JEE Advanced Exam 2019
(Paper & Solution)
PAPER-2

PART-I (PHYSICS)
SECTION - 1(Maximum Marks: 32)

This section contains EIGHT (08) guestions.

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

For each question, choose(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
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 option is chosen (i.e. the
question is unanswered).

Negative Marks: —1 In all other cases.
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1. 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 a flat top, cylinder Il has
a convex top and cylinder 111 has a concave top. The radii
of curvature of the two curved tops are same (R = 3m). If
H, H,and H, are the apparent depth of a point X on the
bottom of the three cylinders, respectively, the correct
statement (s) i1s / are —

1 | I
A - T e -

H H 1]

(1)0.8cm < (H2—Hj1) <0.9cm (2) Hz> Hy
(3)H2> Hs (4) H.> H;

Soin.: [3, 4]

For fig. |

It is given that its top is flat or plane. So, R = «ofor plane
surface,

As we know that

oolbefe b Here (,=1,,=1.5,u=-30cm, v =-H;
1 15 1-15

~H, -30 o

H; =ﬂ: 20 cm
15
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For fig. 11,
Applying following formula

[

vV u R
Here p,=1, =15 u=-30cm, v=-H; R=-3m=-300

cm

1 15 1-15
~H, -30 —300
1 15 05 1

“H, 300 300 600
1 15 1 30-1 29

H, 300 600 600 600

H, = 20.6 cm

For fig. 111

Applying following formula

MM BTl

vV u R

Here =1, =15 u=-30cm,vV=-Hs R=3m=300cm

1 15 1-15 05 1
—H; —30 +300 300 600
1 11
==

Hy 20 ' 600

+

Now from above, we get, H;=20cm, H>=20.6 cm, Hs=
19.3cm

H,-H1=20.6-20=0.6

With above values, we can conclude that

H>> Hq, Hi< Hp, Ho> Hs



An electric dipole with dipole moment %m]) Is held fixed

at the origin O in the presence of an uniform electric field
of magnitude EOQ. If the potential is constant on a circle of
radius R centered at the origin as shown in figure, then the
correct statement (S) is/are : (<, is permittivity of free space
R >> dipole size)

(1) Total electric field at point B is ;=0
(2) Total electric field at point A IS E, =2, +)

(3) = :[p_o .

47( 60 EO

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

Soln.: [1, 3]
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At point B, E due to dipole is equatorial. E, .., at all points

on circle should be zero since the given circle is

equipotential

kpo
Eg=0= —Q2=E
. RGO

So, option (1) is correct.
Electric field at point A, EAZZ'F‘%ﬁO _ 2E, + Ey = 3E,

1/3 1/3

Ep=Po_, p—|ko

R Eo
So, option (3) is correct.

Po
4’|T 60 EO

Because Ep is uniform & due to dipole Electric field is
different at different points, so magnitude of total electric
field will also be different at different points.

So, option (4) is incorrect.

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 is the acceleration due to gravity]

(1) The angular acceleration of the rod will be zrg

(2) The radial acceleration of the rod's center of mass will
be %
4

(3) The angular speed of the rod will be \/g

www.vedantu.com
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(4) The normal reaction force from the floor on the rod will

be M9
16
Soln.:  [2,3, 4]
By applying conservation of energy, we get
lIoa2 = ng
Imb o gl
273 0Ty
_ |3
VoL
B o
\
60 \§
"Il’lg
A
Now,

2

t=lo= (mg)EsinGOO:%a
o239 ine0e - 39 V3 _3v3g
2L 2L 2 4L

Tangential acceleration, a; -« ;?i g sg g

Radial acceleration aczgmz L3g _3g

22L 4
Net vertical acceleration of C.M. of rod
aV=7c0560+ J_g 00 -39 3“/_9\/_ 39[ 3} 159

8 8 2 8| 2 16

8 8 2 8| 2

Applying Fnet = may in vertical direction on rod as system

Mg—-N= M@ N:m

16 16
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4. InaYoung's double slit experiment, the slit separation d is
0.3 mm and the screen distance D is 1m. A parallel beam of
light of wavelength 600 nm is incident on the slits at angle
o as shown in figure. On the screen, the point O is
equidistant from the slits and distance PO is 11.0 mm.
which of the following statement(s) is/are correct?

scresn

(1) For a:%degree, there will be destructive interference

at point O

(2) For «=0, there will be constructive interference at
point P

(3) For a:o-_:ﬁdegree, there will be destructive interference

at point P.
(4) Fringe spacing depends on «.
Soln.:  [3]
1036 1 1

Given a:@degree_ X— =
yis n 180 500

P
%
*

"
d sim

radian

Path difference atp = dsin o+2 (- a-small, sin a-«)

=da +—

-3
03009 00
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a1 _
3x107| = +11x107°
= {500 " Llo?’

60010 2
%:%:6.5 Destructive interference

[13x107%] =§

—4 -3 -
2 a=02-310 b0 _H_q5(Destructive)
A 6x10 2

Fringe width in all the above case remain unchanged. So,
Fringe width does not depend on a.

5. A mixture of ideal gas containing 5 moles of monatomic
gas and 1 mole of rigid diatomic gas is initially at pressure
PO, volume VO, and temperature TO. If the gas mixture is
adiabatically compressed to a volume V0/4, then the
correct statement(s) is/are, (Given 22-232*?-92: ; R IS gas
constant)

(1) The final pressure of the gas mixture after compression
Is in between 9P0 and 10PO0.

(2) The work |W| done during the process is 13 RTO.

(3) Adiabatic constant of the gas mixture is 1.6.

(4) The average Kkinetic energy of the gas mixture after
compression is in between 18RTO and 19RTO.

Soln.:  [1,2, 3]

Given:
ni= 5 moles of monatomic gas and n, = 1 mole of diatomic
gas

Adiabatic constant of the gas mixture, y,,, - WP 12CP2

n;Cy, +n2Cv;

3R 5R
Cv, = Cp, ==
1= Py >
5R 7R

Cv,=2"  Cp,=—
2= P2 >
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{5 )0lz)

Adiabatic constant of the gas mixture = 2 32R/2 §
5R
o{3)0l3)
Y

5R) 20R/2 5
2

And for adiabatic process p,v; - p(\fj (--adiabatically

- _ V0
compression _Z)

The final pressure of the gas, p=r, ()’ P =P, (4)%° =9.2p,

V,
F’1V1—PzV2 PoVo - (4)8/5 "o 40
y-1 §_1
5

1-4%/5 ~1.92
— PV, — PV, —2£ — _2 15P,V/
00{3/5}000.6 070
|W |= 2.15(6)RT, =13RT,

Average kinetic energy = nCVT= 6xx2.3 To= 23 RT
3

W =

6. A small particle of mass m moving inside a heavy,
hollow and straight tube along the tube axis undergoes
elastic collision at two ends. The tube has no friction and it
Is closed at one end by a flat surface while the other end is
fitted with a heavy movable flat piston as shown in figure.
When the distance of the piston from closed end is L = LO
the particle speed is v = v0. The piston is moved inward at

a very low speed V and such that V<<dTLv0, where dL is the

infinitesimal displacement of the piston. Which of the
following statement (s) is/are correct?

ww.vedantu.com
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il

| — 1
|

| L i
(1) The particle's kinetic energy increases by a factor of 4

when the piston is moved inward from LO to %LO.

(2) After each collision with the piston, the particle speed
increases by 2V.

