& U faemdt & @

JEE ADVANCED .
September 2020

QUESTION PAPER

WITH SOLUTION
PHYSICS _ PAPER - 2

N
MoTioN
IHT/NIT | NEET | NTSE/IJSO/OLYMPIADS

Corporate Office : 394, Rajeev Gandhi Nagar, Kota
www.motion.ac.in |6: info@motion.ac.in




@
. JEE ADVANCED
M OTION September 2020

SECTION 1 (Maximum Marks : 18)
Section contains SIX (06) questions.
The answer to each question is a SINGLE DIGIT INTEGER ranging from O to 9. BOTH INCLUSIVE.
For each question, enter the correct integer corresponding to the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.
Answer to each question will be evaluated according to the following marking scheme:

Full Marks 1 +3 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;
Negative Marks : -1 In all other cases.

I -1 (3f¥waH 3id: 18)
39 9 H B (06) U3 oA B |
A% U2 &1 IR 0 ¥ 9 TP, TP Uohdl 3% UNid © | 41 Afferd 2 |
JA® U & oI, IR g6l o & forg Ffde e W 9199 31R &ifF whie il (@gsrdl) A&did dius &
SYINT PR TR & AR el QUID Tof DN |
ISP U & IR BT Jedidh+ R 3id ggfa & R fdhan Sre |

of siep : +3 dad AL [Abed g1 o1 B |
I 3D : 0 I+ fadwey 98 g1 @ 2 | (@rIfq e &1 SR A8 A @)
FUTHD b c -1 e it Rerfaai 7 |

4
A large square container with thin transparent vertical walls and filled with water (refractive index 3 )

is kept on a horizontal table. A student holds a thin straight wire vertically inside the water
12 cm from one of its corners, as shown schematically in the figure. Looking at the wire from this
corner, another student sees two images of the wire, located symmetrically on each side of the line of
sight as shown. The separation (in cm) between these images is

Tereh) TR SeAieR SR @ I T ST AR T & g ar) (s %)ﬁw%ﬂﬁwéﬁmé@aww
21 ua faeneft TR 39 T &1 A 12 cm Ul & 3TER EdieR w9 W U6 ol W dR &I gdbs (hold) =g
2139 B A IR R S g, = faemel arR & <1 ufdfewi o1 <@ar g, o [RERgER 399 3@ & Udd @G (side)
FAfAd w9 d Rerd 2 | g9 ufafawi & 9 & (cm #) 2-

Line of sight
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Sol. (Official Answer Bonus : Marks to all)
Probable Answer:3or4or5

(for 3)
When ray is normally incident

h — apparent depth

h 1
12 4
2 3
he —
2
3 -2 I
O' 3cm
i’m.’
2
*1

So, distance between images will be 3 cm.
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For4or5
2 3
We will use formula : h =N NC0S" 0
" (n*- Sin? 0)*2
Line of sight AV

¢=htane, -h' tané
.. For this situation 8 = 45°

i.sine1 =1.sin45°
3

sin® =i
1 4\/5
0, = 32°
~.tane, =0.62
n=4/3
0 = 45°
12
h==%
2
(4)212 1
he 322k g
4 2 1 2
BEE)
12
¢/ ==2.0.62-3.7x1=1.56cm
2
y:[lé_g}i__DL
2 )2 2

. Answer =2y = [12 -(¢+h") \/5]

-12-5.26x+2 = 4.56
Answer : 4 or 5
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A train with cross-sectional area S, is moving with speed v, inside a long tunnel of cross-sectional
area S, (S, = 4S,). Assume that almost all the air (density p) in front of the train flows back between
its sides and the walls of the tunnel. Also, the air flow with respect to the train is steady and laminar.
Take the ambient pressure and that inside the train to be p,. If the pressure in the region between

the sides of the train and the tunnel walls is p, then p, —p = %pvf . The value of N is

S, AIRA—BIC &bl B Tb ¢4, S (S, = 4S,) FTIRA—DIC &bl DI Y oIl YR & IF<R Vv, =Tel I TfIHA

