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INSTRUCTIONS

The test is of 3 hours duration.

The Test Booklet consists of 90 questions. The maximum marks are 360.

There are three parts in the question paper A, B, C consisting of Physics, Chemistry and Mathematics
having 30 questions in each part of equal weightage. Each question is allotted 4 (four) marks for correct
response.

Candidates will be awarded marks as stated above in instruction No. 3 for correct response of each
question. ¥4 (one-fourth) marks of the total marks allotted to the question will be deducted for indicating
incorrect response of each question. No deduction from the total score will be made if no response is
indicated for an item in the answer sheet.

There is only one correct response for each question. Filling up more than one response in any question will
be treated as wrong response and marks for wrong response will be deducted accordingly as per instruc-
tion 4 above.

On completion of the test, the candidate must hand over the Answer Sheet to the Invigilator on duty in the
Room/Hall. However, the candidates are allowed to take away this Test Booklet with them.

Do not fold or make any stray mark on the Answer Sheet

USEFULDATA

Atomic weights: Al =27, Mg=24, Cu=63.5,Mn=155,C1=35.5,0=16,H=1,P= 31,Ag=108, N= 14,
Li=7,1=127,Cr=52,K=39,S=32,Na=23,C= 12, Br=_80, Fe =56, Ca=40, Zn=65.5, Ti =48,
Ba=137,U =238, Co=59,B=11,F =19, He =4, Ne =20, Ar =40, Mo =96, Ni = 58.5, Sr = 87.5,
Hg=200.5, T1=204,Pb =207 [Take :In2=0.69, In3=1.09,e=1.6 x 10", m=9.1 x 10> kg ]

Take g= 10 m/s? unless otherwise stated
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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.

Nuclear Physics

1.

Ans.

40

, 1o K nuclei either decay into stable 5 Ca nuclei with decay constant 4.5 x 107" per

In a radioactive sample
year or into stable ? Ar nuclei with decay constant 0.5x10'° per year. Given that in this sample all the stable
%Ca and ;{ Ar nuclei are produced by the ¢t 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 /J K nuclei is 99, the value of t will be,

[Given:n 10=2.3] Question ID : 337911112

Tep IfSAfFed T 4, 1) K AT Bl & 20 Ca A2l ¢ Ar ReR 11 4 Bran 8, e &g i (decay
constant) HH: 4.5 X 1071° gfdy a9 (per year) T2 0.5x10 0 ufdy a9 3 | fa=m @ fob 59 7° § @0 50 Ca 3R
2 Ar T Bael o K AT A& © | 3 t x 10° gui 3, Rer AT 50 Ca 3R {{ Ar &1 &1 & qel AT v
~feamefaea AT K @) 6w $1 3gurd 99 © A t &1 7 B,

(R : in 10=2.3]

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

3

A Ca
<(N2)
K
(N) Ay S Ar
(N,)

A, =4.5x107" per year

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

N,= number of Ar nuclei
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N =number of K nuclei

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
N:_OZNe_xeqT (}\'eq:}\‘l+}\'2)

In100=2,xT
T=09.2 x10° years

t=9.2
Calorimetry
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
1
Tt) =T,01+Pt*)>
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
T R A8 AR b 8T B B§ DI TRA Bl 8 | TR B DI Yo ReR Af(P) (constant power) TS SR 2 |
3 GT] B Ud SFATeTd g+ 7 I8! 1 2 | I8 T 1 {3 g &1 A (T) 9993 (t) & et 9= &1 9 aRRafda
a1 8
43
Tt =T,1+Bt*)>
STel B Ueb Suger a1 &1 ReRrie € STdfds T, TTaH1 b1 & | 8T b ST eIl &,
4P(T(t)-T,)’ 4P(T(t)-T,)’ 4P(T(t)-T,) 4P(T(t)-T,)’
(1 T FT (2) T 3) TP 4 TR
Ans. 2
S. d0 = CxdT (C=heat capacity)

40 _ 9T
dt dt
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1
P= C><T0[3><Zt’3/4 (T=T, (1+pt"))

_ 4_Pt3/4
st (1)
IFT=T,(1+pt'*)
T-T,
T,B

i _(T-T,)
) )

usingeq (2)ineq. (1)

