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Questions & Solutions

PAPER - 1 SUBJECT:PHYSICS

MAX. MARKS: 186 TIME: 3 HRS.

PAPER-1 : INSTRUCTIONS TO CANDIDATES

¢ Question Paper-1 has three (03) parts: Physics, Chemistry and Mathematics.
o Each part has a total eighteen (18) questions divided into three (03) sections (Section-1, Section-2 and Section-3)
« Total number of questions in Question Paper-1 are Fifty Four (54) and Maximum Marks are One Hundred Eighty Six (186)

Type of Questions and Marking Schemes

SECTION-1 (Maximum Marks : 12)
e This section contains FOUR (04) questions.
e Each question has FOUR options ONLY ONE of these four options is the correct answer.
* For each question, choose the correct 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.

SECTION-2 (Maximum Marks : 32)
¢ This section contains EIGHT (08) questions.
e Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are) correct answer(s).
e 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 and 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 none of the options is chosen (i.e. the question is unanswered).

Negative Marks : -1 In all other cases.
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SECTION-3 (Maximum Marks : 18)
e This section contains SIX (06) questions. The answer to each question is a NUMERICAL VALUE.

e 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 placed.

e Answer to each question will be evaluated according to the following marking scheme :
Full Marks +3 If ONLY the correct numerical value is entered.

Zero Marks 0 In all other cases.

Answering Questions :
» To select the option(s), use the mouse to click on the corresponding button(s) of the option(s).

o To deselect the chosen option for the questions of SECTION-1, click on the button of the chosen option again or click on the Clear
Response button to clear the chosen option.

» To deselect the chosen option(s) for the questions of SECTION-2, click on the button(s) of the chosen option(s) again or click on the
Clear Response button to clear all the chosen options.

e To change the option(s) of a previously answered question of SECTION-1 and SECTION-2 first deselect as given above and then
select the new option(s).

e To answer questions of SECTION-3, use the mouse to click on numbers (and/or symbols) on the on—screen virtual numeric keypad

to enter the numerical value in the space provided for answer.

¢ To change the answer of a question of SECTION-3, first click on the Clear Response button to clear the entered answer and then

enter the new numerical value.
e To mark a question ONLY for review (i.e. without answering it), click on the Mark for Review & Next button.

e To mark a question for review (after answering it), click on Mark for Review & Next button — the answered question which is also

marked for review will be evaluated.

» To save the answer, click on the Save & Next button — the answered question
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PART-l : PHYSICS

SECTION-1 (Maximum Marks : 12)
e This section contains FOUR (04) questions.
e Each question has FOUR options ONLY ONE of these four options is the correct answer.
e For each question, choose the correct 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.

s 1 (@fHad 3id: 12)

o 3T WS H IR (04) YT B |
o TIF U & oIy ¥ IR fAded fAy W €1 39 IR Rdcdl § 9 daa Uo & Adved I8 SR 2 |
o TG UH B oy Ry gy RAdedl # I ¥ SR W F9fid v & gfig|
o UG U B SR BT YD 1 AT & AR BT

ol 3 : +3 Al R W ey & g1 1 B |

I F ;0 AR Bis W [AFew &1 g1 AT & (@I U™ STING ©) |

FOT 37F : -1 = ) uRRefat 7 |

1. A thin spherical insulating shell of radius R carries a uniformly distributed charge such that the potential
at its surface is Vo. A hole with small area a4nR? (o <<1) is made on the shell without affecting the rest
of the shell. Which one of the following statement is correct.

R 351 &1 & Ul /e WiEel Tlel UR SAY 39 YSR ¥ AR & fb s dds W dgyd fava
Vo? | a4nR? (o <<1) &5 &1 Ud Bl B 39 Mol TR 39 YBR I 99101 7 8 {6 A9 911 31 Rerfy
suRafidd & | f=faRad § & S99 Ho9 |81 8 |

(1) The ratio of the potential at the center of the shell to that of the point at %R from center towards the

hole will be -~

—20
(2) The potential at the centre of shell is reduced by 2avo.

(3) The magnitude of electric field at the center of the shell is reduced by 0;—\;:;’
(4) The magnitude of electric field at a point, located on a line passing through the hole and shell's

center, on a distance 2R from the center of the spherical shell will be reduced by O;—\II:?

(1) Tl & B A BT ¥ ok dlell b5 4 2R T W Rerd g w dea e quﬁqmoé—\g’ﬁ
®H Bl SR |
(2) el & s WX g AW 2avod HH B SR .

(S)Thﬁzﬁa%a'wﬁgﬁaﬁwqﬁmw(;—\géwﬁml

(4)1ﬁazr‘>a%v—s{wégaﬁﬂaaw%§®%Raﬁfﬁaaﬁsﬂ?ﬁgwﬁﬂﬁ AT BT ST 11_;
— £
Ans. (1)
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Sol.

Ans.
Sol.

