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PART I: MATHEMATICS

Section 1 (maximum marks: 32)

This section contains EIGHT (08) questions.

Each question has FOUR options ONE OR M ORE 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 to each question will be evaluated according to the following marking scheme.

Full Marks : +4 If only (al) 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 and both
of which are correct;

Partial Marks  : +1 If two or more options are correct but ONLY one optionischosenanditisa
correct option;

Zero Marks : 0 If noneof the optionsis chosen (i.e. the question is unanswered);

Negative Marks : -1 Inall other cases.

For example, in aquestion, if (A), (B) and (D) arethe ONLY three options corresponding to correct
answers, then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 marks;

choosing ONLY (B) will get +1 marks,

choosing ONLY (C) will get +1 marks;

choosing ONLY (D) will get +1 marks;

choosing no option (i.e. the questioniis unanswered) will get 0 marks; and
choosing any other combination of options will get —1 mark.

1 Threelines
L,:7=Ii,ITR
Lo: T=k+m, m R and
Ly: T=i+j+nk,nl R
are given. For which point(s) Q on L, can we find a point P on L; and a point R on L3 so that P, Q and R
are collinear?

A k-5 B. k+ij
2 2
C. k D. Kk+]
Sol. A, B

P.V.of pointP, p=1i

P.V. of point Q, q:rrAj+lA<

P.V.of pointR, T =i+ +rk

PQR are collinear. Hence x(ﬁ)) = y(ﬁ)

b i_ﬂ_l_
y -l m
I RS ~ |~ - I
P g==j+k orq:ﬁ +k,wherer10,I10,I 11
r - -
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P mtOLl
Hence, gt k or j+k

Let x1 R and let
él 1 1y €2 X Xu

P=5 2 29 0=% 4 oladr=PoPr?

e
g 0 3g g x 64

Then which of the following options i/are correct?

ela  eld

N éu_,é.u _

A. Forx-O,lfReag—6§a@,thena+b—5
gy  #by

B. For x =1, there exists aunit vector af+b]+g2 for which R

§2 X xg
C. detR:detgo 4 og+8,fora||xi R
& x 5§

D. Thereexistsarea number x such that PQ = QP

A,C
R=PQP*

det (R) = det (PQP™)
IR| = [PQP™|

= P x|Q| xIP™|

= IPIXQI*

|P|
= Q|
2 X
X 6

2 X X
det(Q)=1[0 4 0/=4
X X 6

=4 (12-x?) = 48— 4x%
det (R) = det (Q) = 48 - 4x*

(A) Forx=0
6l 1 162 0 0f
_é e a
PQ= 0 2 2@20 4 0
€ 0 8yE0 O 6§
& 4 60
_é a
= 8 12(J
g0 0 18§
1, .
pl= —(AdjP)*
|P|( )
1@’6 -3 0Ou
==% 3 -2¢
6¢€ u
€ 0 2y

@ €

u_ e,yu
0=
god €0
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(B)

(©

R=PQP*
€ 4 6u & -3 01
_é ala a
- oulty o
0 0 18§ & 0 2§
S 1 EH
g2 6 4u & Zu
é u_é U
_—éo 24 8@_20 4 30
0 0 36§ & G
€ H & 0 6
8 a
ela  éld
. e.u_re.u
Given, R t:aa@ = 6§a@
g  &od
el
e u_
P (R-6l) gag=0
of
a1 2
e 3y .
é 4uelu
é GE.0_
P g0 -2 3ueu0
e u
g0 0 o@g’ﬂ
8 a

b -4+a+ %bzo

- 2a+ ﬂb:O
3

From (1) and (2)

2a=4b a=2andb=3

So,a+b=5.

Forx=1

det (R) =48-4x*=48—-4=40

det (R) 0
éan &

& (_ &
R&by= &4

eotl €0d

P a=b=g=0
Hence, ai +bj+rk cannot aunit vector.

2 X X

detj0 4 0|+8

X X 5

2 X
X 6

=4 +8

=4(10-x%) +8

=40 - 4x* + 8 = 48 — 4%~
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(D) PQ=QP
él 1 1ué2 x xu é x xuél 1 10
é aé u_é ué a
D 2 250 4 05=0 4 oggo 2 2
€0 0 3fgé&x x 6 & x 6g&0 0 3y
If we equate &, from both
X+4+x=2+2x
b 4=2
P xT f,novaueexists.
3. For non—negativeintegersn let
aek+2 0
sin - " p=
f(n) = a 8n+2pfa 8n+2pfa
2ad< 1p9
gn+2 [}
Assuming cos *x takes valuesin [0, p], which of the following options is/are correct?
A. f(4)= f B. Ifa=tan(cos™(6)),thena’+2a-1=0
C. sn(?coslf(S)) 0 D. limf(n)=2
ne® ¥ 2
Sol. A B,C
g ak+1l 6. ak+2 0
2sin Zsin =
f(x): az.o 8n+2pﬂ 8n+2p
g ak+1l 0§
2sin’¢———p=
ka:0 8n+2p
g p 4 a2k+3 6
cos cos
:ka:o n+2 a Sn+2pg
"na?L- cos K 99
ae gn+2Po
aeﬂ +3 6 . an+l o
posin P+
(n+1)cosaep 2 8n+2 &n+2"5
&n+25 &p o
sin -
_ &n+25
cospﬂn?ilpg
(n+1)- ?
n&P 0
8n+26
P o p o
. cosgh+—_Seinfp- B2
(n+1)cosaep o & n+2p5 & n+2p
En+2p ®ep o
sing———
- 8n+2g
. p 6
cosp>singp - b
(n+1)- il Y
n& P o

8n+2g
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(n +1)cos§e 0+ cosZ P 9

n+1+1
@&ep o
&n+2p_ _@p o
n+2 8n+2;’a

(n+2)cos

A) f(4) = cosBP O cosPO_Y3
(A) f4 00584 25 =cos

& 600
(B) a= tangcos'la%osaa—)(;)_c;)+:ta\nE
& & &8ugy 8

P a’+2a-1=0.
(C) sin ?coslg%osgoo

7 op

. . po_ .
=sn%7 —z=snp=0.
& 73

. . &p o
D) Ilimf(n)=Ilimcos ~=cos(0)=1
( ) ne ¥ ( ) n® ¥ 8n+2¢ ()
4. Foral Ra>1,|ét
& 3 3 o]
lim & 1+32+...+3n O g
“®¥Qn7/388 1 1 df O+

+ Y g
§  &n+1)? (an+2)? (an+n)? oy
Then the possible value(s) of aidare

A. 8 B.
C. 7 D.
Sol. A, D
3 3 3
lim - Ji+\/§1+.._+ﬁ =5
ne¥ 438 2+...+ 22
Sxa+1)  (xa+2) (xa+n)’ &
w‘('jlla
O O
ar” ag.s
- lim =m0
n® & o n @ 0
I,]7/3 e é_g =
&= (na+r)’ g ricd 10 .
g% ng g
1
O dx §x4’3|(l) 3
-0 __4 — 4 -
Lodx el d .l 10
Tla+x)?  &a+xid, ga+l ap
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P —— _=54p a=8ora=-9
e 1 0o
ga(a+l) g
5 sinpx

Sol.

