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SECTION -1 (MAXIMUM MARKS : 12)
This section contains FOUR (04) question stems.
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of'these four options is the correct
answer.
For each question, choose the option corresponding to the correct answer.

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

Full Marks :+3 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.

A temperature difference can generate e.m.f. in some materials. Let S be the e.m.f. produced per unit temperature
difference between the ends of a wire, o the electrical conductivity and k the thermal conductivity of the
material of the wire. Taking M, L, T, T and K as dimensions of mass, length, time, current and temperature,

2
respectively, the dimensional formula of the quantity Z = TG 1S:

$B yeell § AR & SR e.m.f. I & Fahdll © | 7141 {5 S T R & RRi & 4 I e.m.f. U gaiad
amrR (e.m.f. per unit temperature difference) 2 | 59 AR & uared ot faggd arerad (electrical conductivity)
3R ardra arerarar (thermal conductivity) 73t 6 3Rk & 13fd M, L, T, 1 3R K A3 S, o118, TH, €RT

S’c

3R T @l fari 8, @ Z = -~ 7 f3¥ra ¥ (dimensional formula) 2 :
(A) [MLT'PK?]  (B)[MPL'T'IK™]  (C) [M'LT2FK"] (D) [MILAT<F'K]
B

_emf  volt  Energy  ML'T?
temp. temp. Chargextemp. [IT][K]

[S] = ML2T K-

ipl il

AV=iR= X G_A
3 G = ll = IL = M_IL_3T312
AVA {MLzT—2 } ,
x L
1T
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22
d_Q:kAAT:>k:d_Q>< [ :MLT " L
dt [ dt AAT T L’K

k=MLT- K

[M2L4T—6I—2K—2 ] [M—IL—3T3IZ ]
MLT K™

[Z]=

— [MOLOTOIOK—I ]

2. Two co-axial conducting cylinders of same length / withradii \/pR and 2R are kept, as shown in Fig. 1. The

charge on the inner cylinder is Q and the outer cylinder is grounded. The annular region between the cylinders
is filled with a material of dielectric constant k = 5. Consider an imaginary plane of the same length / at a
distance R from the common axis of the cylinders. This plane is parallel to the axis of the cylinders. The cross-
sectional view of this arrangement is shown in Fig, 2. Ignoring edge effects, the flux of the electric field through

the plane is (g is the permittivity of free space) :

&1 I (co-axial) @TeTe de s 1 & SIgRIR ¥ §U & | defi @ Boari /pR Td 2R & SR <A1 @ arwrg
[ 2| MRS o9 TR M Q 2 3R Il 9+ Bl Y¥ufdd (grounded) fram 721 & | 9 & 91 & qoraTaR
& (annular region) # k = 5 WRAIggai® (dielectric constant) &1 Ul w1 & | A fo AN TS [ BT T
BT I (imaginary plane) 91 & TH—37e7 (common axis) ¥ R §A IR T | T8 Tl Jei1l ) 317 & FHICR E |
3 SR & STIUR BIC (cross-section) H1 o 2 # fa@man w2 | dR—uwmEl (edge effects) &1 SUl B gY,
fagge &T=1 o1 SIeuffies del 1 oIk arel FeferT (flux) 8 : (e, Jo AP ! faggaeierd (permittivity) &)

Fig. 1 Fig.2
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Q Q Q Q
() 305, ®) 155 © 500, ©) 1200,

Ans. C

Sol.  Theelectriclines of forces will be as shown in figure. The flux on the plane will be generated on part AB & XY

of plane. To calculate it we can use gauss law.

Qenc _ Qenc

€

o=

medium

From AAOP & ABOP we can find ZAOP =45° & ZBOP =60°.
Consider closed volume OABO over the whole length of cylinder.

Oap = IZ;AOC , Similarly Oy =Pus by symmetry

0 15 Q
= X — = X— = —
Qe =Q 360 Q 360 24

Q Q

= 2 = 2 X =
b = 2000 24x5g, 60,
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3.

