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JEE ADVANCED
27 September 2020
Physics 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.

W -1 (31f¥waH 3id: 18)
39 W1 H B (06) UeH A B |
TAF U & IR faFed 2| 57 IR fasedl § 9 9o TP & el SR T |
IS Ued & oY, WE SR & agwy ey gy |
TS U & IR B Jodidh+ FfoRad oid gl & rarR fdan Smg |

PUICED D +3 B9 9E R[ded g1 S © |
T 37h 0 Ife PIg fdebed & AT S & | (i uee @1 IR e e 8)
FOED D -1 oy it Referi # |

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 0 so that the football does not start rolling down the plank
satisfies (figure is schematic and not drawn to scale)

R 3501 ) U& gedial A w9 A W Tah 9l W & r (r<R) B & g i) i I € | a1 ga (R
319 I (lifted) ST & A1 I8 RIAGAR AT § 0 IV a1 U FHaT © | 0 F1 Af¥Haq A1 dIfd Hedrd awad
@ A9 b1 URH T8l B B, g IRl © (T |iosfas g 7o Tae 3 vaifdd 781 & )

r

(A) sin@:% (B) tan6 = (©) sinezé (D) cos® = -
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Sol.

A
NN
>
Normal here\ /g1 R R ) r
tends to zero . sinf = —
on verge of rolling # T u R
r
/ y

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

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 (TP g ugred ) &1 a1 U Bobl adhd] Aol wU W ™I A 8 9ol RETER 39 ot & uRad:
T & oI W 8 | Ud U9l (strong) g/ dacl & SR Ud v TR 3@ 3fel A §Y SdleR T oIl ¥ | Fave)
% eT & URa: g DI gAM W Fad! (i Aisfae 8 den 9 3 vaifea 78 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% @ 77 @ faen & fuRa fa=m & g
(B) g=& @ T & e & = fem | g
(C) &1 e qorn gaa! arHH raRafidd e

(D) T <Afd sHaT Ao SR—ER 9




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 now 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)
20 cm @ & T BIT Aok § 10 cm (F1a 9t 1R o IRed) e @0t was ¢ (axle) B | I8 Ua afs w9l o) 8
TN T IR UAHT 50! R IR Afist wu 9§ Rerd 2, s g8 & Rer R (&R ik 2Red) T &1 ta f5R1 (edge)
2 | 319 YA BT g8 W IR—4R gaell ST § 1fds I8 gR1 R a1 el <ret, T2 e 391 fhiel ged1 IRy &Rl
2| IeR & 50 cm g & ueEnq TAH @) Refy 1 o g <o (e wiafas & deon 9w 1 vaifed =18 B)




Sol.

B
v-oR =0
Vv = oR
Y
v=200=wn=— x=0 Xx=75cm

20
Velocity of point (A) =v+ or

:V+L><10
20

= 3v =1.5v
2
so distance moved by point of contact
=1.5x50cm =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 isin 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)

R 3531 A2 N BR1 &1 U JIHR GuSell H1 09 TR & | A 7 § RERGER, $9@ a1 R 31 IR A SI1$ 9
T T U8 B9 ARI §NT ACHRT ST B, e o Sraltr 81| R e Rad & Aead 3 S99 Q & A1 Udh
FIRA A SIS S B | Frsell s9a (W &) T & FHMIR &fTs] THed gaon & B 3 8 | 519 R 9w fbar s
2, 79 WuIRT 980 3fcd F9d H qusell I FR1ARK 811 8 | 979 T WiRa qul wu 3 FRMARE 21 8, 79 96 Bosell g
AT DIURI HAT 1 URHATT 8T (A1 o FRTe {9 301 314 © b osell 39 99T & AR JR& A gAdl 8 1) —

7~ 2
(| 2B

N/

N———”

(A) TNQBR? (B) TNQBR? (C) 27NQB,R? (D) 47NQB R’



Sol.

B
|
, b
QL
7N 2
{ ] 1B,
\ /

> '
after closing switch, within fraction of seconds entire charge flows through coil and produces
impulsive torque.

[rdt = AL
[NBIAdt = AL
NBrR?Q = AL
nNQB,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)

BTSN BT U FAMIRIR Yol FRIATER IR HIC W dlel URESN S & U s IR THINI & | PRI a9 &1 |e

JMHR BT (for Aibfores & e YA 9 Y@ifha =18l 2)

Light Glass
—

—
Air —> Air
—
s

(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—l] of the heights of the liquid in the two arms is
2

TG SFPRI—PIC &GS Bl T Gol R BT U-Tell Uil (8@ 103kg m=3) gRY A 8 | TRA H IR Bl KR T il
H Tell 9 0.29 m R Rerd | 800 kg m3 &7 &1 IRRIA el (T U i—1fAsoig <a) ardi yfor # femn S & 59 d&

h
39! s 0.1 m =1 2, SR A Aiasfad o 7 RERIgaR § | S YoTell # g o Harsdl &1 agura (h_l] e
2




Sol.

P, = P, (Same horizontal level)

Patm * Prero9 > 0.1+ pwg(hl_ 01) = Patm + 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 e

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

n_3
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 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 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 Inall other cases.

YT -2 (1f¥dad 3id : 24)
39 W1 H B (06) WeH A 2|
IAP U & IR f[Adbeu B 1 39 IR Adrad § A T 1 Uh 3 31f0d Ahed 98 SR 8 (&) |
TS U2 & forg, Tl W8l SRI & AJwY faded gy |
TS U & IR B Jodidb+ FfoRad oid gl & raR fdan Smg |

ot 3 : +4 T dgat (@) R g7 o 2, @) |

3N 37 : +3 I 9t IRI fadwey |8 8, Afds daat F fawed g1 o 2|

3R 37  +2 IR A A1 Al e |l § oI $aa 11 f9eew g7 9 &, S fb q1 &
GEE

31T 37 c+1 AR 1 A AP faped A B, AfHT dad TP fadbed g1 ST B AT I8 T ALl
faded 81|

I 3D : 0 IR BIE fawey T8 g1 S (1T Ued &1 SR e &3 ) |

FOTHD 3D =2 3= Rerferai # |

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 nt orbit (here h is the Planck’s constant)

(A) R « n¥3 and v o n?3 (B) R « n?? and v « n'/3
/3 1/3

C E_ é n2h2F2 5 E_>2 n2h2F2

(©) 2( 47°m (D) 47°m

M ST &1 T w91 V(r)= Fr ReIfas St & A axiig wermsii § I ol 8, ST&f F U eFIeTd Hadis & e rqd
g & g9 A B | 3D SOy dIex URIEY BT FAT B §Y S 1 Seh ¥ | I o7 ) e o 3w R A e
BT I B TN 3HBY AT qA Sl HAY: v d E | Fefid @ St 8, 9 ndi wen & forg (It h i Hadie 8)
(A) R oc nY3FATV oc N3 (B) R oc n?3 @1 v oc N3

/ 1/3
o E- é n2h2F2 1/3 o) E<2 n2h2F2
(@ E=3|72 (D) i




Sol.

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

R o n3
E = KE + PE

PV +V(r) _lrR+FR
2 2

1

212E2 \3
E=§ nhZF
2 4n°m

Option B and C.

~ 2nm?

1
= Van?

10



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 = 5.67x 108 Wm=—=K*, Wien’s displacement constant = 2.90x 103 m-K,
Planck’s constant = 6.63x10734 Js, speed of light in vacuum = 3.00x10® 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 is in the range 3.15x10® W to 3.25x108 W
(C) the wavelength corresponding to the maximum intensity of lightis 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 T 9 & d+q (filament) &1 U &F%ha 64 mm2 8 | a= 2500 K T TR T BT & W0 H AT ST Fehdl
2, 5l U favg WId @1 ae fafdror Safsid aRal 8 Oid g% | Q1 ST 8 | a0 3 Jh1el 9ed 100 m &1 g3 4w
o I B | AT Herd @) SifEl B el aeR 7, e Bear 3mm g | a9

(R : RIH—drees™E Fadid = 5.67x 108 Wm-2K, 419 &1 faRermos Rgdia = 2.90x 1073 m-K, @id adis
= 6.63x107 Js, fafa & yarer o1 et = 3.00x 108 ms™)

(A) a=g g1 fafsRa wifdd 642 W 1 645 W oI & 2 |

(B) W&t Y T 3IRG H I R arent fAfhvd wfad 3.15%x108 W 9 3.25x 108 W RIF H & |

(C) 9&T B} AfHTH Ngel & Fa avreed 1160 nm g |

(D) Sfid fafdwor o o aeed 1740 nm @ W, 36 &) U i H Ufd HaHvs U9l w1 arel BieH| &1 Ga
A1 2.75% 101 3 2.85%x 1011 3 R H B |

B,C,D

P = ecAT*
~1x5.67x10° x 64 x (2500)* =141.75 W

P
radiated power entering one's eye = AnRZ x mr?

141.75x(3x107)

= 318.9x101° = 3.19x108W — option (B)

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

N = P_?x. _ 3.19x10%x1740x10°°
hc 6.67x1073 x3x10°®

Ans. BCD

= 2.77x10'* Option (D).

11



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

U SHISAT BT T TG BT A0 PRAT GIAGTSTP BIT & AMMb A IRAT Dael Uab Hifcre 1191 S YaT § Fad
B S Fhal B | Uh TN I F, Al o fErt X el & uei § e s # o R [Rerfe] = [X¢]; [@re]
= [X]; [@RU] =[X°]; [X&m |am] = [X9]; [§f] = [X], °9 —

(A)o+p =28 (B)p+q-r=p (COp-g+r=a (D)p+g+r=p

A,B

Position = [x<]

= [LI=[X"] ...(1)

speed = XP

LTt = X¢

X Tt = XP (from (1))

Tt = Xpe ...(2)

acceleration = X°

LTt x Tt = Xp

XPXPe = xP
X2[5—a — XP
=2-a=p

a+p=2B

Option (A)

[Linear momentum] = xd
M LTt = xd

M.XP = xd

M= x%F...(3)

[force] = x"

MLT2=x"

M.XP = x'

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

from(A) p+qQ-r=—+

N | T

o
2

p o
—+q-r==
2 g 2
Ans :- A,B

12



10.

A uniform electric field, E = —400J§§/ NC™!' 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

U Y AT 851 E = —4004/3y NC™! Uoh & # SR b Sl & | q &FTcHd a9l bl a8+ vl dlel m Soqele
B U JMART FT 24/10 x 10° ms™! B URMS a1t A 57 & H Y&fd a1 SIar 8 | 39 B0 &1 U e T A THIH

(hit) @ forg fererm qien STaT 8, S foEgER &3 7 (into) 39 W g A 5m g B | % =10 Ckg™" of | q9—

’d -
el —— i ———— i ———— .__.._. ____________

(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 \E“S as well as \/;us

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

(A) B T A HIRA, afe i ¥ 450 H1or oR weifia fam e 2 |
(B) &1 T & ToHR, afe &fds &1 300 a1 600 H191 1R w&fad favan Sian g |

(C) T eav™ & v &or g1 foram T a9 \Eusagﬂ \Eus%‘lﬂ’dn—m%l

(D) T ¥ e & T &1 gR1 foram T a9 \Eus%l

13



Sol.

B,C

Wl L

Range

Consider like projectile motion,

E
so here g = % = 40043 x10'°

5 .
R:u sin20
geff
4x10x10* xsin20 \/5
5= i = —
400£X1010 = sin20 >
20 =60°,120°
.. 0=30°60°
T=2usme
geff
2 2410 x10° x £ x 10° J1o0 10 |5
at 0=30°T = 2 ws = Bra V12 \e"
’ 400\/§X1010 3)(4 12 6

ate =60°, T= \/gus Ans. Band C

14



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)

FRETgaR U@ srfaxiia arfcass ufget &, fora) AieTe t o HfoRIgea p & | 39! 3R 3rsa1 R & den 9 fsa1 R,
& | At U dieedl V, 599 a1 RRI & 91 IRifid @1 SRl &, 99 U oRT 1599 a8 & | s9a Ryan, I Jidd faan s
2 & TIRMM Selag [l (R & SR R & Bl Bls M YfAeT SR 2) & g Tiid THTEl @& SR 566! ATIRS 3R
IR ARl B 1 T AR dleedl AV ST Bl 8 | 99 (R wiafae g dn e & wifea T8 )

Vot (R
I=—"In| =2
(A) p (RIJ

(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 « I?
Vot (R
I=—"In| =2
(A) p (RIJ

(B) 9781 HdE, dR® Adg ¥ Sod dleed] R B |

(C) 91e1 g, NaR® wdag ¥ = dlecdl W ¥ |
(D) AV « I?

15



Sol. AC,D
to calculate resistance, ¢ =nr, A =tdr

dr = P
tdr

but all elemental strips are in parallel so

11
R, °dR 7
q y1 t(thickness)
I
1 e
Req R, P
L:me
eq pTE Rl
V V. t/n
-'-I=i= jtp (R, /R;)  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

dr = P
tdr



votdr

sodi=
pnr
neAv, - V,tdr
pnr
(as A=tdr)
v, - Vv, _ KV,
pnrne r

Now as electrons move in circular path so,

AV :}<IVO2 |:R——R—:|

1 2
AV =K"V?
= AVaV;

AVal?
(asV,aI)
Ans. Option ACD

17



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? (kj is the Boltzmann constant)

o 3 egaRRers U W CERIGAR, &1 U Ui $18 SA1a SRt n, drn, (n, > n,) & == Al & dielReE
wRIEE (KMNO,) & Uil @& faerd (T a9 W) €RI &R 8, S8l An = (N, - N,) <N, & | 5d d S JRI—PIT &7hel
T | &g TS Bl U el gRI SIS o &, dd KMnO, el & A1eqd § aill 3 T 3R f[aRa (diffuse) B o
BT B | 7 el &1 wE A (dilute) anee Tl & WU H FaER FRAT & T S U 7 S MRS @ H iR
% BRI fIARYT BIAT B | 370[31] 1 AT v TS 370] R —PvV WM I §RT WA B SIH &, S8l f T (a1 © | B4
(An)2 & | Ug vy &, Fefefad 3§ & sIa/@ 98 22 (K, diecs™ e )

I
v \_/
(A) the force causing the molecules to move across the tube is Ank, TS

(B) force balance implies n,fvi=Ank,T

An [ kgT
(C) total number of molecules going across the tube per sec is (Tj (%)

(D) rate of molecules getting transferred through the tube does not change with time
(A) el &1 IR (across) WM & foIg a17sfi & HRYT 9 ANk TS B |
(B) a1 Ager garan & & n,pvi=Ank,T

(C) ufdy ¥dve Tefl & UR (across) S dTel (T[T &I FHof A& (%) (—js =

(D) Tefl | RHIRA B aTel 3TU[3H &Y & FHT & 1Y 8l g § |

18



Sol.

A,B,C

P.S ) :'" P,S

F = APS

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

p-Ng,7 N =total no. of particles
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(Nn,x Sx () = Ank; .T.S

= n,pvl = Ank, T

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

E:SXVXHI

AnK,T
=Sx B (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.

19



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 (3f¥®aw 3w : 24)
9 9 H B (06) U M B | TIS U BT IR ACIHSB 719 8 |
TS U & folg, IR I & & forg Afde e w Aed iR sif—wn mvril (adrdt) SeaTetds s &1
ST RS IR B Fel GG A Tof B | IS T d A | a1 I 2Afdd IMerd [ 2, a1 &l a¥Mad
R & 719 Bl BIel/Mhedd o |
TIH U & SR BT Jedidhd FfolRad ugfd & orar fdan smgm |
ol 3 : +4 IR DI TE GEATHS A ufawe fhar war ¥
I 3P 1 0 3= el Rerferi 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 fad Aoi=i oR &S $U W U F90T Hiex YA &I 9rRi @R 0.00 cm TR T &7 3R 90.00 cm W I |
9 MY &I IR BT IR—ER S5 B R o I BT TIRT I ©, 09 IRS H dhadl a1 STell T & |rvet fhaerc
g T A Sl T e ¥ | 78 g0 yeard, 9 Sl ©F ol & qe1 SRl Sl et uRe Bl B | 99
SR Sl T & B (50.00 cm) 3 X, T3 IR webdl! & TN Fil Sl g A UR™ ARl © | I8, a1 St
R G99 gl H IR & BRI BT B | Al Iferai aen TAm & 9= w@ifds 9 afde g e wee: 0.40 9 0.32
8, T4 X, BT A4 (cm H) &

20



Sol.