Sol.

Let f(x)==——,x>0
X

Let X; <X, <X3<... <X, < ... bedl the points of local maximum of f
andy; <Y, <Yy3<...<Y,<...beall the points of local minimum of f.

Then which of the following options iS/are correct?
A X<y

C. xpl gJZn, 2n +12 for every n
29

[Xn — Yn| > 1 for every n

Xne1 — Xp > 2 fOr every n

y =px/2

1+ X1
'

yli

B,C,D
f (x) = SNPX
X
2 .
_ pX“cospx - 2xsinpx
b fdx)= n
X
aPpx 0
2c0spx - tanpx =
et VR
= 5
fdx)=0 b cospx =0or IO7)(=tanpx
b px=(2n+1)g or p—ZX:tanpx
_(2n+D .
= ,nl |
from graph, we can seethat " x = 2n2+1

b  f&x) doesn’t change sign so these points are neither local maxima nor local minimum.

Similarly, " x: p—zxztanpx
Wherey,T (2n-1,2n-%)" n=1,2,3, ...
andx,T (2n,2n+%)" n=1,23,....
Xne1= Yo > 1 a0d Y1 = X > 1P Xpug = X > 2.

Letf: R® R begivenby f(x) = (x - 1)(X — 2)(x — 5). Define

Hm:BMmm>o
0

Then which of the following options iS/are correct?
A. F(x)t Oforalxi (0,5)

B. Fhasaloca minimumatx=1

C. Fhasaloca maximumat x =2

D. Fhastwo loca maximaand onelocal minimumin (0, ¥)

A,B,C

X

F) = ¢§ (t)dt

0
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FEx) =f (x) = (x-1) (x-2) (x-5)
b x =1, 5ispoint of local minimafor x >0

x = 2 ispoint of local maximafor x>0
2

F@=¢(t)dt<op Fx)<0" xT (0,5)

€l 0 Ou él 0 Ou € 1 Ou
_é G4, _¢86 U _é& a
7 LetPl—I—é 1 OL:],Pz—é 0 1@P3—§1 0 0@
g€ 0 1§ g 1 oy g 0 1y
© 105 OO0 OO0 1y
_ U _ 0 p _ a
P4_go 0 14.Ps 21 0 0y Pe= g0 1 0y
g 0 of g0 1 0y g 0 of
, @13
and X=3 Rg 0 2GR
L@ 2 1§
where B! denotes the transpose of the matrix Py. Then which of the following optionsis/are correct?
A. X -30lI isaninvertible matrix B. X isasymmetric matrix
o eld
C. Thesum of diagonal entriesof X is 18 D. |If Xng=aglg,thena =30
ISR
Sol. B,C,D
€l 0 0u ¢l 0 Ou € 1 Ou € 1 Ou € 0 1u € 0 1u
_é Up _8 Up _8& ap _¢6 a o _é6 ap_¢6 a
Pl_go 1 o@,Pz_go 0 1@,P3_g1 0 0P =g 0 15 R=¢ 0 0GR =0 1 0
g0 0 1y g0 1 0y g0 0 1§ gl 0 0y g0 1 0y gl 0 Oy
@ 13
_8pé a
X=aPRgl 0 25/
8 2 1
@ 13
LetA= gl 0 2
B8 2 14
A=A,
X" = (PAR +PAP] +..+ PAR! )
=X
So X is symmetric matrix
LetQ= gy
&4

XQ= PAR/Q+PAPQ+..+RARIQ
=PAQ+PAQ + ... + PAQ
ébu
=(PL+Po+ ... +P) AQ AQ= g3
&g
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§2 2 20é6u &30u
UyU_ &nu_

@2 2 2p66H %309
XQ=30Qb (X-30)Q=0
So, [X - 301| = 0, has non-trivial solution.
So, not invertible.
Where trace (P A P§) =3
P TraceX =3  6=18.

8. Letf: R ® R beafunction. We say that f has
PROPERTY 1if IimM exists and isfinite, and
h® 0 \/H
PROPERTY 2 if Iimw existsand if finite.
h® 0 h
Then which of the following options i/are correct?
A.  f(X) =x|x| has PROPERTY 2 B. f(x) =sinx has PROPERTY 2
C. f(x) =|x| has PROPERTY 1 D. f(x) =x¥* hasPROPERTY 1
Sol. C,D
(A) () =x1x|
. hlh|
= I|m
heo h2
I|m| | does not exist.
B) f (x) sin x
IimSmh 0 does not exist.
h® 0
© f (X) = IXI
LI ®n[1) \/_ =0.
(D) f(x)=x"
2/3
e \/—

Section 2 (Maximum Marks: 18)

This section contains Sl X (06) questions. The answer to each questionisaNUMERICAL 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/r ound-off the value to TWO decimal places.

Answer to each question will be evaluated according to the following marking scheme.

Full Marks : +3If only the correct numerical valueis entered.

Zero Marks : 0lInall other cases.

9. The value of the integral
bl cos(q

dg equals
0 (\/cosq+ sinq)5
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Sal. 0.50
| = p’é 3J/cosq dq
o (v/oosq +sing)”
_P2 3Jsing
-0 5 dq
0 (\/COSC| +\/sinq)

p/2 p/2
b 2=39 dq : 344

=0
o (v/cosq +\/sinq)4 0 c0:~‘,2q(1+\/tanq)4

Let 1++/tang=t b sec?q dg=dt

1
2yJtang

_3%2(t-1) _3‘ 2 2

__O_dt__ -
4 2|-2t2 3t

27 t

¥

1

10. Let a=2i+j- k and b=i+2j+k be two vectors. Consider a vector ¢=aa+bb, a, b1 R. If the

projection of ¢ on the vector (a+) is 3v2 , then the minimum value of (c- (a° b)) equals

Sol.  18.00
c>(atb):3\/§
|é+b|
a axa+bbXb+(a +b)ax
p =3J2
32
P 6a+6b+(a+b)3=18
P a+b=2
(c- (& b)) =a2@?+b2[b’ +2ab asb - (3" b)x
=6a’+6b%+6ab (as ¢ islinearly dependent on a & b)

=6ga+b)’- abf, maxab =1
b min (¢- (3" b))xc=18
11.  FivepersonsA, B, C, D and E are seated in a circular arrangement. If each of them is given a hat of one of
the three colours red, blue and green, then the number of ways of distributing the hats such that the persons

seated in adjacent seats get different coloured hatsis

Sol. 30.00
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12.

