Paper-2
JEE 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 2:00 pm, 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 O completely.

The correct way of darkening a bubble is as: G

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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Ans.

SECTION - 1 : (Maximum Marks : 21)
This section contains SEVEN 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 1: (sifrpaw 3 : 21)
9 TS H 9 U B
Ud T2 § IR faweq (A), (B), (C) T (D) & | R+ Badt t fdbed et 81
b I B Y MR YA, W TEl SR fdbey & JJ0U gergel bl DIl N |
g e @ oy i fFefaRea aRRefaal § 3 faslt o & sgar A wri -

Ui o +3 AR AP A by & ATHY gogel DI brall fhar g
YAIB 0 I R W geIger Bl dren T8 A1 B
RO 3H 0 —1 3= Al aRRerl # |

A symmetric star shaped conducting wire loop is carrying a steady state current 1 as shown in the
figure. The distance between the diametrically opposite vertices of the star is 4a. The magnitude of the
magnetic field at the center of the loop is :

S o fafFa fear = 3, U@ |fea ar (symmetric star) @ T®HR & dTaid ¥ URafRid gRT | 98 &
2| ¥8l fauid it (diametrically opposite vertices) @ @9 @1 g3 4a 2| A1d® & ds WR FEDI &F

BT AF B

4a

(A) 2eL6[ 3 -1] olglBet] (0 :"—023[2-\/5] (D) L2L3[ V3 -1]

4na 4ma

(A)
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Sol.

Total Magnetic Field
at centre = 12 times magnetic field due to one wire

% W A JHOI &3 =T AR S PR I~ b &3 Pl 12 A1

B= 128 1Gn60° —sin307 = Mo, qp) Y3 1
4na 4ma 2 2
Hol
= B=—"-x6{v3-1
4na (\/_ )

2. Consider an expanding sphere of instantaneous radius R whose total mass remains constant. The
expansion is such that the instantaneous density p remains uniform throughout the volume. The rate of
fractional change in density [l%) is constant. The velocity v of any point on the surface of the

P

expanding sphere is proportional to
U&% ORI el (expanding sphere) @1 AcelfiT® (instantaneous) f5a1 R Td g&0dM M 3f@R & © |

YR & QR 61 AREfOd O p Y AT H UHHH I8dl 8 U4 JARH °cd Bl v {%3—?]%
(constant) 2| 39 U Ml & Y W T fdvg &1 O v 7/ & FEMGURA BIT
AR’ B R (C) R (D) %

Ans. (B)

sol. m=2R

{n(m) = ¢n (4—;) +£n(p)+34n(R)

0:0+1$+3£
pdt R at

] (E] =V —Rxl(d—p]
dt pldt

v R
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3. A person measures the depth of a well by measuring the time interval between dropping a stone and
receiving the sound of impact with the bottom of the well. The error in his measurement of time is
3T = 0.01 seconds and he measures the depth of the well to be L = 20 meters. Take the acceleration
due to gravity g = 10ms™ and the velocity of sound is 300 ms™'. Then the fractional error in the

aL .
measurement T is closest to :

T ARG T GeeR Bl HU H R 97 3R |U & dell § e A SU— @ & qHg faRIel Bl AU
PP FU P MRS P U0 A 2| T8 FHACRIA & J799 H FE 8T = 0.01 bs & HU B T8

L=20m A9 8 | THATHYT @R g = 10ms™ Td &afy 1fd 300 ms™ &1 7 7| E—LL @ A H feean
it Ffe (fractional error) &

(A) 0.2 % (B) 3% (C) 5% (D) 1%
Ans. (D)
Sol. t= \/E +L
5 300
11 e (1 J
dt= —==L"“dL+|—dL
J52 300
1 1 dL
dt= ———dL+ — =0.01
245420 300
dL(l+L] =0.01
120 300
dLi—ﬁ} =0.01
| 300
dL = i
16
adt00=2 T x00=13 1%
L 16 20 16 —
4. A rocket is launched normal to the surface of the Earth, away from the Sun, along the line joining the