25.60

FBD of Rod
N, N,

(Initial) <«— 50cm _>.<_40cmj I

— ——
f f,

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

N,

Nole X, —5c40cm_y
é - b
fk=HkN3 fs=HsN4

as rod does not move, only left finger slips,

SO I:net = 0 “KN3 = “SN4

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

N
N, Ng
0.32 0.40 — X —e X -
=—— =X, =32cm [ < —
X, 40 —_—>
fs=usNy fe=tuNg
= Fnet = 0’ “sNS = “kNG
0.40N, = 0.32N, ...(3)
Thet = 0, N5X1 = NG Xq - (4)
about centre
' 0.40 0.32
div eq.(3) by eq.(4), X, - Xq
0.40 0.32
32cm Xg
32x32 128
I T 5

Ans. 25.60
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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 10°kg m=3, 0.07 Nm-! and 10 ms~2, respectively, the value of h (in mm) is

mqﬁﬁwwa$ﬁla’m (glass), # W@ gd® WRT AT 8, IS T UM & I a9 & R {1 (glass)
B RS FWR h HAE TS 30 MR FHa1 & | TN & g8 UR™ 81 & S Ugal h &1 01 & fordl, FRArgaR srefadia
fF-IRI darell h AICTE &) U The) & i RA & SR UM & BRI @lerd (model) § | 519 39 @dbell &) dell R
I 1 T9 TS TG B BRI GG H 9gT (exceeds) 7, T9 UM &) T8 R & Aorcld gedl § an U 98 | 98
YR® HRAT 8 | A I BT O $HPT IS q-1d a2 gwq“lu @RUT AL 103kg m-3, 0.07 Nm-t @2 10 ms28 ||
a9 h &1 99 (mm #) ®

:Z:E'ih

3.74
Let radius of disc = 'r'

Pavg XA w‘ Patm X A
S(2nr)<—J

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

S:(%hjxh

25 _

bg

—h- i—sz %:ﬂx10‘3m=3.74mm
Ans. = 3.74
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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 now 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 R fraies den o sifawdiRa o ars @ Ua R &1 va RiRT 7t fa=g (0,0) R ReRr 2 | q &S S1mde 98+
H Al M SIAM BT T a5, BT 50D GER TR el 11 2 | 90t ey wa e 8fist ddg o= 3@ o 2 |
9 Ue fag fgyga p o q @ R IR B, I o g R Rer 3| R | orwarE aa w81t & e g
T 713 AR UTd Rl B | A 319 A5, S s0a] ArmaRen 9 Al < | gR1 ge ¥ favenfid gram g den eiel

w%,aaa%%\/%amﬁwaﬁaﬁﬁmww%lsmwé )

3.14
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as we know, for spring block system,

(o1 [K
27 \'m

2

so we can also observe 'k' as 73| from eq.
dx

U=l
2
av = KX

dx
d?u _
dx?

SO we can say,

Fo L d2V_dx2

27 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

1 pPxq
U==kx?+-—224
2 +4TC eo X2 ....(1)

d_U:kx_ﬂ
dx 4rn g, x3

du
(for egb™, i 0)givenegbmat x = ¢

24



16.

Ko =—2P9

:m ...(2)
’ 6pq
diff. eq(1) again, d7= 471_6—0)(4
m . d2U :K-‘r&
as egbmat x=1¢, B dre,

at n=¢

2pq
(from (2) put value of Ane ©° )

d’U

d7 =k + 3K =4K

at x=/

2,
.-.fzi,/dL/_dXZ:L/ﬁ:l\/K
27 m 27\ m T \m
~6=mn =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 thenfis

adia’ .
adia

A B A BT G Al YRS 19 P, TA1 ARIA V, W b a5 § e (enclosed) & | I8 wwardiy wd
F 4V, AT Te JAIRT BT 8 | 30D ULATd 19 SEIH ©U F FHIRT Bl T THST 37IaT 32V, 8 e € |

FHATN T GG GHR UhH & SR N g fRar o wrd Eer W der W R | Ife arguTd

Worszts _ ¢ L qgfa-
W '
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Sol.

1.77

He

P, V,
T

\l'isothermally

4v,, T

TVt = Constant, y = >

3

32v, T

26



17.

Sol.

Now work done in isoth.;

V.
nRT In| -2
Wiso - [Vj

1

— nNRT In{ﬁj
V

1

2nRT In2

2nRT In2

WSO
W, = gnRT

EIn2
9

16
f= 5 = 1.77

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 in 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 ms, the smallest value of the percentage change required in the length of the pipe is

T ReR R g9l T TSy 3 Us aR] W™ & A1 g 4 8 | Ife WRA fGYol U5U & Yol RR & G 1 596
FAMRR 2 ms™ & I1al 9§ TRIAE 8, 99 e @RS g9 & A1 oig=1e 1fed 8M & oy uiEgy @t arrg uRafda
B =Ry | A} g1 # @ @ w 320 ms g, 99 U &I owg § A ufaed uRad | &1 orgad A ®

0.62

, nv
For open pipe resonance, f = L

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

Y
(fl = 4—L1j ..... (1)

Now due to Doppler’s effect,

320 ),
f,=(320-2)"

27



18.

55
f,=138)F - (2)

=20 e (3)

2

320V \Y

318 4L, = 4L

2

L, 318
L, — 320
% charge in length,

=

ATLX100% _ [LIL_LZJAOO%

1

= [1 - ::—Zj x100%

1

_ (1 _ 318j «100%

320
200, 5
= — / = _0/ = 0,
320 (] 3 o =0.625%
=0.62%
Ans. 0.62

R

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
A circular disc of radius R carries surface charge density o(r)= %o (1 - —j, where ¢, is a constant and

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

¢

R
% W g T | TP IS AT T8 | TR aTell Bl Sl SR Fdhe B qurd: Helte &Rl 2, ¢, 8 | Tahc & |1l

ﬁ$€ﬁﬂaw%%w$m41|dﬁqwﬁ TR Il Hel¥h ¢%IHEI31§U1H%O%

R 3521 @1 U& acii adhd) Ut STJ9 T c(r)=60(1—Ljmwwﬁ%,aﬁcowﬁamméam r Ieball B
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Sol.

6.4

r

Charge in the elemental ring = .f o 2nrdr
r=0

qen

o = 8Oc (charge enclosed completely, so r = R)

qenc R
& (.. .. upto rzz)

&¢ =

[ r
- 1-"\2nrd
q '[[GO( Rj nrdar

= chojrdr— znT:Oirzdr

0

rr r
= 2715, {5 - 3_R}

n | R_R , 1
For¢,, r=R,q,. = o, 7_3_R = 2mo,R ><g

Ford),r:z’qenC: 2 3R

216 R—Z_ R?
- °12x16 64x3

6-1
= 2n6,R? {19—2}
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JEE ADVANCED
27 September 2020
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 (3f¥wa 3iw: 18)

39 W1 H B (06) UeH A B |

TAF U & IR e 2| 57 IR s § 9 I TP & el SR T |

IS Ued & Y, WE SR & agwy [ddbey gy |

TS U & IR B Jodidh+ FfoRad oid gl & rarR fdan Smg |

ool 3 : +3 B9 TR fAdeq g1 S 2 |

I B : 0 e I3 fAFed 72 g1 o1 2 | (1 e &1 SR T8 e /)
FOTHE HH ;-1 = | Referl # |

Ans.

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

Fraction of
molecules

speed
Ife g A9 &1 Mfdaes IR &1 faaRvr frifed RErgaR 2, a1 sftead mide 39, SfiRad 971 den a7 #1ed g 419 &1
3T, HH: B:

SERIICIS

j‘l‘% 7z
(A)1:1:1 (B)1:1:1.224
(C)1:1.128:1.224 (D)1:1.128:1
B
By observing the graph we get
u__tu.iu = 1:1:1.224

mps avg rms
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Ans.

Ans.

Which of the following liberates O, upon hydrolysis?

=1 & B9 STeterTEed 8 W O, qad HRal 57

(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) Agand Cd (C)Cd and Pb (D) Cd and Zn

TP TR STeid fJerae # a1 arqgafi, X den Y & T8¢ 8 © | 919 39 NaCl & Ud Sl fages § e S 2,
AT UH 29T 3MA&Y I7dT § | T8 AT U 1Y P 7201 U& faerad Q 39 & forg T 5ot # &1ifid wu A faory uran
T B | TR P el NH, T i amdiehe & e # W germeiiel 8 | KI$ |1 T fieras Q Ua e sraar
IAT | X qATY o1qy, HE: B

(A) Ag T2 Pb (B) Ag Term Cd (C) Cd qerm Pb (D) Cd @ Zn

A

(1) AgNO, + Pb(NO,), __NaCl_ AgCl  + PbCI,

solution white ppt white ppt
partially soluble
in hot water

(2)AgCl  +NH, ____[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)
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4, Newman projections P, Q, R and S are shown below :

OH
H,C | CH,
CH, CH, CH,
HQ CH, C.H; H C.H; CH(CH.),
H H m
C,H, HO CH, H
HC ch, H CH. 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
=IA ergr P, Q, R @211 S &1 f=gaR gwifn /a1 2—

OH
H,C_| CH,
CH, CH, CH,
HO, [ CH, ’ CZHS: ! :H CH; CH(CH,),
C,H, HO CH, H
RC cn, H C.H, C.H, OH
CH,
P R S
Q
1 3 | DI U faded |FAE o70] weRRia wvar 27
(A) P @1 Q (B) Q@ S (C) Q@R (D) RTeN S
Ans. C
CH,
HO CH, CH, OH
5 4 3 |2 1
CH—CH,—C — (—CH,
(P) CH, CH,
H,C CHs ,
CH, 2,3,3-trimethyl Pentan-2-ol
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OH
H,C_| cH,
3 4 5

C,H.—CH—CH,—CH,

H H 2l
CH3—(I:—OH

(Q) 'CH,
C,H,
H CH, 2

3-Ethyl-2-methyl Pentan-2-ol

CH
CH, * H C|H3
1 2 3 4 5
CH3—C|: — CIIH—CHZ—CH3
(R) OH CH,
HO C,H. CH, 3-Ethyl-2-methyl Pentan-2-ol
CH
C,Hs * CH(CH.,), CH,
5 4 3 2 1
CH;,—CH,— C — CH—CH,
(S) | |
Y 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 =M
3- UM -2-BIgSiRl -4- AfaedI-3-39-5-3Mg18d 3+l aTell ARaT I 87

OH \\I OH OH
NS
O.H HO,C X O,H N O,H
(A) i\ H () S (C)I\C : (D):ﬁ\C 2
2% o 2 z
D

Ans.
OH
S AR
3 | CO,H
4
Z

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



6.

The Fischer projection of D-erythrose is shown below :

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

CHO

H—t+—OH
H—+—OH

CH,OH
D-Erythrose

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

Column-1I

OHC_HQ, L
 HYY ‘-
P >_C OH

OH

OHC OH
Q.HO%?__Q@:
OH

R. H
OH
OH
OHC OH
s. H@%r_%Q&%
h H

D-giT &1 fheR yaqor e g9riar 1 § |

Column -1II

1. Diastereomer

2. Identical

3. Enantiomer

CHO

H——OH
H——OH

CH,OH
D-gT

34



Ans.

T -1 § D- ST 91 396 FHEId P, Q, R 91 S & w4 H 3ifhd 8 | T II W D- Q1 a1l P, Q, RAAT S &

TE T BT T BT |
Y -1

OHC_HO, H

 H™Y/ )
P >_C OH

OH

OHC OH
Q.HO%?__Q@:
OH

H
OHC H OH

>_%-£
R. H*"Y/
OH

OH
OHC OH
S. HO%?__<@;F
b H

(A)P—>2,Q>3,R>2,5>2
(CO)P>2,Q»>1,R>1,5-3
C

™ - I1

1. SERIRIMR

2. 9Fw9

3. vfafeasd) (gAfermmR)

B)YP->3,Q—>1,R>1,5>52
D)P>2,Q»3,R>3,5->1

OHC HO ¢HO
N HO,;,,M H% _OH
HW ——OH
CH,—OH
CHO
OHC OH
,,,,,, v HO——H
Q. HO\“\\\‘ ///wH —_ H——OH
OH
CH,—OH
H CHO
OHC H LOH OH Y H ,OH
H——OH
R. H - —> HO——H
OH OH
OH OHC CH,—OH
on CHO
OHC — s HO—F—H
s. Ho*7  \©°H HO——H
H H CH,—OH
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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 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 Inall other cases.

YT -2 (1f¥dad 3i® : 24)
39 W1 H B (06) WeH A B |
TP U & IR f[Adbey B 1 39 IR Adra § A T a1 U ¥ 31f0d v 98 SR 8 (&) |
TS U2 & forg, ¥l W8l SR & AJwY faded gy |
TS U & IR B Jodidh+ FfolRad oid gl & rarR fdan S |

ot 3 : +4 e dgat (@) R 9= o 2, @) |

3N 37 : +3 I ot IRT fawey |8 8, AfdT daat F fawed g o B |

3R 37 +2 IR A A1 Al e |l § oI $aa 31 e g7 9 &, i1 fb q1 &
el 8l |

3N 37 c+1 AR 1 A AP faFped A B, AfHT Dad TP fadbed g1 I B AT T8 T AL
famed 21 |

T H : 0 I BIS fAped TE1 g1 ST 8 (1 w2 &1 SR T8I {2 &) |

FUTHE HH ;=2 g ) Refaai 7 |

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 av V_b V2

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.
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Ans.

SEFRIE #, fwan T st P-V = g7 R w2 Wz—dePext

Wﬁe‘mmﬁgmﬁmﬁﬁaa}%@ﬁw—mwao‘rﬁ%,WZ—de[

Ig T 9 7 9 feds forg Sugad 32—

(A) T® T ST AR B TSR I FHIBRYT Bl WY BT 2 |
(B) Ts Ufhan S SchHoNy a1 FHaTY R |

(C) T ufshan i1 ShHONT 1 SEI™ ¥ |

(D) U& gfehan i1 SrchAui e ReR g9 W B |
A,B,C

w=—[P,dv

RT _a
V-b V?

RT a
Pe. = [V_b  V?
U

process is reversible

RT a . .
P = V_b V2 is Van der waals equation of state.

gas

S

=P,

Hence Ans. A,B,C

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

I
H
H
O ©/ H-CH, H———H
I II 111 v Vv

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

(B) The conjugate base of compound 1V 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.

37



Ans.

B I-V & e, TE HAT BT g9 Diford—

H
H
O ©/ H-CH,
I I 11 vV

(A) DfT® 1 91 reiaar WY &R # faRenyd & HRoT &l 7|
(B) AfI® IV &1 G &R WAl B |
(C) Aiffrep 11 318 31l 81 STl &, 519 I8 U —NO, HierRedl e & |

(D) Aifrepi Y rtial g9 HAGAR 8 1> IV > V > 11 > 11,
A,B,C

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

resonance.

S]
(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 ) i © > CH,
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In the reaction scheme shown below, Q, R and S are the major products.

0

H,C_ CH, 0 (i) CH,MgBr
H.C,_cH
H,C : S (i) Zn-Hg/HCl (ii) H,0*
AlC, (ii) H.PO, (iii) H,S0./ A
P

The correct structure of

H,C._CH, LESET he
H.C H.C CH, H,C 3 CH,
(A) S is l (B)Qis
CH O

3 HO,C

H,C_ CH,

H,C O CH,
(C)Ris (D)S is
0

faferReaa sifafsan usmw #, Q, R d2n S g < ¥ |
0]

H,C_ CH, 0 (i) CH,MgBr
H.C,_cH
H,C ? o) (i) Zn-Hg/HCl (ii) H,0"
AICI, (ii) H,PO, (iii) H,SO,/ A
P



Ans.

