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

Read the instructions carefully:
General:

L. 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. Worite 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
% 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.

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

16. Darken the bubble T completely.

17. The correct way of darkening a bubble is as: @

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

19. Darken the bubbles only if you are sure of the answer. There is no way to erase or "un-

darken” a darkened bubble.

Page 2 of 20



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.

s 1 : (fdwaw 3w : 28)
g9 @s H 9 e ¢ |
e ued ¥ IR SR e (A), (B), (C) 21 (D) & | 94 4 & @1 v 9 afds Aoy w8 €|
e U @ 7 SMARUE. U AR GEl It (ITH) & IHY gerdel (egal) B dral @ |
gd g & fov sfe Fifafee aRRefaal 7 4 0 o 3 agar A o -

wisfw o +4 af R 9 Reen @acd) & a9t gadel (Gadal) S Fre a8

Hif¥d s :  +1 UAE U fAbeu & AgHY gode B Fel F W, IR FE Ted fawes dren
T e 2

TEAE ¢ 0 afe & f gEge @ s T8 e B

FO AE =2 I a uRRefmi |

TEERY : IS U U & AR Gel SN fdded (A), (C) 71 (D) & d9 39 Al & 36U gergdl Bl Blel
T TR +4 F e ; % (A) 3R (D) & TT9 gagell B Fel DI IR +2 3T Fert T (A) IR (B)
@ WY gAgal DI Bl DI W =2 3iF e FTife 1@ Taa fee & agwy gade ®1 W Pren fFm

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 7, is produced at point O on the rope. The pulse takes time Tg, to reach point A. If the
wave pulse of wavelength 7 is produced at point A (Pulse 2) without disturbing the position of M it
takes time T,g to reach point O. Which of the following options is/are correct ?
T WHE YfE® FFEe (uniform mass per unit length) SEETER S & A R W @ M dEH g3
81 SR b1 g i g2 anuR (g 0) @ dore 8| a¥ieed ho @) aguRel O WE (WE 1, pulse 1) g
O I~ & T &) A o0 W farg OH fIg Add Toa99d A ugacll 8| Teb M &1 fan faaiva
fod gy fag A W fFEon & 18 a¥Rsd J, &1 SguY o¥n We (W 2, pulse 2), g Ad g O
Tao 9T ¥ ggadl B | 7791 % = (1) H2F w0 8/ ?

bl

0 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 TAO = TQA
(A) SR & Heg fa=g WX We 1 (Pulse 1) Ud W& 2 (Pulse 2) &1 97 HH &
(B) B8R & srfew ufiw fomelt ft wig &1 91 Swal smafy ga ava—aed o i =@ 2
(C)®g 1 (Pulse 1) @ Tv—<ed fag A T® ugem # ol &1 e
(D] HHY TAO = Toﬁ
Ans. (ABD or BD)

|
Sol. Vi= \/l so speed at any position will be same for both pulses, therefore time taken by both pulses
L

will be same.
M=v= A= % = ® V , since when pulse 1 reaches at A, speed decreases therefore j, 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=V'E,m:ﬁﬂﬂﬁmﬁﬁwﬁﬁmwﬁ.@%ﬁﬁwﬁmmwwmmt
M=v= l—¥:>}.ocv , OTd WE 1, AR U A1 WS A1 "] guier) avias ) 9T,
Note : If& &1 @ad 99 & gRHAM &1 A 1 Qe (A, B, D) WEl &1 sgen &ad (B, D) RAwey W& &
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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. At t = 0, the loop
starts rotation about the common diameter as axis with a constant angular velocity @ in the magnetic
field. Which of the following options is/are correct ?

U AER fAga-—0d @ TR (insulated copper wire) 1 A Td 2A @lel a1 &EWal @ gadl H @@k
fbn mn € | i @ sifeeav fasg fageRidh ved & (SRn R A quian w2 8) ) Ayl 9o s @ ad d
Rorg B @l & ool ® wfieraan ReR don THwa grEdig &3 B wdw SuRed | gew g
HHEaS @l W 99 34 & IR §d t=0 ¥ o BIOY 97 (angular velocity) W gAAT I Hal €|
=1 % 3 @9 W (3) B e g8

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

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

(C) The 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) 1 gerdl & I~ B UfiT fagd ae® g cos wt [ TR B

(B) 919 Toldi &1 O B9l & dd 9 e fwm & Sier & 99 e & aRkady @) o afiead el &

(C) a1 gerdl B I Afedd g UG fagd are ga @1 auM, B gad § 9= Afdead A

faga argsd 9o @ AAH B a¥ER BN

(D) ufta fagga are® 9 gorll & &=wAl B AT B TR B

BC

{¢ = ]BS cos 0 = BS cos mt

_|dé
|dt

d
dt

Net emf, (7ot faga ae® aa)

e =BSwmsinmt

| &

=max.=snmt=1 = ot=

o ™

= 2BAm sin et = BA o sin ot

Page 5 of 20



3. 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 ?

