FINAL JEE(Advanced) EXAMINATION - 2019
(Held On Monday 27t MAY, 2019)

PAPER-2 - TESTPAPER WITH ANSWER

PART-1 : PHYSICS

SECTION-1 : (Maximum Marks: 32)
®  This section contains EIGHT (08) questions.
®  Each question has FOUR options. ONE OR MORE THAN ONE of'these four option(s) is (are) correct
answer(s).
®  For each question, choose the option(s) corresponding to (all ) the correct answer(s)
®  Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +4 Ifonly (all) the correct option(s) is (are) chosen.

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

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

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

Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered).

Negative Marks : —1 In all 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 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 combination of options will get —1 mark.

1. A mixture of ideal gas containing 5 moles of monatomic gas and 1 mole of rigid diatomic gas is initially
at pressure P, volume V and temperature T . If the gas mixture is adiabatically compressed to a volume
V, /4, then the correct statement(s) is/are,
(Give 212 =23 ; 2% = 9.2; R is gas constant)
(1) The final pressure of the gas mixture after compression is in between 9P and 10P,
(2) The average kinetic energy of the gas mixture after compression is in between 18RT and 19RT,
(3) The work |W| done during the process is 13RT,
(4) Adiabatic constant of the gas mixture is 1.6

Ans. (1,3,4)



Sol. n, =5 moles CVl = 7 PV T,
5R
n, = 1 mole CV2 = 7
5% 3R+1 5R

nCy +n,C, 75 5 _5R

(CV)m 3
n, +n, 6

y = (CP)m :§
" (CV)m

". Option 4 is correct

5R 8R
€)= 5 *R=7

V Y
(1) PVy = (TOJ = P=P,(4" =92 P, which is between 9P, and 10P,

3 5RT
(2) Average K.E. = 5 x ERT +1x -

= 10RT

To calculate T

P v, V
=9.2P, x—0—
0
9.2
SO T = TT()

T,
Now average KE = 10 R x 9.2 —* = 23RT,

4
P1V1 _szz
3) W= v—1
P,V, —9.2P, x "0
= 4 =_I3RT,

3/5



2. An electric dipole with dipole moment &(i + 3) is held fixed at the origin O in the presence of an
p p 2 g p

uniform electric field of magnitude E . 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:

(g, 1s permittivity of free space, R >> dipole size)

[

B, A
\\45 is;,"

70 S x

173
Po
R=|—Po__
(1) (47180EJ

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

(3) Total electric field at point A is E, =+2E,(i +)
(4) Total electric field at point B is E, =0
Ans. (1,4)

= P,/ o
Sol. (1) P=—2(i+])
E.F. at B along tangent should be zero since circle is equipotential.

. E,
so.E = BIPl g g _ ¢ B,

0 3 B
R KP 7

R3

P
3 0 _ o | e e
So, R™ =" [4neo on E

P 1/3
SoR = : J
(471 s E,

So, (1) is correct

(2) Because E, is uniform & due to dipole E.F. is different at different points, so magnitude of total

E.F. will also be different at different points.



So, (2) is incorrect

So, (3) is wrong
DHE; =0
so, (4) is correct

3. 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 radial acceleration of the rod's center of mass will be Tg

2
(2) The angular acceleration of the rod will be Tg

3
(3) The angular speed of the rod will be ﬁ

M
(4) The normal reaction force from the floor on the rod will be 1—6g

Ans. (1,3,4)

Sol. We can treat contact point as hinged.

Applying work energy theorem B “\la
W, = AKE. ’\,w
¢ 1{mf*) ,
mgy=o 3 )
_ e
2/
. ) () , 3g
radial acceleration of C.M. of rod = E ) :7

Using t = I a about contact point

2
mgl ineoo=1"
2 3



A
=4 B
Net vertical acceleration of C.M. of rod

a, =a_ cos 60° + a, cos 30°

(oo

3Bl

_ 38, % 15
- 8 16 16
Applying F_ = ma in vertical direction on rod as system N
15 a, |
mg — N =ma =m 16g v
mg
- N=1£
16

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 = L the particle speed is v = v,. The piston is moved inward at a very

dL
low speed V such that V << TVO , where dL is the infinitesimal displacement of the piston. Which

of the following statement(s) is/are correct ?

o—>v h

1& al
1€ >l

L

(1) The rate at which the particle strikes the piston is v/L
(2) After each collision with the piston, the particle speed increases by 2V

(3) The particle's kinetic energy increases by a factor of 4 when the piston is moved inward from

1
LJ0 to EL()

dL
(4) If the piston moves inward by dL, the particle speed increases by 2VT



Ans. (2,3)

—>v, V&b

L

Sol.

S
7

'\

2L
(1) average rate of collision = o

(2) speed of particle after collision =2V + v,
change in speed = 2V + v,) — v,
after each collision = 2V

v
no. of collision per unit time (frequency) = L
change in speed in dt time = 2V x number of collision in dt time

dL

\Y%

A\
= dv =2V (Zj

dy = vdL
L

vdL
Now, dv = S {as L decrease}

= [In v]; =—-{InL]""
= vV = 2V0

2
mv
0
KE,

N | =

:>KEL:
0

m(2V0)2

1
KEL0/2 Y

dv  mv’
dx X

_dx

dv
v
\

- X

In — =In—
Vi X

vx = constant = on decreasing length to half K.E. becomes 1/4

vdx + xdv =0



Ans.

Sol.

Three glass cylinders of equal height H = 30 cm and same refractive index n = 1.5 are placed on
a horizontal surfaces shown in figure. Cylinder I has a flat top, cylinder IT has a convex top and cylinder
III 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 depths of a point X on the bottom of the three cylinders, respectively, the

correct statement(s) is/are

1 II 111
A \/\ /\/
H H H
N ® A4 ® \r rY
X X X
(1) H, > H, (2) 0.8 cm < (H, - H)) < 0.9 cm
(3) H, > H, (4)H, > H,
(3,4)
L2 _2 3 1
1~ 3 310
for 2™
1,3 _ -t
v 2H 2(-3)
1_1.10 130 -
v 6 2 6 6 6
6
H2:2—9>Hl
For 3"
1,3 _ -t
v 2H 203)
1 -1 5 31
v 6 6
L6
3031

6 6
so |[H, <H, <H,| & (H2 -H) = 2—9—520.680m




6. In a Young'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 600nm 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 ?

screen
‘ y
\7 P
A T X
L_Dﬁ

0.36
(1) For o= — degree, there will be destructive interference at point O.