Q)

CMe, CMe,

CH
CH, s e,  Chep,
CH,
—H.,0 CH,MgBr CH3
—F +
’ H*/A HO, H.,O o
. e

40



10.

Ans.

11.

Ans.

Choose the correct statement(s) among the following:

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

(B) [Co(en)(NH,),CI,]* 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 5 I 98 BUF BT I HIR—

(A) [FeCl,]” agwparag SATAfy @ 8

(B) [Co(en)(NH,),Cl,]* 2 SRl |aemEgdr e &

(C) [FeCl,]-, [Co(en)(NH,),CL]*+ BT 39eT IeacH Tho—dad GRS M0 T §
(D) [Co(en)(NHS)ZCI2]+ﬁ PlaTee I sp3d2 AHRT TG § |

A,C

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

4s 4p
Fev = O OO0

sp? - hybridization

n=4,n,= .24

(C) [CO (en) (NH,), CI,]*

CO3* = (3d°), (A, > P)
e, n=0,u=0

hybridization — d2sp?

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.

BSUIFARISS, FARC 2 WRalRe b ATUeT, el HAF BT T PIorRI—

(A) ETEUTARTSE A FdeTad FYTH! &R T |

(B) &dd FANT AT & 3N MHA Cl & ThTah! Fetag = T §RT YHIfId 2 |

(C) TRUTARIZT TAT FART 37T, AT & FAM FHal & A0 & forg fawrgurdd #vd 2|

(D) ETSUIFARIST A AP ST BT TRITBROT BT B |

A,B,D

Acidic nature — HCIO < HCIO, < HCIO,

Basic nature — CIO- > CIO,~ > CIO~

W y

Cl—O Cl
(B) d O/ ” \O’
0]

sp? (Linear) Sp? (pyramidal)
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12,

Ans.

(+1) (-1) (+5)
(©) 30cr —— 2ci- * clo;

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

(D)CIO-+S0,” ___,ClI"+S0,>

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 va Aiffe &) - 318 PIftew! 9" M G ORI X gad 8 | FRURM &1 Jofl § &R BICT e
3roar T B |

HE B BT A DI | o,

W/

pnd
)
@M Ox

(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) ATE BT FATFUH G MX B |
(B) &FTI_ M @21 F0ma X e Suearetd Sl IEd ¥ |
(C) M-X T8 T=ITE TAT T §HTS DINSHT PR TwTs BT 0 0.866 ¢ |
(D) g1 M @Il SO X @1 At ot &1 orgurd 0.414 7 |
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-XBond Length = [g] +

1 1
M-X Bond Length = >

M - Xbondlength _ V3 - 0.866

a(edgelength) 2
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(4) Asitis B.C.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 (3f¥®aH 31 : 24)

39 91T H B: (06) U3 A 8 | YD U BT IR A&ATHD d4 2 |
TS U & folg, IR e & & forg Afde e w Aed iR SifF—wn MRl (adrdt) SeaTetds s &1
SUIRT BB SR BT Fel AITAS A g1 B | A s A H q1 9 1fd q9Herd XU B, d & Sed
R & 719 Bl BIel/Mhedd o |
TS U & SR B Jedidhd FfolRad ugfd & orar fdan smem |
ol 3 44 Il P T TATHS A Yfdse fHar T B |
I 3D 1 0 3= et Rerferl 4 |

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(WIN|=
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0.10 M aifeifera art faera &1 5.00 mL U& IFTHR (conical) TR 3 od fhafeslels gad &1 START SR
BV U ¥XC g1 NaOH & f%eg Sraifud faam Sire & | il Jeltell 397 &) IuReifd & forg smaeas NaOH &1 e
ofg garl & forg i IRvfieg € | NaOH faeras @) |rsal, AieiRdl # &1 § ?

TRIRT A=A NaOH @1 31reH (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
[H2C204]><VOI. x 2
M= [NaOH] = vol.of NaOH
5x0.1x2 1
[NaOH], = =55 =125
5x0.1x2 1
(NaOHl, = =55 ~ 10,5
5x0.1x2 1
[NaOH], = =5~ =5 = [NaOH], = [NaOH],
NS S
[NaOH] Final Result = 12.5 10.5 9
5
2 2 1
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
I

N
o

Partial Pressure of B (bar)

tl

time

1000 K W 1fafar A = B R fRaR @ISR | 999 't &R, 33 &1 auwre 2000 K @6 9¢ ST & a0 TF &1 97 ad
gga T ST B 9 WART & SR A &1 31ifRR1% S19 1 R F91 1 T o7 | <719 999 & AT B & 3fiflre <19 &
g% f&am A 21 1000 K T2 2000 K &R siffshan a1 #a e Sofl &1 o/gurd a1 8 2

=
o
OUI1\

B &1 21if3re <€ (bar)
ni
)
|

10
tl
0.25
Keq.ZOOOK = 100
=10
eq. 1000 K
AG,,, = = 2000 R In (100) = - 4000 R (In 10)
AG,,,, = - 1000 R In (10) = - 1000 R (In 10)
A(32000 — i = A(51000 — l — 0.25
A(51000 1 A(32000 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,0O(l).
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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-t, R =8.314 ] mol-* K,
1 bar T 298 K &R AM® 3avel § HRRT Uh 70% T8 BESIS—3ATHmxIoT 389 I R R SR | 39 A 31

arfiferar g—

H,(g) + O,(g) — H,0(l).
1.0 x 103 mol H,(g) & Tdd TR el §RT Fa~ BRI PI U A19 e 9= 4 1.00 Mol ThHaTuRHATES aei i1
& e § SUAT fhar ST 2
el I & IHE A gRad= (K H) /8 ?
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 ] mol-* K,
13.32

E° = 1.23 volt

cell

AG® = {-2x96500x1.23}

Energy used = [2x 96500 x1.23x70% x 10"

= 1><%><8.314><(AT)

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

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-! K1)

TAARA, FeHgRE 3Fel & A1 fohd ava TRIAATT Febe dor glssio &1 o dar 8 300 K @2 1.0 atm
T TR 3T ESgIoi I/ &1 31Id eiex 9 (L) 31 &, 919 5.4 g Tegfaf1am den 5.0 M 9er’R& 37 &1 50.0
mL sk & forg wanfor 8 & ?

(TR M &1 HeR g 27.0 g mol-! ST SIS R = 0.082 atm L mol-1 K1)

6.15 Liter

2Al + 3H,SO, — AI(SO,), + 3H,

50 %5
1000
(L.R.)

= 0.25mol

0.2 mol
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17.

Ans.

18.

Volume = %x 0.082 x 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 10-5g of *>U . If the number of alpha particles that it would emit during
its radioactive decay of ;U to *%Pb in three half-lives is Z x 108, then what is the value of Z?
TSHT AT AT HUI & Iedo gRT “55Pb & fmTor & forg 235U et e & Joran 2 | U age™ (rock) TR

I 68 x 106g *U Jad Bl & | O srd—amgwran # 55 US 25 Pb & feaiendt et SR Scafsta arewr won

P ERAT Z X 10188, I ZH A T & ?
1.21

U —— P + 8,He® + 6_,8° (antineutrino)

><§><8><6.023><1023

68x107°°
238

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

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

CO,CH,
C.H; CeHs
. H,S0,
M)Q (a colored compound)
CeHs
P

What is the degree of unsaturation of Q ?

47



o1 arfafshan &, g smafae Areew | Aife P gR1 Afe Q ura fban 7 |

CO,CH,
CHs CeHs
_conc. H.50, J Q (o Wi Aifire)

Q & AT B TS R B ?

Ans. 1

8
Q
O§ /OCH3
Ph j: Ph '
conc. H,SO, O
_—

Q)

Total degree of unsaturation = 18
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JEE ADVANCED
27 September 2020
Mathematics Paper - 1

SECTION 1 (Maximum Marks : 18)

. 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.

. 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 (3f¥wa 3iw: 18)

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

. TIF e & IR fAbed ¥ | 39 IR Awcdl § 9 $ad Uab & 98l STk ¥ |

. TS Ued & oY, WE SR & agwy [ddbey gy |

. TS U & IR B Jodidh+ FfolRad oid gl & raR fdan Smg |
D 1 +3 B9 9E fRded g1 S © |
T 37h 0 Ife PIg fAebed & AT S & | (i uee Bl IR A e 8)
FOHD 3D -1 e Rerferai # |

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 fgamd 9gus x2 + 20x - 2020 & fA=—= arafds g1 &I g2 & a1 9191 ¢, d fgend 9gua x2 -20x +
2020 & =1—f= \ffas g @1 9 & | @9 ac (a—c) + ad(a-d) + bc(b-c) + bd(b-d) &1 &M & —
(A)O (B) 8000 (C) 8080 (D) 16000

Ans. D

a

X2 + 20x -2020 =0 <
b

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

& 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)(cz+d?)

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

afe e f:R— R, f(x) = |x| (x-sinx), & gR1 uR¥INT B | T4 11 # & DI o 9 & ?

(A) f TBEH & Afb sroEs T8 8 | (B) f meBIE® 8 Ifdhd Udd! 981 B |
(C) f U] TAT ATBIEH QAT 2 | (D) f 17 @ UHH! A7 ABES 7 |
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
Fix) = {—Zx +sinX+Xxcosx x<0
=>f(x)>0v xeR
= fis one - one

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

1
f(X) =eX-1 _e—|X—1| and 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)
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3. AT Hed f:R — R @1 g:R — R,f(x) =ex! —e-Ix1l gofr g(x) = % (ext+el>) & gRT uR¥IfT B | d9 do!
y = f(x), y = g(x) T2 x = 0 §R1 URTF U IgATe H &3 BT &%l el —

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

f(x) = -1 - g1l

e l_e XY yxs1
i) = lex ! - e V-0 x<1
el - x1_1 x>1
f(x) = e
L 0 x<1

1( x1 1
&g(x) = E(e + ex—1J
Now f(x) = g(x)

1 1( 4 1
et - x-1 — E(e + x—1J

e e
.2 1
27t - o =eTht o

3

et - T =0=e1=3
BPRNLE
2




Ans.

-1
e—-e

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? = 4)\x, and suppose the ellipse a_z + ;—2 =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 (0) £

AT @, b oM A 89S aRAAS TG 8 | AFT P R y2 = 4AX S 3Nl BT T 3 fdg, g den A1 dread

2

2
x_2+y__1 fog P 9 ok € | At g P &R WRaerg don S€ad &1 92 YN Uh G & o ¥ad 8, dd aredd

a2 b2
P Shdl BN —

1 1 2
A 5 (8) 5 © 3 (0) £

A

Now E: — + -5 =1 Passes through P

Q
o
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Ans.

2w T R ()
Par E

Now mTp —mT|p =1

2% x b?

V| X-2"y =-1

yl" T @ v

20 A b?

X = —

2\ az 2a

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 37 respectively. Suppose a is the number of heads that appear when C, is tossed twice,
independently, and suppose p is the number of heads that appear when C, is tossed twice,
independently. Then the probability that the roots of the quadratic polynomial x2-ax + 8 are real
and equal, is

40 20 1 1
(A) g1 (B) 51 © 5 (D)

H1 C, e C, a1 31fwet (Bised) Riad 3 UdR 8 &b & el IS8T H e UIa B 1 UTieha Hasl: %a@n

%%lWaﬁl—aaﬁﬁ@T%Gﬁmﬁ%%ﬁ’r%mClwﬁawﬁa‘lwwm%awa%ﬁaﬁﬁ@ﬂ

g Sl SuRerd Bl B | 979 C, W0 d WU 9 Q1 IR IS8Tl Ol § | 9 fF91d 9gU8 x2- ax + B ol aR<ifd a1 F9H
2 @1 Wi B |

40 20 1 1
() 51 (B) 57 (©) 5 (®)

B

P(H) =2/3 P(H) =1/3
SIS

P(T) =1/3 P(T) = 2/3
Now roots of x>-— ax + B = 0 are real & equal
D=0
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Ans.

a’-48=0
o? =44
= (a.p) = (0,0),(2,1)

2 2 5
- a3 (3] + (3] o 3)3) -

e .
Consider all rectangles lying in the region {(X/ y)eRxR:0<x< Eand 0<y< Zsm(Zx)}

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

w3

3n _T
(A) > (B)n (€ >3 (D) —

47 G4 3T a5 {(x,y)eRxR:OsxsgandOSysZsin(Zx)}
H Rerd & T x-318 WR T YOIl G 8 | 37T BT &=l Sl U T 371Idl & il 3 Sfferdad aRHATd @@l 8, 81 |
w3

3n _T
(A) > (B)n (€ >3 (D) —

C

24+

f—

ofx—=a 3 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

n a
X==-=
for perimeter max.

P=2a+2b
P =n-4x + 4sin2x
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1
P 448 cos2x = B{COSZX——}
dx 2
dp + _
dx '

P at x = /6

max

Now Area = (g—ZXj.(ZsinZX) - (g—gj(zgj SN = 235

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 (1f¥dad 3i® : 24)
39 W1 H B (06) UeH A B |
TP U b IR f[Adbeu B 1 39 IR Adva § A T 41 U ¥ 31f0d Ahed 98 SR 8 (&) |
TS Ued & forg, ¥l W8l SR & AJwY faded gy |
TS U & IR B Jodidb+ FfoRad oid gl & raR fan Smg |

ot 3 : +4 I dgat (@) R g7 o 2, @) |

31T 37 : +3 I 9t IRI fawey |8 8, Afds daat F fawed g1 o 2 |

3R 37  +2 IR A A1 Al ey |l § oI $aa 11 e g7 9 &, i1 fb q1 &
el 8l |

31T 37 +1 AR 1 A AP AP A B, AT dad TP fadbed g1 ST B A1 A8 T ALl
famed 21 |

T 3H : 0 I PIS fAped TE1 A1 ST 8 (1 Iee 1 SR T8I & &) |

FOTHS AH ;=2 g 9 Refaai # |
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Ans.

Let the function f:R — R be defined by f(x) = x> -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 fiR — R, f(X) = x3 =x2 + (x —1) sin x & gRT uR¥INT & T 7M1 g:R — R % WS Hald © | 7T
fg: R - R 0 ®eld B ST (fg)(x) = f(x)g(x) & gR1 uRWifd B | @@ /1 § | ST Held 9 B |

(A)Tf g, x = 1 R ¥ad 8, 99 fg, X = 1 W Iqha-Y 2 |

(B)afifg, x = 1 W AP §, A9 g, X = 1 R FaAd & |

(C)afe g, x = 1 R A@FHA &, 79 fg, X = 1 W AAHA & |

(D) If fg, x =1 W 3fqbe=I B, 99 g, X = 1 W IaqHAT 2 |

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)

3 2 .
1) < m{(uh) ~(1+h) +:.sm(1+h)}g(1+h)

(1+h?+3h+3h* —1-h? —2h+hsin(1+h))g(1+h)

h—0 h
(R +2h? +h+hsin(1+h))g(1+h)
- h

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

h—0

"= iy (L-hp ~(2-np +(_—hh) sin(L-h))g(1-h)
_ [+°-3n+3P -+ 2h-hsin(1-h))g(1-h)

. h

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

as g(x) is constant at x =1

- g(1+h) =g(1-h)=9g(1)
h'(1*) =h'(1") = (1 + sin1) g(1)
'A'is Correct.
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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-1 = adj (adj M), then which of the following statements is/are ALWAYS TRUE ?
(A)M =1 (B) detM =1 (C)M2=1 (D) (adj M?) =1

A M TE 3 x 3 $1 a<fds ufaftcdl & A1l JhAvd M 8 | T2 A1 1, 3 X 3 & T ATGE Bl Fefud
BT B 1 I ML = adj (adj M) 8, 99 1 & ¥ BI=RTT HUF &AM FF BT —
(A)M =1 (B) detM =1 (C)M2 =1 (D) (adj M?) =1
B,C,D

M-t = adj(adj(M))

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

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

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

(adjM)M-t = |adj(M)|I,

(adjM) = IM]2. M ............ (1)

ladj M| = [IM[|2.M]

M| = [M®].[M]

IM[=1

from equation (1)

adj.M =M (2)

Multiply by matrix M

M.adj M = M2

IM|L, = M2

M2 =1

From (2) adjM =M

(adjM)2=M2=1

Let S be the set of all complex numbers z satisfying |z24+z+1| = 1. Then which of the following
statements is/are TRUE ?