As shown in the figures, a uniform rod OO' of length /is hinged at the point O and held in place vertically
between two walls using two massless springs of same spring constant. The springs are connected at the
midpoint and at the top-end (O') of the rod, as shown in Fig. 1 and the rod is made to oscillate by a small
angular displacement. The frequency of oscillation of the rod is f,. On the other hand, if both the springs are
connected at the midpoint of the rod, as shown in Fig. 2 and the rod is made to oscillate by a small angular

displacement, then the frequency of oscillation is f,. Ignoring gravity and assuming motion only in the plane of

f
the diagram, the value of f_l is:
2

T [ FHITg @) gpdd B 00" 31 fag O W RATgER &5 (hinge) 7531 511 2 | @8 &1 &1 9919 BT ReRia

(springs constant) dTell eTA I2d HHAT (springs) &1 TETIAT A & S1aRI @ 41 H HedfeR wu A @1 7918 |
T B DI B & Aed g TR &R T 1 A1 S fag O' W =3 1 & S8R SirsT 11 © | Y B Do
fazerma (angular displacement) @ @RI B f, 3Tqf & ST (oscillation) HXcH 8 | AT ST HHIT D1 BS B
Hey favg OR 2 2 & SR Sirs1 SIrel € dl §eb BIe iofi faRenus (angular displacement) @ BRI s f, Agf

f,
@ <ot (oscillation) TR 2 | THCATT UHTT ) SUeTT B gY 3R 71 BT 3R (diagram) & ot 3 &AM g3, N

PIAME
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t=la t=la
2 2
kxlcose+§lc059:ml o k—XicosexZ:m1 o
22 22
2 : 2
%kxlcosez%a k(lsme’)lcosez%a

2

S k(IsinO)lcos 0 =™ ¢,
4 3

4m 2m
[15k 3k
O=,[— O=,—
4m 2m
1 [I15k 1 |3k
= fl= =
21\ 4m 21\ 2m
f] 5
—_— : —
f, 2
4. Consider a star of mass m, kg revolving in a circular orbit around another star of mass m, kg withm >>m,.

The heavier star slowly acquires mass from the lighter star at a constant rate of y kg/s. In this transfer process,

there 1s no other loss of mass. If the separation between the centers of the stars is r, then its relative rate of

h lg 1 —1Y 1 1 b .
change — it (ins™)is given by :
#1415 m,, kg =T @1 Ueb a1 (star) m, kg S & gRR TR @ URe: TR @efl (circular orbit) H afRspam
HRTENE AR m, >>m, 8 | 4R aRI 8o AR A y kg/s B e e = (slow constant rate) 1 S a1 Hg9T Rl
& | 3 ARV UfehaT H ST @1 3fR g 811+ 781 8l © | (e ARI & a [d7gail @ §rd 1 g 1 © d 399!

1d :
ey uRad= R (relative rate of change) ;d_i (ins'#)2:

3y 2y 2y 3y
A “2m, ®) © " ®) “2m
Ans. B
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Gmm, m,Vv’
Sol. =
r r

Gm,
1

V=
Angular momentan w.r.t. tom,

Gm,

L=m,vr=m, I

r

L=m, /Gm,rt

dL
Angular momentam is constant so i 0 & m, can be considered constant with time.

dL dm 1 dr
—=,/Gmgr.—*+m,,/Gm, . ———
dt Todt ? "oJr dt

1 dr
O0=./Gm, | yvr+m, — —
1{7 22\/;(1,[}

ngz_\/;
24r dt !

1dr 2y
—_ :> VR
r dt m,
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SECTION - 2 (MAXIMUM MARKS : 16)
This section contains FOUR (04) question stems.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four
option(s) is (are) correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).

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

Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks : +2 If three or more options are correct but ONLY two options are chosen, both of
which are correct;

Partial Marks : +1 Iftwo or more options are correct but ONLY one option is chosen and it is
acorrect option;

Zero Marks : 0 If unanswered;

Negative Marks :—2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers,
then

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

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

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

get -2 marks.

