IIT-JEE-2009

(PAPER —2, CODE — 1)

Time: 3 Hours Maximum Marks: 240

611?.5 tion paper lormat: \

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

2. SectionT 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.

-

Section IT 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, q, r, § and t) in Column IT. Any given stateanent 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.

-

Section I'V 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:

=

Far each question in Section T you will be awarded 3 marks if you darken the bubble coresponding 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 TI, 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 camies a maximum of 8
marks. There is no negative marking for incorrect answer(s) for this section.

9. For each question in Section I'V, you will be awarded 4 marks if you darken the bubble corresponding to the
correct answer and zero mark if no bubble is darkened. In all other cases, minus one {-1) mark w

awarded.
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Sol.

@)
Given, log K=6 — @

Since, log K =log A — _fa 80, 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) N0 (B) Nx0;
(C) N,O, (D) N2Os
(A, B,C)
//O
N,O N=—=N---0 , N0, N—O——N O=—N—N
/4 A\
O
NNV ¢S
Ngo4 ,N—N‘ a2 NZOS N—(O——0N
Y % 7 N
0 0 0
In the reaction
2X+B,H, - [BH, (X), | [BH,]
the amine(s) X is(are)
(A) NH, (B) CH;NH,
(C) (CH;):NH (D) (CH:):N
A B O
Due to bulkiness of timethylamine, it does not react.
The correct statement(s) about the following sugars X and Y is(are)
CH,OH
CH,OH —
2 CH,OH % H
H O g HOH,C O H o Hoo

H H HO H 0 oH

OH 0 CH,OH H H
HO 2 OH

HO H OH H
H ©H OH H
H ©oH
X Y

{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 ¥ are @ and f, respectively
(D) The glucosidic linkages in X and ¥ are / and «, respectively
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)
)

(B) | (@) Elimination
CHO
s "V
(#)] | (1) Nucleophilic addition
\/\OH
Br
s Ve
D) | {s) Esterification with acetic anhydride
\/\NOZ
{ty Dechydrogenation
Sol. ({(A-p,q.)(B-p,s O (C-r,5)D-p)
11. Match each of the reactions given in Column T with the corresponding product(s) given in Column TI.
Column -1 Column - IT
(A) Cu+ dil HNO; (p) NO
(B) Cu+concHNQO; | (g) NO,
(C) Zn+dil HNO; () N0
(D) Zn+concHNO; | (s) CuNO;)

()  ZnNO;),

Sol. ((A-p.5Y(B-q,)(C-r.)y(D—q,1))
3Cu +dil.8HINO, — 3Cu (NO, ), + 4,0+ 2NO

Cu +cone. 4HINO,; — Cu (NOS)1 +2H,0+2NO,
4Zn + dil. 10HNO, — 4Zn (NO, )1 + 5,0+ N,0
Zn+conc. 4HNO,; - Zn (NOs)2 +2H,0+2N0O,
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SECTION - IV

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 nunbers X, Y, Z and W (say) are 6, 0, 9 and 2, respectively, then the correct darkening
of bubbles will look like the following:

X Y Z W

OOOO
OO0
QO
OOOG
OOOE
OO
OO
QOO
PO
©OJoJolo,

12.

Sol.

13.

Sol.

14.

Sol.

18,

Sol.

16.

The oxidation nwnber of Mn in the product of alkaline oxidative fusion of MnQ, is

6
2Mn0O, +4KOH+0, —» 2K ,MnO, +2H,0 0. 8. of Mn =46 in K;MnO,

{ Potass un mangaale }
The nunber of water molecule(s) directly bonded to the metal centre in CuSO, -5H,0 is
4

Cus0, - SH,0 —»[ Cu(H,0), |s0, H,0

So, water molecules directly attached to Cu are 4.
The coordination number of Al in the crystalline state of AICI; is

6
Coordination mumber of Al is 6. Tt exists in ccp lattice with 6 coordinate layer structure.

In a constant volune calorimeter, 3.5 g of a gas with molecular weight 28 was bumt 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 nunerical value for
the enthalpy of combustion of the gas in kJmol™ is

9
Energy release at constant volune due to combustion of 3.5 gin of a gas = 2.5 < 0.45

. . 28
Hence energy released due to the combustion of 28 gm (i.e., 1 mole) of a gag = 2.5x 0.45x§ =9 kJmol™’

The dissociation constant of a substituted benzoic acid at 25°C is 1.0 x 10™. The pH of 2 0.01 M solution of
its sodium salt is
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Sol.