1] 1
(A) [Z+5| =5 forall zeS (B) |z|] < 2forall zeS
1.1
(C) [2+52 Efor allzeS (D) The set S has exactly four elements
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Ans.

A S T st wel z BT AR B S |22+z+1] = 1 B S dRal B | 99
=1 § § P FeH T B 2

(A) T 2 S & forg

s%§| (B) @l zeS & oW |z| < 28]

1
Z+=
2

(C)mﬁzésiﬁﬁw

1
zZ+=
2

z%§| (D) 9= S & IR T & B |

B,C

|22+ z+ 1|=1
Letz2+z+1=¢e"
as |z2+z+ 1| =1
nZ224+z+1-€e°=0

2= ~1+V1-4+4e"

2
z+%= i% 4e"° -3

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

Let a = (4cos6 — 3) +i4sind

la|= \/(4cose—3)2 +16si’ 0

= 16cos0? + 9 — 24C0s0 + 16 5in2 0
|al= Jy25—24coso
LY L7
2’72

, _ 12 |(4c0s0-3)+i4sino

2
2Z = - 1 £ [(4cos6-3)+i(4sino)

12z <1+ \/(25—24cose)1/2 =2z <1+ 7
12z| < 3.4 = |z| <1.7
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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
. . . X Z 2y
opposite to its angles X, Y and Z, respectively. If tan= +tan==——"1,
2 2 X+y+z
then which of the following statements is/are TRUE ?
X _
2 y+z

(A)2Y=X+2Z (B)YY=X+2Z (C) tan (D) X2 + 22 -y2 = xz

AT X, y TT Z SIS IRATAD A & | A1 X, Y TA Z B UG ST B Yol Tw1sdi g Sl 39 DI X,y

der z & faulRd & | afe tan§+tan§=2—y 2, dd 1 § O BT $UF 9 B |

X+Yy+2Z
X X
(A)2Y =X+ Z (B)Y=X+7Z (C) tanE:erZ (D) X2 + 22 -y2 = xz
B,C
tan§+tan5=—2y
2 2 X+y+z X
A A 2y
s(s—x)+s(s—z):x+y—z
z y
2s-x-z
Ad—r———+ =
{(S—X)(S—V)} -
Z
A=(s-X)(s-2) Y «

A y
1 =s(s—y) = tanz =1
y =90°
(B) . Ly =4x+Z/z
(D) False by Cosine formula

1
=Xz
kb 2
(©fans =s(s-x) = %(x+y+z)—(y+z—x)
X
Zy+z

59



11

11

Ans.

Let L, and L, be the following straight lines.

AR A e Y el AN
1 -1 3 -3 -1 1
x—a -1 z-
Suppose the straight line L: SR ALy
/ 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 Q) a-y=1 (D) I+m=0

AT L, T L, e wRet Y@ ® —

lex_—lzl:z—l a%an:x_—lzl:z—l
1 -1 3 e | 1

x—a y-1 z-y

I m 2
L, Ton L,, e wFad # Rerd & don L, don L,. & ufaesd) g 9 Iord) 81 3fe Y@ [ Xx@eh L @1 L, &
g =IADIV BT FAGHT BRI 8, T9 77 H F DI $AF A © |

AT axal Y L

(A)a-y=3 B)l+m=2 @) a-y=1 D) I+m=0
A,B
x—1:L:z—1:7L
1 -1 3
-1 -1
X Yy z —u

3 -1 1
P(Ah+1,-%,31+1) Q(-3u+1,-,u+1)

for point of Intersection

A+1=-3p+1 A=u
A=pn=0

Point of Intesection (1,0,1)

X-a Yy-1 z-y
7 - ) passes through (1,0,1)

l—a_—_l_l—y

! m -2
dr'sof L (1, -1, 3)dr'sof L(-3,-1,1)

(1)
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Ans.

- 1 -1 3
v, =di'sof L, ﬁ'ﬁ'ﬁ
V.V, >0

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

[—2 -2 4)

IS ERNFRNTY

ory :m:(-2)=-2:-2:4
=2:2:-4

¢ =m=1

sl-a=-1=—/+

a=2 1-y=2;y=-1

Which of the following inequalities is/are TRUE?

! 3
(A) J.Oxcosx dx > 3

(C) J.lez cos x de%
1 3 BT srafieTd e B |

! 3
(A) J.Oxcosx dx > 3

L, 1
>
(C) J.Ox COS X dx_2
AB,D
2 4
cosx=1-—+—
21 41

2

SoCcosx > 1-——
2!
3

X
XCOSX > X — —
2!

j ; V,=di's of Lz[

-3

:

A

-1
Vi1

i)

1 3
sinx dx>—
(B) J.Ox x dx 0

P 2
(D) J.Ox sin x dng

1 3
sinx dx>—
(B) J.Ox x dx 0

P 2
(D) J.Ox sinx dng
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1
dx >
'([XCOSX x>(

b 11 3
IXCOSX x> 5-g=¢ (A) Correct
0
similarly
x> x°

sinx = X—§+§...

. x>
SINX =2 X 30

X4
XSinX > x%2 - —
6

o 3 x5 )
stmxdxz —_——
J 3 6-5

1 3 x5 )
j xsinx dx > | — - —
0 3 30

. 1
xsinx dx >= - —
3 30

Oy =

1

. 3
IXS'nXdX >0 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 (3f¥®aw 3w : 24)
39 91T H B (06) U3 A B | YD U BT IR A&ITHD d4 2 |
TS U & folg, IR U & & forg Afde e w Aed iR sifF—wn miril (adrdt) SaTetds s &1
IR TR SR BT Tl AEIHAS A G0l B | I A=dd 749 § Q1 H Afdd Se¥ed IH 8, a1 &l SeMerd

R & 719 Bl BIel/Meedd & |
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TIH U & SR BT Jedidhd FfolRad ugfid & orar fdan smem |
D : +4 A B TE TS W ufa {5 I E |
I 3D 1 0 3= et Rerferi 4 |

13

13

Ans.

Let m be the minimum possible value of 10g3(3y‘ +37 3% ), where y,,,,y, are real numbers for

which y,+,+y, =9. Let )y be the maximum possible value of (log, x, +log, x, +log; x, ), where
i, . 3 2

X,,X,,X,; are positive real numbers for which x, + x, + x, =9 . Then the value of log, (m )+ log, (M )

is

A m, 10g3(3f‘"+3f"2+3f"3), H YATH AUIRT A9 &, TRl ), Y,,y, dde G g, fhe g

Vit y+y,=9. 819y, (log, x, +log, x, +log, x,) &1 sfied wafad 79 8, W x,,x,,x, gD

qrafas T & e o x, +x, +x, =9 g1 a4 log, (m3)+10g3(M2) ST HM B |
8.00

1

3Y1 + 3Yz + 3Y3 S (3y1_3y2_3y3 )5

3

1
3 432 +3% > 3.(3"1”’2”’3 )5 LYY, HY,=9

1
3% +3% + 3% »3.(3°)
3% +3%2 3% >81
m =log,81 =4

1
X; + X5 + X 1
1T X3 ¥ X3
s 2 (XqX;X3)3

1
=§ > (X X X3)3 = 27 2 X X, X,
M = log,(X,X,X,) =10g,(27) =3

log,(m)? + log,(M)? =l0g,(2°) + log,(32) =6+ 2=8

63



14

14

Ans.

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(a1 +a, +---+an)=b1 +b, +---+ b, holds for some positive integern, is____

A a,,a,,d;,... AEIRR 2 S I FAR S0 § &S GUTid! BT P IJHA 8 | 9191 by, b,,b,,... A U
2 & 1 ONCR 20 H gD YOIl HT Ud A © | A@ a, = b, = ¢, 8, T9 ¢ S T |Iiad AH1 &) T Rordas
forg st 2(a, +a, +--+a,)=b +b,+---+b, GO THS [NF n $ Y B, BN |

1.00

2(a,+a, +...... +a)=b,+b,+...+b,
n 2" -1

2{5(2a1+(n—1)2)} = b1(2_1)

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

2(n2—n)
a=——"—-=C -a, =c¢C
Y2 -1-2n) ' 1o
-C2>1
Z(nz—n)
=5 —*>1
2" -1-2n
2(n’>-n)>2"-1-2n .+ n?>-nx>0forn>1

=2n>+ 1> 2"

There forn =1, 2,3,4,5,6
n=1=c¢=0(x)

n=2= C, <0(x)
n=3= C, =12 (correct)
n=4 = C, = not Integer

n =5= C, = not Integer
n =6 = C, = not Integer
. C=12forn=3

Let f:[0,2] > R be the function defined by
f(x)=B-sin(27x)) sm[ﬁx _Zj —sin (371’)6 + Zj

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

16.

16

Ans.

AT £:[0,2] > R e g S

£(x) = (3—sin(27x)) sin[mc—%)—sin (37tx+%j N

afe o, Be[0,2] MIBR B & {x€[0,2]: f(x)=0}=[a,B], B T B—a & AF B —
1.00

Let ix - /4 =106

f(x)=0

3
(3 - sin2(0 + n/4)) sind - S'nHr+39+ﬂ >0

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

. sine[S—Zsinz e} >0
+ve

..8in0>0 =0 e[0,n]

sonX —-n/4 € [0,x] -+ X e [0,2]
n 5n n /=%
X €| —,— X ——€e|——,—
{4 4} 4 {4 4}
15 n 7%
X e 12 96 -y
i3 RE
a=1/4;p=5/4
B-a=1

|d|=3, |bl=4 and

then the value of |G x5 [* is

T% Brpst PQR % AT G = OR,b = RP @1 ¢ = PO 1 3R

|d|=3, |bl=4 don
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Ans.

2
cc-16 3
el 2—
= 9-16 7:>C 13
a+b = -C

a2+b2+ 23.p =2 = 3.b=-6

axb

i (5.5)2 + a’b?

- -2 o2
axb =(32)(42)—(a.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,a1,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

U% 9gue g(x) forte aRafde qoid & oy 791 m, , g(x) @ M=—2 aRafds qell ol e & Fsiid Hear € |
A S ARAAF ONH & A1 TgURl HT GG T Sl

S ={(x2 —1)2 (ao +ax+a,x’ +a3x3):a0,a1,a2,a3 ER}
S gRI URIING 8| T @gue f & forg, A1 f T £ wHe: g9e YoM a1 fgfay 9 & sfades &, a9

(mf, +mf~), &1 GIH HAIfAd 7 B | el 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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18

Ans.

=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(me.) =2

and we find (m, + m,.) = 5 for 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 th is equal to a non-zero real number, is
x—>0" x¢

A e WHd TGYUH & ER Pl 6O BT § | RS G g B 79 s foy sl 9w &1 99

1
x _ 1 .
limw T Y IRAAD A& & IRIER B, BN —

x—0" X
1.00
In(1-x)' lIn(l—x)
i ( - ) _e_l ) ex —e 1
L = lim ;L= lim
x—0* x2 x—0* X
(54 5%
2 37 1 1 2 37 1
-e . e ".e -e
L= lim 7 L= lim
x—0* X2 x—0" x2
2
2
52 o [505)
_[x, X
_ 2 -1 _X X0 _
elle -1 e’ ||1 [ >3 ]+ 5 1
L= lim ;L= 1lim
x—0* x2 x>0 x?
2
1 x
X|=+=
-1 1 x 2 3
et - -2 |+ :
2 3 2!
= |lim T
x—0* X3~

for Non - Zerolimita-1=0 > a=1
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JEE ADVANCED
27 September 2020
Physics Paper - 2

SECTION 1 (Maximum Marks : 18)
Section contains SIX (06) questions.
The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 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 desighated to enter the answer.
Answer to each question will be evaluated according to the following marking scheme:

Full Marks 143 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;
Negative Marks : -1 In all other cases.

¥ -1 (31f¥waH 3id: 18)
39 W1 H B (06) WeH A B |
T U9 BT IR 0 ¥ 9 Th, Th Uhdl i YUNid & | Q41 afAferd 2 |
TS U & folg, IR ol B3 @ forg (fde W o= #1999 3iR i woie R (Tgard) G&eAsd dis &
SRINT B SR B AR el TUID qol DN |
TS U & IR B Jodidb+ FfolRad oid ggfd & raR fdan Smg |

PUICED : +3 B9 9E fR[ded g1 S © |
T H : 0 I PIg ey TE 1 STl & | (1 ge7 @1 IR e e &)
FOED D ;-1 = | Referl # |

4
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

Toell UREE Seafer SaRI & A1 U 991 TMHR U 8 AT U ((MIac=id %)ﬁw%ﬂﬁwéﬁaéﬂaww
2| U fendt fREraR 396 T & ¥ 12 cm U @ 1SR SRR ®Y ¥ UE Ul 91Y R &1 uhe (hold) @
2139 B A IR W S&d g, 37 [Jenefi arR & 1 9fifd=i 1 <@ &, Sl fREgaR a3 ¥ & 9d R (side)
AT w9 | Rerd 7| 39 ufafawi & a1 g8 (ecm #) &

Line of sight
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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
124
23
he 2
"2
ol
3
o~ | 3cm
N
V2o
i

So, distance between images will be 3 cm.
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For4or5

2 3
. . n‘h
We will use formula : h' = cos” 0

Line of sight AV
f e —
<> :

¢ =htane, -h' tané
.. For this situation 0 = 45°

i.sine1 =1.sin45°
3

sing, = 3
42

0, = 32°

~.tang, =0.62

n=4/3

0 =45°

_12

"~

(&)

L =£.0.62—3.7><1 =1.56cm

NA

=3.7cm

12 1 h'
(555
. Answer = 2y = [12—(£+h').«/§}

=12 -5.26x+2 = 4.56
Answer : 4or5
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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 = ﬁpvf . The value of N is

S, APRA—BIC &FBA DI Udb 2, S, (S, = 4S,) ATRAI-PIC &FABA P! U axl YL & A<R V, a1 A A
B A fF ST & A I gR) g4l (89 p) $HG a9l (sides) e gRI @ KaRi & 99 arow gl 8 | A

1, $F1 & |AIUE a1 BT JaTs ReR T USelld 8 | $9 & <R AUd (ambient) 1@ p, ofdl & | Al S BI arofal qen
7

JE @ aRI & G &5 § 9 p B, 9 po—p=mpvf HEELERI R
9
A
v
[Train_Js. 5 A=A,
0
«— P
A, = 3S,
Equation of continuity
v4S, = 3Sv
4
V=3V

Using Bernoulli's equation

1 2 1 ivz
P0+Eth =P+Ep 3 t

7 2
PO—P=§th

Now compare from given value
N=9
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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 present in this oil drop is .
(neglect the buoyancy force, take acceleration due to gravity =10 ms2 and charge on an electron
(e) = 1.6x101°C)

0.01 m X & 9o, 1 ) a<i ah il AR U Rad & A | b 951 9 Srel ol 2 | 900 kg m-3 g+ ol
JMART T A T S FHh B b W TH BIT B A BN S | Uh IR 9d FO I B T AT T I Y
oI &, T9 gl @ RIRI IR 200 V @ dieedl Y& -+ & folt Rag av5 fdhar Sirar & | uRomRawy, 8x 1077 m f3rn
B UH T T8 FARR A §78 B 8 T FhaR & 91 genaw e (floats) ¥ | 39 T T H SuRd g« &
G B (ST g1 0 8, [Rocdid @RUT =10 ms=2 T Selag i IR 377ael (e) = 1.6x10°2° C)

o

80 °
°° )
0o°
| I o o
Switch & i —

qE

gE=mg (1)

from equation (i)
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Sol.

