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SECTION 1 (Maximum Marks : 18)
Section contains SIX (06) questions.
The answer to each question is a SINGLE DIGIT INTEGER ranging from O to 9. BOTH INCLUSIVE.
For each question, enter the correct integer corresponding to the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.
Answer to each question will be evaluated according to the following marking scheme:

Full Marks 1 +3 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;
Negative Marks : -1 In all other cases.
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A large square container with thin transparent vertical walls and filled with water (refractive index 3 )

is kept on a horizontal table. A student holds a thin straight wire vertically inside the water
12 cm from one of its corners, as shown schematically in the figure. Looking at the wire from this
corner, another student sees two images of the wire, located symmetrically on each side of the line of
sight as shown. The separation (in cm) between these images is
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Sol.

(Official Answer Bonus : Marks to all)
Probable Answer: 3o0r4or5

(for 3)

When ray is normally incident

h — apparent depth

h 1
24
2 3
he —
T V2
3 2l
O' 3cm
2
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So, distance between images will be 3 cm.



For4or5

n*h cos® 0
(n?- Sin? 9)*"

Line of sight AV
f e
<> :

We will use formula : h' =

¢=htano, -h' tan
.. For this situation 8 = 45°

i.sine1 =1.sin45°
3

3
a2
0, = 32°
~.tane, =0.62
n=4/3
0 =45°
12

A

sing, =

h

(&)

4 :2.0.62—3.7x1 =1.56cm

=3.7cm

N

. Answer = 2y = [12 —(¢+h") \/ﬂ

=12 -5.26x+2 = 4.56
Answer : 4o0r5



Sol.

A train with cross-sectional area S, is moving with speed v, inside a long tunnel of cross-sectional
area S, (S, = 4S,). Assume that almost all the air (density p) in front of the train flows back between
its sides and the walls of the tunnel. Also, the air flow with respect to the train is steady and laminar.
Take the ambient pressure and that inside the train to be p,. If the pressure in the region between

7
the sides of the train and the tunnel walls is p, then p, —-p = mpVﬁ . The value of N is
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Equation of continuity
v4S, = 35v
4
vV = 3 Vt

Using Bernoulli's equation
2

1 1 4
Py + Epvt2 =P+ 5P (Eth

7 2
PO—P=§th

Now compare from given value
N=9



Sol.

Two large circular discs separated by a distance of 0.01 m are connected to a battery via a switch
as shown in the figure. Charged oil drops of density 900 kg m=3 are released through a tiny hole at
the center of the top disc. Once some oil drops achieve terminal velocity, the switch is closed to
apply a voltage of 200 V across the discs. As a result, an oil drop of radius 8x10-7 m stops moving
vertically and floats between the discs. The humber of electrons presentin this oil drop is .
(neglect the buoyancy force, take acceleration due to gravity =10 ms=2 and charge on an electron
(e) = 1.6x101°C)
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Sol.

ne — =mg

_ mgd 4n 8x8x8x102' x10x0.01
n=-gy 900X 73 x 1.6x10" x 200
n=6.02x~6

A hot air balloon is carrying some passengers, and a few sandbags of mass 1 kg each so that its

total mass is 480 kg. Its effective volume giving the balloon its buoyancy is V. The balloon is

floating at an equilibrium height of 100 m. When N number of sandbags are thrown out, the balloon

rises to a new equilibrium height close to 150 m with its volume V remaining unchanged. If the
h

variation of the density of air with height h from the ground is p(h) = poeK , Where p,=1.25 kg m~3

and h,= 6000 m, the value of N is
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1 480 _ 48
:>e120——480_N:>480—N— -

gl20

1
= e120 (480 - N) = 480
1
N=480(1-e ®)
N = 480 (1-0.9917)
N = 480 x 0.008
N = 3.98
N ~ 4

A point charge q of mass m is suspended vertically by a string of length /. A point dipole of dipole
moment p is now brought towards q from infinity so that the charge moves away. The final

equilibrium position of the system including the direction of the dipole, the angles and distances is
shown in the figure below. If the work done in bringing the dipole to this position is N x(mgh),
where g is the acceleration due to gravity, then the value of N is . (Note that for three

coplanar forces keeping a point mass in equilibrium, Sino is the same for all forces, where Fis any

one of the forces and 0 is the angle between the other two forces)
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e (3] = 5
kpa h
e = 2mgl x o = mgh
_ kpa _ -
W = mgh + e = mgh + mgh = 2mgh
N=2

A thermally isolated cylindrical closed vessel of height 8 m is kept vertically. It is divided into two
equal parts by a diathermic (perfect thermal conductor) frictionless partition of mass 8.3 kg. Thus
the partition is held initially at a distance of 4 m from the top, as shown in the schematic figure
below. Each of the two parts of the vessel contains 0.1 mole of an ideal gas at temperature 300 K.
The partition is now released and moves without any gas leaking from one part of the vessel to the
other. When equilibrium is reached, the distance of the partition from the top (in m) will be

(take the acceleration due to gravity =10 ms=2 and the universal gas constant =8.3 J mol-*K-1).
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Sol.

Official answer : Bonus (Marks to all)
This is because by wrong method we get an integer = 6

Correct Method :
Work done by gravity changes internal energy
3
mgx = nc,AT (Cv = ERJ
8.3><10><X=0.2><§><8.3><[Tf—300] O
2
100 m
o T.=300+—2
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T, T,
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F,A:nRTf
4+ X
0 1x8.3 % (300 + mx)
4 + 3
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rrB)eon

T
nRT.
PA+mg)=—-
(PA+mg)= 7L (3)
83(9+x 083(300+100x)
T\ +83 B 3 ) ... (From (1) and (2))
+ X -
4 -x
§(9+Xj+83 _8319+x
34+x 314-x
9+x+12+3x _(9+x)

4+ X  4-x



(21+4x)(4-x)

84 - 21x + 16X — 4%
5x2+18x-48

 —18++/324+ 960

10

-18++/1284

10

 -18+35.8
B 10

X~=1.8

. y=4+1.8=58
~6

= (9+x)(4+x)

=36 +9X +4xX + X
=0

2

Wrong Method :

As work done by gravity changes internal energy so we can not take temperature constant.
But incorrectly by taking temperature constant we get an integer = 6 as answer.

P,A =P,A + mg (forces are balanced)

p,=p +19
A
nRT_nRT+m
vV, V, A
nRT i_i :@
vV, V, A
1 mg
0.1x8.3x300 =2
A(4 X) A(4+x) A
01><83><300 1 1 | 8.3x10
4-x 4+x] A
4+x-4+x 1
16-x> 3
6X = 16-x2
x2+6x-16=0
x=-8, 2

The distance of the partition from the top

>

300k

%
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N~

442
6m
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SECTION 2 (Maximum Marks : 24)
Section contains SIX (06) questions.
Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are)
correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer the each question will be evaluated according to the following marking scheme:

Full Marks 1 +4 If only (all the correct option(s) is (are) chosen;

Partial Marks 43 If all the four options are correct but ONLY three options are chosen;

Partial Marks 42 If three or more options are correct but ONLY two options are chosen,
both of which are correct;

Partial Marks P +1 If two or more options are correct but ONLY one option is chosen and
it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -2 In all other cases.
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4
A beaker of radius r is filled with water (refractive index 3 ) up to a height H as shown in the figure

on the left. The beaker is kept on a horizontal table rotating with angular speed w. This makes the
water surface curved so that the difference in the height of water level at the center and at the
circumference of the beaker is h (h<<H,h<<r), as shown in the figure on the right. Take this surface
to be approximately spherical with a radius of curvature R. Which of the following is/are correct? (g
is the acceleration due to gravity)
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Sol.

h? +r?

(A) R=—1

3r?
R=>
(B) >h

3H
(C) Apparent depth of the bottom of the beaker is close to 7(1 +

3H
(D) Apparent depth of the bottom of the beaker is close to T(

AD

(R-h)

R2 = (R - h)2 + 2

r

R? = R? + h? - 2Rh + r?

2Rh =h2 +r2

h? +r?

R =
2h




IE3eH

4
1o_4 13
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\% 3(H-h) 3R
h<<r
h? +r?
R = h2 =
>h ( 0)
r2
R=—
2h
1i__ 4 2h
v _ 3(H-=-h) 3r2
1__ 2 4
v 3r* 3(H-h)
h<<<H
1 4 3H 2 h
e — |[1l+—x=—
v 3H 4 3r?
l =_i (1+H_hj
v 3H 2r?
mzrz r2 29
gh = > TR T o

<|+~
1l
I
w
:1:|-'>
VR
[
+
N|I
&8,
N——



>\-1
|v] = ﬁ (1+|—Lij
g

A student skates up a ramp that makes an angle 30° with the horizontal. He/she starts (as shown
in the figure) at the bottom of the ramp with speed v, and wants to turn around over a semicircular
path xyz of radius R during which he/she reaches a maximum height h (at point y) from the ground
as shown in the figure. Assume that the energy loss is negligible and the force required for this turn
at the highest point is provided by his/her weight only. Then (g is the acceleration due to gravity)
T fEnedl U v & SR fhaerdn (skates) 8, i &fdst § 30° ®1 BIo1 G411 8 | 98 AR v, 91 i X9 B aall
TR YR¥ BIAT 2 a1 R 531 & e el 9ol xyz W g1 (turn around) =medt &, 5@ SR 98 RIFHIR R
q Afdpad Sarg h (fIg y W) ug=ar & | /1 fd il 81 Tvg 8 o SwaaH fawg W 39 9919 & oy siawasd
I DI IFD R RI Y fHa1 S 8 | 99 (g THART TR 8)

30°

(A) Vi-2gh= %gR

(B) vi -2gh :ggR

(C) the centripetal force required at points x and z is zero
(D) the centripetal force required is maximum at points x and z

(A) Vi-2gh= %gR

(B) vi -2gh :ggR

(C) x dor1 z g3l W 3Maed® IS =<1d de1 Y 8
(D) x T2 z fgail WR ML TSI qe JTAHIH B




Sol.