Sun and the Earth. The Sun is 3 x 10° times heavier than the Earth and is at a distance 2.5 x 10* times
larger than the radius of the Earth. The escape velocity from Earth's gravitational field is v, = 11.2km s™".
The minimum initial velocity (vs) required for the rocket to be able to leave the Sun-Earth system is closest
to : (Ignore the rotation and revolution of the Earth and the presence of any other planet)

BT Yddl & AfMcigad Jh Td gl Pl Sire drell Y@ H qd A g8 $1 a¥ (radially outward from the
direction of the sun) Ueifdd fasar am 8| G 9ot &1 3 x 10° [ 919 & wd gy @ fym 9 2.5 x 10°
T g8 W Rerd 2| gefl & THcarayo & & foy gere TRY (escape velocity) 11.2km s™ 2| 1@ &1
Jd Td gl B (Sun-Earth system) @& =cddyol § b B & [ HH A HH YRS 9T (vs) B

frmedq A4 ®

(g @1 = TR SR aRyHoT ol fhvf o= T8 @) SuReifd B SUel )

(A)vs=T72kms" (B)vs=22kms™ (C)vs=42kms™ (D)vs=62kms™
Ans. (C)
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Sol.

Ans.
Sol.

3

Given faar g ZG% =11.2 km/s

1mv2— GmM,  GMim

2 R 2.5x10*R
forv=ve @ fora
» 2GM, 2GM,
e ™ i 2
R 25x10*R

2GM, 6x10°GM,
+

R 2.5x10*R

_ GM,
R

(2 +24)

1’26(':’TM‘* =40.4 km/sec.

25%x10'R ——>

Mms

Three vectors P, Q and R are shown in the figure. Let S be any point on the vector R . The distance

between the point P and Sis b|R|. The general relation among vectors P, Q and S is

T JRIP, QUAR RIA g T W & | ey R v g Saeiwn 2 | g P vd g S &
& B g bIRIXI P, QW S doedi b A W ¥

A

Y

GLIR|

(A) S=(b-1)P+bQ (B) S=(1-b’)P+bQ (C) S=(1-b)P+b’Q (D) S=(1-b)P+bQ

(D)

§=P+bR =P+blQ—P)=P(1-b)+bQ
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: 3
6. A photoelectric material having work-function gy is illuminated with light of wavelength 7. [}, < h—cJ The
0

fastest photoelectron has a de Broglie wavelength %4. A change in wavelength of the incident light by

LV .
4 js proportional to :
AR

Al results in a change Alq in 74. Then the ratio

gerel fagd el (photo electric material) /@1 BRI wed (work-function) ¢ &, TRIT—aed }.[I—. < %}

o

D UHI A YIS A1 A1 g | §A UPIY Seldg™ Bl S dIell (de Broglie) TRI—a& g © | MUl UbT

(incident light) #1 T¥—2e & A% @ TR & Jg D AT F Alg BT URTIH B ¥ | T %zm T

GRISCISICRI
5 5 i ho
(A) z (B) - (©) 2 (D) .
Ans. (A)
hc

Sol. - =W + KEmax

2 2
KE= 2
2m,  2m i
hc h?
—_— +
5, %o 2m 1.2
2 —
_h_g L:O+ h @dld
2m, 33
dz;d: 2mghy
d h? x 1.2
Ay, ke
dn 22
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7. Consider regular polygons with number of sides n = 3, 4, 5 .............. as shown in the figure. The
centre of mass of all the polygons is at height h from the ground. They roll on a horizontal surface about
the leading vertex without slipping and sliding as depicted. The maximum increase in height of the locus
of the center of mass for each polygon is A. Then A depends on n and h as
oA gR1 Sy |AHEgqSl B Yol & &I n=3,4,5 ..., 2| W 9gqll P el b= (centre
of mass) IYA® T F h S5 R & | I a1 fhdar farfes d@ w ufemdh @i (leading vertex) & aRi
3R guiF #R AR 81 8 2| TP 984Sl & el b= & vEu (locus) B HaTs @I ffdad gig A
21 d9 A @ h 3R n R fniRar ey § 9 @ sirgeh

