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SECTION - 1
) This section contains FOUR (04) questions.
) Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the
correct answer.
° For each question, choose the option corresponding to the correct answer.
) Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +3 If ONLY the correct option is chosen;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 In all other cases.
QID: 521096 ERROR
1. The smallest division on the main scale of a Vernier calipers is 0.1 cm. Ten divisions of the

Vernier scale correspond to nine divisions of the main scale. The figure below on the left shows
the reading of this calipers with no gap between its two jaws. The figure on the right shows the
reading with a solid sphere held between the jaws. The correct diameter of the sphere is

0 main scale 1 3 main scale 4
] L
‘||||||||. IERRRERR
0 Vernier scale 10 0 Vernier scale 10
(A) 3.07 cm (B) 3.11 cm (C) 3.15cm (D) 3.17 cm
IR BT & & G99 IR Fe9 Biel fued 0.1 9 €| afieR U9 & <9 A1 9 U & A1 9 &
W%Wm%mwﬁawwzﬁrmﬁ@m%Waﬁﬁm@rzﬁéﬁaﬁs‘ﬁq:@%l
TR AR &1 s Saer @ 19 W9 U 319 el & A7 UIgidh Sl & | el &7 el & & —
0 main scale 1 3 main scale 4
L L
‘||||||||. T T
Vernier scale 10 0  vernier scale 10
(A) 3.07 cm (B) 3.11 cm (C) 3.15cm (D) 3.17 cm
Sol. C

In the primary figure with setting up the object. The zero of the two scales have a mismatch ,
where vernier scales start before main scale so it's a negative zero error & 6™ division matches.
So zero error (Negative) = (10 - 6) x 0.01 = 0.04 cm

Now in the second figure, the reading from main scale is 3.1 cm will be added to 15t matching
division of vernier

So

Reading in 2" figure

=3.14+1x0.1=3.11cm

Actual Reading = 3.11 + (Negative zero error)

= 3.11 + 0.04 = 3.15 cm Ans.
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QID: 521099 HEAT-2
2. An ideal gas undergoes a four step cycle as shown in the P-V diagram below. During this cycle,
heat is absorbed by the gas in
A
1
P 4 A\ A 4 2
3
\

(A) steps 1 and 2 (B) steps 1 and 3 (C) steps 1 and 4 (D) steps 2 and 4
TEh 1Y I A AU MY PV NG H SR AR IR U dlel 9k ¥ Ol § | 9 9% B aRA I g

I RN B ® —
A
1
P 45 y?2
3
Y
(A)ulqg 24 (B)®u 19 3# (C)®u 149 4+ (D)9 29 4%
Sol. C
1 — Isobaric expansion - AT > 0
2 — Isochoric expansion - AT < 0
3 — Isobaric compression - AT < 0
4 — Isobaric compression — AT > 0
For 2, 4 for 1,3
Q = ncv AT Q = nCp AT
Q>0=AT >0 Q>0=AT>0
Process 1 Process 4
QID: 521101 LENS- IMAGE FORMULA LENS FORMULA & MAGNIFICATION
3. An extended object is placed at point O, 10 cm in front of a convex lens L1 and a concave lens

L2 is placed 10 cm behind it, as shown in the figure. The radii of curvature of all the curved
surfaces in both the lenses are 20 cm. The refractive index of both the lenses is 1.5. The total
magnification of this lens system is

L]_ I—2

Y
V)

Ocm 10cm
(A) 0.4 (B) 0.8 (©) 1.3 (D) 1.6
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Sol.

QID:
4,

T JIRG avg B U Scaiel of [ L, & A 10 cm W Rerd fasg O wR <& Sl & qof 3fddal o L, &l
RATgER 9 4o 10 cm R AT ST 2 | IFT o9 # G IR g=I &1 gl Brea] 20 cm g | ]F1 o
BT aacid 1.528| 39 o Md &1 ol afad 2 —

Ly L,

(A) 0.4 (B) 0.8 (C) 1.3 (D) 1.6

B
ROC = 20 cm each
and p=1.5

1 -1 1

= (1.5 -1) [E_%]