5. A positive point charge of 107 C is kept at a distance of 20 cm from the center of a neutral conducting sphere
of radius 10 cm. The sphere is then grounded and the charge on the sphere is measured. The grounding is then

removed and subsequently the point charge is moved by a distance of 10 cm further away from the center of

the sphere along the radial direction. Taking Ao =9x10"Nm*/C* (where ¢ is the permittivity of free
0

space), which of the following statements is/are correct :
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Sol.

(A) Before the grounding, the electrostatic potential of the sphere is 450 V.

(B) Charge flowing from the sphere to the ground because of grounding is 5 x 10~ C.
(C) After the grounding is removed, the charge on the sphere is -5 x 10 C.

(D) The final electrostatic potential of the sphere is 300 V.

& 107 C &1 g1 fdg 319 (positive point charge) T& 10 cm 33 (radius) arel SFMARIA @ATeld el
(neutral conducting sphere) & &= 4 20 cm &1 T TR W1 T | 59 a1 TMel oI AEUfdd (grounded) faram e
2, 3R TTel T AT AT ST © | R el o1 Yriues s fea STl © SR qeagand fdg i i el & B A 5oy

fa=m® 10 cm SR g fsar San g | =9x10"Nm® /C* (&, o SATepTe1 o) faggaeierd (permittivity) 2)

4ne,
o g ferforRad woei § 4 /A v g/2

(A) ¥HUS 4 Ug, Tiel Bl Rerdgyd favia (electrostatic potential) 450 V 2 |
(B) yiU® & SR el I YA H garfd - aren e 5 x 10° C 8 |

(C) U TS & AT el TR 3 —5 x 10° C 7 |

(D) sraa: 7irel 1 Reragygd fawa (electrostatic potential) 300 V © |

ABC

Initially sphere is neutral. Now it is grounded. Assume q, charge is on sphere.

q

Charge on sphere will be non-uniform that means potential of sphere can be calculated at center only.

VC :ﬁ_kl(&:
0.1 02
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-q, -1 -8
=—Y=-_"x10"°C
q 2 2

(C) Charge on sphere after grounding is removed =q, =—5 x 10°C
(B) Charge flow from sphere to ground =35 x 10°C

k 9x10° x107*
(A) Before grounding potential of sphere = 0q2° == 0 ; =450V

(D) After grounding is removed charge on sphere remains same

q,=-5 x 10°C

K(q,) n K(q,)

Final potential of sphere = 0.1 0.3

_—9x10"x5x10” +9><109 x107*
0.1 0.3

=-150V

6. Two identical concave mirrors each of focal length fare facing each other as shown in the schematic diagram.
The focal length fis much larger than the size of the mirrors. A glass slab of thickness t and refractive index n,
is kept equidistant from the mirrors and perpendicular to their common principal axis. Amonochromatic point
light source S is embedded at the center of the slab on the principal axis, as shown in the schematic diagram.
For the image to be formed on S itself, which of the following distances between the two mirrors is/are

correct :

A Bied g3 (focal length) £ aTel F9% (identical) 3/ade &UTT (concave mirror) SH-—AR T NG
(schematic diagram) & 3TIR I8 §U © | B g3 £, TUVH & A1) A 950 SAT4T © | Y& oia @l Rieed! (glass
slab) fSRTe! AIers (thickness) t 31 sugci=ie (refractive index) n, &, ST €YU A aRT6R g¥1 UR YOI & T4 4
31eT (common principal axis) & TIad W@ T T | Yd Yaavii fdg Uemer T (monochromatic point light
source) S, = 317 IR Rerd Ricell & Ay fdg IR @l 3N & TR 3id:3A1Ud (embedded) © | fafaw o1
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S W & g7 & fog <1 gUll & dra ) 71 gRAT A 1 oiF /39 0 (31) 981 8/

(A) 4f+(l—ijt (B) 2f—|—[1—L
n,

n jt (C) 4f+(n,— Dt (D) 2+ (n,— D)t
Ans. AB

Sol.  Situation- 1

[ §%

v
A

=
=)

X/2 X2

—
t

Using normal shift due to slab — in direction of incident ray.