C

{4 =

o (T-T,)
BTy
Gravitation
3. 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)/m s :

[G is universal gravitational constant] Question ID : 337911109

A ORI g T (free space) H ¥ MeATdHR 199 & dIGel Bl SH g9 p(r) B T01 S9! dg I 355

(radial) 0 r T | I8 IR d1Ga m ST & A B0 A 991 2 S [ Uh FHD-1T JATBR HeTal H FH ot
STl K 9 g 38 8 | 571,901 IR UR¥IRS [Rocd 1y vl 961 oV 781 © | AfE p(r) F99 & |1 Uas ReR i 8, 79 Hoif
BT A g9@ n(r) = p(r)/m HT A BT :

[G aTdfe Teca i 2 (]

{ ) K 3 K 4 3K
(D nr’m’G 2) 2nr*m’G 3) 6nr’m’G ) mr’m’G
Ans. 2
m
S.
GMm mv’
F _on'm'= 2 = :
l GMm _ lmvz _k
2 T 2
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_2Kr

M=
Gm

szz—Kdr:p4Tcr2dr
Gm

K
P o mG
pP__ K
m 2nr’'m’G
Electrostatics
4. 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

oV,
distance 2R from the center of the spherical shell will be reduced by Z_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 2a'V |

will be

aV,

2R

R 3501 & U el Metld 3FaTeld H1e (spherical insulating shell) TR 31d91 T ©U 9 399 AvE 3 faaRd & fé
S ¥cE IR fd9d V8 | 399 Th BIc &bl a4nR? (a<<1) dTefl U 5 qrebl il ol gurfa foby fa=m s
T B | e Semi § A o 1 /a7 2

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

(1) B S B G 5% | o arell T R &5 9 2R 31 21 IR TR fa=g IR Iggd & o1 aRHTor O;;" JEe
SITQAT |
(2) DI D B IA s A %Rqﬁwmiﬁaﬁ?wﬁ%ﬁgwﬁﬂa‘iwaﬁw 11__20(; BT |

(3) 1Y & B WR faHa B A 200V, ¥ T & |
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aV,
(4) B9 B D IR 9T & (electric field) BT aRHToT 2R° HEedTR |
Ans. 2
S.

small area = a4nR*(a<<1)

Q —xad4nR’ =Qa
4nR~”

q = charge on small area =

C
5 v-XKe
R
KQ
" (eR)
AEC:—K?OL:_(XVO
R R
KQ_KQa
&Z R R _ l-a
2) v, KQ KQo 1-20
R R/2
. KQ KQx KQ
V=== Y, =—=
@) MR TR TR
AVAzﬁ=—ocV0
R
1 KQa
@) [B =z [Ea|=0
KQo aV
A|EA|: R: = RO
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.

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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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
correct option.

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

Negative Marks : —1 In all other cases.

Capacitance

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 :

Ca

S P |_|5V 300
:Sa
Ce l Ca
gﬂjg 309% I
I 10V
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, 1s kept closed for long time such that capacitors are fully charged, the voltage difference
between points P and Q willbe 10 V

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

TR TR ¥, e & WeTRA TR B e 1 ¥ AR G S, AR S, el ¥ | RS & A

C, = 10uF, C,=30pF 3R C, = C, = 80uF & | fr=feiiad el § & I 1(H) He 8(E) ?

S, P G s 300)
i

Ce Ca
700 309%
I 10V
Q

1000

(1) oM S, 1 o 7T & forU 399 YR &< foban STY fop el e qof ard 2 g1 g @9 wens C, w4 V
o1 favg 8 |
(2) BT S, I o THY o [T 3 YR 9& T STl & feb el HemiRat oot sy &1 e & | 319 ol S, &l a

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 7
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e ST & 99 39 999 IR 30Q & UfoR1g (P 3R Q & Hed) H 1@l (instantaneous) &1RT &1 AH 0.2A 81T |
(ST & T AT d IS 3116 (round off))
(3) A {ON S, I oI AHT o oMY 530 YR < fopart i1q b el eRat gof sraR¥id g Sy aq fag P iR Q o
#2210 'V &1 fdwar=<R grm |
(4) At = 0 UR, 579 Goil S, 1§ bl ITell &, 79§ gy H A1eariores (instantaneous) €RT 1AM 25 mA
&I |

