11 T-JEE 2003 Mains Questions & Solutions- Maths
(The questions are based on nenory)

Break-up of questions:

Algebra Trigonometry | Co-ordinate Geometry | Calculus | Vector/3D

8 1 1 8 2

Sol.

Sol.

Prove that 1727 <liflz|<1<|zg

(2]
1-zz
z-2,

o, TPT. |1-2Z<|z,-z]|

o, TPT. (-2%)1-22)<(z-2)z-2)
o TPT. Wzllzl -1z -1z <0

o, TPT. @-1zF)+(z -1z <0

o, TPT. -1z Ffi-1z)<0
Which istrue because of |z1| < 1< |zy]

T.P.T. <1

P(x) isapolynomial function such that P(1) = 0, P'(x) > P(x), O x > 1. Prove that
P(x)>0,0x>1
[2]
P(x)—P(x)>0,0x>1

O e .P'(x)-e”P(x)>0 gx>1 (multiplying by €™ whichis+ve)

d (

. ™ (e .p(x))> 0, Ox>1

O e*.P(x) is an increasing function of x, 0 x O [1, ) (as P(x) being
polynomial function is a continuous function).

Thusforx >1

O e*P(x) > e*.P(1)

0 e”*.P(x)>0,asP(1)=0

O P(x) > 0. (as €™ +ve)




Sol.

Sol.

Sol.

@ b cO
If A:g) C ag abc=1, A'A=1, then find thevalue of & + b% + .

F a b3
[2]
ATA=
0 (det A) (det AT) =10 (det A)’=10 det A =+1.
Now det A = <& + b®+ 3 —3abc) =&+ b* + %) + 3
Thus —(a° +b® +c®) +3 = +1 =k(say) (say)
O a+b’+c®=3-k=2or4

Find the point on x* + 2y* = 6, which is nearest to the linex +y = 7.
[2]

Let P = (V6 cosd, V3 sing) be the \“ y
required point
Tangent at P should be of slope = — X +y=7
1 (dopeof thelinex +y=7) y
Now x* + 2y* =6 /\
dy ,
0 X+ 2 > X
o \\/
dy X 2 2
F-__ 2 X
0 dx 2y EJ’%:l
1

y0) __ 6cos® __ 1
B @a 2:/3sin6 J2

O cotd = \/_

O sme—i coso = \/7(asPI|&e|nthelstquadrant)

EFI e
I 1 =R
T

il Cma

= coefficient of x*in HC,(1+2%)" = "Cx(1+2x)™ +............ H

cot0=-

[2]




Sol.

Sol.

= coefficient of X“in [(1+2x) - (x)]"
= coefficient of X< in (1 + x)"

:an
1 a.izi =1
flal<21gq1,2 3. , n}. Prove that for no z, |z|<§and = can
occur simultaneously.
[2]
1=|3aZ|<3|aZ'|
0 1d4azZ|+|a,Zz?|+|a,Z2%|+....+|a Z" |
<2z1+12P +I1ZF +.t1ZT)

O 1+ 2|+ ZF+ 2P +..... + 2" > 312
Casel

IZ|<1
O 1+Z|+|Zf + .....0>3/2

_1 .3
0 1-1Z2| 2
O 2>3-3Z
0 IZ|> 13
Casell
|Z] = 1, then
obviously, |Z| < /3 isnot possible

az =1

Hence |Z| < /3 and = can not occur simultaneoudly for any a, |a| < 2.

if f :[‘ 2a, 2a] ~ R pe an odd function such that left hand derivative at x = ais
zero and f(x) = f(2a—x), x I (a, 2a), then find left hand derivative of f at x = —a.

[2]

Lt =0

f'(a)=n-o h , x 0(0, 2a)
Lt f(-a+h)-f(-a)

Now f'(—&) = h-o" h

-f(a-h)+f(a)
h-o" h , fisan odd function.




Lt -f(a+h)+f(a)
= hoo- h , f(x) =f(2a—x), x 0 (a, 2a)
fla+h)-f(a)

- Lt =0
= h-0
8. If f(X) isan even function, then prove that

/2

/4
[f (cos2x) cosxdx = /2 [f (sin2x)cosxdx
0 0

[2]

/2
L= f (cos2x)cosx dx
Sol. 0

/2

= [f (cos2( ¥ 2 —x))cos(r/ 2 - x)dx

/2
I :I f (cos2x)sin xdx

0 ,asfiseven
/2

2l = J’ f (cos2x)(cosx +sin x)dx
0

/2

V2 [ f (cos2x)sin(x +7t/ 4)dx

V2 [ tloos{ru2 +2)oostt T TT,

= -t/ 4

n/4
J2 [f (sin2t)costdt
= -4

/4

I :\/EI f (sin2t)costdt
0

/4

I =x/§If(sin2x)cosxdx
0

9. A person has to go through three successive tests. Probability of his passing first
exam is P. Probability of passing successive tests is P or P/2 according as he

passed the last test or not. He is selected if he passes at least two tests. Find the
probability of his selection.

[2]
Sol. Personisselected if either he passes al the tests or exactly two of the tests.
P (passing dl thetests) = P.P.P=P*
Probability of passing two tests

= P(first two tests) + P(first and third tests) + P(second and third tests)




10.