R ,/A
Rdqg = deA=ro
4R
Given V at surface
Vo=@
R
VatC
Voo KQ_KeQ_y g g
R R
VatB
KQ K(aQ)
Ve= ———2 =V (1-2
°=R Rjp " e(-29
) &_ 1-a
Vg 1-2a
EatA
KQ KaQ KQ aV,
Ea = = =

(2R2 R2 4R? R
So reduced by %VO

EatC
Ec - K(OLQ) _ aVy
R® R
aVy

S0 increased by
Ans. (1)

R

In a radioactive sample {JK nuclei either decay into stable 50Ca nuclei with decay constant

4.5 x 10719 per year or into stable j‘gAr nuclei with decay constant 0.5 x 10-'° per year. Given that in
this sample all the stable 30Ca and {5 Ar nuclei are produced by the {JK nuclei only. In time t x 10°

years, if the ratio of the sum of stable 20Ca and fJAr nuclei to the radioactive oK nuclei is 99, the
value of t will be. [Given : In 10 = 2.3]

T fSANfded T A JOK TfW@l &1 g 30Ca U@l (SAr RR Tifvet # gran R e e fadrs
(decay constant) I 4.5 x 10-1098  (per year) 92 0.5 x 10-1°9fy oy g | faan & & 59 T & |
a0Ca AR {JAr Mf® daar {SK @l & g0 &1 AR t x 100 a8t § Rer =fit J3Ca Mk [ Ar
@ & @o AN U9 AN el (JK @ Hw &1 gurd 99 ® a1 t &1 Wi Brm [ R

In 10 = 2.3]
(1)9.2 (2) 1.15 (3) 4.6 (4) 2.3
(1)
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Ans.
Sol.

Ca 0

}\fCa
K

Aae Ar 0
t=0
dN
— =—A+As) xN
N =iy +20)

loge (Nﬁj SEWEN

0

N

23 xlo 0 |=5x10""t
R [N0/1OOJ g

2.303x2

SIOTE ot

5x1071°

2303 x 0.4 x 1010 = t

t=9.2 x 10°Year

A current carrying wire heats a metal rod. The wire provides a constant power (P) to the rod. The metal
rod is enclosed in an insulated container. It is observed that the temperature (T) in the metal rod
changes with time (t) as

T(t) = To(1 + Bt'4)
where B is a constant with appropriate dimension while To is a constant with dimension of temperature.
The heat capacity of metal is :
TF gRIEE AR TH &1g & TS B T Il & | OR Bs @I U6 90 o USH IRl © | B HATAD

o9 | T g ©| 9@ Wil © b TS @ A" FHA (1) W T(t) = To (1 + Bt'4) S8l U Sugad s
2, S B S RAT ? :

4P(T(t) - Tp)* 4P(T(t) - To)° 4P(T(t) - To) 4P(T(t) - To)®

(1) (@) ) (4)

BT B*To TS TS
(2)
dQ = HdT
dQ _,,d7
dt dt
1
P=H.To.pB. —. 34
0.p 2
AP s
ToB
Now T -—To=Topt"
3
a4 [ T=Ty . 4P(T - T,)°
So t :QFTT . H=-—;ri——
0 0 B

Correct option 2
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4. Consider a spherical gaseous cloud of mass density p(r) in a free space where r is the radial distance
from its centre. The gaseous cloud is made of particles of equal mass m moving in circular orbits about
their common centre with the same kinetic energy K. The force acting on the particles is their mutual
gravitational force. If p(r) is constant in time. The particle number density n(r) = p(r)/m is : (G = universal
gravitational constant)
AR IMHTY H p(r) S T Bl TP MATHR THR e B Hea=l X | oTef r v 9 g g 5 |
I 916 FAF S m B SO A SR 99 § S SIS B b AU JOBR YA H FHH Tfael
Fart K& Tfefie 81 S0 W o0 arell 96 3R TR 9d 2| IR p(r) 99 & T frad g @ sl

P F&AHD °cd Nn(r) = p(r)/m is : (G = AES oA i)

K B K 3) 3K K
6nr’m%G nr’m2G nr’m?G 2nr’m%G
Ans. (4)
Sol.
W
m
GMm _mv?
r r
_ E(lmvzj
r{2
GMm 2K 2Kr
= N — = M= —
r r m
= dM = &dr = 4nredrp = %dr p= _K
Gm Gm 2nGmr?
= P_ Lzz Alternative :
m  2zGm*“r
2
G'\Q(r) = vz where M(r) = total mass upto radius (r)
r r
ST M(r) = (r) o 9% g soad
o gGMmo g &
2r Gm
= dM(r) =&dr = pdV = pdnr3dr
Gm
L. KL e K
G2rr’m m  2zGm?r?

Correct option 4
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Full Marks
Partial Marks :
Partial Marks :
Partial Marks :
Zero Marks :
Negative Marks :

PURCE

SECTION-2 (Maximum Marks : 32)

e This section contains EIGHT (08) questions.

e Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are) correct answer(s).

e For each question, choose the option(s) corresponding to (all) the correct answer(s).

e Answer to each question will be evaluated according to the following marking scheme.

+4 If only (all) the correct option(s) is (are) chosen.

+3 If all the four options are correct but ONLY three options are chosen.

+2 If three or more options are correct but ONLY two options are chosen and both of which are correct.
+1 If two or more options are correct but ONLY one option is chosen and it is a correct option.

0 If none of the options is chosen (i.e. the question is unanswered).

—1 In all other cases.

