JEE ADVANCED (PAPER i 1) SOLUTIONS i 2017 (Code-8)

PART | :PHYSICS

SECTION 1 (Maximum Marks: 28)

A This section containSEVEN questions.
A Each question hdsOUR options (A), (B), (C) and (DONE OR MORE THAN ONE of these
four option(s) is(are) correct.
A For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.
A For each question, marks will be awardedme of the following categories:
Full Marks : +4 If only the bubble(s) corresponding to all the correct
option(s) is(are) darkened.
Partial Marks : +1 For darkening a bubble corresponditty each correct
option, provided NO incorrect option is darkened.
Zero Marks : 0 If none of thebubbles is darkened.
Negative Marks : 12 In all other cases.
A For example, if (A), (C) and (D) are all the correct options for a question, darkening all these
three will result in +4 marks; darkening only (A) and (D) will result in +2 marks; and dadkenin
(A) and (B) will result ini 2 marks, as a wrong option is also darkened.
1. A block of mass M has a circular cut with a frictionless surface as shown. The block rests one
the horizontal frictionless surface of a fixed talkdtially, the right edge othe block is at
x = 0, in a ceordinate system fixed to the table. A point mass m is released from rest at the
topmost point of the path as shown and it slides down. When the mass loses contact with the
block, its position isc and the velocity is v. At that instant, which of the following option is/are
correct
(A) The x component of displacement of the center of mass of the block IW%RE
(B) The position of the point mass is== 2 MR
M+m
(C) The velocity of the block M isV = —g\/Zg_R
: : o 20R
(D) The velocity of the point mass m iy = =
1+—
M
1. Solution: (A, D)
Let M moves to the |l eft by Ado till the mon
R
vt \_‘.n_v.
e
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Fe, =0

net,

HenceDXcw =0
m(RTd)+M (1 d)=0

- _MR
(m+M)
With respect to-drame
%rn/rzel :rngR
le mM 2
28m+ M 1+V,) MR
mgR( m+ M )
v, +V, ——4’% ..... ()
mv,=Mv, . (i)
\ Mv, v, 2gR(m+ M)
m M
20R nt
= |— WM
2 \/ M ( )(m+ M)Z

_ | 2gRnf
B m(m+ M)
M [2gRM
V,=—V, =
m (m+ M)

Hence (A) and (D) are correct.

2. In the circuit shown, L = IrH, C = InF and R = 1. They are connected series with an a.c.
source V = \¢ sinwt as shown. Which of the following option is/are correct
L=1pH C=1pF R=1kQ

e

Vosinw t

(A) At w~ 0 the current flowing through the circuit becomes nearly zero

(B) The current will be in phase with the voltagevifl 0* rad.$?.

(C) At w >> 1P rad.$?, the circuit behaves like a capacitor

(D) The frequency at which the current will be in phase with the voltage is independent of R

2. Solution: (A, D)
E o iXe = ox. a4
\/R2+(XC _XL) WC
Whenw~0;X. - ©hencel O

tanf _—_M
R

Y fOwhen X = X.
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-1 1 1@GEJI independent of R

W _
° JLC \ho°:10° sec

r . ) )
When w >> 1 Ej, Xc<< X, and circuit will be inductive.
sec

3. A block M hangs vertically at the bottom end of a uniform rope of constant mass per unit length.
The top end of the rope is attached to a fixed right support at O. A transverse wave pule (Pulse
1) of wavelength ¢ is produced at point O on the rope. Théspuakes time da to reach point
A. If the wave pulse of wavelength is produced at point A (Pulse (2) without disturbing the
position of M it taken time Ao to reach point O. Which of the following option is/are correct

LLLLLL
O 5 Pulse 1

> Pulse 2
AM

(A) The wavelength oPulse 1 becomes longer when it reaches point A

(B) The velocity of the two pulses (Pulse 1 and Pulse 2) are the same at the midpoint of rope
(C) The velocity of any pulse along the rope is independent of its frequency and wavelength
(D) The time o = Toa

3. Solution: (B, C, D)
mgx

T:%}/Ig +£_

V= T _fMg+mgx/£
m m/(

Time taken by pulse to go from A to O or O to A will be same.
Hence [B], [C], [D] are correct

4. A human body has a surface area of approximately. The normal bodyemperature is 10 K
above the surrounding room temperatugeTke the room temperature to be=T300 K. For
To =300 K, the value o6 T =460 Wm'? (wheres is the StefarBoltzmann constant)Vhich

of the following options is/are correct
(A) The amount of energy radiated by the body in 1 second is close to 60 Joules
(B) If the surrounding temperature reduces by a small ambBuint< &,, then to maintain the

same body temperature the same (living) human being needs to rexiate4 § TJ

more energy per unit time

(C) If the body temperature rises significantly then the peak in the spectrum of electromagnetic
radiation emitted by the body would shift to longer wavelengths

(D) Reducing the exposed surface are of the body (e.g. by curling up) allows humans to maintain
the same body temperature while reducing the energy lost by radiation.