Ans. 1,4 JEE ANS. 124

S. (1) Equivalent circuit when S is kept closed for long time
P T4 sV
L
I I
Ci=—— Cy=—=
0
C, =10uf
C,=C,=80uf

C
Q=C, xV=40uC

40uC
voltage across C, = m =4V

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

(4) Equivalent circuit just after S, is closed

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 8
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5V 30Q

———— —WW—

70Q2

i 100€2

1 o =0.025A

" 200
(2) S, is closed 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 _, I‘h_ I 30Q
|1 W
40uC \ 2.5
. + =30Q _
1 —— 40uC) X 4OMCI_ Cs
70Q ? - 10V
M,
b A 100

KVLinloop ABCD
10-30 2 70y =0

30x +70y =6 ... (1)
KVLinloop ABEF
10-30 +4—0 5-30 +4—0 100 =0

- X 80 - (X_Y) 80 - (X - Y) -

160x — 130y =6 ........ (i1)
on solving equation (i) & (ii)
x=0.079A

Electromagnetic Induction
2. A conducting wire of parabolic shape, initially y =x2, is moving with velocity V = Vof in a non-uniform mag-

p
— y A
netic field B =By (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

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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@] J X

(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 /71,

1
3) | Ad = EBOVOL for B=0

4
(4) ‘ A(I) |: EB()V()L for B =2

B
& y\le . , L
RETRIR Ueb s gaaig e B =By {H[Ej Jk H Y& IRISATHR (parabolic shape), 3R9 H y = x> aTel,

fore[dl aTe TR AT V= V,i ¥ Fe Y@l 213 VB, L T B eI i 8 T4 AR @ R”Y & 7eg S

faqarR A B, 99 forRad wemi # & oiF 91(d) 981 2(3)

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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@) JL X

(1) |AQ| T AT y-3FeT TR TR & VST =18 & FHFUT BT |
(2) Al 3/ WRATATHR AR o W W [, TS dTell U e AR, 3R H y = X, BT SYAN (a1 S 79 |AQ)
HA I |

(3) =0 & farg, | Ad |Z%B0V0L

(@) p=2 B |Ab =SB VL

Ans. 1,24
2.

Sol.

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 11
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}§=Bo£1+(%f}f<

potential difference in small element d/=d¢

dg =BV dy

A= Id¢ = IBVodY ........... (i)

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

(3) Ifp=0

L
Adp = !BoVody =B,V,L

4) Ifp=2
L y 2
A =BV, {[H(fj de
L
=B,V,L+BV, g
= %BOVOL
Fluid Mechanics

3. A cylindrical capillary tube 0f 0.2 mmradius 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
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»
== T T T e N = = ET E= BT ET A= e
Sttt R
YR, P

(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

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 12
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Ans.

Sol.

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)

&1 =1 uerell &1 e WA 0.2 mm 3o arell &1 werferdi T, e T, , f577e o1+l & w12 Hu Ivl (contact

angle) S 0° TAT 60° T, BT SITSHR Udh BTl 91 & | S Deell DI AR &l {1 =T -1 3iR fa=ima-
11 Uil H SedleR Garl S @ | Fr=iferRad wermi 9 | i A1(H) T8 5(2) 2
[aril 1 gssc-md (surface tension) = 0.075N/m, 9Tt &1 +cd = 1000 kg/m? i1 g = 10 m/s?]

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

(1) Ul & Jad IS (meniscus) H SURLIT U @ HIR & BRI B H ¢ UT1 Bl HdTs H NG (correction)
&1 A a1 fa=amat & fordy faet 8m |

(2) foam-1 o ford, afe aremferdi &l Sirs Uil @l |dg 9 8 cm $a1s UR &, el § I¢ Ul &l $aT8 7.5 cm 81 |
(T g8 TR T BT 9R e §)

(3) -1l & for, AR BTl FTAS UM S AA8 A S cm - HATE W 8, el § ¢ U &1 $dT8 3.75 cm
BT | (a1 I WR U1 $19R SUevii ©)

(4) fa=ma-1 o ford, afE deMferdl &1 Sirs Uil &1 98 | Scm SR 8, el § 9 T+l &l 34918 8.75 cm 4 1fd®
BT | (T YTS UR UT1 1 9R Iueriid )

1,23

2ScosO,  2x0.075xcos6°

Rise of liquid in T, if sufficient length is available = 1000x10x2x10+ M e (1)
. S . . . 2Scos0, 2x0.075xcos60° 3 750m .
Rise of liquid in T, if sufficient length is available = par 1000x10%2x 107 > P e (11)

(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

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 13
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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

weight of liquid column of length more than 3.75 cm

KTG & Thermodynamics

4.