2| A b ¢F & GE T gR0 g4 (S p) 59 drggRll (sides) T1 g9 P SaRi & 49 gy g8l 8 | |1
1, £ & WY& 841 1 JaTs ReR T Ueelld & | £ & <X &MU (ambient) 1 p, oid & | Al ¢ &1 sl qen

g@aﬁaﬁaﬁ%eﬁaﬁaﬁmp%aﬁpo—w%pﬁ%maszm:r%—

9

Ai
“—v
[Train s, 5 BEAT
0
«— P

A, = 3S,
Equation of continuity
v4S, = 3Sv

4
V=§Vt

Using Bernoulli's equation

1 1 4 Y
2 = Zhl=ov
Py + 5oV P+2p(3 tJ

7 2
PO—P=§th

Now compare from given value
N=9
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Two large circular discs separated by a distance of 0.01 m are connected to a battery via a switch
as shown in the figure. Charged oil drops of density 900 kg m=3 are released through a tiny hole at
the center of the top disc. Once some oil drops achieve terminal velocity, the switch is closed to
apply a voltage of 200 V across the discs. As a result, an oil drop of radius 8x10-7 m stops moving
vertically and floats between the discs. The number of electrons presentin this oil drop is .
(neglect the buoyancy force, take acceleration due to gravity =10 ms=2 and charge on an electron
(e) =1.6x101°C)

0.01 m G | Y2, &1 g1 TR Fhicrl FeRTgaR Ueb Raa & "o 3 U o) 3 SISl SRl 2 | 900 kg m3 g+ &l
AR T Bl gra SHW Tl B bs W U BIC fa A BIS! Il 8 | Vb IR Sd {B dal Dl g G 9T U1 B
oIl B, a9 Il & iRl W 200 V & dieedl Y& & & forg Rad a5 a1 i 2 | aRomRaed, 8x 1077 m e
DI TP T & FEAER T g7 BRI & qAT Fbal b drd gergq= (floats) 21 59 Id g= H SuRed sclag =l a1
AR 2 (STATE g A9 8, Twedld @R =10 ms2 AT Sl = &R A9 (e) = 1.6x10719 C)

° g0e

°° o

o©
| I o 0O
Switch & ——
o

- 0.01m
200V

|

qE

mg

gE=mg ()
q=ne

Y%
V=EBEd=E=

from equation (i)
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v _
ne 4 =mg
_ mgd 4n 8x8x8x102'x10x0.01
n=-gy =900x 3 x 1.6x10  x 200
n=6.02 ~

A hot air balloon is carrying some passengers, and a few sandbags of mass 1 kg each so that its
total mass is 480 kg. Its effective volume giving the balloon its buoyancy is V. The balloon is
floating at an equilibrium height of 100 m. When N humber of sandbags are thrown out, the balloon
rises to a new equilibrium height close to 150 m with its volume V remaining unchanged. If the

_h
variation of the density of air with height h from the ground is p(h) = p,€ ™ where po=1.25kgm=

and h,= 6000 m, the value of N is

Wﬁwwwwmammlkgmﬁzﬁwﬁﬁﬁﬁémw% b gdT fel T 480
kg & | TER B SHBT I S dTel $HBT TN AR V 8 | TERT 100 m &) I $ars R I (floating)
2199 NYd & 971 98R % 9 &, 99 @RI 150 m & FHIY 75 TR SATs dd 9edl & Sial SHb1 RIa A sRafdd

_h
&l B | AR R F h SAE & W g1 & T BT URacid p(h) = pee ™ B, WTel p, = 1.25 kg m=3dem h, = 6000

m g d9 N &1 719 8—

4 p.vg

p:Vg

(480g-N)g

150m
100m 4809

A 4 A 4

p,vg =480g
p,vg = (480-N) g

100

poe_ 6000y g 480

~ 150 480 -N
poe 6000vg
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L 480 8
> o3 = g5 =480~ N = 4£
e120

1

= el20 (480 - N) = 480

_r
N=480(1-¢e @)
N =480 (1 - 0.9917)
N = 480 x 0.008

N =3.98
N~ 4
5. A point charge q of mass m is suspended vertically by a string of length /. A point dipole of dipole

moment p is nhow brought towards g from infinity so that the charge moves away. The final

equilibrium position of the system including the direction of the dipole, the angles and distances is
shown in the figure below. If the work done in bringing the dipole to this position is N x(mgh),
where g is the acceleration due to gravity, then the value of N is . (Note that for three

coplanar forces keeping a point mass in equilibrium, P is the same for all forces, where Fis any

one of the forces and 0 is the angle between the other two forces)

