e™* O x [ [0, 1]

t 1
— S>Ie‘xdx=(l——J 1
e

Area of rectangle OAPQ + Area of rectangle QBRS > S

s< 50+ %) S Q E
Since 1(1+$j <1l- %}

Hence, (C) is incorrect.

SECTION III : Integer Answer Type

This section contain§ questions The answer to each question is single digit iteganging from 0 to 9bfth

inclusive).
- - . P T - S L T I .
56. If a,b and¢ are unit vectors sa'usfym)gl—b‘ +‘b—c‘ +|c-a" =9, then|2a+ 50 + 5 is
Sl (3)
As, ‘3—5‘2+‘5—é‘2+|é—é|2=3(|éz+‘5‘2+|é|2)—‘é+5+6‘

= 3x3-|a+b+d =9
:‘a+5+<‘:‘:0 = a+b+c=0
= b+c=-a

= |oa+5(b+c)=|-2=4a= 2

57. Letf: IR~ IR be defined as f(x) +x| +‘x2 —q . The total number of points at which f attaindieita local

maximum or a local minimum is

Sol. (5)
2x—1 , x<—1
—-(2x+1) , -1<x<0
T 1-2x , O<x<1
2x+1 x>1
-ve tve -ve +ve -—ye +tve
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So, f(x) changes sign at points
x =-1, —1, 0,1,1
2 2

so, total number of points of local maximum or iminm is 5.

58. Let S be the focus of the parabdla8x and let PQ be the common chord of the cixéle y* — 2x — 4y =
0 and the given parabola. The area of the triaR@I& is

Sal. 4
The parabola is x = 2ty = 4t
Solving it with the circle we get :
4t + 16 -4 -16t=0
=>t'+3f-4t=0=1t=0,1
so, the points P and Q are (0, 0) and (2, 4) warehalso diametrically opposite points on theleirche
focus is S= (2, 0).

The area oAPQS :%xe 4= 4.
59. Let p(x) be a real polynomial of least degrééchv has a local maximum at x = 1 and a local minimat x
= 3. If p(1) =6 and p(3) = 2, ther(P) is
Sol. 9
Let p(x) = k(x—1) (x-3)
3
= p(x) = k(%—ZX2 +3xj+c
4
Now, p(1) = 6= §k+c= 6

also, p(3)=2=>c=2
so, k=3, s0,'f0) =3k = 9.

60. The value o6+ logs), 335\/4— ;_2\/ 4~ 3}_2 [ 4~ 3/1_2[I]]]] is

so. ()

1 1 1

Let\/4 3&\/43&43/_2@1114
So.él—%yw2 (y>0)

= y2+i2y—4:0: y:i

32 3J2

so, the required value B+ Iog3,2(ixiJ

32 3/2
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PAPER-2 [Code - 8]
IITJEE 2012

PART - I: PHYSICS

SECTION I : Single Correct Answer Type

This section contain8 multiple choice questions Each question has four choices (A), (B), (C) &Djl out of
whichONLY ONE is correct.

1. Two identical discs of same radius R are rotating about their axes in \(f cf
opposite directions with the same constant angular speed w. The
discs are in the same horizontal plane. At time t = 0, the points P WP Q é’
and Q are facing each other as shown in the figure. The relative
speed between the two points P and Q is v,. In one time period (T)
of rotation of the discs, v, as a function of time is best represented

by
A v | B v
0 T ot 0 T t
(C) Vr . (D) Vf .
0 T ot 0 Tt
Sal. (A)
In each rotation relative speed becomes zero twice and becomes maximum twice.
2. A loop carrying current | lies in the x-y plane as shown in the figure. The unit vector K is coming
out of the plane of the paper. The magnetic moment of the current loop is
y
1y 1
a
X
L— a—>
20 I L 201 n 201 D
(A) a’l k (B) (§+1]a I k (©) —(E+1ja I k (D) (2m+Dd | k
Sal. (B)

Magnetic moment, M =1A = I[1—2T+1]a2f<

3. An infinitely long hollow conducting cylinder with inner radius R/2 and outer radius R carries a
uniform current density along its length. The magnitude of the magnetic field, |B| as a function of
the radial distance r from the axis is best represented by

w ®
; |
0

R2 R T 0" R2 R T
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Sal. (D)
Inside the cavity, B=0

Outside the cylinder, B :“—OI '
o (7

In the shaded region

2
2mr(b’ — &) r
atr=a B=0
atr=b B = ol
' 21b
4. A thin uniform cylindrical shell, closed at both ends, is partially filled with water. It is floating

vertically in water in half-submerged state. If pc is the relative density of the material of the shell
with respect to water, then the correct statement is that the shell is

(A) more than half-filled if pc is less than 0.5.  (B) more than half-filled if pc is more than 1.0.
(C) half-filled if pc is more than 0.5. (D) less than half-filled if pc is less than 0.5.

Sol. (A)
V_+V_+V
" za “p,9=V,PP,9+V,p,9

V,, =Val=2pc) +V,

if pe >%:VW <V,

if pc<%:vw >V,

where, V,, = volume occupied by water in the shell
V, = volume occupied by air in the shell
Vn = volume of the material in the shell

5. In the given circuit, a charge of +80 uC is given to the upper plate of the 4 uF capacitor. Then in
the steady state, the charge on the upper plate of the 3 pF capacitor is

+80puC
——4uF

2uF: —3uF

(A) +32 pC (B) +40 pC (C) +48 uC (D) +80 pC
Sol. ©
Let ‘g’ be the final charge on 3u F capacitor then

80-9_g¢g
— == qg=48.C
5 T 4T4

6. Two moles of ideal helium gas are in a rubber balloon at 30°C. The balloon is fully expandable
and can be assumed to require no energy in its expansion. The temperature of the gas in the
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Sol.

