Paper-1
[EE Advanced, 2017
Part I: Physics

Read the instructions carefully:

General:

1. This sealed booklet is your Question Paper. Do not break the seal till you are instructed to
do so.

2. The question paper CODE is printed on the left hand top corner of this sheet and the right

hand top corner of the back cover of this booklet.
3. Use the Optical Response Sheet (ORS) provided separately for answering the questions.

4. The paper CODE is printed on its left part as well as the right part of the ORS. Ensure that
both these codes are identical and same as that on the question paper booklet. If not,
contact the invigilator.

5. Blank spaces are provided within this booklet for rough work.
6. Write your name and roll number in the space provided on the back cover of this booklet.
7. After breaking the seal of the booklet at 9:00 am, verify that the booklet contains 36 pages

and that all the 54 questions along with the options are legible. If not, contact the invigilator
for replacement of the booklet.

8. You are allowed to take away the Question Paper at the end of the examination.
Optical Response Sheet
9. The ORS (top sheet) will be provided with an attached Candidate’s Sheet (bottom sheet).

The Candidate’s Sheet is a carbon - less copy of the ORS.

10. Darken the appropriate bubbles on the ORS by applying sufficient pressure. This will leave
an impression at the corresponding place on the Candidate’s Sheet.

11. The ORS will be collected by the invigilator at the end of the examination.
12. You will be allowed to take away the Candidate’s Sheet at the end of the examination.

13. Do not tamper with of mutilate the ORS. Do not use the ORS for rough work.
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14.

Write your name, roll number and code of the examination center, and sign with pen in the
space provided for this purpose on the ORS. Do not write any of these details anywhere else
on the ORS. Darken the appropriate bubble under each digit of your roll number.

Darken the Bubbles on the ORS

15.

16.

17.

18.

19.

Use a Black Ball Point Pen to darken the bubbles on the ORS.

Darken the bubble C completely.

The correct way of darkening a bubble is as: @

The ORS is machine - gradable. Ensure that the bubbles are darkened in the correct way.

Darken the bubbles only if you are sure of the answer. There is no way to erase or “un-
darken” a darkened bubble.
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SECTION —1 : (Maximum Marks : 28)

This section contains SEVEN questions.

Each question has FOUR options (A), (B), (C) and (D). ONE 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 awarded in one 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 corresponding to each correct option, provided

NO incorrect option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.
Negative Marks : =2 Inall other cases.
For example, if (A), (C) and (D) are all the correct options for a question, darkening all these three will
get +4 marks; darkening only (A) and (D) will get +2 marks and darkening (A) and (B) will get =2 marks,
as a wrong option is also darkened.

e 1 : (rfdwaw 3w : 28)

9 @< H W U B
TAF Y3 H IR SR fAdead (A), (B), (C) @1 (D) €| RFH & v a1 tap 9 3ifdd Twmey a8 £ |
TS U & oY JMIIRTE. TR AR FEl IR (SIRI) & 31J%Y gaagel (Agei) dI Blaal b |
Rd yei B o s feferfaa aRRefial & 4 f60 & & srgar 3 e -

i el o +4 I R% A8 fAded (Reedi) & orgwu galqgel (agall) B drel fhar 2|

ARID 3P :  +1 TS T [Abed & IIHUY goigal Bl Bl B W, IfQ BIg ToAd [dbed Hrefl
e fopar B |

YF G 0 IR A ot gAgA B Fren TE BT B

RO 3B o -2 I [ aRRefEl 7

TEER : IS T U & AR F&l SR fdbed (A), (C) 1 (D) &, 79 39 Al & 6T eidall Dl Hrel
PR W +4 3% Al ; R (A) 3R (D) & 31JHY gAgal Bl Blel B W +2 36 e T (A) iR (B)
% 3TTHY goIgell Pl Blel B R —2 3P feldl Fifd Th Tl [Jbed & JJwU gaagel Bl 41 Hretl b

TR

Page 3 of 20



1. 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 rigid support at O. A transverse wave pulse (Pulse 1) of
wavelength %, is produced at point O on the rope. The pulse takes time Toa to reach point A. If the
wave pulse of wavelength %, is produced at point A (Pulse 2) without disturbing the position of M it
takes time T, to reach point O. Which of the following options is/are correct ?
U o \Rad F=amErel (uniform mass per unit length) SeafeR ST & fael RR R [edT M dchl 83N
2 SR BT gu)1 -1 g¢ MuR (g 0) | Aol 8 | W& o1 3URY TR We (e 1, pulse 1) fig
OW IT &I ¢ 8| I R We fdg O g ATP ToadHd d Ugerll 8| Yeb M &1 a1 faehfaa
Py gy fag A R fafor &1 18 TRIQE ) BT AFURY TR We (W 2, pulse 2), g A ¥ fag O T
TaoTHT H Ugach & | 711 3 Bl (3) b 91 §/8 ?

wuy

O Pulse 1

Pulse 2

Al M

(A) The velocities of the two pulses (Pulse 1 and Pulse 2) are the same at the midpoint of rope
(B) The velocity of any pulse along the rope is independent of its frequency and wavelength
(C) The wavelength of Pulse 1 becomes longer when it reaches point A
(D) The time T/.\o = To/.\
(A) SR & Wy fdg R We 1 (Pulse 1) Td W& 2 (Pulse 2) &1 97 A 8
(B) SR & argfew UG fodll Wl wWe &1 9 IFS! AMARY Ta qRI—aed W R T8 2|
(C)®g 1 (Pulse 1) & TRI—q&d fag A d% ugem § o=l 81 Sy
(D) 9T Tao = Toa
Ans. (ABD or BD)

Sol. V- \/f so speed at any position will be same for both pulses, therefore time taken by both pulses
L
will be same.
M=v= b= ¥ = 4 = V , since when pulse 1 reaches at A, speed decreases therefore }. decreases.

Note : If we refer velocity by magnitude only, then option (A, B, D) will be correct, else only (B, D) will be
correct.

V=\ﬁ,aﬂ:ﬁﬂﬂﬁﬁaﬁﬁﬂﬁaﬁwwﬁﬂﬂ,wﬁﬁaﬁwﬁmmwwwm|
Lt

M=v= }u—¥:>}-.ocv , 54 W 1, ATR UgAI dl IFDI A g galory dRIaed L g,
Note : I &7 Bad I & TRATY & A 1 fAFHey (A, B, D) T B 372l daed (B, D) fadweu @& &

Page 4 of 20



Ans.
Sol.

A circular insulated copper wire loop is twisted to form two loops of are A and 2A as shown in the figure.
At the point of crossing the wires remain electrically insulated from each other. The entire loop lies in

the plane (of the paper). A uniform magnetic field B points into the plane of the paper. Att = 0, the loop
starts rotation about the common diameter as axis with a constant angular velocity o in the magnetic
field. Which of the following options is/are correct ?

U TATPR fAga—1dl a1 AR (insulated copper wire) @1 A T4 2A dTel a1 &3%al & dodl ¥ rafkid
b = € | aRi @ sffezpAv favg fageRiel ved € (St o # <wian WA ) | Wyel 9o B ® ad d
Rad 3| o791 & Td @ AfNerEad ReR do1 TaHaAE gR@T 83 B WdF SURYT ¥ 99 30N
ARG ATl F 9 e b IRT FHI t=0 ¥ o PO 99 (angular velocity) H FAT Y& BT B |
71 9§ B a1 () FUF TE B/ ?

(A) The net emf induced due to both the loops is proportional to cos mt

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

(©) F')I'hi)a amplitude of the maximum net emf induced due to both the loops is equal to the amplitude of
maximum emf induced in the smaller loop alone

(D) The emf induced in the loop is proportional to the sum of the area of the two loops

(A) BT T ¥ S ot UfT fIgd aed 99 cos wt T FATURI B

(B) 5@ Tl &1 T SIS & a1 ¥ 3if¥cid faen # 81 & 79 ifae & uRadd @ & 3iffead gl 2
(C) Tl derdi | S~ Jf¥bdd gl WA fAgd dred dal b1 3MMAM, BIC ded § I~ 3fdbed fdd
fagd dare® a1 & A & aRTER BT

(D) UfYT faga a5 91 Il & ATl B AN S FAUNID 2 |

(BC)

& = BS cos 6 = BS cos wt

e- % —BSasinot
dt

d—‘b —max.=sinnt-1 = mt—E
dt 2

Net emf, (qﬁ'UTT‘{ﬁ ﬁﬁgﬁ qred def) e = 2BAam sin wt — BA o sin mt
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Ans.

Sol.

A block of mass M has a circular cut with a frictionless surface as shown. The block rests on the
horizontal frictionless surface of a fixed table. Initially the right edge of the block is at x = 0, in a
coordinate system fixed to the table. A point mass m is released from rest at the topmost point of the
path as shown and its slides down. When the mass loses contact with the block, its position is x and the

velocity is v. At the instant, which of the following options is/are correct ?

AAIPR A dTel G e Pl <A M & | I Jehl U 9yl Jfed do iR Rerd 81 391 & @ned (ina
coordinate system fixed to the table) Y[c® 1 &IfEAT BR (right edge) x = 0 TR Refd 8| S=gAME m ared
e a5 BT (point mass) P1 IAMGR AU & IoaaH fI5 F AR & ©IST ST (released from rest)
g1 Y g P FIeR 92 WR A Bl 3R WDl & | od g B Yeb | Jue g 8 rar g, a9

I drerfore Refd xR 7 v 2| /9 9 9 @19 @1 (3) FUF w8 8/8 ?

mR
M+m

(B) The x component of displacement of the center of mass of the block M is : —

mR

(C) The position of the point mass is : x = V2
M+m

(D) The velocity of the block M is : V = —% 2gR

(A) fag @01 (m) &1 JTv = 2R
1+%
(B) & (M) & Hefd &= & faveu= &1 x ¥e&h (x co-cordinate) NT—RE\»'

+m

mR 3
M+m

(D) T (M) @1 a7 V = %,/ZgR 3
(AB)

(C) favg &1 (m) &1 W x= 2

. . . . . mv
If speed of point mass is v, then using conservation of linear momentum V = o

uﬁﬁngﬁwmaﬁwmwmﬁ,w%

1 1 (mv)? 1 {( m
mgR = —mv? +—M —1 : mgR=—mv? 1+—
2 2\ M) 2 L M
V — ‘ﬂ ; XM= ..( mR ]
1M M+m
M
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4. A flat plate is moving normal to its plane through a gas under the action of a constant force F. The gas
is kept at 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 options is/are true ?

(A) The pressure difference between the leading and trailing faces of the plate is proportional to uv.
(B) At a later time the external force F balances the resistive force

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

(D) The plate will continue to move with constant non-zero acceleration, at all times

U AUE =i (flat plate) 37ed S91d & 9 (gas at low pressure) #, U dal @ AfFed faen 4, 91 9o
F& 99a 3 SURa & | ©ic @1 T v, 199 3{9sii @ i i u & 98d @49 8 | 91 § | 319 1 (%))
FAT Al §/8 ?