-
Pid|

-

|
1
1
p 1
, 1
1 ]
/n I R=Maximum
R ' height
h :
1
l
1
1
(n\ h
cos| —| = —
nJ R
A=R-h= h -h
T
cos[ ]
n
=h /1
i
cos‘ ]—1
\n

Page 8 of 23



SECTION - 2 : (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 2 : (s1frwaH &iw : 28)

39 @S H A U 2
U6 U H IR SR faded (A), (B), (C) @1 (D) 8| R At a1 U A A1fde [Awvey 98 & |
TP U b oY SMARTE. W AR FEl IR (STRI) & 310U JAgel (JeAgell) Dl Blell N |
9P 43 & forg sie fefaRad aRRfGAl 4 3 fafl wo & agaR A S -

i +4 e % A e ([Aeedl) @ 3w gelqel (§agal) Bl dral fhan § |

HIRrB 3 ©  +1 UAD WEl fAbed & IIHU oAgel DI Blal HRI W, Al PIS el fAdbed Brefl
e o |

TR AF o 0 R HA A gAg B Frem @ A B

RO D o =2 3= 9l aRRefaAl §

ISTERY - AT TP U9 & AR Ael IR Aded (A), (C) T21 (D) &, 79 3 dHl & 16U gaAgall Pl Blet
PR W +4 3% Al ; AP (A) AR (D) & 3IIHY gAIgall Bl dlel B IR +2 36 Al d21 (A) AR (B)
D IHU golgell DI Blel B WR -2 3 Helil Hifd Vb Teld fdded & A0 geigel bl T Bbrell fbar

TR
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8. Two coherent monochromatic point sources S; and S, of wavelength ». = 600 nm are placed

symmetrically on either side of the center of the circle as shown. The sources are separated by a
distance d = 1.8 mm. This arrangement produces interference fringes visible as alternate bright and
dark spots on the circumference of the circle. The angular separation between two consecutive bright
spots is Afi. Which of the following options is/are correct ?
&1 PeAeY Uhauil (coherent monochromatic) fawg T Sy @ S, i@ @)7 @& A = 600 nm & T
g B bre b aldl AR AAMAT g H Rerd 8 (W9 3 H fa@r 11 2) | S S Ud S, & d1h B g3
d=1.8 mm g| 39 =@ gNI dfifdxe i (interference fringes) uftad! < va eEa fafRp
(spots) & wU H TS gd $I IR R @l 81 A0 Q1 HAFK dw RFARE & = o1 S g3 (angular
separation between two consecutive bright spots) & | /=1 % & dI4l (H) YHUH Fal 8/% ?

(A) The total number of fringes produced between P, and P in the first quadrant is close to 3000

(B) A dark spot will be formed at the point P,

(C) At P, the order of the fringe will be maximum

(D) The angular separation between two consecutive bright spots decreases as we move from P to P,
along the first quadrant

(A) P, T P, & @19 & uerd gauie (first quadrant) § el w99 3000 fht 991 |

(B) P, ™R U &I famg avmm |

(C) P, R =3l &1 ¥ F=dq B8IT |

(D) 92 gaure § Py & P, dd oM H &1 AN dw AR & d= &) oy g8 gedl 2

Ans. (AC)
Sol.

1
P
--e-_ Ax=dsin0

-,
(o}

1
1
PR B
\
\
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7.=600 nm
at P, Ax=0
atP, Ax=1.8mm=nk

atP, Ax=3000%
hence bright fringe will be formed.
atP, 3000™ maxima is formed.
for 'D' option
AXx = dsinf
dAx = dcos.db
R = dcost.RdO
_ Ru
" dcos0
as we move from P, to P,
0 TcosH v RAOT

Sol.