\Y

ne ;7 =mg

_ mgd 4n 8x8x8x102 x10x0.01
N="av 900X 3 X T e 10 %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) = p,e  where p,=1.25kg m=3

and h,= 6000 m, the value of N is

Wﬁmmg@mwmﬁﬁmmuww 1 kg qwﬂmzﬁwiazﬁéjﬁaﬁévﬂw%‘ i g1 gl T 480
kg & | TER B SHHT ITATTT S dTell SHBT T RIA V 8 | TERT 100 m &) 991 $a18 R I (floating)
2199 NG & 997 98R % 9 &, 99 [ERT 150 m & G978 97 $aTS I dedl & Sial 3adbT rrad A sRafid

n
& ¥ | AR eRTA ¥ h SAE & W1 g1 & T b1 GRacH p(h) = pee ™ ¥, Wel p, = 1.25 kg m-3Tem h, = 6000

m g | a9 N &1 74 8—

4 p2vVY

p:V9

(480g-N)g

150m
100m 4809

A 4 A 4

p,vg =480g
p,vg = (480 -N) g
_ 100
P, eooovg 480
_150 480 -N
poe 6000vg



1480 _ 480
:>e120——480_N:>480—N— -

e120

1

= e120 (480 - N) = 480
_ 1

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

A point charge g 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)

M ST &1 U a5 S99 q, ¢ 1S B Uoh IR §RT SdleR SIedhial Sl B | p f2ea omet &1 ua fawg fgga s
I A q B AR AR ST & AP e §R T BRanl & | fgga @1 fawm, wior a gRAf @1 2w w=a gy Fom 31
3rfem AraTaen, i fosmgaR € | afe faya &1 59 Rfd 9@ oM # fasan T &ri N x (mgh) B, S8 g Tocdid @RoT
g, 9 N &1 41 § . (&M <1 B & 9 S5aed 9dl & oY Ue fag s &1 |rgmesen 9 @ gy,

Pt acit @ forg w2, il Fach A & 91 e & qo 0 o &) aa @ a2 )

sino
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k
W = mgh + p2q
d
T B mg _ 2kpqg
sin(a+B) sin(a+B) d’sin(2p)
Mg 2%kpq
(n o) dsin(t-a)
sin = + =
2 2
Mg 2kpq
cos & " d*sina
2

i Mgsina2lsin &
kpq Mgsinad _ gsina 2

d? o o
2cos - 2 cos —
2 2
. O (04 oo
Mg2sin—-cos— x 2lsin—
kp MR ) 2 4mg|sin2% ol i ©
d? 2cos ¢ ST mgisin® 5
2
_h
- COSPB = d
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h

2sind
2

cos B =

[n ocj h
os |57 5| = "7~
2 2 2Isin(aj

2

o h
2 | =] = &
s (3) - 3
kpg h
& = 2mgl x o = mgh

- kpg _ -

W = mgh + & = 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).

8 m %uE ®I Uh SHR ®U I fAdfd Ja-TdR v U SrakR @ Sl 21 I8 8.3 kg @™ & Udh SHI-I1
(diathermic) (gUia: IS dTereh) BNURENT favToTes RT a1 A 91T H fawifira faran e 8 | 39 IR favroTads o
FoATgaR RRER I 4 m &1 QR IR I [T 8 | U1 & IAH a1 4R 300 K T TR T 1621 319 &1 0.1 Hiel &R0 3 8 |
fTSTeR 379 BIT ST & TN U & U 91T I G I foedt o 19 @ a1 Ry 71y el B | 79 ATaremel ured o) et &,

9 ReR 9 faeiss & R (m #) 890 (T & HROT @Rl =10 ms2 2N A 19 Fadie =8.3  moltK-1erd B)

- -
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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

mgx = nc AT

o2

8.3x10x X = O.2x%x8.3x[Tf—300]

100x

— T, =300+

(1)

(P + ”z\gj.(4 ~x)A

P(4+X)><A: _nR
T, T,
P@A+x)xA _ r
T
PA nRT,
4+ X
_0.1x8.3, (390,199
4+ X 3
_83(9+x
"3 l4xx +(2)
(P+mgj(4—x)A
A
=nR
T
nRT.
PA+mg) = f .
(PA+mg) 7 x (3)
83(9+x 0.83(300+ 199
312 +83 B 3
+ X = T x
§(9+Xj+83 _83[9+x
3 \4+X 314-x
9+Xx+12+3x _(9+x)
4+ X 4-x

j ..... (From (1) and (2))
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(21+4x)(4-x) = (9+x)(4+x)
84 -21x +16Xx - 4x® =36+9X +4x + X*
5x2+18x-48 =0

_ -18++/324 + 960

10

_ -18+4/1284

10

_ -18+35.8

B 10

X~1.8

L y=4+1.8=5.8
~6

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) ©

mg
I:’_PJFA 300k 4m
nRT_nRT+m mx
\'A V, A am
300k
nRT i_i :m V
vV, V, A —

0.1x 8.3x300 1 |_mg

A(4 X) A(4+x) A
01><83><300 1 1 8.3><10

4-X 4+x A
4+x-4+x 1
16-x> 3
6x = 16-x?
x> +6x-16=0
x=-8, 2

The distance of the partition from the top = 442
= 6m



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 143 If all the four options are correct but ONLY three options are chosen;

Partial Marks P42 If three or more options are correct but ONLY two options are chosen,
both of which are correct;

Partial Marks i +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 (1f¥dad 3i® : 24)
39 W1 H B (06) WeH A 2|
IAP U & IR fAdbeu B 1 39 IR Ada § A T a1 Uh ¥ 1f0d Ahed 98 SR & &) |
TS U3 & forg, ¥l W8l SR & AJwY faded gy |
TS U & IR B Jodidb+ FfolRad oid gl & raR fan Smg |

ot 3 : +4 e dgat (@) R 9= o 2, @) |

SlINEICED : +3 I 9t IRT fawey |8 8, AfdT daat F fawed g1 o 2|

3T 37 +2 IR A A1 Al e |l § oI $aa 11 f9eew g7 9 &, i1 fb q1 &
GEE

31T 37 c+1 AR 1 A AP Ao A B, AfHT dad TP fadbed g1 ST B AT T8 T ALl
faded 81|

I 3D : 0 I BIE fawey T8 g1 S (1T Ued &1 SR A &3 ) |

FOTHD 3D =2 3= Rerferai # |

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)

r%wmwéﬂwaﬁisﬁ?ﬁaﬁwHia@Wtrﬁﬁ(Wﬁa%)ﬁww%ﬁwmﬁvﬁawﬁqﬁ

g3 US AfIST <9 R I8 A1 8 | I8 U &) Fa8 DI I 11 § dTfh dih? @l IRy R o & IR Ul & Wi
B $ars # 3R h (h<<H,h<<r) € a1 gl IR fom & A 8 | 39 a8 &1 o R Iehdt 3eam &) el a8
od 2| F=foalad § & S199Ar/3199 98 8 (g T & BRI @R 7)
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Sol.

h? +r?
2h
3r?

(B)R =3

(A)R=

1
3H
(C) Apparent depth of the bottom of the beaker is close to ?(1 + z—gj

-1
3H ®
(D) Apparent depth of the bottom of the beaker is close to 7(1 + 4_gj

AD

(R-h) R

r

R2 = (R - h)2 +r2
R?2 = R? + h? - 2Rh + r?

2Rh = h2 + r2
h? +r?
R =
2h
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1 4
v 3(-H+h) R
1 4 -1
_+ —_—
v ~3H-h) T 3R
h<<r

2 2
R_h +r

2h

2
R= —

2h
1__4 20
Vv 3(H-h) 3r2
1__ 2 4
v 32 3H-h)
h<<<H
1 4 (1 3H 2 h
—_— = - + — X =—
v 3H 4 3r?
1 4 ( Hh
R S I
v 3H 2r2
gh=0" ° 2

2 T h T o

1 4 ({, He
= = — + ==
v 3H 2 2g

(h?=0)
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2
1_ 4 @H&J
449

-1

H Hw?

[v] = _3 1+ —
4 49

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 feneff v v & SR fherdn (skates) 2, S &St § 30° ®1 PIo1 G141 B | 98 REGER v, A1 X B dell
TR YR BId1 & d1 R 3501 & e srfachig 9o xyz W 41 (turn around) arEd B, s SRM 98 RIFTHR erda
 JAerHad Harg h (g y W) ggaan 8 | 791 & o1l 817 7107 & qo1 Seocd g R 39 9919 & (oY v
I BIA ITB R §RT U fHa1 T1am 8 | 99 (g THA R §)

30°

(A) Vo —2gh = %gR

(B) vZ -2gh =§9R

(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) Vo —2gh= %gR

(B) vi -2gh =§9R

(C) x T2n1 z fIg3il W Maegd A= 9 I ©
(D) x T z fadgall W LTS AfMH=T 9 Afdhan 3
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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

mgsin g = v
9 R
. mv?
mg X sin 30° =
R
9R _ 2 i
> =V (1)

From energy conservation

1 1
= mv,y? = mgh + 5 mv?

2

Vo2 = 2gh = v2
gR

V02 - 29h = 7

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 AT L T & U B8 30 Th RR TR HIAHIT 8, S SHEdER W0 J e <&l & | v ard I TH qaH
S DI T el SHD DBl RN I X T4 W &Sl w0 3 B J THIN & 91 399 98 (embedded) Skl B | §gaa
e ofg Bied & R o PN aTd F A © | SBaH DIV AA @, , X = X, D oY A< &1 St 8 | Ta—

X
L
- . .......
Y
3vx 12vx L v
= = Xy = — = —
(A) ® L2 +3X2 (B) ® L2 +12X2 (C) M \/5 (D) O)M 2L 3
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Sol.

A,C,D
From angular momentum conservation
Li=Le

mL? ,
=>mvx=|"3 TMX™
mvx
w = 2—
(mL +MX2J
. m = mass of bullet and rod is same
VX
o="T3
L
3
3vx .
©= 17 3,2 (D)

option (A) is correct
Now for maximum value of

o _o_ 4 () o o,
dx -~ 77 dx (Z+3x2) TP TV i
1 2 -1
d |———— d (L
_— 2 2 = _ — 3X =
= dx I;+3L 0:>dx (X+ ] 0
X X
L2 -2 LZ
:>(—1) Y+3Xj (_74'3}:0
g
7+3=0
L2 L2
37=3:>X2=?
L
X= 3

Option (C) is correct
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10.

Now put this value in equation (i)

M5

>+32/3) 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 > the potential difference V is increased to 2V, and the separation distance d is

reduced to %, 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-fHRor 7efl #, 1 gRTare) o aw ($A1) H IR geldg 1, i 3 d g R T ded (THArS) § THIC 7 | dfed
HATS B Joa1 A I=a fwd V IR 1 S & orAs aRemAasy e SR ffereriors X-fhRol &1 Scasid e 2 |

RICEE IR % Td TeTs Ol 2, fAvaraR V & 2V a& S T ST B def Uadmeol g3 d 9 ga’cﬁa’d{a‘ﬁﬂ‘cﬁ%

T
(A) 3P TRTREd TTHI M B SITG TAT AFAAT S X-fHRo @) aeeed 9= 8w
(B) 3id® (cut-off) axiaed qen Afeetfdres X-fhvor o aireed A i

(C) 3iad a¥ireed Tcdhx M 81 SIeeh qen st X-fxo &) dfaari aeh

(D) 3iTe dTaed |1 A1 991 (larger) 81 SR dor a9+ X-fdh=on & daar g
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Sol.

A,C

W2 k.

vV —> 2V
A— A2

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

TH SFH 3R NI B S THTHA ATADBIT ST TMel, TH AHTS Bl &l JATADIT GIHREIT IR §RT Uh

IS favg | a1 # ACH WA B | ARITEReN WR, INFAT & 919 BI9T o0 7 | 379 Wl WIIgdis 21 o1 vcd 800

kg m=3 @& Udh WA &9 § a1 9 ¢ | IR ge & uzand REA @ = H1or w9 841 B, a9
(A) et & € Jggd 9ot sraRafia & & |

(B) el & dra Jgd 91 T B |

(C) el &1 @ v 840 kg m=32 |

(D) et @1 &R &) (holding) areflt IR # =g raRafia w&dm 8 |

(Official Answer) B,C

o
Tsin — =F
SII’]2
o
Tl' _=F|
SII’]2
Tr_F
TI_FI
1 g
l_ 471'80r2
T 1 q
471:8021r2
Tr_2
T 1
T
T =—
21
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12,

' o
Tcoszzmg—pvg
T'cos 2 mg
1 _,_pg
21 dvg
P_,_ 1
d=1 21
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 = X7 .Thexandy

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

(A) a, = 1 ms~2implies 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, = 0 implies that att = 1 s, the angle between the particle’s velocity and the x axis is 45°

ARt =0WR 1 ms A A 9 fdg | IRH TP 91 x-y T 1 T fg—{HRI Uerg uet o1 SIgavvT ol © difds g9

X
2
(A) a, =1 ms2 9drdl 8 fb 579 &0 7 fdg W &, 99 a, = 1 ms™2
(B)a,=09ardi & fd Ruwda, =1 ms28|

(C) t = 0 WR, Y1 &7 97 x-feen & FERE 7 |

(D)a, =09 & fb t =1 S, U1 & I TAT X A&7 S 1 HI0T 45° T |

fderne wliERer y = - gRT SHid 8 | §6G @RU S X Ty gD A a, 9 a, R S 8 | a9
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Sol.

A,B,C,D orB,C,D

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

= X
=5

_ 2X
Vy = 7 Vx
vy, = XV, .
a, = xa, + Vv,
option A
dy d’y

=1

dx ~ X dx?

<~ d’y 1

atx =20

a, =1m/s?

independent of a,

option (B)

ifa, =0

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

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

,73/2
dy

1+(j }

{ dx ) (1+x2)%/2
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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 the each question will be evaluated according to the following marking scheme:
Full Marks i +4 If ONLY the correct numerical value is entered;
Zero Marks : 0 In all other cases.

I -3 (3f¥®aw 3w 1 24)
39 91T H B: (06) U3 A 8 | YD U BT IR A&ATHD d14 2 |
TS U & folg, IR e & & forg Afde e W Aed iR sif—wn miril (ad7dt) SeaTetds s &1
IR TXD SR BT Tl AEIHAS A G0l B | I A=Hd 749 § QT 9 Afdd Se¥erd I 8, a1 &l SeMed
R & 719 Bl BIel/Meedd o |
TIH U & SR BT Jedidhd FfalRad ugfid & orar fdan smem |
ol 3 : +4 IR DI TE FEATHS A ufawe fhar war ¥
I 3P 1 0 3= et Rerferl 4 |

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 g0 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 @ TR U el gagel B 351 R 8 | ggel & 3FaR &1 91 U1 BT T p,ofd & | 37d JAgel Bl U Hal™
7 H Brou vy | IR fhar 9 8 a1 s Bsar (R-a) B 21 g0 R @ oY, wshA & {63 T orf a1

. . 41
GRHETT (4np,Ra)X gRT a1 STl &, W&l X v fais & deny = C/C, = %%l X &1 A B—
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Sol. 2.05

dv = 4nR%a
pvr = constant
vidp + pyvr-idv =0

dv
=dp=-vp -

_ —yp047rR2a
v
Work done, W = Ap,,, X dv

d d
‘Tp‘ 47R23 (as for small changes APyyg = ?p by considering linear variation in pressure)

yp,4nR’ax 4nR*a
2v

yp,4nR%a x 47R%a

ZX%RR?’