(2) Fringe spacing depends on o

.36
(3) For o :T degree, there will be destructive interference at point P
(4) For a = 0, there will be constructive interference at point P.
Ans. (3)
Sol. (1) Ax = dsina
_ .36

=da (as a is very small) o= 180 (2x107)rad

Ax _(3x107") 2x107) 1
A 6x107’

so constructive interference

DA
2B =4

dy
(3) Ax, =da +B
=3x 10" (2 x 107 + 11 x 107)

=139 x 107

A% (39107 (5 <o destruct
) 6)(10’7 .2 SO destructive

(4) Ax, :d—g:(3x104)><11><103
=33 x 10"

AX, 33x107

I =5.5 = destructive




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, and a, as shown in 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]
2M

—foww‘—r £t

AV

4 Mg
(1 x, = T

X0

> for the first time, the speed of the block connected to

(2) When spring achieves an extension of

the sorine is 3 M
e spring 1s S8 Sk

(3)a,—a =a —a,

(4) At an extension of % of the spring, the magnitude of acceleration of the block connected to the
.. 3g
spring is
Ans. (3)
—>3,
Sol. kx< -_> T 2T — kx = 2ma,




8Mg 8ma,
3

Mg o

—kx=2ma,

14ma,
3
8Mg—3kx
14m
_ 8Mg-3kx
%T T 4m
vdv _(8Mg 3kx
dx 14m 14m

a,

1
vdv =——| (8Mg —3kx)dx
[vdv=——[EMg-3kx)
for max elongation
b
14m

2
b [8ng0 - 31(2X° J

0= [ (8Mg—3kx)dx
0

=~ 14m

3kx;
2

8Mgx, =

16M
TS

X

0
at x = /-
2
Xo/2

[ 1
vdv =—— 8Mg —3kx)dx
[ 14m£< g-3kx)

2 14m

vi 1 (8Mgx, 3kx
2 2x4

2 .2
) L[SMgX16Mg_3_xX16MgJ

V= 7Im| 2 3x 8 3xx3x

3x 3x

o 64M°g*> 2M’g’
— Tm

2 _ 62Mg2
21k

For acc. therefore

a—a =a - a



o SMz=3kx,/4

1 14m
_ 8g  3kx,
T 14 14mx4

8g 3x ><16Mg
14 14mx4  3x

_8e 3¢
14 14
_ds 2
1407
OR

Egﬂ—g—ma1 —kx =2ma,

3
lam g x-Sme

3 3k

_ 3k Bmep

4 = " am 3K (1)

. . . 8mg
that means, block 2m (connected with the spring) will perform SHM about x, = =T
therefore.

. . . 16mg
maximum elongation in the spring x, = 2x, = TR

on comparing equation (1) with
a=-o (X = x,)

3k
0=,—
14m

X
at [?Oj , block will be passing through its mean position therefore at mean position

_ Ay Pmg |3k
Yo T A0F T3\ 14m



Ans.

Sol.

A free hydrogen atom after absorbing a photon of wavelength A_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 2 . Let the change in momentum of atom due to the absorption and the emission are Ap,

1
and Ap_, respectively. If A /A= 5 Which of the option(s) is/are correct ?

[Use hc = 1242 eV nm; 1 nm = 10~ m, h and ¢ are Planck's constant and speed of light, respectively]
() A, = 418 nm

1

(2) The ratio of kinetic energy of the electron in the state n = m to the state n = 1 is n
B)m=2

1
(4) Ap/Ap, = 5
2,3
he 1 1
w136 I_?} (D)

hc 11
7:13'6 E_?} (i)

€

(1) / (1) , we get

o1 151
~ m 16 16 5

1 1.3
= m’ 16 16

1. 3. 1
=~ m> 16 16

= [m=2]

from (ii)

E:13.6 iz—iz :13.6><iev
A 2° 4 16

€

_ 1240016 ¢
= T T 13.6x3



= A, x4862A

2
z

we have KE oc—-
" n

KE, 1
— KE, 4
h
APa = 7\‘3
AP, _h
A
AP, 1,
= AP A

SECTION-2 : (Maximum Marks: 18)
This section contains SIX (06) questions. The answer to each question is a NUMERICAL VALUE.
®  For each question, enter the correct numerical value ofthe answer using the mouse and the on-screen virtual
numeric keypad in the place designated to enter the answer. If the numerical value has more than two decimal
places, truncate/round-off the value to Two decimal places.

®  Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+3 If ONLY the correct numerical value is entered.
Zero Marks : 0 Inall other cases.

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

47MQ

frequency 2 such that = 10*m~ with h as Planck's constant. N photons of wavelength

A = 8n x 10°m strike the mirror simultaneously at normal incidence such that the mirror gets displaced
by lum. If the value of N is x x 10", then the value of x is

[Consider the spring as massless]

Light

ASS8ANIRRRARNNNNY

Mirror

Ans. (1.00)



Sol. Let momentum of one photon is p and after reflection velocity of the mirror is v.
conservation of linear momentum
pr = —Npi +mvi
mvi = 2pr
mv = 2Np ...(1)
since v is velocity of mirror (spring mass system) at mean position,
v =AQ

Where A is maximum deflection of mirror from mean position. (A = 1 um) and €2 is angular frequency

of mirror spring system,

h
momentum of 1 photon, p = y
mv=2Np .. @)
h
mAQ = 2N—~
A
mQ AA
= ——X——
h 2
iven mQ _ 107 m~
e T T

A=8tx 10°m

10* y 8nx10°x107°
4r 2

N =

N =10" =x x 10"

2. Ahballis thrown from ground at an angle 0 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, ball rebounds at the same angle 6 but with a reduced
speed of u /o 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 0.8 V , the value of a is

u,

uy/o u/o’ u/o”
0 0 I /%\

Ans. (4.00)



Total displacement

Average velocity =
Sol. g<v> Y Total time

Total time taken = t+ G+

tl tl
=t +—4+—5 +
a o

Total time = l_l

(00

Total displacement = v t, + v,t, +...........

vih

= Vltl +— .+
a o
Vit
— 1
a
On solving
v,o
<v> = ——=0.8yv,
+1

3. A 10 cm long perfectly conducting wire PQ is moving, with a velocity 1cm/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 =1Q as shown in figure. The horizontal rails, L and R lie in the same plane with a uniform magnetic
field B = 1 T perpendicular to the plane. If the key S is closed at certain instant, the current in the
circuit after 1 millisecond is x x 10°A, where the value of x is

[Assume the velocity of wire PQ remains constant (1 cm/s) after key S is closed.
Given : e ' = 0.37 , where e is base of the natural logarithm]

® B P ® ®
L
—>lcm/s
R
® S Q ® ®

Ans. (0.63)

Sol. Since velocity of PQ is constant. So emf developed across it remains constant.
¢ =Blv where / =length of wire PQ
Current at any time t is given by

c Rt
i=—[1—e Lj
R

B/v X
i=——(1-e b
R ( )



—1x1073
_Ix 10 X 1 ><l 1—e X107
100 100) 1

1
= ——x(1-¢
1000 ( )

1
~ 1000
i=0.63x10°A =x=0.63

4. A monochromatic light is incident from air on a refracting surface of a prism of angle 75° and refractive

x(1-0.37)

index n, = /3 . The other refracting surface of a 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 of ¢ <60°. The value of n® is

Ans. (1.50)
Sol. At 6 = 60° ray incidents at critical angle at second surface
So,

sinf = /3 sinr

ﬁzx/gsinrl
2

r, = 30°
r,=45°=C

\/g sin45° =nsin 90°

n= \/§:>n2—§
“\2 2

5. Suppose a 32°Ra nucleus at rest and in ground state undergoes o-decay to a 22Rn nucleus in its excited
pp 5 g g y %6

state. The kinetic energy of the emitted o particle is found to be 4.44 MeV. 2?Rn nucleus then goes

to its ground state by y-decay. The energy of the emitted y-photon is keV,
[Given: atomic mass of }°Ra=226.005u, atomic mass of **Rn=222.000u, atomic mass of a
particle = 4.000u, 1u = 931 MeV/cz, c is speed of the light]

Ans. (135.00 )



Sol.