Sol.

13.

Sol.
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Maximum number of hats of same colour are 2 and minimum
colour required are 3. So, the selection of hats will have to be of
thetype AABBC

3C, ways to select hat having single colour. Then distribute that
single hat in °C, ways. °C, ways to distribute hat to adjacent
person, after that alternate coloured hat will begivenso 3" 57 2
=30

n n

weo K+1

. . .
¢ A 4o ]

Suppose det gn"zo o H=Oh0ldsfor some positive integer n. Then § —X equals.
éa "Ck 4 "c3y
6«=0 k=0 d

6.20

k=0 k=0
n+D o ipan2
b 2 =0
n 2"t 4
1 2h-2
b n(n+1)2"t2 =0
n 2n+1

Let |x| denote the number of elementsinaset X. Let S={1, 2, 3, 4, 5, 6} be a sample space, where each
element is equally likely to occur. If A and B are independent events associated with S, then the number of

ordered pairs (A, B) suchthat 1 £ |B| < |A|, equals

422,00
Let |A|=x, [B|=Y, |A C B|= P, then g:%% b 6P=xy

fP=1P ()x=6,y=1b °Csx°C,=6

orb (i)x=3,y=2pb °C;x°C, ¥C, =180
IfP=2pb ()x=6,y=2Pp °Csx°C,=15

or (i) x=4,y=3b °C,x'C, X¥*C, = 180
IfP=3P x=6,y=3b °Csx°C;=20
IfP=4b x=6,y=4b °Csx°C,=15
IfP=5pP x=6,y=5b °Cgx°C5=6

Hence total number of ordered pairs (A, B) = 422.

10
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14.  Thevaueof sec g%a Secagp+kposeca§p+(k+l)po inthe interval p 3pu equals
Q227812 25 €12 2 o €4 48
Sol. 0.00
k +1)p 60
P kpgsecgeL( Jp %0
§4 R 25 S22 5
= 18?18. agp+99cosecagp kp 80
g 4= 812 g12 2 oy
e 0
& 14 1 N
= sec’ Q-—a—
¢ 2k0 gpg 1)k:
& 8615 2}
& 0
9 -—
R - +=sec'1(1)=o.
& &6 o

Section 3 (Maximum Marks: 12)

This section contains TWO (02) List-Match Sets.

Each List-Match set has TWO(02) Multiple Choice Questions.

Each List-Match set hastwo lists: List-I and List-11.

List-1 has Four entries (1), (1), (111) and (1V) and List-11 has Six entries (P), (Q), (R), (S), (T) and (V).
FOUR options are given in each Multiple Choice Question based On List-l and List-11 and ONLY
ONE of these four options satisfies the condition asked in the Multiple Choice Question.

Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +31f ONLY the option corresponding to correct combinatioin is chosen;

Zero Marks : O If none of the optionsis chosen (i.e., the question is unanswered);

Zero Marks : -1Inall other cases.

Answer the following by appropriately matching the lists based on the information given in the

paragraph

Let f(x) = sin(p cosx) and g(x) = cos(2p sinx) be two functions defined for x > 0. Define the following sets

whose elements are written in the increasing order:
X={x:f(x) =0}, Y ={x: f€x) =0},

Z={x:9(x) =0}, W={x:9g&x) =0}
List—1 containsthe set X, Y, Z and W. List — |1 contains some information regarding these sets.

List—1 List—11
M x P {g 2., 7p]
an -y (Q) anarithmetic progression
g z (R) NOT an arithmetic progression
P 7I0 13p
vy w ® {6 6 6}
P 2p
M {3 3’ }

P 3p
© &5 3)

11
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15.

16.

Sol.

Which of the following isthe only CORRECT combination?
A.
C.

Which of the following is the only CORRECT combination?
A.
C.

1

JEE(Advanced) 2019/Paper-2

(1. (R), (9
(1), (Q). (M)

(IV), (P), (R), (S)
(IV), (Q). (T)

C

f(.x) =0b sin(pcosx) =0

=)
2)

b

TUTUTTU

pcosx = nyp, ;1 1
cosx=-1,cosx=0,cosx =1

n ~
x:%p,nzll
_[p 3 }
X={p, X 2p....
[2 P 2 P

f€x) =0P —cos(p cosx) psinx=0

sinx = 0 or cos(p cosx) =0

X =NgPp Or p cosX = (2x4 + 1) p/2
COSX ==Y, Y%

X =nsp = p/3

Yz[E 2p 3p 4p 5 6p }

g(x)=0b cos(2psinx) =0

2psinx = (2n6+1)§
. 2ng+1_ 3 11 3
sinx = =T Ty T Ty T T
4 4 4 4 4
Z=1xsmx-i£,t ,x>0§
1

g&x) =0Pb —2pcoxsin(2psinx) =0

cosx =0orsin(2psinx) =0
x =(2n, +1)% or 2p SinX = Ngp

sinx=-1, -1,0,5,1
2 2

W= [x[sinx =+1 i%,o, x>0

I-(P), (Q)
I1-(Q), (T)

1 - (R)
IV-(P),(R), (S

(1, (P), (Q), (V)
(1), (R), (V)

12
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17.

18.

Sol.
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Answer the following by appropriately matching the lists based on the information given in the
paragraph

Let thecirclesC, : x*+y?*=9and C, : (x — 3)* + (y — 4)* = 16, intersect at the points X and Y. Suppose that
another circle C; : (x — h)? + (y — k)? = r° satisfies and following conditions:

(i) centre of Csiscollinear with the centres of C; and C,

(i) C;and C, bothlieinside Cs, and

(iii) CgtouchesC;at M and C; at N.

Let the line through X and Y intersect C; at Z and W, and let a common tangent of C; and C; be a tangent
to the parabola x? = 8ay.

There are some expressions given in the List—| whose values are given in List—I1 below:

List -1 List—1I
1  2h+k (P) 6
Length of ZW
(I Length of XY Q V6
" Area of triangle MZN R 5
(1 Area of triaangle ZMW (R) 4
21
v S —
(V) a ©) z
(M 2J6
10
U i
ORE
Which of the following is the only CORRECT combination?
A (1), (T) B. (IN,(Q
CENON®)) D. 0.9
Which of the following isthe only INCORRECT combination?
A. (IV), (9 B. (), (R
C. (V). (V) D. (. (P
3. B 4. A

Centre of C; will lie on line MN : 3x = 4y at a
distance of 3 unitsfrom originin first quadrant

b (k=2 120g =6

&' 55
Equation of ZW : C; - C,=0
P 6x+8y-18=00r3x+4y=9
perpendicular distance from centre of C; to
27+48

-9
5 5
5

ZW =

Length of ZW = 2 36—§:§ 6
VB
Similarly, length of XY = 2,[9- 3% =24
2% 5

ZW N
2

6
5

Areaof DMZN _ ZP-MN _
Areaof DZMW ~MPXZW ~ MPxZW

13
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Common tangent of C;C; : C;—C3 = 0 (as they touch each other)

p Ex+ﬁy+18:0
5 5

or 3x+4y+5=0

Tangentt0x2:8ayisx:Py+2Fa
comparing b 3_4_ B
paring 1" p 2
P
b p=-2p PP _5p -0
3 2a 3
b 1-(P)
I-(Q)
1 - (R)
IV — (U)

14
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PART II: PHYSICS

Section 1 (maximum marks: 32)

This section contains EIGHT (08) questions.