TS 2 (srfdamaH i@ 32)

e 39 WS H A3 (08) U 2|

e TP Y & fory IR fadwey fAy 71U 2| 39 IR fAdedl # 9 U a1 U 4 1fd fAdwey d8 B(E) |
o TG U B forg, Ry g fAwcdl # 9 I SR ([N & Gafdd fAdew (e o1 gy |

o U U B SR Bl YIH 771 Aol & JFFAR BT

: +4 IR DHad (AR) TS [Awen ([@awedi) o1 g1 T 2 |

SN E : +3 IR AR Aved WL & U= dad A fddbedi S A1 11 2 |

RT o 42 AR AT W A W RS Rwed FE ¥ g dawt & Rwedt B g T # ek <
I 8¢ fdmed |l fadhey 2 |

HRT A 41 AR QA WD Y R Rped WA ¥ TR Dot Th Rped B G T R AR G
gl fashed el faded © |

NwiCED 0 Ife fHl i ey @1 T2 g1 71 & @i U SIgaRd 2) |

FUT 3D =1 3w uRRerferi # |

1. Let us consider a system of units in which mass and angular momentum are dimensionless. If length

has dimension of L, which of the following in statement(s) is/are correct?
(1) The dimension of force is L2

(2) The dimension of power is L=

(3) The dimension of energy is L

(4) The dimension of linear momentum is L

A9 N {6 T gH1S gomel § S doM BV 9w fa|r XRd (dimensionless) B | IfY oaTs &
fam L & a9 f=falaq so 9 9 @9 |@i@@) 9@ 2()?

(1) 91 @ fawr (dimension) L3 |

(2) wifaa @t f3 (dimension) L5% |

(3) Sott @ fa (dimension) L2%

(4) Y& @1 3 (dimension) L' @

Ans. (1,3,4)

Sol. [M]=[Mass] = [MOLOTO]
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[J] = [Angular momentum] = [ML2T-]
[L] = [Length]
Now ; [ML2T-] = [MOLOTY]
s [L2] = [T]
Power [P] = [MLT-2. LT
= [ML2T-9]
= [L2L9]
[P]= [L]
Energy/Work [W]= [MLT-2. L]
=[L2L]
= [L7]
Force [F] = [MLT-2] = [L . L] = [L9]
Linear momentum [p] = [MLT-"] = [L . L?]
[p] = [L]
Sol. [M] = [g@Em] = [MOLOTO]

[J] = [@rofia |97 = [ML2T-
[L] = [erTE]
319 ; [ML2T-1] = [MOLOT?] [L?] = [T]
91fd [P] = [MLT-2 . LT-1]
= [ML2T-9]
= [LPL9]
[P]=[L]
Sott/@r [W]= [MLT-2. L]
=[L2L] = [L7]
A [F] = [MLT-?] = [L . L4] = [L-9]
g F97 [p] = [MLT-'] = [L . L2

[Pl = L]
Ans. 1,3,4
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Ans.
Sol.

Two identical moving coil galvanometers have 10 Q resistance and full scale deflection at 2uA current.
One of them is converted into a voltmeter of 100 mV full scale reading and the other into an Ammeter of
1mA full scale current using appropriate resistors. These are then used to measure the voltage and
current in the Ohm's law experiment with R = 1000Q resistor by using an ideal cell. Which of the
following statement(s) is/are correct ?

(1) The resistance of the Voltmeter will be 100 kQ

(2) The resistance of the Ammeter will be 0.02 Q (round off to 2 decimal place)

(3) If the ideal cell is replaced by a cell having internal resistance of 5Q then the measured value of R
will be more than 1000 Q

(4) The measured value of R will be 9780 < R < 982 O

3 THAAN dd@sel gRMEMN (galvanometers) @ UfRig 10 Q& T 399 2uA R Joied faerm
(full scale deflection) @@ 81 379 & TP @I 100 mV RbS AU A dlecHley Tl gER 1mA
qURG S A0 AT e H SUgdd URRIE & WA R 8¢ URafid =d @ | 3| &1 7@ (Ohm's law)
TN § R = 1000Q UfRIg Td U MG A & A 34 QM1 $H1 IuAI fa9d IR gRT &l A9 & o
fran St & | ffaRad semi § 9 e (@) 98 B )?

(1) aleediex & YRR &1 d9 100 kQ B9

(2) 3rfier & UfoRIg &1 799 0.02 Q B (ST & fEald 3UH ad IS 3iTH)

(3) T aTTeel A B T WA TP ATARS IR 5Q ¥ I8 IR T YfoR1g R &1 A19T =1 A1
1000 Q ¥ 37f¥& B8R |

(4) R 1 |91 TR1 /19 978Q < R < 982 Q BTN |
(2,4)

Ig Rg

—@)—WW—
v=100 x 103v
V=|g(Rg+Rv)

107"
2x10°°
5x 104Q ~ Ry (Rv < 105 Q)

Rv

)
W

= Rg +Rv

A
R AAAA AL

" 1000Q

OF;

m

I5Rg = (I - 1g)S

©

_ 2x107°x10
108 -2x10°°
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S=2x10"5x103
= 2x10—2

= 20mQ
-3
Ra = 20x1077 x10 —20x 1030
10
€ 51¢
I= = Ry —>0
1000x50x10? 5x104( A —0)
51x10°

p—f _Pv__|__E
51x10% ) 1000

" 4
measured resistance .. Rm = it _000 =% x5x10% = 91l =980.4Q
i 51¢ 5
3. A conducting wire of parabolic shape, y = x2, is moving with velocity V = Vof in a non-uniform magnetic

