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tion 4 above.
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Room/Hall. However, the candidates are allowed to take away this Test Booklet with them.
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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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PHYSICS
SECTION-1 (Maximum Marks : 12)

This section contains EIGHT (08) questions.

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

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

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

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

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

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

Partial Marks : +1 Iftwo 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

Wave Optics

1.

In a Young's double slit experiment, the slit separation d is 0.3 mm and the screen distance D is 1 m. A parallel
beam of light of wavelength 600 nm is incident on the slits at angle o as shown in figure. On the screen, the point
O is equidistant from the slits and distance PO is 11.0 mm. Which of'the following statement(s) is/ are correct?
U A % fgRRIma 4 BRI S da I g d=0.3 mm AN v BT gD = 1 m 2 | Y FATR Y121 Yol STl
TR 600 nm & f31RAT UR o0 10T 4 Sruferd 81 & o 3 o | gwrian 11 2 | ue R fa=g O frRRai & o
IR g A PO = 11.0 mm B | F=foTRad werMi 9 | &4 |1/4 Fal 8/8 ? QuestionID : 337911169

Screen
y

A
v

(1) For a.=0, there will be constructive interference at point P.

0.36
(2) For a = — degree, there will be destructive interference at point P.
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Ans.

(3) Fringe spacing depends on a.

0.36
(4)For o= o degree, there will be destructive interferenece at point O.

(1) o.= 0 @& forg, =g P o= wurdt (constructive) SIfaaH<oT 21T |

(z)oczo'—j6 o o farg favg P e a2 |

(3) s & 41 9 98 o W PR e B |

(4) o= 0—26 3 & forg fa=g O W= famreh & fdevoT (destructive interference) 811 |

2

Total geometrical path difference for point Pis

szdsin(x+y—d
D

(1) Ax = de =3300nm =(2n +1)% forn=35

There will be destructive interference at P.

(2)o = 0—736 degree, then Ax =3900nm = (2n + 1)% forn=6
There will be destructive interference at P.

or(2n— 1)% = Ax (for destructive interference)

~n=7

(3) Fringe width in all the above case remain unchanged.

0.36
@HIfa= —u degree, then Ax = do, = 600nm = n) forn=1

There will be constructive interference at O.

Atomic Structure

2.

A free hydrogen atom after absorbing a photon of wavelength 2, gets excited from the state n= 1 to the state
n=4. Immediately after that the electron jumps to n =m state by emitting a photon of wavelength A . Let the

change in momentum of atom due to the absorption and the emission are Ap, and Ap_ respectively. If

1
A /A, = =, which of the option(s) is/are correct? Question ID : 337911170

5

[Use hc=1242 eV nm; 1 nm = 10" m, h and c are Plank's constant and speed of light, respectively]

a = —

Ap, 2

(1) A, =418nm 2)ym=2 3)
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Ans.

1
(4) The ratio of kinetic energy of the electron in the state n =m to the staten=1is 1

Th XT3l BISS o1 URHATY] A TRAGE] &b Teh BICI bl A BReb n = 1 7R ¥ n = 4 AT H Tl AT 2 |

¥ R UL URATY] A_TRIGE B U IS SASi- bRl A n = m (aReM H =efl Sl & | 711 forford b

s 1
ST FAT SIS B ST URATY b AT § GRIA b2 Ap, Tl Ap, 8 |1 If A /A, = 3 &, ad f=feriad

fdheal § I PIAT/H T8l 8/8 —
[fRm g hc=1242 eV nm; 1 nm = 10 m, S8l h i fFIaid a1 ¢ YHI Bl i 2]
1

a —_ —_—

A
(1) A, =418nm (2)m=2 3 ap. 2

. ~ c . . 1
(4) SIS B TSI Sroflal o1 3TaRAT n = m ¥ 37wl n = | H U 2 2|

2.4
hc he
X_az(E4_El)andk_e:(E4_Em)
Apa=—(E4_El) and Ape=( +~Eu)
c c
» (E,~E._
L)
e 4 1
1
_m’> 16
T
16
m=2

13.6eV
K =
(4) K==3
K _1
K, 4
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Electrostatics