Each question has FOUR options ONE OR M ORE 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 to each question will be evaluated according to the following marking scheme.

Full Marks . +4 If only (al) 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 and both
of which are correct;

Partial Marks  : +1 If two or more options are correct but ONLY one optionischosenanditisa
correct option;

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

Negative Marks : -1 Inall other cases.

For example, in aquestion, if (A), (B) and (D) are the ONLY three options corresponding to correct
answers, then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 marks;

choosing ONLY (B) will get +1 marks;

choosing ONLY (C) will get +1 marks;

choosing ONLY (D) will get +1 marks;

choosing no option (i.e. the question is unanswered) will get 0 marks; and
choosing any other combination of options will get —1 mark.

19. In a Young’s double slit Screen
experiment, the dit 4y
separation d is 0.3 mm and
the screen distance D is1 m.
A parallel beam of light of
wavelength 600 nm is
incident on the dlits at angle
a as shown in figure. On the
screen, the point O is
equidistant from the dits and
distance PO is 11.0 mm.
Which of the following
statements(s) is/are correct ? D D ====-- g

15
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0.36 . o .
A. For a =—— degree, there will be destructive interference at point O.
p
B. Fringe spacing dependson a.
C. Fora= 036 degree, there will be destructive interference at point P.
p
D. For a =0, there will be constructive interference at point P.
Sol. C
Screen
»

20.

Given a :@ degree = L radian.
p 500

Path differenceat O=dsina =0.3" 103~ =00 =6~ 10" =1

Path differenceat P=d(sina + sinq)
el 11 6
= B
€500 1000 &
__d & 110
5008 25
=1 (6.5)
For a =0, path differenceat P=5.51
\ option Ciscorrect

A block of mass 2M is attached to a massless spring 2M

with spring—constant k. This block is connected to &
two other blocks of masses M and 2M using two  » 70000000 — —>
massless pulleys and strings. The accelerations of the
blocks are &, a and & as shown in the figure. the
system is released from rest with the spring in its
unstretched state. The maximum extension of the

spring is Xo. Which of the following option(s) is/are a

correct? i

[g isthe acceleration due to gravity. neglect friction] ia3
A -a=a-a M

B. At an extension of Xo of the spring, the
4 M

magnitude of acceleration of the block

connected to the spring is 1—3g

16
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4Mg

C. X,= ”

D. When spring achieves an extension of X—ZO for the first time, the speed of the block connected to the

_— M
ringis 3g,|—- .
springis 3g Bk

Sol.
2M

A
§~W

2M¢as

In the frame of pulley B,

the hanging masses have accelerations :

M® (-&),2M ® (as— &) : downward.

\ (- a)=—(as—a) [constant]

Assuming that the extension of the spring is x

We consider the FBD of A :
d2X 2M
ZM'F =2T - kx
d’x k;_ T
. .
where a, ra () =
and the FBD of the rest of the system in the frame of pulley B :

T T

1 r
' l

M (g - al) M (g - al)
Upward acceleration of block M w.r.t. the pulley B = Downward acceleration of block 2M w.r.t the pulley

2M

T-M(g-a)_2M(g-a)-T

M 2M
aM .
b T:T(g-ai) ...(II)
substituting in equation (i),we get
8M

2M. g = ?(g— a)- kx

17
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21.

Sol.

JEE(Advanced) 2019/Paper-2

14M _ _ 8Mg
R
Thisisthe equation of SHM
Maximum extension =2~ Amplitude
8Mg

3k

...(iii)

or

i.e. Xg=2

At XT: acceleration is easily found from equation (iii):

14M  _8Mg 4Mg
3 273 3
2

31:7

At X—2° speed of the block (2M) =w* amplitude

_ 3k , 8Mg
14M 3k
\ option (A) iscorrect

A thin and uniform rod of mass M and length L is held vertical on a floor with large friction. The rod is
released from rest so that it falls by rotating about its contact-point with the floor without slipping. Which
of the following statement(s) is/are correct, when the rod makes an angle 60° with vertical ?

[g isthe acceleration due to gravity]

39

A. The radial acceleration of the rod’s center of mass will be 7

B. Theangular speed of the rod will be f%

C. Theangular acceleration of the rod will be %

D. Thenormal reaction force from the floor on the rod will be %

A,B,D

. laed. 58 L
Tofind w, we apply COE : =a=ML?w? = Mg—(1- cos60°
apply 253Vl 92( )

_ 3 . X
W‘\E 60

L
acM radid = W — :E-

Tofind a, we take torque about A :

| m

Mgisin60°:3ML2a
2 3
0, a :ﬂsin60°.
2L

Aming = A = %sin60°

N

18
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22.

Sol.

JEE(Advanced) 2019/Paper-2

\ Mg- N= (amradid CoS60° + Ay, g sin60°)

16
\ Correct optionsare A, B, D

A small particle of mass m moving inside a heavy, ® .
hollow and straight tube along the tube axis undergoes v

elastic collision at two ends. The tube has no friction | —>|

and it is closed at one end by a flat surface while the L

other end isfitted with a heavy movable flat piston as shown in figure. When the distance of the piston
fromclosed endisL = L the particle speed isv = v;,. The piston is moved inward at a very low speed V

suchthat V << dTLvo, where dL istheinfinitesimal displacement of the piston. which of the following

statement(s) is/are correct ?