AN PIEI LY

2 n, )2

X:4f+(l—ijt
nO
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Situation -2

S
//:%

x/2

E3E &

X:2f+(1—ijt
nO

7. Six infinitely large and thin non-conducting sheets are fixed in configurations I and I1. As shown in the figure, the
sheets carry uniform surface charge densities which are indicated in terms of . The separation between any
two consecutive sheets is 1 um. The various regions between the sheets are denoted as 1,2, 3,4 and 5. 1If 6,

=9 uC/m?, then which of the following statements is/are correct :
(Take permittivity of free space g, =9 x 1072 F/m)

T T X1 TR I8! g8 B: SR garetss udel u=d (infinitely large, non-conducting, thin sheets) fa=mii
(configurations) I 3R Il & 37aR ReR W € | WAl IR THAAM Y A9 8-cd (uniform surface charge
densities) €, {511 6, @ U ¥ FREATgAR 3 (indicated) foan T 8 | 1 Al &1 shATgerd uxal o 4= 1 g3 1
um 2 | ORel o &g @ faf=T 9 (regions) @1 1, 2, 3, 4 3iR 5 A gwian man g 13fe o, = 9 pC/m? 8, a1 fF=ferfaa

Dl W} DI /A AL 2/8 ¢ (el 3MTepra 1 faggerelieten (permittivity of free space) d1aM e, =9 x 10712
F/m )
0o —0o
+a, —ay, +0y, —gy +0, -0, +t3 ~% +0, —0g, +g, -
1|2 31415 1|2 31415
Configuration I Configuration II
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(A) Inregion4 of the configuration I, the magnitude of the electric field is zero.

o
(B) Inregion 3 of the configuration II, the magnitude of the electric field is 8_0 .
0

(C) Potential difference between the first and the last sheets of the configuration Iis 5'V.

(D) Potential difference between the first and the last sheets of the configuration Il is zero.
(A) fo=ama 1 & 9T 4 ¥ fagya &5 o1 aRAmT g 2 |

(B) fa=ama 11 & 91 3 % fagyq & a1 uRemo % 2 |

(C) fa=amra 1 5 ugell 3iR 3ifcw el & g fvarR ST am 5 V 2|
(D) fa=ara 11 o ugel iR Sife u=dl & g AR &1 AF 3 2 |

Ans. A
c, -0, o, -0, G, —Oy
Sol. 1 2 3 4 5
. .. .. % .
Electric field in region 1 is - right ward
0

Electric field inregion 2 is 0

o

Electric field in region 3 is E_O right ward
0

Electric field inregion 4 is 0
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o

Electric field inregion 5 1s — right ward
0

Potential difference between first and last sheet

:SFExd}:3
e0

G,/2 -0, o, -G, o, -c,/2

S
Electric field inregion 1 1 is 5 rlght ward
: .
Electric field inregion 2 is 2e left ward

S
Electric field in region 3 1 is rlght ward

c
Electric field in region 4 is E left ward

c
Electric field inregion 5 1 is 5 rlght ward

Potential difference between first and last sheet

~ %0 d4=05
2¢,
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8.

Ans.

The efficiency of a Carnot engine operating with a hot reservoir kept at a temperature of 1000 K is 0.4. It
extracts 150 J of heat per cycle from the hot reservoir. The work extracted from this engine is being fully used
to run a heat pump which has a coefficient of performance 10. The hot reservoir of the heat pump is at a

temperature of 300 K. Which of the following statements is/are correct :

(A) Work extracted from the Carnot engine in one cycle is 60 J.

(B) Temperature of the cold reservoir of the Carnot engine is 600 K.

(C) Temperature of the cold reservoir of the heat pump is 270 K.

(D) Heat supplied to the hot reservoir of the heat pump in one cycle is 540 J.