M SHM BT U w5 371del q, ¢ TFTg &1 U A1 §R1 HEdleR Iehil Sl 2 | p fayga el o1 vab fawg faga @
3 A q B SR AR I @ Al 31 §R f Rl © | fgga @1 faen, oior a gl @1 2nfiet wrd gy fHorr &1
ff~T ArITaRe, < REgER © | afe faga o1 59 Rfd & oM | 631 131 R N x (mgh) 8, S8l g Jocdid @Rl
8, a9 N &1 41 & . (&M = 8 b A9 FHaelid gl & oY Us fawg semm & drgreaRen 9 ved gy,

P % aoii & foro T 2, ot Faeh ¥ 31 b S 9o 0 9 < aeht & A @ 31)

sino
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Sol. 2
|
p
ca+2B=mn
=
P=1272
W = mgh + kpzq
d
T B mg _ 2kpqg
sin(o.+B) sin(o+p) dsin(2p)
Mg _ __ 2kpq
) (n a] ~ & sin(n-a)
sin = +
2 2
Mg 2kpq

(a] T dsina
COos| —
2

i Mgsina2lsin
kpq _ Mgsinad _ gsinoaslsinzy

d2 a o
2cos — d
2 2cos2
Mg2sin< cos < x 2Isin <
kpq L2 2 _amglsi’ s
= o = = 2mgl sin® =
d? 2cos5 > 2
_h
- COS B = d

ONLINE OFFLINE CLASSROOM

JEE ADVANCED 2021
Starting from :
07" Oct. 2020



M OTiO N JEE ADVANCED

September 2020
cos B = h
2sin &
2
(n aj h
cos |5 5| ="/~
2 2 (o
2l =
sm(zj
o h
2= = L
s (3) - 3
kpa h
& = 2mgl x o= mgh
k
W = mgh + :2q = mgh + mgh = 2mgh
N=2
6. A thermally isolated cylindrical closed vessel of height 8 m is kept vertically. It is divided into two

equal parts by a diathermic (perfect thermal conductor) frictionless partition of mass 8.3 kg. Thus
the partition is held initially at a distance of 4 m from the top, as shown in the schematic figure
below. Each of the two parts of the vessel contains 0.1 mole of an ideal gas at temperature 300 K.
The partition is now released and moves without any gas leaking from one part of the vessel to the
other. When equilibrium is reached, the distance of the partition from the top (in m) will be

(take the acceleration due to gravity =10 ms=2 and the universal gas constant =8.3 J mol-*K-1).

8 m TS P Uh IHY ®U A AR Ja-dR a< Ui SHraleR &N ol 8| I8 8.3 kg S & Udh S
(diathermic) (Iuid: SR =Tefdr) BNURE fauToTd g1 &1 9 RN H ST fasan ST 2 | 39 TR faureTs aRe |
FRTgaR RRER I 4 m &) 2 WR &1 Sl 8 | Ui & Y a1 R 300 K d19 WR Teh A1& e 114 1 0.1 HieT &R R 8 |
fHTSTeh o1d BIST I & T UTH & Uh N 4 Gk A Bl M 14 & o1 Ry 1 =al | STa ArareRe ured &) Skl g,
T RReR ¥ st &1 @ (m #) 890 (Tocd & BRYT @RVl =10 ms™2 21 | 19 [Fardie =8.3 J mol K1 erd 8)

- -
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Sol. Official answer : Bonus (Marks to all)
This is because by wrong method we get an integer = 6

Correct Method :
Work done by gravity changes internal energy
3
mgx = nc AT (Cv = ERJ
8.3x10xx = 0.2 x > x 8.3 x[T,~ 300] —
2
100 m
= T, =300+ —2

m WA e
H4+@xA=(P+Aj(4 ”Aan | BERGA

'l'f 'l'f v

0 -

P(4+X)xA _ o

) -(2)
e

T
nRT,
(PA+mg) = .(3)
4 —
83(9+x), o3 083(300+1OOXJ
Slaax)t _ 3 ) ... (From (1) and (2))
4-x
g 9 +x .83 :§ 9+x
3 4+x 34-x
9+x+12+3x =(9+x)
4 + X 4-x
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(21+4x)(4-x) = (9+x)(4+X)

84 —21x + 16X — 4x> =36+ 9X + 4x + x>
5x2+18x-48 =0

_~18++324+960
10

_~18++1284
10

_-18+35.8
10

X =
~6

n =

.8
4+1.8=5.8

Wrong Method :

As work done by gravity changes internal energy so we can not take temperature constant.
But incorrectly by taking temperature constant we get an integer = 6 as answer.