A. The particle’s kinetic energy increases by a factor of 4 when the piston is moved inward from Lg

1
to —L,.
2 0

After each collision with the piston, the particle speed increases by 2V.
If the piston moves inward by dL, the particle speed increases by ZVdTL
D. Therate at which the particle strikes the piston is v/L

A,B

o—— v B—

A

L

Therate of collision of the particle with the pistonis 1 v
2L/v 2L

The speed of the particle after a collision with the pistoniis:
v+2V , when it collides with it with a speed v.
if the piston movesinward by dL the speed of the particle increases by

dv=2 'd_L'i
VvV 2L
. dv dL
e —=—
Y L

, dK _2(-dL)

n i (after putting the proper sign)

Since kinetic energy, K = % mv

Integrating, KL? = constant.
\ Kf = 4K|
Hence correct optionsare A, B

19



JEE(Advanced) 2019/Paper-2

Questpix

23. Three glass cylinders of equal height H = 30 cm and same refractive index n = 1.5 are placed on a
horizontal surface as shown in figure. Cylinder | has aflat top, cylinder |1 has a convex top and cylinder I11
has a concave top. Theradii of curvature of the two curved tops are same (R = 3m). If H;, H, and H; are the
apparent depths of a point X on the bottom of the three cylinders, respectively, the correct statement(s)

idare:
I I Il
A A R AN
H H H
v @ v @ v @
X X X
A. Hy>H;
B. H,>H;
C. Hz>H;
D. 08cm<(H,-H;)<09cm
Sol. A,B
I I i
A A R AN
H H H
v @ v @ v @
X X X
Weapply, -2 - 1 =T "1
v u R
1 15 1-15 .
—_———=— ..(0)
-H, -30 ¥
P H;=20cm
115005 ...(ii)
-H, -30 -300
H; = 300 cm
145
1 15 -05
_ = ... (i)
-H; -30 300
P H;= @cm
155

\" (A) and (B) are correct.
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24.

Sol.

25.

JEE(Advanced) 2019/Paper-2

An electric dipole with dipole moment &(hj) is held fixed at the A

J2
origin O in the presence of an uniform electric field of magnitude E,,.
If the potential is constant on acircle of radius R centered at the origin

as shown in figure, then the correct statement(s) is/are :
(T, ispermittivity of free space. R >> dipole size)

A. Total electric field at point A is E, =+/2E, (i‘+])
B. Total electric field at point B is E; =0

® i)ﬂ3
C. :gP—OT
4pl 4 By g

D. The magnitude of total electric field on any two points of the circle will be same.

B,C
At B, E dueto dipoleistangential
b The other field must atleast cancel this E due to dipole.
Also, at B, if the other field also had a component in radial direction, then this component would contribute
to the net tangential component at A (since the other field is given to be uniform), which is not allowed
since the given sphere is equipotential.

e -1 Rl

other 4pf|~0 RST\/EI%

\ (B) and (C) only

A free hydrogen atom after absorbing a photon of wavelength | , gets excited from the state n = 1 to the
state n = 4. Immediately after that the electron jumps to n = m state by emitting a photon of wavelength | .

Let the change in momentum of atom due to the absorption and the emission are Dp, and Dp,. respectively.

If I—a :% , which of the option(s) is/are correct ?

e
[Use hc = 1242 eV nm; 1 nm = 10°m, h and ¢ are Planck’s constant and speed of light, respectively]
bp, _1
Dp, 2

Theratio of kinetic energy of the electroninthe staten=mto thestaten=11is %

A.

C. |,=418nm
D. m=2

21
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Sol. B,D
The energy level diagram is shown in the figure n=4
Itisgiven: I—azi
l, 5 e
@l 1o 1 |
or gm? 45 1, _1 ) n=m
g 16 1 5
& 45 |1,
P m=2
n=1-
C|ear|y %l 1
Dp, 2
Theratio of the kinetic energiesis also the ratio of the corresponding total energies = %
\ correct optionsare B, D
26. A mixture of ideal gas contains 5 moles of monatomic gas and 1 mole of rigid diatomic gas is initialy at

. P V
pressure Py, volume V, and temperature To. If the gas mixture is adiabatically compressed to a vol umeTO ,

then the correct statement(s) is /are, (Given 22 = 2.3; 2*%=9.2; Ris gas constant)

A. Adiabatic constant of the gas mixtureis 1.6

The final pressure of the gas mixture after compression isin between 9P, and 10P,

B
C. Thework |W|done during the processis 13RT,
D

The average kinetic energy of the gas mixture after compression isin between 18RTy and 19RT,,

Sol. A,B,C
5+1 _ n n,

= +
gm_l gl_l 92'1

b 6 _ 55 7l ~10

-1 24 1
g, =16

..Om
povélm = P%g P P=PR, ’ 23'2 =9.2 Py
€45

AVo- (92R) 2 1 gpy,

W = 4 -~ O:EGRTO:BRTO
0.6 0.6 6
--gm'l

Tovgm'l =TV™ip T= T0 %9 = TO (4)0'6 = 2.3T0

0 &V 5
Average kinetic energy of the gas mixture

=5 gRT +1 gRT =10RT =23RT,
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Section 2 (Maximum Marks: 18)

This section contains SI X (06) questions. The answer to each questionisaNUMERICAL VAL UE.

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/r ound-off the value to TWO decimal places.

Answer to each question will be evaluated according to the following marking scheme.

Full Marks : +3If only the correct numerical valueis entered.

Zero Marks : OlInall other cases.

27. Suppose a 2°Ra nucleus at rest and in ground state undergoes a-decay to a 522Rn nucleusin its excited
state. The kinetic energy of the emitted a particleis found to be 4.44 MeV. 2?Rn nucleus then goesto its
ground state by g-decay. The energy of the emitted gphotonis___ keV.

[Given: atomic mass of 2°Ra = 226.005u, atomic mass of ;22Rn = 222.000 u, atomic mass of a particle
=4.000 u, 1 u= 931 MeV/c? cis speed of the light]

Sal. 135.00
% Raa - decay 32Rn
Total energy emitted = (Dm)C?

=0.005" 931.5MeV = Eq (say) ()
Also, E; = 4.44 MeV ... (i)
, 4

Ern=4.44MeV = — .. (i
Rn 222 ( )

P E =Ey- E,- Egry=135keV

28. A ball is thrown from ground at an angle with horizontal and with an initial speed g4 For the resulting
projectile motion, the magnitude of average velocity of the ball up to the point when it hits the ground for
the first timeis V3. After hitting the ground, the ball rebounds at the same angle g but with a reduced speed
of uUg/a. Its motion continues for along time as shown in figure. If the magnitude of average velocity of the
ball for entire duration of motion is0.8 V4, thevalue of a is

Uo
ug/a
uy/a®
uy/a™
q q TN N
Sol. 4.00
2u,si ,

Let SoSN9 T, and ug cos q = v (given)

g

T
u, cosqT, + &cosql + u—gcosq—g
Average velocity = a a a
T, T
To+——+—S+...
a a
uO cosTO8 1 7t 2
: 8-y, 2 —ogv
T, a?[+—+7+ ...... 2 a+l
€ a a? g

a=4
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29. A 10 cm long perfectly conducting wire PQ ismoving  Apg P A A
with a velocity 1 cm/s on a pair of horizonta rails of
zero resistance. One side of therailsis connected to an
inductor L = 1 mH and aresistance R = 1 W as shown L
in the figure. The horizonta rails, L and R lie in the i —) 1 CM/S
same plane with a uniform magnetic field B =1 T R §
perpendicular to the plane. If the key S is closed at
certain instant, the current in the circuit after 1 L /
S

millisecond is x ©~ 102 A, where the value of x is A

Q A A

[Assume the velocity of wire PQ remains constant (1 crm/s) after key Sisclosed. Given: €' = 0.37, wheree
is base of the natural logarithm]

