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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

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% fGRRI i BiRai S s g d=0.3 mm A v B g D = 1 m 2 | Y AR Y12l Yol STl
TR 600 nm & f31RAT TR o0 BIoT 4 Sruferd 81 & o 6 o # gwrian 11 2 | ue R fa=g O frRRai & o
W g A PO = 11.0 mm B | F=foRad Ml 9 | &4 |1/4 Fel 8/8 2 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 |

() &= R fore g P e R e e

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

(4) o= 0—26 &3 & forg fa=g O W= famreh @fdevoT (destructive interference) 8RT |

2

Total geometrical path difference for point Pis

szdsin(x+y—d
D

(1) Ax = de =3300nm =(2n +1)% forn=>5

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
@@HIfoa= — degree, then Ax = do, = 600nm = n) forn=1

There will be constructive interference at O.

A free hydrogen atom after absorbing a photon of wavelength A, 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
AN, = 5 which of the option(s) is/are correct?

Question ID : 337911170

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

A 1

a _

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

Matrix JEE Academy : Opposite Reliance Petrol Pump, Piprali Road, Sikar Ph. 01572-241911, Mob. 97836-21999, 97836-31999

2



MATRIX JEE Academy PAPER-II

Matrix JEE-(Advanced) Online paper 2019

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 —
[fem g hc=1242 eV nm; 1 nm = 10 m, S8l h i fIaid qA ¢ B o i 2]

.1

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

. ~ c . . 1
(4) S B TSI Srotlal o1 AR n = m ¥ 3@ n = | H 37urd 2 =

2.4
hc he
ZZ(E4_E1)aHdZ:(E4_Em)
Apa=—(E4_El) and Ape=( +~En)
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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Py (» »
3. An electric dipole with dipole moment Toz (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 amgel (dipole moment) %(I + 3) @ U fagd fagd (electric dipole) @1 ¥el fasg O R uRa™r E &

THAA fIed & # §¢ 3@ Wad ¢ | IR AR, 99 fig O R ofvd & R B arel 9 w fava fad gan
& T4 FeIfeTRad w2l H A HIF1/A TEl 8/8 (o 3T BT WIAED €, 8 T R >> fggd 3TdR)
Question ID : 337911166

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

1/3
Py
R=| —fo
(2) (47c € E, ]

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

(4) Total electric field at point B is EB =0

(1) farg A TR ger Rrege 8 B, = V2B, (i+]) 31

1/3
Py
R=|———
(2) [4n s E, j

(3) f M g WR =i a1 fagall R e fagge & o aRHTeT T B |

@) fRgBRpaARgIaT E, =0 2|
Ans. 24
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If E , has any component perpendicular to p then Enet at A & A' cannot be perpendicular to the circle at all

points. 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 N N
(1) EA :?+E0 :3E0

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

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 Tg

(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 BT |

A 234

m,/

S. 60°

(0]

L ML
T, = Mg—sin 60° = 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
(93], 15
16 8 16
Mg—NZMay
N =Mg
16

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 process is 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 UURHTYeD 1 1 ¥iel 3 fuxemore srast i1 & 701 o1 3 # g1d P, 3RV, @2 o= T, 2 |
I 79 & fsror 31 BT (adiabatic) ¥5h W ST SRS b ST @ 3 omaeH V /4 81 SR a9 feferfa
U H W DI A/ TR B/8 —

(fearg 212=2.3;232=92; R 39 fodi® )

(1) W & aTe 199 @1 3id st ol @1 7 18RT, @2 19RT, & 4= 8 |

(2) wpe H féan T BRI (W] = 13 RT, 2 |

(3) wde o geerd i 19 9P el 10P & 7ezl & |

(4) 9 & 8707 BT B i 1.6 2 |

2,3,4
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S.

5 moles monatomic & 1 mole rigid diatomic gas

VO
(PyV,T) = (B 5, T)

o f _5><3+1><5_1_0
() mix 6 3

2
=1+—=1.6
& Ymix f
v 1.6
3) POV(;6 = P(Toj

r—1
& TOVOFI = T(%j

T=23T,
P=9.2P {option 3}

P,V, —9.2P, Vo
W= 4 = _|3RT,
1.6 -
|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 ?