(3) The rate at which the particle strikes the piston is v/L.
(4) If the piston moves inward by dL, the particle speed

increases by 2VdTL.
Soln.:  [1, 2]

*—>V, Ve

L

o
-

M

3) The rate at which the particle strikes the piston= 2.

v

(2) Speed of particle after collision = 2V + vy
Change in speed = (2V + Vo) — Vo
After each collision = 2V

Frequency =V
2L

Change in speed in dt time = 2V x number of collision dt
time

On decreasing length to half K.E. becomes %
Option (1) and (2)

10



7. A block of mass 2M is attached to a massless spring
with spring-constant k. This block is connected to two other
blocks of masses M and 2M using two massless pulleys and
strings. The accelerations of the blocks are a,,a,anda,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 x,. Which of the following option (s) is/are
correct ? [g is the acceleration due to gravity. Neglect
friction]

28

M

(1) When spring achieves an extension of %Ofor the first

time, the speed of the block connected to the spring is

M
30, [—
gSk

(2) Xo -9

k
(3) At an extension of ’jToof the spring, the magnitude of
acceleration of the block connected to the spring is f_g

(4) dp —dy =ap; —as

Soln.:  [4]

11
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2M

2I\'Ii as

231 = a; + as
dp—adz=adx —adi

a, +ag
ap == Ola,-—a;=a;—a,

Also
Reduced mass = mx2m _2m

m+2m 3

Tension = 2MMz , _4M

=9
m; +m, SRR

2T=2x4?mgeff

21 _8m
Qerf 3
8m 1 5
— X0+ ==kx
3 o9+ 5 X0
XO:leg

3k
Energy conservation

2
8MXo 1y Xo L omy2
372 2 4 2
2

16mg 4mg _lk(16mg} 2 +4_mV2
3k 3 8 3k 3

2.2
32m7g” 7 2
9 Kk 3

12
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2
V2 32 mg

T2k

32 mg
V=g,|——
N2k

8. 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 jJumpston=m
state by emitting a photon of wavelength,. Let the change
in momentum of atom due to the adsorption and the
emission are ap,and ap,, respectively. If i_:% which of the

e

option (s) is/are correct ? [Use hc = 1242 eVnm;inm=10°m, h
and c are Planck's constant and speed of light, respectively]
(1) Le =418nm

(2) The ratio of kinetic energy of the electron in the state
n=mtothestaten=1is ;

(3) m=2
(4)

Ap, 2

Soln.:  [2, 3]

The energy level diagram is shown in the figure

n=4

n=1—l—

13
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It is given that:hz

Ae 1_(
4
1 1.1
2

2 16 5 16

m 16
1 4
m

—=— = m=2

16

— =136
7\‘6

4 16}
1240

:13.6( 12 j
Ae 16x4

5, - 1240x16x4 — 4187 nm
€ 12x13.6

The ratio of the kinetic energies is also the ratio of the
corresponding total energies_:

Now,
hc (1__1

h h
ap, N ap, 5

a e

AP,

Now,
ap,

_£:5
}\‘a

14
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SECTION -2 (Maximum Marks: 18)

e This section contains SIX (06) questions. The answer to each
question isa NUMERICAL VALUE.

e For each question, enter the correct numerical value 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.

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

Full Marks: +3 If ONLY the correct numerical value is
entered as answer.
Zero Marks:0  In all other cases.

1. A 10 cm long perfectly conducting wire PQ is moving with
a velocity 1 cm/s on a pair of horizontal rails of zero
resistance. One side of the rails is connected to an inductor
L =1 mH and a resistance r-1o as shown in figure. The
horizontal rails, L and R lie in the same plane with a
uniform magnetic field B = 1T perpendicular to the plan. If
the key S is closed at certain instant, the current in the
circuit after 1 millisecond is xx10%a, where the value of x is

after key S is closed. Given:et-037, Where e Is base of the
natural logarithm]

15



\edantn,

LIVE ONLINE TUTORING

®B P @
i
L E
m—p | c)/S
"3
S
® $ Q @

Soln.:  [0.63]

Given: B=1T,I=10cm,v=1cm/s

Since velocity of PQ is constant. So emf developed across

it remains constant
E = vIB where | = length of wire PQ

_ 10 e
—(10%m/s)| — |(1) =10 3volt
( )(moj()

Current at any time t is given by

-3
i=ip-e") -

R 1
_10° [1_ 1073072 }
1

-107° (1-% —-0.63x107°
e

Therefore,
x=0.63

16
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2. Suppose a Z°ranucleus a rest and in ground state undergoes
«-decay to a Zrnnucleus in its excited state. The Kinetic
energy of the emitted a particle is found to be 4.44 MeV.
22pnnucleus then goes to its ground state by y-decay. The
energy of the emitted yphoton is .............. keV. [Given:
atomic mass of Z¢rn=226.005u, atomic Mass Of Z2rn=222.000u,
atomic mass of « particle = 4.000 u, w=931mev/c? C IS Speed
of the light]

Soln.:  [135]

Mass defect am= (226.005) — [222.000 + 4.000]
= 226.005 — 226.000 = 0.005amu
Q =Amc?= 0.005 x 931.5 =4.6575 MeV = E,

Since momentum is conserved, Kinetic energy is in inverse

ratio of masses.
= = 1
PRFI = _PHG = KE oc E
(KE)rn _ My
(KE), mg,

4.000

——X
222.000

= (KE)gq, =2;;2x4.44 MeV =0.08MeV (- Given (KE), = 4.44Mev)

= (KE)gn = (KE)q

Energy of , particle =g,-«e,-ke,, = 4.65 — [4.44 + 0.08]
= 0.135 MeV = 135 KeV

17



3. A monochromatic light is incident from air on a refracting
surface of a prism of angle 75° and refractive index n,=+3.
The other refracting surface of the prism is coated by a thin
film of material of refractive index n as shown in figure.
The light suffers total internal reflection at the coated prism
surface for an incidence angle ofe<eoc. The value of n2is

Soln.: [1.5]

By applying snell,s IaW

sin® =+/3sin(75-6,)
For limiting condition 6 =60°,

sin60° =+/3sin(75-6,) = 6, =45’
From equation (i), we get
1 n \/§ 2 3

E:ﬁ: n:E = n =5

nZ =1.50

18
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4.  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 lens is kept at 75 cm mark of the scale and
the object pin is 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

thelensis .........oovvvnn.e. .
Soln.:  [1.38 or 1.39]

u= 30cm,\ V= 60cm
'45cm \/ J  150cm
135cm
75cm

For the given lens, u=-30cm and v =60 cm

By using lens formula, we get
1 1.1 1 1 1

_ Y — ==
v u f 60 -30 f

f=20cm

After differentiation both side, we get
df dv du
f2 ;§+_u2

df = fz(d—\zl d—‘z‘j .................... (1)

Vv u

Here f=20cm, dv =du =0.25+ 0.25 = 0.5cm
Putting values in above equation, we get

19
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df =400 224 05 =(i+1jx2=9
602 (307, |36 9) 36

The percentage error in the measurement of the focal length of
the lens is given by

ﬁ><1OO =1O/—36><100 =@ =1.388
f 20 36

5. A ball is thrown from ground at an angle o with horizontal
and with an initial speed u,. 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 time is v, .
After hitting the ground, the ball rebounds at the same
angle o but with a reduced speed of u,/«. Its motion
continues for a long time as shown in figure. If the
magnitude of average velocity of the ball for entire duration
of motion is osv,, the value of ais ............... .

o .
L) u“.-","!'.e il 0 i :

a 1\\ u“-"d‘ ..-r"_'_'_"“-\-\.‘_" o 5 0 fer
A
L L Y il Yy

Soln.:  [4]

2u,y Sin®
Let Og =T, and ug cosO =v;

Total displacement
Vavg = -
Timetaken
Here, total displacement=vyt; + Vv t; + Vata...........
Total timeTaken =t; +1t, +ts...........