Sol. 0.63
_€ Ryl _ BIV - Rt/L
| —E(l- e )_?(1- e ™)
, , _2
_ 1 0.11 10 (l- g 110°10 ): 1- €1 =0.63 mA
Hence x = 0.63
30. A perfectly reflecting mirror of mass M mounted on a spring constitutes a

spring-mass system of angular frequency W such that APMW_ 307 112 with

h as Planck’s constant. N photons of wavelength | = 8p ~ 10°® m strike the

mirror simultaneously at normal incidence such that the mirror gets displaced Light
by 1 mm. If the value of N isx = 10%, then the value of x is

[Consider the spring as massless|

AR

Mirror
Sol. 1.00

If v is speed of mirror just after absorption of photons
Mv - Nz—h:OD - 2Nh

I MI
If ¢ isthe maximum compression in the spring
Ly =Ly

2
b v= \/KZ

m
=} 2Nh =W 10°°

Ml
b N=w 10¢ M _gy g6 goer ML
2h

4pMl

T' 102 =10*" 102 =10%
b x=1
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31.

Sol.

32.

Sol.

JEE(Advanced) 2019/Paper-2

A monochromatic light is incident from air on a

refracting surface of prism of angle 75° and

refractive index n, =/3. The other refracting

surface of the prism is coated by a thin film of 9
material of refractive index n as shown in figure.

The light suffers total internal reflection at the

coated prism surface for an incidence angle of

q £ 60°. Thevalueof n?is

150

When angle of incidence on first face of the prism is 60° the angle of incidence on the other surface of the
prism will be dightly greater than critical angle.

For refraction at first surface of the prism

sin60° = +/3sin n

b r,=30°

For second surfacer, = 75° - 30° = 45°

Sincer, » gc

NE

P sin45°=
b n?=150

An optical bench has 1.5 m long scale having four equal divisions in each cm. While measuring the focal
length of a convex lens, the lensis kept at 75 cm mark of the scale and the object pinis kept at 45 cm mark.
The image of the object pin on the other side of the lens overlaps with image pin that is kept at 135 cm
mark. In this experiment, the percentage error in the measurement of the focal length of the lens

% error in the measurement of focal length

=N Pl 100_?+ﬂ9'f 100
Vv

é
eﬂ 058 50 100-139

é(60)” (30" ¢
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Section 3 (Maximum Marks: 12)

This section contains TWO (02) List-Match Sets.

Each List-Match set has TWO(02) Multiple Choice Questions.

Each List-Match set hastwo lists: List-1 and List-11.

List-1 has Four entries (1), (I1), (111) and (1V) and List-11 has Six entries (P), (Q), (R), (S), (T) and (V).
FOUR options are given in each Multiple Choice Question based On List-l and List-11 and ONLY
ONE of these four options satisfies the condition asked in the Multiple Choice Question.

Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +31f ONLY the option corresponding to correct combinatioin is chosen;
Zero Marks : 0 If none of the optionsis chosen (i.e., the question is unanswered);
ZeroMarks : - 1Inall other cases.

33.

Sol.

Answer the following by appropriately matching the list based on the information given in the

paragraph.

A musical instrument is made using four different metal strings, 1, 2, 3 and 4 with mass per unit length m
2m 3mand 4 mrespectively. The instrument is played by vibrating the strings by varying the free length in
between the range Lo and 2L,. It is found that in string-1(n) at free length Loy and tension T, the

fundamental mode frequency isf.
List —I givesthe above four strings while list —I1 lists the magnitude of some quantity.

List-l List-11
()] String-1 (M P 1
(1)  String-2 (2m) Q 12
(1) String-3 (3m) (R). 1/2
(IV)  String-4 (4m) (S 1/43
(T) 3/16
(U) 116
If the tension in each string is Ty, the correct match for the highest fundamental frequency in fo units will
be,
Options

Al® P II® RIII® S IV® Q
B.I® QIl® SII® RIV® P
CI®PII®QI®T,IV® S
D.I® QI® P II® RIV® T

A
-1 T
° 2L,y m
f_i E:f_o
Yo, \2m 2
f:i E:f_o
2 2L,\3m 3
fo2L,\4m 2
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34.  Thelength of the string 1, 2, 3 and 4 are kept fixed at L, 3—20 % and %0 , respectively. Strings 1, 2, 3

and 4 are vibrated at their 1%, 3%, 5™ and 14™ harmonics, respectively such that all the strings have same
frequency. The correct match for the tension in the four strings in the units of T, will be,

Options

AI®RII® QII® T, IVe U

B.I® PII® QII®RIV® T

CI®RI®RI®T,IV® U

D.I®T,II® QII® R IV® U

Soal. A
_ 1 T
O_Z_LO m
For string -2

3 _ 1 [T
o> 3Ly\2m 2L,\m
2
T

T,=2

For string -3

5 -1 [T
Z'E 3m 2|_0 m

4

3T,

16

For string -4

1@ T _ 1 T
o Lo Vdm 2L, m
4

To

‘16

T, =
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Answer the following by appropriately matching the list based on the information given in the
paragraph.

In a thermodynamic process on an ideal monatomic gas, the infinitesimal heat absorbed by the gasis given
by TDX, where T is temperature of the system and DX is the infinitesmal change in a thermodynamic

. . &T 0 &eV 0 )
quantity X of the system. For a mole of monatomic ideal gas X :§R|n9l++ Rlngl+. Here, Risgas
2 eTA %] eVA %]

constant, V isvolume of gas. T, and V5 are constants.
The List -l below gives some quantities involved in a process and List -1l gives some possible values of
these quantities.

List-I List-11
1
) Work done by the systemin process1® 2® 3 (P) 3 RT,In2
1
(I)  Changeininternal energy inprocess1® 2® 3 Q) §RT0
(1) Heat absorbed by the systeminprocess1® 2® 3 (R) RTy
4
(IV) Heat absorbed by the systemin process1 ® 2 S E RT,
1
(T §RT0(3+In2)
O 2R,
35.  If the process carried out on one mole of monatomic P
ideal gasis as shown in figure in the PV-diagram with
0
PoVo = %RT , the correct matchiis, o 3
A
1
Po > 2
Vo 2V, V

Options

A l® QII® RIII® S IV® U
B.I® QII® SII®RIV® U
CI® Qll® RIII® P, IV® U
D.I® SI®RIN® QIV® T

Sol.

>

1
Wie 20 3= PoVo :ERTO
.3
DUss 20 5 =NC, (T; - T;) =1 E(SPOVO' P0V0)= RT,
4
DQie 203 = DU+W:§RT0

DQie 2= NCpDT :g(ZPOVO - RVo) = gRTo
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36.