= 0.5x (_—1J = _—1
10 20

feoncave = —20cm

feconvex = +20 cm

So for 1st Refraction

1 1 1

VvV 10 20 1=
v =-20cm
for second Refraction
u=-30
1 1 -1 1 -1 1 -3-2 -1
SO,—+—=— _ - — e — = — = —
V 30 20 V 20 30 60 12
v =-12cm

Mfinal = M1m2 = 0.8
so option B

521100 MODERN-II
A heavy nucleus Q of half-life 20 minutes undergoes alpha-decay with probability of 60% and
beta-decay with probability of 40%. Initially, the number of Q nuclei is 1000. The number of
alpha-decays of Q in the first one hour is
(A) 50 (B) 75 (C) 350 (D) 525
gy 20 fie arer v Wi Aifie Q, 60% &1 Wil & | Uehl—&d | del 40% & wiffiear & are
drer—e9 | ToRal ¥ | URT #H, Q MA@ @1 wear 1000 Ug Ydh T H Yoh—&r B AT § —
(A) 50 (B) 75 (C) 350 (D) 525
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Sol. D
Given that half life = 20 minutes
Number of nucleus of Q at t=0
No = 1000

1 n
No. of nucleus remaining after t =1hour = N = No(zj

_ 60 minutes

t
n= ——= —

t,, 20 minutes
[n = 3]

1 3
S0 Nremaining = 1000- (E]

_ (1000

8
So number of total decay in 1 hour
= No - Nremaining

_ (7000]

8
o decay has probability of 60%
So number of o decay

7000 x 60 =525 a decays
8 100
II"d Method
1000 __20min_ 500 20 min 250 20min 125

Decay = 1000 - 125 = 875
= 875 x 60% = 525

Section - 2

This section contains THREE (03) question stems.
There are TWO (02) questions corresponding to each question stem.
The answer to each question is a NUMERICAL VALUE.
For each question, enter the correct numerical value corresponding to the answer in the
designated place using the mouse and the on-screen virtual numeric keypad.
If the numerical value has more than two decimal places, truncate/round-off the value to
TWO decimal places.
° Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +2 If ONLY the correct numerical value is entered at the designated place;

Zero Marks : 0 In all other cases.
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Question Stem for Question Nos. 5 and 6

Question Stem
A projectile is thrown from a point O on the ground at an angle 45° from the vertical and with a
speed 542 m/s. The projectile at the highest point of its trajectory splits into two equal parts.
One part falls vertically down to the ground, 0.5 s after the splitting. The other part, t seconds

after the splitting, falls to the ground at a distance x meters from the point O. The acceleration
due to gravity g=10 m/s?.

QID: 521103 KINEMATICS
5. The value of t is .

Sol. 0.50

QID: 521104 KINEMATICS
6. The value of x is .

TEH T Bl eRTae IR Rerd ta fag O 9 SeafeRr & A1 45° & &IoT R m/s @ ard | gafid far S 2|
U UEU—UY P Ifeas fdg W A I AN 9N H fRrad 8 S 2| fadad 89 @ 0.5 s uveEr, Uh 9T
ERITA TR SEaleR < @ 3R ARar 2| favad 89 & t davs uvan, g} 91T fdg O 9 X AR & @ W
eRTAe R FRAT & | [cdia @Ror g =10 m/s?

QID: 521103 KINEMATICS
5. t BT A =
Sol. 0.50
QID: 521104 KINEMATICS
6. X BT J =
Sol. 7.50

52 O

2 ~in2 2
HoHy,, =4SN0 OF _y 55
29 2x10
45°
2 .
5 _u sin20 _2.5m
2 2g

Given that particle (2m) splits to two equal halves (m,m)
Let velocities after split be

u, = lei + uylj

u, =u,i+u, j

from com

mui + muz2 = 2mu Cos 45° (?)
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=u, +u, =10 ..(1)
=u, +U, =0 ...(2)
Given that paricle (1) falls vertically down in

uy,

ux,

Uy,

0.5sec =>u, =0

Now =H__ =u,t +%gt2

:%zu +5(0.5) =>u, =0

u AN J

x—25+R—25+u‘\’

=2.5+ 10 (0.5) = 7.5 m

Question Stem for Question Nos. 7 and 8
Question Stem

ANSWER KEY

In the circuit shown below, the switch S is connected to position P for a long time so that the
charge on the capacitor becomes g1 uC. Then S is switched to position Q. After a long time, the

charge on the capacitor is g2 uC.