AR A9 aTel U e B ZHE M 2| 3 @ U Oy IRd Ao R Rer 8| A & Wed (ina
coordinate system fixed to the table) &@® @1 gifg-l @1¥ (right edge) x = 0 ¥ Red 8| SeHE m ardl
s fag F1 (point mass) ®1 IR AU & ITad fag o fIREETR W BISl O (released from rest)
g1 A g 31 TR U9 W AW F AR e 5| 99 g 0 qed W 69U fAEE 8 9 g, a9
o aretfres Rafa x o ofa v 21 Fe=sr 8 @ &9 @ (W) sas w8 278 7

(A) The velocity of the point massmis : v = 29:
1+ —
M
(B) The x component of displacement of the center of mass of the block M is : = MmR
+m

(C) The position of the point mass is: x = =7 i
M-+m

(D) The velocity of the block M is : V = —%,('ZQR

(A) fag &1 (m) &1 v = i: 2
1+ -
M

(B) ed (M) & wefd &5 & fawemus @1 x 9@ (x co-cordinate) +ﬁ%

(C)ﬁﬁw(m}mmﬁx=—ﬁm—R%

M+m
(D) e (M) &1 97T V = ﬁJ%_R 8
Ans. (AB)
Sol.  If speed of point mass is v, then using conservation of linear momentum V = %

uﬁ%ﬁmﬂaﬁWVﬁa’liﬁﬁaéﬁﬂﬁ?&mﬁ,V=%

2 .
1 5 1. [mv 1 5 m
mgR= —mv +—-M —| mgR = —mv°) 1+—
9" =3 zh{M] R [ MB

V—|2'gR i XM=_[ mR]
AL
V' *w
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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

Ud |UTE Wie (flat plate) 37cd 919 & 19 (gas at low pressure) #, 310 dd @t AfAee e #, Ty 9@
Fa& o # onrald 2 | i @1 7 v, 39 ol & offea 7fd u & 9gd &9 8| 791 3 9 &9 @1 (3)
FAF FE /8 ?

(A) afemr gd ST U @ gdrd @1 AR uV B FHGURT 2 |

(B) @ wHY @ dI< 4@l dol F &I UfeNIg® acl Agferd & i |

(C) @i &R 3749 &3 URNIg® ¢ v & THMURT & |

(D) wie Hdgl g IR @ (constant non-zero acceleration) ¥ @eicll 87 |

Ans. (ABC)
Sol. u' = o, ot = constant
v
E— —
u' u'
A
w.r.t plane
(u=v) [ __(W+Vv)

Ca

. Before collision
Before collision

After collision

(u'+v)
(u'=v) v
A After collision
T—F T—F
Firaiting L Fieading Pt 5 F oo

Fleading= 2pAU' + V)Z

Ftraiiing = ZPA(IJ' —v)

Fleading - Ftrailling = 2PA(4L|'V) = BDAU'V

Fieading = Firaing. _ g1, = gy
Area

Pressure difference =
Net force on plate
Fret = F = 8pAciuy = n::;v

After long time v will be sufficient so F = 8pAuuv
After that v = constant, i.e. plate will achieve terminal velocity.
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Sol.

u' =, o = Fad

)"
E—— —
u' u'

A
e B e
(U'=v) (u'+v)
P TFHY ¥ Ugd
THHY & 915 (U +v)
(u" =v) D
A THHY B 4G
-ﬁF
Fu e ;.':.-nm
A

Ful.-l'u\= 2]:)A(U' + V)z

F e = 2PAU" = v

Fuf.irm T Fu1um= QDA(4U1V} = BpAUPV
. Fomma —-E.‘_ﬂ;ﬁ
aEge = —— =2 = 8[1u'\r = B[."U-UV
& 3T
@ W G g