Sol.
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If the process on one mole of monatomic ideal gasis T

as shown in the TV-diagram with PyV, = %RTO , the To

correct match is, 1

w |o—|

Y

Vo
Options
A I®RI®TIN® QIVE® T
B.I® SI®T,I® Q,IVe® U
CI®RPII®RIN®TIV® S
D.I® PRII® RINI® T, IV® P
D

Ty, 2V, RT,
Wie203=Wie2 *Wie3 = R?O|h—0+0:—30 In2

0

T, 0
DU1e 20 3= DU1e 2+ DUz 3:O+nCV§'O- ?0+
a8R R ., 6_3R 2o RT
DQio 2= (FdX = OTEEdT +EdVE:7c‘;jT+ OTdV =0+RTIn2
Vo
TO
|:D2®3= deX =£ de‘l‘(‘)FEdV :E' ﬂ"'O:RTO
2 10 v 2 3

DQ1® 2@ 3— RTIn2+ RTO =%RT0(3+In2)

2V,
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PART III-CHEMISTRY

SECTION 1 (Maximum Marks: 32)

This section contains EIGHT (08) questions.

- Each question has FOUR options for correct answer(s). ONE OR MORE THAN ONE of these four option(s) is
(are) correct option(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 (al) 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
options.

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 optionsis chosen (i.e. the question is unanswered).

Negative Marks: -1 In al other cases.

- For Example: in a question, If (A), (B) and (D) are the ONLY three options corresponding to correct answers,
then choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

Choosing no option (i.e. the question is unanswered) will get O marks; and choosing any other combination of
options will get — 1 mark.

37.  Choose the correct option(s) that give(s).an aromatic compound as the major product
A. Br

. Y9®

Y. PY5®

© + Cl, (excess) %92 99®
Y\Br i) alc. KOH
Y it %1 3®

Br
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So. B,D _
(B) oo
() wm ()
(D)
H,C _ _
ﬁABr %Y@ HiC——C=CH %% 7Y%
Br
38.. Consider the following reactions (unbal anced)

Zn+hot conc. H,SO, %3 G+R+X
Zn+concNaOH%3%® T +Q

G +H,S+NH,OH % 3%® Z(a precipitate) + X +Y
Choose the correct option(s)

A. Theoxidation stateof ZninT is+1

B. RisaV-shaped molecule

C. Zisdirty whitein colour

D. Bond order of Qis1initsground state
Sol. B,C,D

Zn+ H,SO, %% ZnSO,+S0,+H,0

(hot & conc.) (6) (R) (x)

Zn+conc. NaOH %% Na,ZnO,+H,
M (@)

ZnSO, +H,S+2NH,0H (aq.) % %@ Zr(IZS)_+(NH4)2 SO,+2H,0
(v) (x)

39.  Which of the following reactions produce(s) propane as a major product?

A. H,C
<] \/\COONa %9095 I

cl .
He N %BYYE
C. Br

Br 3
H3C)\/ YaI®

H,C ;
I coona + H,0 % ¥59%®

B.

D.

Sal. A,B
H3C/\/CI VYO TN

/\/\
H,C COONa %:¥%%H 9% >\

40. Choose the correct option(s) from the following:
A. Cedlulose has only a-D-glucose units that are joined by glycosidic linkages
B. Teflonisprepared by heating tetrafluoroethene in presence of a persulphate catalyst at high pressure
C. Natura rubber is polyisoprene containing trans alkene units
D. Nylon-6 has amide linkages
Sol. B,D
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41. The ground state energy of hydrogen atomis— 13.6 €V. Consider an electronic staje of He" whose

Sol.

42.

Sol.

43,

Sol.

44,

energy, azumuthal quantum number and magnetic quantum number are -3.4 €V, 2 and 0, respectively.
Which of the following statement(s) is(are) true for the state y ?

Itisa4d state

It has 2 angular nodes

It has 3 radial nodes

The nuclear charge experienced by the electron in this state is less than 2e, where e is the magnitude of
the electronic charge

, B

oow>»

>

s nH2
-34=—"C_° 13':2 2
n=4
=2
Subshell = 4d
Angular nodes= /=2
Radia nodes= n- /-1=4- 2-1=1

The cyanide process of gold extraction involves leaching out gold from itsore with CN" in the presence of

Q in water to form R. Subsequently, R istreated with T to obtain Au and Z. Choose the correct option(s)
\2-

A. Zis gZn(CN),H

B. TisZn

C. Ris gAU(CN),§
D QiSOz

A /B,D

Au%:9%® R%® Au+Z
Au+2CN" +0, %% gAu(CN),§

-2

gAU(CN),H +Zn%%® Au+gZn(CN),H

With reference to aqua regia, choose the correct option(s)

A. Theyellow colour of aqua regia is due to the presence of NOCI and Cl,

B. Aquaregiais prepared by mixing conc. HCI and conc. HNO3 in 3: 1 (V/V) ratio

C. Reaction of gold with aqua regia produces an anion having Au in +3 oxidation state
D. Reaction of gold with aqua regia produces NO, in the absence of air

A, C
Au+HNO, +3HCI %% HAUCI, + NO+H,0

Y ellow colour of agua- regiais dueto NOCI and Cl..
In aquaregiaHCl and HNO; arein 3:1 molar ratio

Choose the correct option(s) for the following reaction sequence

= CHO
= i) Hg®", dil.H,S0, i) socl, Zn- Hg
VDALY QY BYS® RYTVEW® S
MeO
Consider Q, R and S as mgjor products
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A.
/©/\/\C02H
MeO MeO
Q R U
B. II !I
R O MeO .
C. OH
/@)\/\Coz"'
MeO MeO
Q S
D. : %
MeO
R ©O s
Sol. A,B
0 I
C=—C—CH,—Ce—H C~(CH2 C—H H2C~(CH2)ZC—OH
Vs Ty HYIY Yo
OMe
(i)soct, / Py | (i) AlCI,
/@Ij_‘%‘?g%
MeO MeO
S R)
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SECTION 2 (Maximum Marks: 18)
This section contains SI X (06) questions. The answer to each questionisa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-screen virtual
numeric keypad in the place designated to enter the answer. If the numerical value has more than two decimal
places, truncate/round-off the valueto TWO decimal places.
Answer to each question will be evaluated according to the following marking scheme:
Full Marks: +3 If ONLY the correct numerical valueis entered as answer.
Zero Marks: 0 In all other cases

45.  Total number of isomers, considering both structural and stereoisomers, of cyclic ethers with the molecular
formulaC,HgO is
Sol. 10.00

(1 3 g LS
* ' % ~/\ »}/ \<(
(2) (2) (2) (2) (2) (3)

46. Themole fraction of ureain an agueous urea solution containing 900 g of water is0.05. If the density of the
solution is 1.2 g cm™, the molarity of urea solution is
(Given data: Molar masses of urea and water are 60 g mol™ and 18 g mol™, respectively)\