\ 1Q
qui AA/\/&—‘
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e geiy T aRue #, Reae S @1 o qwa & forg Reifer Py G fobar Sirem €, difd demiRan o s g
uC 81 oy | R S &1 Refd Q R e=aRa Rt ST & | o |9 UREd, |emRal o 31der g, pC 2 |

20

S
"T\Q ANAA M/v»—‘

T

QID: 521212 CAPACITANCE
7. The magnitude of qris ____ .
q, @1 aRHTr __ #|
Sol. 1.33
When switch is connected to P for long enough interval.
10 20

A AAAAA— 2

Aj

L— __ 2volt

o 0 O
There will be no current through capacitor
AVcapacitor =\Va-Ve

S0, Va = Vs = AVeap = % volt

4
Hence, q1 = C.AVeap = 1 X 3 uC
= % uC = 1.33 uC

|ay| =1.33

QID: 521215 CAPACITANCE
8. The magnitude of g2 is .
q, @1 aRHATr ___#|
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Sol. 0.67
When switch is connected from Q for long time
10 i 20
> A e AMAAA— 2
Aj
1% —— 2volt
-Q2
B

0 0

Again no current from capacitor and AVeap = Va - VB

i= = amp.
3 p
&VA=2—iX2=2'£X2=£VOIt
3 3
SO,VA—VB=£'0=£VO|t
3 3
2
&q2=CAV=§pC
|g,| = 0.67

Question Stem for Question Nos. 9 and 10
Question Stem
Two point charges -Q and + Q/\/g are placed in the xy-plane at the origin (0, 0) and a point

(2, 0), respectively, as shown in the figure. This results in an equipotential circle of radius R and
potential V=0 in the xy-plane with its center at (b, 0). All lengths are measured in meters.

Yy
-Q ‘I'// \\\\‘
|‘\\é/\/§ II,; X
31 fag MRl —Q T + B xy-dd ¥ REAMEAR HAe: gafeg (0, 0) T g (2, 0) R <=a1 M1 2| 39
gRuTHERY Xy-dd # R f3rear dern fava V = 0 &1 e wafava g (i giar 8| o= (b, 0) W) 51 9+
SHITSAT BT Wex § AT AT 2 |
Yy
QN
|‘\\é/\/§ II,; X
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QID: 521109 ELECTROSTATICS-1
9. The value of R is meter.
R®IAM _ #ex B
Sol. 1.73
Vcircle=0
Q <—>(2 0),(b,0) 4
AY (+Q/J’) centre 7B
—— »;
(2-x) =, y

The question says the circle is equipotential and Vcirce = 0
So,Va=Ve =0

o) kQ
So, Va = =
o (2—x) T
1
2_)(—@ :>‘\/_X—2—X
2
= = (J3 -1 Lae(1
X o) (V3-1) (1)
Ve = _KQ KQ _
2+y) J’(y)
1 1 3
:J_Ty=2+y:2+y—ﬁy
2
= —= = (3+1
y ) (V3+1)
R_X+y=\/§—1+\/§+1=2\/§=\/§
) 2 2
R=.3

II" Method

Veirce=0

ANSWER KEY
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ke

r
-KQ

KQ
+ =
WPy’ BY@-x? +y?
KQ _ KQ
sz +y2 \/§\/4+x2 —4x +y?

X2+ y2=3(x2+y>-4x+4)
X2+ y?2=3x%>+3y? - 12x + 12
2x2 4+ 2y? - 12x + 12 =0
x2+y2-6Xx+6=0

X2+ y?+2gx+2fy+c=0

centre (-g, -f) = (3,0), R = \g?+f>-c

0

(b,0) = (3,0) = J(3)?+0%-6

b=3 R=+{3 R=.3
QID: 521113 ELECTROSTATICS-1
10. Thevalue of bis meter.