Sol.

Sol.

balloon is slowly changed to 35°C. The amount of heat required in raising the temperature is
nearly (take R = 8.31 J/mol.K)
(A) 623 (B) 104 J (C) 12473 (D) 208 J

(D)
AQ=nCAT (Isobaric process)

= ZXng (35— 30)

=208J
Consider a disc rotating in the horizontal plane with a constant angular speed w about its centre
O. The disc has a shaded region on one side of the diameter and an unshaded region on the
other side as shown in the figure. When the disc is in the orientation as shown, two pebbles P

and Q are simultaneously projected at an angle towards R. The velocity of projection is in the y-z
plane and is same for both pebbles with respect to the disc. Assume that (i) they land back on

the disc before the disc has completed %rotation, (ii) their range is less than half the disc radius,

and (iii) wremains constant throughout. Then

(A) P lands in the shaded region and Q in the unshaded region.
(B) P lands in the unshaded region and Q in the shaded region.
(C) Both P and Q land in the unshaded region.

(D) Both P and Q land in the shaded region.

©)
Att= Lx2T_ T
8 w 4w
X —coordinate of P = wR(lj
40
= §> R cos 48

O Both particles P and Q land in unshaded region.

A student is performing the experiment of resonance Column. The diameter of the column tube is
4 cm. The frequency of the tuning fork is 512 Hz. The air temperature is 38°C in which the speed
of sound is 336 m/s. The zero of the meter scale coincides with the top end of the Resonance
Column tube. When the first resonance occurs, the reading of the water level in the column is

(A) 14.0 cm (B) 15.2 cm (C) 16.4cm (D) 17.6 cm
(B)
L +e= A
4
= L= A—e
4

=16.4-1.2=152cm
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SECTION Il : Paragraph Type

This section contain® multiple choice questionsrelating to three paragraphs wittvo questions on each
paragraph. Each question has four choices (A), (B), (C) @dpdut of whichONLY ONE is correct.

Paragraph for Questions 9 and 10

The general motion of a rigid body can be considered to be a combination of (i) a motion of its centre of
mass about an axis, and (ii) its motion about an instantaneous axis passing through the centre of mass.
These axes need not be stationary. Consider, for example, a thin uniform disc welded (rigidly fixed)
horizontally at its rim to a massless stick, as shown in the figure. When the disc-stick system is rotated
about the origin on a horizontal frictionless plane with angular speed w, the motion at any instant can be
taken as a combination of (i) a rotation of the centre of mass of the disc about the z-axis, and (ii) a rotation
of the disc through an instantaneous vertical axis passing through its centre of mass (as is seen from the
changed orientation of points P and Q). Both these motions have the same angular speed w in this case

Now consider two similar systems as shown in the figure: Case(a) the disc with its face vertical and
parallel to x-z plane; Case (b) the disc with its face making an angle of 45° with x-y plane and its
horizontal diameter parallel to x-axis. In both the cases, the disc is welded at point P, and the systems are

rotated with constant angular speed wabout the z-axis.
z

T
o /

y
P
X X
Case (a) Case (b)
9. Which of the following statements about the instantaneous axis (passing through the centre of

mass) is correct?

(A) Itis vertical for both the cases (a) and (b)

(B) It is vertical for case (a); and is at 45°to the x-z plane and lies in the plane of the disc for case

(b).

(C) Itis horizontal for case (a); and is at 45°t 0 the x-z plane and is normal to the plane of the disc
for case (b).

(D) It is vertical for case (a); and is 45°to the x-z plane and is normal to the plane of the disc for

case (b).
Sal. (A)
10. Which of the following statements regarding the angular speed about the instantaneous axis
(passing through the centre of mass) is correct?
(A) ltis V2w for both the cases. (B) Itis wfor case (a); and % for case (b).

(C) ltis wfor case (a); and V20 for case (b). (D) Itis wfor both the cases.

Sol. (D)
Paragraph for Questions 11 and 12
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The [(-decay process, discovered around 1900, is basically the decay of a neutron (n). In the laboratory,

a proton (p) and an electron (e") are observed as the decay products of the neutron. Therefore,
considering the decay of a neutron as a two-body decay process, it was predicted theoretically that the
kinetic energy of the electron should be a constant. But experimentally, it was observed that the electron

kinetic energy has continuous spectrum. Considering a three-body decay process, i.e. n - p+¢€ +Ve ,

around 1930, Pauli explained the observed electron energy spectrum. Assuming the anti-neutrino (Ge) to

be massless and possessing negligible energy, and the neutron to be at rest, momentum and energy
conservation principles are applied. From this calculation, the maximum kinetic energy of the electron is
0.8 x 10° eV. The kinetic energy carried by the proton is only the recoil energy.

11. If the anti-neutrino had a mass of 3eV/c? (where c is the speed of light) instead of zero mass, what
should be the range of the kinetic energy, K, of the electron?
(A) 0<K<0.8x10 eV (B) 3.0eV< K< 0.8« 10 e\
(C) 3.0eVs K< 0.8x 16 e\ (D) 0<K<0.8x10 eV
Sal. (D)
12. What is the maximum energy of the anti-neutrino?
(A) Zero (B) Much less than 0.8x 10 eV.
(C) Nearly 0.8x10 eV (D) Much larger than 0.8x 16 eV
Sol. (©)

Paragraph for Questions 13 and 14

Most materials have the refractive index, n > 1. So, when a light ray from air enters a naturally occurring
sinG, _ n,
sing,  n,
But it never emerges on the same side of the normal as the incident ray. According to electromagnetism,

material, then by Snell’s law, , it is understood that the refracted ray bends towards the normal.

the refractive index of the medium is given by the relation, n :(EJ:L/S,M,, where c is the speed of
v

electromagnetic waves in vacuum, v its speed in the medium, €, and p, are the relative permittivity and

permeability of the medium respectively.
In normal materials, both € and p,, are positive, implying positive n for the medium. When both €, and p,

are negative, one must choose the negative root of n. Such negative refractive index materials can now
be artificially prepared and are called meta-materials. They exhibit significantly different optical behavior,
without violating any physical laws. Since n is negative, it results in a change in the direction of
propagation of the refracted light. However, similar to normal materials, the frequency of light remains
unchanged upon refraction even in meta-materials.

