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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.
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A football of radius R is kept on a hole of radius r (r <R) made on a plank kept horizontally. One end
of the plank is now lifted so that it gets tilted making an angle 6 from the horizontal as shown in the

figure below. The maximum value of 6 so that the football does not start rolling down the plank

satisfies (figure is schematic and not drawn to scale)
R 3 @)t gedia il $U A W U6 a&d W a9 r (r<R) 550 & va fog = @) 9l 8 | 9w &1 U@ BRI
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Sol.
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tends to zero X

on verge of rolling /# I ]
l"l r
‘ y

mg 0
on the verge of rolling 'mg' passes through point of contact.

sin9=L
R

A light disc made of aluminium (a nonmagnetic material) is kept horizontally and is free to rotate
about its axis as shown in the figure. A strong magnet is held vertically at a point above the disc
away from its axis. On revolving the magnet about the axis of the disc, the disc will (figure is
schematic and not drawn to scale)

TR (T Srgraid uared ) &1 941 U Bl ddball &Sl WU A I S 8 9 RETER g9 el b uRa:
g & T a1 8 | U ygel (strong) grd bl & SHUR U fdvg 1R 38 3fel A G SHEieR ! Sl 8 | Fehel]

@ el b URT: gHd DI gAM W gl (FrE Aiafae g den 9 3 va@ifea T8 8)

(A) rotate in the direction opposite to the direction of magnet’s motion
(B) rotate in the same direction as the direction of magnet’s motion

(C) not rotate and its temperature will remain unchanged
(D) not rotate but its temperature will slowly rise

(A) g @1 T ) faen & fquRa fem 4§ g
(B) g=ia ! I 1 fawm & s fawm o gl
(C) &1 gA™ qeN sHS] a9 uRafda e

(D) TN <ifd T 31 Ao eR—¢R 98




Sol.

TOp View Magnet

by lenz's law, the disc also tries to move in same direction because in the backward part of disc the
flux reduces as magnet moves and as there is change in magnetic flux, so there is eddy current
production which leads to production of heat.

A small roller of diameter 20 cm has an axle of diameter 10 cm (see figure below on the left). Itison
a horizontal floor and a meter scale is positioned horizontally on its axle with one edge of the scale
on top of the axle (see figure on the right). The scale is nhow pushed slowly on the axle so that it
moves without slipping on the axle, and the roller starts rolling without slipping. After the roller has
moved 50 cm, the position of the scale will look like (figures are schematic and not drawn to scale)
20cm N & Ud Bic ek 4 10 cm (T 91 3R =3 2R = &1 b R (axle) B | I8 Us &fas B9 R §
T Teh IR UHMT g9 gR) IR &ifcist wu A Rerd 2, s g8 & Rrer R (&Rl 3R <Red) T &1 va fH=RT (edge)
2 | 319 U9 1 g8 R IR—4R gl STl & A1y T8 g8 U= {9471 et @rel, T21 IR 991 fhdel e URY &l
21 AeR & 50 cm Fo & T THE @ Refd 91 ave Qe <l (R wiafass & den wm & yifesa =181 B)

®

0 x=75cm

(A) U (B)

0 x=10(|)cm

(D)

%-



Sol.

v—-oR =0
v = R
%
v=200=wn=— x=0 x=75cm

20
Velocity of point (A) =v+ or

=V+L><10
20
3V 1y
2

so distance moved by point of contact
=1.5%x50cm =75cm

A circular coil of radius R and N turns has negligible resistance. As shown in the schematic figure,
its two ends are connected to two wires and it is hanging by those wires with its plane being
vertical. The wires are connected to a capacitor with charge Q through a switch. The coil is in a
horizontal uniform magnetic field B, parallel to the plane of the coil. When the switch is closed, the
capacitor gets discharged through the coil in a very short time. By the time the capacitor is
discharged fully, magnitude of the angular momentum gained by the coil will be (assume that the
discharge time is so short that the coil has hardly rotated during this time)
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> !
after closing switch, within fraction of seconds entire charge flows through coil and produces
impulsive torque.

[rdt = AL

j NBIAdt = AL
NBrR2Q = AL
7NQB,R? = AL

A parallel beam of light strikes a piece of transparent glass having cross section as shown in the
figure below. Correct shape of the emergent wavefront will be (figures are schematic and not
drawn to scale)

BTl B Gob FAMTR ol FIATHIR AU BT @ dTel YRGS H1d & Uh s UR SHIT o | F3id Ry &1 |el

MR B (s Aiafaes & don Tm &1 vdifed =78l 7)

Light Glass
—_—

—
Air —> Air
—
—

(A) (B) (©) (D)



Sol.

Air

Concept : based on Huyghen's principle.
Theory of wavefront — wave moves such that direction of propagation is perpendicular to wavefront.

An open-ended U-tube of uniform cross-sectional area contains water (density 10°%kg m=3). Initially

the water level stands at 0.29 m from the bottom in each arm. Kerosene oil (a water-immiscible
liquid) of density 800 kg m=3 is added to the left arm until its length is 0.1 m, as shown in the

h
schematic figure below. The ratio (h_lj of the heights of the liquid in the two arms is
2

TG SFPRA—PIC &ABS Bl U Gol RN BT U-Tell Uil (87 103kg mM3) gRY A 8 | TRH H YT bl KR Tedie Yol
H el W 0.29 m W Rerd 2 | 800 kg m3 B7cd 1 IR del (T U i—aAfAsToig d) Il Yoi H e Sirdn & Sd a6

h
] o rg 0.1 m =1 81, SR A1 Aiebfae = ¥ fRIGER & | a1 YoTieli § &4 Bl Sarsdi &l Ui (h—l] =
2
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Sol.

P, = P, (Same horizontal level)

Patm + pkerog x 01 + pwg(hl_ 01) = I:)atm + pwghz
800 x 0.1+1000(h,— 0.1) =1000h,
0.8 +10h, —1=10h,

10(h,—h,)=0.2

h, - h,=0.02 ..(1)
also, initial level of water in both arms = 2x0.29

© h, -0.1+h, =0.58
h, +h, =0.68 n(2)

from (1) & (2)
h, =0.35&h,=0.33

h_35
SO h, 33 option (B)



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.
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A particle of mass m moves in circular orbits with potential energy V(r)= Fr, where F is a positive
constant and ris its distance from the origin. Its energies are calculated using the Bohr model. If
the radius of the particle’s orbit is denoted by R and its speed and energy are denoted by v and E,
respectively, then for the n* orbit (here h is the Planck’s constant)

(A) R « n*3 and v o n?/3 (B) R n?3and v « n'/3
1/3
2h2F2 n2h2F2
E= E=2
(©) ( 47°m (D) 4n’m

M SHM &1 T 61 V(r)= Fr Refdst Soif & A axivg wensii § 71fd arar 8, ST F U& eM1eTad (dias § a1 r e
g A sl & 2 | 3@ JTY dIeR ey BT TANT dRd Y S B S © | IS wor ot e @t B35 R 9 fAwfud
P SN & qAT B! dleT A Soft HA: v 7 E I el @) o B, 99 ndi @ & forg (381 h @i Hudie )
(A) R o« N3 @7 v o n2/3 (B) R o N3 o1 v o ni/3

1/3
() E=3 [ 2th2] (D) E=2[nzth2j
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Sol.