P,A =P,A +mg (forces are balanced)

>

p,=p, + 19
A 300k
nRT _nRT  mg 7>
v, V, A
300k
nRT i_i =m v
V, V,| A
0.1x8.3x300 1 |_mg
A(4 x) A(4 +x) A
8.3x10

0.1x8. 3><300{ 1

4+x-4+x

16 - x°

6X = 16-x2
X2+ 6x -16 =
x=-8,2
The distance of the partition from the top = 442
= 6m

4_

1
3

0

X 4+x} A

A

4m

)¢

4m

\4
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SECTION 2 (Maximum Marks : 24)
Section contains SIX (06) questions.
Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are)
correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer the each question will be evaluated according to the following marking scheme:

Full Marks 1 +4 If only (all the correct option(s) is (are) chosen;

Partial Marks 43 If all the four options are correct but ONLY three options are chosen;

Partial Marks 42 If three or more options are correct but ONLY two options are chosen,
both of which are correct;

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

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

Negative Marks : -2 In all other cases.

YT -2 (31fAPpaH 3 : 24)
39 9 H ©: (06) U3 A B |
UAP U9 & IR fAdded B | 39 IR fAdedi § 9 Ud a1 U 9 1 fAdhed I8 SR & (&) |
T YT & oIy, @l el S<RI & ATwRY fddbed gy |
TP U & IR B Jedidh+ FHRad 3id ggfa & R fdhan Srg |

i 3fd : +4 I Baat (@) fawen g7 9 2, @) |

SINEECEY : +3 Il @it IRl fReea 98 2, A daa I e g7 o1d 2 |

SINEECEY +2 I A9 A1 1P fadben el B Ifd dad a1 fddwen g+ &I 8, i1 fb S1F1 &
BE

31T 37 D +1 e Q1 A1 1S fadbed AL B, IfhT dadl Ue fddbed g1 STl 8 M I8 Yob HEl
faeea 2 |

I 3D : 0 AfE 3IS fadwey 81 1 ST © (ST U &I SR e {1 8) |

FUTHAD 3 : =2 3 v Rerfoat # |

4
A beaker of radius r is filled with water (refractive index 3 ) up to a height H as shown in the figure

on the left. The beaker is kept on a horizontal table rotating with angular speed w. This makes the
water surface curved so that the difference in the height of water level at the center and at the
circumference of the beaker is h (h<<H,h<<r), as shown in the figure on the right. Take this surface
to be approximately spherical with a radius of curvature R. Which of the following is/are correct? (g
is the acceleration due to gravity)

rﬁvmmwéﬁwaﬁaﬁ?ﬁaﬁwHéaﬁwuﬁ(mﬂm%)ﬁwm%@wcoﬁvﬁuwﬁqﬁ?ﬁ

g% U ARIS ST IR I ST & | I8 U P18 Pl Gshid a1 & dfh db” Bl IR R T2 b8 R UMl & \IR
DI HaE H 3R h (h<<H,h<<r) g, 31 erfi &R form # fAann 8 | 9 98 &1 o R ashal fBisar &) Mol adg
o B | FEfaRad 5 | S/ |l 8 (g T9d & BRI @R 1)
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h? +r2
2h
3r?

(B)R =2

(A) R =

1
3H
(C) Apparent depth of the bottom of the beaker is close to 7(1 +2—gj

3H H)
(D) Apparent depth of the bottom of the beaker is close to 7(1 +(:—gj

Sol. AD

(R-h) R

r

R2 = (R-h)2+r2
R? =R? 4+ h? - 2Rh + r?

2Rh = h2 + r2
h? +r?
R= 2h
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4

14 '3
Vv 3(-H+h) R
1 4 -1
_+ p—
\% 3(H-h) 3R
h<<r

h? +r? 5 _
R= " (h2 = 0)

I,.2

R=%n
1__4 2

T 3(H-h)  3r?
1__2h 4
v 32 3H-h)
h<<<H
1__ 4 (p.3H,20
\% 3H 4 3r?