Ans.

Sol.

Ra*® — SRn* +a

Q = (226.005 — 222-4) 931 MeV

= 4.655 MeV
A-4
K,=——(Q-E,)
222
4.44 MeV = —=(Q-E,)
226

- E = (444)] — MeV
Q-E = )[222j ©
E, = 4.655 - 4.520
= .135 MeV
= 135 KeV

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 the lens is
(0.69)

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

1 1 1
& —=——— onsolving : f =20 cm
f v u

I 1 1

1 R —
also f v u

on differentiation

df dv du
PV

df [dv du}
_:f _2+_
f

2
\% u

& £><1OO=f[d—Z+d—lzl}<100%
f Vi ou

f =20cm, du =dv = Zcm

Since there are 4 divisions in 1 cm on scale



df {1/4 1/4

. —x100 =20 ——+—— |x100%
Cf (60)* " (30)

s b o00%
3600 ' 900

_ 5|2 o= 229,~0.69%
36 36

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-I and List-I1
List-I has Four entries (I), (II), (IIT) and (IV) and List-II has Six entries (P), (Q), (R), (S), (T) and (U)
FOUR options are given in each Multiple Choice Question based on List-I and List-I and ONLY ONE
ofthese 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 Ifnone 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.

A musical instrument is made using four different metal strings, 1,2,3 and 4 with mass per unit length
W, 2y, 3p and 4u respectively. The instrument is played by vibrating the strings by varying the free

length in between the range L and 2L . It is found that in string-1 () at free length L) and tension
T, the fundamental mode frequency is f.

List-I gives the above four strings while list-II lists the magnitude of some quantity.

List-I List-II

(D String-1(w) P)1

(IT) String-2 (2w) Q) 172

(III) String-3 (3y) R) 1/472

(IV) String-4 (4) (S) 173
(T) 3/16
(U) 1/16

If the tension in each string is T, the correct match for the highest fundamental frequency in f units
will be,

(1) I>P, II>R, IlI-S, IV->Q
(2) I-P, [I-Q, HI-T, IV->S
3) I-Q, II-S, II->R, IV>P

(4) I-Q, II-P, lII>R, IVST



Ans. (1)

Sol.

For fundamental mode

%:L = A=2L

pLV_ LT
A 2L\

For string (1)

Ry
f0:2L u = (P)

For string (2)

LT g
2L\ 2n 2
For string (3)
PSR .
2L\ 3p 3
For string (4)
:L l :E :(Q)
2L\4p 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
u, 2y, 3u and 4p respectively. The instrument is played by vibrating the strings by varying the free
length in between the range L and 2L . It is found that in string-1 () at free length L) and tension
T, the fundamental mode frequency is f.

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

List-I List-II

(D String-1(w) P)1

(IT) String-2 (2u) Q) 172

(I1D) String-3 (3p) R) 1742

(IV) String-4 (4p) (S) 1/3
(T) 3/16

(U) 1/16



3L, 5L 7L
The length of the string 1,2,3 and 4 are kept fixed at L, 20, 40 and 40 , respectively. Strings

1,2,3 and 4 are vibrated at their 1%, 3rd, 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.
(1) I-P, IQ, HI->T, IV>U
(2) I-T, II-Q, III>R, IV>U
(3) I->P, I2Q, II>R, IVST
(4) I-P, IR, II->T, IV>U
Ans. (1)

Sol. For string (1)
Length of string = L

It is vibrating in I" harmonic i.e. fundamental mode.

T
fo o 2 =)
0 2L, \ u
L,
For string (2)
L()

Length of string = N

It is vibrating in I harmonic but frequency is still f,.

f=—"
0 2L

N R
- LoV2u 2L, \ u

S = @

For string (3)

5
Length of string = TO



It is vibrating in 5" harmonic but frequency is still f .

5V
fo=—+
2L

4 4

2 |T, 1 ’To
= T alm T AT AT
Lo V3 2L,V u

3T
T,=—2 =(T
=16 (T)

For string (4)

R PRI N AN
I 5L, - 0 Z(SLOJ 3u 2L\ u

7
Length of string = TO

It is vibrating in 14" harmonic but frequency is still f.

po M4 T _ 1 T
0
= 2 TLo \V4p 2L\ u
4
4 |T 1 |T T
- — === ]2 =T, =2 =)
L,oV4p 2L, \ p 16

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

paragraph.
In a thermodynamics process on an ideal monatomic 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

T \Y

3
X= 5 Rin [T_j +R1In [V_j . Here, R is gas constant, V is volume of gas, T, and V, are constants.

A A



The List-I below gives some quantities involved in a process and List-1I gives some possible values

of these quantities.

List-I List-1I
. 1

(I) Work done by the system in process 1 —> 2 — 3 (P) ERT() In2

. . 1
(II) Change in internal energy in process 1 — 2 — 3 Q ERTO
(IIT) Heat absorbed by the system in process 1 - 2 — 3 (R) RT,

) 4

(IV) Heat absorbed by the system in process 1 — 2 (S) ERTO

1
(T) SRT0(3 +1n2)

5
U) —RT
W) s~
If the process carried out on one mole of monatomic ideal gas is as shown in figure in the PV-diagram

1
with PV = ERTO , the correct match is,

P
A
3Pyl e 03
2
1 2
Py |4
>V
vV, 2V,

MHI->QUI—->R, Il »>P IV>U
Q) I>S, IT->RIII—>QIV->T
BI->QII—->R I —>S,IV>U
@GHI->QUI—->S I >R IV->U



Ans. (3)

Sol. (I) Degree of freedom f = 3
Work done in any process = Area under P-V graph
= Work donein 1 -2 -3 =PV,

- R3T° N

(IT) Change in internal energy 1 —» 2 — 3
AU = nC AT

= £l'lI{AT
2

f
= E(vaf _Pl\/l)

3(3P
= 5[702\/0—1%\/0)
=3PV,
AU = RT, = (R)
(IIT) Heat absorbed in 1 > 2 — 3
for any process, I' law of thermodynamics

AQ = AW+ o
RT,
AQ = RT, + 30

4RT

AQ = 3 ¢ =(S)

(IV) Heat absorbed in process 1 — 2

AQ = AU+ W

f

- E(1>fvf—1>ivi)+w
3
= E(P02VO—POVO)+POVO
5
= 2PV,
2 0'0
5(RT,
— 20 3

5RT,

AQ= = (U)




4. Answer the following by appropriately matching the lists based on the information given in the
paragraph.
In a thermodynamic process on an ideal monatomic 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

2 T A%

3 T A%
X==RIn [_j + R In [_j . Here, R is gas constant, V is volume of gas, T, and V, are
A A

constants.