_ .
field B :BO[H(%j ]k, as shown in figure. If Vo, Bo, L and B are positive constants and A¢ is the
potential difference developed between the ends of the wire, then the correct statements(s) is/are :
~ — B ~ .
WRITATBR y = X2 Bl aqAD IR I V=Vyi A IFHRT JHDI &7 B:BO[H[S Jk § fREmgar

Tfeefir 81 AT Vo, Bo, L @ B oFcH® e T AQTR & RRI R S fawarax &1 a1 w8
fapeu/ el &1 79 PIvT —

Ya @B
L ............
V=vi
(0] Jo X

(1) | Ad |:%BOV0L forp =2

(2) |A¢| remains same if the parabolic wire is replaced by a straight wire, y = X, initially, of length J2¢
@|MF%%%me=o

(4) |A¢| is proportional to the length of wire projected on y-axis

(1) 188 3BoVol., p =0 fore

(@) 180 SBoVol., p =2 fore

(3) |Ad|, y-318T TR TR @1 18 & U9 & FATURN BN
(4) |A¢|, sraRaffa & AT WRaABR AR B V20 aH=E B WY AR y = x D gRI ufaRenfa fbar e

g
Ans. (1,2,4)
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Sol.

Ya
B B

@ [T P @

@)

For calculating the motional emf across the length of the wire, let us project wire such that B,V,7
becomes mutually orthogonal. Thus

IR & B TE B RRI TR TIid emf 1d x4 @ g 7197 1fid dR 39 UaR & f% BV,7 T TR &
AT B |

i
de =Bvo dy = 80{1 +(%j }Vody

. =!BO(1+(%jB]V0dy

= BOVOLP + ﬁ} emf in loop is proportional to L for given value of f.
+

for

Bs ¥ 399 emf &1 A A Y & forg L & 99 YR |AMORH © |

=0 ; e = 2BoVoL

=2 ; e = BoVoL {1+%:| = % BoVolL

the length of the projection of the wire y = x of length J2L on the y-axis is L thus the answer remain

unchanged
Therefore, answeris 1, 2, 4

J2LowTE & aR y=x B y B Sgfaw uay orwarE L ¥ | gfery SwR srRafed v&m |
A AN 1,2, 4
Correct option -1, 2, 4

4, In the circuit shown, initially there is no charge on capacitors and keys St and Sz are open. The values
of the capacitors are C1 = 10uF, C2 = 30pF, and Cs = C4 = 80uF. Which statements is/are correct :
UeRid uRuer #, k™ 3§ |YIRAT U HIg 3MI% 81 2 AR Hoil Sy 3R Sp Gell g | FERAT & 949 Ci =

10uF, C2 = 30pF, 3R Cs = C4 = 80pF B | frafalRad ol § & di=mr (J) 981 2(2)?
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1 -

5V
81/ P I I—l 32(2
Ci J_ L

s

Cz Cs
70Q 309%
10V
T A'A'A'A'A'Av
Q000

(1) The key S1 is kept closed for long time such that capacitors are fully charged. Now key S: is closed,
at this time the instantaneous current across 30Q resistor (between points P & Q) will be 0.2A (round
off to 15t decimal place).

(2) If key S1 is kept closed for long time such that capacitors are fully charged, the voltage across C1 will
be 4V.

(3) Attime t = 0, the key S1 is closed, the instantaneous current in the closed circuit will be 25 mA

(4) if S1 is kept closed for long time such that capacitors are fully charged, the voltage difference
between P and Q will be 10V.

(1) BN St BT i F99 & foIU 39 ISR 98 3@ oran 2 ot JerlR= gof emaf¥a & o 21 s/ goit

Se B! 95 fhar Sar & 99 39 999 W 30Q & Ry (P 3R Q & #ed) H delfOd (instantaneous) &R

BT 719 0.2A BN | (SIHGT B YA XA dd ISS A% (round off)

(2) Al |/l St B &9 T & oY 39 YHR 91 fBa1 S¢ b @ GenRa qui a8 Sy 99 qemRa
C1 ™ 4V &1 fawa g |

(3) I t =0 W, 519 Foil St Bl 8 b1 S 8, 99 98 URUY H ARES (instantaneous) ORT & A
25 mA BT |

(4) AT FSN St P! & FHI & oY 59 YR 9= fba1 oY & a4 FeniRa goi ¥ 81 oy a9 fag P
IRQ P 7= 10V 1 fA9aicR Brm

Ans. (2,3)
Sol.

il

""""

Just after closing of switch S1 charge on capacitors is zero.
Replace all capacitors with wire.
FHoll $1T] B B R ULATq AIRAT WA T B

If GaTR=T B dR I 95 W
—— W
I 5v 30Q

70Q

T 1000

AMAAA
""""
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Educating for better tomorrow

i = =
70+100+30 200
Now S1 is kept closed for long time circuit is in steady state

39 S1 Pl N FHI dh g5 B W URYY W 3rave ¥ grar 2 |

=25mA

. | I
P_qllq éV _q
=touF  SMF <=80F
Q
&+i+i_5:0
10 80 80
100_
80
q=40pC

V across C1 = 40/10 = 4 volt
Now just after closing of Sz charge on each capacitor remain same

C1® RRI R fa9ar=i = 40/10 = 4 volt
T S Pl T§ PR B gl YA Gl GETRAT IR AL FHE BT

—40, 40 I5 30Q
dao 10 8'(5%F Al I
40 TodOw

10 uF ==
y
00 40
70
0V 100Q
“WWW\—
KVL
—-10+xx30+40/10+yx70=0
30x + 70y = 6 (1)

—g%+5+wx—w30—g%44x—wx1oo—10+xX30=o

160x — 130y -6 =0 .r(2)
y =96/1510

x = 0.05 amp.