3yp,4nRa’
2

3 41
= E X % X 47'EpORa2

2.05 (4np,Ra?) s 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, T Seve™ Ig & IR Yorell & HRRE & 99 REgER 2 | 9k R, &1 JH oid 0.0004 °C E |
Ife R, &1 A0 100 °C & 9811 Sl &, 3@ ST T & drel Ica dieedl diee 9 arfl—

N7
\Y,
R, = 60 Q P R,=1000Q
AAAAAAAAA A o AAAAAAA .
M AR AAAAARAA YYYVVVYYYYY
o = —— —
S 2 T T
R, = 300 O R, = 500 Q
-AvAvA' VAVAVAVAVAVAVA -
Q
0.27
R, = 300 (1 + aAT)
R, = 300 (1 + 0.0004 x 100)
R, = 3120
60Q 50 1000
X —_— 50V Py
0 5000
x-0 Xx-50 y - 50 y-0
312 7 60 0 100 T 500 =0
X X 4
5_2+E=5 y—50+§=0
6
62x = 520 + 5 ?y=50
52045 _ 250
X= 762 Y= "%
2600
X= "5 =41.93 y=41.66

X =41.93-41.66 =0.27
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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 pF a1 C, —3000i15pme$ﬁvwﬁaﬁvﬁﬁGheaﬁ%|sz$mwamﬁa
EﬁRHTV—5.00:|:O.OZV%IHEﬂﬁBﬁEﬁ%ﬂﬂﬁlﬁ?ﬁﬂﬁlﬁmaﬁmﬁmﬁ%%—
Sol. 1.30

1
ET_ECnetV
1_t 1 11 1
c~ ¢ Tg C ~ 2000 ' 3000
dc _ 4  dS 1_3+2 5
c: - C Cc3 C 6000 ~ 6000
6000
C=—¢ =1200

dc 1015
C = 2000y " (3000) | 1200

dc (10 15) (1200
c ~ (4 9)(10°

dc 1200
—~ =(2.5+1.67) ( 0° j

dC 4,17 x12
c 10*

AE _dC  2av  (4.17x12  2x0.02
E-ctVv T 1w 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 10% kg m=3 and 10 ms2, respectively, the change in
the edge length of the block in mm is

T B SN TR (b A = —V3—5=70GPa)@ﬁ’cﬁa%’f1ma1%r|s‘a%w§w(edge)tr%€|’ra%ww
B I8 TP 5 km TR % & B W I AT B | U BT O q20 JRecdrd @RO A 103 kg m2a10 ms2 o B |
T ATD BT Yoll B w18 § mm H uRacd 3—

0.23 to0 0.24

B—VE
B\

\Y
70><109=d—v><103><10><5><103

\Y
7><109=d—v><106><5

7000 = - x 5
= av X

d (5
T— 21 mm

dl =0.238 mm

94



17.

Sol.

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.

&1 LR uRuell & IR FETgaR U §3R & a77c] H W T 8 | SR & IR, HIoRTE, I URebed A2 SIRITUA dreed
f& 1 uRuy 4 Swifed B | aF1 Rad Ua A1 95 81 & URaTd, 99 O@ URRY 396 ReR 37l JF] d® Ugad!

g, d9 9% WReI H URT . 91 99 & fawg TS g1 | fban =1 S ml g |
R, = 50 R, = 10Q
I
(=
Te}
I
=
55
R,=5Q
AW R,=10Q
MWW
Vi=oV L,=10mH ~
M=>5mH L,=20mH —— \,=20V
iy
di,  Mdi,
a=big *a
dW = g,i,dt

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

dW, = L, (diy) T, + M(diy) i, i )

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

. 1. .
w==>L i,2 + 5 L,i,2 + M (i4i,)

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

W =55x%x 1073 =55m]
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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 UTH I & GBI H @1 7, f59a HRO1 g aRIeT 3 31eed T 81 S 8 | G TP B BRI
U Ufd SohTs T8I Ul 3PS &3l 39 $oll 700 Wm-2 8 T I8 0.05 m2 & Y9IET &5hel TR U gRT 12
B S & | 7 5 Ol & aRaer § 9w g1 =ged @ eided & W g fRfa (governed) B, 99 T o w9
T I a1 gRIe & 19 H R (°C H) BT (UTH & YW HI T0I o 8, 9o ged & ided & Fem &

fore fordis = 0.001 -1, Uil @) I enlRer = 4200 ] kgt K-t ®) :

8.33
T T,

1KG

d_T eAG4TO3 (T T )

dt ) = ms 0
ms = 4200

Ac4T?
€29%% _ 9.001

eAc4T,3 = 0.001 x 4200 = 4.2

Given d—Q =700

" dtx area
dQ
(dt) = 700 x 0.05
=35
d
[d—?j = (eAcdT,3) (T - T,)
35 = 4.2 AT
35x10 _ 50
AT= 252 = 2 =833
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JEE ADVANCED
27 September 2020
Chemistry Paper - 2

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 correct integer corresponging to the answer using the mouse and the
on-screen virtual numeric keypad in the place desighated 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 (3if¥wa 3iw: 18)

39 W1 H B (06) WeH A B |

TS Yo &1 IR 0 ¥ 9 TF, Th Uhdl i YONid & | Q41 afAferd 2 |

TS U & folg, IR ol B3 @ forg (i W 1R #1999 31R i woie RY (Tgard) G dis &
SRIFT B SR B AR el TUID qol DN |

TS U & IR B Jodidh+ FfolRad oid gl & raR fdan Smg |

T i 1 +3 B9 FE fRAded g1 S © |
T 37h 0 Ife PIg fAebed & AT S & | (i uee @1 IR e e 8)
FOED AP -1 oy it Referi # |

The 1t, 2", and the 3 ionization enthalpies, I, , I, and I,, of four atoms with atomic numbers n,

n+1,n+2,andn+ 3, wheren < 10, are tabulated below. What is the value of n ?

Atomic |Ionization Enthalpy (kJ/mol)
number I I> I3
n 1681 3374 6050
n+1 2081 3952 6122
n+2 496 4562 6910
n+3 738 1451 7733

AR ORATIAT D1 U, fgella qe ad rieRer vkel 1, , I den I, & e WA 9% n, n+ 1, n + 2 @
n+ 3% 98 R n< 10, ¥ AR9g 8| n &1 99 1 8 ?

9] IFIERe e (kJ/mol)

hHID I I, I
n 1681 3374 6050

n+1 2081 3952 6122

n+2 496 4562 6910

n+3 738 1451 7733
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Ans.

Ans.

Ans.

9
According to the tabulated data
Element with Atomic number (n + 2), should be alkali metal
Hence atomic number = 11
=(n+2)=11
n=9
'n' can't be '1’

Consider the following compounds in the liquid form :
O, ,HF H,0,NH,, H,0,, CCl,, CHCIl,, C,H,, C.H.CI.
When a charged comb is brought near their flowing stream, how many of them show deflection as

per the following figure ?
%a wu # fa=forRad el w® R Hifg
0, , HF, H,0, NH,, H,0,, CCI,, CHCI,, C.H,, C,H.CI.

9 ARG HE P D! FaIRd IRT & U A1 A1l 2 A1 1 A & iR S fhaw fady fRiwrs < 71

6
Only polar molecules deflected by charged comb.
HF, H,0, NH,, H,O, , CHCI, , C,H.CI

In the chemical reaction between stoichiometric quantities of KMnO, and Kl in weakly basic solution,
what is the number of moles of I, released for 4 moles of KMnO, consumed ?

gdal &R fderas § KMnO, @2 K & Yaa#ierolAf /1 & #ed siifhar § ygad KMnO, & 4 Hid &1 Jad I, &
Al @ |E@ R ?

6

weak
KMnO4 + KI T) Mn02 + IZ
n-factor = 3 n-actor = 2

Equivalents of KMnO, = Equivalents of I,
3 x moles of KMnO, = 2 x moles of I,
Moles of I, = 6 moles
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Ans.

An acidified solution of potassim chromate was layered with an equal volume of amyl alcohol. When
it was shaken after the addition of 1 mL of 3% H,0,, a blue alcohol layer was obtained. The blue
coloris due to the formation of a chromium (VI) compound 'X'. What is the number of oxygen atoms
bonded to chromium through only single bonds in a molecule of X ?

UICRRM PHIE BT T 3P A2, THISE Yedleld Bl A ATA1 & 1Rl 985 & | 514 3% H,0, % 1 mL &1 Sirst
@ 915 39 RARI ST ® A1 =iel Yodlelel & URd 9T 2rel & | el 97 pifegd (IV) Affe 'X' & 999 & HRo1 8ral
21 X @ 3] H Bad Udhd a8 & AEgH A DT A 99 iR wRAvRl @) G a7 ?

4

Blue colour compound of 'Cr' is CrO,.

0
-
O/Cr\

O
©c_o

The structure of a peptide is given below.

Yegs & 93] I & 18 8—
NH,
HO
PN
HAN N~ Sy OF
o i H 0O
“NCO.H

If the absolute values of the net charge of the peptide at pH = 2, pH = 6, and pH = 11 are |z,
|z,|, and |z,|, respectively, then what is |z | + |z,| + |z,]?

e pH =2, pH =6TApH = 11 R <SS & A NI BT L 44 HA: |z, |, |z,| TN |z,| & 79

lz,| + |z,] + |z,] & F1
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Ans. 5
(i) At pH = 2 (Highly acidic)

In highly acidic medium the given tripeptide exist as cationic form.

@
NH,
HO
0]
+ OH
O @)

“NCO,H
net charge +2
[Z,] =2atpH =2
(ii) At pH = 6 (neutral solution)
In neutral medium the given tripeptide exist as Zwitter ion.
+

NH,
HO
0
+ —
o) o)

‘\Cl—O
(0]
net charge = 0
|Z,| =0atpH =6
(iii) at pH = 11 (basic medium)

In basic medium the given tripeptide exist in anionic form.

NH,
o
O
0] o)
NC-0"

-0
Il
0]
Net charge = -3
|Z,| =3
Therefore |Z,| + |Z,| + |Z,|] =2+ 0+ 3 =5
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6. An organic compound (C;H,,O,) rotates plane-polarized light. It produces pink color with neutral
FeCl, solution. What is the total number of all the possible isomers for this compound ?
e BT e (CgH,,0,) Srweret gdra yaprel o1 goi &xell 8 | I8 Sarie FeCl, feras & et Tefrdh 91 <l &
9 Af® & forg vt w=1a FRaTdEl &) Gt T @ 8 ?

Ans. 6
DOU of CH, 0, is 4.
It gives pink colour with neutral FeCl, solution.It means phenolic group should be present in the
compound.
OH
*
?H—CH3
OH CH CH, *CH CH,
O
(d+1 (d+|) (d+10

Total optically active isomer = 6

SECTION 2 (Maximum Marks : 24)

o 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).
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 143 If all the four options are correct but ONLY three options are chosen;
Partial Marks P42 If three or more options are correct but ONLY two options are chosen,
both of which are correct;
Partial Marks t+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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T -2 (1f¥%ad 3i® : 24)
39 W1 H B (06) UeH A B |

TP U b IR f[Adbeu B 1 39 IR Advad § A T 1 U ¥ 31f0d Ahed 98 SR 8 (&) |

TS U3 & forg, ¥l W8l SR & AJwY faded gy |

TS U & IR B Jodidb+ FfolRad oid ggfa & raR fdan Smg |

ot 3 : +4 e dgat (@) R g7 o 2, @) |

31w 3 : +3 I W ART e w8 8, afed daa IF e g7 o 2

3R 37 : +2 IR A A1 Al ey |l § oIfdd $aa 31 ey g7 9 &, i1 fb q1 &
GEE

3N 37 +1 AR 1 A AP faped A B, AT dad TP fadbed g1 ST B AT A8 T ALl
faded &1 |

I 3D : 0 I BIE fadwey 8 g1 I @ (1 Ued &1 SR 8 &3 ) |

FOHD 3D =2 3=y Rerferai # |

In an experiment, m grams of a compound X (gas/liquid/solid) taken in a container is loaded in a
balance as shown in figure I below. In the presence of a magnetic field, the pan with X is either
deflected upwards (figure II), or deflected downwards (figure III), depending on the compound X.

Identify the correct statement(s).

ey (I1)
Balanced; Upward deflection;
Magnetic field absent Magnetic field present
m X
N S
magnet

(A) If X is H,0(l), deflection of the pan is upwards.

(B) If X is K,[Fe(CN),1(s), deflection of the pan is upwards.

(C) If X is 0,(g), deflection of the pan is downwards.
(D) If X'is C,H,(l), deflection of the pan is downwards.

(I11)
Downward deflection;
Magnetic field present
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Ans.

TP AN H, T HeR 4 fordl T v A X (F99/53/3F) & m U™ $1 Uh Ggad | a8 a1 Sl & 9 fas =i
o 14 e o B | g &3 @1 SURYR #, A1Md X WR faafdd, X & Al gerst A1 A1 HWR DIAR A g
2 (Mafa IT) a1 =i @ 3R faarfda grar & (nafa I11) | 8 deF (A1) &1 e |

M (I1) (I1I)
wgferd, TR B AR faafe, = @1 SR faafia,
TG &3 AFURLT DI &7 IuRerd DI &7 IuRerd
m X N S N S
LT

(A) If X, H,0(1) & a1 aTel SR 1 R R g g |

(B) afx X, K,[Fe(CN)](s) & I uetsT SR &1 iR faafia 2 2 |

(C) 3fa X, 0,(g) & a1 gareT =1 @1 7R faerfia 2 2 |

(D) X X, CH (1) & a1 gareT 7 @1 iR fagifia g & |

A,B,C

Paramagnetic substances are attached by magnetic fields & diamagnetic substances are repelled
by magnetic field.

O, - is paramagnetic

H,O & C,H,(l) - are Diamagnetic

& K,[fe(CN),] is also Diamagnetic

Which of the following plots is(are) correct for the given reaction ?
([P], is the initial concentration of P)

CH CH,
H3C+Br + NaOH > H,C I OH + NaBr

CH CH,

P Q

L5773 — § [al [P]
s b I
(A) (B) 2 © " (@) " ([P]O
[Pl I time time
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& 78 srfifpar & forv f=forRad & | S o 98 8 ?
([P1, , P & IR Arsd &)

CH CH,
H3C+Br + NaOH H,C I OH + NaBr
CH CH,
P Q
t A /E
w2 i} [P]
[PL In
(A) (B)‘E (©) (B) ([P]o>
S N
[Pl [P1, W wa

Ans. A
As there is no inversion. Hence should be

S,1 — 1storder

A

t1/2
Rate

Initial Initial
conc. conc.

(C)x=a{l-e*|
xfa=1-eM

Q
PO

| X

x/a
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9. Which among the following statement(s) is(are) true for the extraction of aluminium from bauxite ?
(A) Hydrated Al O, precipitates, when CO, is bubbled through a solution of sodium aluminate.
(B) Addition of Na,AlF, lowers the melting point of alumina.
(C) CO, is evolved at the anode during electrolysis.
(D) The cathode is a steel vessel with a lining of carbon.
dfaarge ¥ Ve & fedu & fog Fefaled 7 9 sea/aa wos 98 8 ?
(A) EEsCs AlLO, @afia 8T B, o9 i Vegfime & A 9 CO, 31 gEgardl il 2 |
(B) Na,AlF, & fem W YT &1 Temid ¥ 81 il 2 |
(C) CO, faEa aueged & SR THrs TR fadRid 8 2 |

(D) %S T Wil &1 UTF & raH ST a1 9=d Bl 2 |
Ans. A,B,C,D
Refer topic metallurgy
extraction of Al (Hall's process and Hall Heroult's electrolytic cell)

10. Choose the correct statement(s) among the following.
(A) SnCl,-2H,0 is a reducing agent.
(B) SnO, reacts with KOH to form K,[Sn(OH),].
(C) A solution of PbCl, in HCI contains Pb?* and ClI- ions.
(D) The reaction of Pb,0, with hot dilute nitric acid to give PbO, is a redox reaction.

ffaRaa 7 | 981 B/ FHUAT B -

(A) SnCl,-2H,0 T& JTEaRIG RS ¢ |

(B) SnO, , KOH & @1 foman v K,[Sn(OH),] &1 fafor &=ar 2 |
(C) HCI % PbCL, & faeras & Pb2+qer Cl- 373 wmfAet 81 2 |

(D) Pb,O, 7 a7 7efe® arat & @t fafian &7 W PbO,Id1 & W1 6 vap X<taw aifdferan B
Ans. AB

SnO, + KOH ____, K,SnO, + H,0
or
Amphoteric K,[Sn(OH),]
PbCl, + HCl ____, H, [PbCI,]
Pb,0, + HNO, ____, PbO, + Pb(NO,), + H,0

or
2PbO. PbO, (Non redox reaction)
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11.