Sol.

11.

Sol.

=PP.(1-P) +P.(1— P).g+ 1- P)g P

_ 12 _pyalp2y
—P2(1—P)+§P(1 P)+2P(1 P)

=2P(1-P)
Thus required probability = P> + 2 PP(1—P) = 2P* — P,

In a combat between A, B and C, A tries to hit B and C, and B and C try to hit A.
Probability of A, B and C hitting the targets are 2/3, 1/2, and 1/3 respectively. If A
is hit, find the probability that B hits A and C does not.

[2]
The required probability is given by

P(A| BC')P(BC')
P(A| BC')P(BC') +P(A| B'C).P(B'C) + P(A| BC).P(BC) + P(A|BC).P(B'C)
11)(2
2 3
11 xg +11 x& +11 x} +OX1XE
2 3 23 723 2 3

P(BC'|A)=

oOlRWlF
N

wlk
ol

Three normals with slopes m;, m, and ms are drawn from a point P not on the axis
of the parabola y? = 4x. If mim; = q, results in the locus of P being a part of the
parabola, find the value of a.
[4]

Any norma of slope m to the Ay my
parabola
y? = 4x is
y=mx—-2m-m> (1) P(h, k)
If it passes through (h, k), then

k=mh-2m-m? > X
O m®+(2—-hm+k=0(2)
Thus mymoms = k. m

-k
Now mimp=aJ mg= O
Now mg satisfies (2), so
3
_k —(2—h)5+k:o

al a

O k*+ (2= h)ka®?—ka®=0




Thuslocusof Pis
Y’ +(2-x)ya’ —ya®=0
O V' +(2-x)a’—a*=0, asy # 0 (P does not lie on the axis of the parabola)

O v =o’x—-2a?+a°
If it isa part of the parabolay? = 4x, then a® = 4 and —20%> + a®> = 0
U a=2

12. Let f : [0, 4] - R beadifferentiable function
(i) For somea, b (0, 4), show that f*(4) —f*(0) = 8f(a).f'(b)
4

(i) Show that [ f (tydt =2 f (o) +B f (B*)3, for some O < ; B< 2.

[4]
Sal. (i) Using mean value theorem, there exists b [ (0, 4) such that

f(4)-10)
= 4 1)

(1@ - (1) ="O=TO) (s (3)+ 1 )xa

Now 4
From (1)

(f(@) -(1Q)) = ()1 (4)+ £ (0))x4

Henceit is sufficient to prove that

f(0)+f(4) _ f(a)

2

Range of function f must contain the interval [f(O), f(4)] or [f(4)’ f(O)]
according as

f(0) < f(4) or f(0) = f(4)
f(0)+ f (4)
Now 2 is the mean value of f(0) and f(4)
af (0)+ f (4)5
O O 2 [drangeof the function
O all]o0, 4] for which 2 . Hence proved.
(ii) Let‘_v/f X £ X0 dt =2x dx_

4

2
[ f @)t =2 (x? bix = 2(2 - 0)f ()
Thus 0 for some € [J (0, 2), (using mean value
theorem for definite integral of a differentiable function).

[0 =2(1 &)+ 16)

Thus ©
- Z(O(f (GZ)JFBf ([32)) wherea =B =¢.




13. If I, represents area of n—sided regular polygon inscribed in a unit circle and O,
the area of the n-sided regular polygon circumscribing it, prove that

H H
l, :%E+ {1—%@%

Sol. 'n=2Nx areaof AOALI;
) 2n><%><A&|1><0|l

[4]

O
nxsinExcosE
= n n A OA.Ol; =1U/n
NgnZt .
=2 n . B, Ol
O, =2 x greaof A OB,0;
1
_ 2n><§><Blol><OlO
n><tan1[><1 ntanE
= n = n
O O
%Ei+ 1-FHo
an @0
Now R.H.S. = H H
o, ., 2nd
i+ [1-sn? S0 %émosz—"m
=20 n QO = 2 n
O x2cos ™ 0,.cos?
= 2 n = n
2 n_. 2m
ntan—.cos” — —sin—
= n n = n :|n_
Hence proved

14. Find the equation of the plane passing through (2, 1, 0); (4, 1, 1); (5, 0, 1). Find
the point Q such that its distance from the plane is equal to the distance of point
P(2, 1, 6) from the plane and the line joining P and Q is perpendicular to the
plane.
[4]

Sol.  Let equation of the plane be
aXx+by+cz+d=0 Q)

(1) passesthrough the points (2, 1, 0); (4, 1, 1); (5,0, 1)




15.

Sol.

16.

