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PHYSICS

SECTION-1 (Maximum Marks : 12)

This section contains FOUR (04) questions.

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  IfONLY the correct option is chosen.

Zero Marks :0  Ifnone of the options is chosen (i.e. the question is unanswered).

Negative Marks :—1 Inall other cases.

Ans.

40

, 1o K nuclei either decay into stable 3 Ca nuclei with decay constant 4.5 x 107" per

In a radioactive sample
year or into stable { Ar nuclei with decay constant 0.5x107° per year. Given that in this sample all the stable
JvCa and ;; Ar nuclei are produced by the {; K nuclei only. In time t x 10° years, if the ratio of the sume of
stable 3 Ca and i Ar nuclei to the radioactive ;K nuclei is 99, the value of t will be,

[Given:/n 10=2.3] Question ID : 337911112
,dijiM;k, DVolueude, ¥ K ukHkdkidkik; A Ca VFkokA Ar MLFkjAukfkdkiedgkridglitudAk; Au ; ridA(decay
constant) @e"kM.5 x 101 ifrio'Wi(per year) riki0.5x 10710 ifrAo’kighkin ; kighfdAb 1 AueudeAl A Cca vij
“ Ar ukkdAdoyA® K ukikdkd I Acurighd; indt x 10° o'MAeJARLFKjAUKKOIA 2 Ca VKjAY Ar didl [ ;kidAdy
skxA, oAjfM sk, DVoAukfikdkA “ K dhd I [ ;kAdkAvuikrAo9 ghrkit didekuAgkk,

[fn;lAg : In 10=2.3]

(1) 1.15 (2)2.3 (3)9.2 (4) 4.6

3

A Ca
<(N2)
K
N) 7‘2 Ar
(N,)

A, =4.5x107" per year

A, = 0.5x107" per year
N, = number of Ca nuclei
N,= number of Ar nuclei

N =number of K nuclei
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Ans.

Aftert x 10° year

N,+N, 99
N 1
N, +N,+N 100 o
N =7 (N, + N, +N=N, = total K nuclei initially )
N, 100
N 1

N :1NTE) = Ne ™' (Mg =k +1,)

In100=% xT

T=09.2 x 10° years

t=9.2

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

Tt =T,1+ Bti) ,

where B3 is a constant with appropriate dimension while T is a constant with dimension of temperature. The
heat capacity of the metal is, Question ID : 337911111

, dkjkokgdArkjA, dAkrAdhANMAdIKAX j eAd j rkdgAArkj ANMACIKA, AIAFLFKjA'kDY (P) (constant power) inkuAdj rk
gAA; gMkkrANMA, dAvpky dAcrudedj [nix ; iAgAA; gAik; kix ; KifFd AkrAdkArki ekuA(T) Be; (t) dARKFAfUEUA<XAN
ifjofrrigkridg

Tt =T,01 +Bti) )

tgkAp , dAmi ; DriAfoelAdkALF(jidAgAtCfdAT, riieluAdiAgAirAdiAA ekd/idj ridg,

4P(T(t)-T,)" 4P(T(t)-T,)’ 4P(T(t)-T,) 4P(T(1)-T,)’
(1) T ) T 3) T 4 T
2

d0 = CxdT (C=heat capacity)
40 _ 4T
dt dt

1
P=C xTOBth'm (T=T, (1 +pt"™)
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Ans.

M!\T!:QEF:C JEE Academy
4P
C= T—t”“ ..... (1)
o
IfFT=T, (1 +pt")
T-T,
t1/4 =
T,B
3
i {ﬂ J 2
)
using eq (2)ineq. (1)
4P (T - TO )3
Ce=—rii
BT,

Consider a spherical gaseous cloud of mass density p(r) in free space where r is the radial distance from its

center. The gaseous cloud is made of particles of equal mass m moving in circular orbits about the common

center 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)/ms :

[G is universal gravitational constant]

Question ID : 337911109

elulyift ; AeDrividi ki free space) ef, dixkykdkjix I AdAcknyAdidng ; ekuikurofp(r) gArFikib | AtAdUNAN A=(T ;
(radial) njhir gAR; gAx I ; AcknyAm n0; ekuAdAl ekuAd . kil AcukdgAtkifdA, dAl edUnh; AoUkkdlkjAd {ikvikAeAl eku
XrtAATUK 1iokedjghghbuid. idi jAikjLifj o - Rokd kicy Ay xAj gighd: fndo(r) e s AdR IR, dAfLFj

i HigJhrcAd. KAdWAN [ ; KowRoAn(r) = p(r)/m dielulgiodi:
[G Dkof=kdAx = Roh; Afu ; rkdAgA]