bor e Hex ®1
Sol. 3

So, from A to centre displacement = R

A — centre

isalsoequaltob - (2 + x)
So,b-(2+x)=R

b-2+3-1=43
b=3
b=3
Section - 3
) This section contains SIX (06) questions.
° Each question has FOUR options (A), (B), (C) and (D). 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 to each question will be evaluated according to the following marking scheme:
Full Marks : +4 If only (all) the correct option(s) is(are) chosen;
Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;
Partial Marks : +2 If three or more options are correct but ONLY two options are
chosen, both of which are correct;
Partial Marks : +1 If two or more options are correct but ONLY one option is chosen and
it is a correct option;
Zero Marks : 0 If unanswered;
Negative Marks : —2 In all other cases.
° For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to

correct answers, then

choosing ONLY (A), (B) and (D) will get +4 marks;
choosing ONLY (A) and (B) will get +2 marks;
choosing ONLY (A) and (D) will get +2marks;
choosing ONLY (B) and (D) will get +2 marks;
choosing ONLY (A) will get +1 mark;
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choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered) will get 0 marks and
choosing any other option(s) will get —2 marks.

QID: 521117 ROTATIONAL MOTION

11. A horizontal force F is applied at the center of mass of a cylindrical object of mass m and radius
R, perpendicular to its axis as shown in the figure. The coefficient of friction between the object
and the ground is p. The center of mass of the object has an acceleration a. The acceleration
due to gravity is g. Given that the object rolls without slipping, which of the following
statement(s) is(are) correct?

(A) For the same F, the value of a does not depend on whether the cylinder is solid or hollow
(B) For a solid cylinder,the maximum possible value of ais 2ug
(C) The magnitude of the frictional force on the object due to the ground is always umg

(D) For a thin-walled hollow cylinder, a = Zi

m
T AfTS 9 F &1 m 5999 9 R B @1 U daeR 9] & S@FN b W RIEgER $96 38 & ofdd
IRIMT fHar ST 8| 9] TAT &R & A °YT UM 2 | 9 S SIAH % Bl )07 @ © | [ocdid @Rl
g2 faar w2 5 axg fae et geadt B 91 § A a1 /S o w8 /7 7

(A) w94 F & fofg, a @l A9 39 R R 781 axar & {6 99 3 8 a1 @rge
(B) U 31 Jo9 @ foly, a &1 sifiieaw wifad w19 2ug &
C)eR1TeA & BHRUT a¥g WR TYT g BT YRAT Fad pmg

(D) udiell <R dTel WiRdel 99 & forg, a=2L
m

Sol.
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such that a= Ra for pure rolling
By NLM (Translational)
F-f=ma... (1)

N = mg
NLM (Rotation)
210 = loal
fR = Ioa
Ia

fR = ST( a= Ra)

L

f_F...(Z)
eqg.2in eq.lgives
I.a
TR M
F
= a=

2

(A) for solid cylinder I, = mR and for hollow cylinder I, = mR?

2F

F .
= Qg oylinder = 3m’ Broliow cylinder = P Thus a depends on Io also. (A) is wrong.

I,a . .
(B) f= % = as a increases f increases

_ fR? _BNR? _ umgR’
max I I I

0 0

= a

0
for solid cylinder
_ umgR?
max mRZ
2

=2ug. Thus (B) is correct.

(C) As long as there is pure rolling the friction is static and self adjusting, f = E—f. f adjusts its

value according to 'a' as long as limiting friction is reached. (C) is wrong.

(D) We have already seen that a = % (D) is right.

hollow cylinder

The correct options are (B) and (D).
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QID: 521128 GEOMETRICAL OPTICS
12. A wide slab consisting of two media of refractive indices n1 and nz is placed in air as shown in
the figure. A ray of light is incident from medium n: to n2 at an angle 0, where sing is slightly
larger than 1/n:1. Take refractive index of air as 1. Which of the following statement(s) is(are)
correct?
air

(A) The light ray enters airif n2 = n1
(B) The light ray is finally reflected back into the medium of refractive index ni if n2< n:
(C) The light ray is finally reflected back into the medium of refractive index ni if n2> ny
(D) The light ray is reflected back into the medium of refractive index ni if n2=1
n, T N, AGcld B & AEGH A a0 U Al ufcedl $I RREIgaR ary 3 ¥@r T 8| 96 o T fhRor
HEH N, A N, TR DIOT O R MU BNl €, STEl sin O b1 " 1/n, ¥ oireT W1 ¥ €| ary BT udcie 1
AR | 1 | DT/ DI BT HE B /8 P
air