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

Question ID: 337911117

r

2Vo -

>

To2 To 3To/2 2To

1
(1) Work done in this thermodynamic cycle (1 52 —>3 >4 —> 1)is[W|= ERTO

Q1—>2 —

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

QIAZ

5
(3) The ratio of heat transfer during processes 1 — 2 and 2 — 3 is Q Y
23

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

One mole of a monatomic ideal gas goes through a thermodynamic cycle, as shown in the volume versus

THUYRHTIS 3M&e 1199 &1 U AT T SN a9 (thermodynamic cycle) ¥ [oRdl &, f5=1 SRIa=—ardH=
(V-T) umw forr # fegman a1 B | f=aferRad s # 9 19 91(F) 981 8(2) : [R T faaia ©)

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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r

2Vo -

P

To/2

To 3To/2 2To

1
(1)w@wﬁaﬁuazﬁ(1—>2—>3—>4—>1)ﬁfa7mwap—reﬁ|W|=ERTO%N

Ql—>2

(2) THH 1 — 2 TAT 3 — 4 H ST WIFRIRYI Bl 3UT

(3) THH | — 2 T2 —> 3 H HHT WJFIRIRYT BT AU

Q3—>4
Q1—>2

Q2—>3

1

=§%"|

_d
—3%|

(4) ST SHFITHII T H Pael GARIGE (isochoric) 3R wE ™ (adiabatic) T 31T & |

Ans. 1,3

Sol. Process 1-2

P = constant (Isobaric process)
W =nRAT=1XR(2T~T ) =RT,
Q,,=nCAT

5 5
= 1><ER(2TO—T0):ERTO

Process 2-3

V = constant (Isochoric Procsess)
W=0

Q,,=nCAT

3 3
ZIXER(TO—ZTO)z—ERTO

Process 3-4

P = constant (Isobaric process)

RT,
2

T,
W =nRAT = 1><R(3°—Toj=—

5 (T, -5
Q,=nCAT=1x7 R |75~ T | = —~RT,

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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Process 4-1
V = constant (Isochoric process)
W=0
RT, RT,
(1) Wtotal - RTO_ 2 - 2
5
—RT,
Q. _2 0 _ 2
@ 1Q,,| 3 RT, |
4
5
—RT,
Q. _2 0 _ §
3)Q,,| 3 RT, 3
2

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

Units & Dimensions

S.

Ans.

Sol.

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 (2) The dimension of linear momentum is !
(3) The dimension of energy is L2 (4) The dimension of power is L

A9 NI fh Uh SHTS YoTTell H G| a2 H1oftg a1 faq1-3f2d (dimensionless) 2 | afe o 1g @1 faar L &,
T fAforRad wemt # 3 B9 A1) T B(E) ?

(1) g &1 fa1 (dimension) L2 % | (2) ¥ |1 @ a1 (dimension) L' 8 |
(3) St @ fasr (dimension) 2% | (4) wifd @1 fam (dimension) L% |
12,3

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

Given Length=L

Using Dimensional analysis

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

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 16
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MLT2= (ML T-')* M’L”
ML’]LZ — Mx+y L2x+szx
x=2

[F]=L"

(2) Linear momentum = [p] = A* MYL~

MLTfl — Mx+y L2x+z fo

[p]=L"

(3) Energy=[E]=A* ML~

ML2T72 — Mx+y L2x+z fo
x=2

[E]=L"

(4) Power [P] = A*M¥L?
ML2T 3 = M*y 2%, T*
x=3

2x+z=12

z=-4

[P]=L"*

FElectrostatics

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]
(1)Ifh>2R andr>R then ¢ = Q/g,
(3)Ifh<8R/5andr=3R/5then$p=0