13. For light incident from air on a meta-material, the appropriate ray diagram is

(A) (B)

Air Air

A\

Meta-material Meta-material '/6

2
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(©) (D) §
Air E
Meta-material D\
E 92\\
Sal. ©
14. Choose the correct statement.

(A) The speed of light in the meta-material is v = ¢|n|

(B) The speed of light in the meta-material is v = l%l

(C) The speed of light in the meta-material is v = c.

(D) The wavelength of the light in the meta-material (A,,) is given by A, = A4 |n|, where Ay, is
wavelength of the light in air.

Sal. (B)
SECTION Il : Multiple Correct Answer(s) Type

This section contain6 multiple choice questions Each question has four choices (A), (B), (C) &byl out of
which ONE or MORE are correct.

15. In the given circuit, the AC source has w = 100 rad/s. Considering the inductor and capacitor to
be ideal, the correct choice(s) is (are)
100pF 100Q

05H 50Q

20V
N

(A) The current through the circuit, | is 0.3 A. (B) The current through the circuit, | is 0.32A.
(C) The voltage across 100 Q resistor = 10/2V. (D) The voltage across 50 Q resistor = 10 V.

Sal. (A, C)
20 T
| = ——— +— ahead of voltage
T Jo0v2 4 g 100
20 Tt . 100+/2
lower = m ; —— behind voltage \/7 a

50

"4
m/4 10c
| = 1/|f+|§:\/%:o.3A 502

Capacitive circu
20

Vigoo = 100\/72

x100= 1(}/72_ Inductive circui
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16.

Sol.

17.

Sol.

Six point charges are kept at the vertices of a regular hexagon of side L and centre O, as shown

. , . 1 . . .
in the figure. Given that K= ﬂz , wWhich of the following statement(s) is (are) correct?
o L
F L
Rt T - —d
’ \ ’ ‘\
4 \ ’ \
I, \\ P I/ \\
// \\ /I \
I/ \ ’ \\
\ ’
K N /) ‘\\
’ \ / \
” \\ /, M)
AY
A l\\ S // \\O T ,/ D
+2q ,/ N /// -2q
A} ’ \ 7
\\ ’ \ 7
\\ // \\ I,
4 \
\\ ,/ \\ /,'
\\ // R \\ /’
N Ny
2
B1q qC

(A) The electric field at O is 6K along OD.

(B) The potential at O is zero.

(C) The potential at all points on the line PR is same.
(D) The potential at all points on the line ST is same.

(A, B, C)
Line PR is perpendicular bisector of all 2k
the dipoles.
) 60°
At point O: ZQ:O ok
TE, 60° 4k

Two spherical planets P and Q have the same uniform density p, masses M, and Mg and surface
areas A and 4A respectively. A spherical planet R also has uniform density p and its mass is (Mp
+ Mg). The escape velocities from the planets P, Q and R are Vp, Vg and Vg, respectively. Then
(A) Vo >Vr>Vp (B) VR > Vg >Vp

(C)VR/Vp:3 (D)VP/VQ: %

(B, D)

By calculation, if Mass of P =m
and Radius of P =R

Then Mass of Q = 8M

and radius of Q = 2R

and Mass of R = 9M

and radius of R = 9°R

v, /ZGM
R

2G8M
°Tyr 2V
2G8M
VR 91/3R _91/3vp
0 Ve>V,=V,
\%
_Q - 2
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18. The figure shows a system consisting of (i) a ring of outer radius 3R rolling clockwise without
slipping on a horizontal surface with angular speed w and (ii) an inner disc of radius 2R rotating
anti-clockwise with angular speed w2. The ring and disc are separated by frictionless ball
bearings. The point P on the inner disc is at a distance R from the origin, where OP makes an
angle of 30° with the horizontal. Then with respect to the horizontal surface,

(A) the point O has linear velocity 3Rwi

V3

(B) the point P has linear velocity %Rwﬁj RoK .

NE

(C) the point P has linear velocity ?Ruﬁ—TRwQ

(D) the point P has linear velocity [3—%} 1

Rwi + = Rwk
4

Sol. (A B)
V,(3R)wi =0
0 v, =3Rwi
V, o= —Rmi~+ R(A)\/é’j‘
' 4 4

0 Ve =Vp o+,

J3

= i+ Rm—?’]
4 4

O

19. Two solid cylinders P and Q of same mass and same radius start rolling down a fixed inclined
plane from the same height at the same time. Cylinder P has most of its mass concentrated near
its surface, while Q has most of its mass concentrated near the axis. Which statement(s) is(are)
correct?

(A) Both cylinders P and Q reach the ground at the same time.

(B) Cylinders P has larger linear acceleration than cylinder Q.

(C) Both cylinders reach the ground with same translational kinetic energy.
(D) Cylinder Q reaches the ground with larger angular speed.