Sol.

a=—d/3;b=-d/3;c= gd

X+y—-22-3=0 2
which isthe required equation of the plane
obviously Q istheimage of Pin the plane. It is easy to see that Q = (6, 5, —2)

=<

if U, V, W pe three non—coplanar unit vectors with angles between U and V isa,

between V and W is B and between W and @ isy. If & D, € are the unit vectors
along angle bisectors of a, 3, y respectively, then

a””~~~_iAAA22 2 2
[aXb, b xcC, c><a]—16[uvvv] Sec %Esec %%ec %E

prove that
[4]

. (G+9)

2|cosa /2|
= (0 +w)

2| cosB/2|
c= (W+0a)

2|cosy/2|

_0 (@+9)x@+w)(w+a) o

0 [é xb, b x¢, éxé]:[é, b, 6]2 "~ 18| cosa/2.cospl 2.cosy/ 2 |H

~ o T2
) [U\i—w]secz(alz).secz(ﬁl 2)sec(y/2)

If a b and c are in arithmetic progression and &, b® and ¢ are in Harmonic
progression, then prove that either a=b = c or a, b and —/2 are in Geometric
Progression.

[4]

Giventhat 2b=a+c (1
&, b? c?arein H.P.
b? = 2a’c?
and a? +c? )
,  2a’c?

From (2) 4b® - 2ac , using (1)
O (ac—b% (ac+2b*) =0

O b? = ac or 2b® = —ac.
Casel: b’=ac

Bﬁg:ac
020

, using (1)




17.

Sol.

18.

Sol.

0 a=c
O a=b=c,asab,caeinA.P.
Casell: 2b% = —ac

0 a b,—c/2arein G.P. (one of the possibilities)

Tangents are drawn from P(6, 8) to the circle x* + y* = r. Find the radius of the
circle such that the area of the A formed by tangents and chord of contact is
maximum.

[4]

tanezL
PS
r
_ (6, 8)
= 100-r?
sinf=——
10
/ .2
Cos@:&
10
1
Areaof APSM = 2 SM x PN
=%.28N><PN=SN x PN
= SPsind x SPcost
- (\/100—r2)2 xsinBcoso
/ .2
100 r2) L ¥AO=T"
= 10 10
r(l00-r?)"?
= 100
o2
% :i . E(]_OO—rz)le(—Zr)r +M =0
d 100 2 100

/12
(100 ‘rz)l (—3r2 +100‘rz)zo,r;t10asPisoutsidethecircle.
4?=1000 r’=250r=5
Thusfor r =5, A would be maximum.

x*>+ (a—b)x + (L—a—h) =0, a b O R. Find the condition on a, for which both
roots of the equation are real and unequal.
[4]

For real and unequal roots, D >0
(a—b)>’—4(1-a-b)>0,0b0OR
O b’—2ab+4b+a +4a—-4>0,0b0R




19.

Sol.

20.

Sol.

b’ 2(@a-2)b+a’+4a-4>0,0b0OR
Aa—2)°—4(a*+4a—4)<0
d—da+d4—-a—4a+4<0

8a>810 a>1.

I

Using 2(1 — cosx) < x, 0OxO [0, 174] or otherwise prove that sin(tanx) = x, [Ox [
[0, TV4]
[4]
Let f(x) = Sinx — tan x
1
0 f'(x) = cosx — 1+ X

. . . 1 .
Now in the first quadrant cosx is concave down and I IS concave up,
X

hencef’(x) = 0.

Thusf isanincreasing function.
Hencef(x) >f(0), Ix=0,x<1
O sinx > tan™x.

on replacing x by tanx, we get
sin(tanx) = x.

Hence proved.

Aninverted cone of height H, and radius R is pointed at bottom. It isfilled with a
volatile liquid completely. If the rate of evaporation is directly proportiona to the
surface area of the liquid in contact with air (constant of proportionality k > 0).
Find the time in which whole liquid evaporates.

[4]

R_I
H h
h="1

R
Y v
dt

EEnrzhH:—knr2
0 dt 8 O

3

d HE:—BKr2
q AR

a_ (R
U dt H

0

GE
!dr— F-([dt







Sol.

Sol.

3.

I T-JEE 2003 Mains Questions & Solutions - Physics
(The questions are based on memory)

Break-up of questions:

Mechanics | Sound Heat Electromagnetism | Optics | Modern Physics

6 2 2 5 2 3

N divisions on the main scale of a vernier callipers coincide with N + 1 divisions
on the vernier scale. If each division on the main scale is of a units, determine the
least count of the instrument.

[2]

Least count of vernier callipers = value of one division of main scale - value of
one division of vernier scale
Now Nxa=(N+21la {a =vaueof onedivision of vernier scale)

a
O Leastcount=a-a = N+1

Characteristic X-rays of frequency 4.2 x 10" Hz are produced when transitions
from L shell to K shell take place in a certain target material. Use Modley's law to
determine the atomic number of the target material. Given Rydberg constant R =
1.1x 10" m™.

[2]
According to Bohr's model

oy 201 10
AE = \v = Rhe(z-b) T 20 o Lk

(b=1)

Jazxag® = |3 x1.1x107 x3x10°
' ) (z-1)

4
Solving (z-1)=41.194
z=42

In a resonance tube experiment to determine the speed of sound in air, a pipe of
diameter 5 cm is used. The air column in pipe resonates with a tuning fork of




Sol.

Sol.

Sol.

frequency 480 Hz when the minimum length of the air column is 16 cm. Find the
speed of sound in air at room temperature.