(A) T fBRoT arg # gaw el ®, afe n,=n,

(B) wapTer fehRoT ST=ee: Jfudciice N, d AeAH § Y URMEfid 8 ol 8, Afe n<n,
(C)uarer fRor ST=a: JAudci N H AeFH § Y WRMEfid 8 ol 8, Afe n>n,
(D) yaTer fRoT suacie n, & wrgw § g wakid 8 ol g, afe n=1

Sol. B,C,D
air
Ny :
n1/e<:
(1) Ifna=m
As there is one medium, wave will travel in straight line

n» Vair

n{=n I
1 2%.(’!

nisin®=1xsinr

as given sin 0 > - so sin r will become more than 1 which is not possible.
1

So, ray will never pass to air.

A is wrong.

An Unmatched Experience of Offline

KOTA GLASSROOM Fror Jee

New batch Starting from : 6th October 2021



MOTION JEE ADVANCED 2021 (ki)

§air

. . 1
as given sin 6 —
Ny

nisin®=nz2sinr

n, . .
= L sin®=sinr
n,

. 1 . 1
assin® > — sosinr> —
Ny n,

= T.I.R. (as i > 6c)

so it gets refracted back ton:1 - B & C
& if n2 = 1 then it is line air so given

sin 6 > ni so T.I.R. again reflected back to n:
1

QID: 521133 ROTATIONAL MOTION
13. A particle of mass M=0.2 kg is initially at rest in the xy-plane at a point (x=-l,y=-h), where

I = 10 m and h=1 m. The particle is accelerated at time t=0 with a constant acceleration a=10
m/s? along the positive x-direction. Its angular momentum and torque with respect to the

origin, in SI units, are represented by L and 1, respectively. ?,j and k are unit vectors along

the positive x, y and z-directions, respectively. If k = fxﬁ then which of the following
statement(s) is(are) correct?

(A) The particle arrives at the point (x=I, y=-h) attime t = 2s

(B) © = 2k when the particle passes through the point (x=I, y=-h)

(O L = 4k when the particle passes through the point (x=I, y=-h)

(D) 7 =k when the particle passes through the point (x=0, y=-h)
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e e M=0.2 kg &1 T& &0 URM # Xy-ad ¥ fag (x=—|,y=—h) = faxm # & <&t | = 10 m @ h=1 m 8| ¥
t=0WR T gHD x-[3e0 & e ad ©Ror a =10 m/s? | @RI 2IaT B | Jolfdwg & AT 39D BIUNT FAT
o geomgel @ S| AwEl ¥ wmEw L @ ¢, gN1 weRf e wmar & §,j @ e
Wx,ywz-ﬁﬂﬂﬁ?ﬁaﬂﬁﬂwmglﬂﬁﬁ=?xjHﬂﬁ'ﬁiﬁﬁmlﬁﬁl/mlﬁﬁ B & B /8 ?
(A) &1, F99 t=2s R g (x=1, y=—h) W) vg=r &
(B) =2k W& & g (x =1, y=—h) & ToRar &
(C) L =4k w9 & famg (x =1,y =—h) ¥ Torar &

(D) =k o9 & fa=g (x =0,y = —h) ¥ TordT ?
A,B,C

Y

Ma s I

¥

A C
(-¢,-h) a=10ms™| (0,-h) (¢,-h)
— | ——
l l

r, = (i —hj

| =

5 =-Nj

re :ﬁ—hﬁ

f =ma=0.2(10)i = 2]
(A) From Ato C

S =21

u=20

a= 10

:2e=%uoﬁ2

—

_4
10
t = 2s. (A) i§ correct.
(B) t. =r.xF

= (Li-hj)x2i

= —2h(—|2)

=t :4(£:10)
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=2k (h=1)
(B) is correct.
(C) Lc =1 xP,

P. = m\ﬁ/C

V. =u+at
= 0+ 10(2)
= 20ms™!

P. =0.2(20)i
= 4]

L. = (z? - hﬁ) x 4]
- _4h (_k)
= 4Kk

(C) is correct.
(D) %, =1, xF

=-hjx2i

= -2h (-l%)

=2k (h=1)

(D) is wrong. Infact © remains the same at all points along the line of motion w.r.t. any point

on the x —axis.
The correct options are (A), (B) and (C)

QID: 521144 MODERN-I

14.