Sol. (D)
_ Mgsin®
a=

Mo+

RZ
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_ Mgsine _g
T MRE 2
M +—Rz
ag=gsinB® as Ig~0
2.% /
O =
w R
_ 429/
= TR
O wp>w
20. A current carrying infinitely long wire is kept along the diameter of a circular wire loop, without

touching it, the correct statement(s) is(are)

(A) The emf induced in the loop is zero if the current is constant.

(B) The emf induced in the loop is finite if the current is constant.

(C) The emf induced in the loop is zero if the current decreases at a steady rate.
(D) The emf induced in the loop is infinite if the current decreases at a steady rate.

Sol. (A C)
©=zero
O d—(P =zero
dt
O A, C are correct. g
@ B
B
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PAPER-2 [Code - 8]
IITJEE 2012

PART - II: CHEMISTRY

SECTION I : Single Correct Answer Type

This section contain8 multiple choice questions Each question has four choices (A), (B), (C) &) out of
whichONLY ONE is correct.

21. The major produdt of the given reaction sequence is
CHy—CH,—CO—CH, Ot G 0 TF[e H
(A) CH3—CH:(|:—coo|— (B) CH3—CH:(|;—CN
©) (l')H (D) CH3—CH:c|:—c:O—NH2
CH,
Sal. (A)
i 7 T
HyC—CH,—C—CH, 0 #103. H3C—CH2—|C—Cl-13 0 21~ HiC—CH,—C—CH; 0 1. H,C—CH=C—COOF
C=N COOH CH,

©) (H)

22. NiCL{P(C,Hs),(C¢Hs)} » exhibits temperature dependent magnetic behayjmaramagnetic/diamagnetic).
The coordination geometries ofNin the paramagnetic and diamagnetic states apectsely

(A) tetrahedral and tetrahedral (B) square plamar square planar
(C) tetrahedral and square planar (D) squareapland tetrahedral
Sol. ©

In both complexes Ni exists as?Ni
In sp (tetrahedral)

N ]

ARERK X X | X X X represents electron p
3d 4s 4p ) donated by the ligands

e

sp & paramagnetic
In dsg (square planar geometry)

N |

]« [x] [x]x
3d 4sv 4p

dsg & hence diamagnet

V)

23. In the cyanide extraction process of silvenfrargentite ore, the oxidising and reducing agestsl are
(A) O, and CO respectively (B) £&nd Zn dust respectively
(C) HNG; and Zn dust respectively (D) HN@nd CO respectively

Sol. (B)

The reactions involved in cyanide extraction preca®:
Ag,S +4NaCNIl[l 2Na A¢ CN, |+ Na.

(argentite ord
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4Na, S+ §Q] + 2H Ol 2Na SQr 4NaOH

(oxidising agen}

2Na[ Ag(CN), |+ zn [iliif) Na[ zf{ CN, |+ 2Ag

(reducing agenjt

24, The reaction of white phosphorous with aqueda®H gives phosphine along with another phosphorous
containing compound. The reaction type; the oxatatstates of phosphorus in phosphine and the other
product are respectively

(A) redox reaction+3 and-5 (B) redox reaction; +3 and +5
(C) disproportionation reactior3 and +5 (D) disproportionation reactiot and +3
Sol. (©)
The balanced disproportionation reaction involvrigte phosphorus with aq. NaOH is
Oxidation

+1

-3
P’ +3NaOH+ 3H 01 0. PH+ 3Nah P¢

Reduction
* However, as the option involving +1 oxidatiorat& is completely missing, one might consider that
NaH,PO, formed has undergone thermal decomposition as istvealow:

+5
2NaH,PQ Ot Ng HPQ+ PE

Although heating is nowhere mentioned in the qaasthe “other product” as per available optioasras
to be NaHP GO, (oxidation state = +5).

*25. The shape of Xefp, molecule is
(A) trigonal bipyramidal (B) square planar
(C) tetrahedral (D) see—saw
Sol. (D)
F

Hybridization = spd
Shape = see — saw

26. For a dilute solution containing 2.5 g of a -rewlatile non—electrolyte solute in 100 g of wattre
elevation in boiling point at 1 atm pressure € 2Assuming concentration of solute is much lovirantthe
concentration of solvent, the vapour pressure (rikig) of the solution is (take k= 0.76 K kg mol)

(A) 724 (B) 740
(C) 736 (D) 718
Sol.  (A)

B - Solute; A- Solvent
Wg=259g,W=100¢g

AT, =2°
P —OPSZXB: Ny
p nB-’-r]A
P —Ops:& g <<n,
p Na
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760- R,  25/M _ mx18

760 100 1000 1000
18 1000

and from boiling point elevation,

2=0.76xm

..0)

m=—"_ (]
0.76 ®

on equating (i) and (ii)

Psoin = 724 mm

27. The compound that undergoes decarboxylatior readily under mild condition is
COOH COOH

CH,COOF 0
(B)

(A)
COOF CH,COOF

COOF o)
© (D)

Sol. (B)
B - keto acids undergoes decarboxylation easily.
COOH

a o)

(B~-keto acid

*28. Using the data provided, calculate the muitipbnd energy (kJ md) of a G=C bond in GH,. That energy
is (take the bond energy of a C—H bond as 350 kJyno

2C(900- 2 9 A H= 1410 kIma
2C(900- 2d 9 A H= 1410kIJmdt
H,(9) 0 O- 2H(g) AH= 330kJmatf
(A) 1165 (B) 837
(C) 865 (D) 815
Sol. (D)
() 2C(9+H (903 H-C=C H ¢ A H= 225 kImdh
(i) 2C(900- 24 ¢ A H= 1410 kImal
(i) H,(g)0 G- 2H(g) AH= 330 kdmot

From equation (i):
225:|:2><A Hc(s)uqu + Ix BL—'H_H}—[ X BE_,+ ¥ BI;C]
225=[1410+ ¥ 33p-[ 2 350 xd BE]

225=[1410r 33p-[ 708 BE]
225=1740- 706 BE..
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225 = 1040- BEc-c
BEcec = 1040- 225 = 815 kJ mot

SECTION Il : Paragraph Type

This section contains @nultiple choice questionsrelating to three paragraphs witvo questions on each
paragraph. Each question has four choices (A), (B), (C) @dout of whichONLY ONE is correct.