3H 2r?
h _ (DZrZ i _ 2_
g - 2 = h - (DZ
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2
l = _ 4 1 +Hl
v 3H 49

2 -1
[v] = 3H 1+ Ho”
4 49
8. A student skates up a ramp that makes an angle 30° with the horizontal. He/she starts (as shown

in the figure) at the bottom of the ramp with speed v, and wants to turn around over a semicircular
path xyz of radius R during which he/she reaches a maximum height h (at point y) from the ground
as shown in the figure. Assume that the energy loss is negligible and the force required for this turn
at the highest point is provided by his/her weight only. Then (g is the acceleration due to gravity)

T fqenefl e v & SR fhderdr (skates) 8, St &St 4 30° &1 191 Sl & | a8 REgRR v, =rel I X9 Bl deil
TR URY BIT & AT R 31 & e sriaxiig uel xyz W g7 (turn around) @medl g, f5%9e SR a8 RIEATAR R
q Afdpad Sarg h (fIg y W) ug=ar & | /1 fd il 81 Tvg 8 o SwaaH fawg W 39 9919 & oy siawasd
T DA IFD R RI UG (HIT ST & | T9 (g THedId @RI &)

30°

(A) Vi-2gh= %gR

(B) v -2gh= ggR

(C) the centripetal force required at points x and z is zero
(D) the centripetal force required is maximum at points x and z

(A) Vi-2gh= %gR

(B) v -2gh= ggR

(C) x T2H z g3l WR AeTS Ab<1g 91 YA ©
(D) x @21 z fa=geii W aed® AfNb—1g ae 3fddhad 8
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AD
Given : The force required for turn over a semi circular path at the highest point is provided by his/
her weight only so at that balancing situation

2

mgsin 0 = mv
) mv?
mg x sin 30° =
R
9R _ i
> =V ()

From energy conservation

1 1
= mv,2 = mgh + 5 mv?2

2

V2 - 2gh = v?
R

Vo2 - 2gh = 97

Option A correct

(D)

As gravitation force is not providing centripetal force at x and z that's why maximum force is
applied on x and z for circular motion.

A rod of mass m and length L, pivoted at one of its ends, is hanging vertically. A bullet of the same
mass moving at speed v strikes the rod horizontally at a distance x from its pivoted end and gets
embedded in it. The combined system now rotates with angular speed » about the pivot. The
maximum angular speed w,, is achieved for x = x,,. Then

M SHM 1 L 1 6 U6 B 39 U RN R HIADIA 8, Sl FEER WU ¥ dcd @l 8 | v a1l I e FAH
S Bl U TTell S8 Dletdbld RN I X G4 W &Sl WU 3 s F THIRI & 91 399 98 (embedded) Skl & | Fga
T 379 Bl B AR o DIV =Tel A AT 8 | b drofid =1t o, , X = X, B oY e & Siwell & | dqa—

....... R
X
L
- 44 8 )-Y-
E——
\'

S ..
3vx 12vx L v
(A) ® LZ + 3X2 (B) » LZ + 12X2 (C) M \/§ (D) (‘OM 2L
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Sol. ACD
From angular momentum conservation
L =L¢
mL? )
=mvx=|"3 * mX* 1 o
mvx
0="7""2 N
[mL +Mx2]
. m = mass of bullet and rod is same
VX
W= 2
L
3
3vx .
©0=13 3.7 (i)

option (A) is correct
Now for maximum value of ®

do d 3vx d X
ax - 9= 4 (L2+3XZJ =0 =3v 4 (L2+3XZJ =0

dx dx
X X
2 2 L2
— (-1) —+3X] (—7+3] =0
12
— +3=0
L L
= 7 =3 =>x2= ?
L
=B

Option (C) is correct
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Now put this value in equation (i)

R

S I TR N &
Option (D) is correct

In an X-ray tube, electrons emitted from a filament (cathode) carrying current I hit a target
(anode) at a distance d from the cathode. The target is kept at a potential V higher than the
cathode resulting in emission of continuous and characteristic X-rays. If the filament current I is

decreased to %, the potential difference V is increased to 2V, and the separation distance d is

reduced to %, then

(A) the cut-off wavelength will reduce to half, and the wavelengths of the characteristic X-rays
will remain the same

(B) the cut-off wavelength as well as the wavelengths of the characteristic X-rays will remain the
same

(C) the cut-off wavelength will reduce to half, and the intensities of all the X-rays will decrease

(D) the cut-off wavelength will become two times larger, and the intensity of all the X-rays will
decrease

T X-fR01 el #, 1 aR1aT8) U g (helg) | Icaford Siag b, HeiTs 4 d g TR TS aed (THrS) W Thd B | oled
HATS B Joil A T f4wd V R 1 Sl & foreqe aRomway waq SR sfferieriores X-fhRol 1 Scasi e g |

aﬁ:av—gwlﬁ%wm@aﬁﬁ%ﬁwwvﬁwwaamm%awqwgﬁdﬁga—cﬁ'aa‘s‘vrrﬁﬁ%

e
(A) 31T TFTRE TedR el 81 STQ ae ifHanefvms X-fhvl &) aiveed |aae &l
(B) 3id® (cut-off) axaaed qen Afereafdes X-fhor o aieed |aae =i

