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INSTRUCTIONS

1. The test is of 3 hours duration.

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

3. 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.

4. Candidates will be awarded marks as stated above in instruction No. 3 for correct response of each

question. ¼ (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.

5. 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.

6. 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.

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

USEFUL DATA

Atomic weights: Al = 27, Mg = 24, Cu = 63.5, Mn = 55, Cl = 35.5, O = 16, H = 1, P =  31, Ag = 108, N = 14,
Li = 7, I = 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 , Tl = 204, Pb = 207 [Take : ln 2 = 0.69,  ln 3 = 1.09, e = 1.6 × 10–19, m

e
= 9.1 × 10–31 kg ]

Take  g = 10 m/s2 unless otherwise stated
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JEE (ADVANCED) 2019 PAPER II

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 If two 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  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?

,d ;ax ds f}f>jhZ iz;ksx esa f>fjZ;ksa ds chp dh nwjh d = 0.3 mm rFkk insZ dh nwjh D = 1 m gSA ,d lekUrj izdk'k iqat ftldk

rjaxnS/;Z 600 nm gS f>fjZ;ksa ij  dks.k ls vkifrr gksrk gS tSlk fd fp=k esa n'kkZ;k x;k gSA insZ ij fcUnq O f>fjZ;ksa ls lekUk

nwjh ij gS rFkk PO = 11.0 mm gSA fuEUkfyf[kr dFkUkksa esa ls dkSUk lk@ls lgh gS@gSa ?   Question ID : 337911169

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

(2) For 
0.36

 


 degree, there will be destructive interference at point P..
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(3) Fringe spacing depends on .

(4) For 
0.36

 


 degree, there will be destructive interferenece at point O.

(1)  = 0 ds fy,, fcUnq P ij laaiks"kh (constructive) O;frdj.k gksxkA

(2) 
0.36

 


 fMxzh ds fy, fcUnq P ij foUkk'kh O;frdj.k gksxkA

(3) fQzUtksa ds chp dh nwjh  ij fuHkZj djrh gSA

(4) 
0.36

 


 fMxzh ds fy, fcUnq O ij foUkk'kh O;frdj.k (destructive interference) gksxkA

Ans. 2

S. Total geometrical path difference for point P is

yd
x d sin

D
   

(1)  
yd

x 3300nm 2n 1
D 2


      for n = 5

 There will be destructive interference at P.

(2)
0.36

 


 degree, then  x 3900nm 2n 1
2


     for n = 6

There will be destructive interference at P.

or (2n – 1) x
2


   (for destructive interference)

  n = 7

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

(4) If 
0.36

 


 degree, then x d 600nm n      for n = 1

There will be constructive interference at O.

Atomic Structure

2. 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 
e
. Let the

change in momentum of atom due to the absorption and the emission are p
a
 and p

e
 respectively. If


a
/

e
 = 

1

5
, which of the option(s) is/are correct? Question ID : 337911170

[Use hc = 1242 eV nm ; 1 nm = 10–9 m, h and c are Plank's constant and speed of light, respectively]

(1) e 418nm  (2) m = 2 (3) 
a

e

p 1

p 2




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

4

,d Lora=k gkbMªkstUk ijek.kq 
a
 rjaxnS/;Z ds ,d QksVksUk dks vo'kksf"kr djds n = 1 voLFkk ls n = 4 voLFkk esa pYkk tkrk gSA

blds rqjUr i'Pkkr ijek.kq 
e 
rjaxnS/;Z dk ,d QksVksUk mRltZUk djrs gq;s n = m voLFkk esa pYkk tkrk gSA ekUk fyft;s fd

vo'kks"k.k rFkk mRltZUk ds nkSjkUk ijek.kq ds laosx esa ifjorZUk Øe'k% p
a
 rFkk p

e
 gSA ;fn 

a
/

e
 = 

1

5
 gS] rc fuEUkfyf[kr

fodYiksa esa ls dkSUklk@ls lgh gS@gSa &

[fn;k gS hc = 1242 eV nm ; 1 nm = 10–9 m, tgka h IYkkad fu;rkad rFkk c izdk'k dh xfr gS]

(1) e 418nm  (2) m = 2 (3) 
a

e

p 1

p 2






(4) bysDVªkWUk dh xfrt ÅtkZvksa dk voLFkk n = m ls voLFkk n = 1 esa vuqikr 
1

4
 gSA

Ans. 2,4

S.  4 1

a

hc
E E 

  and  4 m

e

hc
E E 



 4 1
a

E E
p

c


   and 

 4 m
e

E E
p

c


 

(2) 
 4 ma

e 4 1

E E

E E




 

2

1 1
1 m 16

155
16




m = 2

(3) 
 
 

4 1a

e 4 m

E Ep 15 16
5

p E E 16 3

 
  

  

(4)  2

13.6eV
K

n


2

1

K 1

K 4


(1)    2
e

hc 1 1 3
13.6eV 13.6eV

2 4 16

 
    