Paragraph for Questions 29 and 30

In the following reaction sequence, the compodiinglan intermediate.
| 0499 0 Paro-K
iii)anhyd. AlCly

J(CgHgO,) gives effervescence on treatment with NaH@@d a positive Baeyer’s test.

29. The compountlis
> H OH
N
(A) (B) é
c H
O Hy
N H
o
© (D)
Ans. (A)

30. The compounH{ is

0] O
0]
Ans. ©
Sol. 29-30

HsGOL-0 H
Ph- CHOT [ HGE00. Ph- CHe CH COOH MR (- Effervescer)

(Perkin condensatign (Cinnamic Acid

O YL BT (Positive Tesy
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CH cit,
\cle GH,
01t f1L
COOH coon Z T

C\
) g ¢

anhyd. A'%lFriedel Craft Acylation

(K)
Paragraph for Questions 31 and 32

The electrochemical cell shown below is a concéinimecell.
MOM?# (saturated solution of a sparingly soluble sal MIIM** (0.001 mol dr)CM

The emf of the cell depends on the difference imceatrations of M ions at the two electrodes. The emf of the cell

at 298 K is 0.059 V.

31.

Sol.

32.

Sol.

The value ofAG (kJ mol?) for the given cell is (take 1F = 96500 C mipl

(A) 5.7 (B) 5.7
(C) 11.4 (D) —-11.4
(D)

Atanode:M (s)+2X (ag) » MX,(aq+ 2&
At cathode:M*?(aq)+2€ -~ M( 9

n—factor of the cell reaction is 2.
AG =-nFE,, = -2x 9650& 0.0589 - 113873/mate- 11.387 KJ/nmote 1.41KJ/ mole

The solubility product (& mol dn®) of MX, at 298 K based on the information available f@& gfiven
concentration cell is (take 2.363R x 298/F = 0.059 V)

(A) 1x 10" (B) 4x 107
(C) 1x 102 (D) 4x 1072
(B)
M |M ™ (sat)|| M**(0.001 M

(Ksn:?)

emf of concentration cell,

_-0.059 |[M*]
Ecell - n logl:M+2:|c
0.059= 2999 [0.00]

2 M7

[M*,=10° = S (solubility of salt in saturated solution)

MX, 0 M*?+2x~(aq)
(9) (9 (29

Kp=4S =4x(10%°=4x 10"

Paragraph for Questions 33 and 34

Bleaching powder and bleach solution are produced ¢arge scale and used in several household gtsdlhe
effectiveness of bleach solution is often meastbemdometry.
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*33. Bleaching powder contains a salt of an oxoasidne of its components. The anhydride of thatoixl is

(A) ClL,O (B) CLO;
(C) CIG (D) ClOs
Sol.  (A)

Ca(OC) Cl. C&+ OCk Cl

(Bleaching Powder

HOCI| - H" +OCI

(oxo acid)
2HOCIO - H,0+ CLO
Anhydride of oxoacid (HOCI) is Q0.

*34. 25 mL of household solution was mixed with @@ of 0.50 M Kl and 10 mL of 4 N acetic acid. Ineth
titration of the liberated iodine, 48 mL of 0.25N,S,03 was used to reach the end point. The molarity of
the household bleach solution is

(A) 0.48 M (B) 0.96 M
(C) 0.24 M (D) 0.024 M
Sol. ()
CaOCl(ad+ 2KI » L+ C4 OH,+ KC
25 mL 30 mL
(M)molar 0.5( M)

l,+2Na,S,0, -~ Na S Q+ 2Ne
48

mL
0.25(N)=0.25 M

0.25

So, number of millimoles of, Iproduced= 48x =24x 0.25= ¢
In reaction;

- . 1
Number of millimoles of bleaching powd(anCaoc& ) = nlz_pmducedzzx Ny soused=6

So, (M) = Neaogy (Millimoles) _ 6 millimoles _ 0.24
’ V (in mL) 25 mL '

SECTION Il : Multiple Correct Answer(s) Type

The section contair® multiple choice questionsEach question has four choices (A), (B), (C) anyiqlt of which
ONE or MORE are correct.

*35. The reversible expansion of an ideal gas urdigbatic and isothermal conditions is shown & figure.
Which of the following statement(s) is (are) cotfec

t vty

P . )
adlapatlc (P2, Vy.T5)
(P3,V2,T;)
_.
\'4
(A) T1=T; (B) T3>T;
(C) WisothermaP Wadiabatic (D) AUisothermaI> AUadiabatic
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Sol. (A, C,D)
T, =T, because process is isothermal.
Work done in adiabatic process is less than ithemnal process because area covered by isotheumad
is more than the area covered by the adiabaticecurv
In adiabatic process expansion occurs by usingriat energy hence it decreases while in isothermal
process temperature remains constant that's wighange in internal energy.

36. For the given aqueous reactions, which of theement(s) is (are) true?

excess Ki+ K[ Fé CI, | 9t B3O, brownish-yellow solution
lZnsq

white precipitate + brwonish-yellow filtta

lNa23203
colourless solution

(A) The first reaction is a redox reaction.