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

List-I List-1I
} 1
(I) Work done by the system in process 1 —> 2 — 3 (P) ERT() In2
. . 1
(II) Change in internal energy in process 1 — 2 — 3 Q) ERTO
(IIT) Heat absorbed by the system in process 1 - 2 — 3 (R) RT,
) 4
(IV) Heat absorbed by the system in process 1 — 2 (S) ERTO

(T) %RTO(3 +1n2)

5
U) —RT
W) c™h
If the process on one mole of monatomic ideal gas is an shown is as shown in the TV-diagram with

1
PV, = 7 RT,, the correct match is

0o = 3
T
T, 3
L S b
: .
v, av, "V

()1 —>S,HT>T, I ->QIV->U
2)I—>P, 11 >RII—>T,IV->S
B)I—>PII>T I >QIV->T
@HI->P,II>RII->T,IV—>P

Ans. 4)



Sol. Process 1 — 2 is isothermal (temperature constant)

Process 2 — 3 is isochoric (volume constant)
(I) Work doneinl1 > 2 — 3
W=W ,+W,,

i

V
= nRT In [ij+wz—>3

KD, (%),
3 0

RT
W = T‘)lnz = (P)

IM)AUinl »>2->3

f
AU = EnR(Tt _Ti)

= ER(To _Lj
2 3

()
-2 3

AU=RT,| = (R)

(IIT) For any system, first law of thermodynamics
forl >2—>3
AQ = AU + W

RT,
AQ = RT, + T‘)lnz

RT,
AQ = 3 (3 + In2) = ()

(IV) For process 1 — 2 (isothermal)
AQ = AU + W

gnR(Tf ~T)+nRTIn (V,/V,)

T 2v
R| =2 |In| =2
0+ (3J [Voj

AQ = —R;r‘) In2| = (p)




FINAL JEE(Advanced) EXAMINATION - 2019
(Held On Monday 27" MAY, 2019)

PAPER-2  TEST PAPER WITH ANSWER & SOLUTION -

PART-3: MATHEMATICS

SECTION-1 : (Maximum Marks: 32)
This section contains EIGHT (08) questions.
®  Eachquestion has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are) correct
answer(s).
®  For each question, choose the option(s) corresponding to (all ) the correct answer(s)
®  Answer to each question will be evaluated according to the following marking scheme:

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

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

Partial Marks . +2 Ifthree or more options are correct but ONLY two options are chosen and both
of which are correct.

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

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

Negative Marks : -1 In all 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 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 combination of options will get —1 mark.

1. Letf: R > R begivenby f(x) = (x—1) (x—2) (x —5). Define F(x) = .X[f(t)dt , X > 0. Then which
0

of the following options is/are correct ?

(1) F hasaloca minimum at x = 1

(2) F has alocal maximum at x = 2

(3) F(x) = 0 for dl x € (O, 5)

(4) F has two local maxima and one local minimum in (0O, «)
Ans. (1,2,3)



Sol. fX)=(x—-1) (x—=2) (x-=05)

F(x)

'X[f(t)dt,x>0

F'(x)=f(x)=(x-1)(x-2)(x-5),x>0
clearly F(x) has local minimum at x = 1,5
F(x) haslocal maximum at x = 2

f(x) =x®—8x° + 17x — 10

= F(x)=][(t*-8*+17t-10)at

O Ly X

from the graph of y = F(x), clearly F(x) # 0 V x € (0,5)

1+§/§+ ..... +§’/ﬁ

2. Forae R,ld>1,let lim =54 . Thenthe possiblevalue(s)

( O J
(an+1)? (an+2? T (an+n)?

of aidare:
(18 (2 -9 3 6 (47
Ans. (1,2
n(z(r” 15" o €
Sol. lim =L -54 = lim SLUR=AN VA, =54=_ 0 =54 — _ 4 _ 5
n—o n 1 noo| 1 & 1 1 1
n’'3 Z 7272 J‘izdx
~ (an+r)? ni=(@+r/n) + (a+X) a(a+1)

= ala+1) =72 - d+a-72=0 - a=-938



3. Threelines

L,: ?=?+]+vk, veR

are given. For which point(s) Q on L, can we find a point P on L, and a point R on L, so that P,
Q and R are collinear ?

~ - P P
(1) k+] @ & (3) k+5] (4) k=31
Ans. (3,4
Sol. Let P(A, 0, 0), Q(0, u, 1), R(1, 1, v) be points. L, L, and L, respectively

Since P, Q, R are collinear, PQ iscollinear with QR

1
v-1

H A mo_
ence =7

For every n € R —{0, 1} there exist unique A, v € R
Hence Q cannot have coordinates (0, 1, 1) and (O, O, 1).
4, LetF: R — R beafunction. We say that f has

. f(h)=f(0)
PROPERTY 1 if lIM——— ] eisisand is finite, and

f(h)—f(0)

PROPERTY 2 if hi exigts and is finite.

h?
Then which of the following options iSare correct ?
(1) f(x) = x|x| has PROPERTY 2 (2) f(x) = x*® has PROPERTY 1
(3) f(x) = 9n x has PROPERTY 2 (4) f(x) = |x| has PROPERTY 1
Ans. (2,4)
Sol. P-1 :
f(h)-£(0)

LTQW: exist and finite

2/3
25 Jim

(B) f(x) \/* hao\/*

| |2/3




=0, i h[=0

@) Fx)=N. "mf im

pP-2
h _
Iimf( )2 (©) = exigt and finite
h—0 h
h2
i hl-o | RAE=R e =
(A) f)=xx, "Bz 2
LHL =lim— -1
h—0 h
sinh—0

(C) f(x) =sinx  lim="-—=DNE

5. For non-negative integers n, let

n [k+1 j. [k+2 j
Zﬁn sin
+2 n+2

f(n) =
Zsm [k+1 j
n+2
Assuming cos " x takes values in [0, =], which of the following options iS/are correct ?
(1) sin (7 cos™ f(5)) =0 (2) f(4) =§
. 1
(3 limf(m) =2 (4) If o = tan (cos ™ f(6)), then o” + 20.—1=0

Ans. (1,2,4)

oo )l 2

- 2
Sol. f(n)=*
n 2k +2
25(1_aﬁ[rr:2jnj

(n+4)cos(n j (EZCOS(?$;:f)nJ
(n+1) - (g cos( an:zz j nj

f(n) =




Sin[(n+1)7t

n+2 j.cos[r”sjn

.[ T j n+2
sin
n+2

. ((n+Dx
(n+1) - Sm[ n+2 jcos(z(mz)nJ

S.n[nzj ' 2(n+2)
n+

T
n+1)cos———
(n+1 .