F__=F=8pAuuv = midv
. dt

T80 o WAY 918 v 9ATE 8F o F = 8pAcuy

g9 uvard v= g , e we @He 3 g e |
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5. In the circuit shown, L = 1 pH, C = 1 pF and R = 1 k(). They are connected in series with an a.c. source
V =V, sinmt as shown. Which of the following options is/are correct ?
L=1puH C=1pF R =1k()

()

~ ) Vosinmt

(A) The current will be in phase with the voltage if w = 10 rad.s '
(B) Atw == 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

forsr # femar sig uRuer L=1pH, C =1 pF, R=1kQ | tF aRad dieed (V = Vo sinot) ST & Smoff
Hay €| 9 A B |1 (W) F2F 98 8/ 12

L=1uH C=1pF R =1kQ
v — —wwy

)

b V()Sil'f(!ﬁ

(A) 919 @ = 10° rad.s™ &1t @@ faggd 9T (electric current) deedl @ EHEe H 81 |

(B) & o >> 10° rad.s™", uRuer |1 (capacitor) #1 TR @a8N vl € |
(C) wid faga e dreed & Heen § 89 a1 98 amafii R ox i =8 &l
(D) 9d @ ~ 0 BT 79 alRuy # g8l am1 =1 & fwe & |
Ans. (CD)
Sol. Current will be in phase with voltage at resonant frequency.
FEN Al TR gy QT dieedl WA Hel H B |
1 1

wmk = — ] 0y = —— = 10° sec™
®C JLC
Fafdw>w,  Circuit behaves like inductive. tfRaer zaa g |
faf@w~0 Zow = 1-0
6. 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 7
(A) At minimum deviation, the incident angle i; and the refracting angle ry at the first refracting surface

are related by ry =[%)
(B) For this prism, the refractive index 1 and the angle of prism A are related as A :%OOS'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“{sinA' f4<:r:-s2 g 1-cos A]
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U gafgarg U9 @1 fUsH 191 A 2| (isosceles prism of angle A) | 59 s @1 aiad+ie we | $9 U=
@ =9 fage ®I91 (angle of minimum deviation) &, = A 8| F/1 § & @9 &1 (¥) S T8 8/8 |

(A) ~graH e 4§ safdd @iv iy U y2E sugde del @ siudde Hlvir = [ ]amwfi‘mﬁl

(B) o &1 svadS pwE frw B9 (A), A:-z—cos-*[%] g1 Wafd & |

(C)&d s &1 aTUa= &I iy = A, & 9 s & Hraw urer fwo sy & anar & wa=ar 8|

(D) 914 9gel Tl U AT BIV i, _sin-‘!sinA f4c052%-1—cosAJ gaoggafim s fow fGgfmaa @
fofa fapwor s & uss & @t @rf (tangential to the emergent surface)

Ans. (AD)
Sol.
sin A -I-.E‘.m.iﬂ.\
2 SinA A
n= = = 2005 —
sin A sin—
2 2
_ A o A A .
sini=pusin — = sini=2sin — cos — =sin A
2 2 2
i=A ry = A
2

A =2 cos (w2)

sinC=1, cosC= [1—-
H Ho

sini = psin(A =C) = psin A cos C=cos A sin C)

=l sinA {1—%—005!\ =(sinA u2—1—oosA) =|sinA '4005 ——1—cosA
I M \ 2

2 A
i=sin™ [SIHA,,'JWCOS —=1 —cosA]
(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.

g fUow wefgarg 8, smufta dur aRafEe gon 99 & ) whdl € steran T 0 | gafey v Aae 9
Fuafed wepre R suR & wR g A wehd) 2 s T8 0|
gafarg 'C' Teld 2 |
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7. A human body has surface area of approximately 1m®. 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 & is the Stefan-Boltzmann constant). Which of the following options

is/are correct ?
(A) If the surrounding temperature reduces by a small amount AT, << Ty, then to maintain the same

body temperature the same (living) human being needs to radiate AW = 40T 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

qrER TR et W Am? BIdT & HFd 9”&l argHE 9Ray @ agEE 9§ 10 K sife giar 2
Ry amHE Tp = 300 K 8 39 9Rdy aome & fiw oT) = 460 Wm™ 2 Wil o Wier—diecade
faerdis (Stefan-Boltzmann constant) £ | 171 # &9 @1 (3) ®a9 98 2/8 ?