(C) 3id® TRIee] geaR e 81 e dor F4 X-fhrell o daari s

(D) 3T a¥eed &1 A1 981 (larger) 81 SRR dom |+ X-fBRori @) cferar g
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Sol. AC

W2 ’3

vV > 2V

A — A2

If current in filament is reduced then emitting electrons should be reduced thats why intensity of
X-ray is reduced.
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11. Two identical non-conducting solid spheres of same mass and charge are suspended in air from a
common point by two non-conducting, massless strings of same length. At equilibrium, the angle
between the strings is a.. The spheres are now immersed in a dielectric liquid of density 800 kg m~ and
dielectric constant 21. If the angle between the strings remains the same after the immersion, then
(A) electric force between the spheres remains unchanged
(B) electric force between the spheres reduces
(C) mass density of the spheres is 840 kg m-3
(D) the tension in the strings holding the spheres remains unchanged
FAM GHHM 3R A & &1 (HHHA AATADII 31 TTel, FH oIHlg Bl &1 DT SIAFRE IR §RT U
IS fdwg ¥ a1 H SChR SN 8 | ATl WR, IR & 419 DIV o8 | 319 Tlel WIdedie 21 oIl g+ 800
kg m— & T WRIdgd <9 H gard Od & | Al ga- & gzard IR\ & 1 DI [ &l 8, Ja—

(A) el & 4= dgfd 9 sRafda vear 2 |

(B) el & 9= I 9ot Hedl © |

(C) et &1 gHe v+ 840 kg m=38 |

(D) et @1 &RvT B+ (holding) arel R\ # d=ira sraRafda &ar g |
Sol. (Official Answer) B,C

. o
Tsmz—F
l'&=l
Tsm2 F
Tr_F
TI_FI

1 g
l_ 471:80r2
T 1 ¢

47[8021I’2
Tr_2
T 1
T
T_21
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2
T'cosE _ mg-pvg
T'cos & mg

cos2
1 _ 1 pvg
21 dvg
Py 1
d 1 21
p_20
d 21
21
d= 0 x 800
d = 840 kg/m3

Starting at time t = 0 from the origin with speed 1 ms, a particle follows a two-dimensional

2
trajectory in the x-y plane so that its coordinates are related by the equation y = X? The xandy

components of its acceleration are denoted by a, and a , respectively. Then

(A) a, = 1 ms2 implies that when the particle is at the origin, a, = 1 ms™

(B)a,=0impliesa = 1 ms= at all times

(C) at t = 0, the particle’s velocity points in the x-direction

(D) a, = 0implies that att = 1 s, the angle between the particle’s velocity and the x axis is 45°

FHI t =0 R 1 ms™ a1 A qal fdg | URY Teb YT X-y Tl H b fg—faH Uerd uer 1 SaRvl el & i 59

[RERICASEICAu! y=x72 ERT G B | 396 ©RY § X TATy Teh HH a,  a, §RT F6fid 8 | d9-
(A) a, = 1 ms2 9ardl & f& 519 &0 71 fag W7 79 a, = 1 ms2

(B)a,= 0 9ar & fb R w#a a, = 1 ms2§|

(C) t = 0 W, B1 &1 77 x-faem & AT 7|

(D)a, = 09ard & f t = 1 S UR, BT & 7 qAT X 378 B drel 10T 45° & |
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Sol. A,B,C,D orB,C,D

t=0,x=0,u=1m/sec

option A
dy d’y

= _ -1 -1

dx =% dx?

2 3/2
-]
L AP @ex?y

<" d’y 1
dx?

atx=0

a, =1m/s?

independent of a,

option (B)

ifa,=0

a, =0+ v,2=1m/sec?
option (C)

v, =Xv,at=x=0att=0
v,=0 v, =1m/sec
Option (d)
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SECTION 3 (Maximum Marks : 24)
This section contains SIX (06) questions. The answer to each questionisa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer. If the numerical value
has more than two decimal places, truncate/round-off the value to TWO decimal places.
Answer the each question will be evaluated according to the following marking scheme:
Full Marks 1 +4 If ONLY the correct numerical value is entered;
Zero Marks : 0 In all other cases.