f(n) =

. (n+1) cos[(r:]%)j :1cos[nzz)

=09(X)= cos[ﬁj

(A) sin(?cosl cos%) =sint=0

_cos” V3
(B) f(4)_0056_ 5

(®) Iimcos(ﬁ) 1

n—w

(D) «a =tan(cos1 cos%) =2-1=a+1=+2

a?+20-1=0
100 100 010 010 001
Let R=I=0 1 0/, R=/00 1|» R=10 0|+ P=(0 0 1|: R=[100
10 01 010 001 100 010
0 0 1] . [2 13
R=|0 1 0|and X=>R|1 0 2|F
10 0] 1321

where P denotesthetranspose of the matrix P, .. Then which of the following optionsis/are correct?
(1) X —30I isan invertible matrix (2) The sum of diagonal entriesof X is18

1 1
@)1 X | 1= thena=30 (4) X isasymmetric matrix
1 1



Ans. (2,34

Sol.

2 1 3
Let Q=|1 0 2
321
6
X = (PkQPKT)

k=1

XT =Z6:(PkQPKT)T =X

k=1

X is symmetric
1
Let R=|1
1

6
XR=> RQRR [+ P'R=R]
k=1

. 2 2 2 6

dYP.=|2 2 2 QR=|3

= 2 2 2 6
2 2 2|[6] [30

—=XR=[2 2 2|[3|=[30|=30R
2 2 2||6] |30

= o = 30.

6
Trace X = Trace [Z PKQP;IJ
K=1



Ans.

Sol.

= 26: Trace( P.QP! ) =6(TraceQ) =18

1 1
X|1|=30|1
1 1
1
= (X=301)[1|=0=|X-30I|=0
1

= X —-30l isnon-invertible

Letx € R andlet P= and R = PQP™.

o O -
O N
X O N
X M X
o O X

1
2|, Q=
3

Then which of thefollowing optionsis/are correct ?
o 0
(1) For x = 1, there exists aunit vector qi +pj+vk for which R |=| 0
Y 0
(2) Thereexistsarea number x such that PQ = QP

2 X X
(3)detR=det |0 4 0| +8,foradlxe R
X X b
1 1
(4 Forx=0,ifR|a|=6|a|,thena+b=5
b b
B9
det(R) = d PY) = (det P)(d (LJ
et(R) = det(PQP™) = (det P)(detQ) | g p
=det Q
= 48 — 4x°
Option-1:

forx=1det(R)=44=0



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

We will have trivia solution
a=pB=y=0

Option-2:

PQ = QP

PQP* = Q

R=0Q

No vaue of x.
Option-3:

2 X X
det|0 4 0(+8
X X 5

=(40-4x)+8=48-4°=detRV x e R
Option-4:

2 1 2/3
R=|0 4 4/3
00 6
1
(R-6l)a|=0
b

:—4+a+2—::0

—2a+4—b =0
3

=a=2 b=3

a+b=5



Let f()=2"% x>0
X

Let X, <X, <X, <..<X <..beall the points of local maximum of f
andy, <y, <y, <..<y <..bedl the points of local minimum of f.
Then which of the following options iSare correct ?

(D x, -y |>1for every n (2 x, <y,

1
(3) x e(Zn 2n + ) for every n (4) X, ,,— X% >2forevery n

Ans. (1,34

Sol.

snnx

f(x) =

X
2X COSTtX (n —tan nx)

F1(x)= X%

//13/1/2)(1/33/2/4)(;

= [x. —y|>1for every n

Xl > yl

X € (2n, 2n + 1/2)

Xnv1 =X, > 2.

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 of the answer using the mouse and the on-screen virtual
numeric keypad inthe 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 1f ONLY the correct numerical value is entered.

Zero Marks : 0 Inall other cases.

:
"2 equals

N

G 13 77c kn 7n (k+)m)) _
The value of sec™ Zsec ol ot in the interval | -
k 0

Ans. (0.00)



sect li 1
Sol. 4 (77: knj [771 (k+l)nj
Cos| —+— |COS| — +

12 12 12 2

sin(h+ (k+Dr _[7n+knD

L4 1& 12 2 12 2
=sect| =
4% [771 knj [771 (k+l)nj
COS| —— +— |.CcOS| — +
12 2 12 2

o (Sl wng) ()

2. Let |X]| denote the number of elementsin set X. Let S={1,2,3,4,5,6} be asample space, where each
element isequally likely to occur. If A and B areindepenent events associated with S, then the number
of ordered pairs (A,B) such that 1 < |B| < |A|, equals

Ans. (422.00)

Sol. P(%j - P(B)

(ANB) _n(B)
A e (1)

= n

= n(A) should have 2 or 3 as prime factors
= n(A) canbe 2, 3,4 or 6 asn(A) > 1



n(A) = 2 does not satisfy the congtraint (1).
for n(A) =3.nB)=2and n(A nB) =1

4!
= No. of ordered pair = °C, x o =180

for n(A) =4.n(B) =3 and n(A " B) =2

|
= No. of ordered pairs = °C, x ;21 =180

for n(A) =6.n(B) canbe 1, 2, 3, 4, 5.
—  No. of ordered pairs = 2° — 2 = 62
Total ordered pair = 180 + 180 + 62 = 422.

3. Fiveperson A,B,C,D and E are seated in a ciruclar 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 hats is

Ans. (30.00)

Sol.

Q
O

When 1R, 2B, 2G
5C, x2 =10
Other possibilities
1B, 2R, 2G
or 1G, 2R, 2B
So total no. of ways =3 x 10 = 30

4.  Suppose
Sk Srew .
det| k=0 kio =0, holds for some positive integer n. Then ), K +k1 equals
Sock 3es
k=0 k=0

Ans. (6.20)



Sol.

Ans.

Sol.