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

2M SIHH T T Jedhl T IReM R, foraedt Ry Fadie K &, 9 958 8 | 98 eal &1 39 M dei 2M
S B bl A & TRE Yferdi Td SIRAT §RT S[S1 8 | el BT w@R T a,, a, Tl a, & ST b o § geriar
2 1399 A 1 Rer gorr Ry &1 1fdd=1 (unstretched) STa=er 3 BTST SITd & | REAT &1 31fddan Raana (exten-
sion) X, & | F=IfeTRed 2l # W B/ el 8/8 —

[g TR @R 2 | ayoy Sueriy 3]
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, M
—
Y AP ITIIIIIIIIF
as a
3
Y|y
2M
4Mg
X, =—=
(1) 0 k

X0

(2) When spring achieves an extension of >

M
. 3 _
15 2845k

(3)a,—a =a —a,

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) <79 1 &1 Rgara ygel IR % BT & 79 RS ¥ I g Ied B IR BT AN 35,\/% BT |
(3)a,—a =a —a,
(4) w19 R &1 Re=amg % & 9 RUT A S §I YT B k0T BT URATT f—g BT S |

Ans. 3
S. (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

for the first time, the speed of the block connected to the spring
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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
=S v= 32
21K

. Xo
For elongation of Y

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

—a=28
21
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 II 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 :

FRETIIR O &9 & da ! Sdars H = 30 cm T2 3f9ddie n = 1.5 8 1 U &fisl 9ag IR @ 18 |

o [ &) HURT Idg A9, 571 11 B HUS) Adg ool a2 go1 111 &) HuR! Ide radd & | ST deblg Adel &l
el 3 WA G R = 3m 8 | Al A1 a1 & e Suferd Ua famg X &1 omari Tevrgai H, H, @ H, 8
a1 fe=ferRad B # & B/ HEl 8/8 — Question ID : 337911168
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I
H H H
X X
(H)H,>H, (2) 0.8 cm <(H,-H )<0.9 cm
3)H,>H, (4)H,>H,
Ans. 14
f.
H 30x2
S. Casel: H| [ Oq H, = E = =20cm (pelow)
0
Case 1l : 1,2 s
wet V 2H R
1,11
V 20 2x300
i1t 1
vV 600 20
1 -29
=—=—
VvV 600

600
H2 = E =20.68 cm (be]ow)

13 1
. —_— 4 —= j—l
Case IIL: vV 2H 2x300
1 -31 600
2 g 2 935
V600 Y] om

H, - H, =20.68 — 20 = 0.68

I -1 1

V600 20
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H,-H, and H, > H,

ButH, >H,

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 A, Wigel] 21 el Aferel & 3181 1 32 H U m ST Bl BICT BVl feiel & AR 98 Aferdt & Qi RiRI
A gl HHee (elastic collision) HRAT B | AATHT &I A IR DI THUT T8 & IR SHDI Tdh RIRT TS FHAA A8
H 9 B Safh R RIR TR U Aol a8 arel] 9N Felra T foves & i {6 fora & gertan o 8 | o9 fireq 9

RRAL = L, #1505 qa ot o1 v =, & e o e o ol g 7 R V << v, 1 &, o

dL foe @1 31fcrged (infinitesimal) faReToA 2 |
faforRad wemi & 9 PIal,/JA T8 2 /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 T

(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

() Safier@ L, 9 %LO T ST & TG BT DI ISt HAt 4 o1 Aeh 21 el 2 |

(2) afe fiRe Jier @ dR dL S Feidl g 99 HT &) Tfd 2V%L AqE AT B |

()P D fREAA cIRA PR V/L B |
(4) foRe 3 IS Huce & 91§ BT B 7 2V A 9 STl 8 |
1,4
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’
TV vl
S < e dt
< X Ll |
before collision
\Y%
é @_
v
after collision
\Y%
—_— —t
Vl

for elastic collision : (v, = V) =(v+V)
=(v,-V)=2V
change in velocity

v
Number of collisions with piston per unit time = x {x s length of tube}

Change in velocity per unit time = collision frequency % change per collision

N_V v

dt  2x
ﬁ LAY A%

dt x
dv_vdt

v X

" 5oX dt

=>v= Vol

X
L, . :

x becomes B3 velocity doubles 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
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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.

Ans.