17.

Sol.

18.

Sol.

19.

Sol.

8
K, (CsH:COOH) =1 x 107
pH of 0.01 M CsHsCOONa

C,H,CO0™+ H,0 = C,H,CO0H+ OH™

Oﬂltl—h] 0.01 h 201 h
K . 2
K S 0.01h
K, 1-h
-14 32
10_4 _10”h (1-h=1)
10 1-h
[CH]=0.01h=001%x10"*=10°
[HT=10"
pH=8

The total nunber of cyclic structural as well as stereo isomers possible for a compound with the molecular

formula CsHyg 1s

7
CyCliC C5H19

1 2 3

For 3™ structure 2 eis-trans and 1 optical isomer are possible.

Total 7 isomers.

The total number of eand Bparticles emitted in the nuclear reaction % U — *1Pb is

8

U™ —F gy X2 5, PL™™ (60, 2B), Lotal 8 parileles.

At 400 K, the root mean square (nns) 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
MW. (X gas) =40, MW. (Y gas)=x

3RT, [2RT,

EES

4003  12x60

40 ¥ x
30= @
x

x=4
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PART II: MATHEMATICS

SECTION-I

Single Correct Choice Type

This section containg 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. The nonnal 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

5 2 W5 VI J
(A) ["‘7, +7] (B) [+T’ iT
© (3245, 1) o (225, + 25
Sol. () 1
Nonnal is 4x sec ¢ — 2y cosec =12 P (4cosd, 2sin ¢)
Q=(3coso,0)
M = (e, B) M
_ 3cosO+4dcosy T >
o= SR~ 2 cos QGceosp. 0))
= cos p= %a
p=sin¢
coso+sin® =1 /

P N N Y N
49 49

= las rectum X =+ 2\/5

@243, £ 1D,

21. The locus of the orthocentre of the triangle fonned by the lines (1 +px—py+p(l +p)=0,(1 +Q)x—qy +
qg(l+g)=0andy =0, where p = q, is

{A) a hyperbola {B) a parabola
{C) an ellipse (D) a straight line
Sol. (D)

Intersection point of y = 0 with first line is B{—p, 0)
Intersection point of v =0 with second line is A{—q, 0)
Intersection point of the two lines is C(pq, (p+ 1){gq + 1))
Altitude from Cto AB is x=pgq

Altitude fromBto AC isy =— li(x +p)
+q

Solving these twowe get x =pq andy =-pq
.. locus of orthocentre isx +y =0.
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22. 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
A1 ®) V2
© 3 D)2
Sol.  (C)
D.C of the line are 2L L
' NERNEIN
t t t
Alty point on the line at a distancet fromP(2, -1, 2)is | 2+ —, —1+—, 2+—
v R e e
which lieson2x+y+z=9=1t= 1/3
23. If the sum of first n tenns of an A.P. is cn® then the sum of squares of these n terms is
nl4n?-1)¢? nl4n®+1)c?
Ay ——— B —
6 3
n(4nl—1)c2 n{4n? +1)¢?
© = o e
3 6
Sol. (C)
te=c {n’ - (n—-1)%
=c(2n-1)

= tfl =c2(4n? —an+1)

SN :c;{4n(n+lé(2n+l)_4n(_r21+1_)+n}

n=|

Czl'l

Am+D2n+D-12(n+1) + 6}

2
= T{4n2+6n+2—6n—6+3} =%11(4[12—1).