(D mr’m’G (2) 2nr'm*G () 6nr’m’G
2
m
., GMm mv’

F  on'm'= 2 = .
1 GMm = lmV2 =k
2 r 2

_ 2Kr

Gm

3K

r’m’G

4
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Ans.

dM:Z—Kdr:p47cr2dr
Gm

_ K
P 2nr’mG
p K

m 2n’m’G

A thin spherical insulating sheel of radius R carries a uniformly distributed charge such that the potential at its
surface is V. Ahole with a small area a4nR? (0.<<1) is made on the shell without affecting the rest of the shell.
Which one of the following statement(s) is correct ? Question ID : 337911110

(1) The magnitude of electric field at a point, located on a line passing through the hole and shell's centre, on a

aV,
distance 2R from the center of the spherical shell will be reduced by 2—RO

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

1-2a
(3) The potential at the center of the shell is reduced by 2V,

will be

aV,

2R

R =T ; KAdIA, dAi ryxkyh; Avpky dAdK"ki(spherical insulating shell) i jAvio™k, d I ekuAz= Al L ArjgAl Horfjr
gliclib I i rgii ifoov, galb e, AANKVAEIQy AadriR? (cu<<1) okyih, difNnickdiidlkkidliiforifd,
feukdcuk ; kikridgAfutufyf [krAdFrukied | AdkuA I KAl ghigh?

(4) The magnitude of electric field at the center of the shell is reduced by

oV,
2R

(1) kKt AdinoRNnAN Ax tj uokyij [1Ai jAUNAN 2R ditinjiki jAmi fLRr-cunfi jio | rij=ididifjek. A

I AAVATK, XkA

U | -
(2) didclicinirfiddinil A R njiijiNnichivigmiflFirtcintijifotolididvuitri-—" gixia
(3) di"kidAdUnAi jAforloAdiAetui2ov, TANVriAgA
VO

(4) d"idAdUndi jio | rifi<d(electric field) didifjek.iA ‘;R

122KV ridgA

2
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Total charge = Q

small area = a4nR’*(a<<1)

" %z xad4nR* = Qa
T

q = charge on small area =

__KQ K(Qu) . _ KQ

E = . E.=
(1) c (2R)2 Rz ; C (2R)2
A, = —1;(22(1 - ago

KQ_KQa

&_ R R _l-a
(2) v, KQ KQoa 1-2¢a

R R/2
. KQ KQx KQ
V,=——= V,=—%
@ TR TR TR
AVAzﬁz—oNo
R
.1 KQa
@ [B[=T5  [El=0
KQa aV,
AlE,|=——=—20
=5

SECTION-2

This section contains Eight (08) questions.

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

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

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

FullMarks :+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 options.

Partial Marks :+1 If two or more options are correct but ONLY one option is chosen and it is a
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correct option.
ZeroMarks :0 If none of the options is chosen (i.e. the question is unanswered).

Negative Marks : —1 In all other cases.

1. In the circuit shown, initially there is no charge on capacitors and keys S, and S, are open. The values of the

capacitors are C. = 10uF, C, =30uF, and C, = C, = 80uF. Which statements is/are correct :
1 2 3 4

S P C|4_|5V 300
:Sa
Czl Ca
700 309%
T1UV
a A

100Q

Ci

Which of the statement(s) is/are correct ? Question ID : 337911115

(1) The key S, is kept closed for long time such that capacitors are fully charged, the voltage across the
capacitor C, willbe 4 V.

(2) Thekey S| iskept closed for long time such that capacitors are fully charged. Now key S, is closed, at this
time the instantaneous current across 30Q2 resistor (between points P & Q) will be 0.2A (round off'to 1*
decimal place).

(3) The key S is kept closed for long time such that capacitors are fully charged, the voltage difference
between points P and Q will be 10 V

(4)Attime t=0, thekey S is closed, the instantaneous current in the closed circuit will be 25 mA
inf'krAifj iFde]AvkjekieA 1 /kj=HAi jAdkoAvko"KiughAgAvij Adithl\S1 VkjAS 5 [kytAgAA I Akfj=kddAeku

C, = 10uF, C, = 30uF Vij C, = C, = 80uF gAutufyf[krAdFukieA N AdkuAli(T) Tghig(g) ?

c.