(A) IfFTH Tg ST U & SE1d BT IR UV D FATIOR B |

(B) ®® WHY & dl& dTgl g F 3R UfcRige ge1 Agferd 8 S |

(C) wIT §RT 31¥d AT YRGS de v S FHATIUN & |

(D) wie |dal YR ReR @RI (constant non-zero acceleration) A @efdl & |

Ans. (ABC)
Sol. u' = @y, o = constant
Y
u' u'
A
w.r.t plane
(u'=v) (U +v)

. Before collision
Before collision

After collision

( ) (u' +v)
u'—=v
A After collision
T—F T—F
Firailing . Fieading F o L F oo

Fieading= 2pA(U' + V)z
Ftrailing = ZPA(U' - V)
Fieading = Firaiing = 2PA(4u'v) = 8pAu'v

F,

I:Ieading ~ Ttrailing _ BPU'V _ 8]’1EIUV

Area

Pressure difference =
Net force on plate
Foot = F = 8pAauy = —mdc:"

After long time v will be sufficient so F = 8pAuauv
After that v = constant, i.e. plate will achieve terminal velocity.
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Sol. '=gu, « =g

\%
_ «—
u' u'

A
wIC & A
(U'=v) (U'+V)
e W TR TIR A U
TIHR B dQ ' +v)
(u'—v) —
A TIHY B d1Q
-%F
F o .

A
Frome= 20A(U" + V)
F._..=2pAU —v)

7!

Froms = Fone= 20A(4U'V) = 8pAu'Y

Foforra — Fem
& 3Thdl

TEER = = 8pu'v = 8puuv

©IC R fol I
mdv

F_.=F—-8pAuuv= ——
® dt

g o HHY 916 v Ui B 3fd: F = 8pAquv

9P gTEr v =g | 3 Wi AE 99 g v |

Page 8 of 20



Ans.

Sol.

In the circuit shown, L =1 pH, C =1 uF and R = 1 k). They are connected in series with an a.c. source
V =V sinwt as shown. Which of the following options is/are correct ?
L=1uH C=1pF R=1kQ

PT—— |— W ——

~ ) Vosinmt

D)

(A) The current will be in phase with the voltage if w = 10* rad.s™
(B) At v >> 10° rad.s ™", the circuit behaves like a capacitor
(C) The frequency at which the current will be in phase with the voltage is independent of R
(D) At @ ~ 0 the current flowing through the circuit becomes nearly zero
o # ey @ gRuyr L=1puH, C=1pF, R=1kQ 2| T& aRad dreed (V =V, sinot) a9 Sof
w8 | o # B W () o w9 8/E 12
L=1pH C=1pF R =1k

P —— |—— W ——

~ ) Vosinat

D)

(A) 919 o = 10* rad.s™ &Rt 79 fagld 9T (electric current) dleedl & AHdHA H B |

(B) S @ >> 10° rad.s™', ulRuer WA (capacitor) @ A€ ISR HRT B |
(C) w19 fagd o_T areedn &1 WHaee H 8N A1 g8 amaRi R R iR 8 &l |
(D) S w ~ 0 B I gRuy # F&dl gRT Y & e Bl |

(CD)

Current will be in phase with voltage at resonant frequency.

ST AT TR GRT TAT Areedl AT defl 3§ 8N |

1 1 6 1
ol = — = g = —— = 10" sec
oC JLC
Ifafdwm>me  Circuit behaves like inductive. TRUel IR&T B |
fafew~0 Zowm = 1-0

For an isosceles prism of angle A and refractive index p, it is found that the angle of minimum deviation
dm = A. Which of the following options is/are correct ?
(A) At minimum deviation, the incident angle i1 and the refracting angle ry at the first refracting surface

F

are related by ry =[%

(B) For this prism, the refractive index 1 and the angle of prism A are related as A = 1cos‘1 [%]

(C) For the angle of incidence i; = A, the ray inside the prism is parallel to the base of the prism
(D) For this prism, the emergent ray at the second surface will be tangential to the surface when the

angle of incidence at the first surface is i, = sin 1[sinA4/4coszg 1 cosAJ
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e AAfgarg 59 @1 fUsH ST A © | (isosceles prism of angle A) | 39 9 &1 sfuacis p 2| 59 oA
&1 =gAaH faae BIv1 (angle of minimum deviation) 8, = A g | /1 § & @9 A1 (W) AT FEl 8/ |

(A)Wﬁﬂaﬂﬁmﬁﬁwiﬂtiqwamaﬁasaaa%maﬁaﬁaﬁwn{%]gmé?@m%l

(B) forsH &1 smadHi® 1 wd frow o (A), A=%cos‘1[g]§lﬂﬂ"sﬁ%§l

(C) 5T fUSH &1 MU BV iy = A, B 99 o & NaR IH1e 501 fIs7 & oMgR & JAraR 819 |

(D)mmmwwﬁwh_sin-’[sim /4cos2% 1 COSA] 2, a9 39 fUsq o forg fgfom aa &
fofa foovor i @ uss & T @M (tangential to the emergent surface)

Ans. (AD)
Sol.
sin At Sin |
_ 2 )/ SinA _ 20055
H A A 2
sin— sin—
2 2
sini=p$inA =5 sini=23inécosé=sinA
2 2 2

sinC=1,cosC= 1—i
H VR

sin i_ =pusin(A-C) = p(sin Acos C—cos Asin C)

p .
=ulsinA 1—%—COSA] = (sinA u2—1—cosA] = [sinA‘ 40052%—1—005A]
K H ;

( A
i=sin' sinA 4c032%—1—cosAJ

|

X

(C)

Incident and emergent side may or may not be equal, even if the prism is isosceles. Therefore light ray
refracted from the first surface may or may not be parallel to the base.

So 'C' is not correct.

Bt o gafgarg 8, smufad qen uRafAd Yofl A9 81 W1 Fahdl & 3 T8 A1 | 3Afey yerH wag |
Jugfeia YTl fhol AER & AR 81 A1 Febdll & A 781 4 |
safey 'C' Ted B
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7. A human body has surface area of approximately 1mZ. The normal body temperature is 10 K above the
surrounding room temperature T,. Take the room temperature to be Ty = 300 K. For Ty = 300K, the
value of oT; =460 wm™ (where o is the Stefan-Boltzmann constant). Which of the following options

is/are correct ?
(A) If the surrounding temperature reduces by a small amount AT, << T, then to maintain the same
body temperature the same (living) human being needs to radiate AW = 46T AT, more energy per

unit time.

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

(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) The amount of energy radiated by the body in 1 second is close to 60 joules

AT TS &Fhel oI Am? BT § AMd IR BT aroEE aRae & dgEE 10 K 3ife grar B
aRJe dEE Tp = 300 K B, 39 9Raw dodE & fow oT! = 460 Wm 2 & ST&l o S w—diee ot
frgdie (Stefan-Boltzmann constant) 8 | 741 # &I9 AT () AT F&l 8/8 ?

(A) TR ATUHM R AT "l 8 (ATo << To) T HIFG TR B ATIH Bl AIRET0 R & foIg

AW = 40TEAT, 31fd® ol fafeRa w= gl & |

(B) USIT &% "M (SI¥ : fAgsT W) | A19a U IRR I fAfBRT SHoil wer 8 gd 3 TRR Bl
AT SRIET el 7|

(C) AFE IRR & AIUHM 3 3FR |l dafg 8 09 YHrel graaid fafevo Waes & Rrer a1 aed (the
electromagnetic spectrum) <Tef @371 Q& @ R fazenfug il 2
(D) AR RR | 1 Fdvs # Fwedd fafeRa St 60 S (60 joules) © |
Ans. (ABD)
Sol. (A)  W;=4cT3(AT)
W, = 40 T (AT + ATo)
W, —W; =40 T AT,
(B) T =b = T md

4(460)(10) = % = 61.33J

4
D)  Wi=aZl0 AT
To 300

Note : While giving answer (A) and (D) it is assumed that energy radiated refers the net radiation. If
energy radiated is taken as only emission then (A) and (D) will not be included in answer.

Al : afe ffeda $oi, o fafdor | Ffd g @ (A) d2 (D) fawen @€ 2| Ife fafeda ol dad
IS | FERIT ® 1 (A) 9O (D) TTerd 81 |
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SECTION — 2 : (Maximum Marks : 15)

. This section contains FIVE questions.
. The answer to each question is a SINGLE 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 awarded in one of the following categories :
Full Marks : +3 If only the bubble corresponding to the correct answer is darkened.
Zero Marks : 0 Inall other cases.

s 2 : (3rfwman 3@ : 15)
. 59 Ts H dfg 99T ¢ |
. TG YeF BT SR 0H 9 TF (S wified) & 919 &1 Th Tebel I QISP © |
. % U B oY 3f. AR, TH. WR HE YUl & AJwU JeIgel Pl HIell B |
. TS T @ oy ofe fifaRea aRRefial § 4 frefl o & orgar & S -

. o 3 +3 AR AP e SR S ITHY FaAgal B Plell bl & |
Y 3P 0 3= a1 uRRerfoall 4
8. A drop of liquid of radius R = 102 m having surface tension S - %Nm ' divides itself into K identical
¥l

drops. In this process the total change in the surface energy AU = 10 % J. If K = 10 then the value of a

is
UsS—aTd (surface tension) S —%Nm "% %9 B UH g B A R=107m B R K 99wy =1 #
T

fafra forar a1 B | gso—Sw1i @1 9gera AU = 10 Joules B | A% K= 10%% T « &1 A9 81|
Ans. (6)
Sol. R=K'"r

AU = S.K4nr® - S.47R?

R? 2
AU = 4%S| K. I -R

=0.1x 10K = 1]1=10"
K" -1 =10
K”=101=(109" =6
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9. 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 angle ©) = 30°. The interfaces of the glass layers are parallel to each
other. The refractive indices of different glass layers are monotonically decreasing as n, = n = mAn,
where n,, is the refractive index of the m" slab and An = 0.1 (see the figure). The ray is refracted out
parallel to the interface between the (m — 1)™ and m™ slabs from the right side of the stack. What is the

value of m ?