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 of which ONE OR MORE is/are correct

24. The tangent PT and the nonnal 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 whosc

(A) vertex is [% OJ (B) directrix is x=10

.2 .
{C) latus rectum is Ta (D) focus is {a, 0)

Educational Material Downloaded from http://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



& eVidyarthi

FREE Education

IITJEE 2009-Paper 2-CMP-10

Sol. A, D) 'y 2
G=(h k)
—h= 2a+at” ,k=ﬁ
3 3
2 & &
N [Sh—ZaJ _ Qk’ T (—atz, 0) N (2a, at’ 0)
a da~”

= required parabola is

W_ZZMZQ[K_Z_‘@]

4at a a 3

. 1
25. For function fix) =xcos—, x> 1,
X
(A) for atleast one x in interval [1, o0), fix+ 2) —fix) <2
(B®) limf{'(x)=1
X
{C) far all x in the interval [1, o), fix + 2) —f(30) > 2
(D) f'(x) is sirictly decreasing in the interval [1, o)
Sol. (B,C,D)
For f(x) = x cos(l] ,x=21
X

f'(x)= cos [lj+lsm[lj = 1forx > o
X/ X X

also f"(x) = L,sin [lj— 1,, sin [lj —L;cos (lj
x° X x- X X X

= —Lcos[lj <0 forxz=1

e X

= f'(x) is decreasing for [1, »)

—XCos—

> +2) <f([x). Also, limf (x+2)-f(x)= lim{()ﬁ— 2)cos 1 5
XK= K= x+ x

—_
[R—
I
(]

~f(x+2)-f(x)>2vxzl

5
26. For0<g@< %, the solution(s) of Zcos ec [9+ (m;l) E} €os ec[eJr%j =4f2 is(are)
m=L
T n
Ay = I
(A) 2 (B) 5
© = ) m
12 12
Sol.  (C,D)
Given solutions
1 sin(8+n/4-0) sin(o+n/2-(0+n/1) sin((9+3ﬂ:/2)—(6+5n/4))}:4_J—
sin(n/4)| sin6-sin (@+n/4) sin(@+w/4)-sin(0+7/2) ~ sin(6+3n/2) sin(@+5n/4)

= J2[coto—cot(6+n/4)+cot(6+m/4) —cot(B+m/2)+...+cot(6+5n/4)—cot (6+3n/2)] = 442
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27.

Sol.

28.

Sol.

:>tan8+c0t8:4::>tan8:2J_rJ§

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)
() equation of ellipse is x*+ 2y =4 (D) the foci of ellipse are (+ V2, 0)
(A, B)

Ellipse and hyperbola will be confocal
= (+tae, 0)= (+1,0)

= [iaxi, 0] =(x1,0

N2
1
—a=+2 ande= —
N2
o>bi=a"(l-eHh2b’=1

r 2
.. Equation of ellipse x?+yT: 1.

IfI,= _[( SINX 4 n=0,1,2, ... then
1

+7%)sinx

10
(A) I,, = In +2 (B) Z Ilm+l =10n

m=1

10
(€ > Ly,=0 D)L, =Tpur

m=1
ABC)
h .
§1Nn Nx
I" = —_—
I x

1+ 7% )sinx

T = W T
_[ sin nx 7* sinnx _ Ismnx
[(lJr'n: )smx +x* )smx} d sin x

0

T

J-sm(n-s-il)x—smnxdx

Now, L., — e
0

.
J-Zcos(n-s-l)x sm)-:dx —o
4 ginx

=>L=nl= I2cosxdx=0
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D).

30.

(A)

®

©

)]

Sol.
(A).

(B).

(©).

(D).

dy _
el
= ) =2e" -1
—fn2)=3

Match the statements/expressions in Column I with the values given in Column IT.