T B o, A 1000 K 1R Rerd tes T o1 SR, (hot reservoir) @ 121 11 R 81 & | BHT §oid Bt
geran (efficiency) 0.4 2 | I8 $57T 9 W1 U Ah ¥ ofdl € | 9§01 < YT BT D1 U 81 U4 BT Tl & folg
g} U 3 IUIIT a1 ST @ | W1 44 a1 feq1e= ot (coefficient of performance) 10 @ |1 GY & T 361
HSR &1 A 300 K B | fFr=iforiRad s % 4 o9 a1/3 98 2/3

(A) BT S99 A U ash H U fohar T i 60 J 2|

(B) @t 39 @ 9 WeR (cold reservoir) @1 amaE 600 K 7 |

(C) ™ U9 & M YR o1 arEs 270 K 2 |
(D) W1 UY & TH AT HSR Pl Y 7h | ) T ST 540 T B |

ABC
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Source
1000 K
1507
v
”\ Qout
Carnot w
. ——>  Heat pump
engine
Sol.
k QSXT.

Cold (T,)

source

For heat engine n=0.4
Sw=04x150=601J
and heat rejected =90 J

Temperature of sink =600 k

COoP :ﬁj AQ,,, =600]

w

out

5o Qe (€01d sOUTCE) = 600 — 60

=540
1
W= ——1
Also Qext[Tz j
=>T,=270k
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Ans.

Sol.

SECTION - 3 (MAXIMUM MARKS : 24)
This section contains EIGHT (08) question stems.
The answer to each question is a NUMERICAL VALUE.
For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen
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 :+4 If ONLY the correct integer is entered;

Zero Marks : 0 In all other cases.

A conducting solid sphere of radius R and mass M carries a charge Q. The sphere is rotating about an axis

passing through its center with a uniform angular speed ®. The ratio of the magnitudes of the magnetic dipole

oA Q :
moment to the angular momentum about the same axis is given as o oM The value of o is

TP M gaaA™ 3R R 31 aTet ST ATeid TiTel TR Q 3MTRI © | TTell 310+ B 3 SiH dTell Udb 3161 & UR: YhaA
a1ofia are (uniform angular speed) o I FUH B IET T | I 316 & URa: Fraora fgga ameel (magnetic dipole

moment) 3R ST T (angular momentum) & TRHTOT T 3TFATT O % TloPHAAT .

1.67

dq = LZ(ZTERZ cos E)de) = Q os0do
4nR 2
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_ (dg)9 _ Qocos0do
2n 4r

di

=] dM [= (di) Area

—|dM |=

—Qmj)sede (TcR2 cos’ 9)
T

- 2 3
| dM = QoR* cos’6dO

. Total magnetic dipole moment, | M |= j | dﬁ|

— 2 2
—| M= Q“ZR [ cos’0d0 =228 [ coso(1—sin’ 0)do
Putsin®=t
= ¢0s0 dO = dt
— 2 2 37! 2
M- 228 r (-)d= R | _QoR (ij

4 4 3], 4 3

. 2
| M= QoR

M| _ QoR*/3 _ Q (éj

L (gMsz 2M\ 3

5
a=§:1.67
3
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10.

Ans.

Sol.

Ahydrogen atom, initially at rest in its ground state, absorbs a photon of frequency v, and ejects the electron
with akinetic energy of 10 eV. The electron then combines with a positron at rest to form a positronium atom
in its ground state and simultaneously emits a photon of frequency v,. The center of mass of the resulting
positronium atom moves with a kinetic energy of 5 eV. It is given that positron has the same mass as that of
electron and the positronium atom can be considered as a Bohr atom, in which the electron and the positron
orbit around their center of mass. Considering no other energy loss during the whole process, the difference

between the two photon energies (ineV) is

Teh BIgSIoT URHTY, Slifeh 3R # faRrareren # &, 3+ el 3faven (ground state) # v, gl & BICIH Bl
JTTINIT HRAT 2 3R 5T 10 eV TS Hofl Bl i (Hhard 8§ | 39 Serdeid & favraraRen § Rerd e gifsre =
(positron) & 11 et A Het sraven H Rerd Yo WSS IaH IRATY (positronium atom) Il & i S T v,