IIT KALRASHUKLAT CIVIL LINES, KAKADEO, SOUTH KANPUR 7 7617 800 800 [3]



JEE ADVANCED (PAPER i 1) SOLUTIONS i 2017 (Code-8)

4. Solution: (A, B, D)
dq — 4 4 45--]_‘l
P sA(T TO) :'!0%9—4 1

0

= 460%10 8 1 u 84.4¢ Joules

W= AT 7).
DwW = a( 4% T,[
DW = 4 AF} T, DT, - e

| vT = constantT increasé v decreases.
Hence A, B, D, are correct

5. For an isosceles prism of angle A and refractive indekis found that the angle of minimum
deviationdm = A. Which of the following options is/are correct?
(A) For the angle of incidence* A, the ray inside the prism is parallel to the base of the prism
(B) At minimum deviation, the incident angleand the refracting angle at the first refrachg
surface are related by = (i1/2)
(C) For this prism, the refractive indexand the angle of prism A are relatedfas 2cos 1%11
(D) For this prism, the emergent ray at the second surface will be tangential to the surface when
the ande of incidence at the first surface is

N A
i, =singsin 4co§§ -1 <osA
é

5. Solution: (A, B, D)
A

-+

A

Qo

sin
dm = A, hencem =

1O:0t

;

2COS§EA ‘

sin

-10:On

Nibs

A :2005.151"1 :
6% !

. i A
At min deviation f =1, = > Y ray parallel to base.

dmin:i+e.|. A
A+A=2iY i=A
For e = 96,

al
ra=ic=sin?! — —sn+

EE’ZCOS(A/Q

rn+r=AY ri=Asin +g,:,1 |

from Sneﬁﬁl‘ﬂ@zsm Law,
sint
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. e . 4l o
sin imin = MsiNgA - sin™ = §
é & n°

>

Q)o
3 -
"<I~%: 81

e 1
SiNimin =M esmA cos sin COS A~

e i

R
>

e

|nA mos sin' -COSA

v(-?dl g_)o 4'?3

m

|nA m:os‘3 sint [ 1 €osA

|nA«/ 1 cesA

e f
imin = sin? gsin 4co§%- 1 - cosA
é

6. A flat plate is moving normal to its plarterough a gas under the action of a constant force F.
The gas is kept at a very low pressure. The speed of the plate v is much less than the average
speed u of the gas molecules. Which of the following option is/are true?

(A) The pressure difference betwethe leading and trailing faces of the plate is proportional to
uv

(B) The resistive force experienced by the plate is proportional to v

(C) The plate will continue to move with constant fe@mo acceleration, at all times

(D) At a later time the exterh#orce F balances the resistive force

3|~
LT

CDEﬁD @QL:CD* @(&(‘D*

6. Solution: (A, B, D)

viiv=u+vY vizu+2% —V —V
Vo+v=ui vY vo=ui 2v u
*—Pp <+ V1
Dp, = mwvi + mu = 2m(u +) u o ||o—>
VZ

Dp,= m(v2 + u) = 2m(ui v).

Change in momentum dueach collision =4 m

Force = n(4m) =r Au(4mv)

Pressure difference uv

After a long time velocity will become constant when F balances resistive forces.

7. A circular insulated copper wire loop is twisted to form two loops ai Arand 2A as showim
the figure. At the pint of crossing the wires remains electrically insulated from each other. The
entire loop lies in the plane (of the paper). A uniform magnetic #elpoints into the plane of
the paper. At t = 0, the loop starts rotating about the common diameter as axis with a constant
angular velocityw in the magnetic field. Which of the following option is/are correct?
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S % * #

% L x

#F
Ol

(A) The emfinduced in the loop is proporial to the sum of the areas of the two loops

(B) The net emf induced due to both the loops is proportional ta/icos

(C) The rate of change of the flux is maximum when the plane of the loops is perpendicular to
plane of the paper

(D) The amplitude otthe maximum net emf induced due to both the loops is equal to the
amplitude of maximum emf induced in the smaller loops along

7. Solution: (C, D)
emf induced will be oppositely directed.
df, df
Hence gg= —%- —
T at T dt
= E(ZBAcoswt) T E(BAcoswt)
dt dt
&nd IS maximum when simt = 1
hencewt = P
2
SECTION 2 (Maximum Marks : 15)
A This section containBIVE questions.
A The answer to each question iISSENGLE DIGIT INTEGER ranging from 0 to 9, both
inclusive.
A For each question, darken the bubble corresponding to the correct integer in the ORS.
A For each question, marks will be awardedme of the following categories:
Full Marks . +3 If only thebubble corresponding to the correct answer is darkened.
Zero Marks : 0 Inall other cases.
8. A monochromatic light is travelling in a medium of refractive index n = 1.6. It enters a stack of

glass layers from the bottom side at an amgte 3(°. Theinterfaces of the glass layers are
parallel to each other. The refractive indices of different glass layers are monotonically
decreasing asi'F n’i mDn, where w is the refractive index of the'frslab andDn = 0.1 (sec

the figure). The ray is refracteditoparallel to the interface between thei(h)" and n¥' slabs

from the right side of the stack. What is the value of m?

m n—man
‘m1 n=(m-1)An __—7
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8. Solution: (8)
From Snell 6s Law
n sing = (N1 mDn)sin90
1.6 sin30 = (1.67 m3 0.1)
m(0.1) = 0.8
m=28