(B) White precipitate is ZjFe(CN)]..

(C) Addition of filtrate to starch solution givéetue colour.
(D) White precipitate is soluble in NaOH solution.

Sal. (A, C, D)
Kg[lége(CN)G}+ Kl(exces} - 5[ +f:(e CD\A}+ Kl ( redox reactip

Brownish yellow solution

I3 +2Na,5,0, - Na, § Q++ 2Nat 1

(Brownish yellow filteratg Clear solution
K.[Fe(CN), ]+ 2ZnsQ - K zn[ Fé C) ] 0N Ng zh Of]
(White ppt) Soluble
37. With reference to the scheme given, which efgiven statement(s) abotitU, V andW is (are) correct?
@)
@]
H5C ¥
}mm4
excess

®
v P 0o U AP0 _ w

(A) T is soluble in hot agueous NaOH

(B) U is optically active

(C) Molecular formula oW is C;gH1g0,

(D) V gives effervescence on treatment with aqueous N&aHC

Sol. (A C,D)
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@)
O
H5C ¥
}mm4
OH OCOCH;
OH [ msulan OCOCH;
(V) (W)
(no chiral centre) (C10H1804)
\LCro3/H*
@)
OH
(0]
|
OH
(V) _
(Effervescence with NaHGD
38. Which of the given statement(s) abNyiO, P andQ with respect toM is (are) correct?
CH, CH,
HO HO cl
H H H oH HO H
H77>oH
HO Cl H CH;  HO L
H OH HO | H  HO | H
CH; Cl CH, Cl Cl
M N o} P Q
(A) M andN are non—mirror image stereoisomers  (B)andO are identical
(C) M andP are enantiomers (DY andQ are identical
Sol. (A, B, C)
Converting all the structure in the Fischer pragatt
Cl Cl Cl Cl Cl
Ho—{R—H Ho—RH  Ho—RH H—>0oH Ho—fRH
Ho—{5—H H—ROH HO—>—H H—R-oH  H—RoH
CH, CH, CH, CH, CH,
M N o) P Q
M and N are diastereocisomers
M and O are identical
M and P are enantiomers
M and Q are diastereoisomers
Hence, the correct options are A, B, C.
39. With respect to graphite and diamond, whicthefstatement(s) given below is (are) correct?
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(A) Graphite is harder than diamond.

(B) Graphite has higher electrical conductivitgrirdiamond.
(C) Graphite has higher thermal conductivity tidéamond.
(D) Graphite has higher C—C bond order than diamon

Sal. (B, D)
= Diamond is harder than graphite.

= Graphite is good conductor of electricity as eaahnbon is attached to three C-atoms leaving one
valency free, which is responsible for electricahduction, while in diamond, all the four valencids

carbon are satisfied, hence insulator.

Diamond is better thermal conductor than grapMtbereas electrical conduction is due to avaitghbil

of free electrons; thermal conduction is due tmgfar of thermal vibrations from atom to atom. A

compact and precisely aligned crystal like diamting facilitates fast movement of heat.

= In graphite, C — C bond acquires double bondattar, hence higher bond order than in diamond.
40. The given graphs / data |, I, Ill and IV regpeat general trends observed for different phyptsor and
chemisorption processes under mild conditions ofiperature and pressure. Which of the following
choice(s) about I, 11, Il and IV is (are) correct?
i @ I* constant 1 @ 17 constanl
= 3
2 t
E 2
= E
o W
i B
] 2
g z
-
T " ‘ J
f 3
@ ®
E] 200K
£ .
H 250K H
3 N T e
g f.': Distgnee of moteewle from the surfuce
- E
[ 3 Hos= 150 k) mol™!
= -5
E
L.
r -
(A) 1 is physisorption ant is chemisorption (B) is physisorption andl is chemisorption
(C) IV is chemisorption anll is chemisorption (D)V is chemisorption antdl is chemisorption
Sol. (A, C)

Graph (1) and (I1l) represent physiosorption besgglin physiosorption, the amount of adsorptiornrekses
with the increase of temperature and increasesthitlincrease of pressure.

Graph (Il) represent chemisorption, because itTmibarption amount of adsorption increase with the
increase of temperature. Graph (1V) is showingftinmation of a chemical bond, hence chemisorption.
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PAPER-2 [Code - 8]
IITJEE 2012

PART - lll: MATHEMATICS

SECTION I : Single Correct Answer Type

This section contain8 multiple choice questions Each question has four choices (A), (B), (C) &) out of
whichONLY ONE is correct.

41.

Sol.

42.

Sol.

Leta;, ay, as, ..... be in harmonic progression with = 5 anda,g = 25. The least positive integerfor
whicha, <0

(A) 22 (B) 23

(C) 24 (D) 25

(D)

ay, ay, ag, are in H.P.

i, i, —1 are in A.P.
& & ag
1_5
:>i:—1+(n—1)d<0, where22_29-( =
a8 a 19
= Li(n-1[-=2 <0
5 19%x 25
4(n—1)>:L
19x 5
n—1>19><5
4
n>12%1 L nsos

The equation of a plane passing through tledinintersection of the planest 2y + 3z =2 andx -y + z

=3andata distancez— from the point (3, 1, -1) is

3
(A)Sx—1ly+z=17
(C) x+y+2z=4+3
(A)

Equation of required plane is
P=(x+2y+3X-2)+A(x-y+z-3)=0

S A +AX+(2-ANy+B+N)z-(2+3A)=0

Its distance from (3, 1) is 2

V3

2 [3(1+A)+(2-2)=(3+A)~( 2+ 3)

= — =
B (2-0) 4 (300
2
:E:Z(L) :>3)\2+4)\+14:3\2
3 3\ +4\+14
7 5 11 z 17_
> A== = ——xX+—y-—+—=0
2 2 2 2 2

(B) J2x+ y= 3/2-1
(D) x-+2y=1-+/2
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-5x+ 1ly-z+ 17 = 0.