Now, we get

20
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u Up .
} ~0c0s0—sin0

2[u0coseuosin9 Lol @ o
g g
- Uy .
. 2-%sing
2Uosin® |~ +.n
g g
uocose[1+12+14+....+gm}
— (04 (04 (04
1 1
=+ =+ +—
a (04 o
m — oo
1+J§+Jj+ ......
=V (04 (04
1 1 1
1+—+—5+ ......
(SN0
.
— 2
1_;; ag—l
- a -
Ry a? a-1 o V.
avg 1 0L2—1 - o+1 1

08V, =V, =—%_ — 4,=0.80+08
! ! o+l

0.200=0.8

a=4

21
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6. A perfectly reflecting mirror of mass M mounted on a
spring constitutes a spring-mass system of angular

frequency o such that 2= _10*m2 with h as Planck's

constant. N photons of wavelength »=szx10°mstrike the
mirror simultaneously at normal incidence such that the
mirror gets displaced by 1m. If the value of N is xx10?, then

the value of x 1S ............... . [Consider the spring as
massless]
Light
Mirrar
Soln.:  [1]
Given that:

A=1;m= 10°m N = No. of photons, i-grx10%m

If v is speed of mirror just after absorption of photons

MV, = 2N%

Ma(o:ZND
A

h

M(1078)(Q) = 2N
Rl 8rx107°

10712 = _Nh
4TtMQ

N = (41'ChMleo_12

N =10%*x107*% =10% (Given th;ﬂ;%:lo“m—z)

X=1

22
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SECTION - 3 (Maximum Marks: 12)

e This section contains Two (02) List-Match sets.

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

e Each List-Match set has two lists : List-1 and List-11

e List-1 has Fourentries (1), (1), (111) and (IVV) and List-11 has
Six entries (P), (Q), (R), (S), (T) and (V).

e FOUR options are given in each Multiple Choice Question
based on List-1 and List-11 and ONLY ONE of these four
options satisfies the condition asked in the Multiple Choice
Question.

e For each question, marks will be awarded according to the
following marking scheme :

Full Marks: +3 If ONLY the option corresponding to the
correct matching 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.

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

1. A musical instrument is made using four different metal
strings, 1, 2, 3 and 4 with mass per unit length p.2u,3. and s,
respectively. The instrument is played by vibrating the
strings by varying the free length in between the range
Loand 2Lo. It is found that in string-1 () at free length Loand
tension Tothe fundamental mode frequency is fo.

23
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List-1 gives the above four strings while List-11 lists the
magnitude of some quantity.

List - | List—11
() |String—1 |(P) |1
(1)
(1) |String—-2 |(Q)|1/2
(2n)
(I11) | String =3 | (R) | 1/42
(€0)
(IV) | String—4 | (S) | 143
(4n)
(T) | 3/16
(U) | 1/16

If the tension in each string is TO, the correct match for the
highest fundamental frequency in fO units will be,
(1) 1-Q; 11 5S; HHISR; IVSP
(4) 1-Q; 1l 5P INSR; IVST
Soln.:  [2]
For fundamental mode

1 T
Frequency foza\/g
String (1) f,=-= [T° »p

2o \ 1

" 1 [Ty 1y
String (2) f2=m\/;_$%a

24
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String (3) f,=-1 |1 >s

2L, \ 31

i 1 /T £
String (4) f4=m\/%=?—>Q
| > P, I >R, Il - S, IV — Q Option (2)

Answer the following by appropriately matching the
lists 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 ,.2u,3. and 4,
respectively. The instrument is played by vibrating the
strings by varying the free length in between the range LO
and 2L0. It is found that in string-1., at free length LO and
tension TO the fundamental mode frequency is f0.

List-1 gives the above four strings while list-11 lists the
magnitude of some quantity.

List— I List— 11
() |String-1w |(P) |1
(I1) |String—2¢w |(Q)|1/2
(I11) | String — 3@y | (R) [1/42
(IV) | String — 4@y | (S) | 143
(T) | 3/16
(U)|1/16

25
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The length of strings 1, 2, 3 and 4 are kept fixed at L0,

Zo Zoand 22, respectively. String 1, 2, 3and 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 Ty
will be.
(1) 1P 1 -5Q; HIST; IVSU
(2) 1 5P; 1 5Q; SR IVST
3) I-T; 11 -Q; ISR IVSU
4) 1P 1SR ST IVSU

Soln.: [1]

For string (1)
Length of string = LO
It is vibrating in Istharmonic i.e. fundamental mode.

T, 1

1 T

I
° 2L\

For string (2),

Length of string = =2
It is vibrating inlllrd harmonic but frequency is fo

26



For string (3)
Length of string = >

It is vibrating in 5"harmonic but frequency is still fo

SSSSS

L
£ 32
€ A
5
5L,
4
5 T3 21 [T 1 [Ty
fO:—: —_— = —— _— = — —
2% 3u V3LV 2L\ m
4
3
T3 =—T,
3776 0

For string (4),
Length of string = T2

27
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Itis vibrating in 5"harmonic but frequency is still fo
fo 7|—o \/E 2'—0\/:

\/ﬁ_\/_:> T, - Ty

16

3. Answer the following by appropriately matching the
lists based on the information given in the paragraph.
In a thermodynamic process on an ideal monoatomic gas,
the infinitesimal heat absorbed by the gas is given by Tax,
where T is temperature of the system and ax is the
Infinitesimal change in a thermodynamic quantity X of the
system. For a mole of monatomic ideal gas

X=Rln( T jmm{v ] Here, R is gas constant, V is volume of
A

A

gas, Ta and Va are constants.

The List-1 below gives some quantities involved in a
process and List-11 gives some possible values of these
quantities.

List— 1 List— 11

() | Work done by the system in (P) %RTOInz
process 1- 253

(I1) | Change in internal energy in (Q) | Lrr,
process 1-2-3

(111) | Heat absorbed by the system in | (R) | rT,
process 123

28
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(IV) | Heat absorbed by the system in | (S) %mo
process 12

(T) %RTO (3+In2)

(U) ERTo

6

If the process on one mole of monatomic ideal gas is as
shown in the TV-diagram withe,v, =%RTO, the correct match

IS.
B
v, zvl,r[/
(1) I-P; SR HIST; IVSP
(2) 1-P; ST, H-Q; IVST
(3) I-P; SR HIST; IVSS
4) I-S;1-T; H-Q;1V-U
Soln.:  [1]
Given that Process 1 — 2 is isothermal since temperature is
constant.

Process 2 —3 is isochoric since volume is constant
(1) Work done by the system in process 1~ 2- 3
Wi23=Wiso+ Wao 3

W1_2_3 = nRT In (2\/&} + O

0

W5 3 =nR%In2+O=%In2
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(2) Change in internal energy in process 1- 2— 3
AUyp3 =AUy, +AU,;
=0+nCvdT

2 3

(3) Heat absorbed by the system in process 1-» 2— 3
AQq23 =AQqp +AQy3

=%In2+nCvdT
=%In2+RT0

=%(In2+3)

(4) Heat absorbed by the system in process 1~
2(isothermal)
AQp, =AW

:ﬂlnz

Answer the following by appropriately matching the
lists based on the information given in the paragraph.
In a thermodynamic process on an ideal monoatomic gas,
the infinitesimal heat absorbed by the gas is given by Tax,
where T is temperature of the system and ax is the
infinitesimal change in a thermodynamic quantity X of the
system. For a mole of monatomic ideal gas

X=Rln(le+Rln£Vl]. Here, R is gas constant, V is volume of

A A

gas, Ta and Va are constants.

The List-1 below gives some quantities involved in a
process and List-11 gives some possible values of these
quantities.
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List— 1| List— 11
(I) | Work done by the system in (P) %mo In2
process 1 2-3
(I1) |Change in internal energy in (Q) %RTO
process 15,23
(111) | Heat absorbed by the system in | (R) | rT,
process 15,23
(IV) | Heat absorbed by the system in | (S) gRTO
process 12
(T) %RTO(3+In2)
(U) %RTO

Soln.:

If the process on one mole of monatomic ideal gas is as
shown in the TV-diagram with ryyv, =%RT0, the correct match

IS.