Q. 3] is an isotope of lodine thdt decays to an isotope of Xenon with a Hié# of 8 days.
A small amount of a serum labelled witHl is injected into the blood of a person. The activity
of the amount of*Y injected was 2.4 10° Becquerel (Bq). It is known that the injected serum
will get distributed uniformly in the blood stream in less than half an hour. After 11.5 hours,
2.5 ml of bl ood is drawn from the personods
volumeof bl ood in the personds body, in | iter:
(you may use* ° 1 +xfor | x Kk <land In 2 0.7)

9. Solution: (5)
Let volume of blood is V ltrs.

Then activity of total blood sample after 11.5 hours will be equéaléllt:o3 V 3000

From A = A€
115V2 1000_, o 45 givas 5
2.5 '
V= @e' 004192 1—20(1 -0.04192 henceV =5
23 23

10. A stationary source emits soundfagquency § = 492 Hz. The sound is reflected by a large car
approaching the source with a speed of 2nTe reflected signal is received by the source and
superposed with the original. What will be the beat frequency of the resulting signal n Hz?
(Given that the speed of sound in air in 330 hasd the car reflects the sound at the frequency
it has received).

10.  Solution: (6)

n :f ?Vsound + V
car o€ vV
e sound
n - ? Vsound
reflected C[;]’A vV
evsound -
n :'f ?Vsound + V
reflected o€ Vv
&Vsound”
— éVSQLInd + V
D Beat  reffkted f o € Vv 1
evsound -
evsound-l- V v sound \d
D raeat tog vV
e Vsound~
4923 232
“Tam O
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11.

11.

12.

12.

An electron in a hydrogen atom undergoes a transition from an orbit with quantum nutober n
another with quantum numbet Wi and 4 are respectively the initial and final potential energies

of the electron. YL = 6.25, then the smallest possibleis
Vf
Solution: (5)

PE" =

2
._nf2

Vi > $6.25
VvV, n
ng

r-]I

A drop of liquid of radius R = 16 m having surface tension S%—p Nm *divides itself into K

identical drops. In this process the total change in the surface ddgrgyl03J. If K = 1(?
then the value o4 is

Solution: (6)
From volume conservation

4 4 .
—pR® K= r ¥ —==
3p 3 P

U =(4 ®)s

U =(4 ?)SK [# RYsK”
DU {4 BF)gK? I 102
4p 3104.2—3( K 3 10°
(K1/3_ 1) 402

K1/3:102

K =10°.
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To o Do Do I Do

SECTION 3 (Maximum Marks : 18)

This section containSIX questions omatchng type
This section containEWO tables(each having 3 columns and 4 rows)
Based on each table, there al¢REE questions

Each question hasOUR options [A], [B], [C] and [D].ONLY ONE of these four options is
correct.

For each darken the bublderresponding to the correct optionthe ORS.
For each question, marks will be awardedme of the following cagories:

Full Marks . +2  If only the bubble(s) corresponding to all the correct match(es) is (are)
darkened
Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks: i1 In all other cases

Answer Q. 13, Q.14 and Q.15 by appropriately matching the information given in the three
columns of the following table.

13.

13.

14.

14.

Column 1 Column 2 Column 3

| g o o

® Electron withv = 2% K ) | E=EE (P)| B= B X

0
T » % = - —— _
ah Electron withV = %ﬁ i) | E= £k Q)| B=B,E
0

(Il) | Proton withv =0 (i) | E= £k R) | B=B.¢

|V o i - _ = S = -
() Proton withV = 25 K V) | E=Ejk (S | B=B,k

w

0

In which case will the particle move in a straight line with constant velocity?

(A) (V) (1) (S) (B) (In) (iii) (S) (C) () (iii) (P) (D) (i) (i) (R)

Solution: (B)
Particle will move with constant velocity,
When gE+ q(V +E) 6

o E
whenvV~ B thenv=—2
BO

if V= %F thenE= £Fand B = B, will satisfy the relation.

0

i.e., (IN) (iii) (S)

In which case will the particle describe a helical path with axis along the positive z direction?

(A) (V) (i) (R) (B) (V) () (S) (C) (1) (iii) (P) (D) (1) (i) (R)
Solution: (B)

Helical path along Zxis is possible whet is directed along Zxis along with magnetic field.
V must be in Xy plane

i.e., (IV) (i) (S)
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15.

15.

16.

16.

In which case would the particle move in a straight line along the negative directieaxisf y
(i.e., move along ¥)

(A) (V) (i) (S) (B) (1) (i) (P) (C) (1) (ii) (R) (D) (1) (iii) (Q)
Solution: (C)

Particle move alongy-axis whenkE is also directed alonigy-axis along with magnetic field.

i.e., (I (i) (R)

Answer Q.16, Q.17, and Q.18 by appropriately matching the information given in the three
columns of the followingtable.

An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the
corresponding PV diagrams in column 3 of the table. Consider only the path from state 1 to
state 2. W denotes the corresponding work done on the systeequiations and plots in the

table have standard notations as used in thermodynamic procesg isdhe ratio of heat
capacities at constant pressure and constant volume. The number of moles in the gas is n,

Column-1 Column-2 Column-3
Ay
(I W, 229—1_1(P2V2 -PV) (i) Isothermal (P) \ i
v
P
T
(mn w, ,= PV, BV (i) Isochoric Q) |
\
‘ 2
v#

Pa 1
(I W, ,=0 (iii) Isobaric (R) T ‘\1
l

2

»
av, o T !
(V) W, ,= nRTIn = (iv) Adiabatic (S)
&, ]
Which of the following options in the only " v

representation of a process in whibhh zAQ P VI?