Py [~ ~»
3. An electric dipole with dipole moment T; (1 + J) is held fixed at the origin O in the presence of an uniform

electric field of magnitude E,. If the potential is constant on a circle of radius R centered at the origin as shown

in figure, then the correct statement(s) is/are: (€ is permittivity of free space. R >>dipole size)

faga smeel (dipole moment) Po i+j) & wa faea faga (electric dipole) @1 g&1 fag O R a1 E,| &
72 :

THAAT fagd &3 H §¢ Y@ o © | Ife AR, a1 fawg O R sivsd s R Brsa diel g o fawa f+rad v
& 9 TR el % I DI/ WEl §/€ (o SATBT DT WRIAGAID €, & a0 R >> fayd 3mer)
Question ID : 337911166

(1) Total electric field at point A is E, = \/EEO (I + 3)

1/3
Po
2) dn e, B,

(3) The magnitude of total electric field on any two points of the circle will be same

(4) Total electric field at point Bis E s =0

(1) farg A TR gt Rrege 8 E,, = V2B, (i+]) 31

1/3
Py
R=|————
(2) (4n €, E, j

(3) i TR g WR =1 a1 fIegell R gt e &3 &1 AT UhadM B |

(4)fRgBRBARYIST E, =0 2|
Ans. 24
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If EO has any component perpendicular to p then ]:Znet at A &A' cannot be perpendicular to the circle. Only

possibility is that EO isalong p, such that

AtB, E, :% and direction is same as p .
We can see from figure, Enet at a general point C will be perpendicular to the circle.

kp
(2) R_3o =E,

1/3 1/3
R=|XPo| _[__Pg
E, drn e, E,

N 2kp < -
(1) EA :?+EO :3E0

4E,=0
(3) The magnitude of total electric field is not same at all point on the circle.

Rotation

4.

A thin and uniform rod of mass M and length L is held vertical on a floor with large friction. The rod is released
from rest so that it falls by rotating about its contact-point with the floor without slipping. Which of the following
statement(s) is/are correct, when the rod makes an angle 60° with vertical? Question ID : 337911163

[g is the acceleration due to gravity]

2
(1) The angular acceleration of the rod will be fg

3
(2) The radial acceleration of the rod's center of mass will be Tg

/ 3
(3) The angular speed of the rod will be i
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(4) The normal reaction force from the floor on the rod will be 1_6g

TS L Ud GIAM M &1 UhAA Udell B8 B 318 Tv9T el del UR IR dd Y8d © | $961 ReR 37aRel # Bl
UR g Tel & HUS a5 & UR: gHd g a1 et FRel & | 579 I8 B SeaieR ¥ 60° Bl a1l & a0 fr=iferiad
DU H | DA/ FE B/E [g THET @RI 8]

(I)Wiﬂiﬁmw% BT |

(2) BE & AN B BT BT =0T %g BT |
3g
(3) TS B! Brvfrg Ify Zgﬁj‘m

M
(4) T & aq B$ W Ufafshar (normal reaction) gt 1_6g SR

A 234

m,/

S. 60°

(0]

L ML
T, = Mg—sin60° = la 1=
()% g2 ( 3 j

o= —3\/§g

4L

(3) By applying conservation of energy (work done by friction is zero)

2
%(1—00560"):%1@2 (Iz ML J

3
o= 29
2L
o’L 3g
2 = = —
2) a, > T4

(4) For centre of mass of the rod
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— 1 [e] [e]
a, =a,;sin60°+a, cos60

2
c0s 60°

:%ocsin60°+ ®

4 4L 2L 2 2

(9 3} 15g
=| —+4+— g:_
16 8 16

Mg—NZMay
N =Mg

16

KTG & Thermodynamics

5.