=
.+,,
-

To | 1
3T

sr[/

V,
1-Q; I1-S; H-R; VU
1-Q; I-R; HISP; IVSU

[1]

(1)
(2)
(3)
(4)

ZVy
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Given that Process 1 — 2 is isothermal since temperature is
constant
Process 2 —3 is isochoric since volume is constant
Degree of freedom f =3
(1) Work done by the system in process 1-» 2— 3
Work done in any process = Area under P-V graph

Wigs =Wy +Wpg

RT,
=PV, = _30

(2) Change in internal energy in process 1-2- 3
AUyp3 =AUy, + AU,
=nCv(T; -Ty)

3

(3) Heat absorbed by the system in process 1-2-3
AQj3 =AQq, +AQy3

=nCp(T, —T;) +nCv(T3 -T,)

= g(RTZ -RTy) + g(RT3 —RT,)

= g(ZPOVO —PoVo) + 2(3P0Vo —2Py\Vp)

5 3 4
= 2PV + =Py = 4P,V =~ PV,
200 200 ovo 300

3—>S

(4) Heat absorbed by the system in process 1-2

5
AQ].Z = 5P0V0 = g RTO

4->U
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JEE Advanced Exam 2019
(Paper & Solution)
PAPER-2

PART-I (CHEMISTRY)
SECTION - 1(Maximum Marks: 32)

This section contains EIGHT (08) guestions.

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

For each question, choose(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
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: 0O If none of the option is chosen (i.e. the
question is unanswered).

Negative Marks: —1 In all other cases.
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e 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 marks;
choosing ONLY (B) 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
commination of options will get —1 mark

1. The cyanide process of gold extraction involves leaching
out gold from its ore with cn-in the presence of Q in water
to form R. Subsequently, R is treated with T to obtain Au
and Z. Choose the correct options(s)

(1) Z IS znenN), > (2) TisZn
(3) Qiso, (4) RS faucn),r
Soin.: [1, 2, 3]

Eraction of gold is done by teaching with dil. solution of
NaCN in the pressure of air (CO>).

Au +CN~(aq) + 0, — 22 5[ Au(CN),] (ag) + OH~
Q

- 2—
[/éL;(CN)z] (aQ)+(ZTf;(S)—>[(ZZf;(CN4)] +2Au(s)
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Which of the following reactions produce(s) propane as a
major product?

Br
(1) H;C')\/Br _In
(2) e/ €l _Zu il HCI
(3) H;C\/’\ COONa + H,0 electrolysis
(4) HC\ "\ coona, VOH. €20, 4

Soln.:  [2,4]

CH,-CH,-CH, -CI—®»CH, ~CH, —-CH,ZnC—%*_,CH, - CH, - CH,
CH3—CH2—CH2—C—OeNa® NaOFlgCao BCH3—CH2—CH3

|
0

With reference to aqua regia, choose the correct option(s):
(1) Reaction of gold with aqua regia produces No, in the
absence of air

(2) Reaction of gold with aqua produces an anion having
Au in +3 oxidation state

(3) The yellow colour of aqua regia is due to the presence
of NOCI and ci,

(4) Aaqua regia is prepared by mixing conc. HCI and conc.
HNO, In 3:1 (V/V) ratio

Soln.: [2, 3, 4]

(1) 2Au + 3HNO3 + 11HCI — 2HAuCls + 3NOCI + 6H,0

(2) In HAUCI4 or [AuCl4], Au is in + 3 oxidation state.

(3) Yellow colour of aqua regia is due to the presence of
NOClIorange yellow and ci,(greenish yellow)

(4) Aqua regia is mixture of 3HCI(conc.) and 1HNO:s.
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4. The ground state energy of hydrogen atom is —13.6 eV.
Consider an electronic state , of 1e- wWhose energy,
azimuthal qguantum number and magnetic quantum number
are -3.4 eV, 2 and 0, respectively. Which of the following
statement(s) is (are) true for the state, ?

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

(2) It has 2 angular nodes

(3) It has 3 radial nodes

(4) Itisa4d state

Soln.: [2,4]

He" =(z=2)

Ground state energy is given

2

E, =—13.6%:—3.4
—13.6@:—3.4

n
n*=4°
n=4
Quantum number are
n=41=2m=0
So, subshell is 4d.
Angular node =1=2
Radialnode= n-1-1=4-2-1=1
Nuclear charge = 2e
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5.  Choose the correct option(s) from the following:

(1)
(2)

(3)
(4)

Soln.:

1)
2)

(3)
(4)

Cellulose has only «-p-glucose units that are joined
by glycosidic linkages

Natural rubber is polyisoprene containing trans alkene
units

Nylon-6 has amide linkages

Teflon is prepared by heating tetrafluoroethene in
presence of a persulphate catalyst at high

3, 4]

Cellulose has only s-p-glucose units that are joined
by glycosidic linkages.

Natural Rubber units which are joined by C; — Cq4
glycosidic linkage is cis-polyisoprene.

Nylon-6 has amide linkages

Teflon is prepared by heating polytetratluro ethene in
presence of a persulphate catalyst.

6. Consider the following reactions (unbalanced)
Zn + hot conc. H,50, >G+R+X
Zn +conc. NaOH -T +Q
G + H2S + NH40OH - Z (a precipitate) + X +Y
Choose the correct option(s)

(1)
(2)
(3)
(4)

Soln.:

Bond order of Q is 1 in its ground state
Z is dirty white is color

R is a V-shaped molecule

The oxidation state of Znin T is +1

[1, 2, 3]

Zn + Hot ConC - H,50, —— ZnS0O, + SO, + H,0

(G) ®) X

-

Zn + ConC - NaOH —— Nay ZnO, + Hy(B - 0 = 1)

(M (@
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ZnsS0, + H:5 + MNH:.OH —— Zn5 +~ + {:\-H_']}: S0, + H:D

S @ w @ ©
(Dirty white)
SO2(R) is V-shaped
ZnS(z) is dirty white gelatinous ppt.
Bond order in Hx(0) is 1

7. Choose the correct option(s) that give(s) an aromatic
compound as the major product:

(1) | _NaOEt (2) O—Cl (excess) LV.S0K,

(i) alc. KOH

( ;e‘ & Br (i1) NaNH, .
(3) NaOMe 11/\ T >
Soln.:  [3, 4]
(\ Br
| —F© _, Anti aromatic
Vad
\_H
Cl
Cl Cl
(2) @ + Cl, (excess) UV, 500K
Cl
Cl

(Non aromatic)
H
c_:.
(3) m ﬂ} m Aromaric

CH,
(4) cm-ci-ci — @\
Br CHE C H3

Br
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8. Choose the correct option(s) for the following reaction
sequence
_- (i) Hg™. dil. H,S0: (i) SOCI, o-Ho
,;;: o (i) ASNO;, NH.OH pyridine CZME'HQ s
(11) Zn-Hg. conc. HCL i (1) AlCL;
MeO
Consider Q, R and S as major products:
/O/\/\ CO:H
(1) MeO MeO
0
Q R
OH
o (7w
MeO MeO
Q S
(3) MeD “ MeO
0
R S
(4) MeO " MeO
0
R S
Soln.:  [1,4]
O
ﬁ |O| CH,-CH,-CH,~C-OH
& C-(CH,),-C-H
\ Q
@C«;C-CH:-C—H Hg SOs, HySO4 (dill) @ (i) AgNO3+NH4OH
- (ii) Zn-Hg, HCI OMe
MeO

®

(i) SoClz/fy l (i) AlCIs

IOGLcy

O
R)
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SECTION - 2 (Maximum Marks: 18)

This section contains SIX (06) questions. The answer to each
question isa NUMERICAL VALUE.