Ans.

Consider the following four compounds I, II, III, and IV.

H.C~ -~ CH:
NH, H.C~p~CHs
I II III v

Choose the correct statement(s).

(A) The order of basicity is II > I > III > IV.

(B) The magnitude of pK, difference between I and II is more than that between III and IV.
(C) Resonance effect is more in III than in IV

(D) Steric effect makes compound IV more basic than III.

frfaRag o Aiffret 1, 11, 111 g IV =R faaR ST |

H.C~ - CH:
NH, H.C~p~CHs
I II IT1 v

e DA /DA Bl Gri—
(A) eRGAT BT HHIL > 1> I > IVE|
(B) pK, & TRHToT 7 I 7o 11 & e R 111 @2 IV &1 e 3 31fdes 2 |
(C) /g1 w4md IV &1 gt | 1114 1fd 5 |
(D) ®Ra& gvra A1t IV &1 A1f1es 111 @ Jof1 # 31frd R 911 2 |
C,D
(A) Correct basic strength order of given compound.
(IV) > (II) > (I) > (III)
(B) Compound 1V is a stronger base than III due to SIR effect, which basic strength difference
between I & IT is very less.

(C) In compound IV due to SIR effect both -NO, and -N(CH,), group will be out of plane hence
resonance effect in compound 1V is less.
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12,

Consider the following transformations of a compound P.

(i) NaNH,
R «— P (i) X (reagent)
(Optically active) (i) C,H,COCH,  (CH,,) - > (CH,.04)
(i) H.0"/A (ii) KMnO,/H,S0O,/A  (Optically active acid)
lPt/H2

O/\/CH3

Choose the correct options(s).

=

(A) Pis (B) X'is Pd-C/quinoline/H,

A4’
N
(C) Pis ©/\\ (D)Ris ‘

A P& fA=ferlRad wurarol wR faar A |

(i) NaNH, Q
R e () X (i) (C.H.,00)
ii) C,H.COCH,  (CH; > M0,
CRUNENIER) E::,)) H.O'/a (ii) KMnO,/H,50,/a TR Wi )
lPt/Hz

O/\/CH3

JE e/ fAewedl @1 gFy |
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(A) P 2l

O

QP g

P

Ans. B,C

CH
©/ SCH=CH _

(B) X Pd-C/fa@mret/H,

71
(D)R ‘ 2l

CH,
H,/Pt CrCH \CH/

H,/Pd-C CH H/KMnO
H./Pd CHNpy? e |C
(x) o0
(C HIZOG)
O optically active
NaNH, cHe -
— O/ "CH = CNaPhCCH _ph
CEC C
©/ |\CH3
[

O/ NcH,

(R)

optically active
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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 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 (3f¥®aw 3% : 24)

9 9 H B (06) U M B | IS U BT IR ACIHSB 719 8 |
TS U & folg, IR I & & forg Afde e W Aed iR sifF—wn mvril (adrdt) SeaTeids s &1
SUIRT BB SR BT Fel AITAS A g1 B | A Feredtd A H |1 9 1fd q9Herd 3 B, a1 & Seeld
R & 719 Bl BIel/Mhedd & |
TIS U & SR BT Jedidhd FfolRad ugfid & orar fdan smem |
ol 3 44 Il P T TATHS A Yfdse fHar T B |
I 3D 1 0 3= et Rerferai # |

13.

A solution of 0.1 M weak base (B) is titrated with 0.1 M of a strong acid (HA). The variation of pH
of the solution with the volume of HA added is shown in the figure below. What is the pK, of the
base ? The neutralization reaction is given by B + HA - BH* + A-.

12
10

pH

N OB O

0 2 4 6 8 10 120
Volume of HA(mL)
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Ans.

14.

0.1 M 5§ &R (B) &1 T faera= 0.1 M & Uaat 3t (HA) & 1 rgAifua 81 2 | faea & pH &1 gRad+ HA
@ AT & A1 FrETead Sepfa H S 71 8 | &R Bl pK, @1 § ? SRAeRl SIMfhar o B + HA — BHY +

A-grrfear mar g

12
10
pH °
6
4
2
0 2 4 6 8 10 127
HA &1 3ga+ (mL)
3.3
B + HA _____y BH® + A
0.1M 0.1M
OmL pH =13
3mL — 50% Neutralization pH =11
6 mL — equivalence point pH=3to9
50% Neutralization
pOH = pk, > P*®=3
equivalence point
0.1x6

PH=6 = [H*]=10°= [ **—15

b

10 x10"

1
10-12 = -
0 K. X >

k,=5x 10"
pk,=4-0.7=3.3

Liquids A and B form ideal solution for all compositions of A and B at 25 °C. Two such solutions with
0.25 and 0.50 mole fractions of A have the total vapor pressures of 0.3 and 0.4 bar, respectively.

What is the vapor pressure of pure liquid B in bar ?

gg yerf A 9T B 25 °C Wk A d211 B & 9¥) 3rqual & forv amesl faoras a9 & | A@ 0.25 d21 0.50 Arel 379N arel

1 fdeEi &1 ot 9 9 HA: 0.3 T2 0.4 IR 2 | Y§ 9 ugred B 1 a9 g9 IR F b 2 |
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Ans.

15.

Ans.

0.2

1 1 3
P =03 X, = = 03= Zp/g + Zth>

1 1 1
I:>Total =0.4 XA = E 0.4 =E Pp? + E PBO

1.2=P) + 3P}
0.8=P) +P) = 2P =0.4bar

Py =0.2

The figure below is the plot of potential energy versus internuclear distance (d) of H, molecule in
the electronic ground state. What is the value of the net potential nergy E, (as indicated in the
figure) in k] mol-?, for d = d, at which the electron-electron repulsion and the nucleus-nucleus
repulsion energies are absent ? As reference, the potential energy of H atom is taken as zero when
its electron and the nucleus are infinitely far apart.

Use Avogadro constant as 6.023 x 10?3 mol-.

>~T d
=] H<S>H
20

S E
sE
=)
o<
o
a

d,

Internuclear distance —>

(d)

-5242.42
P. E of 2 H-atoms

z? via
=-2%x13.6 x oz ev/atom + (-2 x 13.6 X n_Z) ev/ atom

2

=-2x2x13.6 x% ev/atom

atom
mol

=-4x13.6 x 1.6 x 10*° J/atom x 6.023 x 1023

=-4x%x13.6 x 1.6 x 6.023x10% J/mole
=-5242.42 KJ/mol
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16.

Ans.

Consider the reaction sequence from P to Q shown below. The overall yield of the major product Q

from P is 75%. What is the amount in grams of Q obtained from 9.3 mLof P ?

(Use density of P = 1.00g mL! ; Molar mass of C=12.0, H= 1.0, O=16.0and N = 14.0 g mol)

I S TG P Q O% & S1Wfshal A W fIaR PG | P4 & SR Q &1 & afdd 75% 8| P$ 9.3 mL ¥
gt Q & UM H fha= A1 8 ? (SR ST P &1 899 = 1.00 g mL! ; C &1 #leR §agd = 12.0, H= 1.0,

0=16.0TaM N = 14.0 g mol-?)

(i) NaNO, + HCl / 0-5°C
<: :>—NH2 Q
OH
P (ii) +NaOH

(iii) CH,CO,H/H,0

18.6
OH N=N—Ph
NH, N,' + NaOH o
@ NaNO,+HCl @ ©©
— s
C.H.NH,

CH,CO.H|H,0

N=N—Ph
OH
Q

Molecular weight of aniline = M.wtof CNH, =76 + 7 + 14 = 93
Density of P =1 gm ml-!

O
w

9.3mlof P=9.3gmP= ﬁ =0.1moleof P
N=N—Ph
o
The mole ratio PhNH, : PhN,* : @@

=1:1:1
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So the mole of Q formed will be 0.1 mole and extent of reaction is 100% but if it is 75% yield.

75
Then amount of Q = 0.1x 100 = 0.075 mol

The molecular formula of Q = C,,H,,ON,
soM.wt.ofQ=16x 12+ 12x 1+ 16+ 2 x 14
=192+12+ 16+ 28

=248 gm
so amount of Q = 248 x 0.075
=18.6gm

17. Tinis obtained from cassiterite by reduction with coke. Use the data given below to determine the
minimum temperature (in K) at which the reduction of cassiterite by coke would take place.
At 298 K: AH°(SnO,(s)) = -581.0 kJ mol-*, AH°(CO,(g)) = -394.0 kJ mol-*.
S°(Sn0,(s)) = 56.0 J K* mol-*, S°(Sn(s)) = 52.0 ] K* mol™*,
S°(C(s)) = 6.0 JK*mol-*, S°(CO,(g)) = 210.0 I K* mol-*.
Assume that the enthalpies and the entropies are temperature independent.

e B PIb B WA BH HRA W PACNES A U fHar S B |
=Jas araEE (K #) 3 FuiRa &1 & forg - Y sifes) &1 ST 1?1 )R $16 §R1 AT BT B
BB |
298 KX : AH(SnO,(s)) = -581.0 kJ mol-*, AH°(CO,(g)) = -394.0 k] mol-*.
5S°(Sn0O,(s)) = 56.0 I Kt mol-*, S°(Sn(s)) = 52.0J K-* mol-!,
S°(C(s)) = 6.01 K*mol*, S°(CO,(g)) = 210.0 I K* mol-*.
A NRTT b TIelisT den T Tad = 9 &R 8 |
Ans. 935

SnO,(s) +C(s) —_ CO,+ Sn

AH = -394 + 581
=+ 187 KJ/mol
AS =210+52-56-6
= 200 J/k mol
AG =187 x 1000 - 200 x T
T 187 x1000 935 K
B 200 B
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18. An acidified solution of 0.05 M Zn?* is saturated with 0.1 M H,S. What is the minimum molar
concentration (M) of H* required to prevent the precipitation of ZnS ?
use K, (ZnS) = 1.25 x 107> and overall dissociation constant of H,S , K., = K,K, =1 x 107" .
0.05 M Zn?* &1 Ueb 31l faer@ 0.1 M H,S & w11 6aw & | ZnS @ JAa&Iavl &l bl & oI Sf1aedres H* &1 =LA
HAeR Ar=dr (M) fea 21
SR HITG—
K, (ZnS) = 1.25 x 10" H,S &1 Gl fadlisi Reriss, K = KK, = 1 x 1072,

Ans. 0.2
[Zn*2] [S*] < K, (ZnS)

SZ— E X 10_22
[5°1< 2 * %05

2H* + s?-

HZS é

2 Knetx[HZS:I

[51= [ 7

Knet X [HZS] E x 10_22
[HF? =47 107x5

1021 x10' x4
10—20

[H*]* > 4 x 10~

[H*] > 2x 10t =0.2

Alternate :

[Zn*?] [S*] < K,

o510 1
2- Z o = - —x 1020
51 <2 % 005”3

H,S === 2H* + S*

KK, x[HS] 10?'x0.1
[s*1 —  [s]

[H+]2

\Y

[H*]? =

2- E 1 -20
[S*] = [H] <7 x 10

[H*]? > 4 x 102
[H*] > 0.2
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Mathematics Paper - 2

SECTION-1 (Maximum marks :18)

o This section contains SIX (06) questions.
J The answer to each questionis a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH INCLUSIVE.
o For Each Question, enter the correctinteger corresponging to the answer using the mouse and the
on-screen virtual numeric keypad in the place desighated 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.

¥ -1 (31f¥waH 3id: 18)
. 39 W1 H B (06) WeH A B |
. TG U9 &1 IR 0 ¥ 9 Th, Th Uhdl i YUNid & | Q41 afAferd 2 |
. TS U & folg, IR ol B3 @ forg (Afde W 1R #1989 3iR i woi RY (Tgard) G dis &
SRIFT B SR B AR el TUID qol DN |

. TS U & IR B Jodidh+ FfoRad oie ggfd & rar fan Sme |
ol 3 : +3 B9 TR fAdeq g1 S B |
I B : 0 e 13 fAFed 72 g1 91 2 | (1 e &1 SR T8 e /)
FOTHE HH ;-1 = | Referl # |

Q.1  For a complex number z, let Re(z) denote the real part of z. Let § be the set of all complex
numbers z satisfying z*—| z|*=4iz?, where ; — \/_1 . Then the minimum possible value of |z, —z2|2,
where z,,z, € S with Re(z)>0 and Re(z,)<0, is

Q.1 S AN A z S o 7M1 Re(z), z & aRaifds 91T 1 A6iUd &xal € | °F1 24— | 2 |*= 4427, &1 G o_ed
areh el wfis sl z @1 e S R, el =] ¥ T4 |z -z, 1 gEaw wwifad A g | o

Re(z)>0 @2 Re(z,)<0, & @F z,,z,€S & —

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

z* - |f|2|z|2 = 4i 22

Re(z,)>0
—\2 X, > 0
72 (22 - (z) ) = 4iz2 - Y.>0
I C (X ¥)
z’ = 0‘22 -(z) =4
Letz = x + iy
(X2 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+y2+y,2-2x%X,-2y,Y,
=X+ X2+ Yy 2+ y,2+ 2x (-X,) + 2y,(-y,)
Now AM > GM

> 8(%,% X,7 V,%Y,° X, %, ¥, Y,)MP

>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 TS §RT ABA Yad @leq TR AR &l W1 0.75 8 | e B Y3l A8 T PR B (o1 HH F HH A1 Al
AR B MALIH B, 79 (Al B AT AT, [ST=0! SF I 8 | AT F6 BT T80l T =1 Bl wifdasan 0.95

J %9 T 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

1-"C,(A) "¢, () ".(H) " C, (H)" *(H) 20.95

n n-1 _1 n-2 2
L (L) (1) 3 N1 1V (3Y g
4 4) a4 2 |4) |4
n 2
1_0.952(1j {w}
4 2

[9n2—3n+2]s4—

10

Now check n = 6

5
Let O be the centre of the circle x* + y* = >, where r > - 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

A O T x4y =2, BT IS © o6l r>§ 2| A1 PQ S a<1 &1 U Siial & o p W Q | oIk drell

T BT FHE 2x+4y =5 B AR By OPQ & uRad &1 &% Y@l x+2y =4, WRd 8, @ &1 AF 8717 |
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Ans. 2

Q N Q
s

S, 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+rr=0
GivenPQ:2x +4y-5=0

a b _r "
>5~2" 5

also centre of S, lieson x + 2y = 4

:%a—b=4 (2)

from (1) & (2)
2 2

AT g
-5 -5
-5rr=-20
rr=4
r=2
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Q.4 Thetrace of a square matrix is defined to be the sum of its diagonal entries. If A is a 2 x2 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

Q.4  UT I 3MMaYE P IqRWYI, TG [AH0l & 3faadl & AN HI GRHINT HXal 8 | AR ATF 2« 2 FT 3TYE 9 THR

g f A BT SREY 3 & AT AP HT FREY —18 8, 79 A & ARG BT 719 81T —

5

Ans.
ab
A= T(A)=3
A2 BoT
a b
= A=1¢c 3.2

a’ +bc 3b {a b }
3 —
A= 3¢ cb+(3-a)|lc 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*-33a(3-a)=-18
= a’-3a+bc=-5
Now |A| = a(3 - a) - bc
= 3a-a’-bc
Al =5

Q.5 Let the functions f:(-1,1) >R and g:(-11) - (-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 ( is the number of points in the interval (-1,1)
at which fog is NOT differentiable. Then the value of ¢+ is

Q5 #FH %A f:(-L1)>R a2 g:(-1,1)—> (-L1),
fF(x)=[2x—1|+|2x+1]| @1 g(x) =x—[x] & R URFNGT &, S&l [x], X ¥ BIC AT TRWER A5wH YOI Pl
®fd ®ear & | 7 fog : (—1,1) = R U& Gga Bad & ot (fog)(x) = f(g(x)) & gR1 uR¥Ifd & | AT ¢ fa”Tat
(-1,1) ¥ 530 @ w1 & {579 R Fog |ad &1 & @1 A1 ¢ 3fdwrdt (-1,1) § g3 @1 = & e W fog

AABTAT T8 8, TS ¢+ g BT A B |
Ans. 4
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f(x) = |2x - 1] + |2x +1]

4x 1
X ==
2
0= 12 oyl
2 2
—4x -1
X< —
2
g(x) = x-[x] = {x}
49(x) g(X)Z%
Now fog = | 2 -1 1
7<g(x)<§
~49t) 6(x) < S+
4{X} 1SX<1
2
4{X} _—1SX<0
2
fog = 2 —1<x<_—1
og = >
2 OSX<l
2
ax —<x<«1
2 0£X<l
2
fog = 4(x +1) _71£X<0
2 —1<X<_—1
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Now check
fog is not continuous at x = 0 only.