I -3 (3f¥waH 37 : 24)
39 W ¥ B: (06) UeH A B | TS Y $T SR AC&ITHB A © |
TP U B oy, IR Ufde &+ & forg Ffde oM wR Ared iR siiF—wni Wil (adarer) TeaTestd dius Bl
STAN HRD IR BT Fel FEIAD qH1 Gol B | I F&THB J149 H ]1 H Afd SeHerd ¥IH &, a1 3 S
R & 79 Bl Biel/Adedd o |
ISP U & SR BT Jdidhd FHfRad ugfa & R fdan Sme |
ol 3  +4 I B HE IS A4 ufdee fhar T |
I 3D : 0 g a9l Rarfast # |

13.

A spherical bubble inside water has radius R. Take the pressure inside the bubble and the water
pressure to be p,. The bubble now gets compressed radially in an adiabatic manner so that its

radius becomes (R - a). For ag R the magnitude of the work done in the process is given by
41
(4np,Ra?)X, where X is a constant and y = CP/Cv = 30" The value of X is

U @ 3R Ueh el geigel 1 f3rod1 R 8 | geigel @ 3fax &1 A1 U1 Bl 16 P, id & | 36 gelgel Dl Ueb Hgl™
7 H Brou vy 9 AN fhur Srar ® a1 gq@a B (R-a) B S 81 a0 R @ forg, ushA & {6y T arf a1

aRRHATOT (4np,Ra2)X gRI far Sirdr &, w8l X va fadie @ dary = C/C, = %%l X BT A B—
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dv = 4nR%a

pv’ = constant
vidp + pyvridv =0

dv
=>dp=-vp v
_ —yp04nR2a

\
Work done, W = Ap,,, X dv

d d
‘;‘ 4rR2a (as for small changes Apyyg = 7p by considering linear variation in pressure)

TP, 47R%a x 4nR%a
2v

yp04nR2a x 4nR%a
2% %nR3

3yp,4nRa’
2

= % x :—; X 411:p0Ra2

2.05 (4npyRa?) - X =2.05 Ans.
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14. In the balanced condition, the values of the resistances of the four arms of a Wheatstone bridge are

shown in the figure below. The resistance R, has temperature coefficient 0.0004 °C. If the temperature
of R, is increased by 100 °C, the voltage developed between S and T will be volt.

et Reifd #, U Llewe A &1 AR Yotiall & fiRIE & A RErgaR 8 | ufckie R, @1 Jrger o 0.0004 °C1 8|
gfe R, @1 A0 100 °C & 9611 Sifell &, @6 ST & §id S~ dieedl diee H 8nfl—

o
\,
R, =600 P R, = 100 Q
AAAAAAAAAAA A
M AALAAAAAAL B AAAAAAAAAAL M
¢ 3 —— -
S R T
R, =300 0 R, = 500 ©
Jv‘v“v‘v“v‘v“v‘v‘v‘v‘v’ Q T
Sol. 0.27
R, = 300 (1 + aAT)
R, = 300 (1 + 0.0004 x 100)
R, =3120
600 50 1000
X — 50V Py
0 5000
x—0+x—50_0 y—50_|_y—0_0
312 60 100 500 ~
4o =5 S50+ 2 =0
52 710 T Y 5~
6
62x = 520+ 5 ?y=50
52045 250
X= "T62 Y="6
2600
X= "5 =4193 y=41.66

X =41.93-41.66 =0.27
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15. Two capacitors with capacitance values C, = 2000 + 10 pFand C, = 3000 + 15 pF are connected in
series. The voltage applied across this combination is V = 5.00 £ 0.02 V. The percentage error in
the calculation of the energy stored in this combination of capacitors is

C, = 2000 + 10 pF @en C, —3OOOi15mem?ﬁaﬁﬂmﬁaﬁﬁvﬁﬁaﬁ@m%|sﬂW$ﬁmWﬂmﬁa

a‘rmv—5.001o.ozv%murﬁaﬁzﬁsWWWﬁﬂﬁﬁmaﬁwﬁmg%%—

Sol. 1.30
1
ET = 5 Cnet v2
11 + X LA + L
c~-C T¢ C ~ 2000 ' 3000
dc dC, dc, 1_3+2 _ 5
c? ok C3 C ~ 6000 ~ 6000
6000
C= — = 1200

dc 10
C T |(2000)?