A mixture of ideal gas containing 5 moles of monatomic gas and 1 mole of rigid diatomic gas is initially at
pressure P, volume V  and temperature T . If the gas mixture is adiabatically compressed to a volume V /4,
then the correct statement(s) is/are,

(Given2'2=2.3;232=9.2 ; R is gas constant) Question ID : 337911167
(1) The average kinetic energy of the gas mixture after compression is in between 18RT and 19RT,

(2) The work [W| done during the processis 13 RT,

(3) The final pressure of the gas mixture after compression is in between 9P and 10P

(4) Adiabatic constant of the gas mixture is 1.6

5 HIel THURAID Tl 1 Hiel g fguRHTo[® arreel 199 & Asfor o1 3R™ 9 <19 P, e V, 71 aoEE T, 2 |
afe 7 & o) &1 wgioT (adiabatic) ¥ I ST SRS b ST @ 6 omaeH V /4 81 SR a9 feferfa
BT H A DI A/ TR B/8 —

(fearg 212=23;232=92; R 3 fadi® )

(1) W & a1e 199 @1 3id st ol @1 7 18RT, @2 19RT, & d= 8 |

(2) wpH | féan T 1 (W] = 13 RT, 2 |

(3) SAdre @ e Siferd <rd 9P 21 10P, & #ed & |

(4) T & 8707 o1 B i 1.6 2 |
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S.

SHM

2,3,4

5 moles monatomic & 1 mole rigid diatomic gas

VO
PV, T,) = (B, 75, T)

5x3+1x5 10

g 22220 1Y
(4) T 5 3

&'Ymix=1+g:16

16 V 1.6
o - 3)

. v,
& ToV(;/ ‘=T Tj
T=23T,
P=9.2P s
P,V, -9.2P, Yo

Q) W= 4 —_|3RT,

1.6-1
|W|=13RT,

(1) Average KE of gas after compression

:5><§R(2.3T0)+1><§R(2.3T0)

=23RT,

A block of mass 2M is attached to a massless spring with spring—constant K. This block is connected to two
other blocks of masses M and 2M using two massless pulleys and strings. The accelerations of the blocks are
a ,a,and a, as shown in the figure. The system is released from rest with the spring in its unstretched state. The
maximum extension of the spring is x . Which of the following option(s) is/are correct ?

[gis the acceleration due to gravity. Neglect friction] Question ID : 337911164

2M SIHH T T Jedhl T IReM R, Rt Ry Fadie K &, 9 958 8 | 98 eal &1 39 M deil 2M
S @ el A &1 TRE Yferdl Td SIRAT §RT S[ST € | Jeobi & w@RV a,, a, Tl a, & i1 &b = § gwiian
2 139 1 @1 Rer den Ryt &1 aifaar (unstretched) 3a=el A BTST 111 & | R o1 1ferdmdH Raama (exten-
sion) X, & | F=IfeTRed el # & B/« el 8/8 —

[g THET @R 2 | ayo7 Iuerfiy 7]
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F' 2M ait
—
PSS
az a
3
vl
2M
4Mg
1) Xg=——
( ) 0 k

X0

(2) When spring achieves an extension of >

M
. 3 P
15 2845k

(3)a,—a =a —a,

for the first time, the speed of the block connected to the spring

X
(4) At an extension of TO of'the spring, the magnitude of acceleration of the block connected to the spring is
38
10°
4Mg
X, =——
(1) %o ==

(2) <19 i1 &1 Rgara ygel 9° % BIT 2 79 R ¥ I g Ied B TR BT A 35,\/% BT |
(3)a,—a =a —a,
(4) w19 R &1 Reama % & 9 RUT A S §I YT B R0T BT URATT f—g BT S |

3
(3)a,_ (relative to pully) =—a,_(relative to pully)
a,—a, =3 —a
_ 4(m)(2m) _8m
e m+2m 3

Equivalent system will be

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 10
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2m |

7777777777,
K 7

v

For max. elongation

le(Z) = (8_mj gx,

2 3
Ly, _lome
k
. Xo
for elongation of E)

2
(S_mg) X0 _lK X0 =l(2m+8—mjv2
3 2) 2 2 2 3
yog |22
521K
. Xo
For elongation of Y

%KH _ (2m+8_mja
3 4 3

—a=2
21
Geometrical Optics
7. Three glass cylinders of equal height H=30 cm and same refractive index n= 1.5 are placed on a horizontal

surface as shown in figure. Cylinder I has a flat top, cylinder IT has a convex top and cylinder Il has a concave
top. The radii of curvature of the two curved tops are same (R =3m). IfH , H, and H, are the apparent depths

of'apoint X on the bottom of the three cylinders, respectively, the correct statement(s) is/are :