-1 1
fog is not differentiable at x = 7, O'E
c=1&d=3
c+d=4
Q.6 The value of the limit
42 2(sin3x +sin x)

lim

is
[2s1n2xs1n32+cos2j (\f+\/50052x+cos3)2j

: 42 (sin3x +sin x)
Q.6  m lim ™ 5y 3 P g -
) [2 sin 2x sin7 +cos 2} - [\/5 ++/2 cos2x +cos 2)
Ans. 8
im 4\/§(sin3x +sinx)
x>3 cosi—cos7—x+ cos— —f 2.2cos’* X — cos = 3x
2 2 2 2

lim 4x/§sin2xcosx
X*%Zsinxsing + Zsin3x.sin§ — 242 cos? x

H 2
lim 16\/§smxcos X

x>3 2 sin g {2 sin 2x.cos x} ~ 242 cos? x

lim 16\/§smx
x>3 2.4sin§sinx - 2\/5

1642

1
8. — —2J2

2
lim—2_ _32 _g
I8-4 4
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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 143 If all the four options are correct but ONLY three options are chosen;

Partial Marks P42 If three or more options are correct but ONLY two options are chosen,
both of which are correct;

Partial Marks i +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 (1f¥dad 3i® : 24)
39 W1 H B (06) WeH A B |
TP U & IR f[Adbeu B 1 39 IR Advad § A T a1 Uh ¥ 31f0d Ahed 98 SR 8 &) |
TS Ued & forg, ¥l W8l SR & AU faded gy |
TS U & IR B Jodidb+ FfoRad oie ggfa & rar fdan Smg |

ot 3 : +4 i dgat (@) R g7 o 2, @) |

3N 37 : +3 I 9t IRT fawey |8 8, Afds daat dF fawed g1 o 2|

3R 37 : +2 IR A9 A1 Al ey |l § oifdd $aa 11 e g7 9 &, S fb q1 &
el 8l |

3N 37 c+1 AR 1 A AP Ao AL B, AT dad TP fadbed g1 ST B A1 T8 T Al
famea 21 |

T 3H : 0 I PIS fAped TE1 A1 ST 8 (1A Hee &1 SR T8I fn &) |

FOTHE AH ;=2 g Y Refoai 7|

Q.7

Let p be a nonzeroreal 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)= —b2 g for all x € R, then which of the following statements is/are TRUE?
(A) If >0, then f is an increasing function

(B) If <0, then f is a decreasing function

(C©) f(x)f(—x)=1 forall xeR

(D) f(x)=f(-x)=0 forall xeR
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Q.7 I p U I TS G & | a9 f:R - R TS F@dded bad s UdR & b f(0)=1 213k [ &1
spas [ o W x e R @ forg wfiawo

IAC)) .

55 B AT FAI 8, 99 =Rad Al # 3 191 93 B |
b™+x

(A) 3 p>( B 9 f TH I G B

(0=

(B)3fd p<(0 B d9 f TdH BAM Bl 2 |
)& xeR & oW f(x)f(-x)=1 B

D) &N xeR & oW f(x)— f(-x)=0 2|
Ans. A,C

()
I

1 (X
In(f(x)) = Btan B + C

putx=0=c=0

A 100 = ot (3]

1
= [ &

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

(© 100 () = o= s oo 5] = e = 1

(D) 6 - f(x) = ™ (5] _ o)

forallxeR £ 0

Q.8 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 —2—;:—2=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<2 (B) V2<e<2 (C) A=d* (D) A=b"
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Q.8

Ans.

AMT g AT p TS RIS GRN S TGR B 6 g >1 A h< g, & | A p U Igaiel # & g 8 <

2

2
rfroRaer x—2—Z—2=1 R RYT B | 9T p W ARG @ TR g (1,0), & TR ® 991 A9 p R
a

rfiroRaeTd &1 ifier e el R A iaEvs HIedl B | AMT A, P OR SR, P IR ifieid T2 x-3781 §RT

T S & &% B F6id aRal B | ARk e IfRaes @ Sh=sdl & ad $ed) 8, a9 9 7 | S de

AT & —
(A) 1<e<2 (B) V2 <e<2 ) A=a*
AD
.- normal cuts euqal Intercepts
LM =-1
M, =1
) (1,0) B
Xseco tano

TatP= _Y =1

b
pass (1, 0)
seco = a

bsec6

.. - + =1=b=tano
< M=1= [atanej

b2=a%(e?-1)= e?-1=sinP0=>e?>=1+ sin?0
1<e2<2:1<e<\/§

1
Area A= = (AP) (AP) .+ AP = BP

%[(1 — sec? 9)2 + (tan2 6)2} =tan* 0 =b*

(D) A=p*

(- 0<0<m/2)
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Q.9

Q.9

Ans.

Let f:R—> R and g:R — R be functions satisfying

f+y) =)+ f()+ f(x)f(y) and f(x) = xg(x)

forall x,yeR. If £i£13g(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 xR

(C) The derivative f'(1) is equal to 1

(D) The derivative f'(0) is equal to 1

A9 fR—>R T g:R >R ®ad 2| Sl 9 x,yeR. & fog

F+y)= )+ f)+ £(x)f () 7 f(x) = xg(x) B g o 31l Img(x) =1, 3 qq frmr 3 @

PITET HUT I © |

(A) f UF xR W AAHANT B |
(B)afk g(0)=1, 8 T g UAF xc R W FqHI B |

(C) smdmes f(1), 1 &R 2|

(D) sr@deat £(0), 1 & TRER B |
A,B,D

f'(x +y).1="f(y) +f(x) f'(y)
puty =0

f'(x) = f'(0) + f(x)f'(0)

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

f(0O)=f(0)+1

f(0)=0

f(1)=f(1) +1

f(x
dez-‘-dx
f(x)+1

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

putx =0

c=0

f(x) = ex-1

f1)=e-1

f(H)=f(1)+1=e-1+1=¢e
f(x) e<-1

oo ()1
X X

f'(x) = xg'(x) + g(x)
f(0)=g(0)=1
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Q.10

we have check differentiability at x = 0

X
e’ -1 1
X
g'(0*) = x-0 X
(ex—l—lj 1
lim . ==
x—0 X 2
-X
e 1 1
g'(07) = |jm —=X
Xx—0 —X
e -1+x 1
x—0 X 2
g(x) is aiarecate for dex
M-II

to find function

”mﬂx+?—ﬂ@

f(x)+f(h)+f(x)f(x)-f(x)
h

(h)

F(x) = (Fe)+1)IM ==

f(x) =

lim
h-0

—h

h g(h
= (fx) + 1) lim a(h)

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

Let a,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?
(C) o+p=4

(A) a+p=2 (B) -y =3

D)a+P+y=05
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Q.10

Ans.

Q.11

Q.11

Ans.

4 a, B,y,0 ARA[EAS WEAW 3 ISR & (& o’ + fE4+y 0 TAT a+y=1. 8| #@A g
(3,2,-1) @9dd ax+ By+yz=35 & ame g (1,0,-1) &1 o ufafew g, a9 fr=1 § & 11 a4 97 B

(A) a+p=2 (B) -y =3 (C) 6+p=4 (D) a+B+y=6
A,B,C
pp' is normal to given plane p(L, 0, -1)

&Pt (ley)

2
a=B,y=0 :
Loty=1l=a=1=8
a+pB=2 o )
Q ptis mid ptof pp' = (2, 1, -1) werprrEse
lie on plane
200+B-y=90 |

put o, B,y
8=3

d—-y=3
3+p=4
a+B+y=2%3

p'(3,2,-1)

Let ¢ and p be positive real numbers. Suppose PO =ai +bj and PS =ai —bj are adjacent sides

of a parallelogram PQRS .Let ;; and y be the projection vectors of ﬁ;=2+}' along P—Q and ?5’,

respectively. If |ii |+ |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 P—Q and pg

A @ T p TS ARG GG 8 | AT PO = ai +bj T PS = ai —bj T FARR ag4st PQRS &1 3T

YOG B | AT 4 QM 3 AL PO A PS, B AR =7+ | B UAT AR T | AR |4 |+ |V |=w| T qen
Ife TR gy PQRS &1 &3%cl 8 B, T 711 # A B4l o9 9 © ,

(A) a+b=4

(B) a-b=2

(C) =R Igyst PQRS & fa@ofl PR &) o 1g 4 2 |

(D) w @R PO T pg BT T BV AEP B |

A,C
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S R

a?-bﬁ1
P ,\\ R Q
ai +bj
- W. @
(?+ﬁ).(a?+bﬁ)
- ‘a?+bﬁ‘
(a+b)

~ Ja? +b?

_ (w)ps (T+3).(af b))  a_p

R T Riob] Ve
lul+|vi=lwl

(a+b)la-b| _
eV

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

2a2 = 2b2
a=b>b

i j kK
a b O
Area of parallelogram =
a b o0

3‘—2ab|2‘=8
ab=4=a2=4
a=2=b
at+b=4
a-b=0
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Q.12

Q.12

Length of diagonal of parallelogram = ‘(a i+ bj) + (a i - bJ)‘

=2a=4
PQ + PS = 2ai,2bj # Aw

For nonnegative integers s and r, let

s! .
s — ifr<s
[jz ri(s—r)!
r

0 ifr>s

For positive integers m and n, let

m+n

g(m.n)= Z f(:%:;p)
)

where for any nonnegative integer p,

f<m,n,p>:i[?j[”;j[§ijj

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
FFRUMHSD YUlich s TN o & g A=

s! .
s —— ifr<s
[ jz ri(s—r)!
P gl

0 ifr>s

gD qUIid m AAT N S folg 7=

m+n

_ %% f(m,n, p)
p

STEl fll SRvTEd O p & forg

P
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Ans.

2 a9 9 8 A P B A B P

(A) g(m,n)=g(n,m) I gTIHAS qoris m, n & g 2 |
(B) g(m, n+1)=g(m+1, n) I &g=1HE gUIid M, n & forg & |
(C) g(2m, 2n)=2 g(m, n) A eHTTH qorie m, n & AT 2 |

(D) g(2m, 2n)=(g(m, n))? T4 &FTHS QoIie m, n & forg 7 |
A,B,D

Z m n+| n+pC
. p-

n+i |n+p

P n+i- PE_jmi_

"c

Mo

N
o

"¢,

Mo

T
o

mc

et
e, )7

=r+ec [MCy e, +M e, + T C
coffi xPin (1 + x)" (x+1)™m
f(m,n,p) = ("**c)) ("*"c,)

Mo

N
o

n
m p—m]

m+n

m+n 9 m+n
g(m/n)= Z Cp - 2

p=0

g(m, n) = g(n,m)
g(2m, 2n) = 2xm+ M = (2m*n)2 = (g(m,n))?

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 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.
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I -3 (3f¥®aH 37 : 24)
. 39 91T H B: (06) U3 A 8 | YD U BT IR A&ITHD A4 2 |
. TS U & folg, IR U &3 & forg Afde e w Aed iR sif—wn MRl (adardt) SeaTeids s &1
ST R IR B Fel D A Tol B | IS TS A | a1 I Afdd IeMerd IH 2, a1 &l a¥Mad
R & 79 Bl BIel/Mhedd o |
. TIH U & SR BT Jedidhd FfalRad ugfid & orar fdan smgm |
ool 3 : +4 IR} I I TS A Ui fhar T B |
I 3P 1 0 3= et Rerferl 4 |

Q.13 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
2021 is

Q.13 U AT Bl AP Al & Ugt 15 A & SR 3o IR A1 & T U HREM &7 SRT HIAT MMAeIH § AT T8
Ifart & f AR <1 o9 ®1E = 7 81, 99 99 F=fad aReT &) G Rrgd dRE™ § 39 a¥8 & QN Il
R 1—15 S 2021 & SRM 3 S |9 B, 8 |

Ans. 495.00
To select = 4 days
not selected days = 11 days
gaps = 12
2, - 12x11x5x%x9 _ 495

24

Q.14 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

Q.14 TP Elcd ¥ IR $HR ST B | 39 IR BRI H B AfFIAl Bl 39 YHR FHARINTT B 2 | 378 A TP IR § HH
A PH b Afdd qor TIhad el Afdd 81 | dd a9 F g aReT &1 | fad a8 fhar o daar g, 8l |
Ans. 1080.00
by grouping
1

/

6 > 1

%2

6!
x 41
111121212121
720
— = x24
= 2x2x2x%x2 8
= 1080
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Q.15 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

Q.15 <1 Sy U, g uss | 1,2,3,4,5 016, B TS $1 Uh A1 JSHMT ST 8 91 U6 R Gl & ANThe
&1 FAReror fasan e B | I8 ufthan 99 QTERTE O B, W19 O 3 A1 Teh TS | A1 U U1 aft | 81 | AT A
T TS el SURed B & Ug U U BT B | Ife P uifiwar ® & et gof o ue faww w8, @9 14 p
BT AM B —

Ans. 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

Q.16 Let the function f:[0,1] > R be defined by f(x)= Then the value of

4 +2
1 2 3 39 1
/ (4—0)” [4—0)”’ [4—0)* H (%J‘f @ s
Q.16 W weE f:[0,]] >R, f(x)=4x’+2 & g1 R S
1 2 3 39 1
/ (4—0)” [4—0)”’ [4—0)* H (%J‘f (ijm_
Ans. 19.00
f:[0, 11 >R
=23
4
41—x B ?
f(1-x) = 41_X+2_i+2
4X
__ 4
C442.4
2
T 214
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s f(x)+f(1-x) =1

f(iJ+f[iJ+ ...... +f(£j—f(lj

40 40 40 2
L f[29)_¢(L

= 19 pairs + 40 2 =19

Q.17 Let f: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)=J.:f(t)dt, and if

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

Q17 #Fl f:R—> R U6 Jadhed Hod 30 UbR & & g0d! s@dberst 1 Aaq & a1 f(r)=—6 8| I

F:[0,7]> R ,F(x):j:f(t)dt, & g7 oRwT & T afk

_[Oﬂ(f'(x)JrF(x))cosxdx =2%| a9 f(0) &1 A M —
Ans. 4.00

£(x) = ! f(t)dt

fi(x) = f(x)

j f'(x)cosx dx + j f(x)cosxdx

0 o 1

If'(x)cosx dx + f(x)sinx); —If(x)sinx dx
0 0

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

0

Idix(f(x) cosx)dx =2

f(x)cos x|, =2

f(n) (-1) - f(0) = 2
6 - f(0) =2
f(0) = 4
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Q.18 Let the function f:(0,7) — R be defined by £(0) = (sin @+ cos6)* + (sin@ —cos 0)* .

Suppose the function f has a local minimum at @ precisely when Qe{ilfr,...,l ﬂ'}, where

7

0< A4 <--<A, <l. Then the value of A, +---+ 1, is
Q.18 A e f:(0,7) >R, f(0)=(sin@+cosO) +(sinf —cosP)* & gRI IRAMT & |
qAT ®A9 f, 9 W AF AF vh iy fAfEs zwar 2 9 Qe{ilfr,...,irn}, g o8l

0< A4 <<A<Ll.B313d9 A ++A & AF I

Ans. 0.50
f(0) = (1 + sin20) + (1 - sin20)>?
= 1+ sin20 + 1 + sin?20 - 2sin20
= sin? 20 - sin20 + 2

2
= sin26—l +Z
2 4

0 ¢ [0, n]
- 20 €[0, 2r]

1
f(0) min. when sin20 = E

n20=1,2"
6

T
6 !
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