Correct option -2, 3
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5. A charged shell of radius R carries a total charge Q. Given ¢ as the flux of electric field through a closed
cylindrical surface of height h, radius r and with its center same as that of the shell. Here center of
cylinder is a point on the axis of the cylinder which is equidistant from its top and bottom surfaces.
Which of the following option(s) is are correct [go is the permittivity of free space]

e R o arel Smafa et R o MhY Q U 9Tz h AR B r 9 deeR 98 g, et aw
PR P Ha W 8 2, W o Tl 95gd Fdad (flux) ¢ 3 | F8f 909 $1 35 59 318 R Uh A5 © ol
& S SR frach 9o 9 999 0 R 3| =faRed wom § 9§ 4 (|) 981 7 (8) ? [Jad

free space @1 ISR &0 2]
(YIfh>2Randr = 4R then ¢ = & (2)Ifh>2Randr = E then ¢ = &
5 580 5 €p

(3)Ifh< % andr = ?thenq):O (4)Ifh>2R and r > R then ¢ =g
€
(1)H%h>2R3ﬁ?r=ﬁaH¢=£ (2)a%h>2ﬁaﬁqr=£a-sr¢=&
5 580 5 580
(3)&%h<§3ﬁ'\’r=%a‘s{¢=0 (4)Hﬁ:h>2R3ﬂ?r>RﬂH¢=g
€9
Ans. (2,3,4)
Sol. (a)h>2R r>R
—_
— N
Ne—
Q
-
N —

b= Q clearly from Gauss' Law TT&¥ & foF & W< g |
€9

(b) suppose AT h = % 3R

3R/5

S

4R/5

b

~——

$=0
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so for h <

% =0 ngr%ﬁm?zﬁ%ﬁmo

(C)forh=2R fera r=?

|- 4R/5

SN—

Shaded charge Bifdhd 3MI3 = 27 (1 — cos539) x 43 %
T

2Q

Qenclosed = ——

_2Q
_580

forh>2F{r=E S0 = £8
5 5¢q

hs2R® frrre 28 . 52 2Q
5 5¢q

(d) like option G for h = 2R r = ?

w

R

fpcd Cd @I h=2R& ford¥ r =

5
Qenclosed = 2 x 21 (1 = COS379) 8 = 9
4 5

Q
¢_E
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Ans.
Sol.

A cylindrical capillary tube of 0.2 mm radius is made by joining two capillaries T+ and T2 of different
materials having water contact angles of 0% and 60° respectively. The capillary tube is dipped vertically
in water in two different configurations, case | and Il as shown in figure. Which of the following option(s)
is (are) correct?

[Surface tension of water = 0.075N/m, density of water = 1000 kg/m3, take g = 10 m/s?]

1 = gt @ ge @EE 0.2 mm 3w arell |1 S Eferi Ti iR Te, 9@ ol & A1 §US B0l
(contact angles) SR 0° TAT 60° B, B TSI Th D! 9914 & | 59 DI &I FEgaR I =
fo=ama | 3R =4 |1 & i 3 Sealer garn Wl © | FrefeiRad dodl § 9 S (F) 981 B (8) ?

[AT1 T gea=rd = 0.075N/m, U1 &1 &9cd = 1000 kg/m3, derm g = 10 m/s?]

T2 T+
Case | Case ll
T1 T2
B e e
i e S Tl Toal Toul TOd Tl PO T I%,
[ e e e e e

(1) For case |, if the joint is kept at 8 cm above the water surface, the height of water column in the tube
will be 7.5 cm. (Neglect the weight of the water in the meniscus)

(2) For case I, capillary joint is 5cm above the water surface, the height of water column raised in the
tube will be more than 8.75 cm. (Neglect the weight of the water in the meniscus)

(3) The correction in the height of water column raised in the tube, due to weight of water contained in
the meniscus, will be different for both cases.

(4) For case I, the capillary joint is 5 cm above the water surface, the height of water column raised in
the tube will be 3.75 cm. (Neglect the weight of the water in the meniscus)

(1) o= | & for, it deefer™dl &1 Sirs Ul &1 98 ¥ 8 cm $ag W &, el § d¢ UMl & SHaTs
7.5 cm Brft | (o g8 &R U &1 9R Sverfi )

(@) o | & foR, Ik Sefedl &1 I UMl @ 9d8 9 5 cm W g, Tl § ¢ UMl @ $als
8.75cm 9 ¥ &Rl (& U W Ul $1 9R SUeY )

(3) Ul & Ha U5 (meniscus) H SURLM UM & R & R ST H ¢ UMl DI SHaAlg H FLNeA
(correction) &1 A9 41 =gl & ford =1 &