Suppose

n(n+1) Y 1
> n(n-1).2"%+n.2 0
n.2"* 4"

n(n+1)

:%.[501#’ C,+°C,+°C, +°C, | :%[25—1] :%1:6.20

2 3\/cosO

The value of the integral .[

> (oos0 +ano)

00 equals

(0.50)

I “f cos0 &

> (Voos0 +sino |

ZT 3\/sin®
) [aos0 + Va0

)de

ch} 3d9
> (Joos0 +eco)

2l =

n/2 %2 ede

—3f =

0 (1+M)4

Let 1+tan6 =t



Ans.
Sol.

sec’ 0
24/tan©0
sec’0do

do =dt

= 2(t ~1)dt

22(t-1)dt
D
1

= 6]:(t3

—t*“)dt

-2 -3\”
-6 1| _6 o-o-{—lﬁ}
2 -3), 273

| = 0.50

Let a=2iA+]—lA< and BziA+2]+lA< be two vectors. Consider a vector ¢ = ad+pb, a,p € R. If the

projection of ¢ on the vector (é+ B) is 3v/2, then the minimum value of (6—(éx B)).E equals

(18.00)

E=(2a+P)i +j(o+2B) +K(B— o)

=

=

c(a+b)

|a+b|

a+B=2 (1)
(€ - (&ax b)).(a@+ pb)

=|eP=a?|af +B%|bf +20p(Aab)
= 6(a” + B* + ap)
=6(c” + (2 - ) + a2 — a))
=6 (o —1)° + 3)
Min. value = 18
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), (11), (111) and (IVV) 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-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 : +3 If ONLY the option corresponding to the correct combination is chosen.
Zero Marks : 0 Ifnone of the options is chosen (i.e., the question is unanswered);

Negative Marks : -1 In all other cases




1.  Answer thefollowing by appropriately matching thelists based on theinfor mation given in the
paragraph
Let f(x) = sin(r cosx) and g(x) = cos(2r sinx) betwo functionsdefined for x > 0. Definethe following
setswhose elementsarewritten in theincreasing order :
X={x:f(x)=0r, Y={x:f(x)=0}
Z={x:g(x)=0}, W ={x:g(x)=0}.
List-I containsthesets X,Y,Z and W. List -1l contains someinformation regarding these sets.
Ligt-l Lig-I1
n 3n
0 x ® ;{5,7,%,775}
an -y (Q) anarithmetic progression
an  z (R) NOT anarithmetic progression
D{E n 13_%}
vy W S = 66 6
T 21
M 21337
n 3n
W) 21572
Which of thefollowing isthe only CORRECT combination ?
Options
(1) (1), (R), (S) (2)(1),(P).(R)
(3) (1), (Q), (1) 4) (1), (Q), (V)
Ans. (3)
2. Answer thefollowing by appropriately matching thelistsbased on theinformation given in the
paragraph
Let f(x) = sin(r cosx) and g(x) = cos(2r sinx) betwo functionsdefined for x > 0. Definethe following
setswhose elementsarewritten in theincreasing order :
X={x:f(x)=0}, Y ={x:f'(x)=0}.
Z={x:g(x)=0}, W ={x:g(x)=0}.
List-I containsthesets X,Y,Z and W. List -1l contains someinformation regarding these sets.
Ligt-l Lig-I1
n 3n
0 x @ ;{5,7,%,775}
an -y (Q) anarithmetic progression
an  z (R) NOT anarithmetic progression
D{E in 13_%}
vy W S = 66 6
T 21
M 2{5’?“}
W) 2163
Which of thefollowing isthe only CORRECT combination ?
Options

(1) (V). (Q). (T) 2 (IV),(P).(R), (S (3 (1), (R), (V) (4) (1), (P), (Q), (V)



Ans. (2)

Solution Q.1 and Q.2

Q.1 Ans. (3)

Q.2 Ans (2

Sol. f(x) = 9n (m cos x)
X {x:f(x) =0}

. n
fxX) =0=d9n(rcosx) =0 =>cosx=n=cosx=1 -1,0= X=—

2
X = E:neN ={E,n,%,2n,....}
2 2 2

g(x) = cos (2r sin x)
Z={x:g(x) =0}

. 2n+1
cos(2n sinx) =0 = 2xr sinx = (2n + 1) g = sinx={21+1

sinX=—

Mlw

=3
’ 4 ’

NG
NG

Zz{nnisin‘l[lj, nnisin‘l(g)ne I}
4 4

Y ={x:f(x) =0}
f(X) = dn (m cos x) = f'(x) = cos (xr cos X) . (-t sinx) =0
snx =0= x = nm.

(2n+1)
———~ — COSX=-—

N
N

T
cos(mcosx) =0 = mcosx =(2n+ 1) 5 = cosx=

Y ={nn, nniE} ={E, E, T, ﬂ, @, 27, ......
3 3 3

W= {x:9d(Kx) =0}
g(x) = cos (2r sin X) = g'(x) = —sin (2 sin x).(2r cosx) = 0

cosx=0:>x:(2n+1)g

. . . . n 1 1
sn(2rsnx)=0= 2rShXx =nt = SN X = 5 = _1_5’0’5’1
wz{ﬂ, m_,n@}_{z,z,@,n,ﬁ,?’_ﬂ, ......
2 6 2 6 6 2

Now check the options



3.  Answer thefollowing by appropriately matching thelistsbased on theinformation given in the
paragraph
Let the circles C, - x* + y* =9 and C, : (x— 3)* + (y — 4)* = 16, intersect at the points X and Y.
Suppose that another circle C, : (x — h)? + (y — k)* = r’ satisfies the following conditions :
(i) centre of C, is collinear with the centres of C, and C,
(i) C, and C, both lie insde C,, and
(iii) C, touches C, & 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 expression given in the List-1 whose vaues are given in List-11 below:
Ligt-l Lig-I1
() 2h + k P 6
Length of ZW
(1) Lenzth of XY Q Ve
Area of triangle MZN 5
(1 Areaof triangle ZMW R 7
21
) o S 5
M 26
10
L) 3
Which of the following is the only INCORRECT combination ?
Options
(1) (IV), (S) (2) (1IV), (V) (3) (1), (R) 4 (1), (P
Ans (1)
4.  Answer thefollowing by appropriately matching thelistsbased on theinformation given in the

paragraph

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

(i) centre of C, is collinear with the centres of C, and C,

(i) C, and C, both lie insde C,, and

(iii) C, touches C, a 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 expression given in the List-1 whose vaues are given in List-11 below:

Ligt-I Lig-I1
) 2h + k (P) 6
Lengthof ZW
(i Length of XY Q Ve
Area of triangle MZN 5
(1 “Area of triangle ZMW R 7
21
V) S T
(M 26
10
Oy
Which of the following is the only CORRECT combination ?
Options
(1) (1), (T) 2 (1), (9
(3) (1), (U) (4) (1), (Q)
Ans. (4)
Solution Q.3 and Q.4
Q.3 Ans (1)
Q.4 Ans. (4

Sol. C
Z

MC +CC,+CN= 2r
=3+5+4=2r=r=6= Radiusof C, =6

Suppose centre of C, be (0+r,c0s6,0+r,sin6),

C_(gl_Zj_ _
s=log )=k =>2n+k=6



Equation of ZW and XY is 3x +4y —-9=0

(common chord of circle C, =0 and C, = 0)

246 6 ﬁ
ZW =21’ —p* ==—"— (wherer = 6 and P=_)
5 N

2 0. (AN
XY =2/ —p? =5 (wherer, = 3 and p1=g) ‘vm

Y

Length of ZW
Length of XY

Let length of perpendicular from M to ZW be A, A :3+9—%

5
1 1

Areact AMZN o (MN)XS(ZW) 1y 5

Areaof AZMW ;szxx 2 » 4

9 12
Cx==] +|ly-=| =6°
Cs'( SJ (y SJ

Cl:x2+y2—9=0
common tangent to C, and C, is common chord of C, and C, is 3x + 4y + 15 = 0.
Now 3x + 4y + 15 = 0 is tangent to parabola x* = 8ay.