226 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 geb ReR 22°Ra A1f¥e 37911 f+1er a7a%el (ground state) ¥ 0i-&70 B Ueb Sl forl favel dTel (excited
state) ;2> Rn I¥e ¥ &4 I & | ST B aTel oL BT 1 Mot ol 4.44 MeV 8 | 52° Rn T R y-a1

FHR ITUT FAFITH STa=T H T B | ST y BISH Bl Sl ..., keV 2|
[fean®: 2°Ra &1 wRHIgS g = 226.005 u, ” Rn &1 WRHAGS G = 222.000 u, o 1 H1 URHAT 0

> 86

g@MH =4.000 u, 1 u=931 MeV/c?, ¢ & &1 7fT 7] Question ID : 337911175
135.00

226 222 * , 4
sx Ra—g Rn*+ a

d v photon
ZRn
K, =4.44MeV
M a
KE released (E) = M K,
Rn
= %x 4.44 =4.52MeV
222
Energy released = (226.005 —222.000 — 4.000) 931 MeV
=4.655 MeV

. Energy of o photon = (4.655 —4.52) MeV = 135.00 KeV

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 = 1€ 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 10°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
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Ans.

is base of the natural logarithm]

Q1 SIS AR el fS7Ten1 ek 2= 8 IR e 10 cm &1 arata (perfectly conducting) @R PQ 1 ¢cm/s @ a7

HIARET 8 |Vl & U R IR L = 1 mH ¥R (inductor) T2 R = 1Q URRIgS RIFAGER J1 & | [F1 &t Vo,

L G211 R U& &1 O H B 3R Il & o gad U 9o g & B = 1T o g 8 | 1 S Fofl ol fedl &701 98
a9 gRu # 1 millisecond & T gRTX X 10°A B, S8 X &1 AN B |
[T S & B & ggard dR PQ &1 991 =3 (1 cm/s) A |

faa s : e =0.37, 581 e U icie THII0I (natural logarithm) &1 38R &) Question ID : 337911172

®B P X ®
L
—1 cm/s
R
/.
® S Q® ?
0.63
€ind :BZVZIXLxLZI()%V
10 100
;Rt
IZIO(I—e L J
-3
1= (1-¢")=0.63mA

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 ofthelensis

TP TSI 59 H U 1.5 m &1 Y91 B, FTIdT Ud cm, IR aR16R 911 § A91RTd ® | T Udel Said o al
HIHE X & AT B QR o a7 fUT BT 99 IR %A 75 cm 2145 cm & 8] IR @1 911 2 | o & g8
TR ¥ U9 &1 ufifem 135 cm e R &) ufifdw {09 @ fAear 2 | 59 5 3 o) & BIed g3 & a9 4
e gfe . 2 Question ID : 337911176
0.69

1
|u|=3OCmiZ cm
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1
[v|=60cm+ — cm

4
f=20cm
11 1
vou f
dv| |du| df
Ve

df 1/4 1/4
2—=f —2+—2
f 60" 20

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

1 1
Note : Here you might want to write [u| =30+ cm ; [v| =60+~ cm

2 2

asu & v are calculated by subtracting two measured values but maximum error in u & v are not independent.

On considering different scenarios maximum possible error comes out to be 1.12%

A ball is thrown from ground at an angle 6 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 /..

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 aLis
Teh 7 b1 &IfeTST A O BT OR TR A1 1, A HepT ST & | U8 g, Y& Tt o bIRT ST 4Tl 3 Teet! g1 SehrIe]
& <9 I A Teb b S TR 71 DT IRHATIT V| BT € | cTel U ShRI & SURT Iie ST O D107} fobeeg u, /o bl
&N 7fA A I Al B | FRETTAR IHS! M o4 FHATTRTE b X! & | 59 o AR D SR & B Al 997 Bl