S P |4_|5V 300
:sg
ot
CZJ_ Ca
700 309%
1o
5w

(I)AdthASl didytcil e ; AdAfy , Ab 1 Ai dkjAcnAfd ; kitk, AFCIA RHGA | kfj=kAi . kAvkof krAgkA ek, ArcA L fj=kAC .
1jA4 v diAforkoAgkxkA

(2) dtilis, didyEcile; Ay , b Ai djAcnij [iktiridghcAN oA =i . Wiviofkrigitirighlv cid tils
difenifd ;kitkridgArcib 1Al e ; i jA30Q dATfrjlkAP vij Q die/;) eAriR{if.kdA(instantaneous) MjkAdiAeku
0.2A ghxkAA(n "key oAd Ai FreALFikuAr d AjimMAVKQA(round off))

(3) ;andithAS1 didytcAll e ;AdAfy , Ab DAT dkjAcnAfd ; kitk, AfIA RHOA | /K j=kAT .kAvkof "krAgkik, ArcAfcUnAp
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VkjAQ dAe/;A10 Vv diAfoHkokr jAgkxkA
(4) Ne;ht=0 ij, tcAdtils, didenid ; iitkridglircAeniifj iFdeAria{if.kdA(instantaneous) Mjkidkielud2s
mA gxKkA

Ans. 14

S. (1) Equivalent circuit when S, is kept closed for long time

D e

C
Q=C, xV=40uC

40uC
10uf

(3) AV,_, = Voltage across C, =4V

voltage across C, = 4V

(4) Equivalent circuit just after S, is closed

5V 30Q

——— —W—

70Q

WW
1 100Q2

1= i =0.025A
200
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(2) S, isclosed for long time, then S, is closed. Just after closing S, charges on all the capacitors will remain

unchanged.
Equivalent circuit
Cy 5V
c_y B 7 300§
R
[ 40uC Vv X-y
n =300 _
Ci==4ouc) 40uC—= Gy
7002 T LoV
MW

D A 100Q ¥
KVLinloop ABCD
10-30 %0 70y =0

30x+70y =6 ... (1)
KVLinloop ABEF
10-30 +ﬂ 5-30 +ﬂ 100 =0

=30x + o5 =5 -300xy) + o5 — 100 (x~y) =
160x — 130y =6 ........ (ii)
on solving equation (i) & (ii)
x=0.079 A
2. A conducting wire of parabolic shape, initially y =x2, is moving with velocity V = Vof in a non-uniform mag-

B
— y A
netic field B =B, (1 + (fj ]k , as shown in figure. If V ,B , 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 :

Question ID : 337911114
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(1) |A¢| is proportional to the length of the wire projected on the y-axis

(2) |A¢| remains the same if the parabolic wire is replaced by a straight wire, y =x initially, of length /7,

1

(3) | Ad |= EBOVOL for B=0
4

(4) | A(I) |: EBOVOL for B =2

B
fo=tku IkjA, dAv 1 ekuBpcdh; Afk=kA B = B, [1 + (%j Jk AeA, dhijoy ;kdkjA(parabolic shape), VijHiedy = x2

okyk, fo | rapkydArijoxAv = v,i 1ApyAjgkigAl;fnAv B, L rFkAB fuikedAfu; rkdAgh, oArkjAdAf I jidd
e/ ; AmRiluAfotkollr jAad glArcAfutufyf[krAdFukieAl AdkuAlk 1) 1ghig(g) :

t ®
L ............
V - Voi
>
@) JL X

(1 |Ad] didekuhy-v{ii jArkjAdmi{di riychAdAl eluikriigoda
() ;b IAijoy ;kdkjArkjAdALFkuAT A /21 AyEckbAokykd, dARMKAIKjIAVEjErkAedy = x, dkimi ;kxAfd ;kAtk;
rchiAg) Bekudjgxia

s 1
(3) p=0AdAfy,JAlAd = EBOVOL

e 4
(4) p=2AdAfy,JAl A= EBOVOL
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Ans. 1,24
2.
Ya
|-
Sol.
— S
O X

EzBO{H(%ij(

potential difference in small element d/=d¢

d$ =BV dy

(1 From equation (i) |A¢)| is proportional to the length of wire projected on the y-axis
) Because option (1) is correct, therefore option (2) is also correct

(3) Ifp=0

L
Mﬁ!&%@ZBN&

4 Ifp=2
L y 2
o (e
0
L
=B,V,L+B\V, 3
= %BOVOL
3. A cylindrical capillary tube of 0.2 mm radius is made by joining two capillaries T, and T, of different materials

having water contact angles of 0° and 60° respectively. The capillary tube is dipped vertically in water in two

Matrix JEE Academy : Piprali Road, Sikar Ph. 01572-241911, Mob. 97836-21999, 97836-31999 10
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different configurations, case I 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/m?, take g =10 m/s?]
Question ID : 337911113

Tz T
Case | Case ll
T4 T»
= = E= E= E= E= E= H - = E= E= B E- BT -
FER R PR
I ey

(1) 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.