For each question, enter the correct numerical value 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: +3 If ONLY the correct numerical value is
entered as answer.

Zero Marks: 0 In all other cases.

1.

The amount of water produced (in g) in the oxidation of 1
mole of rhombic sulphur by conc. nno, to a compound with
the highest oxidation state of sulphur is

(Given data: Molar mass of water = 18 g mol™)

Soiln.:  [288 gm]

S; +48HNO, ——8H,SO, +48NO, +16H,0
1 mol 16 mol

Mole of water = 18
Amount of water produced = 16 x 18 = 288 gm
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Total number of hydroxyl groups present in a molecule of

2.
the major product P is
- (1) H,, Pd-BaS0O., quinoline N
- (i) dil. KMnO, (excess) 23K~
Soiln.:  [6]

CH.—C=C-CH,

(i) Ho. PdSOy .
D qunoline ’

N c=cC -~ dil KMnOy
——
s - 273K
H H
-3
HO CHy-CH-CH
OH OH
OH O

Total 6-OH group present in a molecule of the product.
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Total number of isomers, considering both structural and
stereoisomers, of cyclic ethers with the molecular formula
C,H,0 IS

Soln.:  [10]

0

()

(1)

=10

0 0 0

0 (8]
I |/ N\ N\
(R+3) R+S (1)

(1) ®R.RB) (5.9)
(2) (2) R, $)=(S.R)

(3)

The mole fraction of urea in an aqueous urea solution
containing 900 g of water is 0.05. If the density of the
solution is 1.2 g «m=, the molarity of urea solution is

(Given data: Molar masses of urea and water are 60 g mor*
and 18 g moi, respectively)

Soln.:  [2.98]

mole fraction urea

n
Xy =——2= 0,05
n +Nn

urea water

nurea —
— 900" 0.05

N+
urea 18

w005
Nyea +50

urea

n_ =0.05n__+2.5

urea urea

0.95n,., =25

N e =£=@:2.63mol
095 95

Mass of urea = 2.63 x 60 (-~ molar mass of urea = 60
g/mol)

= 157.89
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Mass of solution = 157.8 + 900 = 1057.8¢g

Volume of solution = %zSSl.SmI

Molality of solution = 203 | 1000=2.98M
881.5

5.  The decomposition reaction 2n,0,(g)—2»2N,0,(9)+0,(g) IS
started in a closed cylinder under isothermal isochoric
condition at an initial pressure of 1 atm. Aftervxios, the
pressure inside the cylinder is found to be 1.45 atm. If the
rate constant of the reaction is sxi0*s*, assuming ideal gas
behaviour, the value of Y is

Soln.:  [2.30]
2N,0; —2— 2N,0, +0,; K =5x10"* sec?
Initial pressure (inatm) 1 - -

Pressure after timetsec 1 —2x 2X X
s 1 —2X+2x+ x=1.45 atm
s X =0.45 atm

For 1% order reaction (taking into account of reaction

stoichiometry)
o
ag—X

2Kt =1In

agocl and ag—xoc0.1

1 Ini:2.3x103sec

Stz
2x5x107* 0.1
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Total number of cis N-Mn—CI bond angles (that is, Mn—N
and Mn—Cl bonds in cis positions) present in a molecule of
cis—[Mn(en),c1,] complex is (en = NH,CH,CH,NH,)

Soln..  [6]

[Mn(en),Cl,]

_—_en
N ™~
Cls ! N
Mn
Cl I N
N—
B e

Number of cis (Cl —-Mn -N) =6

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 has two lists : List-1 and List-11

List-1 has four entries (1), (I1), (111) and (IVV) 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-1 and List-11 and ONLY ONE of these four
options satisfies the condition asked in the Multiple Choice
Question.

For each question, marks will be awarded according to the
following marking scheme :
Full Marks: +3 If ONLY the option corresponding to the
correct matching is chosen.
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Zero Marks: 0 If none of the options is 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 information given in the paragraph.

1. Consider the Bohr's model of a one-electron atom where
the electron moves around the nucleus. In the following.
List-1 contains some quantities for the nth orbit of the atom
and List-Il contains options showing how they depend on n.

LIST-I LIST-II

(1) |Radius of the n™ orbit (P) | wn-

(1) | Angular momentum of the electron in the n'" (Q) | wn
orbit

(111) | Kinetic energy of the electron in the n" orbit | (R) | o.n°

(1V) | Potential energy of the electron in the n'" orbit | (S) | ..
(T) | one
(U) | onee

1) (), (P) (2) (1), (S)
3) V), (V) (4) (V). (Q)
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Soln. [1]
(1) Radius of the nth orbit
r=0.529n—2
z
rocn?
1>T
(I1) Angular momentum of the electron in the nth orbit
=myr= -
21
II—-S
(I11) Kinetic energy of the electron in the nth orbit.
KE_13.6><Z2 oV
E==2
KE o n?
III— P

(IV) Potential energy of the electron in the nth orbit.
P.E=—2.KE=—27.2x§—§eV

—=PE o« n™
- (IV)>(P)

2. Consider the Bohr's model of a one-electron atom where
the electron moves around the nucleus. In the following.
List-1 contains some quantities for the n™ orbit of the atom
and List-11 contains options showing how they depend on n.
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LIST-I LIST-II
() |Radius of the n™ orhit (P) | ocn

(1) | Angular momentum of the electron in the n | (Q) |
orbit

(111) | Kinetic energy of the electron in the n" orbit | (R) | .10

(1V) | Potential energy of the electron in the n orbit | (S) | ..

(T) ocn?
(U) ocn'?
(1) M), (P) 2) (), (T)
(3) (), (R) (4) (1), (Q)
Soln.: [2]
Radiusr«n?

Kinetic energy ocn

Potential energy oc n ™

. Correct match: (1), (T); (1), (S)
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List-1 includes starting materials and reagents of selected
chemical reactions. List-11 gives structures of compounds
that may be formed as intermediate products and/or final
products from the reactions of

LIST-I LIST-II
| CN (i) DIBAL-H P
( ) (1) dil. HCI R ( ) o
0 (1ii) NaBH, " COH
7 (1v) conc. HSO:
O
7 00 OH
(l |) (if) Zn. H;0 (Q)
(iii) NaBH, i OH
CO:H (iv) conc. HySO:
(i) KCN
(i) a ones B (77
(iif) LiAIH. ] ©
CO:CH3 (iv) conc. Hy50,
CO.Me OH
(1V) ; () LAH, (S) @:v
COMe {11} conc. Ha50, CO-H

(T)

CO-H

co

)

2
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Which of the following options has correct combination
considering List-1 and List-11?

1) (1), (Q), (1), (V) (2) (1), (P), (S), (V)
3) (1), (P), (S), (T) 4) (1. 05).(Q) (R)
Soln.:  [2]

The above reactions as follows:

i
CH,-C=N CH,-C-H
(1) (i) DiBAL-H
QU o= QL
O\> O\>

dil HCI

i
CH,_ CH,~CH,—-OH H,~C-H
Conc. HSO, NaOH,
@ e (Coretzo @[ —[Ol3
ch, -9 C-H C-H

(R)
0
CH,~CH=CH, CHatti
@ (i) ©,/Zn/H,0 @[ )
C-0OH C-0OH
] ]

lNaBH,,
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(11) CH
N CH.—CH,OH
@ CH, _Conc. H.SO, @[ )
D )
ﬁ""ﬂ C-on
() 0
i
CH,~Cl CH,C=N CH,-C-OH
(I1I) KNy @: H.O * @(
A
C-0-CH, c-och, C-OH
0 0 0
J{LI’AIH‘
CH.._ CH,—CH,-OH
@i (in Conc. H,S0, @[
CHZ.-"'O CHz—OH
(R)
I
c-o-cH, CH,-OH
LiAlH,
@ o Dusn, @ @
CH.-C-OCH, CH,-CH,-OH
lCGnE. H,S0,
(IV) CH.
0
| ®
CH—CH,
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List-1 includes starting materials and reagents of selected
chemical reactions. List-11 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

(i) DIBAL-H (p)
(i) dil. HCI .