[2]
\

=480
4| L+ 0.6r|

U V =480 x 4 x[0.16 + 0.6 x 0.025] = 336 m/s

An insulated box containing a monatomic gas of molar mass M moving with a
speed Vo is suddenly stopped. Find the increment in gas temperature as a result of
stopping the box.

[2]

Decrease in kinetic energy = Increase in internal energy.

ln2=m R
2 My-1
L2=L3par
2 M 2
AT = M
3R
: : *q -
Eight point charges are placed at ;\
the corners of a cube of edge a as - T *q

shown in the figure. Find the work i
done in disassembling this system +
of charges. -0k 24

[2]
For potentia energy total number of charge pairs = 28.
Let U, = Potentia energy of charge pairs with separation a (12 pairs)

U, = Potential energy of charge pairs with separation V2a (12 pairs)
U3 = Potentia energy of charge pairs with separation V3 a (4 pairs)

_ 2 ] 1 0
u, = —12Kd K=o
a 0 & [0
U _12Kg?
2" J2a
- 4Kg?
Ug=————
3 \/§a
= total potentia energy of system=U; + Uy + U3
Ke®O ., , 12 Kq2

e TR e




When the charges are separated to infinity, potential energy U= 0
Kg?
Changeinenergy =0- (-5.824 a )=5.824
Kg?
So work done by external force = change in potential energy = 5824 a

Show by diagram, how can we use arheostat as the potential divider.

Load
Cl
B

[2]

:
:
:

A radioactive element decays by 3 emission. A detector records n beta particlesin
2 seconds and in next 2 seconds it records 0.75n beta particles. Find mean life
correct to nearest whole number. GivenIn 2| = 0.6931, In [3| = 1.0986.

[2]

N = Noe—)\t
N, = Ng 2

and N4 = Noe_4>\

0 n:NO—NZ:NO(l—e‘”)

ad  075n= No €2 -e®)

Solving we get,
A =0.145¢g1

Average life= — = 6.896 second.

1
A
A man and a mass m are initially yA
situated on the diametricaly
opposite ends as shown in the

figure. At some instant they start
moving with constant speeds v; and

V. If the man movesin ] direction

and mass moves in a circle of
radius r as shown in the figure.




Sol.

Sol.

Find the linear momentum of mass
with respect to man as a function of
time.

Let at any time t mass is Situated as
shown.

V, =\, Sin@ +V,cos6j
—vzsin&tﬁ+vzcos&tﬁ
gr o gr o

r
Vo =—W
27

Relative velocity of the mass with
respect to the person is
=%V

yA

Vi A

—vzsin&.tﬁ+§/2cos&.ta—vlg
or 0O aor 0O

Relative momentum of mass with respect to the person will be

m%~vﬁn%.t@+ %/ZCOS%IQ"WEE

In the figure, light is incident on the
thin lens as shown. The radius of
curvature for both the surfaces is R.
Determine the focal length of this
system.

For refraction at 1’ st surface,

e B R

U= oo
1 _ (1 —p)
O i H2R (1)

For refraction at 2' nd surface,

My 1 s-qu
HoVo Vg Ha-R

Now v =f, by putting the value of 1 from (1)

f = H3R
0 Hz = Hq

M1

Ha

[2]

[2]



10.

11.

Sol.

In a photoelectric effect experiment, P4
photons with kinetic energy = 5 eV are
incident on a metal surface having work
function 3 eV. For intensity of incident

photons ' =10° W/m? saturation current
of 4 pYA is obtained. Sketch the graph

between i and anode voltage for A and

N B OO

»
»

lg =21, o 1 2 3 4V
_ _ o 2]
Since doubling the intensity doubles the number of photoelectrons, therefore the
saturation current will be doubled in the later case.

<&
Al T

T4 3

A soap bubble is being blown at the end of a very

narrow tube of radius b. Air (density p) moves b
with a velocity v inside the tube and comes to rest
inside the bubble. The surface tension of the soap
solution is T. After some time the bubble, having
grown to aradius r, separates from the tube. Find
the value of r. Assume that r >> b so that your can
consider the air to be faling normaly on the
bubble's surface. [4]

Surface Tension force = 2rmbx 2T sin 6
Mass of the air per second entering the bubble
pPAvV

Momentum of air per second = Force due to air
pAV?

The bubble will separate from the tube when force
due to moving air becomes equa to the surface
tension force inside the bubble.

2nbx 2T sin 8= p AV




putting sin@ :g,A:nbzand solving we get

4T
r=——

pv?

12.  Thereis acrater of depth % on the surface of the moon (radius R). A projectile

is fired vertically upward from the crater with a velocity, which is equal to the
escape velocity v from the surface of the moon. Find the maximum height attained
by the projectile.