B,C
P.E., V(r) = Fr

from (2) R = ="
rom (2) R = 2rmv

R o n3
E = KE + PE

=lmv2 +V(r) =1FR+FR
2 2

1

2122 \3
E:E nth
2 4n°m

Option Band C.

3 _

nFh
2rm?

1
= Van?



Sol.

The filament of a light bulb has surface area 64 mm?2. The filament can be considered as a black
body at temperature 2500 K emitting radiation like a point source when viewed from far. At night
the light bulb is observed from a distance of 100 m. Assume the pupil of the eyes of the observer to
be circular with radius 3 mm. Then

(Take Stefan-Boltzmann constant = 5.67x108 Wm~2K-4, Wien's displacement constant = 2.90x 103 m-K,
Planck’s constant = 6.63x10734 Js, speed of light in vacuum = 3.00x 10° ms™)

(A) power radiated by the filament is in the range 642 W to 645 W

(B) radiated power entering into one eye of the observer isin the range 3.15x10°8 W to 3.25x 108 W
(C) the wavelength corresponding to the maximum intensity of light is 1160 nm

(D) taking the average wavelength of emitted radiation to be 1740 nm, the total number of photons
entering per second into one eye of the observer is in the range 2.75x 10! to 2.85x 10!

T Tl 9 & g (filament) &1 U &3%d 64 mm?2 8 | = 2500 K T TR U HIWThT & WU H HHT ST Feball
2, 91 U fd=g Ia @ ave fAfdvor Safoid &3al & 919 3 A <@ 9f1dl & | 390 H YTl 9ed 100 m & g9 9 e
foram SITar 2 | AT Yerss @l <ifi @Y gael aueR 7, ) foar 3 mm g | a9

(R - Erh—dree s Fadis = 5.67x108 Wm2K+, 419 &1 favenos fdie = 2.90x 103 m-K, @id Fadis
= 6.63x10" s, HaTd # yarer @) At = 3.00x 108 ms)

(A) T w1 ffRa oifdd 642 W 31 645 W RIRT # 2 |

(B) Ye&1ah @1 T 3i1 H U9 - arell fafdhva ofdd 3.15%x 108 W 1 3.25x 108 W IR H B |

(C) uarer &1 1frpad diadl & |3d aveed 1160 nm g |

(D) SR fafesvor @1 sired avireed 1740 nm o W, Y& 3l U i@ H Uil JH0s Y9l B dTel BISH] Bl Hof

&1 2.75% 1011 ¥ 2.85x 101 WE H 2 |
B,C,D

P = ecAT*
=1x5.67x10® x64 x(2500)* =141.75W

P
radiated power entering one's eye = A7RZ x nr?

~141.75x(3x107?%)

= 318.9x10° = 3.19x 108 W - option (B)

4 % (100)?
for wavelength corresponding to maximum intensity,
A T=Db
2.93x10°
=" =1160nm i
m 2500 — option (C)
for no of photons, per sec,
NJALS
A

N - P_K _ 3.19x10°%x1740x10°°
hc 6.67x103* x3x10°®

Ans. BCD

= 2.77x10* Option (D).



Sol.

Sometimes it is convenient to construct a system of units so that all quantities can be expressed in
terms of only one physical quantity. In one such system, dimensions of different quantities are
given in terms of a quantity X as follows: [position] = [X¢]; [speed] = [X?]; [acceleration] =[Xr];
[linear momentum] = [X9]; [force] = [X"]. Then

DB FHISAT B Ud Yghd b1 401 HRAT1 Giaemer=a idl & difds |41 IR[AT Shadt Tab Hifded 1 & a1 H§ <gad
B ST FHd! & | U V) ugf #, - i3m0 fourd X e & ush & 91 wu § ol ® - [Rafd] = [Xe]; [@ret]
= [XP]; [wRo1] =[X°]; [X& wa1] = [X9]; [§f] = [X], @9 -

(A)a+p=28 (B)p+g-r=8 Cp-g+r=a D)p+qg+r=8

A,B

Position = [x<]

= [L]=[X*] ...(1)

speed = X!

LTt = Xp

Xe Tt = XP (from (1))

T1 = Xpe ...(2)

acceleration = X°

LTt x T1=Xp

XPXP = xP
XZ[i—a — XP
=>2-a=p

o+p=2B

Option (A)

[Linear momentum] = xd
M LTt = xd

M.XP = xd

M = x9b...(3)

[force] = xr

MLT?2=x"

M.XP = X"

M= xP ..(4)
from (3) & (4),gB=r-p
p+q-r=p option(B)

oa p

—r =— -

from (A) p+q 2+2
p o
- —r=—
2+q 2

Ans :- A,B



10.

A uniform electric field, E = —400\/§§/NC‘1 is applied in a region. A charged particle of mass m

carrying positive charge q is projected in this region with an initial speed of 2./10 x 10° ms'. This

particle is aimed to hit a target T, which is 5 m away from its entry point into the field as shown

schematically in the figure. Take % =10""Ckg™. Then
T TR fAEfd &3 E = —4004/3yNC™' T &3 # JIRIfiT a1 S & | q 9FTeTd MR B 984 S dlel m S 1
BT UH AR BT 24/10 x 10° ms™! B URMG aTet A 59 &= § Y&fd far SIer 8 | 39 BV 61 U e T A ThM

(hit) & forg feremr qiem SiTan 8, S femgaR &3 # (into) 39 Yao fig A 5mgr 7| %=10“’Ckg‘1 of | ag—

m,

£ -
el e —— . ———— . ———— ] .__.._. ____________

(A) the particle will hit T if projected at an angle 45° from the horizontal
(B) the particle will hit T if projected either at an angle 30° or 60° from the horizontal

5 5
(C) time taken by the particle to hit T could be \Eps as well as \Eps

5
(D) time taken by the particle to hit T is \gps

(A) &1 T | A, IfS &fst | 450 H1or R gaifuq fban siar 21
(B) @91 T & e, afe &fast & 300 a1 600 11 1R geifid fasam S 2 |

(C) T e & forv &1 gRT foran T 91 \Epsaeﬂ \Eps%ﬁw%l

(D) T3 c’™ & forv o1 gy o w91 \Eps%l



B,C

Y E
u
/_\
_ﬁ______i______
5m >
Range

Consider like projectile motion,

E
so here gy = % = 40043 x10'°

2 -
R - u°sin20
geff
4x10x10" xsin26 . 3
- 400fX1010 :>S|n29:?
20 = 60°,120°
.0 =30°60°
T- 2usino
Gerr
2 % 2410 x10° x * x 10°
at 9=30°T = 2

40043 x10"°

5
ate =60°, T = \/;us Ans.Band C




11.