(2) For case I, 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)

(3) For case 11, if 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)

(4) For case 1, if capillary joint is Scm 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)

nkAUUAT niFdACIRA, dA efud0.2 mm =T ; kiokytnkdd "kufy s KAT, rFUAT JEFeudAikunidATKFAN i dAdk.ki contact
angle) @e"ki0° rrkie0° gliditiMdji, dAd kuyticukrighb 1 Ad “kuytdiifp=ku I AnKHUUAROU; KEA-T VAj
fol; k0 -11 eAikutdeAA/okkjAMck ; KitkrkigAdfubufyf[rAdFkukieAN AdkuAR k(1) ghig(g) 2

[ikunAdiAi "BrutoA(surface tension) = 0.075N/m, ikutAdi&?uRoA= 1000 kg/m? rAklg = 10 m/s?]

Tz T
=g | =4 |l
T, Tz
R T, R

(1) ikutdclAeDrAi"'BA meniscus) eAmifLAurAi kundikj AdAdlkj .kidl*kuyhiedp<AikunididApkbAeAll "lkkui correction)
diAekuinkukdfol ; k KACIAfy ; AfIuAgKXKA

(2) fol;k1-1 dify ;, ;fnAd"kufy ; KidkAEkMAT kundchAl rgAl A8 cm AplbAi jAg)iuyhiedp<AikundidApibA7.5 cm
gkxhA (eDrAi"BAi jATkunAdkAkjAmi {k.k; Ag)

(3) fol; 0-11 dify , s fid"kufy ; Akt unidbil rgAl s cm AAplbii jigliuy tiefp<fikuticiiApibis. 75
om goxiAR(eDrAi BAi jAikuntdidijiimi{o; Ag)
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Ans.

Sol.

(4) fol; k0 -1 dify ;, ;fnAd"kufy ; KAdkEeMATkuRCRAR rgAl ASem A jAgliuyheAp<AikutAdhAApkbA8.75 cm I
viicligixth (eDrAi*BRi jRikuticidHigAmi .1 ; Ag)
1,2,3

, P ‘ ‘ ‘ 2Scos0,  2x0.075xcos0° 7 '
Rise of liquid in T, if sufficient length is available = par T000x10x 2107 oM

2ScosO, 2x0.075xcos60°
= — =3.75em (ii)
pgr 1000x10x2x10

(1) If sufficient length of a tube is not available then meniscus may change radius of curavature on reaching the
joint and since length of T, and T, are not fixed in question there may arise a situation in which weight of water
contained in the menscus is same in both cases.

(2) Refer equation (i)

(3) Refer equation (ii)

(4) Incase 1 ifjoint is S5cm above water surface, height of water column will be Scm only, then meniscus will
change its radius of curvature because if water rises in T, then force due to surface tension cannot balance the

Rise ofliquid in T, if sufficient length is available =

weight of liquid column of length more than 3.75 cm
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]

Question ID : 337911117

2Vo -

P

To2 To 3To2 2T

1
(1) Work done in this thermodynamic cycle (1 -2 —3 —4 — 1)is [W|= ERTO

QlaZ —

1
(2) The ratio of heat transfer during processes 1 — 2 and 3 —> 4 is Q 5
354

Q1—>2

(3) The ratio of heat transfer during processes 1 — 2 and 2 — 3 is Q
23

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

,dijek.kdAvin'kix 1 AdkA, dlekyA, dAA"ekxfrdh; Ao@Athermodynamic cycle) IAxtjridg, fElAvk; ru&rkietu

(V-T) xkQAfp=KheAfn [k ; kix ; kigAAfuFufy f[krAd FukdeAR AdkuAl k(1) 1ghig(g) : [R x B Afu; ridAg)

2Vo -

P

|

I

I

:
To/2 To 3To/2 2To

(1) blAA"ekxfrdi; Ap@A(1 — 2 > 3 —> 4 — 1) elfd ;A ; KAdk; Aw| = ERT‘) gA

) - Q| !
(2) p@ehl — 2 rfik3 — 4 ehA"ekLFkulr j KAdkivuilrA Ql =7 A
354
i ) e S Q] 5
(3) p@ehl — 2 riid2 — 3 eAA"ekLAkulr j .KAdkivuilrA Q‘ =3 oA
23

(4) mi ; DriA"ekxfrdn; Ap@heAdoyAl ek; ruh; Aisochoric) VijA: YK'e (adiabatic) 1@eAvirigA
Ans. 1,3
Sol.  Process 1-2
P = constant (Isobaric process)
W =nRAT = [ xR(2T~T,) = RT
Q.= nCpAT

0

5 5
= 1><ER(2TO—TO)=ERTO

Process 2-3

V = constant (Isochoric Procsess)
W=0

Q,,=nCAT

3 3
zlsz(T0—2To):—ERT0

Process 3-4
P = constant (Isobaric process)
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Ans.