[4]

Sol.  Let particle be projected from A and B— =
it reaches to point B at a height h
from surface. h
It is projected with escape velocity
2GM R/lOOI

= R
Energy a A = energy at B.
K.EE+P.E.(aaA)=P.E. aB

Ln20M G [, 99 o GMm
2 R 2R moo0 g (R+h)
1 _2GM _2.0199GmM _  GMm
2 R 2R (R+h)
_ 0.0199GMm __ GMm

2R (R+h)

_ 2R

~ 00199 = 100.5R
h=099.5R

13. A positive point charge q is fixed at origin. A dipole with a dipole moment P is

placed along the x-axis far away from the origin with P pointing along positive x-
axis. Find
(a) the kinetic energy of the dipole when it reaches a distance d from the origin, and
(b) the force experienced by the charge q at this moment.
[4]

Sol.(a) 4ame, x
1 op
0 Kinetic energy at adistance x = d will be = 4T d?
(b)




_du
dx
_ —29p
4rte,d° (-ve sign implies an attractive force)

14.  Two infinitely long parallel wires carrying currents

| = loSNWt jn opposite directions are placed a
distance 3a apart. A sguare loop of side a of
negligible resistance with a capacitor of Y
capacitance C is placed in the plane of wires as

shown. Find the maximum current in the sguare CJ_——
loop. Also sketch the graph showing the variation
of charge on the upper plate of the capacitor as a DR -
function of time for one complete cycle taking ) 3a >
anticlockwise direction for the current in the loop (4]
as positive.
Q(t)A
O 14712 314 T ¢
Sol.  Inthe square loop magnetic field due to both the (1) (2)
wiresis out of paper.
For a elemental strip of thickness dx at a distance
x from wire 1, magnetic field due to wire (1) and il A
(2) will be X_,,
_ Mol Hol |
B =
o 21(3a - x) C—|—
Flux inthe strip
_ _ Mo 1 0
dd=BdA="2>—+ d
2n 5 3a- x%a X
o =K@ x| In3a - x)}22
0 21 a
o = H¥ gngtin(2)
i
- _[dP| _ wopyailin(2)cosot _do
]t | s Now Q=CEyg and  dt

- Cawpai In(2)sinwt
o Tt




15.

Sol.

For imax, sinwt=1
_ Cup,aiIn(2)
T

T/4/\3T/ 4

|max

Q(t)a

A ring of radius R having
uniformly distributed charge Q is
mounted on a rod suspended by
two identical strings. The tension
in strings in equilibrium is T,.
Now a vertica magnetic field is
switched on and ring is rotated at
constant angular velocity w. Find
the maximum w with which the
ring can be rotated if the strings
can withstand a maximum tension
of 3Ty/2.

Let for wstring breaks, 2T,=mg, T, =mg/2

W
_xQ
current = 21
Magnetic moment = |A
T=MxB=1AB
R =1AB
(T1-Ty) 2
21AB
T]_ - T2 = D
T, +T,o= mg
o, = 21AB

+mg

2x3T, _ 26Q xTR*xB |
2 21D
3mg _ 20QNR?xB
= +
2 2mD m

o/ 7 K'T f

[4]



16.

Sol.

17.

my _ 6QR'B

2 D
putting, mg/2 =T,
_ DT,
QR’B

i

A liquid of density 900 kg/m® is filled in a =+
cylindrical tank of upper radius 0.9 m and lower

radius 0.3 m. A capillary tube of length | is attached

at the bottom of the tank as shown in the figure. The H
capillary has outer radius 0.002 m and inner radius a.

When pressure P is applied at the top of the tank o
volume flow rate of the liquid is 8 x 10° m*s and if
capillary tube is detached, the liquid comes out from
the tank with a velocity 10 m/s. Determine the
coefficient of viscosity of the liquid. [4]
[Given: T@° = 10° m? and a*/l = 2 x 10° m]

)

When capillary is not connected
P +R, +pgH +%pvf =%pVS+Po

1
p +pgH =§p(\/§—v12)
AV = AV,

V.
= P

A
_1Ho BA SMH 1 oH MAH_1 4 LA 800p
P+ng—2pE/2 EEVZ% 2pvzg %gﬁ 2p100§t a@ 18

Excess pressureis D TPaW

2 x107® x107° x800p
8x18x N
n = 1.25 x 10° Ngm?

8x107% =

A string of mass per unit length p is clamped at both ends such that one end of the
string is at x = 0 and the other is at x = |. When string vibrates in fundamental
mode, amplitude of the mid point of the string is a, and tension in the string is T.
Find the total oscillation energy stored in the string.

[4]




Sol.

18.

Sol.(a)

The amplitude at a distance x from the origin is given by
A=asinkx
Considering an element of length dx of the string at a distance x from the origin.
Thetotal energy of this element = its maximum kinetic energy
1

~ %dmo}Az = x4t f 2a? sin? kx
— 2T[2uf 232 sin? kxdx

L
J21Puf %a®sin® kxdx
Total energy of thestring = 0

. .
TCuf 2a® [ (1- cos2kx)ix =TCpf %a? §< -3n Zb(%
= 0

in2kL [
L
_ e 2 H= mufzalL

] sin2kL=sin4—TTA =sin2n=0
Since A2
2 2
T[zuv—zazL = nzl,; a’l = wa’T
= A 41 4L
A prism of refracting angle 30° is coated with a A
thin film of transparent material of refractive
index 2.2 on face AC of the prism. A light of 30°

wavelength 6600 A is incident on face AB such
that angle of incidenceis 60°, find

(a) the angle of emergence, and

[Given refractive index of the material of the B C
prismis V3 ] [4]

(b) the minimum value of thickness of the coated

film on the face AC for which the light emerging
from the face has maximum intensity.