FRIEATIAR F ®79 & def f5a! Sars H = 30 cm o1 379ddied n = 1.5 § 1 Yo &ifdst |as IR &l T8 |

o [ &) HURT Idg q9dd, 51 11 B SIS Adg ool a2 g1 111 &) HuR! Ide radd & | <91 deblg Adal &l
gehaTl 3 FHH G R = 3m 2 | Af A1 gl & o Sufkerd U famg X &1 ol Tewrsai H, H, @ H, 8
a1 ferferRad BT § | S/ 981 8/ — Question ID : 337911168

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 11
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Il
1
H H H
X X X
(H)H,>H, (2) 0.8 cm <(H,-H )<0.9 cm
(3)H,>H, (4)H,>H,
Ans. 14

S. Casel: H
Case I : 1,2 ks
ase I : v R
1 1 1
> —+—=
V 20 2x300
1 1 1
=S —=
VvV 600 20
1 =29
= —=—
VvV 600

600
~H, =——=20.68
2~ 5 cm

Case I1I : 1,3 1 -1 1
ase 1L vV 2H 2x300 V600 20
1 31 600
= o H, =2 1935
V600 T3 cm

H, - H, =20.68 — 20 = 0.68

H,<H, <H,

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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COM, Momentum & Collision

8.

Ans.

A small particle of mass m moving inside a heavy, hollow and straight tube along the tube axis undergoes elastic
collision at two ends. The tube has no friction and it is closed at one end by a flat surface while the other end is

fitted with a heavy movable flat piston as shown in figure. When the distance of the piston from closed end is

dL
L =L, the particle speed is v =v,. The piston is moved inward at a very low speed V such that V << T Vo,

Where dL is the infinitesimal displacement of the piston.

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

T q, Wigell o1 el Aferel & 3181 1 32 H U m ST Bl BIT HYI Afiel 8 3R 98 AferdT & Qi RiRI
A yRef FEee (elastic collision) HRAT & | AfeTdn! &I Hdg TR BIg B0 721 2 3R ST U RiRT U el A8
A 98 g T4 SR R IR U F9da g aTell IR aeraar fOved & oil fo 2 7 geien o 2 | o9 fived 91

RRAL =L, #1507 qa ot o1 v =, & el 1 i age 7 R V << v, e &, o

dL foe o1 31fcrged (infinitesimal) faRemoA 2 |
ferfaRad BT § W S/ A8 8/8 — Question ID : 337911165

1
(1) The particle's kinetic energy increases by a factor of 4 when the piston is moved inward from L, to 3 L,

dL
(2) If the piston moves inward by dL, the particle speed increases by 2V Eh

(3) The rate at which the particle strikes the piston is v/L

(4) After each collision with the piston, the particle speed increases by 2V

() Sa e L, 9 %LO T ST & TG BT DI ISt Hot 4 o1 Aee 21 el 2 |

(2) afe fie Jiex @ dR dL S Fetal & 99 HT &) TfA 2V%L AqE ATH B |

(3) P D fREAA cIRA PR V/L B |
(4) e 3 IS Hoce & 91§ BT P 7 2V A 9 STl 8 |
1,4
ki
*—>y V<—-§_d_X7
T . a7
X
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before collision
\Y%
é @_
v
after collision
\Y/
«— R
V]

for elastic collision : (v, = V) =(v+V)
= (v,-v)=2V
change in velocity
v
Number of collisions with piston per unit time = T {x s length of tube}
Change in velocity per unit time = collision frequency * change per collision

d_V ooy
d 2x
Q:XXV
dt x
& _va
\% X
" i dt
:V:VOLO
X

L
When x becomes 70 , velocity becomes double hence K.E. becomes 4 times

SECTION 2 (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.
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Zero Marks : 0 In all other cases.

Nuclear Physics

1.

2

Suppose a .,°Ra nucleus at rest and in ground state undergoes o-decay to a ;. Rn nucleus in its excited

state. The kinetic energy of the emitted o particle is found to be 4.44 MeV. ;>*Rn nucleus then goes to its

ground state by y-decay. The energy of the emitted y photon is .......... keV.