Sol.

RT,
2

T,
W =nRAT = 1><R(;°—Toj=—

5 (T, -5
Q. =nCAT=1x7 R |5~ T | = —-RT

2 4

Process 4-1
V = constant (Isochoric process)
W=0

RT, _ RT,
(1) Wtotal - RTO_ 2 - 2
5
—RT,
Q. _2 0 :E
@ |Q,,| 5 RT, !
4
5
—RT,
Q. _2 0 _2
3)|Q,,| 3 RT, 3
2

(4) Thermodynamic cycle consists of isochoric and isobaric processes.

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

sion of L, which of the following in statement(s) is/are correct? Question ID : 337911119

(1) The dimension of force is L

(3) The dimension of energy is L~

(2) The dimension of linear momentum is !

(4) The dimension of power is L

ekudyift ; AdA, dAbdibAi .kyhieAn) ; ekuArFkAdk.kh; Al oxAfoek-jfgri(dimensionless) gAA; fnAyEckbAdnAfoek
L gk, rcAfurufyf[kridrukdeAl AdkuAlk 1) Ighig(g) 2

(1) cyAdifoeki(dimension) L3 gA
(3) AtiidhoelA(dimension) L 2gA
1,2,3

Let angular momentum = A (Dimensionless)
Mass =M (Dimensionless)

Given Length=L

Using Dimensional analysis

(1) Force [F] =A* M L~

MLT? = (ML? T-")* M°L~

MILT 2= M* [ 22T

x=2

2x+z=1

(2) j [1; Al oxAdtoek(dimension) L' gA
(4) "kDridifoeld(dimension) L= gA
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z=-3
[F]=L°

(2) Linear momentum = [p] = A* MYL~
MLTfl — Mx+y L2x+z fo

[p]=L"

(3) Energy=[E]=A* ML~
MI2T2 = M [ 22 T
x=2

[E]=L"

(4) Power [P] = A* MYL*
ML2T= = My [, T
x=3

2x+tz=2

z=-4

[P]=L"

6. 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 the 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 [ €  is the permittivity of free space] ~ Question ID : 337911116
(1)Ifh>2R andr>R then ¢ =Q/g, (2)Ifh>2R and r = 3R/5 then ¢ = Q/5¢,
(3)Ifh<8R/5andr=3R/5 then $=0 (4)Ifh>2R and r = 4R/5 then ¢ = Q/5¢,

, AR =T ; Kloky/Avkof* krAdk* ki jAdyAvko"kAQ gAA, dAyEckbAh VjARKT ;kr okyAcy ukdikjAcnAi"BJAFt I diddn
dk*kidAdUnAi jAghig]Al Ax tjulokyido | rAfyD 1 A(flux) ¢ AgAd; gkicyuAdiddUnib I dAv{kdi jA, dAfcinAghtiifd
AijiavkjMupytdl rgAl Al ekuAnjhdi jAgAMutufyf [krAdFukieA R AdkuAR k(1) Ighig(g) 2
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[eDrAvkdk"k(free space)idiio | I"khyl’kf\e0 gA]

(1) ;fnAh > 2R Vij r >R rc = Q/e,
(3) ;N h < 8R/5 VijAr=3R/5rc =0

Ans. 1,2,3

Sol. (1)

Q

S
—

h>2Randr>R

Since whole shell is enclosed ¢ = .

3R/5

h>2R andr=3R/5
sin 6 = 3/5, cos6 =4/5

charge on shaded area = 2% % x2m(l1—cosB) =

¢

Q

B 3¢,

0

Ve)

(2) ;fnh>2R vijr=3R/5rc ¢=Q/5¢,
4) ;fnh>2R vij r=4R/5rc ¢ =Q/5¢,
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3R/5

h<8R/5andr=3R/5
sin 6 = 3/5, cos0 =4/5
since no charge will be enclosed by cylinder

$=0

4R
h>2Randr= 5
sin® =4/5, cos6 =3/5
2
charge on shaded area = 2x %X 275(1 —Cos 9) = ?Q

2Q

- S¢g,

7. Two identical moving coil galvanometers have 10 Q resistance and full scale deflection at 2pA 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 = 1000€2 resistor by using an ideal cell. Which of the following statement(s) is/are correct ?