(A) (In) (i) (P) (B) (I (iv) (R) (C) () (iv) (R) (D) (1) (iii) (P)
Solution: (A)

DU = @ P Viscorrect when W =BV

i.e. isobaric process.

i.e., (1) (i) (P)
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17.  Which one of the following option is the correct combination

(A) (1) (i) (S) (B) (V) (ii) (S) (©) (I (iv) (R) (D) (1) (iv) (P)

17.  Solution: (A)
Work done is zero in isochoric process.

i.e., (I1) (ii) (S)

18.  Which one of the following options represents a thermodynamic process that is used as a
correction in the determination of the speed of sound in an ideal gas

(A) (1) (i) (Q) (B) (V) (i) (R) (C) () (iv) (R) (D) () (iv) (Q)

18.  Solution: (D)
Adiabatic processe., (I) (iv) (Q)

END OF PART | : PHYSICS

IIT KALRASHUKLAT CIVIL LINES, KAKADEO, SOUTH KANPUR 7 7617 800 800 [11]



JEE ADVANCED (PAPER i 1) SOLUTIONS i 2017 (Code-8)

To I Do Do

PART Il : CHEMISTRY

SECTION 1 (Maximum Marks: 28)

This section containSEVEN questions.

Each question hdsOUR options (A), (B), (C) and (DONE OR MORE THAN ONE of these

four option(s) is(are) correct.

For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.

For each question, marks will be awardedme of the following categories:

Full Marks : +4 If only the buble(s) corresponding to all the correct
option(s) is(are) darkened.

Partial Marks : +1 For darkening a bubble corresponditty each correct
option, provided NO incorrect option is darkened.

Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks : 12 In all other cases.

For example, if (A), (C) and (D) are all the correct options for a question, darkening all these

three will result in +4 marks; darkening only (A) and (D) will result in +2 marks; and darkening

(A) and (B) will result inT 2 marks, as a wrong option is also darkened.

19

19.

20.

20.

21

The IUPAC name (s) of the following compound is (are)

e

(A) 1-methyt4-chlorobenzene (B) 1-chloro-4-methylbenzene
(C) 4-chlorotoluene (D) 4-methylchlorobenzene
Solution: (B, C)

(B) 1-chloro-4-methylbenzene

(C) 4-chlorotoluene

The correct statement(s) for the following addition reaction is (are)
HC H

(i) LYY, M and N

H CH
H.C CH,
i)y =X WYY
H H
(A) O and P are identical molecules
(B) (M and O) and (N and P) are two pairs of diastereomers

(C) Bromination proceeds through traaddition in both the reactions.
(D) (M and O) and (N and P) are two pairs of enantiomers

Solution: (B,C)

(B) (M and O) and (N and P) are two pairs of diastereomers

(C) Bromination proceeds through traaddition in both the reactions.

Cis alkene on anti addition givescemic mix and trans alkene on anti addition gives meso form.
O & P areenantiomers.

The colour of the Xmolecules of group 17 elements changes gradually from yellow to violet
down the group. This is due to

IIT KALRASHUKLAT CIVIL LINES, KAKADEO, SOUTH KANPUR 7 7617 800 800 [12]



JEE ADVANCED (PAPER i 1) SOLUTIONS i 2017 (Code-8)

21.

22.

22.

Q.23

(A) the physical state of Xat room temperature changes from gas to solid down the group.
(B) decrease ip*-s* gap downthe group.

(C) decrease in ionization energy down the group.

(D) decrease in HOM@Q.UMO gap down the group.

Solution: (B, D)

(B) decrease ip*-s* gap down the group.

(D) decrease in HOM@.UMO gap down the group.

The colour of halogen is due &bsorption of radiation in visible region which results in the
exication of outer 'eto higher energy level.

An ideal gas is expanded fromy (1, T1) to (p, V2, T2) under different conditions. The correct

statement(s) among the following is(are)

(A) The work done by the gas is less when it is expanded reversibly fiotbo V> under
adiabatic conditions as compared to that when expanded reversibly froto W2 under
isothermalconditions.

(B) If the expansion is carried out freely, it is sitameously both isothermal as well as
adiabatic.

(C) The change in internal energy of the gas is (i) zero, if it is expanded reversibly with
T1=To, and (ii) positive, if it expanded reversibly under adiabatic conditions withTb

(D) The work done on the gas is maximum when it is compressed irreversibly frow)o
(p1, V1) against constant pressure p

Solution: (B,D)

(B) If the expansion is carried out freely, it is simultaneously both isothermal as well as adiabatic.

(D) The work done on the gas is maximum when it is comprasseersibly from (p, V2) to

(p1, V1) against constant pressure p

|Wisothermal > | Wadiabati¢ bUt workdone by system is negative.