(4) o= 11 & ford, afe eeferal &1 S Ui & |ds 9 5 cm A8 W 8, il 9 ¢ UMl Bl SHaTs
3.75 cm Bl | (& U8 W UM &1 9R SUeoiy 2)

(1,3, 4)

Heights if only single material tubes are used of sufficient length

B 2T coso B 2x0.075%xcos0°
pry 1000x2x107% x10

_ 2Tcos®' 2x0.075xcos602
prg 1000x2x107* x10

h4 =7.5¢cm

hz =3.75¢cm

Resonance Eduventures Limited

REGISTERED & CORPORATE OFFICE : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005

Ph.No. : 0744-2777777, 0744-2777700 | Toll Free : 1800 258 5555 | FAX No. : +91-022-39167222 | To Know more : sms RESO at 56677

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in | CIN : US80302RJ2007PLC024029

'I'n" Free . 180“ 258 5555 ™ 73400 10333 facehnnk.cum/ResnnanneEdu utwmter.cum/ResananceEdu www youtube.com/resowatch Eb\ng.resonance.ac.in

This solution was download from Resonance JEE (ADVANCED) 2019 Solution portal PAGE # 14



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

®
Resonance” | jeg (ADVANCED) 2019 | DATE : 27-05-2019 | PAPER-1 | OFFICIAL PAPER | PHYSICS

CASE-1
T2
T
S:’f 8cm
7.5cm | [

Therefore, Option (1) is correct
CASE-1

T2

(2) Liquid will rise only upto height of 5 cm and meniscus will adjust by changing is radius of curvature.
If the liquid goes up in tube 2 then it will not be able to support the weight of the liquid

(3) Weight of water in meniscus will be different in two cases because angle of contact is different .

(4) CASE-II

U

T4

Q0
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Ans.

A thin convex lens is made of two materials with refractive indices n1 and nz, as shown in figure. The
radius of curvature of the left and right spherical surfaces are equal. f is the focal length of the lens
when ni = n2 = n. The focal length is f +Af when n1 = n and n2 = n + An. Assuming An << (n — 1) and
(1 < n < 2), the correct statement(s) is/are

faa # <t T UE uden 9o o al ugiell | fde) 991 8, RiFa sruadHie (refractive inded) se:
ni 3R N2 | o9 @& 91¢ SR I geai @ gehal BN T B 1 ni=nz=n & Y o @ BIed g3 f R |
SEn=nadRn=n+An% T BIFHT T f+ Af 2] I8 990 8T fF An << (n— 1) 3R (1 <n<2),

ferforRaa weet § & I () 98 ' (§) ?

(1) If ﬂ<0thenATf 50
n

(2) Forn = 1.5, An = 103 and f = 20cm, the value of |Af| will be 0.02 cm (round off to 2nd decimal
place).

@ 5 <

An
n

(4) The relation between ATf and An remains unchanged if both the convex surfaces are replaced by
n

concave surfaces of the same radius of curvature.

(1) %<O%‘la’q ATf>o

(2) af& n =15, An = 103 3R f = 20cm &I, T9 |Af| &7 79 0.02 cm B | (S¥Held & g vems @

I1S$ 3% round off).

@ [ -

An
n

(4)aﬁ:aﬁwqwﬁaﬁmﬂwwﬁvmmﬁwqﬁﬁmm%aﬂATfaﬁ‘\fﬂzb‘r

n
Tey IraRafidd <gar 2 |
(1,2,4)
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Educating for better tomorrow
1 2(n-1)

Sol. —_—=— L 1
° fo R )

l = (n+An—1)(l—lj
f2 R e8]

LI (n_1)+(n+An—1)[lj
fo + Afy R R

1 2n+An-2
. = . (2)
o + Afg R

2(n-1)
fo +Afy R
M2 = f,,  2n+An-2
R

1.0 __2n-1)

fo 2n+An-2
Afy —An
fo  (2n+An-2)

-3
A_foz_—103 = Afo=—2 x 102
20 3+107° -2
|Afo] = 0.02 cm
Ans. 1,24
8. One mole of a monatomic ideal gas goes through a thermodynamic cycle, as shown in the volume

versus temperature (V-T) diagram. The correct statement(s) is/are : [R is the gas constant)

THRAYS e I &1 & Ald U SH™Nadd g% (thermodynamic cycle) ¥ ToRar 8, o
A—argdE (V-T) % R | e ™ g F=afafea wodl 3 4 99 w@@) 98 2@): [R ™
IRRGIEES)

A

2VoA

-, —_——— ] ————

To/2 To 3To/2 2To
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(1) Work done in this thermodynamic cycle (1 > 2 >3 >4 > 1) is |[W| = %RTo

|on

(2) The ratio of heat transfer during processes 1 >2and2 — 3 is Qe

3

253

(3) The above thermodynamic cycle exhibits only isochoric and adiabatic processes.