Column 1 Column IT
Rool(s) of the expression 2sin’0 + sin’26 =2 T
®) —=
6
. . . . ox 3x b
Points of discontinuity of the function f{x) = { }cos{ } ()] 2
T T
where [y] denotes the largest integer less than or equal toy
Volune of the parallelopiped with its edges represented by T
thevecl;orsi+], i+2fi and Ai+]+1|:f( ® 3
Angle between vectors & and b wherc &, b and € are unit ©) I
vectors satisfying d+b+3¢=0 2
® T

(A) > (g, 5) B2 r5H) (O)>2ODMMI>O
25in%0 + 4sin’0 cos’@ =12
sin®6 + 2sin®0(1 — sin’e) =1

3sin’6 — 2sin*0— 1 =0 = sinf =+

‘ﬁl

0=

Nl.‘=|

I
4’
Lety—3—x
T

= lgyg'j YxE {E, 11:}
2 (4]
Now f{y) =[2y] cos[y]

Critical points arey— 1 Y= % y=3

= points of discontinuity {

o~|:=|
wl:=|

T
2’

0
0| = n = volume of parallelopiped = =«
T

= 42+2c0sa=\/§

=2+ 2cosa=3

T
== —.
3
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SECTION - IV

Integer Answer Type

This section containg 8 questions. The answer to each of the questions is a single digit integer, ranging firom 0 to 9.
The appropriate bubbles below the respective question numbers in the ORS have to be darkened. For example, if the
carrect answers Lo 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:

X Y Z w

OOOO
OOOO
DOGE
OO
©J0I010,
©lololo,
OO
010100,
OOGE
QO

31

Sol.

32.

Sol.

X
Let f: R — R be a continuous function which satisfies f(x) = .[f (t)dt . Then the value of f{In5) is
0

0
f(x) = Jf(t)dt = f0)=0
(]

also, F0) =), x>0

> =ke", x>0

 f{0)=0and f{x) is continuous = fX)=0v x>0
o f{Iinsy=n0.

The centres of two circles C; and C» each of umt 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 conunon tangent to C, and C passing through P is also a conunon tangent to C, and
C, then the radius of the circle C is

8
22
COSOL= ——
. 1
sing = —
3
242
tang = ——
R
=R= 2\5 = 8 units.
tan o
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33.

Sol.

34.

Sol.

35.

Sol.

36.
Sol.

Alternate:

®R+ 1P =R -1+ (42)’
= 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

¥ —8kx+16 (k> —k+1)=0
D>0>k>1 (D
i>»4::>&>4 4\/
2a 2

=>k>1 (D)
fM20>16-32k+16 (K —k+1)20
k*—3k+2=0

k<luk=22 )]

Using (1), (2) and (3)

ki[lilzz-

The maximum value of the fanction f{x) = 2x* — 15 x* + 36x — 48 on the set A = {x)x” + 20 < 9x]} is

7

O =6(x—2)(x—3)

so f (x) is increasing in (3, o)
Also, A={4<x <5}

cfe =f(5)=7.

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 friangles is

4 A

2 8a
=a—4y3a+8=0
:>a1+a2=4~/§,a1a2=8 0
=lag—a =4

= [Ap— Ay =%x 4sin30° x4 =4 .

If the function f{x) = x* + €% and g(x) = f(x), then the value of g'(1) is
2
floy=1,f(x) = 3x? Jr%e"sz

=gt g =1

Putx=0=g'(1)= !

—_—=2
'O
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37. Let p(x) be a polynomial of degree 4 having extrermun at x =1, 2 and lim [1+&::)] = 2. Then the value

x—0 X
of p(2) is
Sol. 1]

Let Py =ax*+bx* +ex’ + dx + e
P)=P'(2)=0

2
lin [L{’(X)] -2
x>0 xX-

S PO)=0=¢=0

1hn[2x+—P(x)]:2

x—=0 2x%

= P{0)=0 =d=0

1hn[MJ:2

x>0 2

=>c=1

Onsolving,a=1/4,b=-1
"(4 2

SoP(x)=T - +x?