ThqUl YHIRT (monochromatic light) SMac+id n = 1.6 dTel HIETH # W B | I8 YHI dHid & A
(stack of glass layers) TR fo@el Adg & 6 = 30° BT W IMUfd grar & (S & fasr # <eiar ) |
DAl H TR WER TR g | D S Al $ UG UHRE Ny, =n—mAn, H9 F G I8 8| J&f m
TR BT 3AAATD Ny, € AR An=0.12 | IH BRI (M- 1) TWmER & ISda § G- Qe § 18
3R A q18¥ fYebeldl & | d9 m b1 H19 81 ?

m n—=maian '
'm-1 n—m-1)An_—"" v
1 /‘ 1
R e PP CE PR R .
== . A=
- e ——— - - -

! / X
3/ n-3an !
2 n-24n_ |
1 h

Ans. (8 or Bonus)
Sol. 1.6sin0 = (n — mAN)sin90°

1.6sin® = n—mAn
1.6 x % =1.6-m(0.1)

0.8=1.6—-m(0.1)

m x0.1=0.8

m=8

Note : Mathematically answer is 8, but this value of refractive index is physically impossible.

dre: IR SR 8 B, URw] fuddid &g I8 HIH dRdIfdddl § qwid T8l 8 |
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10. 31 is an isotope of lodine that } decays to an isotope of Xenon with a half-life of 8days. A small amount
of a serum labelled with '] is injected into the blood of a person. The activity of the amount of ¥
injected was 2.4 x 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 blood is drawn from the
person's body, and gives an activity of 115 Bqg. The total volume of blood in the person's body, in liters
is approximately (you may use €* = 1 + x for |x] << 1 and In 2 = 0.7).
M &1 RS (isotope) °'1, e sef—amy 8 f&7 2, p-e79 & SRU WA (Xenon) &
RS # & Brar ¥ 1 ored AT &1 P fRAfEd (labelled) WRA (serum) HHa TR # A (inject)
o wrn, R W @ Sifaeadn (activity) 2.4 x 10° 9@ (Becquerel) ¥ | I8 WR¥ HfR gRT # 2Ny &
Ay faaRa &1 21 PR 11.5 8¢ 91§ 2.5 ml T 115 dahva &l ffacadn qwidr 2, 99 dd TRR #
Rch YA (Sfie” H) & (3 e~ 1+ xfor [x| << 1T In 2~ 0.7 BT IUAM HR Febdl & |)

Ans. (5)

131 131
. _— +
Sol I T a0~ € 3

Ao = 2.4 x 10° Bq = AN,

Let the volume is V,

AP I V 7,
t=0 Ao = 1N,
t=115Hrs A=xN

115=}h[ﬂx2.5]
V rd

). -
115 = v 2.5 x (N,e™)

In2
5 -2 (11.5Hr)
115 = —(N\j’“) x (2.5) x e 8%

5
115 = (2.41(/10 . (2_5)xe"1/24

-

5
V= wx2_5r1_1J

115 | 24
5

_ 24x10 x25 23

115 24

5
= w =5x 10°ml = 5 liter

115x10

1. An electron in a hydrogen atom undergoes a transition from an orbit with quantum number n; to another

with quantum number n;. V; and V; are respectively the initial and final potential energies of the electron.
If l = 6.25, then the smallest possible n; is :

f
U BIgSIo URMIY] HT Uh Soldeid n, FISH FRAT (quantum number) dTel d&l A ng FICH G

(quantum number) & HeT H TIY HRAT g | V, TA V; Wafasd g <ifcm Rerfas sy g1 afs % = 6.25,
f

TG n; B YATH TG H&=AT (smallest possible ny) ©
Ans. (5)
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Sol.

12,

Ans.
Sol.

PE= <<
n2
272
Ve _ng 1
v, 272 625
n?
2
6.25=
n;
M o_p5-2
n; 2
Answer. 5

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

T ReR BT MaRT fo = 492 Hz & @l Safdid oxal &1 2ms™ & fd A IJ9H &R A I8 iy
wREfdd Bl g | @i Sd REfid dod B UK dR b ol Fdhd IR ARG (superposed) HRAT B |

ad aRum Rt & fawde—smaf (beat frequency) @

(Eafs @ Y 330 ms™' B | BR @ B SHH I g MaART W WERIT IR T )

(6)

Car

Ve =2m/s

Frequency observed at car &R &I UfErd maRT
(V+Ve ]

f1 = fo' Vv
LY

Frequency of reflected sound as observed at the source

Riafdd wafy & smafRy S Sid gRT Ufdd & T8 B

. . .
f,=f, VL f, V+ Ve
V- Ve VoV
beat frequency fd= amafi  =f,—f,

[v+ve ] fOF Ve | g« 222
|V Ve 328

=f
LV Ve

= 6 beat/s
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SECTION -3 : (Maximum Marks : 18)

This section contains SIX questions of matching type.

This section contains TWO tables (each having 3 columns and 4 rows).

Based on each table, there are THREE questions

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is correct.
For each question, darken the bubble corresponding to the correct option in the ORS.

For each question, marks will be awarded in one of the following categories :

Full Marks : +3 If only the bubble corresponding to the correct option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.
Negative Marks : -1 In all other cases.

s 3 : (fwpaw 3w : 18)
T ES H g UPR B B: U B |
9 @S ¥ A <9 © (AP <A H 3 Pied IR 4 Ul ©)
% g UR AR W U |
9% U H IR & (A), (B), (C) @r1 (D) & | 71 Padt usp fadpey w=l 21
U U9 & oY SR YA, W el IR fAdhed & g0 ergel Pl Hlell B |
S ye & fory ofw frrafafaa uRRefosll 3§ 9 5l v @ sguR A wrd -

ol s +3 e Rie AL faded @ IgwT gergel Bl drell AT 2|
YF B 0 IR fHA A gAgel B pren TE fBAT B |
RO 3 -1 3= |l aRfRereail 4 |

Answer Q.13. Q14 and Q.15 by appropriately matching the information given in the three
columns of the following table.

IR & T Caa B N9 BiAl F SUAY I B IUYS S W A R v Q.13. Q14dR Q.15
IR g

A charged particle (electron or proton) is introduced at the origin (x = 0, y = 0, z = 0) with a given initial
velocity v . A uniform electric field E and a uniform magnetic field B exist everywhere. The velocity v,

electric field E and magnetic field B are given in column 1,2 and 3, respectively. The quantities Eo, Bg

are positive in magnitude.

Column -1 Column -2 Column -3
I Electron with vV — 2§—°>‘< 0) E-Ez (P) B - -B,X
0
(n Electron with v = E—Oy (ii) E=-E (Q)  B=B,%
0
() Electron with v =0 (iii) E = —E,% (R) B=B,y
(IV)  Electron with v = 2%% (iv)  E=E,X (S) B=B,z

0
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13.

Ans.

Sol.

T AT HUI (Seldeid IT UIe) 3RfAe i v g1 fag (x =0,y =0, z = 0) R YA (introduced)
B 7| Rer qen ywwAH fagd &3 E U4 grerg &9 B wdd IuRYd ¥ &9 @1 A v, faga &3 E

Tl gEO & B 1= ®femi 1,2 7d 3, § e 9 T 2| Ep, By @ WM GAIID B |

Bier-1 Pied -2 Hie -3
) EEiekl \7—2%2 J (i) E-Ez2 P) B =-B,X
() e = (i)  E=-Ej @  B=BS
(my  "UeFMv=09 (ii) E = -E,X (R) B=B,y
(V) dreHv= 2%2 d (iv) E=E,X (S) B=B,z

0

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

fra Rerfa o ®o1 s 7fd T Jeh @ § o= BT B |

(A) (IV) (i) (S) (B) (1) (ii) (R) (C) (I (iii) (S) (D) (1) (iii) (P)
(©)

For constant velocity I a1 &g
IEqu+q(\_/><L5>)=O
E= —(V x B]

Ans. (C)
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14. In which case will the particle describe a helical path with axis along the positive z direction ?
fpd Rerfd § &1 +z o181 argfaer fefer vl (helical path along the positive z-axis) @1 AFERVT HRIT 2

(A) (V) (i) (S) (B) (N (i) (R) (C) (1) (iii) (P) (D) (V) (ii) (R)
Ans. (A)

Sol. For helix with axis along positive z—direction magnetic field should be along z—direction.

AfATPR e foRIPH1 318l z-fa2 & e 8, §9 U & gD &7 z-faen & rgfaw e =nfay |

15. In which case would the particle move in a straight line along the negative direction of y-axis (i.e, move
along-y)?
fosly Rerfa § w1 Aeft a1 9 FomHS  y-31eT (negative y-axis) @ @M # Ferw ?

(A) () (i) (R) (B) (V) (ii) (S) (C) (1) (it) (P) (D) () (iii) (Q)
Ans. (A)

N N
Sol. | i

Force due to Electric field is along —y axis and force due to B is zero.

fOgd &3 & BRY 9 —y el B IR & TA JHHII &3 B b BRI 9 LA 2|

Answer Q.16. Q17 and Q.18 by appropriately matching the information given in the three
columns of the following table.

T & T Caa B N9 Bl A UG I B UG ST W GAA B v Q.16. Q17 dR Q.18 B
SR S

An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the
corresponding P — V 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 system. The equations and plots in the table have
standard notations as used in thermodynamic process. Here v is the ratio of heat capacities at constant

pressure and constant volume. The number of moles in the gas is n.

T 3Mee 9 (ideal gas) faff=1 T SwHUIfS Uehdl | T[oRdl 2| T8 11 dfe 37 P-V 3iR@ 8N
gofar w3 daa Rafd 19 Rfd 2 Imarel o @ IR &1 < | 39 9w Aed W gen e W B
(work on the system) TEl y =% <@ vd fd . SSHI—eRAE b1 37U € (ratio of the heat
capacities) 9 ATl (moles) & T n B |
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)

(I

()

(V)

(In

()

Column -1

1
W1-->2 - ‘{T'I(szz - P1V1J

W,,, = PV, +PV,

W, =0
)
W, , = -nRTIn 2
Vi
Prem-1

1
W1 22 T _(szz _P1V1]
-1
W, , = PV, +PV,

W

12

=0

¢
W, ,, =-nRTIn Ve
Vi

U]

(ii)

(iii)

(ii)

(iif)

Column -2

Isothermal (P)
Isochoric (Q)
Isobaric (R)
Adiabatic (S)
Dicd -2

AT (P)

FHIARIA® (Isochoric) (Q)

T (Adiabatic) (8)

Column -3

P 4

P4

P4

Pa

P 4

P 4
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16. Which of the following options is the only correct representation of a process in which AU = AQ — PAV ?

=1 fov faedt & ®19 |1 AN AU = AQ — PAV UfhaT &1 3rdel 981 ufaf=fd &=ar & ?

(A) (I (iii) (P) (B) (I (iii) (S) (C) (Im) (iit) (P) (D) (In) (iv) (R)
Ans. (A)
17. Which one of the following options is the correct combination ?
o1 fApcul # o A1 FAoE 98 § ?
(A) (In) (iv) (P) (B) (IV) (ii) (S) (C) (1 (iv) (R) (D) (1r) (i) (S)
Ans. (D)
18. Which one of the following options correctly represents a thermodynamics process that is used as a

correction in the determination of the speed of sound in an ideal gas ?

e fapenl § A B 1 GASH e TG F el B A DAY B G H TP SHMfrD Gfhar B

SEACNIGIES

(A) (I (iv) (R) (B) () (i) (Q) (C) (V) (i) (R) (D) (1) (iv) (Q)
Ans. (D)
Sol. 16 to 18

l. W = L_TM (iv)  Adiabatic 5E™1Q

y—

I, W = —P(V, — Vy) (i)  Isobaric THETE™ P

Il W=20 (ii) Isochoric AHSTIANT S

\V2 W = —nRTIn % 0] Isothermal F9ATGI R

1
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Paper-1

[EE Advanced, 2017
Part I1I: Mathematics

Read the instructions carefully:

General:

1. This sealed booklet is your Question Paper. Do not break the seal till you are instructed to
do so.

2. The question paper CODE is printed on the left hand top corner of this sheet and the right

hand top corner of the back cover of this booklet.
3. Use the Optical Response Sheet (ORS) provided separately for answering the questions.