1
P
--e~_ Ax=dsinf

VS 1S, [P
\ «—1 5
NNECH /!
\\ 1 ,/
~—g--
1
1
» =600 nm
P1EN Ax=0

P, ™ Ax=1.8mm =nh

P,oX  Ax = 3000%
3 FASBIen o a1l
P,oR  3000" Iz a2,
'D fawew & ford
Ax = dsinf)
dAXx = dcos.dd
R = dcost.Rdb

Rdf = R
dcost

S B Py AP, OR% T B B Al
6 Tcost | RdoT
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9. A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the
figure. A constant force is continuously applied on the surface of the wheel so that it just climbs the step
without slipping. Consider the torque t about an axis normal to the plane of the paper passing through
the point Q. Which of the following options is/are correct ?

Ush 35d1 R vd sgq[ M &1 ufgan (wheel) U R S@Tg dlel §¢ AU (step) & dd WR @ & (V9 =y
H fe@rn wr 8)| ufed B AU FgH HA b fAU U R 9o Ufdd @ UWWR Hdd (continuous
constant force) BRIRT & | GBI & I8 H AW fawm #§ (perpendicular to the plane of the paper) fag
Q¥ M drell 318 & AYel qAsmgel T 1> | 791 § | BI(0) ¥ Udhed 98! 5/8 ?

S

R Q

P

N\

(A) If the force is applied normal to the circumference at point P then t is zero
(B) If the force is applied tangentially at point S then t = 0 but the wheel never climbs the step
(C) If the force is applied at point P tangentially then t© decreases continuously as the wheel climbs
(D) If the force is applied normal to the circumference at point X then 1 is constant
(A) T fag P UR ufed &1 Ry 1 srfeig faen # a1 o Sy @@ ¢ 3 e |
(B) afe fag S WR w¥ify a1 &Il Y @@ = 0 8 fobg ufedn wiare R &oft A 7181 aem
(C) afe fag P R w¥iig ga1 (tangential force) <MIAT ST & I UfedT AU UR eI o’ © < °e |
(D) Ife fag X R ufgd @1 uRfd | ificia fawm (normal direction) # daf &I S T4 T 3FaR & |
Ans. (C)
Sol.

1 = 0, it can never climb, so option (A) is incorrect.
(B) Wheel can climb, so option (B) is incorrect.
(C) T = F(2Rcosb) — mgRcost

T o cost
since when §) increases, © decreases.
So its correct.

(D)

2

X

t=Fr,—mgcost :; tincreases with O
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10.

Ans.

A uniform magnetic field B exists in the region between x = 0 and x = ? (region 2 in the figure)

pointing normally into the plane of the paper. A particle with charge +Q and momentum p directed along
x-axis enters region 2 from region 1 at point P, (y = —=R). Which of the following option(s) is/are correct ?

THAA DI &3 (uniformmagneticfield)BEb‘mTrrEﬁﬂ?friﬁWﬁ?ﬂﬁx=0®x=%iﬁéﬁﬂ

& &7 (fora # region2) # wdz (G & fom # fe@mn ®), SuRYd B | Ua &0 ! a9 +Q vd |97
P, a8 x e & ffaw &7 27 g Py (y=-R) R Yd¥ &l & | 9 § B9 41 () FUF T8 5/8?

y
Region 1 4 Region2 |Region 3
x b3 X
B
X b3 x
x X x
x X x

O _&X—x’_>x

X X X P2
+Q P, x
=R ' <
X X X
R

(A) When the particle re-enters region 1 through the longest possible path in region 2, the magnitude of
the change in its linear momentum between P, and the farthest point from y-axis is p/ V2.