[given : atomic mass of ;2°Ra =226.005 u, atomic mass of ;.- Rn=222.000 u, atomic mass of o particle =
4.000 u, 1 u=931 MeV/c? cis speed of the light]

A1 fb e ReR 22°Ra A1f¥e 37911 f+1er a7avel (ground state) ¥ 0-&70 B Ueb Scclfore Sfael Tl (excited
state) ;22Rn e ¥ &y BT & | ST B aTel oL BT 1 1Mot oll 4.44 MeV 8 | 5° Rn T R y-a1
HR STUT FAFTTH ST H 1T B | ST Y BISTH Bl Il ..o, keV 2|

[fean®: 2°Ra &1 wRHIMgS gemM = 226.005 u, ;2 Rn &1 URHI0GH G| = 222.000 u, o BT $1 URHAT g

> 86

@M =4.000 u, 1 u=931 MeV/c?, ¢ U@ & T ] Question ID : 337911175
Ans.  135.00
§§6 Ra —>§§2 Rn* +‘2‘ o
S, d v photon
ZRn
K, =4.44MeV
M R
= a K
KE released (E) .
= %x 4.44 =4.52MeV
222
Energy released = (226.005 — 222.000 — 4.000) 931 MeV
=4.655MeV
. Energy of y photon = (4.655 —4.52) MeV = 135.00 KeV
Electromagnetic Induction
2. A 10 cm long perfectly conducting wire PQ is moving with a velocity 1 cm/s on a pair of horizontal rails of zero

resistance. One side of the rails is connected to an inductor L =1 mH and a resistance R = 12 as shown in
figure. The horizontal rails, L and R lie in the same plane with a uniform magnetic field B=1T perpendicular to
the plane. If the key S is closed at certain instant, the current in the circuit after 1 millisecond is x X 107°A,

where the value of x is

[ Assume the velocity of wire PQ remains constant (1 cm/s) after key S is closed. Given : e =0.37, where e

is base of the natural logarithm]
Q1 SIS AR el fS7=Tes1 Uik 2= 8 IR e 10 cm &1 Garatad (perfectly conducting) @R PQ 1 ¢cm/s @ a7
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HIARET 8 |Vl & U R IR L = 1 mH ¥R (inductor) T2 R = 1Q URRIgS RIFGER J1 & | [F1 &t Vo,
L G R U&% €1 T § B 3R o & oaad U FAF g & B = 1T o g 2 | S S Font ol fasedl &7o1 98

a9 gRu # 1 millisecond & TATd gRTX X 10°A 8, S8 X & AN BT |
[T S & BHRA & ggard dR PQ &1 991 =i (1 cm/s) A |
fe s e =0.37, 581 e W THI0 (natural logarithm) &1 3TER & Question ID : 337911172
XB p® ®
L
—»1 cm/s
R
o
® S a® ®
Ans.  0.63
S. smdzBlV:lx—xL: -
100
Rt
I=1, (1 -et J
1=197 (1) = oi63ima
Errors & Significant Digits
3. An optical bench has 1.5 m long scale having four equal divisions in each cm. While measuring the focal length
of'a convex lens, the lens is kept at 75 cm mark of the scale and the object pin is kept at 45 cm mark. The
image of the object pin on the other side of the lens overlaps with image pin that is kept at 135 cm mark. In this
experiment, the percentage error in the measurement of the focal length of the lensis .
TP TSI 5 H Uh 1.5 m &1 Y91 B, FTIdT Ud cm, IR aR16R 911 § fA91RTd © | T Udel Said o al
BIH¥ G & AT & QRTE o AT fU PI THM IR AL 75 cm T2 45 cm & 278l IR 3@ A1 2 | o & o
TR a%g U &1 ufafaw 135 cm fore o= 3 ufifaw {9 & e 2 | 59 WAIRT 4 o) & B9 g3 & A1 3
e gfe . B Question ID : 337911176
Ans.  0.69 JEE ANS. 1.39 (1.35-1.45)*
S. |u|=30cmﬂ:l cm

4

1
|V|:60CIIl:|:Z cm
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f=20cm
1 1.1
v u f
dv| |du| df
Ve T
df 1/4 1/4
=>—=f|—=+—
f 60" 20

maximum possible percentage error in f= s 100% = 0.69%

1 1
Note : Here you might want to write |u| = 3015 cm ; [v| =60+ 5 em

as u & v are calculated by subtracting two measured values but maximum error inu & v are not independent.
On considering different scenarios maximum possible error comes outto be 1.12%