Question ID : 337911120

(1) Ifthe ideal cell is replaced by a cell having internal resistance of 5Q then the measured value of R will be

more than 1000 Q
(2) The measured value of R will be 97802 <R <982 Q

Matrix JEE Academy : Piprali Road, Sikar Ph. 01572-241911, Mob. 97836-21999, 97836-31999
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(3) The resistance of the Voltmeter will be 100 kQ2
(4) The resistance of the Ammeter will be 0.02 Q (round off to 2™ decimal place)
nid, d L ekufpy dMyiikjkekitk galvanometer) ftudAifrjikil 0 Q gArFikibueiop A i jAi KLdyKofkiAfull-scale
deflection) fey rkighoueAl A, dAdkA100 mV i .kLdyAekiud; k; AokyVelVjArFidn | jAdIAI mA i ALdyAekiuA;k;
veiVjieAmi ; DriifrjkMddidi ;kxAdjrig, AifjofrridjrigAivieAdkifu ; eA(Ohm's law) 1 ;kxAeAR = 10000
ifrjk/kd, oA, dAvin ALy AdARFkAbuAnkukidikAmi ; kxAforkoAvkj MkjkAdkeki uAdAfy ; Afd ; KitkrkAgARfuEufyf[kr
driukdeAl AdkuAlk 1) 1ghigh(g) ?
(1) :fnivin"Kilyiddn LjAny#t | didvirtj diifriiidse Hienykitk: Archifrijiidr didekikix ;Belud1000
Q DAvIkdAghxKkA
(2) R difekikix ; hekuA9 7802 < R < 982 O ghxkA
(3) olvVeivjidAifriuddiielul100 kO gixid
(4) veiVjidAifrjkkidkieludo.02 Q gxkAl(n keyoAd A} r; ALFKkuAr dAjimMAVIQA(round off))

Ans. 24

2uA | g
Sol. % Voltmeter

2310 (10+r)) = 0.1V
10 + r, = 50000
r =49990 Q

1

Total resistance of voltmeter = 50Q)

H r, :
: AMAAAAAA i
YYVYVYYY
1mA Ammeter
A ZMAC B

Currentinr, = ImA -2pA ~ ImA
V,—V,=2x10"° x10 = 107xr,
r,=0.02Q

Ohm's law experiment

i
a0,

1+,
AR

LR AR AAALLJ 7 A
A i R B py
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Voltmeterreading 1, XR 00

Rmcasurcd_ Ammeter reading il + iz
V,~V, =i, x50000 =i, x1000
i, = 50i,

1,x50000 50000

R ~980.40)
measured 501 5 +1 2 51

As we can see from the calculation shown above that even if ideal cell is replaced by a cell having internal

resistance of 5Q, measured value of R will not exceed 1000Q2

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

statement(s) is/are, Question ID : 337911118

(1) Forn=1.5, An= 107 and f=20 cm, the value of |Af] will be 0.02 cm (round off to 2™ decimal place)

Af An
(2) The relation between ra and ?remains unchanged if both the convex surfaces are replaced by concave

surfaces of the same radius of curvature.

An

n

<

Ol

@18 22 <0 then Ao

n f
fip=kleAnik; ki ; KA, dlAi rykimUky Ay | Ankdi niFiAl Afey d jAcukigliftudAvi orukdA(refractive index) @e"lifn,
vijAn, gARy 1 AdAck, Avigink, Ai"BIAdhAo@ ridf=kT sk, Al ekudgAin, = n, = n dify , Ay IAdMAQkd I AnjtAf gAktc
n, =n VkjAn, = n + An glArcAQkd 1 Anjiif + Af gAR; glelurig , AdAn << (n— 1) VijAL <n <2, fubufyf[kridFiuk
eAlAdkuAlk(D) Ighigh(g) ,
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(1) ;fnAn=1.5, An= 102 VkjAf = 20 cm gk, rcAlAf] dkiekud0.02 cm gkxkAA(n"key oAd A} ri; ALFkuAr dAjkmM
ViQAround off))

(2) ;annkukAmRryAi"BkAdkAmIhAIekqu@rkAfsz;kAokyAvoryAi"BkAIAcnykAtkrkAgArcAT vij?rl didlc/
Avifjofrrijgridga

An

n

<

Af
Ol

An .« Af
4) ;in o <0 gkArcA?>0

Ans. 1,24

f, =focal length of left half
f, =focal length of right half

When n =n,=n

ety

%:(n—l)(0+%j
2(n-1)
R

1
+ —=
f2

,_"*7'»—

1
f
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R

HT Y

Whenn, =n,n,=n+An

et

fiz(n+An—1)(0+%j

2

11,1 _(2n-2+An)
f+Af £ f, R
f+Af:L

2n—2+An
Af R R

:2n—2+An_2(n—1)