MIRT BT DI IR BT & | UROTHERRY G+ dTel UIFSTS % URATY] @1 S| $ (center of mass)
5 eV 1 TIfasT Soll & A1 AT grar & |3 e 1 & fos Mg iR Setdei= ol aegaT |aTH © iR uiisrg =
URHATY DT AR URATY (Bohr atom) ST AT ST bl © el UITSIg 14 3R Seldg 14 310 SeAT B | UNd: Hell §
afRepAT B T | AT 3 31 =Y ufehan # &R g Sl &7 (energy loss) =E1 BT & a1 Q41 BISH @ Sotall H 3R
(eV#H)2

11.8

E,=-13.6¢eV

Energy of absorbed photon =hv,

Kinetic energy of ejected electron =10 eV
From energy conservation,

hv, =13.6+10=23.6¢eV

Before the formation of positronium :-
Kinetic energy of electron= 10 eV
Kinetic energy of positron =0

.. Total energy before =10 eV

After the formation of positronium :-
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Kinetic energy of positronium (COM motion) =5 eV
Internal energy of positronium in ground

z
State = (—13.6 V) e X m

2

_(-136ev) L

(1 2
=—6.8¢eV
Energy of emitted photon =hv,
- Total energy after=5-6.8 +hv,=hv - 1.8 eV
Now from energy conservation,
10=hv,— 1.8
=hy,=10+1.8=11.8¢V

. Difference in energy of both photon=hv —hv,
=23.6-11.8

=11.8¢eV
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11. An ideal monatomic gas of n moles is taken through a cycle WXYZW consisting of consecutive adiabatic and

isobaric quasi-static processes, as shown in the schematic V-T diagram. The volume of the gas at W, X and Y
points are, 64 cm’, 125 cm® and 250 cm’, respectively. If the absolute temperature of the gas T, at the point
W is such that nRT,, =1 J (R is the universal gas constant), then the amount of heat absorbed (in J) by the gas
along the path XY is

T 318 YHURHATIS (monatomic) 1 & n ATl ST U ¥ wg 1™ (adiabatic) 3iR THaTE! (isobaric) ifdamdmed
UsHHT (quasi-static processes) § a1 g WXYZW 9gh 9 Joivd &, oIkt fos V-T @1a<ell 37R% (schematic diagram)
# feEm g | I @ sy W, X Ta Y fagsii )R o 64 cm?, 125 cm’ 3iR 250 cm’ 2 | 3fe g W iR
BT URA A T, 3 0dR € fbnRT, = 1 J (R Ardf3e 1’1 Reries (universal gas constant) ®), 79 TRIgRI XY
g1 ¥ 3raeifyd oo (J #) § .

Ans. 1.6

Sol.  For process W — X (adiabatic) :
TV =constant
=T,V /=T, V"
=T, x (64)° =T, .(125)*

16
:T :T X —
X W 25

for process X — Y (isobaric) :

Vol = o Iv (20 g oy
Vv, T, 125
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heat absorbed along path XY

=nC,AT = n.%.(TY -Ty) = n.%(ZTX -Ty)
5 5 16

=—nR(T,)=—nR x—.T
5 (Tx) 5 55w

=1.6nRT,=1.6x1=1.6

12. Ageostationary satellite above the equator is orbiting around the earth at a fixed distance r, from the center of
the earth. A second satellite is orbiting in the equatorial plane in the opposite direction to the earth’s rotation, at

adistance r, from the center of the earth, such that r =1.21 r,. The time period of the second satellite as

24
measured from the geostationary satellite is F hours. The value of pis

Yo 4-RerR (geostationary) Su¥e fagad g (equator) & FHUR Yl & U gedl & = A 1, B! g (fixed
distance) TR Qe &eT #§ gRehHvT (orbiting) HR 8T T | U SR SUUE fAyad g & a0 (equatorial plane) # ged
@ D A 1, W W YAl & oA (rotation) 1 faen & fauic feen # aRpHv pr wer e, SiEfr, = 1.21 1,8 I TR