Which of the following statement(s) is(are) correct about the spectrum of hydrogen atom?
(A) The ratio of the longest wavelength to the shortest wavelength in Balmer series

is 9/5

(B) There is an overlap between the wavelength ranges of Balmer and Paschen series

(C) The wavelengths of Lyman series are given by(l+%}xo, where 2o is the shortest
m

wavelength of Lyman series and m is an integer

(D) The wavelength ranges of Lyman and Balmer series do not overlap
BISgIo WRATY] & WagH & IR 4, 714 § & ST/ DId HA7 el 8 /8 ?

(A) SR 2o # el AR 9 e aRTeed @l 3rgurd 9/5 ¢ |

(B) SR TorT urees S0l &1 dTeed IRl & Hed Jffaerd BT 2 |

(C)awﬁvﬁa%aéﬁsﬁaﬁ[n zjxomwaﬂ%mw%‘,aﬁxoaw%vﬁa%awa@ﬁﬁ%

1
m
AT M UF Yorieps 2 |
(D) oTewE T dFR o7 @ aeTaed R Siforenfid e Bl ¥
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Sol. A,D
For hydrogen atom

CRE
A ny n,
(A) for Balmer series

ni=2; n2=34,5,.
1 :R{i— 1} 5R

xlongest 22 3_2 - %
1 gL _1_R
)“shortest 22 o0 4
;\‘Iongest _ ﬁ % B
x’shortest SR 4
_2
5

(A) is correct
(B) for Paschan series
ni =3, n2=4,5, ...

1 1 1
=R |:_2 - _2}
)"Iongest 3 4

_ 7R
144
SR
kshortest 3 o0
_R
9
For Balmer Series
L ranges from 4 to 36_7.2
R 5R R

for Paschen Series

9 144 20.57
A ranges from = to — ="~
R 7R R

Thus there is no overlap. (B) is wrong. In fact Lyman falls is UV region and Balmer falls in
Visible region.

(C) In general for Lyman Series,

1 = R[l—i]; n,=2234,..

A n

2
2

1
:)\, = —_
° R

= % = i( —iJ(Iet n, be m)

and A

shortest

2

n,

0
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Thus (C) is wrong.

(A) For balmer, A ranges from 4 to 36

R 5R

For Lyman, A ranges from l to 4 = ﬁ
R 3R R

It's clear that they do not overlap.

QID: 521149 MAGNETISM

15. A long straight wire carries a current, I=2 ampere. A semi-circular conducting rod is placed
beside it on two conducting parallel rails of negligible resistance. Both the rails are parallel to
the wire. The wire, the rod and the rails lie in the same horizontal plane, as shown in the figure.
Two ends of the semi-circular rod are at distances 1 cm and 4 cm from the wire. At time t=0,
the rod starts moving on the rails with a speed v=3.0 m/s (see the figure).
A resistor R =1.4 Q and a capacitor Co=5.0 uF are connected in series between the rails. At time
t=0, Co is uncharged. Which of the following statement(s) is(are) correct? [po=4nx10-7 SI units.

Take In2=0.7]

. i A i

' ]

| |

1 v

I A
lcm
4cm

i R Co

_/\/\/\/\,_”_

(A) Maximum current through R is 1.2 x10-% ampere
(B) Maximum current through R is 3.8 x10~® ampere
(C) Maximum charge on capacitor Co is 8.4 x10-12 coulomb
(D) Maximum charge on capacitor Cois 2.4 x107'2 coulomb
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T ol ET IR GRT | = 2 UR9R U807 fbU gU B | U eI Ao B Bl g¥9e WY, Tvg iRty bl <
A TR YSRAT TR &1 ST & | <91 UeRal aR & 9aWR ¥ | IR, B¢ dT yeRdl REmgar |adE afoo
Tl # R 2| SEINT B8 & IAT AR AR W Lemaam 4 cm @l g9 R 2| 999 t = 0 W, B¢ YeRal &R ard
v=3.0m/s q T HAT IRA el (FRrar <) |