Kinematics

4. A ball is thrown from ground at an angle 0 with horizontal and with an initial speed u,. For the resulting
projectile motion, the magnitude of average velocity of the ball up to the point when it hits the ground for the
first time is V. After hitting the ground, the ball rebounds at the same angle 0 but with a reduced speed of u /a.
Its motion continues for a long time as shown in figure. If the magnitude of average velocity of the ball for entire
duration of motionis 0.8 V , the value of ais
T 37 bl &IfeTST A O BT IR TR AT, 3 BT ST 8 | T8 g, Y&Te Tl o bR ST Hcfof 1 Tgell dIR SehrIe]
& 9 I A b b S 3TN 7T BIARHATIT V| BT 8 | YTel | ShRI- & SURI i 1 0 Bl | fobef u /o bl
T T A STl © | RETTaR SHa T &) FHATaRTe T Y& © | S99 o JIRTd & SRTH 316 & iId 971 &1

aRHT7 0.8 'V, I ST 8, &9 o &1 I g7 Question ID : 337911171
Uo uo/a uo/(xz uo/(xm

0
Ans. 4
u;sin20 u;sin20 u;sin20
S. Total horizontal displacement = + 2 FUREREIRY
g ag ag
u; sin 20 ( 11 j
=—|l+—5+—F+..0
g o’ o

_ugsin20( o’
g a’—1
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2u,sin® 2u,sin® 2u,sind
+ +

Total time = e
g og ag
2u0sin6( 11 j
=——l+—+t—+...
g o o
_2uosin9( a j
g a—1

u;sin20( o’
g a’ -1

=0.8V,
SV, =ucosh & V,,, = 2uosin8( o j :
g o—1
=oa=4
Geometrical Optics
5. A monochromatic light is incident from air on a refracting surface of'a prism of angle 75° and refractive index

n,= /3 - The other refracting surface of the prism is coated by a thin film of material of refractive index n as
shown in figure. The light suffers total internal reflection at the coated prism surface for an incidence angle of
0 < 60° . The value of n’is

T O a1 {4 101 75° qei Suddsich ng= /3 & ® 3fudcii §&8 UR arg 3 Tehquii (monochromatic) Gebrer
SATAfere Bl 2 | FrTgaR fUSH &1 g 3] s IR {6l Ush yaTef &l defs (coating) B TS B, [T sruaciid
n 2 | MU BT g < 60° B T TBTI & v H1 Herg fhd T U8 UR gol IIRep URTIT 2l & | n? &1 A1
Bl Question ID : 337911173

Ans. 1.50
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For (0 =60°) light emerges tangentially at interface of n and n.
from snell's law

sin (60°) =n, sin (r))

= r, =30°

o1, =45°

Again using snell's law

n, sin (r,) =nsin (90°)

\F
=n=,[=
2

Dual Nature of Radiation & Matter

6.

A perfectly reflecting mirror of mass M mounted on a spring constitues a spring-mass system of angular

47TMQ

h

m strike the mirror simultaneously at normal incidence such that the mirror gets displaced by 1 um. If the

frequency Q such that =10** m2 with h as Plank's constant. N photons of wavelength A =8mx107°

valueof N is x X 10", then the value of X is ............ [Consider the spring as massless]
T M ST dlell U URTge ST Udh RO A ST 8371 © | 39 R g™ a1 @ ivfi argfcd Q 59 UaR

47MQ
h

AU B & o gUvr 1 pm ¥ faenfid 81el & | Ife N BT AM x x 102 8 T4 X &AM ... 2 |
[RYAT B G fed A7) Question ID : 337911174

& b

=10* m2 S8l h wiie Fadie § | TR A = 8nx10° m & N BIeH Udh |1l g9 TR owaq

Light
—

Mirror
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Ans.

1.00

K
Angular frequency Q= \/;

h
Impulse by photons (P) = 2N " (mirror reflect light)

2Nh

= meax - 7L

_ m(QA)= %{ V.. =oAl

AM( mQ
22 =N
jz(hj

NE 10 x8nx107 (10**
= 2 4

= N=10"

SECTION -3 (Maximum marks : 12)

This section contains TWO (02) List-Match sets.