Shown in the figure is a semicircular metallic strip that has thickness t and resistivity p . Its inner
radius is R, and outer radius is R,. If a voltage V, is applied between its two ends, a current I flows
in it. In addition, it is observed that a transverse voltage AV develops between its inner and outer
surfaces due to purely kinetic effects of moving electrons (ignore any role of the magnetic field due
to the current). Then (figure is schematic and not drawn to scale)

FerRITgaR veh areleiia erfcges afgat &, forae! AieTs t e UfoRigaT p & | S9! JAidRe fZroar R, 8 de arel B3ream R,
| A U dieedt V, 39@ &l RRI & 91 ARG @1 SRl 8, 79 Ve gRT 1 394 a8l © | $9a e, I8 Vg foan i
2 b TR Sl (GRT & SR FRIDb I & Bl Bls N YfADT UK 2) & g TTih THTEl & HROT 58! ATIRS 3R
IR AelEl $ G U AFIRY dleedl AV S Bl 8 | 79 (R iafiae g a1 Sae  wifed T8 )

IS

V.t R
I=—2|nl =2
(A) np [le

(B) the outer surface is at a higher voltage than the inner surface
(C) the outer surface is at a lower voltage than the inner surface

(D) AV o 12
V.t R
I=—2|nl =2
(A) np [le

(B) 9T&1 WdE, AR® Adg ¥ S<d dleedl WR 2 |

(C) ara1 wa, NdRe ddg I = dieedl R 2 |
(D) AV « I2



Sol. ACD
to calculate resistance, ¢/ =nxr, A =tdr

dr = P
tdr

but all elemental strips are in parallel so

1 IL
R, °dR <«
a . ; t(thickness)
L | e
Req R, P
L:Lm[&]
Req pT R,
V V. t/n
n1=—0 -2 (R, /R i
Reg P ( 2/ 1) Option (A)

electrons move in a circular path so they exp. centripetal force due to electric field set up because
of p.d., so 'E' field should be from inner to outer, therefore outer surface is at lower voltage than
inner.
To check p.d. across surface, let us consider elemental resistance

pnr

dR = —
tdr



v tdr
pnr

sodi=

_Vptdr

neAv,
prr

(as A=tdr)

=V, =—2 _ Ko

¢ pnrme

Now as electrons move in circular path so,

AV ZKIVO2 |:R——R—:|

1 2
AV =K" VO2
= AVO(V02

AVoI?
(asV,aI)
Ans. Option ACD



12.

As shown schematically in the figure, two vessels contain water solutions (at temperature T) of
potassium permanganate (KMnO,) of different concentrations n, and n, (n, > n,) molecules per unit
volume with An = (n, - n,)<n,. When they are connected by a tube of small length | and cross-
sectional area S, KMnO, starts to diffuse from the left to the right vessel through the tube.
Consider the collection of molecules to behave as dilute ideal gases and the difference in their
partial pressure in the two vessels causing the diffusion. The speed v of the molecules is limited by
the viscous force —pv on each molecule, where B is a constant. Neglecting all terms of the order
(An)?, which of the following is/are correct? (k; is the Boltzmann constant)

formr ¥ 2raRers wu 3 RERIGHR, <1 U IR 618 e 31sil n, d&rn, (n, > n,) & A~ ar=aei & dclkrE
WRHTE (KMNO,) & Uil & fderd (T @19 W) &Rl R 8, STl An = (N, - N,) <N, 8| 54 9 S JRI—PIC &=he]
T2 | &g oTwTs Bl U el R Siks o &, 79 KMnO, el & #1eqd | 9l 9 I 3R faaRa (diffuse) 81 g
BIAT & | AT 379f3li o1 Figg a9 (dilute) a1eRt 1 & w9 § FaER FRAT 8 T S uTAl H I NRE 19 H IR
% HRT [IAR0T BT 8 | AT DI A1l v ISP 379 W BV TIM 9 gRT AT &1 S0 8, S8l B U FIdiss & | HH
(An)2 @& F Te 99 B, FfaRad § 9 aId/aa9 981 22 (K, e Fadis 7)

R R
N N
n, HS n,
|
v \_/

(A) the force causing the molecules to move across the tube is Ank, TS
(B) force balance implies n,pvi=Ank,T

An\( kgT
(C) total number of molecules going across the tube per sec is T T S

(D) rate of molecules getting transferred through the tube does not change with time
(A) Tl & UR (across) S & foQ 37opeli & HRU 91 ANk, TS B |
(B) 9 Hgerd gara & fb n,pvi=Ank,T

) ) An\( kgT
(C) iy Yebvs 7ol & UR (across) S drel SUHT Bl el Tl (T) [T]S =

(D) 7ol A AFIRT B dTel AR &) & FHI & 1Y el ggale ¢ |



Sol.

A,B,C

P.S ) ¢+ \P.S

F = APS

=(P,-P,)S (PV =NK,T where

p-Ng,1 N =total no. of particles
\Y n = no. of molecules per

P =nK,T) unit volume.

=n,K, TS -n,K,TS
=(n,-n,)K; TS = AnK, TS = AnK, TS (Option - A)
Bv x(n,x Sx ¢) = Ank;.T.S

= n,pve = Ank,T

Option (B).
N = total no of molecules,

dN
EZSXVXH1
:SXAnKBT

Bl (from (B) putting vn,)
correct option (C)

as An decreses with time so no of molecules decreases with time, option (D) not current.
Ans. ABC.



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 (3MfAHTA 3F = 24)
9 9FT A B (06) U e B | UAd U &1 IR A&ITHS A4 8 |
JAE U3 & foly, IR Ul & & forg Afde o ©R A9 iR ifF—wne il (@gsrd) Acdid dius &
ST TR IR B Fel B A Tof B | IS FETdd 79 H &1 3 1fdd Semerd IH 2, a1 &1 S3Med
Rl & A9 BT BITT/Mdedd & |
JAE U & IR B Jedidh FfeiRad ugfd & rgaR fdar S |
ol 3 D +4 IR B T RS A yfate fdar T B
I 3D 2 0 3= afl Rerferli 4

13.

Put a uniform meter scale horizontally on your extended index fingers with the left one at 0.00 cm
and the right one at 90.00 cm. When you attempt to move both the fingers slowly towards the
center, initially only the left finger slips with respect to the scale and the right finger does not.
After some distance, the left finger stops and the right one starts slipping. Then the right finger
stops at a distance x, from the center (50.00 cm) of the scale and the left one starts slipping
again. This happens because of the difference in the frictional forces on the two fingers. If the
coefficients of static and dynamic friction between the fingers and the scale are 0.40 and 0.32,
respectively, the value of x, (in cm) is

I faRega ot R &S w0 & Uh 9999 Hiex Y8 1 9-f) TR 0.00 cm TR @1 g7 3R 90.00 cm IR 3 |
TIq 3179 ST ST DT GR—ER s B AR o ST B AN B 8, T TR H dhael 9l el U4 & d1vel fhdetadl
g T gAY Il E bt ¥ | 79 g8 ywdnd, 9l Sl wb el ® don SRt Sl e uRe avell ¥ | @9
Sl STell T & B (50.00 cm) X, G2 WR webell & FA1 IR STl G el IR &_cll € | I8, a1 Suferdi
R GYY gl H 3R & BRI BT © | Al Iferai den THH & drar w&ifds g fde gvor qonie wEe: 0.40 9 0.32
g, T9 X, BT A4 (cm ) ®




Sol.