(1ii) NaBH, i co
{1v) conc. HaS50:

CHO

0 @;z
o

N
(L) O OH
(I I) 7~ [ii) In H,O (Q)
(iii) NaBH, i H
COH (iv) conc. HyS0:

(i) KCN
i o 0 TR
o (iif) LiAIFL i
0 H;

(1v) conc. Hy 504

SRsR3

CO-M OH
(IV) = () LiAlH, - (S)
COMe (11) conc. Hy50, COH

(T)

oG
(1) V), (Q), (R) (2) (1), (5), (R)
3) (V). (Q), (V) (4) (1), (1), (U)
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Soln.:  [1]
The above reactions as follows:

CDa‘v[E CHZ_OH
@I s @i
CO,Me CO—C Ha%
l Conc. H:50y

e}

®)
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JEE Advanced Exam 2019
(Paper & Solution)
PAPER-2
PART-1 (MATHEMATICYS)

SECTION - 1(Maximum Marks: 32)

This section contains EIGHT (08) guestions.

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

For each question, choose(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
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 option is chosen (i.e. the
question is unanswered).

Negative Marks: —1 In all other cases.
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e 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 marks;
choosing ONLY (B) 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
commination of options will get —1 mark

1. For acr jap1, let Iim{ Le3/2+.+3n Jm
I 1 1 e
((an+1)2 (an +2)° (an+n)2j
Then the possible value(s) of a is/are
(1) 8 (2) -9 (3) 6 (4) 7
Soln.:  [1,2]
. Fi s sth I
n% 7’3( ! 1t .t j h%nm(i 1 J
(an+1)*  (an+1)? (an+n)? ~ (an +r)?
i(rJlB
— lim %
2
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Jl‘x”?’dx 3‘x4’3‘1 3
Now, -° . =54 =4 " 0 =54 = ‘1‘ =54
{mx)z dx x|, a(a+1)
>af@a+1)=72 = a’+a-72=0 =a=-9,8
2. Letf(x) =™ .0

Let x, <x,<x,<.x, <...
and

be all the points of local maximum of f

v, <y, <y, <.y, <. be all the points of local minimum of f.
Then which of the following options is/are correct?

(1) xne(Zn A j for every n (2)

(3) (4)  x.-
Soln.:

f(x)=

X, <Y

Ix, -y, -1 for every n x,>2 for every n

[1, 3, 4]

sin nX

X2 COS TIX — 2X SiN 7TX

X4

= f'(x)=

X
2X C0S nx( —tan nxj

=f(x)= =

2C0S TtX (TEZX —tan nx]

= f(x) = 5

For maxima & minima, f' (x) =0
= costx =0 or mx/2 =tan 7 X

2n+Dr or 2

= x =

= tan X
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]
1/1 I R x| 52
2 2

100 100 010 010
Letp=1=|0 1 of, P,={0 0 1|, P,=[1 0 0O, P,=|0 O 1],
00 1 010 00 1 100

0 0 1 0 0 1 ] 2 1 3
R=/1 0 0|, P={0 1 0] AN x=3R|1 0 2F
010 100 13 2 1
Where py denotes the transpose of the matrix r,. Then which
of the following options is/are correct?
(1) X isasymmetric matrix

@) If XHQH, then -z

1 1

(3) The sum of diagonal entries of X is 18
(4) X - 30l is an invertible matrix
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Soln.:  [1, 2, 3]
We have,
1 0O 1 0O 010 010 0 0 1
Pp=/0 1 0|, P,=|0 O 1|, P,=/1 0 O|, P,=|0 O 1|, P,=|1 0 Of,
0 0 1 010 0 0 1 1 0O 010
0 0 1
P=[0 1 0
1 00
2 1 3
X=>PJ1 0 2P
3 21
2 1 3
LetA=[1 0 2
3 21
2 1
then AT=[1 0
3 2
= A=AT

.
Now, X" = (PAP +P,AP; +..+PAP] ) =X

So X is a symmetric matrix.

1
Let o=|1
1

XQ =PAPQ+P,AP,Q+...+PsAP, Q

1 0 01
=PAQ+P,AQ+...+P,AQ |~ P'Q=|0 1 0[[1|=Q
0 0 1|1

= (P, +P, +..+P) AQ,
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=30Q -

w = N

2 e

=>XQ=30Q=(X-300Q=0

So, |X — 30l1| = 0 has non-trivial solution.
So [X - 30 ljis not invertible.

Where trace (Px A PTx) =3

= Trace X =3 x 6 =18.

1
4. Let xcr and let P{o
0

O N
w N P
X O N
X H» X
o O X

5

which of the following options is/are correct?
(1) For x =1, there exists a unit vector «i-pj+for which a

L

(2) There exists a real number x such that PQ = QP

] and r=por*. Then

2 X X
(3) det R =det {o 4 o]+s,for all xe<r

X X b5
1
a

1
(4) Forx=0,IfR [ ]_6H, thena+b=5

b b

Soln.:  [1, 4]
We have, R = PQP*
=det(R) = det(PQP™) = (det P) (det Q) {@j
=det Q
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2 X X
0 4 0
X X 6

= 2(24) — x(0) + x(-4x)
= 48 — 4x?
= det R = det Q = 48 — 4x°

det(Q) =

(iforx=1, det (R)=48 —4x°=48 -4=44#0
= (detR) #0

o 0
.. for equation R| B |=
Y 0

We will have trivial solution
=0=p=y=0

(2) PQ=QP

PQP1=Q

R=Q

No value of x.

2 X X
(3) detjo 4 0|+8 =(40—-4x%) +8=48—-4x*=detR V X
X X b
e R
Forx=0
2 4 6 6 -3 0
PQ{O 8 12]and Pl{o 3 2}

0 0 18 0 0 2
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2 1 2/3
R=(0 4 4/3
0 0 6

Now R =PQP™*

2 4 6 6 -3 0
{0 8 12]—{0 3 2]
0 0 18 2
1
b b

We have, r

1
(R-6l)|a|=0
b
4b

:>—4+a+29=0mw—2a+——=0
3 3

—=a=2and b=3
a+b=5

Let +:r »rDe a function. We say that f has

PROPERTY 1 if L‘EA% exists and is finite, and

PROPERTY 2 if Liggf(“)h& exists and is finite.

Then which of the following options is/are correct?
(1) fw=x**has PROPERTY 1

(2) f(x) = x|x| has PROPERTY 2

(3) f(x) =sin x has PROPERTY 2

(4) f(x) =|x| has PROPERTY 1
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Soln.:

(1)

(2)

(3)

(4)

[1, 4]
We have, f(x)=x

h2/3_0

= lim =0 (finite

h—0 ”hl ( )
We have f(x) = x|x|
Iimhlhzl_ozlimm
h—»0 h h—0 h
Case—1: Iirrlmzl

n0 A — limit does not exist

Case—ll:limu:—l

h—0~

We have, f(x) = sin x

— ,._Sinh-0
— lim
h—0 h2

We have f(x) = [X]
= im0
h—>0\/|h_|
So, correct option is (1, 4)

— limit does not exist

=0 — finite

6. Three lines
L:F=ai,neR, L,:f=k+pjper and L,:r=i+j+vk verare given. For
which point(s) Q on ,can we find a point P on r,and a

point R on .,so that P, Q and R are collinear?
-3 (D) ke

1)
(3)

k (4) &+j

www.vedantu.com
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Soln. [1, 2]
Let P= (A, 0,0), Q(0, u, 1), R(1, 1, v)
P, Q, R are collinear PQ =kPR

%-0 0-p_0-1
n-1 0-1 0-v

:>u:£and A=Au—u
Y

:>v:l and A=-"
H p-1
=>pnz0,p=l

= Q#k Qzk+]

7. Let+ror begiven by f(x) =(x—1) (x—2) (x—5). Define
F(x):j'f(t)dt, x>0

Then which of the following options is/are correct?