aReTer 0.8 V, URIN ST 8, 9 oL T HI g7

Uo

2
uO/OL uO/OL

Question ID : 337911171

m
uo/oc

Ans. 4

Total horizontal displacement =

+—t+— Tt

_uf)sin26(l 11
g

_ugsin20( o’
g o’ -1

a (0

u; sin 20 . u; sin 20 . u; sin 20

g a’g a'g

;
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2u,sin® 2u,sin® 2u,sin0
Total time = + T
g og a'g
2u,sin 0 ( 11 j
=——l+—+t—+...
g o o
_ 2u,sin 9( a j
g a—1
u; sin 20 ( o’ j
2
g o -1
=0.8V,
SV, =ucosh & V,,, = 2uosin9( o j :
g o—1
=oa=4
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 foTRTepT {45 101 75° qefl Sudeich ng = (/3 & @ 3fuddii JtS UR arg 3 Tehquii (monochromatic) Ferer
JAferd B 2 | FeRTgaR fUsH &1 SER sad] 6 IR ¥l s uatef @l Fefs (coating) &1 TS B, T sraad i

n 2 | IMARTT DI 9 < 60° B foTT UHT HY fHR0T T derg fohd T U8 R Yol =aReh URTaH Il & | n2 &1 714
= Question ID : 337911173

Ans. 1.50
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Ans.

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

sin (60°) =n, sin (r,)
= 1, =30°

o1, =45°

Again using snell's law
n, sin (r,) =nsin (90°)

\F
=>n=,[—
2
A perfectly reflecting mirror of mass M mounted on a spring constitues a spring-mass system of angular

47MQ

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

m strike the mirror simultaneously at normal incidence such that the mirror gets displaced by 1 um. If the
valueof N is x x 10'2, then the value of X is ............ [Consider the spring as massless]

T M ST aTell Ul URTac U1 Udh RUTT A ST 8371 © | 39 R g™ a1 a1 Sivfi smgfcd Q 59 R

47MQ . e ) .
2 fo . =10* m™ 81 h e Fadie § | TR A = 8nx10° m & N BIeH Udh |1l g9 TR owaq
3Aafcrd 81t & T U1 1 pum ¥ fa=enfue 81 & | 3fe N &1 /19 x x 10'2 8 T9 X BT ... 2 |
[RYAT B G fed A7) Question ID : 337911174
Light
Mirror
1.00

K
Angular frequency Q2 = \/g

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

2Nh

= meax - 7\,
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— m(QA)= %{ Voo = OA}

Al mQ
== |=N
=2 ( h j
_ N=10’6x87c><10’6 10*
2 47

= N=101"

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-IL.

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

¢ FOUR options are given in each Multiple Choice Question based on List-1 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 If ONLY 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, Itis found that in string-1(u) at free length L and tension T, the fundamental mode frequency

isf.

List1 ListII

(I) String-1 (W) P)1

(IT) String-2 (21) Q)12

(ITT) String-3 (31) R)1/42

(IV) String-4 (4p) (S) 1/3
(T)3/16
(U) 1/16

TS H &1 T8 SIHBHRI & MR UR Gl Bl ST FTeA™ B Ued Bl SR § —
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U arel I Bl AR 4 o1 &1 aRi 1, 2, 3 q2N 4 § 991301 T 2, & Tahids of=i1s & G (mass per unit
length) sH¥E: 1, 21, 3 AT 4p B | 39 I & IRI DI ol wiarg L, A 2L, o arg aRdfcid HRdl g4 HiUd axa
TSI ST & | 97T Sl 8 b dR-1(p) @1 ged or=arg L) 0 a1a T, @ bIRo1 el e o1 afgfed £ 2 |

A 1 H SR & T AR TR B | A 1 H B A3 &1 gReArr 2 |

A1 A 11
(D) aR-1 (W) P)1
(D) TR-2 (2p) Q)12
() TR-3 (3p) ®) 1/42
(IV) TR-4 (4p) ) 1/43
(T)3/16
L) 1/16
1. Ifthe tension in each string is T , the correct match for the highest fundamental frequency in f; units will be :
IS g TR BT q1d T, 8, 79 Seardd Hel gfdt 1 £, gabTs H 8! (e 81 — Question ID : 337911177
Options
(1) I-P, I->Q, II->T, IV>S
(2) [-Q, IS, llI->R, IV>P
(3) [-Q, [P, [lI>R, IV>T
(4) I-P, IR, II-S, IV>Q
Ans. 4
1 T
S. 7oL, \/%
i
2L, \2u 2
g Bt
2L, \3u 3
L
2L, V4p 2
2. The length of the strings 1,2,3 and 4 kept fixed at L, 3Ly Sl and 7Ly respectively.