(A) af¥de AITH 3R AT 8 gedl 8 (ATg << To) dd Hid ¥R & a1aqT= &1 IReI0 & & fory

AW = 4oT2AT, sifts Sl fafefa seh o &

(B) TN &F%d e (W : fagEa W) Ara A IR 9§ fafeRa o uer & uE o TR @
AT SR e E |

(C) ArdIa IRR & argA # oFR wiefe afg 8 a9 uerw graaty fafewy wWega @) ey a3 @ (the
electromagnetic spectrum) &€ @371 3 @1 &R faenfia i 2
(D) wrdE IR @ 1 Yvs # FMwead ffsRa Fwif 60 9 (60 joules) & |
Ans. (ABD)
Sol. (A) W,=4cTZ(AT)
Wy =40 T3 (AT + ATp)
W,=W,; =40T3 AT,

(B) AT =b = TT,  md
4

O)  W,=40 AT = 4060) (o 184 _ oo 3y
T, 300 3

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.

A : gfe ffeda e, o fAfewn 4 g=fua 8 @ (A) dan (D) Reey wa) 21 ofe Rfesda sl saa
JoaeiE ¥ wEtad & a1 (A) 921 (D) a8 |
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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 guestion, 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.

s 2 : (Afdrmes &1@ : 15)
° U WS ¥ ui™ Uy © |
. Y Y b1 IR 0 9% (S W) & = &1 UP g dHE quiiE © |
. TE U & U Sl AR, TH. W el OIS B Y gadel ®I Hiell b |
. TdE g & o ofe fferfaa aRRafedl 4 4 f&0 te & sgar fRd o

. uf af@m +3 A % W& SR & AJEY gogel I Bl [T ¢ |
T S 0 s ¥t aRferfoat #
8. A drop of liquid of radius R = 107 m having surface tension S = Ei'—liNm“1 divides itself into K identical
T

drops. In this process the total change in the surface energy AU = 107 J. If K = 10” then the value of o

s :
gs—aa1d (surface tension) S —%Nmw1 B Edd TP g8 @ Few R=10% m & o K w99 gef o
m

fawiferg frm @ | uss—al @1 agerd AU = 10" Joules 2| a2 K =102 99 « &1 919 2191 |
Ans. (6)
Sol. R=K'"r

AU = S.K4wr° = S.4nR”
213

RE
AU = 4;:8{&}(—- R‘?“

=0.1 x 107K =1]=10"
K" —1=10°
K"¥=101=(109" u=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 ?

UHaH] WETe (monochromatic light) 3TTad+ie n = 1.6 drel Megd H WRE 8 | 98 U ®id Al

(stack of glass layers) T fraa wag 9 0 = 30° &v = aufaa g & (S & fas § gutar mn 8)
B & WX IWER §HCR & | B @ Al @ S0dai® UHRT N, = n=mAn, ®9 9 ¢ 8 £ 98l m
T T IGATD Ny & AN An =018 959 =T (m—1) W@ mER & TSad § GFax Qe 3 18
R ¥ aER Frbddl 2| 99 m &1 A 28 ?

1m n==m/An 1
| m-1 n=(m-1)A—" :
; s i
A ST A
- e - -
i £ :
. n-3an !
] []
12 s n-24 |
11 ? n="n 1

Ans. (B or Bonus)

Sol.  1.6sin0 = (n— mAn)sin80°
1.6sinB =n—mAn
16 x % =1.6=m(0.1)
0.8=1.6-m(0.1)
mx01=0.8
m=8

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

die; MR SR 8 B, W SUdHie 8 U8 HIA dIidebd] ¥ e L 8 |
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10. ¥'1 is an isotope of lodine that |2 decays to an isotope of Xenon with a half-life of 8days. A small amount
of a serum labelled wnth T is injected into the blood of a person. The activity of the amount of ™'
injected was 2.4 x 10° Becquerel (Bqg). 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 Bg. The total volume of blood in the person's body, in liters
is approximately (you may use €'~ 1 + xfor |x| << 1 and In 2 = 0.7).
FAEE P WARNE (isotope) ' i ani-amg 8 W & p-7@ & HRW SHEA (Xenon) B
wawenfre § efia gar 81 areq \mEn o1 P faf3a (labelled) WRE (serum) dia IR arefana (inject)
feben wn, for wman @ difeeaan (activity) 2.4 x 10° 9Bva (Becquerel) & | I8 WRA SR g1 # amg €5
¥ geaae fJaRa 2 2| oFR 11.5 €9¢ 918 2.5 mI ¥ 115 ddxa @ dfdcaal swfd 8, d@ 79d ™R H
Teh oMgA (efied #) 2 (3 e’ a1+ xfor x| << 109 In2~0.7 &I IUAT & T & |)