Sal. 2.98
Let mole of urea=x
X _50
900 =0.05, x T
18
Mass of solution :%' 60+ 900 :M
Volume of solution = 2070,
19" 1.2
= 2,0'1 litre
19"1.2
50
.. _ 19 _50712_ 60
Molarity = = = 985
Y= 201 201 201 @
19"12
47. Total number of cis N-Mn-Cl bond angles (that is, Mn— N and Mn — Cl bondsin cis positions) present in a
molecule of cis-[Mn(en),Cl,] complexis_____ (en = NH,CH,CH,NH,)
Sol. 6.00
Cl Cl
‘ \ / ?
Mn\
“ E \
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48. The amount of water produced (in g) in the oxidation of 1 mole of rhombic sulphur by conc. HNO; to a
compound with the highest oxidation state of sulphur is
(Given data: Molar mass of water = 18 g mol™)
Sal. 288.00

S, +48HNO, %3 8H,SO, +48NO, +16H,0
Mass of H,O=18" 16 =288 gram

49.  The decomposition reaction 2N,0;(g) %:3® 2N,0,(g) + O, (g) is started in a closed cylinder under

isothermal isochoric condition at an initial pressure of 1 am. After Y x 10° s, the pressure inside the
cylinder is found to be 1.45 atm. If the rate constant of the reaction is 5 x 10“ s, assuming ideal gas
behaviour, thevalue of Y is

Sol. 2.30
Unit of K represent it isfirst order reaction.

2N,0, %% 2N,0, +0,
t=0 1 0 0
t=t 1-P P P/2

1- P+ P+§:1.45

P
—=045p=09
> p

238 1
2°5 10" 1- P
2.303 1 2.303
“107°% = ol =
y 2°5°10* g1- 09 2°510°
Y =2.30

log10

50.  Total number of hydroxyl groups present in a molecule of the major product P is

Y eI T P

Sol. 6.00

H H

dil|KMno,

HO OH

HO OH OH OH
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SECTION 3 (Maximum Marks: 12)
This section contains TWO (02) questions.
Each List-Match set has TWO (02) Multiple Choice Questions.
Each List-Match set hastwo lists: List-l and List-11.
List-1 has Four entries (1), (I1), (111) and (IV) and List-11 has Six entries (P), (Q), (R), (S), (T) and (U).
FOUR options are given in each Multiple Choice Question based on List-1 and List-I1 and ONLY ONE of
these four options satisfies the condition asked in the Multiple Choice Question.
Answer to each question will be evaluated according to the following marking scheme:
Full Marks: +3 If ONLY the option corresponding to the correct combination is chosen.
Zero Marks: 0 If none of the optionsis chosen (i.e. the question is unanswered).
Negative Marks : -1 In all other cases.

Answer the following by appropriately matching the lists based on the infor mation given in the paragraph

51.

Sol.

Answer the following by appropriately matching the lists based on the infor mation given in the paragraph
52.

Sol.

Consider the Bohr’s model of a one-electron atom where the electron moves around the nucleus. In the
following, List-I contains some quantities for the n™ orbit of the atom and List-11 contains options showing
how they depend on n.

LIST-I LIST-II
(I)  Radiusof the n" orbit P un?
(1) Angular momentum of the electron in the n™ (@)] gnt
orbit

(I11)  Kinetic energy of the electron in the n™ orbit (R) i n°
(IV) Potential energy of the electron in the n™ orbit (S unt

(M pn?
(U) pn
Which of the following options has the correct combination considering List-I and List-11?
Options
A. (1), (P)
B. (IV), (V)
C. (), (9
D. (IV),(Q
A

Consider the Bohr’s model of a one-electron atom where the electron moves around the nucleus. In the
following, List- contains some quantities for the n™ orbit of the atom and List-11 contains options showing
how they depend on n.

LIST-I LIST-II
(1)  Radiusof the n" orbit ®  un?
(1) Angular momentum of the electron in the n™ orbit (Q pnt
(I11)  Kinetic energy of the electron in the n™ orbit (R g n°
(IV) Potential energy of the electron in the n™ orbit ©) U nt
(M  un?
(U) u nJJZ
Which of the following options has the correct combination considering List-I and List-11?
Options
A. (), (M)
B. (I),(R)
C. (0, (P)
D. (N, (Q
A
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2
Sol(1-2). KE = 13. 62 eV /atom
2
PE = ﬂeV/atom
n’

2,

Radius = O.SZQ%A

Angular momentum of electron (mvr) = g_h
p

Answer the following by appropriately matching the lists based on the infor mation given in the paragraph
53. List-1 includes starting materials and reagents of selected chemical reactions. List-1l gives structures of
compounds that may be formed as intermediate products and/or final products from the reactions of List-1.

LIST-I LIST-II
W CN ®) CHO
(@] ?/4.3/;{%2:@;1|2/4®
\> :U) conc. ﬁi2504 COZH
o)
(1) = Q OH
i) O3
7R R R AQ
CECOV gL or
2
1) AN R A
| X Cl i) KCN | \/\
ViY@
/ iv) cgnc 250, / ©
\/\COZCH3 f,50, N N
(|V) /\/COZME (S) /\ OH
| AN %ﬁ{iﬁﬁﬁ%@ | N N
N O Me N N con
2
(M o
2
CO,H

(U) : ;
’
o)

Which of the following options has the correct combination considering List-I and List-11?
Options
A. (1), (P), (S),(T)
B. (11),(P), (5, (V)
C. (1,(9,Q,. R
D. (1), (Q), (1), (V)
Sol. B
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Answer the following by appropriately matching the lists based on the infor mation given in the paragraph
54. List-1 includes starting materials and reagents of selected chemical reactions. List-Il gives structures of
compounds that may be formed as intermediate products and/or final products from the reactions of List-I.
LIST-I LIST-II
) (P)
CN CHO
O 32325 T4 Y0 ®
J '{f‘ s f1,50, CO,H
o
(1) = Q OH
i) Oy
3/, 3/1)3M.3,Q
E;E\/ A:U?fﬁ%if@ E;C;
CO,H e
(1)) (R)
Cl i) KON
%i%z%%“%/“@ O
COZCHS iv) conc. H,SO,
(1v) CO,Me S OH
CO,Me COH
T
CO,H
(V)

<

Which of the following options has the correct combination considering List-1 and List-11?
Options
(1IV), (Q), (V)
(IV), (Q. (R)
(1), (9), (R)
(1, (M), (V)
Sol

Sol(34). (i) o

CN Q—H
AR A Hi UT
5 0
CHO

(i) =

. CHO
Vit h 4@ AT
COOH COOH ©
0

woOOw>
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(i)
Cl e COOH
ity LRI Y%®
CO2CH3 COOH o
BLig )
Conse/4 )ﬁ )r%® %%D%' %@4@ S
CHy—CH50H
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