4. The paper CODE is printed on its left part as well as the right part of the ORS. Ensure that
both these codes are identical and same as that on the question paper booklet. If not,
contact the invigilator.

5. Blank spaces are provided within this booklet for rough work.
6. Write your name and roll number in the space provided on the back cover of this booklet.
7. After breaking the seal of the booklet at 9:00 am, verify that the booklet contains 36 pages

and that all the 54 questions along with the options are legible. If not, contact the invigilator
for replacement of the booklet.

8. You are allowed to take away the Question Paper at the end of the examination.
Optical Response Sheet
9. The ORS (top sheet) will be provided with an attached Candidate’s Sheet (bottom sheet).

The Candidate’s Sheet is a carbon - less copy of the ORS.

10. Darken the appropriate bubbles on the ORS by applying sufficient pressure. This will leave
an impression at the corresponding place on the Candidate’s Sheet.

11. The ORS will be collected by the invigilator at the end of the examination.
12. You will be allowed to take away the Candidate’s Sheet at the end of the examination.

13. Do not tamper with of mutilate the ORS. Do not use the ORS for rough work.
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14.

Write your name, roll number and code of the examination center, and sign with pen in the
space provided for this purpose on the ORS. Do not write any of these details anywhere else
on the ORS. Darken the appropriate bubble under each digit of your roll number.

Darken the Bubbles on the ORS

15.

16.

17.

18.

19.

Use a Black Ball Point Pen to darken the bubbles on the ORS.

Darken the bubble C completely.

The correct way of darkening a bubble is as: @

The ORS is machine - gradable. Ensure that the bubbles are darkened in the correct way.

Darken the bubbles only if you are sure of the answer. There is no way to erase or “un-
darken” a darkened bubble.
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37.

Ans.

SECTION - 1 : (Maximum Marks : 28)

This section contains SEVEN questions.

Each question has FOUR options (A), (B), (C) and (D). ONE 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 awarded in one 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 corresponding to each correct option, provided
NO incorrect option is darkened.

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

Negative Marks ;=2 Inall other cases.

For example, if (A), (C) and (D) are all the correct options for a question, darkening all these three will
get +4 marks; darkening only (A) and (D) will get +2 marks and darkening (A) and (B) will get —2 marks,
as a wrong option is also darkened.

TS 1 : (sf¥rwaH i@ : 28)
9 ds # | ued €|
TA® YT H AR IR faded (A), (B), (C) T2 (D) B | o &1 U A1 U 4§ ¥ fawed @) 2 |
TAE U & oY SAR.YE. R IR FEl IR (STRI) & WY gagal (JAgall) I el N |
TS ye & oY o frefaRad aRRefial 4 4 f5dl e @ agar A o -

g 3 +4 I A% |8 AFe ([Qaedl) & TgwU gaqel (§agai) HI Hiel B & |

AP 3F :  +1 UAP T [(Abed & 30U gagal B FIel XA W, IR PIs Tod fAPHed I
el b 2

YA AF o 0 IR B N gAger B Frem 7 A B

RO 3D -2 Iy |l uRRfal §

ISERY : AR T U9 & AN Fal IR [P (A), (C) T21 (D) 8, 99 39 A1 & AJwY aAgall dl Bl
PR W +4 3% fAel?l ; B (A) iR (D) & TJHY JAGel DI Bl B TR +2 3& fAeid o (A) iR (B)
F ATHU JAGAl DI Bl B W -2 & [Hel Rifdh T Tad [AFHey & 3w gagel B | drenn B
TR

Let X and Y be two events such that P(X) = —, P(X]Y) = % and P(Y|X) =§. Then

1
3

AT fh X &R Y 39 PR @1 &1 g (events) & fb P(X) = % P(X|Y) = % 3R P(Y|X) =§ HES
APy = 2 (B) P(XY) = © ©) PXUY) =2 D) PXAY) =L
15 2 5 5

(A,B)
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sol. P(XNY) _ l
P(Y) 2
P(Y n X) _ E
P(X) 5
PxAY) = P _2p6_ 21 2 L pyyo 4
2 5 53 15 15
4 2
P(XAY)  PV)-P(XAY) 15 15 2 1
P(Y) P(Y) 4 4 2
15
1 4 2 7
PXUY)=PX) +P(Y)-PXAY)= =+ —— = ==
(XwY)=P(X) +P(Y)-P(XNY) ARTEETIRRT:
38. Letf: R — (0, 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: R — (0, 1) U6 9dq %A (continuous function) 8 | 99 99 %emii 9 & &9 | ®od (A1) &1
(@) w9 =T (interval) (0, 1) & & g w® 3= 8
x 3
(A) € - j f(t) sin t dt (B) f(x) + j f(t) sintdt
0 0
I
(C)x— [ f(Ycostdt (D) x° - f(x)
0
Ans. (C,D)

Sol. e*e(1,e)forx e (0,1) forw
and 3R 0 < .x[f(t)sintdt <1in(0,1) = (A) is wrong (397 ?)

/2

f(x) + _[ f(t)sintdt > 0 = (B) is wrong (397 )
Let AT g(x) = X — ZI f(t)costdt = g(0) = —Jz'f(t)costdt <0
g(1) =1- .[ f(t)costdt >0 = (C) is correct (@ ®)

Let AT h(x) = x° - f(x)
h(0) = —f(0) < 0
h(1)=1-f(1) >0 = (D) is correct (@ 2)
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39. Let a, b, x and y be real numbers such that a — b = 1 and y = 0. If the complex number z = x + iy

- az+b
satisfies Im
z+1

) =y, then which of the following is(are) possible value(s) of x ?

A 6 a, b, x 3R y 39 USR I Ifdd &R (real numbers) 8 6 a—b=13Ry=07| afs affas

H&1 (complex number) z = x + iy, Im [azz_;bJ =y B FI€ I B, 99 1§ | B AIE@) x FI(D)

TIfId A () ?
(A) 1 - 1+y? (B) = 1= 41-y? (C) 1+ Y1+y? (D) =1+ y1-y?
Ans. (B,D)
sol a(x+iy)+b _ ax+b+iayx (x+1)—iy _ (ax+b)(x +1) +ay® . i(@y(x+1) - y(ax + b))
) X+iy+1 X+1+iy (x+1)—iy (x+12+y? (x+1)%+y?
ay(x+1)-y(ax+b) ay - by
— _ 7 = —b=1, O
= (x+1)2+y? y :(x+1)2+y2 y (-a y=0)
= x+1)2+y =1 > x+1=£41-y* = X==T1z1-y°
2 2

40. If2x -y +1=0is a tangent to the hyperbola > — 1y—6 = 1, then which of the following CANNOT be
a

2

sides of a right angled triangle 7

IfE 2x -y + 1 = 0 AR (hyperbola):—z—%=1?ﬁwﬁw (tangent) & a1 fr1 § | &= A

FHABI 1S (right angled triangle) @1 Yo 781 81 F&d 2(8) ?

(A a, 4,1 (B) 2a, 4, 1 ©) a, 4,2 () 22,8, 1
Ans. (A,C,D)
X2 y?
Sol. y=2x+1listangentto -3 =1
a® 16

XZ y2

Pt B Y W@y =2x+ 18|
a
c? = a’m? - b?
1=4a2—16:>a2=177

[check if Sifa¥ f&5 p? = q° + ]

41. Let [x] be the greatest integer less than or equals to x. Then, at which of the following point(s) the
function f(x) = x cos(n(x + [x])) is discontinuous ?
A f6 x A BITT A1 x & G914 W9 991 S (integer) [x] B 1 9 f(x) = cos(n(x + [x])), /=1 # &1 fo=
fa=g(aff) W s/aa  (discontinuous) & ?
(A) x=-1 B)x=1 C)x=0 (D)x=2

Ans. (A,B,D)
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Sol.

42.

Ans.

Sol.

f(x) = xcos(n (x + [X])

Check continuity at x = n

(x=n W FaAqA B ST HA W)

f(n) = ncos2nm = n

f(n") = ncos2nn = n

f(n") = ncos(2n-1)n=-n

It is discontinous at all integer points except 0

@€ 0 ® Brewr Al qurfet W |aq 2 )

Which of the following is(are) NOT the square of a 3 x 3 matrix with real entries?

/=1 9 9 PEI[@) adafds Gl & 3 x 3 MgE (matrix) FT a9 (square) el 2(8)?

1
(A) |0
0
(A,C)
A=PB’

(A)

00 10 0 -1 0 0]
10 ®)|0 -1 0 (C)|O—1 0
0 -1 0 0 -1 0 0 —1‘

= |A| = |B|® = +ve

1T 0 O

0 1 0] =1(-1) = negative (vIIHb)

0 0 -1

Matrix B can not be possible (T8 B ¥%1d &1 ©)
1T 0 O

0 -1 0| =1(1-0) = positive (&-TcH®)

0 0 -1

Matrix B can be possible @T&g B =@ &)
17 0 0O0(|1T 0O O 17 0 O

Ex.|0 1T =10 1 -1 =0 -1 O
02 =110 2 -1 0 0 -1

-1 0 O
0 -1 0| =-1=negative (&UIH®)
0o 0 -1

Matrix B can not be possible (3TeJg B w%1a &1 8)
100

0 1 0| =1 = positive (&-TcH®)

0 0 1

Matrix B can be I (3Tegg B, | %4 &)

olo 1 o

lo 0 1]
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43. If a chord, which is not a tangent, of the parabola y2 = 16x 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?
If& WRaer (parabola) y? = 16x & Td SiiaT (chord), ST 2R (tangent) & 2, &1 AHIBRIT 2x +y = p

den #eafd=g (midpoint ) (h, k) 8, @ 71 % | p, hTaq k & F=71fdd 99 2(8)?

(A p=-1,h=1k=-3 (B)p=2h=3k=-4
Cp=-2,h=2k=-4 (D)p=5h=4k=-3
Ans. (B)
Sol. 8x-ky+ (k*-8h)=0
2x+y-p=0

Comparing coefficients of x, y and constant term, we get

X, y T 3R URT & JOIHT Bl Joidl A W

2
4o o K-8
-p
=4
16 — 8h = —4p

4-2h=-—p = p=2h-4

SECTION - 2 : (Maximum Marks : 15)

This section contains FIVE questions.

The answer to each question is a SINGLE 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 awarded in one 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.