TP gfeRed R = 1.4 Q don iR C=5.0 yF @ qeRal & =7 oft #§ Ao fbar omar &1 w9
t=0w C, 3R g | 1 § & DI/ DIy B el 8 /% ? [u,=4nx107 Sl g8, In 2 = 0.7 +fiferq]

. ] $ i
1

|
1 [RY]
14 m

lcm

4cm

(A) R ¥ yarfed ifdeaw g7 1.2 x10° TR &
(B) R ¥ yarfed sifdras ar 3.8 x10°° UfaeR &
(C) W= C, W 3ifdrehad 3y 8.4 x10™? &ei &
(D) A C,uR 1 amawr 2.4 x102 gedtd 8

Sol. A,C ' '
i { voA
| ]
| [RY]

dy
I A
N X[ A B
lcm
4cm
i R Co
_/\/VV\,_”_

Consider a small element 'dr' of the semi-ring. The emf is induced due to the component L to V
i.e., dx and no emfis induced due to dy. Thus,

de = BdxV
Here, b is the field due to the infinitely long current carrying wire.
B=H ge= M v dx

21X 21X
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N 2u,ivIn(2
:“Z_'T:’x[|n(4)-|n(1)] _ ZHVIMZ) ';’n”( )

-7
_ 4rx10" x2x3x0.7 —16.8 x 107 v.

T
Now the diagram can be re-written as a circuit as shown.
16.8x107v

R Co
— V|
Since this is a RC charging circuit,
Current is maximum at t= 0, when capacitor can be shorted.
E, 16.8x10”

i, =—2="""C"C  —1.2x10°A.

R 1.4
During steady state i = 0 and charge (qo) on the capacitor is maximum.
Thus,

%D _16.8x107
C

0

g, =16.8x107 x5x10°

=8.4x107'%C
(A) and (C) are correct options

QID: 521153 FLUIDS

16. A cylindrical tube, with its base as shown in the figure, is filled with water. It is moving down
with a constant acceleration a along a fixed inclined plane with angle 6=45°. P1 and P2 are
pressures at points 1 and 2, respectively, located at the base of the tube. Let B=( P1— P2)/(pgd),
where p is density of water, d is the inner diameter of the tube and g is the acceleration due to

gravity. Which of the following statement(s) is(are) correct?

BN

(A) p=0 when a=g/\2 (B) p>0 when a=g/2
(® l3=\/§\/2:1 when a = g/2 (D) B=% when a = g/2
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T JAMBR el el MR AT § U SR 8, B Sdl § 9_I Sl & | I8 0 = 45° BIv drel gfed AT
T & e o @R a 9 A @1 R el 81 P, 927 P, Fell & SMeR WR Rerd e fdwgal 1 e 2
W @ g | A4 B=(P, - P,)/(pgd), TTEf p T BT G ©, d el B ARD AN 8 TAT g oA @R & |

foreg & ¥ BT/ BIIN HUT GE g /8 ?

%
e=45>\

(A) B =0 when a=g/\/§ (B)ﬁ>0whena=g/\/§
(C) p= \/5\/2:1 when a = g/2 (D) B:% when a = g/2
Sol. A,C
2
2 a 42 2
A N2
%)
ER 2
V2 d
v 459 1
3 v d
g

B = (P1 - P2)/8gd
P3=P2+c(g—iJ d

2
P1=P3—G%d
P1=P2+cs(g—i]d-ﬂ

NI
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P1=Pz—cgd-x/§csad

Ah [1—JEEJ =B
9

cgd
ifa=-2,p=0 e (A)
2
2-1
co_g o2
fa=2,p=—~ ...(C)
2 2
SECTION 4
° This section contains THREE (03) questions.
° The answer to each question is a NON-NEGATIVE INTEGER.
° 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 : +4 If ONLY the correct integer is entered;
Zero Marks : 0 In all other cases.
QID: 521159 MODERN - |