24
IUIE BT 4-ReR SUE & AU AT TR Srdcianre (time period) Y =¢ (hours) B | p &AM ©

Ans. 2.33

o T
T NE a2 @y

T
= a1y ; T =24 hrs = time period of geostationary satellite

ot+tot=2n

27 27 TT'
- t = = =
o, + O, 2_TE+2_TE T+T!
T T
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13.

B 1T13 T 24
t= (1.1 = ;= —~hours
T  1+(1.1° 1+(.D
1.1y’
(=24
p

Sp=1+(1.1’=2.331=233
The left and right compartments of a thermally isolated container of length L are separated by a thermally

3
conducting, movable piston of area A. The left and right compartments are filled with 5 and 1 moles of an

ideal gas, respectively. In the left compartment the piston is attached by a spring with spring constant k and

2L L
natural length R In thermodynamic equilibrium, the piston is at a distance 5 from the left and right edges of

the container as shown in the figure. Under the above conditions, if the pressure in the right compartment is

kL .
P= KOL , then the value of o is

L <ITS a7l Yo S8 w0 A fIafia ur (thermally isolated container) &1 &% d A & U S ATAAd, Tl
(thermally conducting, movable) fiRe §R1 a1 3IR SR BT (compartments) # [3HIRTA o T g | U= &

1 3R ST BISi H U 317eel I & wHHen: % 3R 1 Arel T WA TR R | a1} 3R & IS # k AN ReRiap (spring
2L

constant) 3R < =TS (natural length) &1 T& I (spring) &1 fUReT 9 oty fohan 141 © | RIETgaR

SIS AFT (thermodynamic equilibrium) & fUe &) U5 & Q11 BIRT A G2 % 2 | sauRRafa#, afe <

PSS Tq szXLoc g, Ao PIAAD
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Ans.

Sol.

0.2

FBD of piston under equilibrium

P.A
P.A
‘_
kx «—
P A=P A+kx
P, —PH)A=kx ... (1)
Al X—E—z—L—L 2
SO, 5 s 10 2)

From equation (1), (2), (3)

3 kL
ZP,-P, |[A=—
(z E Bj 10

p, =L,
A

Loa=02

MATRIX JEE ACADEMY
Office : Piprali Road, Sikar (Raj.) | Ph. 01572-241911

Website : www.matrixedu.in ; Email : smd@ matrixacademy.co.in

Page No. 24




> M ATRIX Question Paper With Text Solution (Physics)
‘wm} JEE Adv. May 2025 | 18 May Paper-2

14.

Ans.

Sol.

In a Young’s double slit experiment, a combination of two glass wedges Aand B, having refractive indices 1.7
and 1.5, respectively, are placed in front of the slits, as shown in the figure. The separation between the slits is
d =2 mm and the shortest distance between the slits and the screen is D=2 m. Thickness of the combination
of the wedges ist= 12 um. The value of /as shown in the figure is 1 mm. Neglect any refraction effect at the
slanted interface of the wedges. Due to the combination of the wedges, the central maximum shifts (in mm)

with respect to O by

TS e fgfert (double slit) TARTH, &9 & &1 o1 (wedges) A IR B 57 siqaci=ia (refractive index) & A
HAe: 1.7 3R 1.5 &, &1 U Farer BRI & 9+ RergR @ g | R s i g d =2 mm © |
R ok Ie & fra @ fFrra D =2 m 2 3R 99 & FAIeH @ /ietg t = 12 pm 2 | foEmgar [ &1 9 1
mm g | 1 991 & five 31U (slanted interface) TR 3Tac &1 SUET X | A & I & GATTH & DRV B 1Y
Ifeaes (central maximum) &7 O & ATUe IR (mm #) T :