Question ID : 337911116
(2)Ifh>2R andr=3R/5 then ¢ = Q/5¢
(4)Ifh>2R andr=4R/5 then ¢ = Q/5¢

Teh R 3531 a1l AR P19 UR el 31991 Q & | Ueb o%aTg h iR 331 r dTel IR 98 Y3, o1 b PIg
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@ B R €l 8, W PO drell g Foied (flux) ¢ 8 | T8T eT- Bl b g9 31T W U fdg 8 Sl fob o 3iR
et e & 9 0 R B | F=forRad deel 7 | @ A1) 98 B(2) ?
[Hert 3MTehTeI (free space) &1 dgaeiierd €, 8 1]
(I)afeh>2R 3R r>R T = Q/e, (2)afeh>2R R r=3R/5dT9 ¢ =Q/5¢,
(3) af h < 8R/5 3R r=3R/5a9 ¢ =0 (4)af h> 2R 3R r=4R/5 79 § = Q/5¢,
Ans. 1,2,3

Sol. (1) @

Q

S
—

h>2Randr>R

Since whole shell is enclosed ¢ = =
0

3R/5

h>2R andr=3R/5
sin 6 =3/5, cos0 =4/5

Ve)

charge on shaded area = 2><4—?T>< 2n(1—cos6) =

b=

- 3¢,
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3R/5

\7""‘———- 53

“
., 4RJ5
‘0

* 0‘

. 0.
.
k2

=y

s

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

$=0

4R
h>2Randr=?

sin® =4/5, cos® = 3/5

2
charge on shaded area = 2 x %X 275(1 —Cos 6) = TQ
2Q

- S¢g,

Current Electricity

7. Two identical moving coil galvanometers have 10 Q resistance and full scale deflection at 2L A 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 ?

Question ID : 337911120

(1) Ifthe ideal cell is replaced by a cell having internal resistance of 5Q2 then the measured value of R will be

more than 1000 Q
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Ans.

Sol.

(2) The measured value of R will be 9782 <R <982 Q)
(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)

] UHEH TeigSell IRTT! (galvanometer) f57a gfeRie 10 Q 8 o g7 2uA TR QUi o 98 (full-scale

deflection) @ & | 79 9 U &1 100 mV YUiRb AU AT AlecHICR T1 §HR Bl ImA Ui A9 A1

3R ¥ IuY e UfRIET BT T B 8T URAfid B € | 3 1 7179 (Ohm's law) AT H R = 1000Q TferRre

1Ud U TG el & A1 §1 GIH1 BT SUANT a9 3R &RT B1 719+ & fory fopam w1rar © | F=ferlRad wesi § 4 o

HI(H) AL 2 (2) ?

(1) IfS 3N A D1 TR el Rraaw1 aRe® ufcRig 5Q 4 9&e S d¢ GfaRie R &1 |91 731 7919 1000 Q 4

31fdd BRT |
(2) R &1 |91 7971 719 97802 < R < 982 Q BRI |
(3) drecHier & UfRIE &1 A9 100 kQ 8191 |

(4) arieR & Ul @1 A1 0.02 Q BT | (FIFeTd & fgei i &AM T 1SS AT (round off))

2,4

2x10°6 (10+1,) = 0.1V
10 + r, = 50000
r =49990 O

1

Total resistance of voltmeter = 5002

AMAAAAAA
YYIYYyyy

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

Ohm's law experiment
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i2
a0,
i+,
: l'l'l'l'l'l'l'l' = @
AR B

Voltmeter reading 1, X R jeer
R - — =
measured  Ammeter reading 1, +1,

V, -V, =1,%50000 =i, x1000
i, =50i,

_ ;x50000 _ 50000 oo

Rmeasured - 5012 + i2 51
As we can see from the calculation shown above that even if ideal cell is replaced by a cell having internal

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

Geometrical Optics

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 c¢m, the value of |Af] will be 0.02 cm (round offto 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

Olrah

4If£<0th A—f>0
4) o enf
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Ans.