(B) For a fixed B, particles of same charge Q and same velocity v, the distance between the point P,
and the point of re-entry into region 1 is inversely proportional to the mass of the particle.

(C) ForB= %% the particle will enter region 3 through the point P, on x-axis

(D) For B>§%, the particle will re-enter region 1.

(A) 519 BT HERT o FHIUY I &3 2 (region 2) ¥ &3 1 (region 1) H Y YI &R B, d9 g Py 3R
y-31eT ¥ T X fieg & oy YRad HaTw & gReATOr F 9eeld p/2 B

(B) U frad B 1Y Toam odel QU4 Yeb I A9 v dTel ol @ forg fasg Py ud &1 1 (region)
H g gaw g @1 g8 B AR B B A b FaabArJuN 8

©) Bz%%iﬁ f1q, T & 3 (region 3) ¥ x-31ET W g P, TAY FHM

(D) B>§%Eﬁﬁ{q, BT &5 1 (region 1) ¥ T T HT

(CD)
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Sol.

X X X
p
p < T
(A) HE 5 y
l p
x X X
(B) R = MV
QB
d=2r =2V doem
QB
(9] R' (1—cosf) =R
R‘sinﬁ=£
2
sin® _g
1-cosf 2
. 0 0
2sin—cos—
iy S S
. o6 2
2sin® —
3
0 3 0 2
cot—=— = tan—=—
2 2 2 3
ZQ g 4 9 12
= tanl= —— == =—x—=—
;4 5 35 5
9 9
13 12
sinb = —
5
R-[E}zﬁ, R=IR_P o &
1 2 8 QB 13QR
o R
QB 2
B>£
3QR

48] =v2p
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1.

Ans.

Sol.

A source of constant voltage V is connected to a resistance R and two ideal inductor Ly and L, through
a switch S as shown. There is no mutual inductance between the two inductors. The switch S is initially
open. At t = 0, the switch is closed and current begins to flow. Which of the following options is/are

correct ?

31 3Meel W& (ideal inductor) Ly Td L, 3R U& URRI (resistance) R &1 & 3@d dleedl V& S 9
Te Rag S gR1 Sirel oar & (O o # fR@mar 7)) Ly W L, @ 9" M WRéd  (mutual
inductance) &l & | URY H Rqar S Qaerl 8| A9 t=0 W Reg 9 fbar orar & &R gr1 981 Yo il

B 8 B (@) veeH a8 8/8?

S
R

O i

I‘1

(A) After a long time, the current through L, will be v r
1 2

(B) At t =0, the current through the resistance R is %

L2
L, +L,

(C) After a long time, the current through L, will be %

(D) The ratio of the currents through L, and L, is fixed at all times (t > 0)

(A)é‘rﬁwzﬁambﬁwf%ﬂamx L,
RL +L,

(B)t=OWW%HRﬁW%HW%%

(C) Erd@Tal & 91g Ly ¥ yarfed ori %LL;ZL 2

(D) Ly T L, ¥ Yaifd o1=1 &1 JAgurd & FHd (t > 0) f713d 81 ©
(ACD)

(A) & (C) After long time current through R = I = %
H@WWWR@IWWW=I=%
and 11 LI = Lyl
L_L
IZ - L1
A _ L (LW
'L +L, 2 L+L, |L+L,JR
(B)t=0 1=0
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12. The instantaneous voltages at three terminals marked X, Y and Z are given by
A efiTel & fagell XY vd Z & forg awerfore dreean (instantaneous voltage) & 75 2|

Vx = Vo Sin(.l.'lt,
hY
Vy =V sin (mu%"J and

N
V, = Vo sin (mt+4—RJ
3

An ideal voltmeter is configured to read rms value of the potential difference between its terminals. It is
connected between points X and Y and then between Y and Z. The reading (s) of the voltmeter will be