17. An a-particle (mass 4 amu) and a singly charged sulfur ion (mass 32 amu) are initially at rest.
They are accelerated through a potential V and then allowed to pass into a region of uniform
magnetic field which is normal to the velocities of the particles. Within this region, the o-particle
and the sulfur ion move in circular orbits of radii r. and rs, respectively. The ratio (rs/r.) is ___.
TH o-BIT (STHM 4 amu) 3R TH BT AR Aeh M (Sgq= 32 amu) IR ¥ faRmmawen # 21 8=
U fa=R V & "M 9 @R fhar SIar & iR R Uhadd gea 83 & U & § A JOIRT ofdl ©, ST &
PN S 9N P F9g © | 39 &3 D AaR, o-PUT TAT AR A PHAI: AT ro TAT rs BT bR Heqmal d i
FRA B | U (rs/ra) & ___.

Sol. 4
= P _A2mE _2maqv
qgB qB qB
m
=>r o |—
i
rs mS qa
= = = X
r(l md qS
32 2e
= _— X —
4 e
=4
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QID: 521183 ROTATIONAL MOTION

18.

Sol.

A thin rod of mass M and length a is free to rotate in horizontal plane about a fixed vertical axis
passing through point O. A thin circular disc of mass M and of radius a/4 is pivoted on this rod
with its center at a distance a/4 from the free end so that it can rotate freely about its vertical
axis, as shown in the figure. Assume that both the rod and the disc have uniform density and
they remain horizontal during the motion. An outside stationary observer finds the rod rotating
with an angular velocity Q and the disc rotating about its vertical axis with angular velocity 4.

M 2
The total angular momentum of the system about the point O is ( :8 J n
The value of n is .

S M 40
0 M CD

o i
L]

a —>
a/4 :

A

M S99 9 a oW 1g @ U Udell B fawg O I IoiRd gied Seaier el & Arue sl de1 3 goid &1 & fofg
WA & | M 5399 9 a/4 Fsar @1 Ua udel qaid St 59 B8 R BIadid © O SHET d gad RN 4 ald
R W g, difes I8 A # ST IR $9d SWER 3 & Al WA wY 9 gUF B G | AFT B
f$%F A1 @1 9 UHaA ® 9 F 10 @& RE & I8d 2| UF aed ReR Uerd #1 91d BT © 5 Be
PR 9T Q¥ FUIF PR & © AT [$6 S 97 4Q F $HS SeaieR 31e & due goid ax @ & | fdg O &

2
WHWW@WW(MESQ

S L 49

J nNeIN®T a9 B

(0]
a/4 :
49
For rod —»
Lrod = Irod ®
= lMaZQ
3
For disc
Ldisc = M (rcm X ch) + Idisc(4Q)
Vem = 3—a
4
Vem = 3—aQ
4
2 2
= Ldisc= M 9iQ + Ma x4
16 2(16)
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=MazQ [—+

9 2 J 11Ma’Q
=

16 16 16
2 2
Lnet = Lrod + Ldisc = Mae + 11Ma’e
16
2 2
= M@ g, 33y o, M2 g
8 8
n =49
QID: 521190 HEAT-1
19. A small object is placed at the center of a large evacuated hollow spherical container. Assume
that the container is maintained at 0 K. At time t=0, the temperature of the object is 200 K.
The temperature of the object becomes 100 K at t=t1 and 50 K at t=t.. Assume the object and
the container to be ideal black bodies. The heat capacity of the object does not depend on
temperature. The ratio (tz/t1) is .
TP BICT g% Pl g aifd WEel A U3l & $es IR @1 17 & | 9141 6 uran 0 K R =aRerd 8| 999 t
=0 W, a%g &1 a9 200 K 8| g% @1 a9 t=t, o 100 K doIr t=t, 1x 50 K &1 Sl & | |1 a%g i ur=i Sreed
BT & | g% DI ST FIRAT A9 IR 1R T DA & | 3rgurat (L/t,) b1 7 gl
Sol. 9

Using Stephan Boltzmann Law
P=cA (T*- 0%

P = 6 AT

@ = 6AT*

dt

= —mcd—T = cAT?

dt

T t

= [kt
200 0

SN N Y
3| T°  (200)°

=If T =100 t=t
T=750 t=t
I S
t, 50° 200° _ " 64
t, 1 3 1 l_i
100° 200° 8 64
63
t, 64
1 -
64
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