AD
Given : The force required for turn over a semi circular path at the highest point is provided by his/
her weight only so at that balancing situation

2

mg sin 6 = mv
. mv?
mg X sin 30° =
R
R _ i
> =V (1)

From energy conservation

1 1
= mvy? = mgh + > mv?

2

Vo2 - 2gh = v?
R

Vg2 - 2gh = 97

Option A correct

(D)

As gravitation force is not providing centripetal force at x and z that's why maximum force is
applied on x and z for circular motion.

A rod of mass m and length L, pivoted at one of its ends, is hanging vertically. A bullet of the same
mass moving at speed v strikes the rod horizontally at a distance x from its pivoted end and gets
embedded in it. The combined system now rotates with angular speed » about the pivot. The
maximum angular speed o), is achieved for x = x,,. Then

m S T L TS &) T B 30D Th RR TR BIAPId 8, Ol SHEdER W0 H oIeh I8 & | v Il I TH qa
SEHM D1 T el 39D Dlctdid RR H X T W &l ¥4 3 B H THIAII & 9 394 96 (embedded) Sl 2 | Fgad
T 31a Bl B UR: o DIV 2ATel I FAT 8 | 3fdHad Do A1 o, , X = X, B 8 9 &1 et 8 | de—

/

(A)‘DZ% (B)w=12¢ (9) XM:% (D)mMzzv—L«@



Sol. ACD
From angular momentum conservation
L =L

2
:>mvx=[ 3 +mxjw

mvx
w = >
( L + MXZJ
3

. m = mass of bullet and rod is same

VX
0= 2
L
3
3vx .
O= 17,32 0]

option (A) is correct
Now for maximum value of

do d 3vx 3 d( X j_
d_x_0:>d_x L2 +3x? _033de 2+3x2) =0

1 2 -1
d |———— d (L
— 2 = R b 3X =
= dx E+3X 0:>dx (x+ j 0
X X
2
12 L
x| [543 2
2
7+3=0
L2 L2
37=3:>X2=?
L
=B

Option (C) is correct



10.

Now put this value in equation (i)

e s

T Pe3/3) 4

Option (D) is correct

In an X-ray tube, electrons emitted from a filament (cathode) carrying current I hit a target
(anode) at a distance d from the cathode. The target is kept at a potential V higher than the
cathode resulting in emission of continuous and characteristic X-rays. If the filament current I is

I
decreased to 5 the potential difference V is increased to 2V, and the separation distance d is

reduced to g, then

(A) the cut-off wavelength will reduce to half, and the wavelengths of the characteristic X-rays
will remain the same

(B) the cut-off wavelength as well as the wavelengths of the characteristic X-rays will remain the
same

(C) the cut-off wavelength will reduce to half, and the intensities of all the X-rays will decrease
(D) the cut-off wavelength will become two times larger, and the intensity of all the X-rays will
decrease

T X-faxor Fefl #, [ aRMETE U dw] (HeiTs) H IAMid Seidg i, T A d 53 W Udh ded (VA1) A ThI 2 | e
DTS B gl A Ied faqa V R 91 STl & fords qRomaaay e iR 3ifeTetiOrs X-fbron &1 S&asi= 8idm 2 |
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qa
(A) TP TR TehR et 81 SITY qer rfieretfOres X-fhon @ aeresd awe & h
(B) 3idd (cut-off) d¥reed qorn srfietetfOres X-fhvor ot aivresd A e

(C) 3iqd a¥reed TcHh 3NN 81 SIgeh qen st X-f=on @) dfaard ae+h

(D) &ids areed &1 41 991 (larger) 81 SN q21 99 X-favoll @ diean e




Sol. A,C

vV > 2V
A= 22

If current in filament is reduced then emitting electrons should be reduced thats why intensity of
x-ray is reduced.



11.

Sol.

Two identical non-conducting solid spheres of same mass and charge are suspended in air from a
common point by two non-conducting, massless strings of same length. At equilibrium, the angle
between the strings is a. The spheres are now immersed in a dielectric liquid of density 800 kg m~3 and
dielectric constant 21. If the angle between the strings remains the same after the immersion, then
(A) electric force between the spheres remains unchanged

(B) electric force between the spheres reduces

(C) mass density of the spheres is 840 kg m-3

(D) the tension in the strings holding the spheres remains unchanged

FHE SIHM AR MY B QT UHHA JATADII 3 e, FHH T8 &I &l JaATdd T SIHRed RT3 gRT Uh

IV favg | a1 # AcH WA B | ARITEReN R, IRFAT & 919 BI97 o0 7 | 379 el WIGedid 21 91 89 800

kg M3 & Ueh WD &9 § ga1d 9K & | IS ga & gzend RFAT & dI9 P19 T I8 8, T
(A) et @& i Jgra 9t sruRafia wear 2 |

(B) Trelt @ 4= Jgd 9o T B |

(C) Tl BT g+ B-7ed 840 kg m—3% |

(D) &t &I Rl B (holding) arell IR\ # T+1a raRafid v&ar & |

(Official Answer) B,C

o
Tsin — =F
SII']2
o
Tl' _=F|
SII']2
Tr_F
TI_FI
1 g
l_ 47raor2
T 1 g
41rs,021r2
Tr_2
T 1
T
T =—



12,

Tcos%=mg

T' cos % = mg - pvg
T'cos <

€053 _mg-pvg
T a mg
COS2

1 _ . _ P9
21 dvg

Py 1
d=1"31
p_20

d 21

d—E 800
~10 %

d = 840 kg/m3

Starting at time t = 0 from the origin with speed 1 ms, a particle follows a two-dimensional

2
trajectory in the x-y plane so that its coordinates are related by the equation y = X? .Thexandy

components of its acceleration are denoted by a _and a, respectively. Then

(A) a, = 1 ms2implies that when the particle is at the origin, a=1 ms-2

(B)a, = 0implies a=1 ms~2 at all times

(C) at t = 0, the particle’s velocity points in the x-direction

(D) a, = 0implies that att = 1 s, the angle between the particle’s velocity and the x axis is 45°
It =0WR 1 ms™! a1 A 9o fd=g H URH Gob BV X-y T H b fg—TaHI Uerd Uy &1 IFERY Rl & dlfch 580D

x
2
(A) a, = 1 ms2 9ardl & f& 519 &0 71 fag W7 79 a, = 1 ms2
(B)a,=09ari 2 fb R &I a = 1 ms2¥|

(C) t = 0w, B &7 97 x-fezn & F<RE 7|

(D)a, =09 8 fdh t = 1 SW, B S I qAT X 31& & 1 HI0T 45° 7 |

e FHieRv y = =~ g1 GHRId 8 | $6h R S X TATy Heh B a, 9 a, R o 8 | d9-



Sol. A,B,C,D orB,C,D

t=0,x=0,u=1m/sec

- X
Y=
_2X
Vy = 7 Vx
vV, = XV,
a, = xa, +v,?
option A
dy d’y

dx =% dx?

> 3/2
dy
1+(J }
{ dx _ @4y

<= d’y 1
dx?

atx=0

a, = 1m/s?

independent of a,

option (B)

ifa,=0

a, =0+ v,2=1m/sec?
option (C)

vy =xvyat=x=0att=0
v, =0 v, =1m/sec
Option (d)



SECTION 3 (Maximum Marks : 24)
This section contains SIX (06) questions. The answer to each questionisa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer. If the numerical value
has more than two decimal places, truncate/round-off the value to TWO decimal places.
Answer the each question will be evaluated according to the following marking scheme:
Full Marks 1 +4 If ONLY the correct numerical value is entered;
Zero Marks : 0 In all other cases.

I -3 (3f¥waH 37 : 24)
39 W ¥ B: (06) UeH A B | TS Y $T SR AC&ITHB A © |
JA® U3 & foly, IR Ul & & forg Afde o ©R A6 iR ifF—wne il (@gsrd) Ae&cdid dius &
IAN HRD IR BT Fel EIAD A1 Gol B | IfE F&THB 9149 4§ ]1 H Afdd SeHed ¥IH &, d1 & S
R & 79 Bl Biel/Adedd o |
JAE U & IR B Jedidh FfeiRad ugfd & srgaR far S |
ol 3  +4 I B HE IS A4 ufdee fhar T |
I 3D : 0 g a9l Rarfast # |

13.

A spherical bubble inside water has radius R. Take the pressure inside the bubble and the water
pressure to be p,. The bubble now gets compressed radially in an adiabatic manner so that its

radius becomes (R - a). For ag R the magnitude of the work done in the process is given by
41
(4np,Ra?)X, where X is a constant and y = CP/Cv = 30" The value of X is

U @ 3R Ueh el geigel 1 f3rod1 R 8 | geigel @ 3fax &1 A1 U1 Bl 16 P, id & | 36 gelgel Dl Ueb Hgl™
7 H Brou vy 9 AN fhur Srar ® a1 gq@a B (R-a) B S 81 a0 R @ forg, ushA & {6y T arf a1

aRRHATOT (4np,Ra2)X gRI far Sirdr &, w8l X va fadie @ dary = C/C, = %%l X BT A B—



Sol. 2.05

dv = 4nR%a
pv’ = constant
vidp + pyvi'idv =0

dv
=dp=-vp -

_ —yp04nR2a
v
Work done, W = Ap,,, X dv

d d
‘;‘ 47R2a (as for small changes Apyyg = 7p by considering linear variation in pressure)

yp04nR2a x 4nR%a
2v

yp04nR2a x 4nR’a

= 2><%1'5R3

31(p04TcRa2

2.05 (4np,yRa?) o X =2.05Ans.