(1) Fhasalocal minimumatx =1

(2) F has two local maxima and one local minimum in
(0,%)

(3) F has a local maximum at x = 2

(4) F =0 forall x5
Soln.:  [1, 3, 4]

We have,

f(x) =(x-1) (x-2) (x-5)

F(x) = ]('f(t) dt, x >0
0

F'(X)=Ff(X)=(x-1)(x—2)(x-5), x>0
x =1, 5is point of focal minima for x >0
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X = 2 is point of local maxima for x >0

f(x) = x3—-8x?+ 17x - 10

X
= F(x) = [(t* -8t +17t -10)dt
0

Also F(2) = Iozf (t)dt <0
= F(x)<0+wxe(0,5)

5 1 k+2
A . Sln( ]sm( nj
8. For non-negative integers n, let f)-=_\n+2 J \n+2

Assuming cos*x takes values in [o,-jwhich of the following
options is/are correct?

(1) f(4)=§ (2) sin(7cos'f(5)=0

(3) If a=tan(cos*f(6)), then oz +20-1-0 (4) !mf(n)zg
Soln.:  [1, 2, 3]

N2l )

n
ZZsinz(KHnj
n+2
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(n+3j ) (n+1j
cos| —— |m.sin| —= |n
n+2 n+2

(n+1)cos( T j—

n+2 Sin( nzj (n+2)COS£(n:t_2)j

) comsin(mjn ) n+2
(n+1)— T n+2

. T
sin
(n+2j
(n+1) cos(nj + cos(n)
3 n+2 n+2)— cos( T j
n+2

B (n+)+1

Hence, f(x)=cos(Lj
n+2

i yis 3
Now, (1) f(4) =cos(mj =cos o=

(2) sin(?cos‘l(cosgn =sin(7 x?jsin n=0

T

1 i o 2t

3 aztan[cos‘l(cos—nztan— Also tanZ: n:>1=1 5
( ) c = 1—tan2g e

=o’+20-1=0

(4) limf(n) = lim cos(ij -1

n—e n+2

SECTION - 2 (Maximum Marks: 18)

e This section contains SIX (06) questions. The answer to each
question isa NUMERICAL VALUE.

e For each question, enter the correct numerical value 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.
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e Answer to each question will be evaluated according to the
following marking scheme.
Full Marks: +3 If ONLY the correct numerical value is
entered as answer.
Zero Marks: 0 In all other cases.

n k Zn:”Ckk2 . .
1. Supposedet| = -0, holds for some positive integer

D "Ck zn:”cksk
k=0 k=0

n. Then 3% equals .....

—k+1
Soln.:  [6.20]
n n = nn
K2—Kk+k)"G. =S (k=12 072 ncg kD n-1c
Ié)( + ) c Ié)( )k k_1 c—2+§ k k-1

=n(n-1).2"%+n2"
=n.2"?[(n-1)+2]
=n(n + 1) 2"*

N n-1
Z k_ Cn—l = n2
ko K

n
> 3k"'C, = "Cy +3'("Cy) + (3N, +...3"("C,)
k=0

n(n"'l) n-2
1)2
Now | 2 n(n+1) -0

n2"*t Alll
2 N
n2"t 4"

— O 22n+1 — n.22n—1

=n=4
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i ‘Ce_'Cy, 'Cy 4C, UGy fCy
Sk+l 12 3 4 5
=1+2+2+1+1/5

31

5

=6.20

Let a-2i+j-k and v=i+2j+k be two vectors. Consider a vector
c=ad+pb, per . If projection of ¢ on the vector @+n) IS 342,
then the minimum value of ¢-@xb)c equals.....

Soiln.:  [18]

¢=a(2i+j—Kk)+B(i +2j+k)

¢=(20+P)i + (o +2B) ]+ (B— )k

Projection of con the vector (a+b) =< ‘-Ea %‘b)
a+
c.(a ﬂb) _ 3\/5
|da+Db|
9o+ B) =18
oa+p=2

NOW, (E—(éxB))ﬁ: a2 |§|2+BZ|B|—2 +20°Ba'6—(5><6).6 — 6(02 — 20,+ 4)

Minimum value = 18
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3. The value of the integral {( NPT equals......
Soln.:  [0.5]

M2 3 Jcos0do

Let I= | -
0 (Jcose+Jsine)

do
0 (\/cose ++/sin 6)4

377 sec’0do

2 £ (2+\/tan6)4
Let1++tan® =t =

= 21 =3

—nN 3

=1

sec’0 do=dt

i
2+/tan©

E 2(t—1)dt:§‘ 22t2+%

27t 2
ZE(E_EJZL%
2\2 3) 2

4. Five persons A, B, C, D and E are seated in a circular
arrangement. If each of them is given a hat of one of the
three colors red, blue and green, then the number of ways
of distributing the hats such that the persons seated in
adjacent seats get different coloured hats is .......

Soln.:  [30]

and G:g, thent =

© {When 0=0, then t:1]

1
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Possibilities are

1R, 2B, 2G; 1B, 2R, 2G; or 1G, 2R, 2B

= Total number of ways =°C; x 2 +°C;x 2 +°C1x 2 =10
x 3=30

So total no. of ways =3 x 10 = 30

5. The value of sec-l(iisec(z_’zu%}ec(%+@D in the interval

{—f 3—“} equals......
Soln.:  [0]
We have, Sec‘l(lisec(7_n+ﬁ)sec(7_“+(k'*‘l)TfD
4= 12 2 12 2
=sec lisec(7—n+&jsec[ﬁ+ﬁ+@j]
4= 12 2 2 12 2

L4 18 (7n kn] [77: kn)
=sec ——Zsec —— +—= |cosec| — +—
4= 12 2 12 2

18 2
=
=Sec —ZE —_—

k=0 sin (7“ + knj
6

13 1

2ic (—1)k+1sing

=sec (1) =0

=sect
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6. Let|X| denote the number of elements in a set X. Let S =
{1, 2, 3, 4, 5, 6} be a sample space, where each elements is
equally likely to occur. If A and B are independent events
associated with S, then the number of ordered pairs (A, B)
such that 19|, equals ....

Soln.:  [422]

A and B are independent events
-+ P(ANB) =P(A).P(B)

|AnB| _|A[|B]

S| S| [S]

=|SIIANBIHAI.|B]
= 6/ANBIHA].|B| ..()
~|<|B|<| A
So, possible values of |A| can be 2, 3,4 or 6
|A| # 5; because |A| =5 cannot satisfy the equation (i)
Case |
If |A| = 2 then |B| = 1 (it is also not satisfying equation (i))
Case-2 :
If |A|=3then|B|=2and |AnB|=1
Number of ways = °Cs. °C;. °C; = 180
Case-3 :
If |A|=4then|B|=3and |A N B|=2
Number of ways = C,. “C,. °C; = 180
Case-4 :
If |A| = 6 then |B| may be any number between 1 to 5
Number of ways = Cs. [ °C1 +°C, + ... + °C5] = 62
Total number of ordered pairs (A, B) = 180 + 180 + 62
=422
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SECTION - 3 (Maximum Marks: 12)

e This section contains Two (02) List-Match sets.

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

e Each List-Match set has two lists : List-1 and List-11

o List-1 has Four entries (I), (I1), (111) and (IVV) and List-11 has
Six entries (P), (Q), (R), (S), (T) and (V).

e FOUR options are given in each Multiple Choice Question
based on List-1 and List-11 and ONLY ONE of these four
options satisfies the condition asked in the Multiple Choice
Question.

e For each question, marks will be awarded according to the
following marking scheme :

Full Marks: +3 If ONLY the option corresponding to the
correct matching is chosen.