2n—-2-2n+2—-An
(2n—-2+An)(2n-2)

Since An <<n -1

Af = _AH—XRz
4(n-1)

Af _ An

f 2 (n _ 1) ..... (1)
(HM=1.5, Aop =103, f=20cm

Af 107
20cm 2 (0.5)
Af =—0.02cm

An
(2) As can be seen by equation(1), relation between T and Y will remain unchanged even if both convex
surfaces are replaced by concave surfaces of same radius of curvature.
Af|__an _an

GF] 2 (n-1) n
Since,n<2

therefore,2n—-2<n
An Af
—<0 —>0
4 If o then ¢

Can be seen from equation (1)
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SECTION 3
SECTION-3 : (Maximum Marks: 18)

This section contains SIX (06) questions. The answer to each question isa 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 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.

A block of weight 100 N is suspended by copper and steel wires of same cross sectional area 0.5 cm? and,
length /3 m and 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 copper wire is

Al
(Al ) and elongation in steel wire is (Al ), then the ratio AL is .

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

Question ID : 337911122
,dA100 N Hikj Aoky AxVdAdkArkcAvij ALViyAdArkjkAFtudkivu i LFAAKVAK=kQyA(cross sectional area) ,d leku
rAid0.5 cm? jgAvkjAyEckbAde A /3 m rFkA1 m g, JjkdyVdk; itkridgrdrkjkidAn | jANKAN rAi jAfp=ku 1]
tMig, AghricAvigALViyAdArijAde AN rAl A30° vijAeo° dkidk.kicukrAgAk; fnAricAdArijAedycibiof) A AL )
rFkALVhy AdArkjAedycibAof) AAl) g/irc/li—z = gA

(rkcAvkjALVIYAdIA ; xAx . kdAGe KA1 x 10" N/m? rFkA2 x 10" N/m? gh)

Steel wire

Copper wire

Block

2.00
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L X60° y 30°
A
™ B
T,
S
............ >X

In x-direction :

T, cos 60° = T, cos 30°

T_p¥3
2 2
T =T,\3

In y-direction :
T, sin 60°+ T, sin30° =100

T1£+L:100
2 2

T, x>+ 12 2100
2 2

T, =50

T =503

T,xL, SOX\/g
Ale _ AXY, _ Ax1x10" _,
Al TxL,  5043x1
AXY,  Ax2x10"
Ans. 2.00

2. A planar structure of length L and width W is made of two different optical media of refractive indices n = 1.5
andn, = 1.44 as shown in figure. IfL>>W, aray 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 aray to exit the plane CDist x 10°s, wheretis
[Speed of light c =3 x 10® m/s] Question ID : 337911126

, dAL ycibArFidw pidiAdi, il eryAl jputdnkiiudi diin; AiniFidl icuniglirtudidvioruidin = 1.5 vij
n, = 1.44 gJAt Nip=dedinf krighd; fnAL >> W ghrcAAB f1 jAi jAvkifrridj .kidkicD I jAl Annxeul(emerge)
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Ans.

1j pukidAvnji JAvirfjdAi jlorui(total internal reflection) ghuAl JAGMGKKAAL = 9.6 m dify ,, ;fnAvki ruddk.k
0 didcny righrcidj JAHjHACD fl jAl AckgjAudyulelfy ;kix ;ivikdreAle; & x 109 s g, tgde didetud
gA

[ k" kAFAAXfr] ¢ = 3 x 108 m/s]

50.00

Time taken by ray to exit the plane CD will be maximum when 6 is slightly greater than critical angle, because

component of velocity of light along the length of structure will be minimum in this case.

8
30T 108

Speed of lightinn = v =

) 9.6 9.6
time taken =t = B = 7%10°%0.96 —=5%x10°* =50%10"°

[sine _n, 144 0.96}
15

n,

Ans. 50.00

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
1s 800 m, the number of beats heardby Ois . (Speed of the sound =330 m/s)
Question ID : 337911123