15 }
N
(3000)?

dC 10 15) (1200
_— = _— 4 — _
10°

1200

C 4 9
dcC 1200
T = (2.5 +1.67) ( 10° J

dC 4.17x12
c 10*

— = — 4+

AE _ dC 2AV_(4.17><12 zxo.on

E C Vv

T+
10 5x100

AE (50.64 4

T+
10 5x100

— =(0.504 + 0.8) = 1.30
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dp
A cubical solid aluminium (bulk modulus = _VW = 70 GPa) block has an edge length of 1 m on the

surface of the earth. It is kept on the floor of a 5 km deep ocean. Taking the average density of
water and the acceleration due to gravity to be 103 kg m=3and 10 ms=?, respectively, the change in
the edge length of the block in mm is

T =1 S TR (T A = — 3—5=70GPa)aﬁ?5a%’r1mm@aﬁw§m(edge)q@aﬁww
21 IR TH 5 km TR TS & B TR @1 ST B | U BT B G TRoedid @=or ek 103 kg m3d10 ms2 o B |
Td il B Yofl B owrs § mm H uRecd &—

0.23 t0 0.24

B—Vﬁ
~ o dv

\Y
7OXI09=WXI03X1OXSXI03

7x109=l><106><5

dv
V

7000=W X 5

av _ 5

v ~ 7000

V=13

dv dl

v 3T

3d_ 5

| ~ 7000

a5

| 21000

da _ (>

T =21 mm

dl =0.238 mm
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The inductors of two LR circuits are placed next to each other, as shown in the figure. The values
of the self-inductance of the inductors, resistances, mutual-inductance and applied voltages are
specified in the given circuit. After both the switches are closed simultaneously, then total work
done by the batteries against the induced EMF in the inductors by the time the currents reach their
steady state values is mJ.

&1 LR uRuell o IRep FRETgAR Uob §¥R & 977eT H X T 8 | IRe] & TqiRebed, UeRE, S URebed ol STRIMG dieed
e 7 uRuy 4 Seifad 2 | a1 R v |1 a5 814 & U, 59 db ORI I9d ReR 3Tl #141 db g

8, d9 d URel H URd fA. 91 901 & fawg ST g1 g fbar w1 S ml & |
R, = 50 R, = 10Q
I
(S
LN
I
=
55
R,=50
MWW R,=10Q
AVAM\AV
Vi=oV —— L,=10mH ~
M=>5mH L,=20mH —— v,=20V
i
=L & Md|2
1 dt dt
dW = gi,dt

dw, =L, (diy) iy + M(di,) iy
dW =L, (di,) i, + M(d|1) iy

j(dw +dW)—.[L(d|)| +IL(d|)| +de(|

1 1
W= S L2+ 5 L2 + M (i)

1 ~ 1 _ _
W=5><10><103><1+5><20><103><4+5x103><2
W =55 x%x 103 =55 m]
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A container with 1 kg of water in it is kept in sunlight, which causes the water to get warmer than
the surroundings. The average energy per unit time per unit area received due to the sunlight is
700 Wm=— and it is absorbed by the water over an effective area of 0.05 m2. Assuming that the
heat loss from the water to the surroundings is governed by Newton’s law of cooling, the difference
(in °C) in the temperature of water and the surroundings after a long time will be
(Ignore effect of the container, and take constant for Newton’s law of cooling = 0.001 s, Heat
capacity of water = 4200 J kgt K1).

1 kg Uil & 1 U UE A & BT H T 7, forqsd HRo1 arh aRawr | s1fere T 8 S 8 | G UBT B BRI
T Uit DTS T U $dTs &% 3iFd Hoii 700 Wm2 g T2 I8 0.05 m?2 & U4l &hel IR U §RT aeiiud
DI A 2 | A o ar | uRaer 9 I ' <ged & dfide & i gR1 FRIBE (governed) B, 99 U@ oW 9
T Ul d1 Rl & AroEE H TR (°C H) BRT (UTF & YT Bl v oidl B, AT }ed & dad & 99 &
fore fraaie = 0.001 s+, ur+il &1 IS enRar = 4200 J kgt Kt ) :

8.33

Tl T,
1KG

(d_TJ _ (Mjﬁ 1)

dt ms

ms = 4200

eAc4T?
ms

eAc4T,> = 0.001 x 4200 = 4.2

. dQ
Given, -————— =700
dt x area

= 0.001

dQ
(dt) = 700 x 0.05

=35

(%—?) = (eAc4Ty3) (T - Ty)

35 = 4.2 AT
35x10 _ 50
AT=— 5> =7 =833
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