25.60

FBD of Rod
N, N,

<«— 50cm _><_40ch

— D —
f f,

1
by balancing torque, we conclude N,>N,, so f,>f,

N,

(Initial)

N,

«— X —5e40cmy
é b
fk=|“tkN3 fs=HsN4

as rod does not move, only left finger slips,

SO Fnet = 0 “KN3 = “5N4

0.32N,=0.40N,  ....(1)
Tnetabout center =0 ! X1N3 = 40N4 --..(2)
dividing eq. (1)by(2)

N
N, N,
0.32 0.40 = X —e X =
= — X1 = 32Cm I < —
X, 40 _—>
fs=usN; fe=tNg
= Fnet = 0’ “sNS = “kNG
0.40N, = 0.32N, -.-(3)
Toet = 0, Ngx; = Ng X (%)
about centre
_ 0.40 0.32
diveq.(3)byeq.(4), —, =
1 R
0.40 0.32
32cm Xg
=X, = 32x32 128 _ 55 60cm
40 5

Ans. 25.60



14.

Sol.

When water is filled carefully in a glass, one can fill it to a height h above the rim of the glass due
to the surface tension of water. To calculate h just before water starts flowing, model the shape of
the water above the rim as a disc of thickness h having semicircular edges, as shown schematically
in the figure. When the pressure of water at the bottom of this disc exceeds what can be
withstood due to the surface tension, the water surface breaks near the rim and water starts
flowing from there. If the density of water, its surface tension and the acceleration due to gravity
are 103kg m=3, 0.07 Nm-! and 10 ms-2, respectively, the value of h (in mm) is

19 UM U did & {1 (glass), H A@aer gdd W_1 ST 8, DIs U UFl & U a9/ & SR {1 (glass)
B R B FW h HAE TH 3 MR FHd1 & | I & G871 TR 89 & SId Ugal h &) 01 & fordl, Ferargar srefacia
fh-TRI aTell h AICTE B Th ghdl & 9 RA & SW gl & ATHR Bl alerd (model) | 59 59 el BT doll W
I ®1 T19 IS T1d & HRYT &9 W 9gal (exceeds) &, Id UM &l Ads R & Toldid el & a2 il a8 | 981
UR® BT B | IR 9 BT O 3HHBT IS TH1d a7 gw‘m @R HHE: 103%kg m=3, 0.07 Nm-t @21 10 ms28 ||

a9 h &1 79 (mm #)
:'::-ih

3.74
Let radius of disc = 'r'

Pavg XA ‘\\‘ Patm xA
S(2nr)<—J

[A = projected area = h(2xr)]
(after balancing effect of P_ on both sides)
S x 2nr =P_ % h(2nr)

Sz(%h)xh
5
P9

2S5 [2x0.07
h= |22 = 122097 _ 12.10°m = 3.74mm
~ g “\10°x10 *

Ans. = 3.74



15.

Sol.

One end of a spring of negligible unstretched length and spring constant k is fixed at the origin
(0,0). A point particle of mass m carrying a positive charge q is attached at its other end. The

entire system is kept on a smooth horizontal surface. When a point dipole p pointing towards the

charge q is fixed at the origin, the spring gets stretched to a length | and attains a new equilibrium
position (see figure below). If the point mass is nhow displaced slightly by Al < | from its equilibrium

1 |k
position and released, it is found to oscillate at frequency E\/;' The value of § is

k RuT i dem 9o SifdwiRa o s @1 Usb RUTT &1 Uab RRT e fa=g (0,0) W ReR 2 | q gFTcAS a3 g8
B AT M SHAM BT TS 475 BT 59d G WX SIIS] A1l B | G901 a1 Ua a1 &fis |dg o 3@ ol © |
59 U favg fgga p omaer q 31 &R FERE 2, ST 9o fog .= Rer 2 | R | oarg d& g Bt & denn RIErgar
U T AT U1 Hcll 2 | Al od 95 S 5@ dremaRe @ Al < | gR1 g 4 fawenfia grar & a«n erel

m%,aau%%\/%m%waaﬂaﬁﬁmwm%l&mmﬂ% .

3.14




as we know, for spring block system,

(1K
2 \'m

2
so we can also observe 'k' as v from eq.

U= tixe
>

d—Usz
dx

2
au g

dx?

SO we can say,

o1 Pae

C 2n m

so by above concept let us find P.E., (U) of system from egb™.
As given, negligible unstretched length, so spring length is elongated length only.

YA
egb™ point
P iq o x
o 0000000000
: 1 > X
| ’
\4
1 Pxq
U= Ske +—PX9
2 4TC eg X2 (1)
d_U:kX_ﬂ
dx 4n g, x3

du
(for egb™, - 0)givenegb™at x = ¢



16.

Ko =—2P9

= m ...(2)
? 6pq
diff. eq(1) again, e = 47[6—0)(4
d?u _ 6pq
as egbmat x=/, - O K+—4neo I
at n=¢
2pq

(from (2) put value of m)

d’U

d? =k + 3K =4K

at x=¢

2,
.f_L/d%xz_L/ﬁ_l\E
N 2n m 2t Y\ m T \m
~&=n = 3.14 Ans.

Consider one mole of helium gas enclosed in a container at initial pressure P, and volume V,. It
expands isothermally to volume 4V,. After this, the gas expands adiabatically and its volume
becomes 32V,. The work done by the gas during isothermal and adiabatic expansion processes are

iso

W, and W respectively. If the ratio = fIn2, then fis

adia’ .
adia

AT Eleli® A9 BT Ueb Hiel YRS <76 P, Gl A1+ V, IR Teb 415 4 et (enclosed) € | I8 49T w9

H 4V, I % JEIRT BT 2 | ST URATT G SEIW WU F GAIRG B ¥ T THST AT 32V, B ST E |

FHATN T GG GER UhH & SR NG gRy fear ool pAer W der W ') afe srgurd

WWT‘?I
T~ fln2 _
W, g, d9fzg



Sol.

1.77

He

P, V,
T

\l/isothermally

4v,, T

5
TVt = Constant, y =

EPIVELIJEIS
48

3

&\&\\*

X
C
%

32v,, T'




Now work done in isoth.;

V2
w, = nRT In[vj

1

— nRT In[ﬁj
Vv

1

2nRT In2

2nRT In2

SO _ 9
b §nRT

=
|

EIn2
9

17. A stationary tuning fork is in resonance with an air column in a pipe. If the tuning fork is moved with
a speed of 2 ms-tin front of the open end of the pipe and parallel to it, the length of the pipe should
be changed for the resonance to occur with the moving tuning fork. If the speed of sound in air is
320 mst, the smallest value of the percentage change required in the length of the pipe is

T ReRr W fgqol Vs Ulgy 4 Ush a1g W™ & A1 316 4 8 | Ife @R fgyol sy & Gol RR & A4 a1 59
FAMR 2 Ms™L &1 =7l A TAAE 8, 79 T WRA g9 & a1 orA1e 'fed 8 @ foft ursy &1 ofwrg gRafid
B A2y | Afk g1 # @y @) A 320 ms g, 99 UISY B dwIE H rawads uferd uRad| @1 Sgad A 7

Sol. 0.62

: nv
For open pipe resonance, f = 7~

Let us consider forn =1,
initial length of pipe = L, for f,

Vv
[fl = 4—L1j ..... (1)

Now due to Doppler’s effect,

320 ),
f,=1320-2)"



55
=138/ - (2)

=20 e (3)

2

320 V. Y%
318 4L, ~ 4L
L, 318
= L, ~ 320

% chargein length,

AL 100% _[L szxlOO%
L .
[1—E_Jx100%)
Ll
318
_ 100%
( 320)X °
_ 200, _5
/ = =0 = 0,
= 390 3 o = 0.625%
= 0.62%
Ans. 0.62

r
18. A circular disc of radius R carries surface charge density o(r)= %o (1 - Ej’ where o, is a constant and

r is the distance from the center of the disc. Electric flux through a large spherical surface that
encloses the charged disc completely is ¢,. Electric flux through another spherical surface of radius

R
7 and concentric with the disc is ¢. Then the ratio % is .