(4) The ratio of heat transfer during processes 1 -2 and 3 — 4 is Qe = %
2-3
(1)wwwmf%1aﬂuaas(1—>2—>3—>4—>1)ﬁﬁrmwzﬁrd|W|=%RT0%|
: d Q5
(2)THT 1 >2TAT2 - 3H FH WFIRY B A Q;zgﬁl
253

(3) ST FHNHIT @b H bl ARG (isochoric) 3R w&I™ (adiabatic) U4 31 & |

] . 1
(4)FPA1 - 2TAT3 — 4 H FHT RAFCRYT B AU Qup| 1 gl
23 2
Ans. (1,2)
Sol.
F A
5 To s
ZPW["T T e ‘
4 Y
Twd
Pa p-=--m--moog < 1g 10
Va 2o ‘:"

AQy | [NCpAT p| To
AQs.s| INCoATs,,| To/2

@) AQy 5| [NCpATy | _GCp 5

(1) Weycle = PoVo = nR {T?O} [Using point no. 4]

(3) Wrong as no adiabatic process is involved

Told & Fifh Uhd H DI wgI™H Uhd 81 2 |

Correct option 1, 2
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SECTION-3 (Maximum Marks : 18)

e This section contains SIX (06) questions. The answer to each question is a NUMERICAL VALUE.

e 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 placed.

e Answer to each question will be evaluated according to the following marking scheme :

Full Marks +3 If ONLY the correct numerical value is entered.
Zero Marks 0 In all other cases.

Ts 3 (MfdHad id: 18)

e U TS ¥ B:(06) UTH B | AP U B IR U \&drdd A1 (NUMERICAL VALUE) £ |

o TIF U & SR & el WA A Pl ATSS (mouse) 31X ATH—TnH (on-screen) IgsTad THRE
HIUS (virtaul numeric keypad) & AT ¥ SR & fory fafted 9 @R gt o} | 9} Sercedds 99 § 1 A
NP TIHAT A 8, O AIHDB AF B S¥HAd S &l WMl b gde/IASs 3% (truncate/round-
off) & |

o UIUP U & IR Bl JAIh (1 ATo] & AR BT —
ol 36 +3 AR T fBA T WS A9 (Numerical value) g 8 STR 2 |
I I 0 I |/ aRRerfaEl # |

1. A parallel plate capacitor of capacitance C has spacing d between two plates having area A. The region

between the plates is filled with N dielectric layers, parallel to its plates, each with thickness 5 = % The

dielectric constant of the mt s layer is Km = K(1 +%) For a very large N(> 103), the capacitance C is

o{ Kdelo :] . The value of a will be . [€g is the permittivity of free space]
n

g C RAT aTel TR i GeRT & ©icl @& 919 @ g9 d 8 iR IS wic &l 89%d AR | @il &
'eﬁ%rq?wmaﬁﬁe‘izﬁwa:% Aierg arell N WRIAggd ORal 9 9R < & | M ORd H1 WRIAggdid

Km=K(1+%]%IﬂgHST@T:EN(>1O3)E%f?N%IrﬁﬂTC=a[KGOAJ 2| a® AM BT | [

din2
T (free space) @1 aggaeiiad e, 8]
Ans. 1.00

Sol.
X gX
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X D

m
(l)_ dx _ dx
c) K mEoA m) X
0 KSOA[HN) KsOA(1+D)

fd( ) J.KSOA (D+Xx)

1_D

/m2
Ceq KSOA
oq = M. Therefore o = 1
D/n2
2. A planar structure of length L and width W is made of two different optical media of refractive indices

ni = 1.5 and n2 = 1.44 as shown in figure. If L >> W, a ray entering from end AB will emerge from end
CD only if the total internal reflection condition is met inside the structure. For L = 9.6 m, if the incident
angle 0 is varied, the maximum time taken by a ray to exit the plane CD ist x 10-° s, where t is

[Speed of light c = 3 x 108 m/s]

UH L darg a2 W AIsis &1 U aAad axad & =1 yarefa uerat | a0 B, e sad+is ni= 1.5
AR n2=1.44% o1 faz # uelRfa 21 afk L>>W 2 @@ AB RR W amufa famor &1 CD RR & S
(emerge) TR & 3f&x YU IfaRe URTEc (total internal reflection) 19 W &1 8| L= 9.6 m & foIg,

I 3MYTT BTV O Bl dgoid & dd ol gRT CD RR I 91ex e # foran 1am aifffedy 99 t x 109 s
7, T8l t &1 A9 g1 [gere f& i c = 3 x 108 m/s]

Ans. 50.00
Sol.

\

v

A

g5m

1.5 sin Oc = 1.44 sin 90°
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~. total length travel by light U&T1 gRT I &1 T el g3 = gxg.s =10m

S 10 _ 1 407-5x10¢

ny 1.5

t =50ns

t=50x10"°
Ans = 50

3. A liquid at 30° C is poured very slowly into a Calorimeter that is at temperature of 110°C. The boiling
temperature of the liquid is 80°C. It is found that the first 5 gm of the liquid completely evaporates.
After pouring another 80 gm of the liquid the equilibrium temperature is found to be 50°C. The ratio of
the Latent heat of the liquid to its specific heat will be ___ 9C. (Neglect the heat exchange with
surrounding]
& 30°C & &d Pl Uh HHAMMI (Calorimeter) @1 110°C # &R—€R ST ST 8| %9 $ HATSD

(boiling temperature) 80°C & | THT 4Tl 1 fh 99 &1 Uga 5 gm QU1 ®¢ ¥ aIfqd & Sl 8 | 39 915
%9 @1 80 gm 3R AFT ST R ATRITGRAT G ATgHE 50°C 81 W1al 8 | &9 @1 I« (Latent) 3R fafdre (
specific) AT BT UM °C BRT | (ATAER U1 & A1 HHAT RAFCRY Bl Suerfia 7]