  


e
  487 nm
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Electrostatics

3. An electric dipole with dipole moment  0p ˆ ˆi j
2

  is held fixed at the origin O in the presence of an uniform

electric field of magnitude E
0
. 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: (
0
 is permittivity of free space. R >> dipole size)

f}/kzqo vk?kw.kZ (dipole moment)  0p ˆ ˆi j
2

  ds ,d fo|qr f}/kzqo (electric dipole) dks ewYk fCkUnq O ij ifjek.k E
0
 ds

,dlekUk fo|qr {ks=k esa n<̀+ j[k ldrs gSA ;fn fp=kkuqlkj] ewYk fcUnq O ij dsfUnzr ,d R f=kT;k okYks o`Rr ij foHko fu;r jgrk

gS rc fUkEUkfyf[kr dFkUkksa esa ls dkSUklk@ls lgh gS@gSa (eqDr vkdk'k dk ijkoS|qrkad 
0
 gS rFkk R >> f}/kzqo vkdkj)

Question ID : 337911166

(1) Total electric field at point A is  A 0
ˆ ˆE 2E i j 



(2) 

1/3

0

0 0

p
R

4 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 
BE 0


(1) fcUnq A ij dqYk fo|qr {ks=k  A 0
ˆ ˆE 2E i j 


 gSA

(2) 

1/3

0

0 0

p
R

4 E

 
  

 

(3) fn;s x;s o`Rr ij fdUgha nks fCkUnqvksa ij dqYk fo|qr {ks=k dk ifjek.k ,dlekUk gSA

(4) fcUnq B ij dqYk fo|qr {ks=k 
BE 0


 gSA

Ans. 2,4
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S.

B

A'
B'

A

E0

p

E0

E sin0 

3

Kpsin

R



Enet



3

Kp

R

C

If 
0E


 has any component perpendicular to p


 then 
netE


 at A & A' cannot be perpendicular to the circle. Only

possibility is that 
0E


 is along p


, such that

At B, 
0

0 3

Kp
E

R
  and direction is same as p


.

We can see from figure, 
netE


 at a general point C will be perpendicular to the circle.

(2) 
0

03

kp
E

R


1/3 1/3

0 0

0 0 0

kp p
R

E 4 E

   
    

   

(1) A 0 03

2kp
E E 3E

R
  

  

(4) E
B
 = 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]

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

L

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

4

(3) The angular speed of the rod will be 
3g

2L
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(4) The normal reaction force from the floor on the rod will be 
Mg

16

YkEckbZ L ,oa nzO;ekUk M dh ,dlekUk irYkh NM+ dks vf/kd ?k"kZ.k okYks rYk ij YkEcor~ j[krs gSA bldks fLFkj voLFkk esa NksM+Uks

ij ;g rYk ds laidZ fcUnq ds ifjr% ?kwers gq;s fcUkk fQlYks fxjrh gSA tc ;g NM+ Å/okZ/kj ls 60° dks.k cUkkrh gS rc fuEUkfyf[kr

dFkUkksa esa ls dkSUklk@ls lgh gS@gSa [g xq:Roh; Roj.k gS]

(1) NM+ dk dks.kh; Roj.k 
2g

L
 gksxkA

(2) NM+ ds nzO;ekUk dsUnz dk f=kT; Roj.k 
3g

4
 gksxkA

(3) NM+ dh dks.kh; xfr 
3g

2L
 gksxhA

(4) rYk ds YkECkor~ NM+ ij izfrfØ;k (normal reaction) cYk 
Mg

16
gksxkA

A. 2,3,4

S. 60°

O

m,l

atar

y

x

(1)

2

0

L ML
Mg sin 60 I I

2 3

 
      

 

3 3g

4L
 

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

 
2

2MgL 1 ML
1 cos60 I I

2 2 3

 
     

 


3g

=
2L

(2) 
2

r

L 3g
a

2 4


 

(4) For centre of mass of the rod
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y T Ra a sin 60 a cos 60   

2L L
sin 60 cos 60

2 2


   

L 3 3 3g 3g L 1

4 4L 2L 2 2

 
    

 

9 3 15g
g

16 8 16

 
   
 

Mg – N = Ma
y

         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
0
, volume V

0
 and temperature T

0
. If the gas mixture is adiabatically compressed to a volume V

0
/4,

then the correct statement(s) is/are,

(Given 21.2 = 2.3 ; 23.2 = 9.2 ; R is gas constant) Question ID : 337911167

(1) The average kinetic energy of the gas mixture after compression is in between 18RT
0
 and 19RT

0

(2) The work |W| done during the process is 13 RT
0

(3) The final pressure of the gas mixture after compression is in between 9P
0
 and 10P

0

(4) Adiabatic constant of the gas mixture is 1.6

5 eksYk ,dijek.kqd rFkk 1 eksYk n`<+ f}ijek.kqd vkn'kZ xSl ds feJ.k dk vkjEHk esa nkc P
0
, vk;rUk V