43. Let PQR be a triangle of arAawnitha =2,b = % and c :g, wherea, b, andc are the lengths of the sides
of the triangle opposite to the angles at P, QRundspectively. Thenizii:z%:z;:z equals
3 45
(A) Ty (B) Ty
3\ 45)?
© 5] © (%)
Sal. ()

2sir ©
2sinP- 2sinPcosP 1 cosP 2 —tarf—

2sinP+ 2sinPcosP # COSPZCOSZ—Z

_ (s=b)(s=¢)
- s(s—a)
- (B
_((s=b)(s-9))" _({2){2 (3) o
B n? a2
44, If & and b are vectors such thddi+b| =29 and ax(2i +3j+ 4I2): (d+3+ & b, then a possible
value of (@+b)-(-7 + 2] + X ) is
(GVAY (B) 3
(C) 4 (D) 8
Sal. (©)
ax 2i”+3]+4|2):(2f+ 3+ 42)><6

=+(-14+6+12) % 4.

45, If P is a 3 x 3 matrix such th& = 2P + |, whereP' is the transpose & andl is the 3 x 3 identity matrix,
X 0

then there exists a column matr¥=| y |#| 0| such that
z 0

0

(A) PX=[0 (B) PX = X
0

(C)PX = 2X (D) PX = —X

Sol. (D)
Give P = 2P + |
SP=2P+1=22P + 1)+
=>P+1=0
=SPX+X=0
PX =-X.
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46.

Sol.

47.

Sol.

48.

Sol.

Leta (a) andg (a) be the roots of the equatic{ﬁ'1+ a —1) X2+ W1+a- 1)><+(\6/ +a- J) = (where

a>-1.Thenlim a(a) and lim B(a) are
a-o

a-o"

5 1
A) —— and 1 B)-= and -1
(A) > (B) >

7 9
C)-— and 2 D)-— and 3
©) > (D) >
(B)
Letl +a=y

= yP-1) ¢+ yP-1)x+y-1=0
3 v2_ 6_

= y°-1 2+l T Y "l
y-1 y-1 y-1

Now taking Iim1 on both the sides
y-

~Llettog
3 2 6

=S 2¢+3x+1=0
x:—l,—l.
2

Four fair diceD,, D,, D3 and D,, each having six faces numbered 1, 2, 3, 4, 5, &ndre rolled
simultaneously. The probability thBt, shows a number appearing on on®g@fD, andD; is

91 108
A) — B) —
) 216 ®) 216
125 127
C) — D) —
( )216 ©) 216
(A)
. . 65° 125 91
Required probability = =]1-—=—
q P Y 6 216 216
T2 +
The value of the integralj (xz +In uj cosx dx is
-T/2 n=X
(A)O (B) %—4
™ 14
c) L +4 D) &
©) > (D) >
(B)
w2 .
I {x2+ln(—j}cosxdx
- X
12
w2 T2 T+ X
= I X2 cosxdx + I Ir(—j cosxdx
- X
-T2 -T1/2

w2
2 I x? cosxdx
0

w2
= 2|:X2 SinX+ X coX— Zsilx]o
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SECTION Il : Paragraph Type

This section contain® multiple choice questionsrelating to three paragraphs wittvo questions on each
paragraph. Each question has four choices (A), (B), (C) @dpdqut of whichONLY ONE is correct.

Paragraph for Questions 49 and 50

A tangentPT is drawn to the circled + y2 =4 at the pointP(\/é, 1). A straight lineL, perpendicular tdT is a

tangent to the circlgéx—3)? +y? =1.

49.

Sol.

50.

Sol.

A possible equation afis

(A) x-+/3y=1 (B) x++3y=1
(C) x—3y=-1 (D) x++/3y=5
(A)

Equation of tangent a?(@, 1)

\/§x+y: 4

Slope of line perpendicular to above tangemjl?

So equation of tangents with slop\% to (x— 3¥ + y* = 1 will be

=L (x-3)e1 14k
y—ﬁ(x 3)+1 1 3

\/§y:x—31(2)
x/éy:x—lor \/§y:x—5.

A common tangent of the two circles is

(A)x=4 B)y=2
(C) x+3y=4 (D) x+2J2y =6
(D)

Point of intersection of direct common tangent&i)

so let the equation of common tangent be
y—0=m(x-6)

as it touches+ y* = 4

0-0+6m

:> — |
V1+m?

=2
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on? =1 +nv
1
=+
22
So equation of common tangent
1 1
=——(x-6), y=——=(x—-6) and alsox = 2
y= 5 (x78) y=-—"5(x-6)

Paragraph for Questions 51 and 52

2(t-1)

Let f(x)=(1-x)?sin®x+x? for allx J IR, and letg(x) = I( Intjf(t) dt for allx O (1, ).

51. Consider the statements:
P : There exists some(] such thaf(x) + 2x = 2(1 +x°)
Q : There exists somel1[] such that fx) + 1 = (1 +X)

Then

(A) bothP andQ are true (BP is true and) is false

(C)P s false and) is true (D) bottP andQ are false
Sal. (©)

f(x) = (1 - X)%sin’x + X° OxOR

g(x) = j(%—mt] f)dt  OxO (L)
1

For statement P :

f(X) + 2x=2(1 +x9) ..(0)
(1-X)%ifx+x2 + 2 =2+ 2¢
(1-X%Sifx=x"-2x+2=K-17+1
(1-x)?(sifx-1)=1

—(1-x)%cosx =1

(1-x)2codx=-1

So equation (i) will not have real solution
So, P is wrong.