¢

R 3501 &) teh i gl Ut 31 O c(r)=00(1—%jwaﬁwﬁ‘r%,a%ﬁcowﬁwaﬁ%am r abe B

T WA T | TP I8 Mellg I8 | ok aTell B il SR Fdb! BT qofd: Felte AT 8, ¢, 8 | Tbch & |12l
9

S qef Z Broa & o Mol U F oA gl Herd ¢%\'Ia—e[31§tnﬁ g



Sol. 6.4

Charge in the elemental ring = _[ o 2nrdr
=0

r=

qenc

b= ¢

(charge enclosed completely, so r = R)
0

qenc
€

&= (.. .. upto rz%)

0

0 r
= 1-—|2nrd
q _([60[ Rj nrdr

= Zcho‘r[rdr— %jrzdr

0 0

2 3
= 2ng, {3 - 3_R}

R2 R3 1
_ 2
For ¢, r=R, 4., = cho{ > 3R} = 2n6,R x 5
RYY (RY
(4j (4j
, 210, -
Fore, r=72,q%= 2 3R

R? R?
=210, | ——=-————=
2x16 64x3

= ZTEGORZ {E}

192
= 27ICSOR2 X >
192
% = 192 =6.4
) 6 x5
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Chemistry Paper - 1

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)




12,

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
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SECTION 1 (Maximum Marks : 18)

o This section contains SIX (06) questions.

o Each question has FOUR options. ONLY ONE of these four options is the correct answer.

o For each question, choose the option corresponding to the correct answer.

o 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¥®a 3iw: 18)

. 9 W1 H B (06) Ue A B |

. UAP U9 & IR fAbed 8 | 39 IR fAdhedl § 9 I Udh & 9l SR 8 |

. TS g B Iy, WEl SR & gy ey v |

. ISP U & IR B Jedidh+ FHfRad 3id dgfa & R fdhan Sre |
ol 3 : +3 Had 98l [Qeed g1 9§ |
TR 37 : 0 Ui ®Ig fdbey &1 AT Sl & | (31 ge= @1 IR el fem &)
FOTHD 3H ;-1 3= it Rerforn # |

1. Suppose a,b denote the distinct real roots of the quadratic polynomial x> + 20x — 2020 and suppose
¢,d denote the distinct complex roots of the quadratic polynomial x? -20x + 2020. Then the value
of ac (a-c) + ad(a-d) + bc(b-c) + bd(b-d) is
(A)O (B) 8000 (C) 8080 (D) 16000

1. AT a,b fgard 9gue x2 + 20x - 2020 & A=—W= araifde qe1 ®I 20 & 1 711 ¢, d fgand 9gua x2 —-20x +
2020 & f=—f=1 df¥% g1 &1 g2 2 | 99 ac (a-c) + ad(a-d) + bc(b-c) + bd(b-d) &1 79 & —
(A)O (B) 8000 (C) 8080 (D) 16000

Ans. D

a

X2 + 20x -2020 = 0 <
b

a+b =-20& a.b=-2020
C

& x2- 20x + 2020 = 0 <
d

c+d=20&c.d= 2020

Now

ac(a-c) +ad(a-d) +bc(b-c) + bd(b-d)
a2 (c+d) +b*(c+d)-c*(a+b)-d*(a+b)
(@2 +b?) (c+d)-(a+b)(c*+d?)

= ((a+b)? - 2ab)((c + d) - (@ + b)((c + d)? -2cd)


LENOVO
Text Box
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Ans.

= ((400 + 4040)(20) - (-20)((20)>- 4040)
= 20[4440 - 3640]

20[800] = 16000

If the function f:R— R is defined by f(x) = |x]| (x-sinx), then which of the following statements is
TRUE?

(A) f is one-one, but NOT onto (B) f is onto, but NOT one-one

(C) fis BOTH one-one and onto (D) fis NEITHER one-one NOR onto

Ife B fiR— R, f(x) = |x| (x=sinx), ® gR1 yR¥IRT B | g9 1 & A BI41 o IF & ?

(A) f TBP & AIfh 3MevEd T8 B | (B) f 3M<BIEH & oAb THd! T8l § |
(C) f TH®d! TAT ATeBIEH Il 8 | (D) f 91 A1 &S] AT MBS T |
C

f(x) = |x]|(x - sinx)
f(=x) ==(Ix|(x - sinx))
f(-x) = -f(x) = f(x) is odd
= R, =R =c.d.=onto
Now
2x —sinx —xcosx x>0
P = {—2x+sinx+xcosx x<0
=>f(X) >0y xeR
= fis one - one

Let the functions f:R — R and g:R — R be defined by

1
f(X) =ex1 —e-Ix1l gnd g(X) = E (ex—1+e1-x).

Then the area of the region in the first quadrant bounded by the curves y = f(x), y = g(x) and
x =0is.

(A) (2—\/§)+%(e—e‘1) (B) (2+\/§)+%(e—e‘1)

(©) (2—\/§)+%(e+e‘1) (D) (2+\/§)+%(e+e‘1)



3. AT %erd f:R — R @1 g:R — R,f(x) =ext —e 1l goy g(x) = % (exl+el™) & gRI URMINT 2| T dehl
y = f(x), y = g(x) @ x = 0 gRT uReg U qATeT H &3 B &=hel 81 —

(A) (2—x/§)+%(e—e‘1) (B) (2+\/§)+%(e—e‘1)
(©) (2—x/§)+%(e+e‘1) (D) (2+ﬁ)+%(e+e-1)
Ans. A

f(x) = et —ex-1

el s
fa = e V-0 x<1

et x1_1 x>1
f(x) = e

i 0 x<1

1( 44 1
&g(x) = g(e * x-l)
Now f(x) = g(x)




Ans.

-1
e-e¢e
=——*t2-38

Let a, b and A be positive real numbers. Suppose P is an end point of the latus rectum of the

2 2
X
parabola y? = 42X, and suppose the ellipse a_2 + Z—z =1 passes through the point P. If the tangents

to the parabola and the ellipse at the point P are perpendicular to each other, then the eccentricity
of the ellipse is.