1.5n60°= V3 _ sinr

1
nr=—
S 2 O r =30°
In AADE
30 +(90-30)+ a =180
a =90°

[0 Ray refracted on the first surface of
the prism isincident normally on the face
AC.

Hence it will emerge undeviated.

[0 angle of emergenceis zero.




19.

Sol.

20.

(b) Intensity will be maximum if constructive interference takes place in the

transmitted system.
2ut = nA

t:L

2

6000 _
min = 5% 2.2 =1500 A

(n =1 for minimum thickness)

Two point masses my and m, are connected by a spring of natural length |,. The
spring is compressed such that the two point masses touch each other and then

they are fastened by a string. Then the system is moved with a velocity Yo along
positive x-axis. When the system reaches the origin the strings breaks (t = 0). The

position of the point mass my is given by

X =Vot ~A{Ll-coswt) \here A and o are constants.
Find the position of the second block as a function of time. Also find the relation

between A and lo .

Since there is no external force, momentum of the system is conserved.

oy Do _
B L (my+mp ),
e _ _m 34
S My (my+m g —m
= (my +mp g —my(v, ~Acsinet)
= MV, +mawsinwt
% =V, +ﬂAwsinoot
O dt m,

m AW
m

t t
Xp = [Vodt + [sincotdt
0 0

X =X

Maximum value of x> - X1 =2,
3, =2 5 2 A
0 m, nm

The top of an insulated cylindrical
container is covered by a disc
having emissivity 0.6 and
conductivity 0.167 W/K/m and
thickness 1 cm. The temperature is
maintained by circulating oil as
shown.

Vot +

M 1 - coswt)
m

_nr:lle (1 —cosut) +A(l —cosawt)

(m +my)A

Oil out <«

<— Oilin

[4]

[4]



(@ Find the radiation loss to the
surroundings  in  Jms  if
temperature of the upper surface of
disc is 127 °C, and temperature of
surroundingsis 27°C.

(b) Also find the temperature of the
circulating oil. Neglect the heat
loss due to convection.

[Giveno = % x 108 Wm2K™].

20. (a) Rate of heat loss per unit area due to radiation
eo(T4 ) 0.6x%! xlo‘ [(400)4 - (300)4]

=595 Jm°. s
(b) Suppose temperature of ail is 8 then rate of heat flow through conduction = rate of
heat 10ss due to radiation.
0.167 x A(6-127) _
O 1x1072 505A  [A = areaof thedisc]
After solving we get,
8 =162.6 °C.




Sol.

Sol.

Sol.

[I'T-JEE 2003 Mains Questions & Solutions - Chemistry
(The questions are based on memory)

Break-up of questions:

Physical Inorganic | Organic

8 4 8

Write the balanced chemical reactions involved in the extraction of lead from
Galena. Mention oxidation state of lead in litharge.
[2]

The reactions involved in the extraction of lead from galena (PbS) are
2PbS + 30, 3 2PbO + 2S0,

PbS+ 20, [  PhSO,

2PbO + PbS [ 3Pb + SO,

PbSO, + PbS I 2Pb + 2SO0,
Oxidation state of lead in litharge (PbO) is +2.

(x)2—phenylpropanoic acid on treatment with (+) 2-butanol gives (A) and (B).
Deduce their structures and also establish stereochemical relation between them.
[2]

The two stereoisomers of 2—phenylpropanoic acid in the racemic mixture are

COOH COOH
H-C—Ph ad  Ph—-C-H

CHs CHs

lCHgéH(OH)Et lCHgéH(OH)Et

(llOOéH(CH3) Et (llOOéH(CH3) Et
H-C—Ph Ph-C—H

CHs CHs

(A) (B)

(A) and (B) are diastereomers.

Find the molarity of water. Given: p = 1000 kg/m®
[2]

Let us consider 1 litre of water.




Sol.

Sol.

Sol.

1000
0 Number of moles of solute presentin 1 litre= 18 =5556M

Name the Hetrogenous catalyst used in the polymerization of ethylene.

[2]
Zeigler Natta catalyst is a mixture of trialkyl aluminium and titanium tetrachloride
which is used for the polymerization of ethylene.

Which of the two, anhydrous or hydrated AICl; is more soluble in diethyl ether?
Justify using the concepts of bonding in not more than 2 or 3 sentences.

[2]
Anhydrous AICl3 is more soluble in diethyl ether as the oxygen atom of the ether
donates its pair of electrons to the vacant orbital of electron deficient aluminium
of AlCI3 through the formation of coordinate bond. But in case of hydrated AICl;
aluminium is not electron deficient as oxygen atom of water molecule has aready
donated its pair of electronsto meet the electron deficiency of aluminium.