,dAjyxiMiAS 1) 108 km/h dAlekufoxAl Apy rig, An 1 jikjyxkMiAS2) TRAFALY “kudi jAMhAg]AdhAr jQAEKAjof
gAd, dAJKrkA(O) 36 km/h dAll ekudoxAl AS2 dhAr j QAp=Hu Il kjAtkdj gkigAdnkukdj y xkiM ; kA1 20 Hz dAl ekuvkoflk
dhAlV ; kictidjgrigAktcio diinjiis2 14600 m gArFkAS 1 vkjAS2 dAchpAdiAnjiAg00 m gArcAO dAMjkAlu
X, MoLinuAdtAl[;kA  gA (/ofuldhixfri=330 m/s)
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0% km/h
S:-'. '—. S|
800 m
600 m
: |
E O
Ans. 8.13
S.
cosG:i sinf =— 3
5 5
£ :120( 330+6 jzl 336
330-24 306
£, =120 330410 _ 340
330 330
£ =f-f£=2813
4. A parallel plate capacitor of capacitance C has spacing d between two plates having area A. The region
d
between the plates is filled with N dielectric layers, parallel to its plates, each with thickness 0 = NG The

m
dielectric constant of the m™ layer is K,, = K(l +§J . For a very large N(> 10°), the capacitance C is

Ke A
din2

[ €, 1s the permittivity of free space]

j . The value of o will be :

Question ID : 337911124
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, dAC /ifj ridoky Al elUr jAy VAN Aidj=AdAly Vidd AchpAdhinjiad ghvikjAiR; dAly VAdKA{=kQyAA gAdly VkidAchp]

i JALFuA diA Iy VKA dA BellrjJA & N ekVkbA okyn AN 1jko | rA 1jriA BAHJANrAgAM m™ 1jAdiA Tjko | rkd

Ke A
d/in2

K, = K(1 + %) gAicgravildAN(G> 10%) dify , AlkfjriAC = Ot( j gAlo dkdekul ghxA

[eDrividk kidtio | rrityride , g]
Ans. 1.00

’

g Area=A | — |/ /[<—

m
S ( N)
Atm=0;K =K
AtM=N;K =2K
Since N is very large, we can solve it like a continuously varying function as follows

K:K+Ex
d

. ) Aeg K X
Capacitance of shaded region =dC = Ix 1+ q

a=1.00

5. Aliquid at 30° C is poured very slowly into a Calorimeter that is at temperature of 110°C. The boiling tem-
perature 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
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liquid to its specific heat will be °C. (Neglect the heat exchange with surrounding]

Question ID : 337911125
,di30° C dinoAdih, dAA"elekiti(Calorimeter), ft D dkirki ekul 10°C, elij&/j My kitkridgAinoAdiDoFukd
(boiling temperature) 80°C gAA, Bkik; kix ; iifdAnoAdkAi gyids gm i KAz i Al Aok i rigkitkrkigAd I dicknino
diA80 gm VijAek=KiMky uAi JANKE ; koL FAdkArki ekuAs0°C gritkridgAAnoAdiixIrAlatent) vkjAfof*k'VAA"ekviddk
VUIFE  °C gixiA (okrioj ADANIFAA elALFkur AdIAmi {1 Aeku]
Ans. 270.00
Sol.  First 5gm of liquid completely evaporates. This process brings the temperature of calorimeter to 80°C.
Latent heat of liquid=L
Specific heat of liquid =S
Heat capacity of calorimeter = C
5xSx(80-30) + 5xL=Cx(110-80) (1)
80xSx(50-30) = Cx(80-50) (2)
equation (1) +(2)

250S+5L

1600S
1350S =5L

£:270
S

Ans. 270.00

6. A particle is moved along a path AB-BC-CD-DE-EF-FA, as shown in figure, in presence of a force
F=(a yi+ 20 xj) N, where x and y are in meter and a.=—1 Nm™'. The work done on the particle by this
force g willbe __ Joule. Question ID : 337911121
,did diRcyAF = (a yi+ 20 X)) N Atgix VijAy didelulenVjieAgArFido = —1 Nm glidiAmifLFrie
AB-BC-CD-DE-EF-FA iFi jAfp=tu DkjApyk; itkridgAicyA s HjkAd . kii jAfd ; Ax ; Adk; Adidifjek. A

tyAJoule) ghxkA
y
1o R——B
0.5 D +—C
F _|[E L Ly
0 05 1.0
Ans. 0.75
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a=—IN/m
F= —yi — 2xj
PathA—-B

W = [Fdx+ [Fdy

=—j‘ydx—j2xdy
0

:—jldx—O:—l
0

PathB-C

Wz—jydx—j2xdy
0.5
=0- [ 2xIxdy=1
1

PathC-D

W= —j ydx —I2xdy

0.5

- —j 0.5dx —0=0.25
1

PathD—E

W:—jydx—j2xdy

0

=0- [ 2x0.5xdy =0.5
0.5

PathE—F

W=—J.ydx—'|.2xdy

=—[0dx—-0=0

W,

total —

0.75
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