x? =8a, ( _3X4_ 15} = 4Ax? + 240X +1200. =0



FINAL JEE(Advanced) EXAMINATION - 2019
(Held On Monday 27t MAY, 2019)

PAPER-2  TEST PAPER WITH ANSWER & SOLUTION

PART-2 : CHEMISTRY
SECTION-1 : (Maximum Marks: 32)
®  This section contains EIGHT (08) questions.
®  Each question has FOUR options. ONE OR MORE THAN ONE of'these four option(s) is (are) correct
answer(s).
®  For each question, choose the option(s) corresponding to (all) the correct answer(s)

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

Full Marks : +4 Ifonly (all) the correct option(s) is (are) chosen.
Partial Marks : +3 If all the four options are correct but ONLY three options are chosen.
Partial Marks : +2 Ifthree or more options are correct but ONLY two options are chosen and both

of which are correct.

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

Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered).

Negative Marks : —1 In all 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 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 combination 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
option(s).
(1) T is Zn
(2) R is [Au(CN),]"
(3) Z is [Zn(CN),]*
4) Qis O,

Ans. (1,3,4)



Sol.

Ans.

Sol.

Ans.

Sol.

4Au(s) + 8CN (aq) + 2H,O(aq) + O,(g) — 4[Au(CN),] (aq) + 40H (aq)
Q
2[Au(CN),] (aq) + Zn(s) — [Zn (CN) 4]2_(aq) + 2Au(s)
(R) (T) 2)
Which of the following reactions produce(s) propane as a major product?

(1) HiC~_~ electrolysis

COONa + H,0 >

) HSC\/\COONa NaOH, CaO, A

3) H C/\/Cl Zn, dil. HC1

Br
(4) chJ\/Bf Zn

2,3

CH, - CH, - CH,-CO,Na + HO __clectrolysis o 1y _hexane

v

v

CH,- CH, - CH, - CO,Na —MO=&0 , CcH, - CH, - CH,

A
CH, - CH, - CH,-Cl + Zn — CH, - CH, - CH, - ZnCl —%-"“ CH,CH,CH,

Br

dehalogenation
PR

The ground state energy of hydrogen atom is —13.6 eV. Consider an electronic state ¥ of He" whose
energy, azimuthal quantum number and magnetic quantum number are —3.4 eV, 2 and O respectively.
Which of the following statement(s) is(are) true for the state ¥'?

(1) It has 2 angular nodes

(2) It has 3 radial nodes

(3) It is a 4d state

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

of the electronic charge.

1,3)
-13.6x4
# 34=—>
n
n=4
# (=2
# m=0

Angular nodes = / = 2
Radial nodes=(n-/¢-1) =1
n / = 4d state



Ans.

Sol.

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

(1) © + Cl,(excess) — 228

i) alc.KOH
HOL A, s \
Q) r iii) red hot iron wbe 873 K~
Br
Br
(3) | NaOEt
( 4) @ NaOMe
2,4

CH,
H,C
2) \l/\BI' i) alc. KOH CH - C =CH Red hot iron tube873K
Br ii) NaNH2 3 HSC CH3
(Aromatic)
Br — o
3) NaOEt n | | Dimerise | |
EtO Elimination
(Srlz)lzlstz[gtion ( product) (Non aromatic)
u

(Non aromatic)

©Na*
aOMe
(4)@ NiOMe , @ + MeOH

(Aromatic ion)




5. Consider the following reactions (unbalanced)

Zn + hot conc. HSO, > G+ R+ X

Zn + conc. NaOH —» T + Q

G + H,S + NHOH — Z (a precipitate) + X + Y
Choose the correct option(s).

(1) The oxidation state of Zn in T is +1

(2) Bond order of Q is 1 in its ground state

(3) Z is dirty white in colour

(4) R is a V-shaped molecule

Ans. (2,3,4)

Sol. Zn + 2H,SO, (Hot and conc.) — ZnSO, + SOZT + 2H,0
(&) (R) (X)
Zn + 2NaOH (conc.) — Na ZnO, + HZT

(T) Q
ZnSO, + H,S + 2NH,OH — ZnS{ + 2H,0 + (NH,),SO,
@ X (Y)

6.  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) Aqua regia is prepared by mixing conc. HCI and conc. HNO, in 3 : 1 (v/v) ratio
(3) Reaction of gold with aqua regia produces an anion having Au in +3 oxidation state
(4) The yellow colour of aqua regia is due to the presence of NOCI and Cl,

Ans. (2,3,4)

Sol. (1) Au + HNO, + 4HCI — Aule + H3O+ + NO + HO
(2) Aqua regia = 3HCl(conc.) + HNO,(conc.)
(3) AuCl 4@ is produced
(4) Yellow colour of aqua regia is due to it's decomposition into NOCl(orange yellow) and Cl,(greenish

yellow).



Ans.

Sol.

Choose the correct option(s) from the following

(1) Natural rubber is polyisoprene containing trans alkene units

(2) Nylon-6 has amide linkages

(3) Cellulose has only a-D-glucose units that are joined by glycosidic linkages

(4) Teflon prepared by heating tetrafluoroethene in presence of a persulphate catalyst at high pressure
24
1. Natural rubber is polyisoprene containing cis alkene units

2. Nylon-6 has amide linkage 4=HN — (CH,), — ”

3. Cellulose has only B-D glucose units.
Per sulphate
4. F,C = CF, —=— {CF,-CE1,

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

= CHO
i)Hg*", dil.H,SO, Zn-Hg
ii) AgNO;, NH,OH N Q i)SOCIl, pyridine N R conc. HCI:\/S
iii)Zn—-Hg, conc. HC1 ii) AlICl,
eO

Consider Q, R and S as major products

W

(1) MeO

(2) MeO/©/\/\
Q
(@)

R

(4) MeO ;
R 0

S

(3) MeO

JQQ
J@O
J@O



Ans. (2,4)

ﬁ—CHz—CHZ—CHZO

C=C-CH,-CH=0 0
Hg"* e
Sol. ﬁ)
MeO 2

Q

AgNO, + NH,OH

— CH,CH, - CO;

MeO

Zn(Hg) + conc. HCI1

«— O=0 «——

CH,CH,CH, — CO,H

Q

MeO
l SOCI, + pyridine AICl,

MeO ®)

8

lZn(Hg) + conc. HCI

3

MeO ®)

SECTION-2 : (Maximum Marks: 18)
®  This section contains SIX (06) questions. The answer to each question is a NUMERICAL VALUE.
®  For each question, enter the correct numerical value of the answer using the mouse and the on-screen virtual
numeric keypad in the place designated to enter the answer. If the numerical value has more than two decimal
places, truncate/round-off the value to Two decimal places.
®  Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +3 If ONLY the correct numerical value is entered.