C. _~Cl C. _~Cl
/AIV\../H /Alv\oo/CZHS
Cl O H Cl O
CoHs
Match the following with their K, values
Benzoic acid 4.2 %107
p—nitrobenzoic acid 33x 107
p—chlorobenzoic acid 6.4% 107
p—methylbenzoic acid 36.2x 107

p—methoxybenzoic acid 10.2x 107
[2]

COOH COOH COOH COOH COOH
NO, cl CHs OCHs

1 2 3 4 5

The correct order of acetic strengthwouldbe2>3>1>4>5,
Therefore, the correct matching

Benzoic acid 6.4 x 107
p—nitrobenzoic acid 36.2x 107
p—chlorobenzoic acid 10.2 x 107
p-methylbenzoic acid 4.2 %107

p—methoxybenzoic acid 33x 107

The wavelength corresponding to maximum energy for hydrogen is 91.2 nm. Find
the corresponding wavel ength for He" ion.

[2]




For Maximum energy n; = 1 and n, = «
For H atom:

R et
H A 00 []
1 = RHza
Ay ..(0)
For He" ion:
1

— 2

N e )
He* .. (i)

Dividing equation (i) by (ii), we get

He* )

HOOC—(CHZ)Z—CllH—COOH : NH2—(CH2)4—C|:H—COOH

NH, NH,
Find the structure of possible two dipeptides.

[2]
The structures of two possible dipeptides are
HOOC — (CHy), — (|3H —CO—-NH —=CH —(CH)4—NH;
NH3 o/oN
0
HOOC — (CH2), —CH —NH - CO — ?H —(CH2)4 —NH;
o/oN NH3
0
Using V SEPR theory deduce the structures of PCls and BrFs.
[2]
PCls: BrFs:
cl B F 1
. o Square pyramidal

Triangular bipyramidal




10.  Theaverage velocity of agasis400 m s, find the rms velocity of the gas.

[2]

8RT

Sol. Ca=VTM 0
3RT

Cims = .. (i)

Crms /3RT _ /
8RT
/_ X C
U Cms= 8
3x3.14 % 400
-\ 8 =434.05 ms*

11. (&) Will pH value of water be same at temperature 25°C and 4°C. Justify in not more
than 2 or 3 sentences.

[2]

(b) Two students make Daniel cells in laboratory. They take ZnSO, from common

stock with Cu as positive electrode. The emf of one cell is 0.03 V more than the

other. The concentration of CuSO, in cell of higher emf is 0.5 M. Find the
concentration of CuSOy in second cell.

23RT — 0,06V

Given:

[2]

Sol.(a) pH of solution depends upon H* ion concentration, which depends on K., which is
afunction of temperature. Therefore, change in temperature brings a change in pH
value for given sample of water.

(b) Let the emf of 1% cell be x volt.
Emf of 2" cell = (x + 0.03) V
[Cu®1in2"cell=0.5M
[Cu®]in 1% cell =2

po _ 2303RT [Zn?"]
E,= ' 2F [Cu2+]l

2+
go  230RT [Zn2+ ]
E2 = 2F [CU ]2

2.303RT,  [Zn?**] _ o 4 280RT [Zn?"]

E; - log " 1 -
E,—E; = 2F [Cu®], 2F [CU2 11




2.303RT 0 [zZn?] [zn?*] O

x+003—x= F mg[ Cu®'] Iog[Cu2+]25
oo Qg 201 [Cu™], 0
0.03 = [Cu®], [2n*] [
[CU2+]2
1=1log [Cu®];
0.5
1=log [Cu®],

[Cu?*], = 0.05 M

12. Carry out the following conversions.
(i) Phenol to Aspirin

(i1) Benzoic acid to meta—fluorobenzoic acid in not more than three steps.

[4]

OH O Na' OH OCOCHs;
. ) COOH COOH
Qo o e O
Sol.(i) ~H,0 (i) H* TSP
COOH COOH COOH COOH

(ii)@ Dr@s% No, O i @NHZDm% @F

13.  Write the IUPAC name of the compound K[ Cr(NO)(CN)4(NH3)]. Spin magnetic
moment of the complex, u = 1.73 BM. Give the structure of anion.

[4]

Sol.  The spin magnetic moment, p of the complex is 1.73 BM. It means that nucleus

of the complex, chromium ion has one unpaired electron. So the ligand NO is unit

positively charged.

I[UPAC name: Potassium amminetetracyanonitrosoniumchromate (1).
3d 4s

c 1110101 [

Electronic configuration of Cr* under the influence of strong field ligand CN™ is

3d 4s ap
g T2 T2 O e O N A




Hybridization: d*sp®
Shape: Octahedral

14. A salt mixture consists of a yellow solid (A) and a colourless solid (B). The

agueous solution of the mixture

(i) On passing H,S, we get a black precipitate of (C), which dissolves only in agua
regia. On extraction and reaction with SnCl, a grayish white precipitate is
obtained.

(ii) On treatment with ammonium hydroxide a reddish brown precipitate (D) is
obtained.
The sodium extract of the solution gives the following tests

(i) On reaction with AgNQOs it gives ayellow precipitate which isinsoluble in NHs.