In reversible isothermal proceBt) <0

For a solution formed by mixing liquids L and M, the vapour pressure «
plotted against the mole fraction of M in solution is shown in the follow
figure. Here x_ and »x1 represent mole fractions of L and M, respectively,p.
the solution. The correct statement(s) applicable to this system is (are)

1 Xum

A)The point Z represents vapour pressure of
XxL- 1

(B) Attractive intermolecular interactions betweeit lin pure liquid L and MM in pure liquid
M are stronger than those betweenM when mixed in solution.

(C) The point Z representsvapourppr essur e of pure |l iquid M an
xx=0to x.=1

D)The point Z represents vapour pressure of
xL=0to
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23.  Solution: (A, B)
(A) The point Z represents vapour pressure
X - 1
(B) Attractiveintermolecular interactions betweerLLin pure liquid L andM-M in pure liquid
M are stronger than those betweeMlwhen mixed insolution.
When x - 1 itis a dilutesolution
So Raoultés Law wil!/l be obeyed.
Case of +ve deviation

24.  The correcstatement(s) about the oxoacids, H&aid HCIO, is (are)
(A) HCIO4 is more acidic than HCIO because of the resonance stabilization of its anion.
(B) HCIO4 is formed in the reaction between.@hd HO.

(C) The conjugated base of HGI3 weaker base thantH
(D) The central atom in both HCk@nd HCIO is sphybridized.

24.  Solution: (A, C, D)
(A) HCIO4is more acidic than HCIO because of the resonance stabilization of its anion.
(C) The conjugated base of HGI® weaker base than,8
(D) The central atom in both HCkand HCIO is sphybridized.

Q.25 Addition of excess aqueous ammonia to a pink coloured aqueous solution H6NOI (X)
and NHCI gives an octahedral complex Y in the presence ofraaqueous solution, Complex
Y behaves as 1 : 2 electrolyte. The reaction of X with excess HCI at room temperature results in
the formation of a blue coloured complex Z. The calculated spin only magnetic moment of X
and Z is 3.87 B.M., whereas it is zearrh complex Y. Among the following options, which
statement(s) is (are) correct?

(A) When X and Z are in equilibrium at 0°C, the colour of the solution is pink.
(B) Zis a tetrahedral complex.

(C) The hybridization of the central metal ion in Y fspf
(D) Addition of silver nitrate of Y gives only two equivalents of silver chloride.

25.  Solution: (A, B, C)
(A) When X and Z are in equilibrium at 0°C, the colour of shkitionis pink.
(B) Z is a tetrahedral complex.
(C) The hybridization of theentral metal ion in Y isdp®
Xis [Co(H:0)6]Cl2
Y is [Co(NH)e]Cl3
Zis [Co(Cl)y]*
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oo T Do

SECTION 2 (Maximum Marks : 15)

This section containBIVE questions.

The answer to each question iISSENGLE DIGIT INTEGER ranging from 0 to 9, both

inclusive.

For each question, darken the bubble corresponding to the correct integer in the ORS.

For each question, marks will be awardediire of the following categories:

Full Marks : +3 If only the bubble corresponding to the correct answer is
darkened.

Zero Marks : 0 In all other cases.

26.

26.

27.

27.

The sum of the number of lone pairs of electrons on each central atom in the following species
[TeBre]?, [BrF]*, SNF, and [XeR]'

(Atomic numbers : N=7, F=9, S =16, Br =35, Te =52, Xe = 54)

Solution: (6)

[Te B¥]? = XeFs Ip=1

[BrFs]* = Sk Ip=2

[SNRs] =0 p=0

[XeFs]' =XeR+F - XeF Ip=3

Among the following, the number of aromatic compound(s) is

O ALOQO
&6

Solution: (5)

=)

Nonaromatic Antiaromatic

Aromatic © Nonaromatic

@

Aromatic @ Antiaromatic
Aromatic Aromatic

O O P O
W,
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28.

28.

29.

29.

O’ Aromatic

Total aromatic =5

A crystalline solid of a pure substance has a-tasdred cubic structure with a cell edge of 400
pm. If the density of the substance in the crystal is 8 '§,dtren the number of atoms present
in 256 g of the crystal is N x #) The value of N is
Sdution: (2)
F.C.C.
400 P.m.=ar = 8gm/cn?
Natom= N % 164 256 am
_ZM 43 M
Ma° N, (400 10"y
M= 2N, (40¢ 10%° §
256

Natom = VS N,

r

B 256
2N, (40 10" ¥

N, = 2 x 164

The conductance of a 0.0015 M aqueous solution of a weak monobasic acid was determined by
using a conductivity cell consisting qflatinised Pt electrodes. The distance between the
electrodes is 120 cm with an area of cross section of1Tdra conductance of this solution was
found to be 5 x 13 S. The pH of the solution is 4. The value of limiting molar conductivity

(Lfn) of this weak monobasic acid in aqueous solution is 28 t&i* mol'*. The value of Z is

Solution: (6)

0.0015 M

|=120cm A=1lcnf C=5x10"S
pH=4 |1°© =zx1G S cnf mold*
Z="7

k:C£:6><1(35
a

. k 3000 _
M

pH=4, H" 40*

H*=0.0015 xa

azl—o’“,lﬁ] 6 BO
Im
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30. Among H, Hej, Liz, Bey, Gy, Np, O, , and B, the number of diamagnetic species is (Atomic

numbers:H=1, He=2,Li=3,Be=47F5,C=6,N=7,0=8,F=9)
30.  Solution: (6)