1 1 2
A 5 (8) 5 © 3 O

AT @, b T1 A gTHS IS FEAY & | AFT P RAAT y2 = 4Ax & AT HT Ud 3fd fdg g e /1 Sread

2
SN A fag P &1 gora 2 | Ife fdwg P W WRaer dorr Sdax] &l el YEN Uh ¥R & ofdd o, 9 arddd

2
a® b?

P Spadl a8l —

1 1 1 2
R 5 (®) 5 © 3 () 5
A

P

Now E: — + -5 =1 Passes through P



Ans.

2w T e 2 (1)
Par E

Now mTp —mT|p =1

2 x b?

V| X-2'"y =-1

YT T v

n, a v

2\ a2

b%= 2a?

for ecc. of ellipse

2
a 1 1
= 1 - = 1 —_— = T =
TV TR TV 272
Let C, and C, be two biased coins such that the probabilities of getting head in a single toss are

2 1
3 and 3 respectively. Suppose o is the number of heads that appear when C, is tossed twice,
independently, and suppose B is the number of heads that appear when C, is tossed twice,
independently. Then the probability that the roots of the quadratic polynomial x>-—ax + B are real
and equal, is

40 20 1 1
(A) 37 (B) 51 © 5 (D) 5

A1 C, o1 C, &1 31f+rwet (Bised) Riddh g9 YR 8 fb Teb 3rebell SBT A RIe UTad R )1 Uil e %HQTI

%%lﬂmaﬁazﬁﬁw%ﬁﬁwﬁ%ﬁﬁ%mClwﬁawﬁaaﬂmm%amwg%mzﬁﬁtm

g S SuRYd B 2 | 519 C, W0 d ©U 9 &1 IR IBTal Ol & | T4 G891 988 X2- ax + B & qol aR<ifdd i FH
2 DI Ul B |

40 20 1 1
) 51 (8 57 © 5 ©®

B

P(H) =2/3 P(H) =1/3
c1< . c2<

P =1/3 P(T) = 2/3
Now roots of x?- ax + B = 0 are real & equal
~ D=0



Ans.

a’?-48=0
o’ =4p
= (a,p) = (0,0),(2,1)

2 2 2
wom sl ol ef3f <)) -2

Consider all rectangles lying in the region {(X, y)eRxR:0<x< gand O<y< 2Sin(ZX)}

and having one side on the x-axis. The area of the rectangle which has the maximum perimeter
among all such rectangles, is

A = (B) © 55 (o) =2

g1 99 g & {(x,y)eRxR:OsxsgandOSysZsin(Zx)}

H Rerd 8 T x-3181 R U Yol T & | AT BT &GS Sl U Tl IR & el 3 S7fereas uR|Tg @ &, 81 |

A = (B) © 55 (o) =2

C

24

f—

oOfx—=a . n/2

Let sides of rectangle area & b

then perimeter = 2a + 2b

p=2(a+b)

Now b = 2sin2x & b = 2sin(2x + 2a) =>2x + 2x+ 2a=rn

T a
X==-=
for perimeter max.

P=2a+2b
P=n -4x + 4sin2x



1
P 448 cos2x = 8{'3052)(——}
dx 2
dp + -
dx 1

P at x = n/6

max

Now Area = (%—ij.(ZSInZX) _ (g—gj(zg) =%‘/§ _ %

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 question 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 If three 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 3i® : 24)
39 9 H B (06) U3 NS B |
UAP U9 & IR fAdded B | 39 IR fAdedi § 9 U a1 U 9 1 sy I8 SR & (&) |
TR YT & oIy, @l |8 STRI & ATwRY fddbed gy |
ISP U & IR B Jedidh FHRad 3id dgfa & R fhan Sre |

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

SINGECEY : +3 I @it IRl fReea 98 2, e daa IF e g7 o1d 2 |

SINEECEY : +2 I A A1 1P fadben El B dIfdb dad a1 fddwen g+ 9 8, i1 fb SF1 &
e 8|

SINEECEY +1 I 31 A1 A e |1 8, «ifdh dad Ve [Aded g1 i & dor I8 U |el
faeea 2 |

I 3D : 0 A 3IS fadwey 81 1 ST © (i U & SR e {1 8) |

RUHD 3h s -2 =g gy Rerferat 9




Ans.

Let the function f:R — R be defined by f(x) = x3 -=x2 + (x -1) sin x and let g:R — R be an arbitrary
function. Let fg: R — R be the product function defined by (fg)(x) = f(x)g(x). Then which of the
following statements is/are TRUE ?

(A) If g is continuous at x = 1, then fg is differentiable x = 1

(B) If fg is differentiable at x = 1, then g is continuous at x = 1

(C) If g is differentiable at x = 1, then fg is differentiableat x = 1

(D) If fg is differentiable at x =1, then g is differentiable at x = 1

AT B f:R > R, f(x) = X3 =x2 + (x -1) sin x & gR1 gRWIf¥T & G2 A1 g:R — R U&% WS HeAd & | /41
fg: R - R M %a 8 91 (fg)(x) = f(x)g(x) & §R1 URINT 2 | 99 91 9 & D=9 Bl 93 ¢ |

(A)3fd g, x = 1 R Ead 8, d9 fg, X = 1 R AAHAY 8 |

(B)afefg, x = 1 R AAFHANT 8, A4 g, X = 1 R HFad ¥ |

(C)afd g, x = 1 W A@HaI 8, A9 fg, X = 1 W AqHHI 8 |

(D) Tfe fg, x =1 W IIAHANT B, d9 g, X = 1 W JAHAY ¥ |

A,C

f:R—>R

(A) f(x) = x3-x?+ (x-1)sinx;g: R—>R

h(x) = f(x). g(x) = (x® = x2+ (x = 1)sinx). g(x)

"= (L) - (+ny +:. sin(L+h){g(L+h)

(1+h?+30h+3h —1-h? —2h+hsin(1+h))g(1+h)
= lim

h—0 h

(R +2n? +h+hsin(1+h))g(t+h)
= lim

h—0 h

= lim(1+sin(1+h))g(1+h)

h'(1-) = Liﬂ?) ((1 —h)3 -1 —h)2 +(_—hh) sin(1 —h))g(l ~h)
_ (#P-3n+37 P+ 20-hsin(1-h))g(L-h)

"I i

=lim(1+sin(1-h))g(1-h)

as g(x) is constant at x =1

= g(1+h) =g(1-h)=g(1)
h'(1*) =h'(1) = (1 +sinl1) g(1)
'A' is Correct.




Ans.

Let M be a 3 x 3 invertible matrix with real entries and let I denote the 3 x 3 identity matrix. If
M- = adj (adj M), then which of the following statements is/are ALWAYS TRUE ?
(A)M =1 (B) detM =1 (C)yM2 = (D) (adj M?) =1

HAMET M T 3 x 3 Pl graifdd ufaftsdl & A Jahaoiia ofegs & | a1 9191 I, 3 X 3 & dd¥d 3Mege dl Fwfud
FRAl 1 I Mt = adj (adj M) ®, 9 91 § & SI9901 BUF M A BT —
(A)M =1 (B) detM =1 (C)yM2 = (D) (adj M?) =1
B,C,D

M = adj(adj(M))

(adj M)M~* = (adjM)(adj(adj(M)))

(adj M)M-t = N. adj(N) { Letadj(M) =N}

(adj M)M-1 = |N|I

(adjM)M* = |adj(M)]1,

(adjM) = [M|2 M ............ (1)

ladj M| = [IM|2.M|

IM|? = [M®].|M]

IM|=1

from equation (1)

adj.M =M (2)

Multiply by matrix M

M.adj M = M2

IM|I, = M2

M2 =1

From (2) adjM =M

(adjM)2 =M2 =1

Let S be the set of all complex humbers z satisfying |z?+z+1| = 1. Then which of the following
statements is/are TRUE ?