Ans. (5)

Sol. 1 — 5 xe™'+p3

Ty;2—BDays
Ay =2.4x10°Bg = AN,
Let the volume is V,
I 3mEEE V8,
t=0 Ao = ?.'Na
t=11.5Hrs A=JiN

115 = }[—x2 5)

115 = 5 x (Noe™)

<i“—'

% 2
) =2 (44.5Hr)

(2 5} % e Bday

_ 2 5) x (2.5) x o124
4~V ;

5
_ 24x10° . 1_i-'
115 24 |
102
_ 24x10° , [23
115 24

_ 10° %23 x25

=5x10°ml = 5 liter
115x107?

11. 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 % = 6.25, then the smallest possible nyis :
f

U EIggIo WHEY & Udh godgid n d@ied HE&I (quantum number) @i w8 Y ng d@EH =0
(quantum number) & HeT W WA BT B |V, T2V, WMYfAe w9 sifom Refew et 2| i \\f = 6.25,

T4 ne B AT TN HE (smallest possible ny) &
Ans. (5)
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Sol.

12.

Ans.
Sol.

212
ve__n _ 1
v, 272 625

nf
2
6.25= "I
N
e a5
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).

ueh e | Al fy = 492 Hz & @ Scafdld oxar &1 2ms™ & afd & Fw# &) ¥ g8 =@
wEfdd B & @ S wWEfid Ted 3 9w B ol dod W ERIUT (superposed) Bl €|

a9 uRum frea @) fRdg—emaft (beat frequency) 8

(st =7 T 330 ms™ & | BR @ B SEP YT g AR W WEda B ¢ |)

(6)

Car

Ve = 2mis

Frequency observed at car @X &I UfErd amafky

fi= fu[ V+\f’.’§.)

v

Frequency of reflected sound as observed at the source

R @l # sy & Sh g e @ s

- ' uf: V+ Ve
V=Vg V=V
beat frequency fawa= amafy =f,=f

=l It Ve_q|= ¢l 2Ve | —409% 2%2 - g peatis
V Vg VERVA 328
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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 guestions

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 +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 : (sfwan a1 : 18)
9 WS ¥ A UHN & B: U § |
5 FS H 3 <ddl € (WP < H 3 BieM IR 4 ufFan €)
UdE a1 aEiRd @9 ued £ |
TRk Ue 1 AR @ (A), (B), (C) @en (D) & | 1 dad oo fawen wdl 1
U e B U eRTE W e SR fAeen @ Sgny gergel @ el B |
ucdie v & forg o Fefafed uRRefaal 4 4 Rl e @ sgoar A ada -

i aims . +3 o R W e & e gag B Fren fha § |
ga e 0 Al e A geage B e T8 R
T 3D —1 a7 wt afRfteraa |

Answer Q.13. Q14 and Q.15 by appropriately matching the information given in the three

columns of the following table.

H & 7 2aw @ A9 BiaEl A Sud@ a1 B SUGE N § A N A Q.13. Q143R Q15D
g Siferm

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 é and magnetic field § are given in column 1,2 and 3, respectively. The quantities Eq, Bg

are positive in magnitude.

Column -1 Column -2 Column -3
(n Electron with ¥ =2 2% (i) E-E,2 (P) B - -B,X
1]

o Epa . = s T

({1} Electron with v = ="y (i) ==E,y (Q) B=B,X
0

() Electron with V=0 (iii) E ==E,X (R) B=B,y
(IV)  Electron with vm2Eeg (iv) E=E,X (S) B=B,Z

0
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13.

Ans.

Sol.