14.

Sol.

In the balanced condition, the values of the resistances of the four arms of a Wheatstone bridge are
shown in the figure below. The resistance R, has temperature coefficient 0.0004 °C. If the temperature
of R, is increased by 100 °C, the voltage developed between S and T will be volt.

Fger Reifd 3, v Sewe™ Ig @1 IR Yorell & HRRE & 99 REgER © | IRk R, &1 J9HM Jond 0.0004 °C1 8 |
gfe R, @1 A0 100 °C & 9611 Sifell &, @6 ST & §id S~ dieedl diee H 8nfl—

(N
\,
R, =60Q P R,=1000Q
AAAAAAAAAA A o A
M AALAAAAAAL B YYYVVVYYYYY
—e = — —
S 3 T
R, = 300 O R, = 500 O
AN dAAMAA .
YYYYVVYVYY é LAAAAAALAALM
0.27
R, = 300 (1 + 0AT)
R, = 300 (1 + 0.0004 x 100)
R,=3120
60Q 50 1000
X —— 50V Y
0 5000
x-0 x -50 y -50 y-0 _
312 ¥ 60 0 100 * 500 =0
=5 50 + = = 0
52 710 Y 5 =
6y
62x = 520 + 5 < =50
_ 520+5 _ 250
X= 762 Y="6
_ 2600 _ 4103 = 41.66
Xx= o =41 y =41,

X =41.93-41.66 =0.27



15. Two capacitors with capacitance values C, = 2000 + 10 pFand C, = 3000 £ 15 pF are connected in
series. The voltage applied across this combination is V = 5.00 £ 0.02 V. The percentage error in
the calculation of the energy stored in this combination of capacitors is

C, =2000 + 10 pFaa1C, —3000:t15pFam$aﬁﬂwﬁa9§Uﬁﬁmﬁaﬁ%|wW$ﬁﬂ‘fwmﬁﬂ
dreedl V = 5.00 + 0.02 V 2 | 9131 & 59 | # |fId Sai @ 1o § wfaera Jfe 8-
Sol. 1.30

ET_ZCnetV2
i—i+i 1.2 + :
c~-¢C T¢ C ~ 2000 ' 3000
dac _dS,  dG, 1_3+2 5
cz - C C3 C ~ 6000 ~ 6000
6000
= —¢— =1200

dc dc, , dc,
c)=lc "a/c

dc 10, 15
C = | 2000y " (3000) | 1200

dc _ (10  15) (1200
c “\l4 o9 10°

dC 1200
— =(2.5+1.67) 10

dC  4.17x12
c ~  10¢

AE dC 2AV (4.17><12 ZX0.0ZJ

= — - +
E-c T v 10° 5x100

AE 50.64 4
= +
10* 5x100

— =(0.504 + 0.8) = 1.30



16.

Sol.

dp
A cubical solid aluminium (bulk modulus = *Vd—v = 70 GPa) block has an edge length of 1 m on the

surface of the earth. It is kept on the floor of a 5 km deep ocean. Taking the average density of
water and the acceleration due to gravity to be 103 kg m=3and 10 ms=?, respectively, the change in
the edge length of the block in mm is

Ud g1 31 TYfAfIH (b A = —Vj—f::70GPa)@i—cﬁ€f‘?r1mmﬁﬁwgw(edge)q@ﬁww
g1 I8 TP 5 km TR 99 & B W I ST 8 | U BT ed 7201 Jocdid @RoT A% 103 kg m3a 10 ms2 o 2 |
qq At @ ol & orars § mm H gRacH z—

0.23 to 0.24

B—Vﬁ
U av

V
70><109=d—v><103><10x5><103

V
7><109=d—v><106><5

Vv
7000 = — x5

dv
av _ 5
VvV ~ 7000
V=I3
dav dl
v T3 T
3dl 5
| — 7000
d _ 5
| ~ 21000
d (5
T— 21 mm

dl =0.238 mm



17. The inductors of two LR circuits are placed next to each other, as shown in the figure. The values
of the self-inductance of the inductors, resistances, mutual-inductance and applied voltages are
specified in the given circuit. After both the switches are closed simultaneously, then total work

done by the batteries against the induced EMF in the inductors by the time the currents reach their
steady state values is mJ.

&l LR uR9fi & R IR U G & aTe] H XY TR & | IR| & WoRebd, UfoRTY, AT UIRebed 21 STRIfU dleed
& 7 uRuy # Sifad 2 | AF1 RaT Ua |1 95 81 & TR, 99 a6 ORI 396 ReR 37l JF] a6 ugad]

g, 79 I Ui 4 URA fa. a1 99 & feg IR gR1 gt b 71 SR mlg|
R, = 5Q R, = 10Q
I
€
Te}
I
=
Sol. 55
R,=50Q
MW R,=10Q
MWW
Vi=oV —— L,=10mH ~
M=>5mH L,=20mH —— v,=20V
i
di Mdi
a=big * g
dW = g,i,dt

dw, = L, (di,) i, + M(di,) i,

dW, = L, (dip) i + M(diy) i, | .

[(dw, +dW,) = [L,(di)), + [L,(di,), + M [ d(ii,)
1

. 1 .
W=-L i2+ 5 Lis2 + M (i4i,)

1 1
W=E><10><10‘3><1+E><20x10‘3><4+5><10'3><2

W =55 x 1073 = 55 m]



18.

Sol.

A container with 1 kg of water in it is kept in sunlight, which causes the water to get warmer than
the surroundings. The average energy per unit time per unit area received due to the sunlight is
700 Wm=— and it is absorbed by the water over an effective area of 0.05 m2. Assuming that the
heat loss from the water to the surroundings is governed by Newton’s law of cooling, the difference
(in °C) in the temperature of water and the surroundings after a long time will be
(Ignore effect of the container, and take constant for Newton’s law of cooling = 0.001 s, Heat
capacity of water = 4200 J kgt K1).

1 kg Ul & 1 U UrE A & BT H 91 7, forqe HRo1 arh aRawr | s1fere T B S 8 | G UBT B BRI
I Ui gpTs AHT U SHTs ST SId ol 700 Wm-2 8 T2 I8 0.05 m2 & UHTd) &15thel OR U+ gRT raenfid
B Sl & | A 6 are & aRaer § 9w a1 =ged & eded & e g fRfa (governed) B, 99 Th oW wHY
T Ul d1 Rl & AroEE H TR (°C H) BRT (UTF & YT Bl v oidl B, AT }ed & dad & 99 &
fore furdis = 0.001 s-1, Ul @) o enlRer = 4200 J kgt K1 ®) :

8.33

T T,
1KG

8- 22y

dt ms

ms = 4200

eAc54T03
ms

eAc4T,3 = 0.001 x 4200 = 4.2

. dQ
Given, /———— =700
dt x area

= 0.001

dQ
(dtJ_700x005

=35

dQ
(Ej = (eAc4Ty3) (T - Ty)

35=4.2 AT
35x10 50
AT = 2 "6 - 8.33
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SECTION-1 (Maximum marks :18)
This section contains SIX (06) questions.
The answer to each questionis a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH INCLUSIVE.
For Each Question, enter the correctinteger corresponging to the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.
Answer to each question will be evaluated according to the following marking scheme :

Full marks : +3 If ONLY the correct integer is entered;
Zero Marks : 0 If the questio is unanswered.
Negative Marks : =1 In all other cases.

I -1 (3f¥waH 3id: 18)
39 9 H B (06) U A B |
A% U &1 IR 0 W 9 TP, TP Udhdl 3% Ui © | 41 AfHferd 2 |
JA® U9 & oIy, IR g9l o & forg Ffds M W 9199 31R &ifF whie il (@gsrdl) A&did dius &
SYINT PR TR & AR el QUITD Tof DN |
ISP U & IR B Jedidh FHRad 3id dgfa & R fhan Sre |

ol 3 : +3 Had Fel [Qeed g1 9§ |
I 3D : 0 I B3 fadwey 98 g1 @ 2 | (@Ifq e &1 SR A A @)
FUTHD b c -1 e it Rerfaai 7 |

Q.1

Q.1

Ans.

For a complex number 7, let Re(z) denote the real part of 7. Let § be the set of all complex

b

numbers 7 satisfying z*— |z |'=4iz*, where ; = \/_1 . Then the minimum possible value of |z, — z,|
where z,,z, €S with Re(z)>0 and Re(z,)<0, is

Ug A G 2 @ o A Re(2), z @ aafds 9 @1 AT exar @ 1A 20— | 2 [f= 4iz?, B IR R

9

arell @l |ffas dxell z @1 W= S 8, ol j=./—] 8 4 |21_Zz|2 BT =IATH FRIIAT A B | oTEl

Re(z)>0 @ Re(z,)<0, & @12t z),z,€8 & —

8
z* - |z|* = 4iz?

z* - |2|2|z|2 = 4j 22

Re(z,)>0
o x,>0
72 (22 - (z) ) = 4iz2 - Y.>0
, s o C (X Y1)
z =0‘z -(z) =4
Letz=x+1iy
(Xar Y2) - Re(z,)<0
X, <0
y, <0
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Q.2

Q.2

Ans.