TS 2 : (freaw 3w : 15)

. 9 @ ¥ ufg ued ¥

. TP U H1 SR 0¥ 97 @HI i) & 19 &1 Toh Udhd I QOIS 2 |
. TP U3 & oY 3. R, TH. W |l QUIiP & Y gaagel bl Blal B |

. TS U @ oy o efafa aRRef™l § 4 ol te & srgar i o -

. gof 3@ +3 IR RI% 98 ST & IHY gagal Bl Fren fHa1 2 |
A AP 0 g w+i uRRefoat #
44. For a real number a, if the system
1 a o [x 1
o 1 o yi=|-1
a> a 1|z 1

of linear equations, has infinitely many solutions, then 1 + o + o =

IRIfa® F=AT (real number) o & oy, I IRa®d TR0 FH (system of linear equations)

1 o o, [x 1
o 1 o yil=|-1
ol o 1 z 1

@ o= & (infinitely many solutions) &, @@ 1 + o + o =
Ans. (1)
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45.

Sol.
Sol.

D=0

1 o o

a 1 a|=0
o a 1

Q
—_

a=-1 or 1

(1+a+a?) Ra+1) (a?+oa+1)

for o = 1, system of linear equations has no solution
o =13 fau IR w1 e $1 B 8 78 ¢ |

a=-1 sod@1+o+al=1

=0 =>(1-)(1+a+ad’-2d°-a)=0 =(1-a)=0

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”?

e wHafa st (right angled triangle) @) Yo §¥IR 9 (arithmetic progression) # 2 | afe g
SAGA 24 8 T9 D! T BIC] oIl B T=E R 87

(6)

a+2d

= a(@a+d)=48 ... (1)

a’+@+d?=(a+2d)? > 3d°+2ad -a’=0

(3d-a)(a+d)=0

= 3d=a (. a+d=0)
= d=2
a=6

so smallest side = 6

3 FIYH BT 9ol = 6
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46. Let f : R — R be a differentiable function such that f(0) = 0, ngJ =3andf(0) =1.If

T

2
g(x) = J'[f'(t)cosect—cott cosect f(t)]dt for x (0, %} then limg(x) =

x—0

A f% f: R > R 39 UBR &I 3[@ba-d B (differentiable function) ® & f(0) = 0, f(%)= 3 waq

[f'(t)cosect—cott cosect f(t)]dt &, T« lim g(x) =

x —yro |

FO) =121 3R x (O,ﬂiﬁﬁﬁg(xb

Ans. (2)
nl2

Sol. g(x)=_[ (f(t)cosect) dt

Q.
—

g(x) = f(g cosec (%) — f(x) cosecx

X)=3- —
9x) sinx
lim g(x) =3 - lim M
x—0 x—0 SIN X
=3—|imﬂ :3_1 =2
x—0 COS X 1
47. For how many values of p, the circle x° + y2 + 2X + 4y - p = 0 and the coordinate axes have exactly

three common points?
p @ fhas Wi & fol 9T (circle) x° + y° + 2x + 4y — p = 0 Yaq fadera el (coordinate axes) # ®ad

= g S9afs (common) 27
Ans. (2)
Sol.  Case-l Passing through origin=>p=0
y
A
/‘3 i
O

Cass-ll Touches y-axis and cuts x-axis
y

A

~

ff-c=0&g°-c>0

» X
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4+p=0 T+p>0
p=-4
Not possible

Case-lll Touches x-axis and cuts y-axis

y

» X

@)

ff-c>0&g°-c=0
4+p>0 T+p=0

So two value of p are possible

Hindi Case-l 4@ fdg 4 ToRa1 e => P =0

Cass-ll y- 3181 BT WL BT &, AT X- &l B Bl © |
y

> X
O
ff-c=0&g°-c>0
4+p=0 T+p>0
p=-4
HHq T8
Case-lll x- 3187 BT T FRAT 8, TAT y- 31T B Pledl 2 |
y

» X

@)

ff-c>0&g°-c=0
4+p>0 1+p=0
A p B I AN WG T |
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48. 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 repeated. Then, gl =
X

R A, B,C,D, E,F,G, H,1,JI10TNE & Ig g9 O 2 | 941 fb x 3§09 dRE & S <] B G
2 o fefl off sleR &1 gRIgiay 21 Bl €, 9 y 59 TRE & I ¥R P G 8 57 H Pad b

amﬁwﬁamgﬁ%aﬁﬂﬂmamaﬁwﬁﬁﬁﬁélm9—{(:

Ans. (5)
Sol. A BCDEFGHIJ
x = 10!

y = '°C,."°C,.8! °Cq
y _'°C,1°C,.8x9 _ 101x45 _
9x 9x10! 9x10!

SECTION - 3 : (Maximum Marks : 18)

This section contains SIX questions of matching type.

This section contains TWO tables (each having 3 columns and 4 rows).

Based on each table, there are THREE questions

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is correct.
For each question, darken the bubble corresponding to the correct option in the ORS.

For each question, marks will be awarded in one of the following categories :

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

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

Negative Marks : -1 In all other cases.

@< 3 : (s1frepaw 8@ : 18)

. 9 s § gHA UPR B B: U © |

. 39 @S § QI <9 & (ISP <9 H 3 B iR 4 Ufeai §)

. TS <A W NIRRT fF we ¥

. TR U3 F gR fadbeq (A), (B), (C) @2 (D) ¥ | R dadt 1 ey @ 81

. TS TR B oY MR, W FE SR fAdbed & 3wy gaagel I Prell X |

. TAF g @ forg ofe FeifaRea aRRufal 4 4 e o @ ogar f&d ari -

. gof 3 ¢ +3 IR e |8 (ved & ITHY goAgel B el T 2 |
YA E 0 IR B N gAg B Frem 7 A B
FoLdd . -1 g w1 uRRermEl # |
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49.

Ans.

Sol.

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

Columns 1, 2 and 3 contain conics, equations of tangents to the conics and points of contact,

repectively.
Column-1 Column-2 Column-3
2a
2 2 _ a2 : 2 p i,_
n xK+y=a ) my=m’x+a (P) (mz mJ

()  x*+ay’=a’ (ii) y =mx +aym? +1 Q) —\/% —J%J

() y*=4ax @iy  y=mx+am?-1 (R) a0 ! j

Jatm? +1 Jatm? +1

2 2,2 2 . —azm ml
(V) x“-a%y“=a (iv) y =mx + va‘m? +1 (S) Jatm? -1 Jam? _J

T & ™ Caa & A9 FeEl F SUGE A T SUY S W GAA IR s 49, 50 W& 51 B SR
AR |

Dfad 1, 2 T 3 H HAW DG (conic) W TRRWI (tangent) &1 FHIGHROT qm wRIfIg
(point of contact) & T 2|

Pl 1 Pl 2 Pl 3
. a Z2a
m X2+ y2 =a’ (i) my = m?x + a (P) (F F]

xea’y’=a’ ) y=mx+aVm’+1 @ %ﬁ)

() y?*=4ax (iii) y =mx + ya’m? -1 (R) —am ! J

Jatm? +1 ' Jaim? 1

2 22 .2 . —a‘m ml
(Iv) x"-a%y"=a (iv) y = mx + «a’m? +1 (S) Jatm?z -1 Jam? _J

Fora =+/2, if a tangent is drawn to a suitable conic (Column 1) at the point of contact (-1, 1), then
which of the following options is the only CORRECT combination for obtaining its equation ?

a =2 R ST Bif® (Hlem 1) R T weRer S Sl ¥ R weifesg (<1, 1), 99 g 3 9
BT T fApey 38 WIRET BT THBIUT YT B BT Pdel el G 87

(A) ) ) @ B) (1) @) (P) (© (m @ P (D) () (D) (Q)

(A)

Fora = /2, the equation of the circle is : x + y? = 2

Equation of tangent at (-1, 1) is: —x +y =2

—ma a ]:[—ﬁ
Jm? £1 Ym? 11 V2

Point of contact: [

SR

Jz(—1,1)

Page 12 of 16



Hindi a= 2 & Y ga &1 a@exon x° + y? = 2
(-1, 1) R o=t @1 BT FHEOT X +y = 2

2l i
wﬁ%[mﬂmﬂ] [f J_J 1.1

50. The tangent to a suitable conic (Column 1) at (ﬁ%)ls found to be /3 x + 2y = 4, then which of the

following options is the only CORRECT combination?

Ife Iga s (Pfed 1) & (g (ﬁ%]tﬁf WIRG3x + 2y = 48, 79 = & @ B9 w1 e

HId Fel FIANHF 8 ?

(A) (V) (iv) (S) (B) (1) (iv) (R) (C) (V) (iii) (S) (D) (1) (i) (R)
Ans. (B)

Sol.  (A) X+yi-

Equation of tangent at (\/5%) is: xv3 +%= ?

.. option (A) is incorrect.

2
(B) Satisfying the point (\/5%) in the curve x* + a’y? = a°, we get 3 + aT =a?

= = -3 = a’-4 ~. the conic is: x> + 4y = 4
Equation of tangent at (\/5%) is: /3 x+ 2y=4
Hindi (A) x*+ y2=$
(\/5%) W@ﬁ%@iﬁrwﬁ‘cﬁmxﬁ+%=%.
. T () s B
(B) am X’ +a’y’ =a’# g [\E%j T R
3+ —=a? = =3 = a’=4 .. TBEX+4y°=4%]

(\/_%) W e ¥ 3x+2y =4
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51. If a tangent to a suitable conic (Column 1) 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?
afe SWF DIMF (Hfed 1) & WRIAT (8, 16), W WRR@WT y = x + 8 8, 7@ 91 4 4 & 41 fawew

HId FBl FIANHF 8 ?

(A) (1) () (P) (B) (1) (i) (@ (©) () (v) (R) (D) (1) G (@)
Ans. (A)

Sol.  The equation of given tangentis: y =x + 8

Satisfying the point (8,16) in the curve y* = 4ax we get, a = 8.

Now comparing the given tangent with the general tangent to the parabola, y = mx + i,
m
wegetm=1.

Point of contact is (%Z_aj = (8, 16)
m m

Hindi : < ¥ el Y@ &1 aWfiaxoiy = x + 8
am y° = 4ax 7 g (8,16) v&™ Wa=8.

3 & TG TR X DT wqmuaﬁwwwﬁiﬁﬂy=mx+%ﬁaﬂﬁw
m=T1.

wef ﬁg[ a 2aj = (8, 16)

m2’' m

Answer Q.52, Q.53 and Q.54 by appropriately matching the information given in the three
columns of the following table.