(A)

1] 1
z+5‘sEf0ra||zes (B) |z] < 2forall zeS

1 1
Z+5]2 Efor allzeS (D) The set S has exactly four elements

(©




Ans.

A S A1 A el z BT A § O [z22+2z+1] = 1 B G Rl 8 | 99
=1 3§ 4 DI FeE wA © 7

(A)WZeS$%’W

s%g\q (B) il zeS & forg |z] < 281

1
zZ+=
2

(C)WZeSEﬁﬁ’WZJF%Z%%l (D) 99=a S 1% AR 3T &l B |

B,C

|z2+z+1|=1
letz2+z+1=¢e"
as |z2+z+ 1| =1
nZ22+z+1-€%=0

2 ~1+41-4+4€°

2
z+%= i% 4e"’ -3

Z+ % = %\/(4cose—3)+i4sin9
z+%‘ = %{\/(4cose—3)2 +(4sine)2 }1/2

Let a = (4cos0 - 3) +i4sind

la|= \/(4cose—3)2 +16si’ 0

= J16c0s0? +9 — 24Cos0 + 16 5in2 0
|al= J25-24cos0

lal € [1,7] ..

1{1 ﬁ}

zZ+= ,
2 2 2

7= —li\/(4cose—3)+i\/4sin9
2

2Z = - 1 £ [(4cos6-3)+i(4sino)

|2z] <1+ \/(25—24cose)1/2 =|2z| <1+ 7
|2z] < 3.4 = |z| <1.7



10.

10.

Ans.

Let x, y and z be positive real numbers. Suppose X, y and z are the lengths of the sides of a triangle

opposite to its angles X, Y and Z, respectively. If tan> + tanE = 2y ,
2 2 X+y+z
then which of the following statements is/are TRUE ?
X X
(A)2Y=X+2Z B)Y=X+2Z (c)tanE:erZ (D) X2 + 22 -y? = xz

A X, y ATz 9HAS AR FEATQ 2 | /91 X, Y TAT Z HHL: T Sl &1 oTRll Tw=1sdi 8 Sl 39 DI X,y

awz%ﬁﬁw%wﬁtm§+mn§:—ﬁl—%ﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂ@%l

X+y+2Z
X X
(A)2Y=X+2Z B)Y=X+2Z (C) tanE:erZ (D) X2 + 22 -y2? = xz
B,C
tan§+tan5:2—y
2 2 X+y+z X
A A 2y
s(s—x)+s(s—z):x+y—z
z y
2s-X-2
Ad—m—————+
is—xﬂs—yﬁ)_y
Z
A=(s-XxX)(s-2) Y y
_A y
1=s(s—y) :>tan5=1

y =90°
(B) .. Ly =4X+Z2
(D) False by Cosine formula

1
~xz
(C) tanX ——A 1 2 1
2 = s(s-x) E(x+y+z)§(y+z—x)
X
=

Y+2
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Let L, and L, be the following straight lines.

L =

1+

_x—lzl:z—l ansz:x_l l:z—l
1 -1 3 -3 -1 1

x-a y-1_z-y

Suppose the straight line L:
m -2

lies in the plane containing L, and L,, and passes through the point of intersection of L, and L,.
If the line  bisects the acute angle between the lines L, and L,, then which of the following
statements is/are TRUE?

(A) a—y=3 (B) I+m=2 ) a-y=1 (D) I+m=0

A L, @ L, e e Y ' —

L

1. =—="—qML,:—=-—=

13 3 -1 1

x=1_y z-1 x-1 y z-1
1

x—a y-1 z-y

w2
L, T L, drel Woae H Rerd & don L, @ L,. & ufoeed) famg @ Jordl 8 | 3fe v Y@ L, den Ly, &
dra YABTT B FAGHINTT B 8, T9 (191 § F DITA1 BT FF 2 |

7T et N L

(A)a-y=3 B) l+m=2 Q) a-y=1 D) I+m=0
AB
x—lzlzz—lz)b
1 -1 3
-1 -1
X _ Y V4 —

3 -1 1
P(A+1,-2,30+1) Q(-3u+1,—uu+1)
for point of Intersection
A+1=-3u+1 A=u
A=pn=0
Point of Intesection (1,0,1)

X-a y-1 z-y
. o m ) passes through (1,0,1)

1-a _—_1 11—y
4 m -2
dr'sof L(1,-1,3)dr'sof L(-3,-1,1)

(1)
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v, =di'sof L [i 1 3
1 AW TR TN T
V,.V, >0

. dr's of , bisector of L, and L,

[—2 -2 4]

GV FRRVERNEY
oryp:m:(-2)=-2:-2:4
=2:2:-4

¢ =m=1

Sl-0a=-1

o=2 1—y=2;y=—1

Which of the following inequalities is/are TRUE?

! 3
(A) Lxcosx dx = 3

L, 1
(©) jox cosx deE
et 3 @ BN srafiepTd e 2 |

! 3
(A) Lxcosx dx = 3

L, 1
(©) jox cosx deE

A,B,D

2 X4

cosx =1-—+"—
21 41
2

X
. CcosX > 1-—
2!

3

X
XCOSX > X — —
2!

j ; V,=di's of Lz(

-3

x

r

-1
Vi1

i)

1 3
inx dx>—
(B) joxsmx X 0

Lo 2
(D) jox sin x dng

! 3
inx dx >—
(B) joxsmx *27

PR 2
(D) jox sin x dng



1

'1[ [xz X4J
Xcosx dx > | ——-—

2 8
0 0
p 1 1 3
IXCOSX dx> 5-2=¢ (A) Correct
0
similarly
o 3 . 5
sinx = ETRETRS
. x>
sinx > x = =7

X4
XSinX > X2 - —
6

3 6

Ui

1 1

) x3  x°
Ixsmxdxz _——
0

1
I xsinx dx z[
0

w|><u,

|
w|><
o| u
P
L

. 1 1
xsinx dx >= - —
3 30

O ey =

1
. 3

J.xsmxdx 10 Similarly Check (C) and (D)

0

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 | TP Y $T SR AC&ATHB A 7 |
JA® U39 & foly, IR Ul & @ forg Afde T ©R A6 @ik ifF—wnH il (@gsrd) A&cdid dius &
ST RSB SR BT el AEIIHS A g0l BN | IS TS 719 H ]I | 3Mfdd S9Herd I 8, df a1 S3Med

R & 719 Bl Biel/Adedd o |



ISP U & SR BT i FHfRad gl & SR fdan Sme |
of sics : +4 IR I E T=AHS A I fhar @ B
I 3D : 0 3= wfl Rerferli 4
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13

Ans.