27 4 4
Strings 1,2,3 and 4 are vibrated at their 1, 3, 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,
2 4

) . 7L
TR 1,2,3 21 4 & Fargat &1 99 Ha L, qer 40 21 AR 1,2,3 71 4 B HHI: STP] yorH 19,
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T 3, e S5 qer wieEdl 14" gl WR 39 AR89 HiUd B ¢ | b ol TR o1 gyl |9 I8 © |
FRI ARI @ 1 D1 T, 31S 5 Al Helr 8 — QuestionID : 337911178

Options :

Ans.

(1) I-T, I-Q, IR, IV>U
(2) I->P, I-Q, II->T, IV>U
(3) I->P, [I-Q, IR, IV>T
(4) I-P, [I-R, I T, IV>U

2
A3 L s L 14 T
2Lo“2& 2u 2& 3u 2& 4p
2 4 4
T
T2:70
3
T,=—T
716
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%
of the system. For a mole of monatomic ideal gas X= By Rin T +R1n 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

quantities.
ListI ListII
_ 1
(I) Work done by the system in process 1 —>2—3 (P) 3 RT,In2
. . . 1
(I) 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,
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(T) %RT0 (3+In2)

5
(U) g RTO

3TFRT W & T8 SM®HRI & YR TR Gl H1 I Fef dea U &l Sk &
T AT THURATI[S I & T SSATTIT] Ushd H 199 gRT 1fges 9o a7 raeimor TAX & fean 2, &gt T
YT T AT ot AX fama @l U Ssamferas! w131 X # srfcrged gRads & | Ud Alel YhuRATe anast I &

3 T v
forg XZERIH(T_}RIH(V_]%WETVWWW,Rﬁvfﬁrﬁmﬁ—cﬁ, T, @1V, Frrios & |

A

A1 va ufshan & AfFaferd g Araneli o gl 2 | g 11 7 321 /el &1 |ifad w14 fean a2 |

qA 1 Gigl!

(1) f¥repra @ g1 9zpH 1—>2—>3 H bt 721 i (P) %RTO In2
(I) wh¥ 1 —2—3 H 3MRSE SHoff H gRadH Q) %RT0
(II1) TshA 1—2—3 ¥ a1 gRT ey s (R) RT,

(IV) w59 12 H Fepr gRT Sfaifvd oA (S) gRTO

(T) %RT0 (3+In2)
V) 2RT,

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

IS eh el YHURHATYD 1S e % WR for1 & faar) ) TV-urh o o 399, Siel PV, = lRTO 2, uehd fha

3
NISIGEREIEEIG R Question ID : 337911180
AT
TO ................................ 3
To/3

: H y

Vo 2Vo
(HI->PON->TM—->Q,IV>T 2Q)I->PIN->RINI->T,IV>P
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BI->S I->TIMM->Q,IV->U @HI->PIN->RIMT->TIV—>S
Ans. 2
RT, (2V,) . RT,
S, (MW, = 3 1“(—0]“) =—3 In2

3 T
(1) AU = ER[TO —?"} =RT,

RTOln2
3

anQ ., ., = AU+ W =RT, +

RT,
(IV) Qlaz - WleZ + AU - 3

In2

Ans. I ->PII->R II->T,IV->P

4. If the 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 :

& Yeh AieT THURHATYD A& ¥ UR 21 # fe@r T PV-UT% R & 4R, Si8i PV, = %RTO 2, ushH fha

ST § 99 98! e § Question ID : 337911179

0] 2iY723 T — 3

: : \
\'/o 2Vo "
(1) I->Q, I-S, II>R, IV>U
(2) I-8, IR, II->Q, IVST
(3) [-Q, >R, P, IV>U
(4) I->Q, I>R, IlI->S, IV>U
Ans. 4
RT,
S. OW, _, ., =W _+W, =PV +0= 3
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3
() AU, ,,= S[PV: ~RV]

P

153

RT 4
(III) Q1_>2_>3 = W1—>2—>3 + AU - 3 ; * RTO - ERTO

RT, +%[2POVO -PV,]

(IV) Q1—>2 = W1—>2 + AU1—>2 =

3

+— = —RT,
3 2 6

Ans. [-Q, [I-R, IS, IV>U

RT, 3(RT0j 5
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