= P(2)=0.
38. Let (x, ¥, z) be points with integer coordinates satisfying the system of homnogeneous equations:
x-y—z=0
-3x+z=0
—3x+2y tz=0.
Then the number of such points for which x>+ >+ z* < 100 is
Sol. 7
X-y—-z=0
—3x+z=0
=>y=0
and z =3x
= x2+y2+12:x2+22:x2+ 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.

Fhotoelectric effect experiments are perfonmed using three different metal plates p, q and r having work
functions ¢, = 2.0 eV, o, = 2.5 eV and ¢, = 3.0 eV, respectively. A light beam containing wavelengths of
550 nm, 450 nim and 350 nim with equal intensities illwninates each of the plates. The carrect I-V graph for

the experiment is

-

© I r
i % a

P

v

(A)
Vg = (1/e)[(hc/h) — 0]

=

Ve = (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=0.5428V

If n is the nunber of photons in unit time then nhe/A =1

= lpily i L=0p i, in=Apl Ay

"

{Take hc = 1240 eV nim)
B)

(D)

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 ,21(

Ay — |22
@) 2y M
6k

1
"y —,]—
© 2V M
©
. {0
Restoring torque =-2 x k [—6}—
2 )2
ket
¢ _ 5 9
dt? M2
12
6k
D m= j—
M

®

D)

N
2n
1

2n

k
M

[
M
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41. A piece of wire is bent in the shape of a parabola y = kx* (v-axis vertical) with a bead of mass m on it. The
bead can slide on the wire without friction. It stavs 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 equilibriun position of the bead, where the bead can stays at rest with respect to the wire, from the y-

axis is
a a
A) — -
(A) ok ®) 2k
2a a
)y — -
© o ) 2ak
Sol. (B)
tano=2
g
tan § = & =2kx
dx
a
= X=—
2gk
42. The mass M shown in the figure oscillates in simple hanmonic motion with
amplitude A. The amplitude of the point P is k, k; ”
kA k,A P
A) - e el
(A) K B K,
kA kA
) —— 2
© k +k, ©) k,+k,
Sol. o)
X + X2 = A
k])(l = kg)(g
Hencex, = koA
k,+k,
SECTION -I1

Multiple Correct Choice Type

This section containg 5 multiple choice questions. Each question has 4 choices (A), (B), {C) and (D) for its answer,
out of which ONE OR MORE isfare 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 carrect statement(s).
(A) The angular momentum of the charge —q is constant
(B) The linear momentwn 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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Sol.

45.

Sol.

46.

Sol.

47.

Sol.

The figure shows the P-V plot of an ideal gas taken through a cycle ABCDA.
The part ABC is a semi-circle and CDA is half of an ellipse. Then,

(A) the process during the path A — B is isothennal

{B) heat flows out of the gas during the pathB > C > D

{C) work done during the path A - B — C is zero 1

bW g

. . . C
{D) positive wark is done by the gas in the cycle ABCDA 0
1 2 3 V
(B) & (D)
AQ=AU+W
Forprocess B > C > D
AU is negative as well as W is also negative
A sphere is rolling without slipping on a fixed harizontal plane surface. In the C
figure, A is the point of contact, B is the cenire of the sphere and C is its topiost \
point. Then,
- . - . . . . 4 —l
(A) VC_VAZZ(VB_ c) (B) Vo-Vg=Vg-Vy
© [Ve-Vu|=2[% - @) [V~ V|- 4[%]| A

(B) & (C)

A student perfonned the experiment to measure the speed of sound in air using resonance air-colwnn

method. Two resonances in the air-colunn were obtained by lowering the water level. The resonance with

the shorter air-colunn 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-colunn 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 ps and pp, 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 mauner, the rings A and B jump to heights hy and hg, respectively, with h > hg. The
possible relation(s) between their resistivities and their masses m, and mg isare)

-
A =
—,
(A) pa > pe and my = mg (B)pa<pp and my =mg
(C) pa™ pr and my > mg (D) pa<pgr and my <mg
B) &)
As —% = emf is saine, the current induced in the ring will depend upon resistance of the ring. Larger the

resistivity smaller the current
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Sol.

49,

Sol.