Let m bethe minimum possible value of 10g3(3y‘ +3% +3" ), where y,,,,, are real numbers for
which y, 4y, +y, =9. Let js be the maximum possible value of (log, x, +log, x, +log; x, ), where

X,,X,,X, are positive real numbers for which x, + x, +x, =9 . Then the value of log, (m3)+ log, (Mz)
is

q4 m 10g3(3y‘ +3y2+3y3), P YATH GHIfAd A9 8, W@l Yy, Y,,y, dfdd g@n g, e oy

Wty +y;=9. 1A pr, (log, x, +log, x, +log, x;) @1 sifwad wafad 7 8, STEl x,,x,, %, D

qreIfae dean g s fow x, +x, +x;, =9 g1 9 log, (m3)+10g3(M2) BT HA 8 |

8.00

1

3" +3"2 + 3% > (3Y1_3Y2_3Y3 )3

3

1
3 43% 43 > 3.(3V1*yz+ya )3 LY HY, FY,=9

3% 4 3Y2 £ 3Ys > 3.(39)§

3% +3%2 +3% >81
m = log,81 =4
1

X105 5 (X x5

3

9

1
=3 > (X X X3)3 = 27 2 X X, X,

M = log,(x,x,X;) = 10g,(27) =3
log,(m)* + log,(M)? =10g,(2°) + log,(32) =6+ 2 =8
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15

Let a,,a,,a,,... be a sequence of positive integers in arithmetic progression with common
difference 2. Also, let b,,b,,b,,... be a sequence of positive integers in geometric progression with
common ratio 2. If @, =b, =c, then the number of all possible values of c, for which the equality
2(a,+a,+---+a,)=b +b, +---+b_ holds for some positive integern, is__

AT 4y, dy, 0, ... AEATR 2 S A1 TR 200 § GHS YUIID] BT U 31HA 8 | A1 by, b, ,b,,... A4 JJud
2 & A1 TONCR A0 ¥ SHS YUITh] BT Ueb 3ehH 8 | Al @, = b, =c¢, &, T9 ¢ S |l FuIfad d1H1 ) G Rordd
forg srafiwr 2(a, +a,+--+a,)=b +b,+--+b, §B aNHS Qi n & g ¥, B |

1.00
+b,+...+b,

2-1
2n[a, + (n-1)]=b,(2"-1)
2na,+ 2n? -2n=a,(2"-1)

_ Z(n2 —n) i

2"-1-2n
2(n’-n)>2"-1-2n »n>-nx>0forn>1
=2n*+ 1> 2"
Thereforn=1, 2,3,4,5,6
n—1:>c—0(x)
n=2= é <0(><)
n=3= C = 12 (correct)
n=4=C —notInteger
n—5:>é = not Integer
n—6:>C = not Integer
—12%orn—3

Let f:[0,2] > R be the function defined by
f(x)=(3-sin(27x)) sm(nx _Zj —sin (3ﬂx + Z]

If a,pB €[0,2] are such that {x€[0,2]: f(x) >0} =[a, B], then the value of f—a« is



15 4 f:[0,2] > R werd 8 S

f(x)=03- sm(Zﬂx))sm(ﬂx—%j—sm (37zx+ j B gR1 gRIIRT ¥

I a,Be[0,2] sHUBPR & fb {x<[0,2]: f(x) =0} =[a,B], & T B—a & a9 B —
Ans. 1.00

Let nx - n/4 =0

f(x) >0

.13
(3 - sin2(0 + n/4)) sind - S'n{jn+39+%} 20

= 3sind — sind cos20 + sin30 >0
=sind [3 - (1 - 2sin%0) + 3 - 4sin20] >0

sine[S—Zsinz e} >0

= _
+ve
-.8in6>0 =0 € [0,n]
X —n/4 e [0,x] - X e [0,2]
n 5n i n /n
X € X——¢e|——,—
{4 4} 4 { 4 4}
15 n /n
Xe|l—,— Oe|——,—
b R
a=1/4;B=5/4
p-o=1

16. Inatriangle PQR, let G =QR,h =RP and ¢ = PQ . If

|d|=3, |bl=4 and

then the value of |G xb | is

16 U B3yt PQR ¥ A G = OR,b = RP @1 ¢ = PO ® | 3R

|d|=3, |b|=4 den

Ans. 108.00
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- az_bz - |a|+‘b‘
2
cc-16 3
= 2—
9-16 7:>C 13
d+b = —C
az+ b2+ 23.b =C2= a.b=-6

ész +(é.5)2 + a’b?

12 —\2
axb| = (32)(42)—(é.b)
= 144 - (36) = 108

For a polynomial g(x) with real coefficients, let m, denote the number of distinct real roots of

g(x). Suppose § is the set of polynomials with real coefficients defined by
2
S = {(x2 —1) (ao +ax+a,x’ +a3x3):a0,al,a2,a3 € R}
For a polynomial f, let f' and f" denote its first and second order derivatives, respectively. Then

the minimum possible value of (mf, tm. ), where f €S, is

% qgue g(x) i arafdsd qoie & g /e m, , g(x) @ W=—2 arafde gell b1 e o1 (iU Hear & |
A § ARAAD oD S W GgURl BT A B Sl

S={( 1) (@ +ax+ar +an):apa.a,a, < R

& gRI URHING 8| b d9gue f & forg, @ (1 dur (7 shwe g9d yuH aul fGfd $H @ sades g, ¢
(mf,+mf”), &1 =IqH HIAd 7 8| 58l f e S, g

5.00
f(x) = (x2 - 1)2h(x); h(x) = a, +a,x +a,x?+ a,x3
Now, f(1) = f(-1) = 0
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=f'(a) =0, a e (-1,1) [Rolle's Theorem]

Also, f(1) =f'(-1) = 0=f(x) =0 has atleast 3root -1, a,1 with-1<a<1
= f"(x) = 0 will have at least 2 root, say B,y such that

-1 < B<a<y<l1[Rolle's Theorem]

So, min(m;.) =2

and we find (m. + m.) = 5for f(x) =(x? - 1)?

Thus, Ans =5

Let e denote the base of the natural logarithm. The value of the real number g for which the right

1

o 1—x)"—e . .
hand limit 1im L is equal to a non-zero real number, is
x—0" x¢

HM e Uhd IgYUH $ FER Pl RO SRl & | aR<dD G g P 79 s fog <&l i a1 99

1
Y !
lim =90 =€ x)a ¢

T Y ARKIADh A& S SRR 8, B —

x—0" X
1.00
In(1-x)* 1 lln(l—x) 1
: -e . ex -e
L = lim ;L= lim
x—0* x2@ X—>0" NG
2 X RS
X 2 3 -1 1 2 3 =
L= |im & € ;L= |m&=¢ —_¢
x—0* x? x—0* x2
2
2
[ 2 ] [£+ Lj
| XX 2 2 3
_ 2 -1 _X X _
elle -1 e ||t [ >3 ]+ 5 1
L= lim ;L= lim
x—0" )(a X 0" NE
2
1 x
X[ Z+2
= 1 x 2 3
ell|l-=-Z... |+ :
2 3 2!
= lim T
x—0" NG

for Non - Zero limita-1=0 > a=1
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