Ans. 270.00, 120.00

Sol. CASE-I: If calorimeter is open and after evaporation liquid escapes
5xSx50+5L=Wx30 ... (1)
80xSx20=Wx30 ... (2)
80xSx20=5xS x50+5L
5L=1350 S
L
s- 270

CASE-II: If calorimeter is closed (vapour not allowed to escape)
Heat gain = Heat loss

5S (80-30) + 5L = W (110-80)

S = Specific heat of liquid

L = Latent heat of liquid

W = Water equivalent of calorimeter

250S +5L=Wx30........... (1

Now 80gm liquid is poured

Heat gain = Heat loss

Here final temperature = 50°C
80xSx20=5L+55x30+Wx30........ (2)
From (1) & (2)

L =120 Ans
S
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4,

Ans.
Sol.

A particle is moved along a path AB-BC-CD-DE-EF-FA, as shown in figure in presence of a force
F= (ocyf + 2ocx])N, where x and y are in meter and o w=—1 Nm-'. The work done on the particle by this
force Fwillbe _ joule

T BT DI gl ﬁ:(ay?+2ax])N,G|%°T X ARy BT A Hex § § 927 o= —1 Nm-1%8, & SuRefq § AB-
BC-CD-DE-EF-FA 12l R fREFTJOR damd Sl 21 968 F g1 T R 53 1 orf &1 gRamor
S (joule) BT |

1.0 > B
1
1
1

05 |- - - - —e— C

v
>

0.75
dw = Fdr
dw = aydx + 2oxdy

|
A->By=1,dy=0wa,B= Iaydx=oc.1J‘0dx=oc

0.5
B>Cx=1,dx=0wsc=201 Ldy:—2a(0.5):—oc

0.5
(03

C->D 0.5dy =0wc- J- d 1 %5 —
= U. = W = X = . X=—
y y C>D 1ocy ) 7

0
D> Ex=05dx=0woe = 2ajxdy=2cx.% jdy - —%
0.5

E—->F, y=0,dy=0, We=0
0

F->Ax=0,dx =0, WEsa =0
-~ w= P O AN R R W = +3/4J = 0.75J
4 2 4

A train S1, moving with a uniform velocity of 108 km/h, approaches another train S2 standing on a
platform. An observer O moves with a uniform velocity of 36 km/h towards S2, as shown in figure. Both
the trains are blowing whistles of same frequency 120 Hz. When O is 600 m away from S2 and
distance between S1 and S2 is 800 m, the number of beats heard by O is . (Speed of the
sound = 330 m/s)

& YS! (S1) 108 km/h & 919 991 9§ 9o §Y o< Yee! (S2) Ol fh Wed R @Sl 8 &1 aRG off

RE | TH i (0) 36 km/h & 9 971 | (S2) &1 IR% FRIFTIER S &1 8| Fi Yamedl 120 Hz &
HA 3G B AT a9 & &1 14 O B g S2 4 600 m 2 T2 S1 3R S2 % d1a &1 g3 800 m &
T9 O @ gRT G Y favdeAl (beats) @1 Hw= 2| (safy @ 717 = 330 m/s)
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Ans.
Sol.

© 108 km/h
«——
’ ® si
800 m
600 m
36 km/h T
a O

8.12 or 8.13
Speed of sound & &1 =Ml = 330 m/s

Calculate beat fa¥a= JTGRT freq

Rest 108 km/m = 30 ms™'
XY cocooooancoo s
T 800 370 /C Piathe
1 e
ke
600 ! I
- < i’
3° .7~
10m/s[ Y2 -7
observer

(. _ 100 |(330+10c0s53°) (830+10)]_,,[336 347 g o
330-30c0s37° 330 306 33

A block of weight 100 N is suspended by copper and steel wires of same cross sectional area 0.5 cm?

and, length J3mand 1 m, respectively. Their other ends are fixed on a ceiling as shown in figure. The
angles subtended by copper and steel wires with ceiling are 30° and 60°, respectively. If elongation in

. ar . . Al .
copper wire is (Alc) and elongation in steel wire is (A/s), then the ratio ATC is__ .

s
(Young's modulus for copper and steel are 1 x 10'" N/m2 and 2 x 10" N/m?2, respectively)

Steel wire

Block

T 100 N ¥R a1l e HI did 3R LI & ORI, d1 IGURY HIe &3%hd (cross sectional area)

THEAM G105 cm? } SR TS HAT: A3 m aur 1 m R, §RT dCHR ol B | AR B gER BR BA W
RATgER 9 §¢ 2| did iR &I & aR H9e: Bd ¥ 30° 3R 60° &1 PV 991 2| Al T9 & aR H

ST 9 (Alc) Ao W B aR F o I (Als) & W iﬁfo s ¥
S

(@ 3R I &1 I o1 (Young's modulus) HA: 1 x 10" N/m2d2m 2 x 1011 N/m2)
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Ans. 2.00
Sol.
Ts
T 1 338
2
To= V3 To
VA TATCABERI ) CtI
Ay (T e LY, 3L 1 [ 1x10"
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