For statement Q :

21-X)%sitx + 2¢+ 1 =X+ 2¢ ...(i)
2(1-x)%sinfx = - 1

2sirx = X1
(@

2x-1 .
v Let h(x) = e - 2sirfx

Clearlyh(0) =-ve, lim h(X) =+
X-1

So by IVT, equation (ii) will have solution.
So, Q is correct.

52. Which of the following is true?
(A) gis increasing on (%) (B) g is decreasing on (%)
(C)gis increasing on (1, 2) and decreasing onrdj2(D) g is decreasing on (1, 2) and increasing ono{2,

Sol.  (B)
g(x = [M—In xJ f(x). ForxO(1,o), f(x)>0
X+1

Let h(x) :[M—In x] = h'(x)= 4 Sl 1)2
X+1 (x+1)2 X (x+1)? x

Alsoh(l)=0so,h(x) <0 0Ox>1
= g(x) is decreasing on ().
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Paragraph for Questions 53 and 54

Let a, denote the number of all-digit positive integers formed by the digits Oprlboth such that no consecutive
digits in them are 0. Leb, = the number of such-digit integers ending with digit 1 ang}, = the number of such
n—digit integers ending with digit 0.

53. The value oby is

(A7 (B)8

©9 (D) 11
Sal. (B)

ay=by+¢,

bn = a0

Ch=ap2=> 8y =81t a2
Asa;=1,ap=2,a3=3,a4,=5,a5=8= bz = 8.

54. Which of the following is correct?
(A) a7 =agtay (B) ¢z # CigtCys
(C) by 2 byg+Cyg (D) a7 =C7tbyg

Sol. (A

AS @, = ap-1 + a2
forn=17
= &7 =6 t a5

SECTION Il : Multiple Correct Answer(s) Type

This section contain6 multiple choice questions Each question has four choices (A), (B), (C) &byl out of
which ONE or MORE are correct.

55. For every integen, let a, and b, be real numbers. Let functién IR - IR be given by
0 :{an +sintx, forxO[2n, 7+ 1]
b, +cosrx, forxO (- 1,2

hold(s) for alin?

, for all integer:. If f is continuous, then which of the following

(A) @,y =b,1 =0 (B) a,-b, =1

©€) a,-b,y =1 (D) a4 b, =-1
Sol. (B, D)

At Xx=2n

LH.L = lim (b, +cosn(n—h)) =b, +1
RH.L. = rI}iEno(an +sinmi(2n+h)) =a,

f(2n) =4
For continuityb, + 1 =a,
At x=2n+1

LH.L= Limo(a” +sinmi(2n+1-h)) =a,
R.H.L= Liino(hq+1 +cos(m( M+ 1- h))) =B, -1

f(2n+1)=a,
For continuity
ah=bni—-1

a1 —by=-1
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56. If the straight I|ne571 yT‘leg and )%1 :yTﬂ:E are coplanar, then the plane(s) containing these
two lines is(are)
Ay+2z=-1 (B)y+z=-1
Qy-z=-1 (D)y-2z=-1
Sol. (B, C)
For given lines to be coplanar, we get
2 k
5 2 kl=0=>K=4k=%2
20

Fork = 2, obviously the plang+ 1 =zis common in both lines

Fork = - 2, family of plane containing first lineis+ty+A (x—-z-1)=0
Point ¢ 1,- 1, 0) must satisfy it

-2+A(-2)=0=>A=-

=>y+z+1=0.

1 4 4
57. If the adjoint of a 3 x 3 matrRis |2 1 7|, then the possible value(s) of the determinamR isf (are)
113
(A) -2 (B)-1
©1 (D) 2

Sol. (A, D)
|Adj P| = [P as (JAdj (P)| = |P])
Since |JAdjP|=1(37)-4(6-7)+4(2-1)
=4
IP| =2 or 2.

T TT

58.  Letf: (-1, 1) - IR be such thatf (cos® )= —2— for em(o,fjm(
2-seé B 4 4’2

f(%) is (are)
3 3
(A) 1—\E (B) 1+\E
2 2
(©) 1—\g (D) 1+\f5

Sol. (A, B)

For6 O [O, E)D[E, Ej.
4 4 2

Let cos 4 =1/3

— cos D= /1+cos43 \/7
(}j_ _ 2cod8 L1
2-se@® 2co%0- 1 cos®

(el

59. Let X and Y be two events such thaP(X |Y):%,P(Y |X):—; and P(X mY):%. Which of the

j Then the value(s) of

following is (are) correct?
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Sol.

60.

Sol.

(A) P(X DY):E (B) X andY are independent
(C) XandY are not independent (Dp(X°© mY)::—:;
(A, B)

(Xj_P(XmY)_l dP(XnY)_l

Y P(Y) 2 P(X) 3

1 1 1

P(XnY)===P(Y)== and P (X) ==

(XnY)=g =P (M =3 09 =2

Clearly,X andY are independent
Also,P (X Y)=S+1 1.2
2 36 3

If £(x) = joxetz (t-2)(t-3)dt for allx [ (0, ), then

(A) f has a local maximum at= 2 (B)f is decreasing on (2, 3)
(C) there exists some (0, ») such thaf(c) =0 (D)f has a local minimum at= 3

(A, B, C, D)

() = & (x-2)(x-3)

Clearly, maxima at = 2, minima ak = 3 and
decreasing ix [ (2, 3).

f'(xX) =0forx=2andx=3 (Rolle’s theorem)
so there exist €I(2, 3) for which
f"(c)=0.
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