Q.3

Q.3

22 -(z) =4

(X +iy)?-(x-iy)?=4i

Xy =1

Now (z, - 2,)? = (X, - X,)> + (Y, - ¥,)?
=X2+X2+Hy2+y,2-2XX, -2y, Y,
=X+ X2+ Yy 2+y,2+ 2x (-X,) + 2y,(-y,)
Now AM > GM

2 8()(12 X22 y12y22 Xl X2 yl y2)1/8

>8

The probability that a missile hits a target successfully is 0.75 . In order to destroy the target
completely, at least three successful hits are required. Then the minimum number of missiles that
have to be fired so that the probability of completely destroying the target is NOT less than 0.95, is

T fATgel gRT ABdl Y @1ed IR AR &1 Uil 0.75 8 | &g 1 GR) AR8 < R & (o1g ¥ A HH v dhel
AR B AL &, I Barga] &I FAqq G1, fTh] ST S 2 | d1fds ated Bl F=gol T - o1 Hilieban 0.95
H FH A 8, B

6

P(Hit) = 0.75 = 3/4 & P(Hitnot) = 0.25=1/4

P(targel Hit) > 0.95

1 - P (tagent not hit in n throws) > 0.95

.(H)-"C, (H)" " (HY 2 0.95

—\n-1

1-"C,(H) - C,(R)

;- @” n @”‘1 3 @@“ @f - 0.95

n 2
1-0.95> 1){9"-3n+2
4 2

n

4
[9n2—3n+2]gﬁ

Now check n = 6

5
Let O be the centre of the circle x* + y*> = >, where r > BN Suppose PQ is a chord of this circle

and the equation of the line passing through p and Q is 2x+4y=5. If the centre of the

circumcircle of the triangle OPQ lies on the line x+2y =4, then the value of r is

T O T x + )’ =7, BB & R r>§ 2| A PQ S0 a<1 @1 U SiiaT 8 a1 p W Q | o™ arell

g1 BT FHIERY 2x+4y =5 21 A Brgst OPQ & URad &1 = ¥&@1 x+2y =4, W R 8, T@ , H1 914 8111 |



Ans. 2

! Xy
S

S, i x2+y2=r? whrer>7

-a -b
nowletS,:x2+y?>+ax+by=0=C,; (?,7j

RAof S, =0&S,=0isPQ
PQ:RA:S -5,=0
PQ:ax+by+r2=0
GivenPQ:2x +4y-5=0

a_b_r .

>~ 2" 5 v (1)
also centre of S, liessonx + 2y = 4
—a

37—b=4 ()
from (1) & (2)

oAt

-5 -5

-5rr=-20

r=4

r=2



Q.4
Q.4

Ans.

Q.5

Q.5

Ans.

The trace of a square matrix is defined to be the sum of its diagonal entries. If A is a 2 x 2 matrix
such that the trace of A is 3 and the trace of A3 is -18 , then the value of the determinant of A is
Ud qH JATGYE BT IREV, §AD [dH0 & Al & ANTHel bl URAMYT BT 2 | AT ATDH 2 « 2 BT AT 59 THR
2 % A &1 S R@vr 3  dem APl 3@ -18 8, 99 A & ARG &1 A 81T —

5
ab
A= T(A)=3
Let L d}j r( )
a b
= A=1¢c 3.3

a’> +bc 3b {a b }
3 =
A 3c cb+(3—a)2 c 3-a
T (A3%) = a* + abc + 3bc + 3bc + 3bc +(3-a)?3 - abc - a(3-a)?
-18 = a3 + 9bc + (3-a)3
= a*+9c+27-a*-3.3a(3-a)=-18
= a’-3a+bc=-5
Now |A| = a(3 -a) - bc
= 3a-a’-bc
|Al =5

Let the functions f:(-1,1) >R and g:(-1,1) > (-1,1) be defined by

f(x)=2x—-1|+|2x+1| and g(x) =x—[x]

where [x] denotes the greatest integer less than or equal to x. Let fog:(—1,1) >R be the
composite function defined by (fog)(x) = f(g(x)). Suppose ¢ is the number of points in the interval
(-1,1) at which fog is NOT continuous, and suppose (4 is the humber of points in the interval (-1,1)
at which fog is NOT differentiable. Then the value of ¢+ is

A wed f i (=1L,1) > R T g:(-1,1) > (-11),

()= 2x=1|+|2x+1| 71 g(x) =x—[x] & R IRWNT &, T8 [x], X ¥ BIC I KRR Ae<H LMD Pl
efUd ®xar g | /1 fog : (—1,1) = R e dga Ber g S (fog)(x) = f(g(x)) & R uR¥iftd & | 9191 ¢ feRTd
(-1,1) 5 fa=g3N @ =1 & {5799 W Fog |ad 78! & a1 A1 4 3ia’Td (—1,1) H a5 @ @@= 2 /9 R fog

AABAT T8l B, TS ¢+ g BT A B
a4




f(x) =12x-1] + |2x +1]|

4x
f(x) = 42

—4x

g(x) = x-[x]={x}

49(x)

Now fog = | 2

fog =

4x

fog = 4(x +1)

1
g(x) > 5

_71<g(x)<%

1
g(x) < >

l£x<1
2
0£x<l
2
—<x<0
2

—1<x<_—1
2



Now check
fog is not continuous at x = 0 only.

- 1
fog is not differentiable at x = ?,OIE
c=1&d=3
c+d=4

Q.6 Thevalue of the limit
42 2(sin3x + sin x)

is
(2sm 2xs1n32 +cos 52xj (\/5 + x/zcos 2x+cos 3;)

lim

: 42 (sin3x +sin x)
Q.6 m lim ™ 5> 3y P18~
) (2 sin 2x sin? +cos 2] - (\/5 ++/2 cos2x +cos 2)
Ans. 8
I|m 4x/§(sin3x +sinx)
COS*—COS77X+ COS* —\/— 2COS X —C0OS — 3X
2 2 2 2

lim 4\/§sin2xcosx
Xﬁ%ZSinxsing + Zsin3x.sin§ —2J2 cos® x

; 2
lim 16x/ismxcos X

X232 sing{z sin 2x.cos x} — 242 cos? x

lim 16\/§smx
x>3 2.4sin§sinx - 2\/5

162
1
8. — —22
2
32 32

I|m—=—=8



SECTION 2 (Maximum Marks : 24)
Section contains SIX (06) questions.

o Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are)
correct answer(s).
o For each question, choose the option(s) corresponding to (all) the correct answer(s).
o Answer the each question will be evaluated according to the following marking scheme:
Full Marks 1 +4 If only (all the correct option(s) is (are) chosen;
Partial Marks 43 If all the four options are correct but ONLY three options are chosen;
Partial Marks 42 If three or more options are correct but ONLY two options are chosen,
both of which are correct;
Partial Marks P +1 If two or more options are correct but ONLY one option is chosen and
it is a correct option;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : -2 In all other cases.
YT -2 (31fAPpad 36 : 24)
. 9 W1 H B (06) Ue A B |
. UAP U9 & IR fAdded B | 39 IR fAdedi § 9 Ud a1 U 9 1 fAdhed I8 SR & (&) |
. TR Y3 & forg, |l el S<RI & ATwRY fddbed g |
. ISP U & IR BT Jedidh FHRId 3id dgfa & R fban Srg |
i 3fd : +4 I Baat (@) fawen g7 9 2, @) |
31T 37 : +3 IR w0 ARI fawed |8 B, AfdT dadt dF faded g1 91 B
SINEECEY :+2 I A9 A1 1P fadben El B dIfd dad a1 fddwen g+ &I 8, i1 fb S1F1 &
SR
SINGECEY +1 I 31 A1 A e |1 8, <ifdh dad Ue [Aded g1 ST & dor I8 Uah |el
fameT B
T iH : 0 Il BIg fadehed T&1 AT SI1eln ® (312 g2 b1 SR el fan &) |
FOTHD 3H =2 3= it Rerforn # |
Q.7 Let p beanonzeroreal number. Suppose f:R — R is a differentiable function such that f(0) =1

If the derivative f' of f satisfies the equation

f’( _ f(X) . . .
X)= m for all x e R, then which of the following statements is/are TRUE?

(A) If >0, then f is an increasing function
(B) If b< 0, then f is a decreasing function
(C) f(x)f(—x)=1forall xeR

(D) f(x)— f(—x)=0 forall xeR



Q.7

Ans.

Q.8

AT p U A IRAAD G128 | 941 R —> R T sfadperilg Bov A TdR & {6 f(0)=1 213l f &1
sapes f Sy e R & forg wfieo

S oo

5 B AR A1 8, 99 HEfRad deFl § 9 did 9 © |
b™+x °

(A) 3R p>0 8 99 f TH IEIH B 2|
(B3l p<( B d9 f TP SHAM B ¢ |
C)afl xeR & v f(x)f(-x)=1 28I
(D) ¥ xeR & fow f(x)— f(—x)=0 2|
A,C
If'(x)
f(x)

1 (X
In(f(x)) = Etan b +C

putx=0=c=0

f(x)=

1
= [ &

X

A 100 = o8]

f(x) >0V x eR - f'(x)=%>0:f(X)T

1 ix) 1 X

(© ) fx) = o) on 3] e = 1

(O ) - () = o™ (5] _ o)

forallxeR =z 0

Let ¢ and p be positive real numbers such that 4 >1 and p< 4. Let p be a point in the first

2 2

X
quadrant that lies on the hyperbola —Z—Z—z=1. Suppose the tangent to the hyperbola at p
a

passes through the point (1,0), and suppose the normal to the hyperbola at p cuts off equal
intercepts on the coordinate axes. Let A denote the area of the triangle formed by the tangent at

P, the normal at p and the x -axis. If e denotes the eccentricity of the hyperbola, then which
of the following statements is/are TRUE?

(A) 1<e<A2 (B) V2 <e<2 ) A=4a* (D) A=bp*



Q.8

Ans.