¢ Each List-Match set has TWO (02) Multiple Choice Questions.

¢ Each List-Match set has two lists : List-I and List-II.

e List-I has Four entries (I),(I), (III) and (IV) List-1I has Six entries (P),(Q), (R ), (S), (T) and (U).

¢ FOUR options are givenin each Multiple Choice Question based on List-I and List-Il and ONLY ONE of
these four options satisfies the condition asked in the Multiple Choice Question.

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

Full Marks : +3 IfONLY the option corresponding to the correct combination 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.

Answer the following by appropriately matching the lists based on the information given in the paragraph.

A musical instrument is made using four different metal strings 1, 2, 3 and 4 with mass per unit length p, 21, 3
and 4 respectively. The instrument is played by vibrating the strings by varying the free length in between the
range L and 2L . It is found that in string-1(u) at free length L and tension T the fundamental mode frequency
isf.

List] ListII
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(I) String-1 (W) P)1
(I) String-2 (2p) Q)12
(IIT) String-3 (3) R)1/42
(IV) String-4 (4p) (S) 1/3
(T)3/16
U) 1/16

TS H &I TS BRI & MR UR Gl Bl ST FIeAT B U2 Pl SR § —

U arel I Bl AR 4= a1 &1 ari 1, 2, 3 9211 4 § 99171 T 2, e Ui ofFellg & Ged¥1+ (mass per unit
length) 9% p, 2p, 3p AT 4p B | 59 I o ARI DI G oiars L 3 2L, & drar giRafcid B gd B oxe

JSTRT ST 8 | U7 Al & b TR-1 () o1 Jared @warg L, O 11 T, e BIRVT Hel fael o aMgfcd £ 2 |

A 1§ HR < IR AR & | g 1 H fodl /3 o1 gikemor 2 |

A1 A 1
() aR-1 (w) (P) 1
(I) aR-2 (2p) Q) 1/2
(IIT) TR-3 (3p) ®)1/42
(IV) ar-4 (4p) (8)1/3
(T)3/16
U) 1/16
Waves on String
1. Ifthe tension in each string is T, the correct match for the highest fundamental frequency in f; units will be :

I gde TR I T1d T, 8, 79 Seerd Hel gfcdt 1 £, gebrs H el e 81 — Question ID : 337911177

Options
(1) I->P, I->Q, II->T, IV>S
(2) I-Q, I>S, >R, IV>P
(3) [-Q, I»P, II>R, IVHT
(4) I->P, [I>R, II-S, IV-Q
Ans. 4

1 T,

S. fo= —

2L\ p
e[
oL, \2u 2
Lo o
2L, \3p \/g

f, =
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L &
YooL, \4p 2
Waves on String
. 3L, 5L, 7L, )
2. The length of the strings 1,2,3 and 4 kept fixed at L, > 4 and 4 respectively.
Strings 1,2,3 and 4 are vibrated at their 1, 31, 5" and 14™ harmonics, respectively such that all the strings
have same frequency. The correct match for the tension in the four strings in the units of T will be :
. : 3L, 5L, 7L,
TR 1,2,3 T 4 B1 a1l bl 71 b L, S T B 1 AR.1,2,3 AT 4 BT HH: ST Y 15,
qeirar 31, gge 5 qer Alesdl 144 Jongfadi UR 599 aRE 1 HIUd R 2 | fob Gl TRT bl gyl T WEd © |
ARI ARI & TG D1 T, 318§ He Aot 8 — QuestionID : 337911178
Options :
(1) I-T, I-Q, llI->R, IV>U
(2) I->P, II-Q, II->T, IV>U
(3) [P, I-Q, IR, IV>T
(4) I->P, IR, I-T, IV>U
Ans. 2
AL __ 3 L _=s5 ok __ 14 T,
S. 2L,V o) 3L, |V 2p o) Sk 1V 3p 2 7L, |V 4p
2 4 4
T,
T, = 7"
3
T,=—T,
3 16 0
T,
T,=-2
Y16

Answer the following by appropriately matching the lists based on the information given in the paragraph.
In a thermodynamic process on an ideal monoatomic gas, the infinitesimal heat absorbed by the gas is given by

TAX, where T is temperature of the system and AX is the infinitesimal change in a thermodynamic quantity X

3 T A%
ofthe system. For a mole of monatomic ideal gas X= 5 Rln T +RlIn v Here, R is gas constant, V

A A

is volume of gas, T, and V, are constants.