Let f(x) = x + logex — xlogex, X € (0, «)
e Column1 contains information about zeros of f(x), f'(x) and f"'(x).
¢ Column2 contains information about the limiting behavior of f(x), f'(x) and f”(x) at infinity.
e Column3 contains information about increasing/decreasing nature of f(x) and f'(x).
Column-1 Column-2 Column-3
(1) f(x) = O for some x e (1, €°) (i) lim,_,.. f(x) = 0 (P) fis increasing in (0, 1)
(I1) f'(x) = 0 for some x € (1, ) (i) limy_, f(X) = — o0 (Q) fis decreasing in (e, €°)
(1) f'(x) = 0 for some x € (0, 1) (i) limy_,, f'(X) = — (R) f"is increasing in (0, 1)
(IV) f'(x) =0 for some x € (1, e) | (iv) lim,,, . f'(x) =0 (S) f is decreasing in (e, €°)

Page 14 of 16



3 & ™ Cxga & 9 piadl § SIS I T SUYF ST § GAA B} Us 52, 53 T3 54 B SR
A |

AT fF f(x) = x + logex — xlogex, x € (0, «0) B
o B 1H(x), F'(x) T F/(x) B AT B gar & 1 T
o P 2 Hf(x), '(x) T f'(x) ® 3 B IR AT W FJIeR (limiting behavior at infinity)

B G DTS B
e PieM 3 ¥ f(x) T f'(x) & IEAM/EHH (increasing/decreasing) 8111 @1 U&@fd (nature)
@ G & T R
Pled 1 P 2 Pl 3

Mfx)=0feft x e (1,e) & (i) lim,.. f(x) = O (P)f (0, 1) aefw &
(1) f'(x) = o frft x e (1, e)EﬁﬁvRi (i) limy.s f(X) = — 0 Q) f ¥ (e, &) AN B
(D fx) =0fef x e (0, 1) & for ¥ | (i) limyoo f (x)=—oo (R)f # (0, 1) a&¥= &
(V) f'(x) =0 fFfir x e (1, €) & o | (iv) lim,.. F/(x) = (S) f' # (e, €°) grm 2

52, Which of the following options is the only INCORRECT combination?
71 ¥ 9 311 491 fAded daa Tard FAare= (only INCORRECT combination) 27

(A) () (i) (P) (B) (11) (iv) (Q) (C) (1) (i) (P) (D) (1) () (R)
53. Which of the following options is the only CORRECT combination?

1 § A 319 A1 APy daa el [IeT 2 ?

(A) () (i) (R) (B) (1mm) (iv) (P) (C) (1) i) (S) (D) (V) () (S)
54. Which of the following options is the only CORRECT combination?

71 | 1 a1 ey daa g FAoE | ?

(A) (1) (i) (R) (B) (V) (iv) (S) (C) () (i) Q) (D) (M (i) (P)
Ans. 52. (D) 53. (©) 54. (©)

Sol. f(x) = x + {nX — X (nx

f'(x) = 1+l— nx =X [1J= 1 — (nx
X X X

(0 = —— -1 <0 vxe (0, )
X X

. f'(x) is strictly decreasing function for xe (0, «)
Lim f'(x) = —

Q0
e f(x) =0h | I root in (0,
Lim £ (x) = } = (%) as only one real root in (0, o)

x—0"

f'(1)=1>0

f'e) = 1-1<0
e

.. f'(x) =0 has oneroot in (1, e)
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Let f'(o) = 0, where ae (1, €)
+ 4 \ - -

1 o e

- f(x) is increasing in (0, ) and decreasing in (o, «)
f(1) =1 andf(e®) =e’+2-2e°=2-€?<0

= f(x) = 0 has one root in (1, €?)
From column 1 : | and Il are correct.
From column 2 : i, iii, and iv are correct.

From column 3: P, Q, S are correct

Hindi : f(x) = x + {nX — X (nx

f'(x) = 1+l— mx — X (l)= 1 — /nx
X X X

(0 = ——-1<0 vxe (0, )
X X

- (%), xe(0, o) F fR=R T9H=

Lim f'(x) = —
i () = [ = (00 = 01 Pt T AT et (0, ) B
x—0"
£(1) =150
fie)= 1-1<0

e

L f'(X)=0® TH g (1, ) H B
AT () = 0, ST&f ae (1, e)

1
+ o+

1 a é

o f(x), (0, ) H TEA T[T (0, 0) H BTTHN
f(1) =1 aMRfe)=e’+2-2e=2-e*<0
=f(x) = 0 & b 7 (1, €°) F 7|
1A R R

W 3:P,Q, ST B
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Paper-1
[EE Advanced, 2017
Part II: Chemistry

Read the instructions carefully:

General:

1. This sealed booklet is your Question Paper. Do not break the seal till you are instructed to
do so.

2. The question paper CODE is printed on the left hand top corner of this sheet and the right

hand top corner of the back cover of this booklet.
3. Use the Optical Response Sheet (ORS) provided separately for answering the questions.

4. The paper CODE is printed on its left part as well as the right part of the ORS. Ensure that
both these codes are identical and same as that on the question paper booklet. If not,
contact the invigilator.

5. Blank spaces are provided within this booklet for rough work.
6. Write your name and roll number in the space provided on the back cover of this booklet.
7. After breaking the seal of the booklet at 9:00 am, verify that the booklet contains 36 pages

and that all the 54 questions along with the options are legible. If not, contact the invigilator
for replacement of the booklet.

8. You are allowed to take away the Question Paper at the end of the examination.
Optical Response Sheet
9. The ORS (top sheet) will be provided with an attached Candidate’s Sheet (bottom sheet).

The Candidate’s Sheet is a carbon - less copy of the ORS.

10. Darken the appropriate bubbles on the ORS by applying sufficient pressure. This will leave
an impression at the corresponding place on the Candidate’s Sheet.

11. The ORS will be collected by the invigilator at the end of the examination.
12. You will be allowed to take away the Candidate’s Sheet at the end of the examination.

13. Do not tamper with of mutilate the ORS. Do not use the ORS for rough work.
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14.

Write your name, roll number and code of the examination center, and sign with pen in the
space provided for this purpose on the ORS. Do not write any of these details anywhere else
on the ORS. Darken the appropriate bubble under each digit of your roll number.

Darken the Bubbles on the ORS

15.

16.

17.

18.

19.

Use a Black Ball Point Pen to darken the bubbles on the ORS.

Darken the bubble C completely.

The correct way of darkening a bubble is as: @

The ORS is machine - gradable. Ensure that the bubbles are darkened in the correct way.

Darken the bubbles only if you are sure of the answer. There is no way to erase or “un-
darken” a darkened bubble.
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SECTION - 1 : (Maximum Marks : 28)

This section contains SEVEN questions.

Each question has FOUR options (A), (B), (C) and (D). ONE 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 awarded in one 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 corresponding to each correct option, provided
NO incorrect option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.
Negative Marks ;=2 Inall other cases.
. For example, if (A), (C) and (D) are all the correct options for a question, darkening all these three will

get +4 marks; darkening only (A) and (D) will get +2 marks and darkening (A) and (B) will get —2 marks,
as a wrong option is also darkened.

19. An ideal gas is expanded from (p;, V1, Tq) to (p2. 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 from V; to V, under adiabatic
conditions as compared to that when expanded reversibly from V; to V, under isothermal conditions
(B) The change in internal energy of the gas is (i) zero, if it is expanded reversibly with T, = T, and (ii)
positive, if it is expanded reversibly under adiabatic conditions with T; = T,
(C) 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 compressed irreversibly from (p, V) to (py, V4)
against constant pressure p;
& 3eel I Bl (py, Vi, Tq) 9 (o Vo, Tp) A fafd=1 srawenail & o9 bharan i g | Fr=faliaa faeed
a8 HUH B(E)
(A) GV, §V, T WG I & I 3HDBI ISHAUT (reversibly) bama f&ar Sr a1 319 g1 fan
T BV, AV, T FHA (isothermal) 3aRensii & Sl IhAUI bard H {6y T Bl @ gl |
PH B
(B) k1 Y SciRe Hoil A dgamd () I € AR ST, = T, S AT Bad ISHAN (reversibly) TRd A
fopan <Y, @R (i) o9TcA® & afe 9 T = T, @ 91 ©a19 (adiabatic) uRRef™l @& a9 Sopadiw
(reversibly) wera b S
(C) I Herma Jad wU A far S A1 I8 |Ag—A a1 FHard! (isothermal) Td wE19 (adiabatic) 2 |
(D) w19 =¥ argehaviia a¥id ¥ (irreversibly) (pz2, Vo) 9 (pq, Vi) T6 ReR &4 py & faeg Samdn S 8
™ & SR fHar T $F AfSeHaH B 8

Ans. (ACD)
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Sol.

»
>

(P1 'V1 :T‘I)

(A) />reversible isothermal

reversible adiabatic

»
»

V, V
Area under curve in reversible isothermal is more. So, more work will be done by gas.
B)T;1=T, = AU=nCyAT=0
In reversible adiabatic expansion, T, < T,
S AT =—ve . AU =—ve
(C) In Free expansion, Pey=0 .. W =0
If carried out isothermally (AU = 0) = q = 0 (Adiabatic) ; From | law
If carried out adiabatically (q = 0) = AU = 0 (Isothermal) ; From | law
P

A

(P1IV'I)

(D)
(P2.V2)

»
L

Vv
During irreversible compression, maximum work is done on the gas (corresponding to shaded area)

»T

(A)

ISHHMT FHATHT TR UhH | NG & A1 &1 3hd 3Mfdd 8, 59 YR 19 gRT fhan o &rd
NfIH BT |

(B) T1=T, = AU =nCyAT =0

IapAiT FEST TR H, T, < Ty

AT =—ve . AU =-ve

(C) &I TR #, Poy=0.. W=0

I FARNT ®Y 9 G 81l 8, (W =0) = q = 0 (FaIw) ; | s 9

I wE™™ WY F G B4 8, (q = 0) = AU = 0 (FFamd) ; | s |
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» T

(P1. V1)

(P2.V2)

»
>

\
SgepaUNg wfled & <R I WR fhar T i ifiehdd Bidl 8 | (BRifhd &3hd @ AJAR)

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

H3C—©—CI

(A) 4-methylchlorobenzene (B) 4-chlorotoluene
(C) 1-chloro-4-methylbenzene (D) 1-methyl-4-chlorobenzene

frfoaRad Aife &1 (@) Mg MU (UPAC ) M 2 (2)

H3C—©—CI

(A) 4-AfTFAR IO (B) 4-FARI SIgeA
(C) 1-FARI-4-HfdA d5i (D) 1-Afra-4-FARIESI=
Ans. (BC)
3 2
Sol. CH; —4@1—0
(C) 1-Chloro-4-methyl Benzene. (C) 1-FAR-4-7efrer d5f=
(B) 4-Chlorotoluene (B) 4-FARTSIISA
21. For a solution formed by mixing liquids L and M, the vapour pressure of L plotted against the mole

fraction of M in solution is shown in the following figure. Here x. and xy represent mole fractions of L
and M, respectively, in the solution. The correct statement(s) applicable to this system is (are)

1 Xw 0

(A) The point Z represents vapour pressure of pure liquid M and Raoult's law is obeyed from x =0 to
X =1

(B) Attractive intermolecular interactions between L-L in pure liquid L and M-M in pure liquid M are
stronger than those between L-M when mixed in solution