AM g TAT p GHS ARATID GG 4 YR & 6 g >1 A p< g, B A1 p UM IqAie § (& fag 2 <l

2 2
SIREREED] X—Z—Z—2=1 R Red 3| 91 p R AfwRaerd & wRiEn fag (1,0), 3 R 8 91 99 p W
a
JfTIRITT BT NfHerd AN el IR FHAM ITWUE BT B | AFT A, P WX WIRE, P R Afdeiq 91 x-318 §RI
T BT & aF%d 31 ST axal g1 IR e AR @) I B Fad B B, a9 1 H F DI HeH
q 8 —

(A) 1<e<2 (B) V2 <e<?2 S A=4* (D) A=p*
AD

-» normal cuts euqal Intercepts

LM =-1

M. =1

A

xsecH ytan6 _

TatP= 1
b
pass (1, 0)
seco = a
bseco
. - + =1=b=tano
M=1= (atanej
b2=a%2(e?-1)= e?-1=sin0=>e?>=1+sin% (- 0<06<1/2)
l<e’<2=1<e< )
1
Area A = E(AP) (AP) -+ AP = BP

%[(1 — sec? 6)2 + (tan2 eﬂ =tan*0 =b*



Q9 Let f:R—>R and g:R — R be functions satisfying
S+y) =)+ )+ f(x)f(y) and f(x) = xg(x)
forall x,yeR. If lgr(}g(x) =1, then which of the following statements is/are TRUE?
(A) f is differentiable at every x e R
(B) If g(0)=1, then g is differentiable at every y e R
(C) The derivative f'(1) is equal to 1
(D) The derivative f'(0) is equal to 1
Q9 #M f:R—->R TN g:R>R % 8| 5 &0 x,yeR. & fog
fa+y) =@+ f)+ff () TS () = xg(x) B wge ot @) ol Mg =1 & qa fer 4 &

BN HUT T B |
(A) fu?fm xeR R THAT B |

(B)af g(0)=1, 8 79 g UP xR W JdHa-I B |
(C) srgbetst f/(1), 1 & sRIeR 2|
(D) s/@®est £(0), 1 & IR 2 |

Ans. A,B,D
f(x+y).1="f(y)+f(x)f(y) g(0)=1
puty =0 f'(x) = xg'(x) + g(x)
f'(x) = f'(0) + f(x)f'(0) f(0) =g(0) =1

xg'(x) + g(x) = £(0) + f(x). f'(0)
Xg'(x) + g(x) = 1 + f(x)

fi(x) = f(x) + 1

f(0) = f(0) + 1

f(0)=0

f(1) = f(1) + 1

ﬂdx =J.dX

f(x)+1
=>In(f(x)+1)=x+c
putx =20




we have check differentiability at x =0

e -1 1
X
'(0*) = x-0 X
(ex ~1- 1} 1
lim . ==
x—0 X 2
e’ -1 1
g'(0) = |im X
X—0 —X
. eX-1+x 1
lim > ==
x—0 X 2
g(x) is aiarecate for dex
M-II

to find function

00 = lim FOCE) = F00
h—0

F(x) = (f(x>+1)'h'53 —h

( )

f'(x) =f(x) +1

Q.10 let «,f,7,6 be real numbers such that o’ +fB°+y*#0 and a+y =1. Suppose the point

(3,2,-1) is the mirror image of the point (1,0,-1) with respect to the plane ax+ fy+yz =0 . Then
which of the following statements is/are TRUE?
(A) a+pB=2 (B) §—y=3 (C) 6+p=4 D)a+P+y=05



Q.10

Ans.

Q.11

Q.11

Ans.

941 o, f,y,6 axdfde WA 39 IR 8 (6 o + B4yt #0 AT a+y=1. 2| @A I
(3,2,-1) ®Fad ax+ Py+yz=05 & 9 =g (1,0,-1) &1 g4 yfifa= 8, 9 7/ # 9 S99 doF 9 2 |
A) a+p=2 (B) 6—y=3 (C)6+p=4 MD)a+p+y=0

A,B,C
pp' is normal to given plane P(1,0,-1)

o _B_v_
E_2_0_k(let)

a=B,y=0 i

Loty=1=a=1=8

a+p=2 iQ )
Q pt is mid pt of pp' = (2, 1, -1) werprrE=e
lie on plane

200+ pB—-y=9 |

put a, B,y
8§=3

d—-y=3
5+p=4
oa+PB+y=2=%#3

p'(3,2,-1)

Let @ and p be positive real numbers. Suppose PQ =ai +bj and PS =ai —b; are adjacent sides

of a parallelogram PQRS .Let i and  be the projection vectors of /=7 + j along PQ and PS,

respectively. If | i |+ |V |=| w| and if the area of the parallelogram PQRS is 8,
then which of the following statements is/are TRUE ?

(A) a+b=4

(B) a-b=2

(C) The length of the diagonal PR of the parallelogram PQRS is 4

(D) w is an angle bisector of the vectors @ and ps

AT @ T S ARG G 8 | A PO = ai +bj TN PS = ai —bj T TR agqst PQRS & 31+

YOG B | A g AAT § FHAN PO AT PS, B IGRY p={ + ] BT UAT AR B | AR | [+ |V =] w| & qen
e FH=R agYSt PQRS &1 &3%cl 8 &, d9 711 H ¥ S $oF 9 2 ,

(A) a+b=4

(B a-b=2

(C) IR Ig¥s PQRS & fadwoi PR @ o 1s 4 B |

(D) w EREN PO T pS F UF BT A€ ¥ |

A,C



S R

ai - bﬁ1
P A\ R Q
ai +bj
- w.PQ
PQ|
(?+'j).(a'i\+b'j)
- ‘a?+bﬁ‘
(a+b)

~ Ja? +b?

(W) (1+3)(a-) e

‘E‘ ) ‘a?—bﬁ‘ ) Ja? +b?
lul+|vI=lwl
(a+b)|a—b|=

e
(5+5)+(5—5)=\5\/a2+b2 — 2a =+/2/a’ +b?

2a2 = 2b?
a=b>b

]
b

Area of parallelogram =

QO Q -
o o x>

3‘—2ab|2‘:8
ab=4=a2=4
a=2=b
at+b=4
a-b=0



Length of diagonal of parallelogram = ‘(a? + bj) + (a? - bi)‘
=2a=4
PQ +PS = 2a?,2bﬁ £ AW

Q.12 For nonnegative integers s and r, let

s! .
s —— ifr<s
(]: ri(s—r)!
,

0 ifr>s

For positive integers m and n, let

2(m.n) = Z f (Ztn};p)
V)

where for any nonnegative integer p,

w3

Then which of the following statements is/are TRUE?

(A) g(m,n)= g(n,m) for all positive integers m, n

(B) g(m, n+1)=g(m+1, n) for all positive integers m, n

(C) g(2m, 2n)=2 g(m, n) for all positive integers m, n

(D) g(2m, 2n)=(g(m, n))? for all positive integers m, n
Q.12 JIFHITHSG YUID S AT ;o & foIg AT

s! .
s —— ifr<s
[ ]: ri(s—r)!
p gl

0 ifr>s

gATHS YOI m qATN & g 711

5 f(m,n, p)
g(mmy= 5 L1P)
p=0 [”er] &1
p

STEt fdlt s quite p & forg

w31



Ans.

21 a9 9 H A P B A § ?

(A) g(m,n)=g(n,m) | g1HAS qu1ie m, n & foQ 2 |
(B) g(m, n+1)=g(m+1, n) I &S quiis m, n & forg 2 |
(C) g(2m, 2n)=2 g(m, n) A g=THAS quiice m, n & forg 2 |

(D) g(2m, 2n)=(g(m, n))? T &THS goifs m, n & forg 2 |
A,B,D

p

m n+i n+p
Z(; c."'c, e,
i=

In+p

imc Nn+i
S 'lpn+i-plp-iln+i

c f'””’l(ﬁd

%))

=r+ec [Mc e, +7 ¢, ...+ CC
coffi xPin (1 + x)" (x+1)™
f(m,n,p) = ("*°c)) ("*"c))

m+n

g(m,n): Z m+ncp — 2m+n

p=0

g(m, n) = g(n,m)
g(2m, 2n) = 220 +" = (27 )2 = (g(m,n))?

m

m

C

Mo

N
<}

SECTION 3 (Maximum Marks : 24)
This section contains SIX (06) questions. The answer to each questionisa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer. If the numerical value
has more than two decimal places, truncate/round-off the value to TWO decimal places.
Answer the each question will be evaluated according to the following marking scheme:
Full Marks : +4 If ONLY the correct numerical value is entered;
Zero Marks : 0 In all other cases.




I -3 (3fA®aH 37 : 24)
39 W ¥ B: (06) UeH A B | TS U $T SR AC&ITHB A 7 |
JAE U2 & foly, IR Ul & & forg Afde o ©R A6 iR ifF—wnH il (@gsrd) Acdid dius &
IUIRT D SR BT Fel TS A1 gl oY | Al F@dtd A | |1 3 1S q9Herd UM 7, dl & Saed
R & 719 Bl Biel/Adedd o |
JA® U & IR B Jedidh FfeiRad ugfd & srgaR fdar S |
ol 3 : +4 I B HE IS A4 ufaee fhar T |
I 3B : 0 3y it Rerfori # |

Q.13

Q.13

Ans.

Q.14

Q.14

Ans.

An engineer is required to visit a factory for exactly four days during the first 15 days of every
month and it is mandatory that no two visits take place on consecutive days. Then the number of
all possible ways in which such visits to the factory can be made by the engineer during 1 —15 June
2021is
TS I BT AP Al B U 15 Al & SRE 3 IR &A1 & o U SREM &1 SRT HRAT aIH © qAT T8
Sffard ® fob AR <1 o @18 I 7 21 9 9 aRifad daRe! & I s sRE™ ¥ 39 dRE & SR SIfdT
BRI 1-15 972021 & SR f&d &1 Fad g, 8l |
495.00
To select = 4 days
not selected days = 11 days
gaps =12
e, - 12x11x5x%x9 _ 495

24

In a hotel, four rooms are available. Six persons are to be accommodated in these four rooms in
such a way that each of these rooms contains at least one person and at most two persons. Then
the number of all possible ways in which this can be done is

U Bicd ¥ IR $H U ¢ | 39 IR BRI H ©: ATl Bl §9 bR FARING BHd B | 598 F AP HHR § HH
I BH U Afdd doal ifipad <1 fdd 8l | a9 qW) Ferfad daiRel &1 G s ag fhar &1 doar 8, 8l |
1080.00

by grouping

1

/

6—>1
\\‘2
2
6!
X
111121212121

720

= 2><2><2><2><
= 1080

4!