Ha s1¢g Diamagnetic
He, |s 1<, s"1¢, Paramagnetic
Liz 518, 571, s2¢ Diamagnetic
Be: |sl1s,s'1e, 52, 5°2¢ Diamagnetic
B2 s1¢,s°1¢, 529, 5°2¢, p2pd = p2pt Paramagnetic
C s1¢, s'1¢, s29, s 28, p2pd = p2p,? Diamagnetic
N2 s1¢, s"1€, s2¢, s°2¢, p2p = p2p/4, S2p;2 Diamagnetic
0, s1¢,s"1<, s2¢, 828, s2p72, p2pé = p2p/2, P 2p = P 2py*t Paramagnetic
F s1¢, s71¢, s2¢, s725,52p2, p2pé = p2py? ,p 2P = p 2p° Diamagnetic

Diamagnetic = 6, Paramagnetic = 3

SECTION 3 (Maximum Marks : 18)

This section containSIX questions of matching type.
This section containEWO tables(each having 3 columns and 4 rows).
Based on each table, there @alREE questions.

Each question hasOUR options [A], [B], [C] and [D].ONLY ONE of these four options is
correct.

For each darken the bubble corresponding to the correct option@RSe
For each question, marks will be awardedtire of the following categories:

Full Marks . +2  If only the bubble(s) corresponding to all the correct match(es) is (are)
darkened

Zero Marks 0 If none of the bubbles is darkened.
NegativeMarks : 71  In all other cases

To o Do Do I o

Answer Q. 31, Q.33 by appropriately matching the information given in the three columns of the
following table.

The wave function,Y | . is a mathematical function whose value depends upon spherical

coordinates (rg, f) of the electron and characterized by the quantum numbéend,m. Here r is

distance from nucleusy is colatitudes and is azimuth. In the mathematical functggiven in the
Table, Z is atomic number angia Bohr radius.

Column 1 Column 2 Column 3
() 1s orbital - % azr
,a e
M Yoom & @ |1
¢ = %
0
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(1) 2s orbital (i) One dial node

(Q) Probability density at nucleus %

[Il) 2pz orbital o 2 am s R) Probability density is maximum at nucleus
(I 2p Gy az o | ® y density
n,(,m
¢ -+
(IV) 3d/2 orbital | (iv) xy-plane is a (S) Energy needed to excite electron from n
nodal plane.

27 .
state to n = 4 state rgétlmes theenergy needed t

excite electron from n = 2 state to n = 6 state.

31.

31.

32

32.

33.

33.

Answers Q. 34, Q.35 and Q.36 by appropriately matching the information given in the three

For the given orbital in Column 1, the only CORRECT combination for any hyd+dgen

species is

(A) (1) (iii) (P) (B) (1) (i) (P) (C) (IV) (iv) (R) (D) (1 (i) (S)

Solution: (B)
For Hydrogen like species 2s orbital has 1 radial nodd {nl)i.e., (II) (i) (P)

For H€ ion, the only INCORRECT combination is

A M OR (B) () @) (S) (C) (1) (i) (R) (D) (1) (ii) (Q)
Solution: (C)
Het=1¢ n=1 |=0 radial node=0
i.e., () (iii) (R)
For hydrogen atom, the only CORRECT combination is
(A) () () (S) B) () (v) (R) ©) (1) () (P) (D) (1 () (Q)
Solution: (A)
H = 1¢, 1s orbital
27 -
Yom me @
¢% =+

. 27 .
Energy needed to excite electron from n = 2 stateton =4 stg%ze ienes the energy needed

to excited electron from n = 2 state n = 6 state.

ie., () (i) (S)

columns of the following table.

34.

Columns 1, 2 and 3 contain starting materials, reaction conditions, and type of rea
respectively.
Column 1 Column 2 Column 3
(I) Toluene (i) NaOH/Br. (P) Condensation
(II) Acetophenone (i) Bra/hv (Q) Carboxylation
(111) Benzaldehyde (iii) (CH3CO)O/CH:COOK | (R) Substitution
(IV) Phenol (iv) NaOH/CO (S) Haloform

For the synthesis of benzoic acid, the only CORRECT combination is

(A) (V) (ii) (P) B) (1) (iv) (Q) (©) () (iv) (R) (D) () () (S)
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34.

35.

35.

Q.36

36.

C I
CH=CH-C-OH
@ ) ©O)- o

Solution: (D)
(ﬁ Yo W5,

Ph- C -CH, (i)
(I
o)

|
Ph- C - Na® €HBr
S

The only CORRECT combination in which the reaction proceeds through radical mechanism is

(A) (1) (i) (R) (B) (1) (ii) (P) (€ (V) () (Q) (D) (1) (iii) (R)

Solution: (A)

CH, CH,Br

(ii)

(9 (R)
The only CORRECT combination that gives two different carboxylic acids is
(A) () () (S) (B) (1) (iii) (P) (C) (V) (ii)) (Q) (D) (1) (iv) (R)
Solution: (B)

OH 0 0
@—(liH—CHZ—(u—O—C—CH;

| 0

Condensation

END OF PART Il : CHEMISTRY
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PART Il : MATHEMATICS