Zero Marks : 0 In all other cases.

1.  The decomposition reaction 2N, O,(g) — 2N,0,(g) + O,(g) is started in a closed cylinder under

isothermal isochoric condition at an initial pressure of 1 atm. 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_l, assuming ideal

gas behavior, the value of Y is ___

Ans. (2.30)



Sol.

Ans.

Sol.

Ans.

Sol.

2N,O04(g) —2 5 2N, O,(g) + O,(g) at constant V, T

t=0 1
t=y x 10’ sec (1 -2P) 2P P
P .=(1+P)=145
P = 0.45 atm

1
2K)t = 2.303log| ——
(2K) g(l 2PJ

1
(2 X 5 X 10_4) X y X 103 = 230310gm

y =2.303 =2.30

Total number of isomers, considering both structural and stereoisomers, of cyclic ethers with the molecular
formula C,H,O is

(10.00)

O O T AL A A

SO ) (1) 2) (3) (1)
(R +S) (R+S) IﬁIs{
S,S

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

(288.00)

S, + 48 HNO,—— 8H,SO, + 48NO, + 16H,0
1 mole of rhombic sulphur produce 16 mole of H,O i.e. 288 gm of H,O



4.  Total number of cis N-Mn—Cl bond angles (that is, Mn—-N and Mn—ClI bonds in cis positions) present

in a molecule of cis-[Mn(en),Cl,] complex is (en = NH,CH,CH NH,)

Ans. (6.00)

Sol. cis [M(CH)ZC 12]

Nq
@) Cl,—Mn — N,

C
]("a\ / Cl,—Mn—N,,

Ma Cl,— Mn —N,,

/ é\ Cl,,— Mn — N,,

= Ne c¢,—Mn—N,
NM Cl(b)— Mn — N(4)
Number of cis (CI—Mn—N) = 6

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

i) Hy, Pd—BaSOy, quinolineg\ P
ii) dil. KMnOy (excess), 273K

Ans. (6.00)

H,/Pd - BaSO,
Sol. Quinoline 7

273 K

Hoﬁ
HO CH,

total 6 —OH group present in a molecule of the major product.



6.  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 cm_3, the molarity of urea solution is ____
(Given data : Molar masses of urea and water are 60 g mol™' and 18 g mol ™', respectively)

Ans. (2.98 or 2.99)

Sol. X, = 0.05 = ——

19n = 50
n = 2.6315

(2631560 +900)
sol 1.2

. 2.6315x1000
Molarity = 9815780 - 2.9849

Molarity = 2.98M

= 881.5789 ml

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-I and List-I1
List-I has Four entries (I), (IT), (IIT) and (IV) and List-II has Six entries (P), (Q), (R), (S), (T) and (U)
FOUR options are given in each Multiple Choice Question based on List-I and List-I and ONLY ONE
ofthese 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 Ifnone of the options is chosen (i.e., the question is unanswered);
Negative Marks : —1 In all other cases

1.  Answer the following by appropriately matching the lists based on the information given in the
paragraph
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-II contains options
showing how they depend on n.

List-1 List-11
(M Radius of the n" orbit (P) oc n”
(II) Angular momentum of the electron in the n™ orbit Q) « n'
(III) Kinetic energy of the electron in the n™ orbit R) o« n’
(IV) Potential energy of the electron in the n™ orbit (S) < n'
(T) « n*
(U) o« n'?
Which of the following options has the correct combination considering List-I and List-11?
(1) b, (R) 2) @, (P) (3) (@M, (T) (4) D, (Q)

Ans. (3)



2

Sol. r=0.529 x n? = ron? — (1) (T)
nh
mvr = e = (mvr) < n = (II) (S)
z’ »
KE = +13.6 x pel = KE «< n = (1) (P)
z’ 5
PE:—2><13.6><F:>PEocn = (IV) (P)
2.  Answer the following by appropriately matching the lists based on the information given in the
paragraph
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-II contains options
showing how they depend on n.
List-1 List-11
(D Radius of the n” orbit (P) c n°
(II) Angular momentum of the electron in the n™ orbit Q) n'
(III) Kinetic energy of the electron in the n™ orbit R) o« n’
(IV) Potential energy of the electron in the n™ orbit (S) < n'
(T) « n°
(U) o« n'?
Which of the following options has the correct combination considering List-I and List-11?
(1) 1D, (S) (2) IV), (Q) (3) @V), (U) (4) (1D, (P)
Ans. (4)
Sol. Same as 1 (Section-3)



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

paragraph

List-I includess starting materials and reagents of selected chemical reactions. List-1I gives structures

of compounds that may be formed as intermediate products and/or final products from the reactions

of List-I
List-I
i) DIBAL-H

M o dpdiLHCL

_7 iii) NaBH,

0 iv) conc. H,SO4
Z )0,

1)) @:\/ ii) Zn, H,0 >

CO,H iii) NaBH,

o
(I1I)
C

O,CH,

CO,Me

CO,Me

1v) conc. H,SO,

i) KCN

ii) H,0, A

ii1) LiAIH,

1v) conc. H,SO,

>

i) LiAIH,

i1) conc. H,SO,

List-1I

(P) CHO

A

CO,H

OH

Q u

e

R)

OH
(S)

78

C

) CO,H

5

COH

U)

ss

Which of the following options has correct combination considering List-I and List-I1?

(D) I, (S), (R)
(3) (1), (T), (U)
Ans. (2)

(2) V), (Q), (R)
4 V), (Q), (U)



02 co H
lLiA1H4
L T, Q, R

CO,Me LiAlH, OH
@i/cone CH,OH

l Conc.H,SO,

Q

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

IV, Q, R

paragraph
List-I includess starting materials and reagents of selected chemical reactions. List-1I gives structures

of compounds that may be formed as intermediate products and/or final products from the reactions

of List-I
List-I List-1I
oy D DIBAL-H
M o JDdILHCL ®) @:\CHO
_7 iii) NaBH, CO.H
9) iv) conc. H,SO4 2
Z 10, OH
1)) @:\/ ii) Zn, H,0 > Q H
CO,H iii) NaBH,

1v) conc. H,SO,

cl ) KCN
(T1T) @:\ i) HO , A > @R
CO,CH, iii) LiAlH,

iv) conc. H,SO,

ol



CO,Me OH

2
i) LiAlH
av) COMe ey (§) @:\/
i1) conc. H,SO, CO.H

2

CO,H
CO,H

O
Which of the following options has correct combination considering List-I and List-11?
(1) @), (Q), (T), (U) (2) D, (P), (S), (U)
(3) A, (P), (S), (T) @) @, (S), (Q), (R)
Ans. (2)
Sol. N piBALH @:CHZ SCH=0
—_—
J dil HCI
CH
O
l NaBH,
l Conc.H,S0,

©@
ILQ R
CH,-CH=0
St o
_—
CO,H

NaBH

@i\CH _OH

Conc H,SO,

@?

I, P, S, U
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