24



Q.15

Q.15

Ans.

Q.16

Q.16

Ans.

Two fair dice, each with faces numbered 1,2,3,4,5 and 6, are rolled together and the sum of the
numbers on the faces is observed. This process is repeated till the sum is either a prime number or
a perfect square. Suppose the sum turns out to be a perfect square before it turns out to be a
prime number. If p is the probability that this perfect square is an odd number, then the value of 14
pis

<1 3o U, e o ww&n 1,2,3,4,5 0216, 2 Ud Bl Vs A1 JShRI Sl & 40 US1 IR AIRI & ANTh
o1 ARevr {5 Sirar 2 | a8 ufshan 99 Qe SR 8, 59 ddb b A1 U 31913 &1 A1 U qof a3 <1 &1 | A1 A
T T HeT SURT B8 & Ugel Us Yol 81 B | afe P wildisar & o soast qof avf gap fqww wwan B, 99 14 p
BT AN BN —

8.00

Sum is prime =

2(1,1)

3(1,2)(2,1)

5(2,3)(3,2) (1,4) (4,1)

7(1,6) (2,5) (3,4) (4,3) (5,2) (6,1)

11 (5,6) (6,5)

155
(prime) =36 =12

X

Let the function f:[0,1]— R be defined by f(x)= Then the value of

4" +2
| 2 3 39 |
/ (4—0)”’ (4—0)”’ (4—0]* " (%)‘f @ s
A e f:[0,1] >R, f(x)=4),+2 & gR1 oRIfg 24
| 2 3 39 |
o /)L G momem-
19.00
f:[0,1] >R
o) = 4% +2
4
41—X _ ?
f(1-x)= 41’X+2_i+2
4*
4
T 44 2.4
2
=

2+ 4



S OO + f(1-x) = 1

fiJrfi e +f£—fl
40 40 40 2
L f[29)_¢(L
= 19 pairs + 40 > =19

Q.17 Let /:R— R be adifferentiable function such that its derivative f" is continuousand f(7)=-6
If F:[0,7]— R is defined by F(x)=joxf(t)dt, and if

Ioﬂ (f'(x)+F(x))cosxdx =2then the value of f(0) is

Q.17 wHl f:R—> R U6 Hadbe-ld Hoid 0 UbR & & g0d1 sabersl (1 dad & @ f(n)=—6 2| I
F:[0.7]>R ,F(x)= [ f(t)dt, & grer i & con

[7( )+ F(x))cos xdx =2 7@ £(0) w1 7 27
Ans. 4.00

fx) = | f(t)dt
0

fi(x) = f(x)

j f'(x)cosx dx + j f(x) cos xdx

0 o !

J'f'(x)cosx dx + f(x)sinx)’ —J'f(x)sinx dx
0 0

(f'(x)cos x - f(x) sinx)dx

O3

dix(f(x)cos x)dx =2

O3

f(x)cos x|, =2
f(n) (-1) - f(0) = 2
6-f(0)=2

£(0) = 4



Q.18 Let the function f:(0,7) - R be defined by £(0) = (sin @ + cos §)* +(sin @ —cos 0)*.
Suppose the function f has a local minimum at @ precisely when 96{/1171',...,/1/1'}, where
0< A <---<A <1. Then the value of A, +---+ 1 is

Q.18 #@HI % f:(0,7) > R, f(0)=(sin@+cosB)’ +(sin@ —cosH)* & g1 uRHIMT 2 |
HAT ®AT f, 9 R (S AF vH Wity fAfEs rwar 21 99 Qe{lln,...,irn}, g W8l

0< A4 <<A<l Bl A4++A & AF T
Ans. 0.50

f(6) = (1 + sin20) + (1 - sin20)?

= 1+ 5sin20+ 1 + sin?26 - 2sin20

= sin% 20 -sin20 + 2

2
= sin26—l +Z
2 4

0 [0, n]
- 20 €[0, 2n]

1
f(6) min. when sin26 = E

220=Z,28
6

K2
6 4
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SECTION 1 (Maximum Marks : 18)
This section contains SIX (06) questions.
Each question has FOUR options. ONLY ONE of these four options is the correct answer.
For each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme:
Full marks : +3 If ONLY the correct option is chosen;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : =1 In all other cases.

I -1 (31f¥®an 3iw: 18)

. 9 W1 H B (06) Ue A B |
. U 9% P AR fdded 8 | 59 IR fAbedi § A dadl TP € Fel SR g |
. ISP U @ Y, Al IR & oy fdded gy |

. TS U b SR Bl i HfRad ofe Ugfd & STgaR fdbar S |
ol 3 : +3 Had Fel [Qeed g1 A © |
TR 37 : 0 i ®Ig fdbey &1 AT Ol & | (31 ge= @1 IR el fe &)
FOTHD 3H : —1 ey 9t Rerfaai 7 |
1. If the distribution of molecular speeds of a gas is as per the figure shown below, then the ratio of

the most probable, the average, and the root mean square speeds, respectively, is

5S¢
53
oo
e o
w £
speed
e vs 199 &1 Mfvaes 1fa o1 faarer Fifed RErgaR 2, a1 siftdad uilie 9w, si|d 99 dor a9 |41ed 9o |19 &I
T, AT &:
B
5
=
15
Z
T
(A)1:1:1 (B)1:1:1.224
(C)1:1.128:1.224 (D)1:1.128:1
Ans. B
By observing the graph we get
u __:u_:u = 1:1:1.224

mps avg rms
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Ans.

Ans.

Which of the following liberates O, upon hydrolysis?

=1 # A P19 STetsroEes 81 W O, g Bl 87

(A) Pb,O, (B) KO, (C) Na,O, (D) Li,O,
B

Superoxides liberate oxygen with water

2KO, + H,0 _____y 2KOH + H,0, + O,

A colorless aqueous solution contains nitrates of two metals, X and Y. When it was added to an
aqueous solution of NaCl, a white precipitate was formed. This precipitate was found to be partly
soluble in hot water to give a residue P and a solution Q. The residue P was soluble in aq. NH, and
also in excess sodium thiosulfate. The hot solution Q gave a yellow precipitate with KI. The metals
X andY, respectively, are

(A) Ag and Pb (B) Ag and Cd (C)Cd and Pb (D) Cd and Zn

U e STelid faeras 9 a1 grqgall, X 9o Y & Age 8 2 | 919 39 NaCl & U& Sty faued # fAemn o &,
Al U 39 3[9eTY 99T B | TS 3[d&T U Y P d21 U%h fdeid Q 39 & forg 1 a1 # 21if¥e w9 9 faery urn
T & | TR P 7ol NH, T i ariiehe & e # W gereiid & | KI$ |11 T fieas Q Ud e sraard
AT | X Y &gy, HHL: B

(A) Ag d2rm Pb (B) Ag der Cd (C) Cd qarm Pb (D) Cd e Zn

A

(1) AgNO, + Pb(NO,), __ NG, AgCl  + PbCl,

solution white ppt white ppt

partially soluble
in hot water

(2)AgCl  +NH, ____ y[Ag(NH,),] Cl
(residue-p) (soluble complex)
(3)AgCl  +2Na,S,0, 5 Na,[Ag(S,0,)]
(residue-p)  (excess) (soluble complex)
(4)PbCl, + 2KI _, PbI,

(hot solution-Q) (yellow ppt)



4, Newman projections P, Q, R and S are shown below :

OH
H.C | cH,
CH, CH, CH,
HQ CH, H CZHS: ! :H CH; CH(CH.,),
CH. HO CH, H H
H.C cp, H C.H, C.H; OH
CH,

P R s
Q

Which one of the following options represents identical molecules ?
(A) Pand Q (B)Qand S (C)QandR (D)Rand s
[H g&mor P, Q, R @1 S &1 AR g2 11 5—

OH
H,C | cH,
CH, CH, CH,
HO, [ CH, H CHs ! H C,H, CH(CH,),
C,H, HO CH, H H
H.C CH, H C,H, C,H; OH
CH,
P R S
Q
7 3 QDI U fAdhed A 379] UeRid dRar 27
(A) P Tom Q (B) Q@ S (C) Q @R (D) RTAT S
Ans. C
CH,
HQ CH, CH, OH
5 4 3 |2 1
CHB—CHZ—(II — (|:—CH3
(P) CH, CH,
H,C C.Hs

CH, 2,3,3-trimethyl Pentan-2-ol



OH

H,C | CH,
3 4 5
C,H,—CH—CH,—CH,
H H 2
CH,—C—OH
(Q) 1CH3
H CH, CH, 3-Ethyl-2-methyl Pentan-2-ol
CH
Csz 3 H (i:H3
1 2 3 4 5
CH,—C — CH—CH,—CH,
|
(R) OH C.H,
HO C,H. CH, 3-Ethyl-2-methyl Pentan-2-ol
CH
CHs_ | CH(CH), o,
5 4 |3 2 1
CH,—CH,— C — CH—CH,
(S) |
H H OH CH,
OH 3-Ethyl-2-methyl Pentan-3-ol
5. Which one of the following structures has the IPUAC name

3-ethynyl-2-hydroxy-4-methylhex-3-en-5-ynoic acid ?
=1 ¥ & IPUAC 1
3- U -2-BTgsiaR) -4- Afcedd-3-37-5-3M81gd I dTell AT DI 27

OH \\I OH OH
O.H HO.,C q O.H X O.H
(A) % HE YT (C)jikC 2 (D)I\C :
2N L 2N z
D

OH

Ans.