A=, Bo2@;Co ;D (.5t

Column IT gives certain systems undergoing a process.
parameters related to the system. Match the statements in Column T to the appropriate process(es) from

Column II.

Column I
{A) The energy of the system is increased

{B) Mechanical energy is provided to the
system, which is converted into cnergy of

random motion of its parts

(C) Intermal energy of the system is
converted in to its mechanical energy

(D) Mass of the systemn is decreased

AP qth B2 @ CaExD ()

P

@

©

(s)

{t)

Column II
System:
Process :

Systemn:

Process:

System:

Process:

Systemn :

Process:

System:

Process:

Column I suggests changes in some of the

A capacitor, initially uncharged
Tt is connected to a battery

A gas in an adiabatic container
fitted with an adiabatic piston

The gas is compressed by
pushing the piston

A gas ina rigid container

The gas gets cooled dueto
colder atimosphere surrounding it

A heavy nucleus, initially at rest

The nucleus fissions into two
fragiments of nearly equal masses
and some neutrons are emitted

A resistive wire loop

The loop is placed in a time
varying magnetic field
perpendicular to its plane
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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 fiom 0 to 9.
The appropriate bubbles below the respective question numbers in the ORS have to be darkened. For example, if the
correct answers Lo question nunbers X, Y, Z and W (say) are 6, 0, 9 and 2, respectively, then the correct darkening
of bubbles will look like the following

X Y Z w

OOOE
DOOO
©eJelole,
©J6]0]0,
OO
©J6J016;
OOOE
QOO0
OOOE
©J0I0[0;

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 =

. . . . I
4Ix and QR = 5x. If the magnitude of the magnetic field at P due to this loop is k[4:”
™

k.

], find the value of

7
1 I
B=—to [cos 53°+cos37°] = 7 Hy
12x 48X
4n—
5
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 mv/s’, find the work done (in joules) by the string on the
block of mass 0.36 kg during the first second after the systein is released from rest.

8

2mg — T =2ma
T — g =ma
= a=gf3

T = 4mg/3

W:T.s:T.%at3 =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. 2
p=k*
E[r:E]:lE(r:R)
2 B
Dasctasea _ 1 Q
4ne, (R/2) 8 4me,R’
32qmclos:d = Q

B2 : 4rk (R]‘“'“
wod — | kr'daridr= —
Qenclosed { (a T 3) 2

ek
_ R"Y
Q (a+3)

Qe

LS I
2 =32
a=2

53. 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. |

Sol. 9
din, dmww Ax P (10— A)x
—ee TRV I » |
dt dt 0°C (ice) 400°C 100°C (steam)
400kS 300kS
mice (1 00— x)vaapour
A=9
54. 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 cn, respectively. Surface tension of the soap-water used to
make bubbles is 0.04 N/in. 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.]

Sol. 6
P,=P,+ Hgm 16 Nin*
Ry
Pa=Po+ 2L =12 Nim?
Rg
3
ng _PyfRg ) _ 6
n, PRy
55. A 20 em 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.

v

Sol. 5 3

—»
20 ¢m
v= \,f =10m/s
1l
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56.

Sol.

57.

Sol.

A= =10cm

f 100
Distance between the successive nodes = A/2=15 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 inotions 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 9 ms

mv, = mv', + 2mvy

-
=]
n|8

=Y Va vy =6ms
0-v,

After 2™ collision

vy =0C2m+mlvy > ve= %V’B = ve=4mfs

A cylindrical vessel of height 500 mun 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 becames
steady with height of water colwnn being 200 mun. Find the fall in height (in mm) of water level due to
opening of the orifice.

[Take atmospheric pressure = 1.0 x 10° NAn®, density of water = 1000 kg/in® and g = 10 m/s™. Neglect any
effect of surface tension. ]

6
P=P,— pgh=98 x 10* N/m"
PDV() =PV

10T A(500 — H)] =98 x 103[A(500 — 200)]
H=206 mm
Level fall =206 — 200 = 6 mm
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