T Hoiged HU (Feidg = g7 WISH) ARSI v He f97g (x =0, y = 0, z = 0) W ¥4 (introduced)
gl 2| Rer den vewan e &9 E vd gy &3 B wdz SuRem &1 &9 o1 iy v, fae a3 E
du1 g 83 B fra sieml 1,21 3, 9 98 91 T B | Ey, By @ A1 9IS ¥ |

()  soaeh V= :ﬂg 3

]

(my  weH V=09

vy e \::zsoz 4

0

In which case will the particle move in a straight line with constant velocity ?
forg fRerfa & ®o arga 7 | el a1 § 9o v 2

(A) (IV) (i) (S)
(©)

For constant velocity ffz1a @7 &q
F :qé+q(\?><l§):0

E= -(\.F‘ x é)

Ans. (C)

- Ejin ~
—£,% =-[B—zy><Buz]

(B) (1) (i) (R)

(C) () iii) (S)

HieTd -3

B =-B,%

(D) (1) iii) (P)

Page 17 of 20



14, In which case will the particle describe a helical path with axis along the positive z direction 7?7

foa Rerfa § su1 +z 3@ agfew Hsfa g2 (helical path along the positive z-axis) &1 HY BT 2

(A) (V) (i) (S) (B) (In) (i) (R) (C) (1) (iii) (P) (D) (V) (i) (R)
Ans. (A)
Sol.  For helix with axis along positive z—direction magnetic field should be along z—direction.
HiAeR v fTa® siE z—Sw & e 8, 39 Uy &Y g9e 847 2-RW & ey e @y |
15. In which case would the particle move in a straight line along the negative direction of y-axis (i.e, move
along=y)?
fdt Rerfy 3 ®o1 et v 4§ =omeH®s  y-3181 (negative y-axis) @ fdsn d @em ?
(A) (1) (i) (R) (B) (IV) (i) (S) (C) () (i) (P) (D) (1) (iii) (Q)
Ans. (A)

Y

Sol. | \L 2

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

e &9 & SRV 99 —y 1 B AW T G =LA 4F B B PRV 9 YA B |

Answer Q.16. Q17 and Q.18 by appropriately matching the information given in the three

columns of the following table.

Ha & 7 2aw & < BieEl F Suas GaAT F SUGH € ¥ GAel HY AwE Q.16. Q17 dR Q.18 D
e <iforg )

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 7 is the ratio of heat capacities at constant
pressure and constant volume. The number of moles in the gas is n.

uF ey 9 (ideal gas) =1 gy Swqurfas gwdi & ToRar 21 78 51 @fem 39 P-V 3RE 8
auifan 1 2| baw Refd 19 Rufd 2 Smara oy @ R e 4 39 vaw e wogen s WoE

(work on the system) @&l y f@w €19 vd foa amaas S—aRaei &1 3G9 £ (ratio of the heat
capacities) 9 A& (moles) @ W& n & |
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(1)

(I

()

(V)

Column -1

1
Wi, = TT"(PQVE _P1V1)

W, , = PV, +PV,

Wl = 0
o
W, . ==nRTIn ¥
WV
HieTd-1

W, =~ (RY, =PV,

Y—

W, , = PV, +PV,

g
2 ==NRTIn| L1
LV

T

1

(i

(iii)

(iv)

(ii)

(iii)

(iv)

Column -2

Isothermal

Isochoric

Isobaric

Adiabatic

e -2

FAFTIAEE (Isochoric)

S (Adiabatic)

(P)

(R)

(P)

(Q)

(S)

Column -3
Pa

Pa

Pa

—

=
%]

Pa

[

Pa 1
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16. Which of the following options is the only correct representation of a process in which AU = AQ = PAV ?

fr=1 fou faeent § 219 1 Fare AU = AQ — PAV " &1 ardel 9281 wfafiftes sar & ?

(A) (1) (iii) (P) (B) (In) (iii) (S) (C) (1) (iii) (P) (D) (I (iv) (R)
Ans. (A)
17. Which one of the following options is the correct combination ?
o Rasdl ¥ &= a1 9aeE 98§ ?
(A) (1) (iv) (P) (B) (V) (i) (S) (C) (1) (v) (R) (D) (11} (it} (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 Reeai 3§ 9 S @ wdoE eyl T 9 @i @ R #oAN & SuieE qORE Seiae uiha bl

e geidl & |
(A) (1) (iv) (R) (B) (1) (i) (Q) (C) (V) (i) (R) (D) (1) (iv) (Q)
Ans. (D)

Sol. 16to 18

l. W= L':J'V‘ (ivy  Adiabatic F81Q
e
I, W = =P(Vz = V) (i) Isobaric @FaTd P
1. W=0 (ii) Isochoric FANRERT S
V. W = =nRTIn % (i) Isothermal THaT™A R

1
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