21 H et 721 Ueb efetl Sl oi¥d &1 gardl A fAetehr a1 &, foreTeh sruaci=iep (refractive index) e n, 3R n,
& | ol & a1 3iR ST¢ Yea] &1 daehell oAy FHH € I n, = n, = n @ (oY <4 &1 BrpA gl £ 8 | S n, =n 3R n,
=n+An g, @ HIHA G £+ Af 2 | I8 A gY b An << (n— 1) 3R 1 <n <2, F=AfIRad wr=1 H A D1 41(H)
e (2),

(Hafkn=1.5, An=1072 3R f=20 cm 81, T4 |Af] BTAF 0.02 cm BRI | (ST o fiid w1+ da T3S 3h
(round off))

(2)aﬁaﬁwq&ﬁﬁmﬂwwﬁwmﬁwq&ﬁ@ww%a&% ST\I‘\’%EBIWH
raRafia B B |

Af| |An
Sl

An Af
(4)?11%? <0 @ s ?>0

1,2,4 JEE ANS. 123

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

When n =n,=n
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.

1_1,1_ 2=
f f f, R
R
“2(n-1)

Whenn, =n,n, =n+An
l:(n-l)(l-oj
f, R

fiz(n+An—1)(O+%j

2

11,1 _(2n-2+An)
f+Af £ f, R
FrAf=—

2n—2+An
R R

“2n-2+An 2(n-1)

2n—2-2n+2—An
(2n—-2+An)(2n=2)

Since An <<n-—1

Af = Aan2
4(n—1)
A_f__ An
f 2(n_1) ..... (1)
(H)M=1.5, Aop =103, f=20cm
Af 107
20cm 2(0.5)
Af =-0.02cm

Af 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
— | = >—
f| 2(n-1) n

3)
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Since,n<2
therefore,2n—-2<n

An AT
—<0 —>0
4 If o then ¢

Can be seen from equation (1)
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 IfONLY the correct numerical value is entered.
Zero Marks 0 In all other cases.
Elasticity

1.

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 A_lc IR

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

Question ID : 337911122
& 100 N 9R dTel Ca Bl ATd AR TIdl & TR, FSTH1 3TIURT HIC 8% (cross sectional area) THAAT 1T
0.5 cm’ g 3iR T Tg $HAL: /3 m T 1 m B, §RT ACHRAT ST 2 | TRI & IR BR B W FIAFAR IS §UE |
e 3R el @ TR A B 1 30° 3R 60° BT DIV I 8 | Afe A4 & TR H ofa1g i (AL) T1 hel b AR A

Al
dagfe (A)REE L, = B

(TS 3R TS BT 1 076 BT 1 x 10" N/m?> @22 x 10" N/m? g 1)
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Steel wire

Block
Ans. 2.00
1 60° y 30°
A
3
T\ i B
T
S N >X
In x-direction :
T, cos 60° =T, cos 30°
T _q 33
2 2
TI = Tz \/g
In y-direction :
T, sin60°+ T, sin 30° =100
T, ﬁ + L_ 100
2 2
T, x 3 + L 100
2 2
T, =50
T =503
T,xL, 50 x \/§
Ale _ AXY, _ Ax1x10" _ )
Al TxL,  50{3x1
AxY,  Ax2x10"
Ans. 2.00
Geometrical Optics
2. A planar structure of length L and width W is made of two different optical media of refractive indices n = 1.5
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Ans.

and n, = 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 tis

[Speed of light c=3 x 10 m/s] Question ID : 337911126

Th L <fqrg den W aISTS &1 Ueb Heciel el &l e yeprefiy aereii 1 o1 8, et 3vaci+ieb n,= 1.5 3R n, =
1.44 g, o o H welRia 7 | afk L>> W g 79 AB RR 1R amafard fohvor &1 CD RR 9§ &7+ (emerge) a1
& 3SR U1 TR URTacH (total internal reflection) 8F IR €1 811 | L= 9.6 m & forg, AfS 14T 101 0 &1 I8l
2 a9 f6vo1 gR1 CD RN A 91eR e # foran T siffisa |awa t x 10° s 8, SRt HIAF .. B |

[wrentel f&h 71T, ¢ = 3 x 108 m/s] '

50.00

Time taken by ray to exit the plane CD will be maximum when 0 is slightly greater than critical angle, because

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

8
LA ST

Speed of lightinn =V =

9.6 9.6
vsin®  2x10°x0.96 = 3x107=50x10"

(sine _n, 144 0.96}
15

n,

time taken =t =

Ans. 50.00

Sound Waves

3.