SECTION 1 (Maximum Marks: 28)

A This section containSEVEN questions.
A Each question hdsOUR options (A), (B), (C) and (DONE OR MORE THAN ONE of these
four option(s) is(are) correct.
A For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.
A For each question, marks will be awardedme of the following categories:
Full Marks : +4 If only the bubble(s) corresponding to all the correct
option(s) is(are) darkened.
Partial Marks : +1 For darkening a bubble corresponditty each correct
option, provided NO incorrect option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.
Negative Marks : 12 In all other cases.
A For example, if (A), (C) and (D) are all the correct options for a question, darkening all these
threewill result in +4 marks; darkening only (A) and (D) will result in +2 marks; and darkening
(A) and (B) will result ini 2 marks, as a wrong option is also darkened.
37. Leta, b, xandy be real numbers such thaba 1 and y 0, if the complex humber = x + iy
satisfieslmgeaz—ﬁLlb =y, then which of the following is (are) possible value (s) of x?
¢zt
AT 1+ a/l- y (B) 17 ,/1+ y? (C)i 17 1- y* (D) 1+ 4/1+ y
37.  Solution: (A, C)
az+b_ (ax+a 1) itay
z+1 x4) W
| daz+tb _ y
"1
Y (x+1P+y’=1
Y X=71°41 -y
38.  Which of the following is (are) NOT the square of & 3 matrix with real entries?
el 00 el 0 O &l 0 0 el 0 O
(A)2010 (B)go-l 0 (C)go -1 0 (D)201 0
g 0 1 g 0 -1 go 0 -1 g 0 -1
38.  Solution: (C, D)

To be equal tequare of a matrpxdeterminant of given matrix should be positivisoa

& 0 0 & 0 O
A2201 1YA2=go-1o
0 -2 -1 0 0 -1
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39.

39.

40.

40.

41.

1 2
Let X and Y be two events such that P(X%; P(X|Y) :5 and P(Y|X) :E . Then

_l —i :g '1Y' :}
(A) P(XAY) 5 (B) P(Y)—15 (C) PIXCY) 5 (D) P(X'[Y) >
Solution: (B, D)

P(XAY) = P% P(X) = P%)YS P(Y)

Y P(Y) = 1% andP(X /EY) = 1—25

10:0t

ax aX
Py 61 P
P(XC;Y) =P(X) P(Y) R(X Y}
1 4 2 7
= 4+ — —=
3 15 15 1t

1
2

1o O

Letf: R- (O, 1) be a continuous function. Then, which of the following function(s) has (have)
the value zero at some point in the interval (0, 1)?

(A) f(x) + ﬁpf(t)sint dt (B) & i ﬁ f(t)sint dt
(C) X7 f(x) (D) xi ﬁg'xf(t) cost dt

Solution: (C, D)
A gx)=f(x)+ ﬁgf(t)sin t dt

f(x) > 0, fjpf(t)sin tdt>0
Y g(x)>0
(B) g(x)=e - rjf(t)sintdt Yg'(x) =¢ % sinx & x' (0[
g0h=1i0=1>0
g(1') = ei fjf(Hsin t dt>0
©)  9()=x"-f(x)

g(0" =i f(0) <0
g(1) =11 fa") >0

(D) g(x) = x- ﬁg'xf(t)cos t dt
g(0") = 0- ﬁ;f(t)cos tdi<0

g(1) =1- ﬁ?‘g_l 8f(t)cos tdi>0

Let [x] be the greatest integer less thareguals to x. Then, at which of the following point(s)
the function f (x) = x cos(x + [x])) is discontinuous?

A)x=1 B)yx=2 C)x=0 D)x=11
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41. Solution: (A, B, D)
Checking atx =n
f(n*) =nand f(h) =1n
Hencef(x) = x cos px + p[x]) is discontinuous x i 17 {0}.

42. If a chord, which is not a tangent of the parabdla y16x has the equation 2x + y = p, and
midpoint (h, k), then which of the following is(are) possible value(s) of p, h and k?
(A)p=5h=4,k= 3 (B)p=2,h=3,k= 4
Cp=i2,h=2, k= 4 DO)p=il,h=1,k= 3

42.  Solution: (B)

Equation of chord with migboint (h, k) isT=9%
Y kyT 8 (x+h)=Ki 16 h
Y 8x1 ky +k*i 8h =0
Comparing with 2x + y = p, we get

8_-k k* -8h

2 1 -p
Y k=714and2h p=4

2 2
43. If2x71 y+1=0Iisatangenttothe hyperbé@- %3 4, then which of the following CANNOT
a

be sides of a right angled triangle?
(A)a, 4,2 B)a, 4,1 (C)2a,4,1 (D) 24, 8,1

43.  Solution: (A, B, D)

Comparing2x y+1=0 Withgsecq _)4/1 tan q , we get
seq _tanqg _ 1
2a 4 -1
Y 42 =1+ 16
SECTION 2 (Maximum Marks : 15)

A This section containBIVE questions.

A The answer to each question ISSENGLE DIGIT INTEGER ranging from 0 to 9, both
inclusive.

A For each question, darken the bubble corresponding to the correct integer in the ORS.