>
N 1
\3| CO,H
/4

6“5

3-ethynyl-2-hydroxy-4-methylhex-3-en-5-ynoic acid



The Fischer projection of D-erythrose is shown below :

CHO

H——OH
H——OH

CH,OH
D-Erythrose
D-Erythrose and its isomers are listed as P, Q, R, and S in Column-I1. Choose the correct relationship

of P, Q, R, and S with D-erythrose from Column II.
Column-1 Column -1II

OHC_ HO, ,H

I

P.  H"/ 1. Diastereomer

OH
OH
OHC OH
Q. Hcﬁ§7__ﬁ<&;; 2. Identical
4 OH
OHC_ H,_ ,OH
%
R. H"Y/ oH 3. Enantiomer
OH
OHC OH
S. HO%?__éagg
4 H
D-32 BT fheR Tergor o g9miar 11 B |
CHO
H—t—OH
H—t—OH
CH,OH

D-gden



T -1 § D- SO 91 396 FHIGId) P, Q, R 1 S & ®U H 3ifhd 8 | T II W D- 9001 a1l P, Q, RAA S &
L T BT AIT BT |
W -1 W - II
OHC HO

) H
‘e,“_
P. H\‘HOH 1. SERARATR

OH

OHC OH
Q. HO}_G 2. <Y
OH

H
OHC H LOH
%

3

R. H*/ 3. yffeed (gaferr)
OH

OHC OH
s. HO“‘WH
H

(A)P>2,Q—>3,R»>2,5>52 B)P->3,Q>1,R>1,552
C)P-2,Q-1,R>1,5-3 D)P>2,Q-»3,R>3,5>1
Ans. C

CHO

OHC_HO H OH
HO A B
P H\\\H e ’ ——OH

CH,—OH

| O

OHC OH

Q. HO\“\\\‘ """" w«/mH —_ H—_OH
4 OH

OHC. H LOH OH Y H LOH
H——OH
R. H - —> HO——H
OH OH

OH OHC CH,—OH

OH
OHC — > HO—t+—H
S. HO ey \mQ H HO H
H

H CH,—OH




SECTION 2 (Maximum Marks : 24)
This section contains SIX (06) questions.
Each question has FOUR options. ONE OR MORE THAN ONE of these four options(s) is (are)
correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each questlon will be evaluated according to the following marking scheme :

Full marks :+4 If only (all) the correct option(s) is (are) chosen;

Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks :+2 Ifthree or more options are correct but ONLY two options are chosen,
both of which are correct;

Partial Marks :+1 If two or more options are correct but ONLY one option is chosen and
it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : =2 In all other cases.

YT -2 (31fAPpad 3id : 24)
39 9 H B (06) U3 NS B |
UAP U9 & IR fAddbed | 39 IR fAdeti § 9 Ud a1 U 9 1 fAdhed I8 SR & (&) |
TS Y & oIy, @l el STRI & ATwRY fddbed gy |
ISP U & IR BT Jodidh R 3id dgfa & R fhan Sre |

i 3fd : +4 I Baat (@) fawen g7 9 2, @) |

SINGECEY : +3 Il @it IRl fReea 98 2, A daa 9 e g7 o1d 2 |

SINEECEY :+2 I A9 A1 1P fadben El B dIfd dad a1 fddwen g+ &I 8, i1 fb S1F1 &
BE

SINEECEY c+1 I 31 A1 A e |1 8, <ifdh dad Ve [Aded g1 S & do I8 Uah |el
fawea 2 |

I 3D : 0 IS 3IS fadwey I8 1 ST © (ST U &1 SR 8 {1 8) |

FUTHD 3 : =2 3 w4 Rerfoai # |

In thermodynamics, the P-V work done is given by w = —f dvP,,

) . RT a
For a system undergoing a particular process, the work done is, W = *f dv V_b

This equation is applicable to a

(A) system that satisfies the van der Waals equation of state.
(B) process that is reversible and isothermal.

(C) process that is reversible and adiabatic.

(D) process that is irreversible and at constant pressure.



Ans.

SRR #, R war B P-V Fret g Ra @ w = — [(dVP,,

RT a

Wﬁﬁwuﬁmﬁgwﬁmﬁﬁaaﬁﬁm,%mwmgw:fdv[v—bW}

Ig T = 7 9 feds forg Sugad 2—

(A) U& T3 SII AARAT B VSR Te’d FHIDRUT Bl FE B © |
(B) Ts ufshar ST Schaoly def AHATY 2 |

(C) v& uftran it Sepwofla o SETe ¢ |

(D) T& ufsha i rgehAoNg qem Rer a9 wR 7|
A,B,C

w = 7f Pext.dv

RT _a

Pext. = V-b V2 =
U

process is reversible

__RT _a

s Vb V?

Hence Ans. A,B,C

gas

P is Van der waals equation of state.

With respect to the compounds I-V, choose the correct statement(s).

e
H
H
O O/ H-CH, H———H
I 11 111 1\ \

(A) The acidity of compound I is due to delocalization in the conjugate base.
(B) The conjugate base of compound IV is aromatic.

(C) Compound IT becomes more acidic, when it has a -NO, substituent.

(D) The acidity of compounds follows the orderI > IV >V > II > III.



Af® -V & FIeTd, T HAT BT T DIfoTI—

SV
H
H
O ©/ H_CH3
I II III v

(A) DT 1 @) reiiadr HgT aR # faven s & HRoT 8l B
(B) A1 IV &1 S &R Wife s 2 |
(C) Arfirep 11 31f8e 3relly 81 STl &, STd I8 Tb —NO,, ufcReimdl e 2 |

(D) Aifrepi ®1 srtiaal g9 HAGAR 8 [ > IV > V > 11 > 111,
Ans. A,B,C

©
(A) ©/C\© is a conjugate base of compound I. Which is stable by delocalisation or

resonance.

Q
(B) @ is a conjugate base of @, which is aromatic compound.

(C) -NO, group is strong electron withdrawing group which increases acidic strength of compound
H-CH,.
(D) The order of acidic strength

@ > HC=CH > @ @ > CH,



In the reaction scheme shown below, Q, R and S are the major products.

0
HC G e o 0 (i) CH,MgBr
3
H,C ’ o) o (i) Zn-Hg/HCI R (i) H,0" <
AICI, (i) H,PO, (iii) H,50./ A
P
The correct structure of
H,C_ CH, H.C__ CH, H.C
H,C CH
H,C ‘ l CH, H,C i :
(A) Sis ‘ (B) Qis
CH, HO,C o

H,C_ CH,

H,C_ CH
H.C :
H.C o H.CK Ao CH
(C)Ris (D) sis G ‘ '
0

feafaRaa sifafean uspw 3, Q, R den S g 1< B |
0]

H.C_ CH 0

. H.C cn (i) CH,MgBr
H,C ’ o) o (i) Zn-Hg/HCl R (i) H,0" <
AlCl, " G HPO, (i) HSO/ A

P




Ans.

CMe,

CHs ey,

—H,0
%
H*/A

(Q)
CMe,
CH3CH3
CH,MgBr
HO, H.0"
H,C




10.

Ans.

11.

Ans.

Choose the correct statement(s) among the following:

(A) [FeCl,]- has tetrahedral geometry.

(B) [Co(en)(NH,),Cl,]* has 2 geometrical isomers.

(C) [FeCl,]~ has higher spin-only magnetic moment than [Co(en)(NH,),Cl,]".
(D) The cobaltion in [Co(en)(NH,),Cl,]* has sp3d? hybridization.

71 9§ | 98 BUF F FIT DHIR——

(A) [FeCl,]- T STfAfd wedr 8

(B) [Co(en)(NH,),Cl,]* 2 St |qHagd! e &

(C) [FeCl,]-, [Co(en)(NH,),CL,]* & 3fUer SeeIaH AhU—hdel Fraoid ATl Tl &
(D) [Co(en)(NH,),Cl,1*# raTee 3 sp3d2 Heh=ol G 2 |

A,C

(A) [FeCl, ] Cl-is weak field ligand

4s 4p
revt - 1]

sp? - hybridization

n=4, 1= 24
(C) [CO (en) (NH,), CI1*
CO** = (3d®), (A, > P)
tzgseg, nN=0,u=0
hybridization — d2sp3
With respect to hypochlorite, chlorate and perchlorate ions, choose the correct statement(s).
(A) The hypochlorite ion is the strongest conjugate base.
(B) The molecular shape of only chlorate ion is influenced by the lone pair of electrons of Cl.
(C) The hypochlorite and chlorate ions disproportionate to give rise to identical set of ions.
(D) The hypochlorite ion oxidizes the sulfite ion.
BISUTFARTS S, FAINT T AR P U, T HAT BT I bIfoTd—
(A) TRUFARTSE I Ydolad FIH! &R ¢ |
(B) »dd FANE AT B 3MM0ah b Cl & ThTdh] getde = T §RI YT 2 |
(C) BIRUIFARISE TAT FAIRT 31T, AR & FAM FHel & A0 & forg fawrgurd #vd 2 |

(D) ERUIFARTIZE 3N HSPBTST AT BT ATRITBROT BT B |
A,B,D

Acidic nature - HCIO < HCIO, < HCIO,

Basic nature — CIO- > CIO,” > CIO,

(B)QQ—O /g')\
g I

sp? (Linear) Sp? (pyramidal)
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Ans.

(+1) -1) (+5)

(
(©) 30cr —"— 2ci- * CIO;

(+s) absence of catalyst (-1)
4ClO; Lower temp. 3clo, + Cr

(D)CIO-+S0,- —_,ClI-+S0O,>

The cubic unit cell structure of a compound containing cation M and anion X is shown below. When
compared to the anion, the cation has smaller ionic radius. Choose the correct statement(s).