(C) The point Z represents vapour pressure of pure liquid M and Raoult's law is obeyed when x. — 0
(D) The point Z represents vapour pressure of pure liquid L and Raoult's law is obeyed when xi — 1
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LR Msdl & A5 gR1 9910 U fdeae 9 ga M & I19—310[d 4= (mole fractions) & fd%g wa L &
e &9 Pl o H fe@rr T g | el x 3R xv, L AR M @ HH TE—37s A= Bl Aefid Hd © |
9 Fer &1 (@) Sugad el FUF 2 (8 )

T 7

1 X 0
(A) 5 Z g SaIM & ard S19 &1 50T B 2 3R x. = 0¥ x_ = 1 TH ISee @l 7% (Raoult's law)
H1 U BT 2 |
B YE SdLHLLD g § 3R gg saM I MM dia § icqw—3re fhad LM & §a 4
RT3 feharall A Uael € o9 S fAerge 9 A fan srar 21
(C)fig ZYg SaM & AW 19 1 fARIUT HRAT 8 AR Sd x_ — 0 A1 I8ee &I =77 (Raoult's law) &1

Tl B 8 |
(D) fdg Z g€ =d L 919 &9 PI HUd Hal & 3R ofd x, — 1 dl ISee BT 79 (Raoult's law) @1
uTe Bl B

Ans. (BD)

Sol. For a mixture of two liquids L and M,

For ideal solution obey Raoult's law
PL=(1=XwPr°=P°=XyP?°
Graph between P & Xy has intercept = P ° & slope = —ve
But graph representing +ve deviation from Raoult's law therefore M—L < M—-MorL—-L
Paint Z represents intercept which is P.° when X — 1
gl : Lau M<l gal & fagor & fag,
afreel fdeas & g rSee M &) SrquTer 8l 8 |
PL=(1=XuwPL° =P =Xu P.°
P dl Xy @ TeT 3TRG HT RIS = PL° qUT T = —ve

R AR R[S (I8 F oS el geiar & | sufed M—=L<M-MorL-L
fag Z sragvs il &, Sl f6 P8 | o1 X, — 1
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22.

Ans.

Sol.

The correct statement(s) for the following addition reactions is (are)
H;C H
— Br,/CHCl,
—_—

0] M and N
H CH;,
H,C CH;
(i) — w» Oand P
H H

(A) (M and O) and (N and P) are two pairs of enantiomers

(B) Bromination proceeds through trans-addition in both the reactions
(C) O and P are identical molecules

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

frrfoRaa Hawerd fifshansi (addition reactions) @ foly |&l wUH B (€)
H,;C H

= BRCHCL ek
H CH,
H,C CH,
i = BreCHCh e
H H

(A) (M 3R 0) 3R(N iR P) TI<IRT (enantiomers) & a1 g7l &

(B) a1 srfafshameti # sifafaxol g1 Hohad gRT 9ol ©

(C) O 3R P ¥HT ] &

(D) (M 3R 0) IR (N 3R P) SIERIRARRI (diastereomers) & &l I &
(BD)

CH H s
0] \3C= 4 Br, H——T——B" MesoMandN
W em, CHCL 1 g
CH;
CH3; CH3;
(i) CH\:ic 4 e g, A Br B H
v Ny CHCl Br—f—H H—1 B
CHs; CH;
(0] P

(B) Bromination proceeds through trans-addition in both the reactions

(D) M and N are identical, hence, M and O and N and P are two set of diastereomers.
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23.

Ans.

CH; H
M eeed B, H— 7B fimaan
W oH, CHCL L g
CH;
CH3 CH3
CH
( ) \3 /CH3 Br, H— Br qer Br H
] C=C\ 2
H/ H CHCl; Br————H H———Br
CH3 CH3
O P

(B) <1t arfafshamatt & Sri-exr Sa—armars iffhar & gRT BaT B
(D) M T2 N 99T & | 3rc: M @1 O, N den P faaRy swaadil & &1 g 3|

Addition of excess aqueous ammonia to a pink coloured aqueous solution of MCl,.6H,0 (X) and NH,CI
gives an octahedral complex Y in the presence of air. In aqueous solution, complex Y behaves as 1 : 3
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
zero for complex Y.

Among the following options, which statement(s) is (are) correct?

(A) The hybridization of the central metal ion in Y is dzsp3

(B) Addition of silver nitrate to Y gives only two equivalents of silver chloride

(C) When X and Z are in equilibrium at 0°C, the colour of the solution is pink

(D) Z is a tetrahedral complex

T TefTdl T el MCl,.6H,0 (X) 3R NH,Cl & STelld fderae | sifdad el s@ifan & e w, arg
@ IuRfd § Td ICHadId e (octahedral complex) Y 41 2| el faees # dav ¥ 1 : 3 fagd
JUEcy (electrolyte) ®1 TRE SR BRI © | WM AT W IAMTR HCI & |1 X B [fAfspar & aRomd
WHU TP Al T Bl GPR Z a1 81 X 3R Z BT URSfId UFdR0T AE gHHd MY (spin only
magnetic moment) 3.87 B.M. 8, S1af I8 GaR Y & foU g B3| 1 91 & @19 &1 (Q) fAdew I8 &
®)?

(A) Y =09 eTg SR &1 FaxvT (hybridization) d’sp® 2|

(B) Y #H ficaR isge fAam R iR deRigs & dad al 99ged fHed g |

(C) 519 0°C R X iR Z |r=ImaReql # & a1 faeras &1 71 o 8 |

(D) Z 7o aghADI (tetrahedral) TaR © |
(ACD)
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Sol.

24.

Ans.

Sol.

NH;(aq)
[Co(H20)6lCl; —————— [Co(NH3)6]Cls
NH,4CI + Air
X) )
Pink solution 1: 3 electrolyte

HCI (excess)
room temperature

Addition of AgNO; gives 3 equivalents

(d°sp® hybridisation of central metal atom)

of AgCl.

[CoCl >
(2)

Blue solution (Tetrahedral; sp®)

X & Z in equilibrium at 0°C = Then equilibrium is shifted towards X, making colour of solution pink

NH;(STefr)

[Co(H;0)6]Cl, ————— > [Co(NH3)6]Cl3

+ g

(X) NH,C

NSICIREECR] 1: 3 dE AUEY
HCI (o) (@5 oA BT HBYT d’sp’)

B BT d1d

[CoCl >
(2)

AT I (ATHADIY; sp?)

()

AgNO; FHET TR, 3 eI & IRTER AgCI a2 |

X T Z A IR H ® 0°C 99 IR — 9 AR 3R] X # iR faxenfig st & don faeas &1 <

Terdl 8 I & |

The correct statement(s) about the oxoacids, HCIO, and HCIO, is(are)

(A) The central atom in both HCIO, and HCIO is sp® hybridized

(B) HCIO, is formed in the reaction between Cl, and H,O

(C) The conjugate base of HCIO, is weaker base than H,O

(D) HCIO, is more acidic than HCIO because of the resonance stabilization of its anion

HCIO,; 3R HCIO & IR # W& ®oH & [ )

(A) HCIO, 3R HCIO 1 # &e1g g=eTY] sp® WafRd 2 |

(B) Cl, @ H,O & <1J AfAfhan 9 W HCIO, 99T ¥ |

(C) HCIO, &1 ¥g™! &R (conjugate base) H,0 9 §dd &R & |

(D) v & 3rgIa ReIRUl (resonance stabilization) @ weiwRad HCIO,, HCIO ¥ 31f&id 317l 2 |

(ACD)

(B) Cl, + H,O — HCI + HOCI
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(C) Acidic : HCIO, > H;0"

Acid-1 Acid-2
Basic ClO4 < H,O
C.B.-1 C.B.-2
0
3
(D) CKk7SP
_O/||\\O

Resonance stabilization

N .s H-O-Cl
g: (A Ci7sP =
o} sp’
(C) 3r%cT : HCIO, > H,0"
3T¥c1-1 3T¥cT-2
&N : C|O4_ < HzO
C.B.-1 C.B.-2
n
(D) Ck7sP
_O/|| \\O
AT ERT RARIHRYI
25. The Colour of the X; molecules of group 17 elements changes gradually from yellow to violet down the

group. This is due to

(A) decrease in m*—c* gap down the group

(B) decrease in ionization energy down the group

(C) the physical state of X, at room temperature changes from gas to solid down the group
(D) decrease in HOMO-LUMO gap down the group

17 T8 @& Tl & X, sl &1 W7 370 ot § " o1 R il 31 3 §R—R $ 1 7 93 21 I8
o1 | 9 fhas worawy §

(A) T H A S W =" P AR "edl © |

(B) @ # g SIM R I Foft Ged ¥

(C) =g ard W i H g S W X, & Wifad sraven 1 S H agen ¥ |

(D) T # I M TR HOMO-LUMO &1 iR gedl & |

Ans. (AD)
Sol. X;: 61s%, 6"1s%, 025°, 6"2s%, o2p,’, 72p,’ = =2p,’, *2p = n'2py’, o'2p,°
(Fy) (HOMO)  (LUMO)

Down the group =* to o* excitation become easy.

T H AR W R 1 W o* TP SIS AT 8 STl B |
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SECTION - 2 : (Maximum Marks : 15)

° This section contains FIVE questions.
o The answer to each question is a SINGLE 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 awarded in one of the following categories :
Full Marks : +3 If only the bubble corresponding to the correct answer is darkened.
Zero Marks : 0 Inall other cases.
26. The sum of the number of lone pairs of electrons on each central atom in the following species is
[TeBrsl”, [BrF,l", SNF3, and [XeF;]”
(Atomic numbers: N =7, F =9, S =16, Br =35, Te =52, Xe = 54)
fefoiad @ (species) ¥ U® B URAIY] TR UHTH] Soide = I 1 AT B AT 8
[TeBrgl”, [BrF,l", SNF3, and [XeFs]
(WA @& N =7,F=9,S =16, Br=35 Te=>52, Xe = 54)
Ans. 6
Sol.  Species lone pair on central atom
isfie P WA W THH gAag= ™
TeBr*™ : 1
BrF," : 2
SNF; : 0
XeF;~ : 3
Total Number of lone pair = 6
TehTeh! Felds = I B fel W= = 6
N
g
SNF; F7TNF
F
217. Among the following, the number of aromatic compound(s) is
frferRed ¥ & WiaRs e (@fe) @ der
O A Ao O
O O
Ans. 5

A0S oY
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28.

Ans.

Sol.

29.

Ans.

Sol.