The List-I below gives some quantities involved in a process and List II gives some possible values of these
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quantities.
ListI ListII
) 1
(I) Work done by the system in process 1—>2—3 (P) 3 RT,;In2
. . . 1
(II) Change in internal energy in process 1—2—3 Q) 3 RT,
(IIT) Heat absorbed by the system in process 1—>2—3 (R) RT,
4
(IV) Heat absorbed by the system in process 1—2 (S) 3 RT,

(T) %RT0 (3+In2)

5

3TgeE H & T8 STM®HRI & JMMUR W Gl &1 Ifrd fef dxa U &l Sk &
Ueh 377G 2] UHURATI[D ]9 & Yeb SEANTIIe] UshH H AT §IRT STTcIRged SSAT T a2yl TAX 9 & 71 8, 58l T
YT T AT ol AX 18T @1 Ue SsTicrd! |11 X # Sifcrged gRacs & | Ud Alel YhuRATIS Jael I &

3 T \Y
o X:ERln[T—j+Rln(V—j%|agTVﬁvaﬂW,R?‘miﬁfﬁﬂﬂi’cﬁ, T, 7V, Fadis g |
A

A

-1 v Ufshan # AfRafera @ Jmamsl &l g2l 3 | 4 11 H 781 Amell &1 Gaifad w14 & T g |

gl SGinl

(1) 1 & §R1U=pA 1—>2—3 # foban a1 &1 (P) %RTO In2
(I1) UshH 1-2—3 HAT<IRS ol H§ gRI Q) %RT0
(IID) ¥ 1—>2—3 H MR gIRT aeifia e (R) RT,

(IV) 9zpd 12 ¥ Aebrar g1 e e (S) gRT0

(T) %RT0 (3+In2)

5
U) g RT,
KTG & Thermodynamics
1
3. If the process on one mole of monatomic ideal gas is as shown in the TV-diagram with P )V = 3 RT,, The
correct match is

1
& Teh et UHURATYeD A& Ik 0R o1 # fear) T TV-urh 5 o 319, STei PV, = ERTO B, Uehd fobar
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SISIGEREIEEIG R Question ID : 337911180
AT
TO ................................ 3
To/3
: : y
Vo 2Vo
MHI->PO->TIII—>Q,IV>T Q) I->PIN->RII>T,IV>P
B)I->S,I->TIM->Q,IV>U @HI->PIN->RIT->TIV>S
Ans. 2
RT, . [ 2V, _ RT,
. (DWW, ;=73 ln(—oj+0 =73 2
3 T,
(HAU= R [To —?ﬂ =RT,
RT,
ADQ,,, =AU+W=RT, + 30 In2
RT,
(IV) Q1—>2 - W1—>2 +AU = 30 In2
Ans. I->P 1> R IIT—>T,IV—>P
KTG & Thermodynamics
4. Ifthe process carried out on one mole of monatomic ideal gas is as shown in figure in the PV-diagram with

1
PV, = 3 RT,, the correct match is :

1
& Teh HieT THURHATYD A& K UR o1 # fa@r TR PV-UT% R & SR, S8i PV, = ERTO B, uehd fobar

SITaT © 99 98 fAe 8 Question ID : 337911179
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Ans.

0] 20Y72 T — 3

; : Vv
Vo 2Vo
(1) IQ, I8, >R, VU
(2) IS, IR, M->Q, VT
(3) I5>Q, IR, M—P, VU
(4) IQ, II-R, M-S, VU
4
RT,
DOW, =W+ W, =PV, +0=—

3
(I AU, , = SRV, ~PV]

_ %{%(ZVO)—POVO} _ 3PV, =RT,

RT, 4
(11T Q1»2»3 - Wla2a3 +AU, = 3 +RT, = ERTO

13

Rn+%pm%—m%]

(IV) Q1—>2 - W1—>2+ AUI—)Z b

RT, 3(RT, 5
+= — ~RT
3 2(3 j 6

Ans. [-Q, [I-R, II-S, IV->U
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