TR Ua Al &) G- 3H18 PITSHT &I M T R0 X IR 8 | RO 61 Jof1 H g4 BIST e
o e 2
JE BT BT IIF BT | )

OV OxX

(A) The empirical formula of the compound is MX.
(B) The cation M and anion X have different coordination geometries.
(C) The ratio of M-X bond length to the cubic unit cell edge length is 0.866.
(D) The ratio of the ionic radii of cation M to anion X is 0.414.
(A) s BT Fergurh g MX B |
(B) &FTa_ M @21 0 X i Suseareid SanfHfial IE 2 |
(C) M-X 971 oI=ITg eIl B §hls DIfSH] IR oHTs Bl ]urd 0.866 2 |
(D) &9IRIF M @211 SRUTRA X &1 3 a1 &1 o urd 0.414 3 |
A,C
According to given diagram, structure seems to be B.C.C.
(1) empirical formula —» MX
(2) C. No. of 'M'ion = 8 [same co-ordination Geometry]
C. No. of 'X'ion =8 [same co-ordination Geometry]

2

2
(3) M-X Bond Length = [;} +

1 1
M-X B L h=a/=+=
ond Lengt 213

M- Xbondlength _ 3 _ 0.866

a(edgelength) — 2




(4) AsitisB.C.C.

L
0.732< M <1
r,.

X

Ans. A,C

SECTION 3 (Maximum Marks : 24)
This section contains SIX (06) questions. The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer. If the numerical value
has more than two decimal places, truncate/round -off the value to TWO decimal places.
Answer to each question will be evaluated according to the following marking scheme :
Full marks : +4 If ONLY the correct numerical value is entered;
Zero Marks : 0 In all other cases.

I -3 (3fA®aH 37 : 24)

39 W ¥ B: (06) UeH A B | TS Y $T SR AC&ITHB A 7 |
JA® U39 & foly, IR Ul & @ forg Afde o ) A6 iR ifF—wne il (@gsrd) Acdid dius &
SUIRT BB SR BT Fel AEITHAS AF &0l B | Al s A H q1 9 1fd q9Hed XU 7, I & Seeld
R & 719 Bl Biel/Adedd o |
JA® U & IR B Jedidh FfeiRad ugfd & rgaR fdar S |
ol 3 D +4 IR Had FE T=ITHS J19 gfdwe fhar ™ B
I 3D : 0 3= | Rerfari # |

13.

5.00 mL of 0.10 M oxalic acid solution taken in a conical flask is titrated against NaOH from a
burette using phenolphthalein indicator. The volume of NaOH required for the appearance of permanent
faint pink color is tabulated below for five experiments. What is the concentration, in molarity, of
the NaOH solution?

Exp. No. | Vol. of NaOH (mL)
12.5
10.5
9.0
9.0
9.0

N[(R[W[IN|=




0.10 M 3ifafora a1t fdera &1 5.00 mL U@ a@dR (conical) el H odx fheiieliiele gad &l SRIRT Hd
BU U e §R1 NaOH & faveg ST fbam Sir 8 | el Jalre! 9 ) SuReifd & forg araedes NaOH @1 3aa=
gfa g & forg e aRofieg ® | NaOH fder @ |rsar, AreRdr § a1 8 ?

TRINT = NaOH &1 31 (mL)
1 12.5
2 10.5
3 9.0
4 9.0
5 9.0
Ans. 0.11

H,C,0, + 2NaOH — Na,C,0, + 2H,0

5ml M

0.1 M

[H,C,0,]x vol.x 2

M= [NaOH] = vol.of NaOH

NaOH1. = 5><0.1><2_ 1

[NaOH], = — 55— =135

NaOH1. = 5><0.1><2_ 1

[NaOH], = =55 105

5x0.1x2 1
[NaOH], = ——5—— = g = [NaOH], = [NaOH],

+ x 3

1
[NaOH] Final Result = 12.5 10.5 9
5

2,21
2572173
- 5

_ 0.08+0.095+0.333
5

=0.102 ~ 0.11 Ans.




14.

Ans.

15.

Consider the reaction A = B at 1000 K. At time 't'. the temperature of the system was increased
to 2000 K and the system was allowed to reach equilibrium. Throughout this experiment the partial
pressure of A was maintained at 1 bar. Given below is the plot of the partial pressure of B with time.
What is the ratio of the standard Gibbs energy of the reaction at 1000 K to that at 2000 K?

4
115
100

Ul
=)
|

=
o

Partial Pressure of B (bar)

tl

time

1000 K R 31fifshar A = B R fooR IS | 999 't W=, 3 &1 9199« 2000 K 96 §¢ ST § 92 9 &l 97 db
gga 31 ST 8 59 YA & SR A BT 311 &6 1 IR §91¢ @1 17 o7 | <1< 999 & A12f B & 371 <16 Bl
g fear a1 81 1000 K @21 2000 K wR 31ffshar & /e e Sofl &1 argurd @1 8 ?

4
< 115
5 100
5
% 50
g =
Q10
tl
0.25
Keq.2000K =100
Keq.lOOOK =10
AG,;,, = —2000 R In (100) = - 4000 R (In 10)
AG,,,, = - 1000R In (10) = - 1000 R (In 10)
M = i - AG;00 _ l —0.25
AG1000 1 AGzooo 4
Ans. = 0.25

Consider a 70% efficient hydrogen-oxygen fuel cell working under standard conditions at 1 bar and

295 K. Its cell reaction is
H,(g) + O,(g) - H,O(l).



Ans.

16.

Ans.

The work derived from the cell on the consumption of 1.0 x 10-3* mol of H,(g) is used to compress
1.00 mol of a monoatomic ideal gas in a thermally insulated container. What is the change in the
temperature (in K) of the ideal gas?
The standard reduction potentials for the two half-cells are given below.

0,(g) + 4H* (aq) + 4e” — 2H,0O(l), E° = 1.23 YV,

2H* (aq) + 2e” — H,(g), E° = 0.00V.
Use F = 96500 C mol-*, R = 8.314 J mol-* K1,
1 bar @21 298 K TR HF® 31a=ell § HRIRA Udb 70% T& EESIo—3NHhAe 3899 il TR IR S/ | 39 Jd &

arfafhar a—

H,(g) + O,(g) —» H,O(l).
1.0 x 103 mol H,(g) & @WUd 4R ¥l gRT Ga~ BRI Pl Teb 19 AT 913 H 1.00 mol TheAwRATVEaD rael i
3 it § Sy fhar Srar B |
ee A9 & qyEE § aRad= (K §) #m g ?
0,(g) + 4H* (aq) + 4e- — 2H,0(1), E° = 1.23 V,
2H* (aq) + 2e” — H,(g), E° = 0.00V.
Use F =96500 C mol-!, R = 8.314 J mol-t K-,
13.32

E®, = 1.23 volt

cell

AG® = {-2x96500 x 1.23}

Energy used =[2x96500%1.23x70% x10°?

= 1><§><8.314><(AT)

_ 4x96500x1.23x70x10°°
- 100x3x8.314
=13.32

AT

Aluminium reacts with sulfuric acid to form aluminium sulfate and hydrogen. What is the volume of
hydrogen gas in liters (L) produced at 300 K and 1.0 atm pressure, when 5.4 g of aluminium and
50.0 mL of 5.0 M sulfuric acid are combined for the reaction?

(Use molar mass of aluminium as 27.0 g mol-*, R = 0.082 atm L mol-* K-!)

TR, FeHIRE 3Fel @ AR fhar ava TRIfAfTd Febhe e grsgio &1 ffor wvar 8 300 K @2 1.0 atm
319 IR I~ BISSI 19 BT 377Ia eifex # (L) R 2, 919 5.4 g veafafas @ 5.0 M GergRa arvel &1 50.0
mL a1ffhar & forg | g & ?

(TR &1 HIeR S| 27.0 g mol=! WA SIS R = 0.082 atm L mol-t K1)

6.15 Liter

2Al + 3H,SO, — AI(S0,); + 3H,

505
1000
(L.R.)

= 0.25mol

0.2 mol



17.

Ans.

18.

Volume = %x 0.082x 300

24.6

4
.1

= 6.15 Litre.

> Uis known to undergo radioactive decay to form *%Pb by emitting alpha and beta particles. A

rock initially contained 68 x 10-¢g of *3;U. If the number of alpha particles that it would emit during
its radioactive decay of 35U to *%Pb in three half-lives is Z x 108, then what is the value of Z?
TSI AT AT HUI & Icqor gRT “%Pb & fwior & forg 235U et e & Joran 2 | U gee (rock) TR

T H 68 x 106g *3U gad archl 2 | i srd—smygwrati # 235U 2% Pb @ fSaendt e SR Iafsta srewt woif
B AE Z X 10187, S Z BT A R ?
1.21

o, U >, Pb?° +8,He* + 6_,p° (antineutrino)

7

—6
\ﬂ x L% 8x6.023 %107

238

_ 68x7x6.023x10""7
- 238
=1.2046 x 108 = 1.21

In the following reaction, compound Q is obtained from compound P via an ionic intermediate.

CO,CH,
CH. CeHs
. H.S
M>Q (a colored compound)
CeH,
P

What is the degree of unsaturation of Q ?



o1 arfifhan &, T e Aread & Afe P g1 Aife Q urd favan i B |

CO,CH,
C.H: CeHs
_conc. H.50, Q (vo Wi Aifire)

Q & FFATAT DY A FT 8 ?

Ans. 18

Oy _OCH, Q
Ph Ph '
conc. H,SO, O
| _—
Ph O

Q)

Total degree of unsaturation = 18