Te ar7eel diecHl (ideal voltmeter) &1 fa=g3il & faWa<R &1 3R TH TH (root mean square, V™) A
Td1 2| I8 dlccAM g Xwd Y ¥ Sl ofar 8 fiR Y wd Z 9 Sirel S|l B | 9 dleeArl BT A
BII/BT |

3

A) VTS =\ 2
(A) Vi = Vo, 2
(B) VI* =V, /1
YZ 0 2

(C) independent of the choice of the two terminals (f531 1 a1 favgali & =g= W iR &1 Pra)

(D) Vii° =V,
Ans. (AC)
Sol. V=V, —=V, = (Vy)o sin (ot + ¢4)

(Vi) = \/ Vi + V& —2V¢ cos 2X - J3V,

3
- (ny)O _ 3
(ny)rms \/E —Q/ZVO

Vyz = Vy =V, = (Vyz)o sin (ot + ¢y)

(Vy2)o = \/vg +VE =2V CDSZ—; =43V,
(Vyz )0 \/§

=2V,

V2 V27

Viz = V= Vz = (Viz)o sin (ot + ¢3)

(Vyz) ms =

(Vo = \/Vo2 # Vg = 2\"02 0054??[ = \/§V0

¥
(sz)rms = ( ! )0 =\/§V0
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13. A rigid uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as shown in
the figure). At some instant of time, the angle made by the bar with the vertical is 8. Which of the
following statements about its motion is/are correct ?

TP L aHTs $I 56 s (rigid bar) AB 3 Seafer Rerfd & gurE sryfie I (frictionless horizontal

surface) TR FRETTAR frdal <81 2 | 999 & f&dl 707 W &< Sealer | 971 o1 6 3| 77 # 9§ e
(@) THUT FE B/2 ?

S
7’
d

(A) The trajectory of the point A is a parabola

(B) Instantaneous torque about the point in contact with the floor is proportional to sin ©.

(C) When the bar makes an angle 6 with the vertical, the displacement of its midpoint from the initial
position is proportional to (1— cosb)

(D) The midpoint of the bar will fall vertically downward.

(A) o5 A &1 YUt wRadlis (parabolic path) @ |

(B) €S 3R qddl & ¥l g & =R TR dkerfOre garargyl (Instantaneous torque) sin 6 & FHIURH 2 |
(C)vid &< SedleR I 0PIV ST 8 9 &S & 7Y g B fRU I ARMAS Rl (1- cosh) &

FA B |
(D) &S &1 Hg fawg SeaieR -1 #1 AR (vertically downward) IR |
Ans. (CD)
Sol.
y
(x.y)
5]
90-6
> x
(0,0)
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14.

Ans.

¢
X = ——sin0
2

y = {cosb

2 2
Y 2

2 2 =1

Path of A is ellipse A® v e g B |

: - 3 3 2
mg%sino = [";(2 +m%sin2 BJG = ﬂ(1+33m2 O)u
£(1+3sin? )
m¢?

torque w.r.t. B & |Tue 9 mgof =

_ mez( 6gsin0 )
3 L 1+3sin?0

9

(€) Yem = %(1— cosf)
(D) midpoint will fall vertically downwards A& fo=g Seaier = @1 iR x|

A point charge +Q is placed just outside an imaginary hemispherical surface of radius R as shown in
the figure. Which of the following statements is/are correct ?
gD fawg 3% +Q T Hredfip AFEMeiy go o) f2roar R 8, & ds) vl & (S f o 4
fegman 1 B) 1 | 9 A W (F) UHYE 98 8/ ?

+Q

(A) Total flux through the curved and the flat surface is Q
£y

(B) The component of the electric field normal to the flat surface is constant over the surface
(C) The circumference of the flat surface is an equipotential

(D) The electric flux passing through the curved surface of the hemisphere is —23_[1 -——1—}

Bl V2
?%I
(B) fagd &1 &1 WA g W IfFdfed ved R U8 W Ed & |
(C) ¥9adt g @1 uRfY Ua |AfIvd g5 (equipotential surface) 2 |

(A) afshel Td AT I8 A TSR dTell Bl FolaT

(D) 3FEiTIeiy afshd U= | Yoike arel fagfd wotad (electric flux) &1 A1 —£{1-—_j—§-]%|
.