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
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T NSt (S1) 108 km/h @& FH 997 9 Feld U SR NeTS! (S2) Sl fh TIM R Ll 2, I dR SN & & | T
ST (0) 36 km/h & FHH I 9 S2 &1 TR FRIATTHR 9181 8 | 41 Yermiedt 120 Hz & GAM gy o Wifedf
TOTREE | 516 O B g S2 W 600 m B T S1 3R S2 & 41 1 g1 800 m 8 T9 O & §RT G Y fawug=i &1

BSEc!| 21 (& 3 iy = 330 m/s)
108 km/h
SZ. ia .Si
800 m
600 m
£ |
g '®0

Ans. 8.13 JEE ANS. 8 (7.00-10.00)*

S)

600

S 10m/s

01

0056:i sinG:z
5 5
£ =120( 329F0 )_ 150,330
330-24 306
£, =120 BL10) _ 150,340
330 330
f . =f—-f=2813
Capacitance
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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 +ﬁj . For a very large N(> 10°%), the capacitance C is

Ke, A
0{ o

dn2 ) The value of aa will be :

[ €, 1s the permittivity of free space] Question ID : 337911124
Te C gTRAT Tel FHIRR @I FeTRS & wiel & 414 &l gX1 d 8 3R IS I Pl & Ahel A © | wici & dd, IX /1

B @St B TR, 8=% AIeTS arelt N WRI9Ed URdl 9 R <d 31 m™® UR &1 W9 Km=K(1+%j g |

Ke, A
g 3Afere N(> 10°) @ forg enien C = 0‘( diiz j AT ) e
[HeRT 3TTebTeT b AEaeieta € 8]
Ans. 1.00
- — |/ —
S. Area=A N Ix
) d
m
= K| 1+—
Kn ( +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

) . Ae K X
Capacitance of shaded region =dC = dx 1+ E
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_Ag K

~dn(2)
a=1.00

Calorimetry

5.

Ans.

Sol.

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
liquid to its specificheat willbe  °C. (Neglect the heat exchange with surrounding]

Question ID : 337911125
% 30° C & &9 Bl Uh ST (Calorimeter), f5aat A 110°C, # R—ER STell ST ® | 9 &1 Fid
(boiling temperature) 80°C 2 | T1 Ur1 111 {6 54 1 U el 5 gm Yol wU § qIftyd 1 ST 2 | S 918 & ai 80

gm 3IR ATHT ST UR ARG &1 d9dE 50°C 81 Sl & | 9 ol g« (latent) AR faRre w1t &1 srurd
_ °C BN | (ATATaRYT & ST ISHT RATTIRYT T Sueroiia Hi]

270.00

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) + 5%L= Cx(110-80) (1)

80xSx(50-30) = Cx(80-50) ()

equation (i) +(2)

2508+5L _
16008

13508 = 5L

Lo

S

Ans. 270.00

Work, Power & Energy

6.

A particle is moved along a path AB-BC-CD-DE-EF-FA, as shown in figure, in presence of a force
F= (o yi+ 20 xj) N, where x and y are in meter and o =—1 Nm~'. The work done on the particle by this
force  willbe___ Joule. Question ID : 337911121
TE BT P I F = (o yi+ 200 x]) N, 9181 X 3R y BT A Hex # 2 @20 o0 = —1 Nm'' 8, a1 SuRerfay

AB-BC-CD-DE-EF-FA 42l tR R 2Iefrdl STl 8 | g6 § gk B0 WR fbd T 1 1 IRATor S
(Joule) BrT |
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y
10 jAe—0>
D! '
0.5 f------ — :C
F . |E P o
0 0.5 1.0
Ans. 0.75
S. Fz(ay§+2oaxj)N
oa=—IN/m
F:—yi—2xj
PathA—B

W = [F.dx+ [Fdy

=—j‘ydx—j2xdy
0

= —jldx—O =-1
0

PathB-C

W= —J- ydx —I2Xdy
0.5

=0 [ 2xixdy=1
1

PathC-D

W= —j ydx —J.2xdy

0.5

= —j 0.5dx—0=0.25
1

PathD—E

W=—J.ydx—J.2xdy

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

PathE-F
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W:—Iydx—ijdy

:_dex—ozo

W,

total —

0.75
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