Zero Marks: O If none of the options is 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 information given in the paragraph.

1. Let f(x)=sin(zcosx)@Nd g(x)=cos(2rsinx) 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()=0}, W={x:g'x)=0}

70

www.vedantu.com



“*&dmﬁlu
LIVE ONLINE TUTORING

List-1 contains the sets X, Y, Z and W. List-Il contains
some information regarding these sets.

List-1 List-11
(I) X (P) 2{2,%,475,771}
an |y (Q) |an arithmetic
progression
U P4 (R) |NOT an arithmetic
progression
(IV) | W (S) | ofr Ix2x)
T 2T
(T) Q{E,?,ﬂ'}
n 3n
(U) Q{E’T}

Which of the following is the only CORRECT
combination?

1) (1, Q). (T) 2 (). (P). (R)

3) (1, (R). (S) 4) (). Q). )
Soln.:  [1]

X={x:f(x)=0}

f(x)=0 = sin(ncosx)=0
= mcosX=nm, nel
= €0SX=n

Socosx=-1,0,1

X= E,n,3—n,2n,.... X= n.E,neI
2 2 2

Also, v-fxf'(x) =0
Now, f(x)=0
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= f'(X) =—cos(ncosx)nsinx =0
=c0s(rtcosX) (—nsinx) =0

= cos(ncosx)=0 or (—msinx)=0

= mCoSX =(2n +1)§ or X =nn
1
= cosx=(2n +1)§ or Xx=nn

T
= X=nTCi§ or X=nm

n 2n 3t 4n 5n 67 T«

Z={x:g(x) =0}

9(x)=0

= cos(2rsinx) =0
. T
= 2nsinx=(2n +1)E' nel

. 2n+1
= sinX=

= sinx=+=, +

N N
Nlw

= Zz{nnisin‘ll,nnisin‘line I}
4 4

W ={x:g'(x) =0}

g'(x)=0

= —sin(2rsinx)(2rcosx) =0
= sin(2rsinx) =0 or 2rncosx =0

= 2nsinx=nm or x=(2n+1)g
= sinx:% or x=(2n+1)%,nel

= sinx=0,i%,i1 or x:(2n+1)g

Wz{nn, (2n +1)E, nnJ_rE,n € I}
2 6

Option (1) is correct.
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2. et fx)=sin(zcosx) and g(x)=cos2rsinx) 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()=0}, W={x:g'(x)=0}

List-1 contains the sets X, Y, Z and W. List-Il contains
some information regarding these sets.

List-1 List-11
(I) X (P) 2{2,%,4%7%}
(an |y (Q) |an arithmetic
progression
U4 (R) |NOT an arithmetic
progression
n 7n 13xn
(IV) | W (8) | ofr Ixin)
(N | 2724
T 3%
(U) Q{E’T}

Which of the following is the only CORRECT
combination?

(1) (1), (P), (Q), (V) 2) (IV), (P). (R), (S)
3) (1), (R), (U) (4) (IV), (Q), (T)
Soln.:  [2]

f(X) = 0 = sin(m cosx) =0
= TTCOSX=n7m = COSX =N
= cosx=-1,0,1=x=(nn, 2n + 1)n/2)
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= (n7/2, n)

£(x) =0 = cos (m cos X) (-m sin x) =0
>ncosx=02n+1)n/2orx=nn

= cosx=-10,1 = x=(nn(2n +1)g) :(ng,n ej
f'(x) =0 = cos(ncosx)(—nsinx) =0

1
= COSX=N+—0r XNu

= cosx:i% of Xx=nn
{ T 27 }
= y=<anmt=—-2xnr =—,Nnn
3 3

g(x) =0 = cos(2xsinx) =0 = 2znsinx =(2n +1)g

2n+1_1 3

= SinX = —+—
2 2 2

1 1
= COSX=n +§or XNT = COS X =J_rEorx =nm

=>y= 2nni£,2nn+ﬁ,nn,n il
3 3

g(x) =0 = cos(2rsinx) =0

= 2nsinx=(2n+1)£:> sinx = 2n+1:i£i§
2 4 4
.1 .3
= Z=<{nntxsinl—,nt+sinl—,nel
4 4
g'(x) =0 = —sin(2xsinx) (2rcosx) =0
:>Znsinx:nnorx:(2n+1)g:>sinx:g:0,i%,J_rlorx:(2n+1)g

= W:{nn,(2n +1)g,npg, n el}

74

www.vedantu.com




%‘M 1
\ fi@ihb
LIVE ONLINE TUTORING

Let the circles c,:x*+y*=9and c,:(x-3) +(y-4)* =16, intersect at
the points X and Y. Suppose that another circle

c,:(x—h)’ +(y-ky? =r* satisfies the following conditions.

(i) center of c,is collinear with the centers of c.and c,,

(i1) c,and c,both lie inside c,, and

(ili) c,touches c,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-1 whose
values are given in List-11 below:

List-1 List-11
(1) |2h+k (P) |6
Lengthof ZW
(I I) Lengthof XY (Q) \/6
Area of triangle MZN 5
(I”) Area of triangIeZMW (R) 4
(IV) | (S) |2
(T) |26
V) |2

Which of the following is the only INCORRECT
combination?

1) (V) () 2) (), (P)

3) (IV), (S) (4) (1), (R)
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[3]
(I) Diameter of circle c,will lie on line MN= 2r=mn
=MO +0Q + QN
2r —=3+J3+42+4=3+5+4=12
5. r=6
Centre C of circle c,lies on "ﬂEy:%x
Let co-ordinates of C(h, k) where Kz%
OC=MC-0OM
OC=6-3=3
[hz 16 ,25h2 _ _
9
5
LAy A
3 3 5 5
2h+k=§+2=6
5
(I1) Equation of line ZW
C,-C,=0
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=>6x+8y—-19=0
= 3X+4y=9
Perpendicular distance of ZW from (0, 0) is
9 9
z‘m‘zﬁ
9y 24
Length of XY - 9_@ 2

Perpendicular distance of ZW from c(%%) is

{242}

J9+16

Length of ZW = > 36_@2 :2\/@:2\/@2¥

length of ZW from (2 152j

9
5

-6

length of XY, from (0, 0)

(111) Area of AMZNz%ZPxMNz%NM(%ZWj

Area of AZMW=%ZW>< MP =%NM(%ZWJ

. Areaof AMZN 5
" Areaof AZMW 4

(IV) Slope of tangent to c, at M:—%
Equation of tangent y-mx-3i+m?

y=—§x—3 /1+3
4 16

= y=mx-2am> ... (1)
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Compare (i) & (ii)

m=-2and 2om? =+
4 4

9 15
= 20| — |=—
(16) 4

10
3

So, correct option (3) (1V) - (S)

= o

Let the circles c,:x*+y>=9and c,:(x-3) +(y-4) =16, intersect at
the points X and Y. Suppose that another circle

c,:(x-hy? +(y—k)* =r> satisfies the following conditions.

(i) center of c,is collinear with the centers of cand c,,

(if) c.and c,both lie inside c,, and

(il1) c,touches c,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-1 whose
values are given in List-11 below:

List-1 List-11
() [2h+k (P) |6
Length of ZW
(”) LengthofXY (Q) Ve

(| | |) Area of triangle MZN (R)
Area of triangle ZMW

(V)| « (S) %

5
4
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(U) |2
Which of the following is the only CORRECT
combination?
1) (1), Q) (2) (1), (T)
3) (1. () (4) (1), (V)
Soln.:  [1]

Refer solution of above Question

The correct Option (1) lengthof 2w _
length of xy

So, IT — Q
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