0

(CD)
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Sol.

(A)

¢ total due to charge Q is = 8
Eo

so ¢ through the curved and flat surface will be less than Q
o

I QS PRI FA ¢ = Q
o
3fcT: dsh AT FHATS e W YR drell ¢ bl 7 Q § om e
]
(B)
The component of the electric field perpendicular to the flat surface will decrease so we move away
from the centre as the distance increases (magnitude of electric field decreases) as well as the angle
between the normal and electric field will increase.
Hence the component of the electric field normal to the flat surface is not constant.
HHT A8 B rdd dE &5 Pl HSH "I Od BH SRI—i De W g O & U 931 & (Igd &
BT afRHToT gedl 8) i H AW 9 9gd &7 B " BIU godl © |
31 WA TAE P ordaq dgd &5 Pl Uch AR ol ¢ |
Aliter :
R
cos®)

_ KQ KQcos?6
E= =

X R
_ KQcos®o
==
As we move away from centre 0T cosdi so EL{
SI—I B B 9 g% o ¥ 0T cosBl so ELY

EL

(C)

KQ
V2R

Since the circumference is equidistant from 'Q’ it will be equipotential V =

%L%Wﬁ@’Q'ﬁW@W%%:%W@WV=%@Tﬁ|
(D)
€)= 2n(1 — cosb); & = 45°
¢=_£X3 __2nf1—cos0) Q
4 g 4n £g
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SECTION - 3 : (Maximum Marks : 12)

This section contains TWO paragraphs.

Based on each paragraph, there are TWO 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 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.

s 3 : (s1fwaH 8w : 12)
3 TS ¥ T AgWT © |
A% Agade W MR /Y ued & W T
Ud Ue H IR fAded (A), (B), (C) T (D) & | 1 daet o fadpen W@l g1
B T B oY 37, AR, TH. W FE qUID B IFIHU geIgel Pl Pbrell BN |
9%y & oy ofe Ffafea aRRafEl § 9 f50 o & orgar &y SR -
ol 37 +3 e R AE STR & Y geigel Bl dlell b1 8|
Y D 0 3= afl uRRerfadl &

PARAGRAPH -1

I
Consider a simple RC circuit as shown in figure 1.
Process 1 : In the circuit the switch S is closed at t = 0 and the capacitor is fully charged to voltage V,
(i.e., charging continues for time T>> RC). In the process some dissipation (Ep) occurs across the
resistance R. The amount of energy finally stored in the fully charged capacitor is Ec.

Process 2 : In a different process the voltage is first set to % and maintained for a charging time

T >>RC. Then the voltage is raised to Vo without discharging the capacitor and again maintained for

atime T >> RC. The process is repeated one more time by raising the voltage to V; and the capacitor is
charged to the same final voltage V, as in Process 1.
These two processes are depicted in figure 2.

UH AR RC ufRuer &1 <Ray, S fors 1 (Figure 1) # geiar Tmm 7|

u®H 1 (Process 1): t = 0 R Reg S g1 uRu qoi fbar Siran & gd |@eiRa goi w9 A dieedl Vo 9
ARG &1 el & (T>> RC §9Y @ 3MAUYl Feldl I8l 8) 39 Uhd H UfeR1g R & gRT H8 fAgd—Holl
& (energy dissipated) Ep 81T 2 | g0 w4 & R |arika & | 91l (stored energy in a charged
capacitor ) ®T A E¢ ¥ |

ushH 2 (Process 2) : U AT UhH ¥ Uscl %aﬁmaﬁmﬁﬁwT»RCa%ma—j@ﬁm

2

ST & GRS RS & W9 B1 T >> RC & o0 R avd dieed] @ ;/FI’CB

eI Sl 8 | dleedl 1 Vo O deM & foly I8 WhH Udh 3MR ) SIER™T el & | |9arRe @1 &ffaH
dqreedt V, (O 6 g 1) d& mafdrd fear s g
T weeH form 2 (figure 2) 7 f@mn U 7 |
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15.