(if) On shaking with FeCl3 and CCl, aviolet colouration in CCl, layer is obtained.
Mixture on performing flame test gives lilac colour. Identify the compounds (A),

(B), (C) and (D).
[4]
_Hg—NH,
Sol. (A):Hgl,  (B):KI (©):HgS (D) Hgl

15. (@) For He molecule C, valueis 3/2 R, independent of temperature. But for H, at very
low temperature 3/2 R, at moderate temperature 5/2 R and at higher temperature >

5/2 R. Explain the temperature dependence and justify.
[2]

(b) Consider the three solvents of identical molar masses. Match their boiling point
with their Ky, values:

Solvents Boiling point Ky values
X 100°C 0.92
Y 27°C 0.63
Z 283°C 0.53

[2]

Sol.(a) Helium molecule is monoatomic so it has just three degrees of freedom

corresponding to the three trandational motion at all temperature and hence C,
valueisaways 3/2 R.

Hydrogen molecule is diatomic whose atoms are not rigidly held so they vibrate
about a well defined average separation. For hydrogen molecule we have
rotational and vibrational motion both besides trandational motion. These two
additional contributions increase its total heat capacity. Contribution from
vibrational motion is not appreciable at low temperature but increases from 0to R
on raising temperature.

(b) Higher value of K, of a solvent suggests larger polarity of solvent molecules
which in turn implies higher boiling point due to dipole-dipole interaction.
Therefore, the correct order of K;, values of the three given solventsis
Solvents Boiling point Ky values




X 100°C 0.63
Y 27°C 0.53
Z 283°C 0.92

16. You have an ether solution containing 4-hydroxybenzoic acid and 4
aminobenzoic acid. Explain how will you separate the two in not more than 3
steps. Give confirmatory tests with reagents and conditions for functional groups

of each.
[4]
Sol.
OH NH,
and (In ether solution)
COOH COOCOH
HCl(aq)
Aqueous Etheral
Iayer layer
OH OH
NH;"Cl~

NS
Evaporation
OCH OCH

lNaOH(aq) (drop by drop avoiding excess)

NH,

OOH
Test of Phenolic group:

OH

0
COOH  soluion  Violet colour complex

Test of 1°—amino group:
NC

NH,
COOH

(Characteristic Foul
COOH + CHCl3 + KOH [ smell of isocyanide)

Test of Carboxylic group:




| mﬂ effﬁvaeﬁg
—cooH 0N co, lime water Milky solution
17.  (A), CeH 08  (B), CsH13Cl + (C), CeHiaCl
8) I ML (D) (an isomer of (A))
(D) OF"™™E  (E) (Positive iodoform and negative Fehling’s sol ution test)
(A) ODF™E (P + (G) (Positive Tollen'stest for both)

(F) + (G) MO HCOONa+ A primary acohol
Identify the compounds (A) to (D).

[4]

CHa CH; Cl
CH2:CH—|C—CH3 CH3—C|:H—|?—CH3
Sol.  (A): Hs (B): CHs
Cl  CHs CHs
CH3—C|3H—C|:—CH3 CHg—C:Cll—CHg
©): Ha (D): Ha
CHs
c|> CHs — &—cHo
(): CHa—C—-CHs (F): Hs (G): HCHO

18. (a) A compound CgH;0O,Cl exists predominantly in enol form (A) and aso in keto
form (B). On oxidation with KMnQy it gives m—chlorobenzoic acid as one of the
products. Identify the compounds (A) and (B).

[2]
OH
(b) Draw the resonating structures of M
[2]
Sol.(a)
9 ..... H\I 9
C\CHéc H C-CHCHO COOH
@ N @ mfvidfyct @
Cl Cl Cl
(A) (B)
C4H,0.Cl




19. (a) Marbles of diameter 10 mm are to be put in a square area of side 40 mm so that
their centers are within this area. Find the maximum number of marbles per unit
area and deduce an expression for calculating it.

[2]

(b) In asolution of 100 ml 0.5 M acetic acid, one g of active charcoa is added, which

adsorbs acetic acid. It is found that the concentration of acetic acid becomes 0.49

M. If surface area of charcoal is 3.01 x 10°> m? calculate the area occupied by
single acetic acid molecule on surface of charcoal.

[2]

Sal.(a)

Side of asquare =40 mm
Diameter of amarbles = 10 mm />
Number of marbles along an edge of
the square with their centers within
the squareis equal to 5.

Maximum number of marbles per unit
aea =5x5=25

10 mm
+—>

<«—40 MM—»

(b) Number of moles of acetic acid in 100 ml before adding charcoal = 0.05
Number of moles of acetic acid in 100 ml after adding charcoal = 0.049
Number of moles of acetic acid adsorbed on the surface of charcoal = 0.001
Number of molecules of acetic acid adsorbed on the surface of charcoal

=0.001 x 6.02 x 10°® = 6.02 x 10%

Surface area of charcoal = 3.01 x 10° m?
Area occupied by single acetic acid molecule on the surface of charcoal

3.01x10?
= 6.02x10%° =5x 100 m?

20. NaCo; O (a) ONR () ngﬁ% ©) 0% (D)
Identify the compounds (A), (B), (C), (D) and give oxidation state of sulphur in
each compound.
[4]

+4 +4 +2 +2.5

Sol.  (A): NaHSOs (B): N&SO; (C): N&S05 (D): Na&eSiOs
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