1.2mm
—t
) ILZlmm
e
d=2mm
<4 X2 ':XT
91L=1mm
tan9=1:ﬁ:ﬁ
3
t
.X1=Z
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_3t
4

X
optical path difference :
(L7x,+1.5x)—(L.7x, +1.5x)=A
L7(x,-x)-15(x,-x)=A

A=02(x,-X,)

02 ij:i
2) 10

Also, the shift will be

_DA_Dt
d 10d
=1.2mm
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15.  Aprojectile of mass 200 g is launched in a viscous medium at an angle 60° with the horizontal, with an initial

velocity of 270 m/s. It experiences a viscous drag force | — _cy where the drag coefficient c=0.1 kg/s and
v is the instantaneous velocity of the projectile. The projectile hits a vertical wall after 2 s. Taking e=2.7, the

horizontal distance of the wall from the point of projection (in m) is

T 200 g & T (projectile) @1 &ifast (horizontal) & 60° & 9T TR 270 m/s & YRS I 1 T AIH
(viscous medium) # UeIfT fHaT SITAT T | TUM ARIA A YA WR | — _ ¢y, HYUI-da (drag force) @1 2, 5TEf ¢
= 0.1 kg/s T4 U1 (drag coefficient) 2 3fR |, WeTe &1 a0 a7 (instantaneous velocity) T | J&T 2 s &

TN Yo SHEAieR QAR W THIA © | € = 2.7 o1 IR AR &1 Herqor =5 (point of projection) H &frst g1 (m #)
2

Ans. 170.00m

Sol. atanytimet

cveosO  cov,

A

I m m
cvsin6 cv,
+ =g+

m m

FBD acceleration diagram

u, = 7 t =2sec
X=x,
eV, V. dv,
¥ m 2 *dx
VX XO u X
> |dv,=—-|—>v -——=--—2
e
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16.

u X,
v, =—--2L
2 2
Qoo dve v Trdv, o pdt
Toodt m dt 2 v 2
—l— =y, =—el =
u/ 2e
X, =u—-2v, =270-2x 270 =170m
‘ 2x2.7

An audio transmitter (T) and areceiver (R) are hung vertically from two identical massless strings of length 8
m with their pivots well separated along the X axis. They are pulled from the equilibrium position in opposite
directions along the X axis by a small angular amplitude 6, = cos™(0.9) and released simultaneously. If the
natural frequency of the transmitter is 660 Hz and the speed of sound in air is 330 m/s, the maximum variation
in the frequency (in Hz) as measured by the receiver (Take the acceleration due to gravity g = 10 m/s?)

is

% 51 UfSd (audio transmitter) (T) 3R Tas AT (receiver) (R) &1 99w (identical) @™ Ifed 8 m oS
& HT & N1 U DIcAD] (pivots) W SAIER WU H TCH © | Q11 dicte X 31eT B T3 Ueb TN I I8 gX Rerd
2 | U &I W) o1 S1ast wraTaRen 9 fausia faemsii § X a1t & srgfawr &g @rofia smar (small angular
amplitude) 6, = cos™(0.9) 3 Wi DX Tep W1 BIST ST & | THed 1d @RI DT A g = 10 m/s? ol | Ife 4t by
T aMgfi (natural frequency) 660 Hz 2 31k arg H &af< @1 =t 330 m/s 2, 79 AWaTS! gT=1 A7 177 Jrgiey
# 1fdaA ggena (Hz #) @ .
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Ans.

Sol.

32.00 Hz
LLLLLLLLIII LI L LLLLLLLILI I
T R _» < |t R »
oD [ e T o—p ...
\'% \% A\ A\
For f, =1
V.+V
fmax :( - jf
VS—V
fort,=f
V.—V
fmm = : fT
VS+V
4v v
Afmax = fmax _fmm - 2 > 2 fT
V. —V

v, =330m/s; v=1/2g/(1-c0s0,) =/2x10x8x0.1 =4m /s

vecv, o Af = Vg 4X§><66O:32Hz
A%

s
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