Ans.

Sol.

16.

Ans.

VA
Process1
Vo : >
S 2Vy/3 1 :—'
—00\_/\/\/\ Process2 T>>RC
R Vo/3 ——>—
+ e
v T N
T 2T t
Figure 2

Figure 1
In process 1, the energy stored in the capacitor E¢ and heat dissipated across resistance Ep are related
by :
ghH 1, § FuRA § G Sl Eq 3R 9foRig R §RT $olt &3 Ep & 7 B |

™ E. = SEq (B) Eo = EpIn2 (C) Ec=2E, (D) Ec = Eo

(D)
T2 . 1 a2
EC = ECVO ; ED = VoCVo - ECVO

1
2

CcV?

EC = ED

In process 2, total energy dissipated across the resistance Ep is :

UHH 2 % SR URRIE & §RT G & FHoll Ep 2 |

1, 1(1
(A)Ep =3 [EcvgJ (B) E, =§[§CV§]
(C) E, =3C\V2 (D) E, = %cv;

(B)
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3/ 2 (3 9 18
cVZ
18
2 27
: f%{ﬁ_%_hc% 1%
33 3|23 2 \3

3 3 9 9

_ 2V [cvg}_lc[wg L
2

= g_ L XS\CVZ— a-2-—.l Vz._ 12-9 Cv2
9 2x9 J e~ lg B8) % | 9v8 0

Total |1 = (l+i+i]0\/2
18 18 18

= 2w
18

] i 1
E=_—V =—| —CV
i 9[20 °} 3[20 °J

Page 22 of 23



PARAGRAPH-2
VT2

One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in Figure-1. In
the process the finger never loses contact with the inner rim of the ring. The finger traces out the
surface of a cone, shown by the dotted line. The radius of the path traced out by the point where the
ring and the finger is in contact is r. The finger rotates with an angular velocity og. The rotating ring rolls
without slipping on the outside of a smaller circle described by the point where the ring and the finger is
in contact (Figure-2). The coefficient of friction between the ring and the finger is p and the acceleration
due to gravity is g.

U gATBR derd (circular ring) (SedE M Ud 5T R) Us Sell @ URdA gague dRal § (o R 1
(Figure 1) % 2111 7107 B) | S99 UshA H ITell I & fAR® U8 I gHen w2l ol 8 | ITell U o
(cone) & YD Bl IFRRIY U BT ARV BRI & ORI B fdgfba Y@ gR1 <A1 AT & | Sl Td
g & WYl g B SRRY U B A1 r 81 el DI 9w W HUIF PR € B | 9 r g
gq & qE g W hded @ Ui (rolls without slipping) #=aT § | i i 2 (Figure 2) # aed wd

I & el g g™ gvin T R | 99 U9 Sl & i "6 s (coefficient of friction) p, Td
THAT RO g B

- -

[
\

?
1
1 1
A 2D
, C7)
|

Figure-1 Figure-2

17. The total kinetic energy of the ring is :

g Bl Fel RIS Il §

(A) %Mmg (R-r)° (B) ngg (R-r)° (C) M2 R? (D) Mo (R-r)’
Ans. (D)
Sol.  Awill be IOR

wR =we(R=r)

m = /R_r
_ _0[ -

KE. = %(ZmRz)wz = mn2 (R—-r)?

18. The minimum value of &g below which the ring will drop down is :

ATH o fTID HH B & g R SR, 98 B

a9 s |9 o |3 o |29
AR ® Jzrm T © \Zr 1) R
(A)

Ans.
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