A For each question, marks will be awardedme of the following categories
Full Marks : +3 If only the bubble corresponding to the correct answer is

darkened.
Zero Marks : 0 In all other cases.
44, ap

Letf: R- R be a differentiable function that f (0) = DE ;= 3fi0)=1.1If
P

2
g(x) = fif ' (t) cosec t- cot t cosec t f (Dl

X

for x I %)%H thenlim _, g(X)=
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44.  Solution: (2)

P P
g(x)= fjf '(t)ycosect d - ﬁf(t) cosect cott d=f(t) . cosec t?z
(Apply integrationby pars on first term)

\ limg(x) =3 -Iimf_(—x) 2
x- 0 x- 08in X

45.  Words of length 10 are formed using the letters A, B, C, D, E, F, G, H, |, J. Let x be the number
of such words where no letter is repeated; and let y be the number of such words where exactly

one letter is repeated twice and no other letter is repedted, g— =
X

45.  Solution: (5)
x =P, n=10!

|
10%_ 453 101
21

y =10C; 3 9Cg3
[*°C; = No. of ways to choosaedigit which will repeat.
%Cs = No. of ways to choose digits which will not repeat]
y _45% 10!
9x 93 10!

46. The sides of a right angled triangle are in arithmetic progression. If the triangle has area 24, then
what is the length of its smallest side?

46.  Solution: (6)
Let sides are (4 d), a, (a + d)
\ (@i dy + & = (a + df

and %(a— d)(a) =2«

Y & =4ad and4i ad = 48
Y a=8 Y ard=6

47.  For how many value of p, the circlé x y> + 2x + 4yi p = 0 and the coordinate axes have
exactly three common points?

47. Solution: (2)
(x+1F+(y+2f=p+5
l: Passes through origandintersecting both axi¥y p=0
Il: Touchesx-axisand cutgy-axisat 2 points
Y p=11
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48. For areal numbea, if the system

el a d & g 1¢
ga 1 agygz-
@° a 1 @izp 16

of linear equations, has infinitely many solutions, thendl + ¥ =a

48.  Solution: (1)

1 a &
D al a(Z @
a’ a 1
\ a=+loril
Y a=i1

(putting a = 1, gives ndolution)

Answer Q. 49, Q. 50, Q. 51 by appropriately matchinghe information given in the three
columns of the following table

Column 1, 2 and 3 contains conics, equations of tangents to the conics and f
contact respectively.
Column 1 Column 2 Column 3
() x2+y* =2 (i) my=n?fx + a (P)éa 2a
B2’ m
() x2+&y? =2 () y=mx+ a/n?+1 (Q)é - ma a
cdm?+1'Jn? 4
(1 y2=4ax (i) y = mx + a‘nft- 1 a -a’m 1
(R) r——,
Razm+1Vant 11
(MXET @y =a | )y = mx+JalnP +1 & -am 1
Rlazm?- 1'Va@nt -1
Q.49 Q.51
Column 1 Column 2 Column 3
L x> +y =2 i, y = mx+ a1 +nd Qé - ma a
Bm+1'Vn? 4
I _2+)/_2 4 iv.y = mx+ya@nt + R & -a’m 1
& 1 Bl +1Va@nt +1
. y2= 4ax . a da 2a.
iLy=mx+— P. =
Y m fm?'m
. x* y* 4 ii. y= mx++ant -1 S.é -a’m | 1
a1 Raent- 1Va@nt -1
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49.

49.

50.

50.

51.

51.

T Io o To To I

If atangent to a suitable conic (Column I) is found to be y = x + 8 and its point of contact is (8,
16), then which of the following options is the only CORRECT combination?

(A) (I (iv) (R) (B) (1) (i) (P) (©) (1) (i) (Q) (D) () (i) (Q)
Solution: (B)

y=x+8and (8,16 m=1

Now check by putting it€olumn-3

i.e., (1) (1) (P)

For a =«/§ if a tangent iglrawn to a suitable conic (Column 1) at the point of contatt {),
then which of the following options is the only CORRECT combination for obtaining its
equation?

(A) () (i) (Q) (B) () () (P) (C) (m (i) (P) (D) (1) (i) (Q)
Solution: (A)

Puta= «/_2 and checki(1, 1) fromColumn3

i.e., (I) () (Q

The angent to a suitable conic (Column I)%f,% is found to bey3x + 2y = 4, then which
¢

of the following options ishe only CORRECT combination?
(A) (IV) (iii) (S) (B) (1) (iv) (R) (©) () (iv) (R) (D) (V) (iv) (S)
Solution: (C)

B

Put m =— anda =2 Thencheck%f,% from Column:3.

i.e., (I (iv) (R)

SECTION 3 (Maximum Marks : 18)

This section containSIX questions of matching type.
This section containEWO tables (each having 3 columns and 4 rows).
Based on each table, there HREE questions.

Each question hasOUR options [A], [B], [C] and [D].ONLY ONE of these four options is
correct.

For each darken the bubble corresponding to the correct option in the ORS.
For each question, marks will be awardediire of the following categories:

Full Marks . +2  If only the bubble(s) corresponding to all the correct match(es) is (are)
darkened
Zero Marks - 0 If none of the bubbles is darkened.

Negative Marks: i1 In all other cases
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