Among H,, He,", Li, Bey,B,, C,N,, O, and F,, the number of diamagnetic species is

(Atomic numbers :H=1,He=2,Li=3,Be=4B=5,C=6,N=7,0=8,F =9)

Hz. He,', Lis, Bez,By, Co Ny, O, 3R F,, # Ufcrgraary wieisl (diamagnetic species) @1 &1 8
(IRAT] H&IT:H=1,He=2,Li=3Be=4B=5C=6N=7,0=8F=9)

6 (H,, Cly, Bey, Cy Ny, F))

Hz .
He;

Li,
Be,
B>

C,
N>

0,

F2

ols?

c1s?, 6"1s’

o1s% 5"1s%, 62s°

U'ISZ, ri"lsz, UZSZ, 0'252

2

01s% 6"1s%, 025%, 6'25°, m2p,' = m2p,

2 -

, 025, 1t2px2 = 1t2py2
"2 2 2 2
.0 28°, m2py° = m2py°, 62p;

o1s% 6'1s%, o2s

ol Sz, 0.152, UZS2

2

o1s%, 6"1s% 0625°, 6"25°, 62p,%, w2p’ = n2p’, w*2ps = w'2p,’

o1s%, 6"1%, 025%, 6"25°, 62p,%, m2p’ = n2p, w*2p’ = n'2p,

A crystalline solid of a pure substance has a face-centred cubic structure with a cell edge of 400 pm. If
the density of the substance in the crystal is 8 g cm™®, then the number of atoms present in 256 g of the
crystal is Nx10”*. The value of N is

U Yg Uald & Uh fh¥celid SN @ Bhad—diwd 89 (face-centred cubic) AR & A1 BIfSHT BIR
(cell edge) @1 =TS 400 pm & | AR s & daTef &1 i@ 8 gcm > &, A1 fhecd & 256 g § SuRerd
TRATILS B FHed F@ Nx107* 2 | N &1 A1 2|

X6><1023

2
d zx“NiAo
Vo= 55T

Number of moles in 256 g =

(d = density)

256 10
8x6x1.6 3

Number of atoms = % % 6x10%3 =2x10%*
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30.

Ans.

Sol.

N
d= ;% (d = g91q)
a
M
4x— 0
__ 6x10%
(4x10710)3
Moo 1
8x6x1.6

256 g # Hreil @ < - 200 10
8x6x16 3

TRATILS B HEAT = %x6x1023—2x1024

The conductance of a 0.0015 M aqueous solution of a weak monobasic acid was determined by using a
conductivity cell consisting of platinized Pt electrodes. The distance between the electrodes is 120 cm
with an area of cross section of 1 cm”. The conductance of this solution was found to be 5x107’ S. The

pH of the solution is 4. The value of limiting molar conductivity (A,’) of this weak monobasic acid in

aqueous solution is Zx10” S cm™ mol™". The value of Z is

Uh gaol UHERGIA 37 & 0.0015 M STl fdead & araidcd (conductance) U w@ifefigd Pt
(platinized) SATETS ATl ATABAT el BT IYANT R & FRIRT & T | 1 cm? IIIRYT BT & &Fhdl arel
saagrel & 9 @1 X 120 cm B | 9 Ao @ Areiddd w1 A 5x107 S U 4T | e @1 pH 4 B
9 gadol USERSIY 3] &1 Sied fderad 3§ =1 HieR drerehdl (limiting molar conductivity, A,,’) @1

a9 Zx10°Scm ' mol ' 81 Z &1 91 B |
6

C =0.0015M {=120 cm
G=5x1075 a=‘|(;m2
G=xx 2
£
5x107 = kx 1
120

k=6x10"scm’
Ac _ Kx1000 _ 6x10™° x 1000

m M 0.0015
pH=4
[H7=10""=cw=0.0015u
107
=
0.0015
. 6x 10~ x1000
. 6x10 7 x1000
o Am . 107 0.0015
Ao 0.0015 AL,

A% =6 % 10°s cm’ mole™
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SECTION - 3 : (Maximum Marks : 18)

This section contains SIX questions of matching type.

This section contains TWO tables (each having 3 columns and 4 rows).

Based on each table, there are THREE questions

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is correct.
For each question, darken the bubble corresponding to the correct option in the ORS.

For each question, marks will be awarded in one of the following categories :

Full Marks : +3 If only the bubble corresponding to the correct option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.
Negative Marks : -1 In all other cases.

Answer Q.31, Q.32 and Q.33 by appropriately matching the information given in the three
columns of the following table.

The wave function, w,, ,is a mathematical function whose value depends upon spherical polar

coordinates (r, U, ¢) of the electron and characterized by the quantum numbers n, / and m, Here r is
distance from nucleus, © is colatitude and ¢ is azimuth. In the mathematical functions given in the
Table, Z is atomic number and a, is Bohr radius.

Column 1 Column 2 Column 3
. ; 7 % —lﬁﬁl W, 1 m, (r
() 1s orbital M Woim = [_] e \8. (P)
[0}
0
\‘/r}ao —
(Q) Probability density at nucleus
() 2s orbital (i) One radial node v
a;
.5 (zr - L
. Z)2 |2,/ (R) Probability density is
(I 2p; orbital (i) Wy, m * [a_] re ‘cost maximum at nucleus
.0/
(S) Energy needed to excite
electron from n = 2 state to
.27 .

n = 4 state is — times the
(IV) 3d,? orbital (iv) xy-plane is a nodal plane 32

energy needed to excite

electron from n = 2 state to

n = 6 state
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AR @ T Cad B N9 piawl § UGS Yol HT IUYH S A GAA FR 9w Q.31,Q.323R Q.33 B
IR R[N

I BAT Wy, TP TR Do & BT A gerag = & el gdig fd=ma (r, 0, ¢) R FriR oxar 8

IR F@IeH AT n, 1R my ¥ JAfFfNT Ban & | 8l r Fasr™d ¥ g4 8, 0 PICIR (colatitude) B, 3R ¢
fa=TeT (azimuth) & | <9d 9 fay M A wemi § Z WA HHS & AR a, R 51 (Bohr radius) € |

Dlictd 1 Pletd 2 i 3
3 o0 T
; 5 - E Wn, ,m, (r)
() 1s3nfdea (orbital) M Wopm [ai]ze |\a0,' @) /
: 0 ——

rla, —

(Q TfFrerE IR iyl 8-

(1) 2s smfdce (orbital) (i) TP B 1d (radial) S (Probability density) = %
a

(o]

5 g (R) fererd R Uifddr a+ied
() 2p, anfiest (orbital) i)y [ ai ere_kZ%,-l cosh (Probability density) s
L <o %—
(S) Soldg™ Bl n = 2 37aRAT |
N = 4 37ERAT TdH IO B
B Hol, gelag™ Bl n =2
(IV) 3d,” snfdea (orbital) (iv) xy-99de U A T © 3TRT J N = 6 AR TH
SAfSd 1 & fog smawas

Wﬁ@li—;ﬂ‘rﬂ%‘l

31. For He" ion, the only INCORRECT combination is
He' 3mad & forg famaferRad fawedl # 9 ddot e (INCORRECT) SIS & |

(A) () () (S) (B) (1N (i) (Q) (©) () i) (R) DO M) ) (R)
Ans. (C)
Sol.  s-orbital is non directional so wave function will be independent of cos 6.

S-PeTh AfITHD B B, AT IR Hed cos O W Wdd 81 8 |

32. For the given orbital in Column 1, the only CORRECT combination for any hydrogen-like species is
P § 1 H fay T enfded (orbital) & fog f=fafad fAweal # 9 =l N ERSo—aad |
(species) & foy Haat w& FAH &

(A) (I @) (P) (B) (1 (i) (S) (C) (V) (iv) (R) (D) () (iii) (P)
Ans. (A)
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Sol. For 2s orbital no. of radial nodes =n—i—1 =1

2s beTh & oy Brodia s & d@i=n—(—1=1

L]"n, £m (r) —>

o

N

33. For hydrogen atom, the only CORRECT combination is
BIgSIO WA & fory foferiead fadedl 4 | dad wel waIo o |
(A) () () (P) B) () (v) (R) (© a0 @ (ONONUNS)

Ans. (D)
Sol. For 1s orbital ¥’ should be independent of &, also it does not contain any radial node.
1s PeTd & fIQ W, 6 [aA B A1y, A1 & I8 BIs Sl /s 78] &l © |

E._E 3
Es-E, 16 4 _ 16 _ 3x36 27

Ee—-E, E,_E, _B8E, 8x16 32
3 4 36

Answer Q.34, Q.35 and Q.36 by appropriately matching the information given in the three
columns of the following table.

Columns 1, 2 and 3 contain starting materials, reaction conditions, and type of reactions,
respectively.

Column 1 Column 2 Column 3

(I) Toluene (i) NaOH/Br, (P) Condensation

(I) Acetophenone (i) Bry/hv (Q) Carboxylation

(1) Benzaldehyde (iii) (CH3C0),0/CH3;COOK (R) Substitution

(IV) Phenol (iv) NaOH/CO, (S) Haloform

o & T S & A9 PiaHl d SueE gET BT Suga 1 | JHA PR Ui 34, 35 79 36 B I

&R |
DM 1, 2 3R 3 7 HA: ARMFMS UaTed, AfAfhan srawet, iR sifafianstl & gaR 2 |
BIed-1 Bl - 2 Bleq - 3
() STgE (Toluene) (i) NaOH/Br, (P) ==+ (Condensation)
(1) e+ (Acetophenone) | (ii) Bra/hv (Q) PratfaFaTdT (Carboxylation)
() sf~STeeeTss (Benzaldehyde) | (iii) (CH;CO),0/CH;COOK | (R) ufereITas (Substitution)
(IV) BT (Phenol) (iv) NaOH/CO, (S) ETelH (Haloform)
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34.

Ans.

Sol.

35.

Ans.

Sol.

36.

Ans.

Sol.

The only CORRECT combination in which the reaction proceeds through radical mechanism is
fFrafaRiad el 9 9 daa &t FareE orad A a0 (radical) 9fshan gR1 a6 €, @
(A) (V) () (Q) (B) (1) (ii) (P) (C) () (i) (R) (D) (1) (iD) (R)

(D)

Substitution reaction of toluene takes place through radical mechanism.

cTgeT # udRenu i qad qoe fharfaedt g 8l B

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

TARD MF B AU (synthesis) & oIy fFr=faRad fawedi § & FHad | Gaod g |
(A) (N @) (S B) () (v) (Q (©) (V) (ii) (P) (D) () (i) (R)
(A

Haloform reaction of acetophenone yields benzoic acid.

VHCIfbAT & 2clipd fAfhar gRT dWilg® 3%l uTd 21T 2 |

The only CORRECT combination that gives two different carboxylic acids is

frfaRad fawedl 9 & daa w& FAroH 1 & 31 =1 weifaafas sra <1 8, 2

(A) (1V) (iiD) (Q) B) (1 (iv) (R) (QXONOES) (D) () (i) (P)
(D)

Perkin condensation of benzaldehyde with (CH3C0O),0/CH3;COOK yields cis and trans form of cinnamic

acid.

Juifesg®gs @ (CH3CO0),0/CH;COOK & w1 ufhs weaw+ aifafhar & gr1 Rfae e &1 R qen

21 SaTe g Bl 2 |
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