0
 rFkk rkiekUk T

0
 gSA

;fn xSl ds feJ.k dks :}ks"e (adiabatic) izØe ls brUkk laihfMr fd;k tkrk gS fd vk;rUk V
0
/4 gks tk;s rc fuEUkfyf[kr

dFkUkksa esa ls dkSUk lk@ls lgh gS@gSa &

(fn;k gS  21.2 = 2.3 ; 23.2 = 9.2 ; R xSl fu;rkad gS)

(1) laihMUk ds ckn xSl dh vkSlr xfrt ÅtkZ dk ekUk 18RT
0
 rFkk 19RT

0 
ds chp gSA

(2) izØe esa fd;k x;k dk;Z |W| = 13 RT
0 
gSA

(3) laihMUk ds i'Pkkr vafre nkc 9P
0
 rFkk 10P

0 
ds e/; gSA

(4) xSl ds feJ.k dk :}ks"e fu;rkad 1.6 gSA
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Ans. 2,3,4

S. 5 moles monatomic & 1 mole rigid diatomic gas

(P
0
,V

0
,T

0
)  (P, 

0V

4
, T)

(4) mix

5 3 1 5 10
f

6 3

  
 

& 
mix

 = 
2

1 1.6
f

 

(3) 

1.6

1.6 0
0 0

V
P V P

4

 
  

 

& 

1

1 0
0 0

V
T V T

4



  
  

 

T = 2.3 T
0

P = 9.2P
0
 s

(2) W = 

0
0 0 0

0

V
P V 9.2P

4 13RT
1.6 1


 



0W 13RT

(1) Average KE of gas after compression

   0 0

3 5
5 R 2.3T 1 R 2.3T

2 2
   

= 23RT
0

SHM

6. 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
1
, a

2
 and a

3
 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
0
. Which of the following option(s) is/are correct ?

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

2M nzO;ekUk ,d ,d xqVdk ,d HkkjghUk fLiazx] ftldk fLiazx fu;rkad K gS] ls lEc} gSA ;g xqVdk nks vU; M rFkk 2M

nzO;ekUk ds xqVdksa ls nks HkkjghUk iqfYk;ksa ,oa Mksfj;ksa }kjk tqM+k gSA xqVdksa dk Roj.k a
1
, a

2
 rFkk a

3
 gS tSlk fd fp=k esa n'kkZ;k x;k

gSA bl fudk; dks fLFkj rFkk fLiazx dh vforkU; (unstretched) voLFkk ls NksM+k tkrk gSA fLiazx dk vf/kdre f[kapko (exten-

sion) x
0
 gSA fuEUkfyf[kr dFkUkksa esa ls dkSUklk@ls lgh gS@gSa &

[g xq:Roh; Roj.k gSA ?k"kZ.k mis{k.kh; gS]
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(1) 0

4Mg
x

k


(2) When spring achieves an extension of 
0x

2
 for the first time, the speed of the block connected to the spring

is 
M

3g
5k

(3) a
2
 – a

1
 = a

1
 
 
– a

3

(4) At an extension of 
0x

4
 of the spring, the magnitude of acceleration of the block connected to the spring is

3g

10
.

(1) 0

4Mg
x

k


(2) tc fLiazx dk f[kapko igYkh ckj 0x

2
 gksrk gS rc fLiazx ls tqMs+ gq;s xqVds dh xfr dk ekUk 

M
3g

5k
 gksrk gSA

(3) a
2
 – a

1
 = a

1
 
 
– a

3

(4) tc fLiazx dk f[kapko 0x

4
 gS rc fLiazx ls tqMs+ gq;s xqVds ds Roj.k dk ifjek.k 

3g

10
 gksrk gSA

Ans. 3

S. (3) a
m
 (relative to pully) = –a

2m
 (relative to pully)

a
2
 – a

1
 = a

1
 – a

3

M
eq

 = 
  4 m 2m 8m

m 2m 3




Equivalent system will be
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2m

8m
3

K

For max. elongation

2
0 0

1 8m
Kx gx

2 3

 
  
 

0

16mg
x

k
 

for elongation of 
0x

2

2

0 0x x8m 1
g K

3 2 2 2

    
    

    
 = 

21 8m
2m v

2 3

 
 

 

32
v g

21K
 

For elongation of 
0x

4

0x8mg
K

3 4

 
  

 
 = 

8m
2m a

3

 
 

 

8g
a

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 II has a convex top and cylinder III has a concave

top. The radii of curvature of the two curved tops are same (R = 3m). If H
1
, H

2
 and H

3
 are the apparent depths

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

fp=kkuqlkj rhUk dkap ds csYkUk ftudh Å¡pkbZ H = 30 cm rFkk viorZUkkad n = 1.5 gS dks ,d {kSfrt lrg ij j[kk x;k gSA

csYkUk I dh Åijh lrg lery] csYkUk II dh Åijh lrg mRry rFkk csYkUk III dh Åijh lrg vorYk gSA nksUkksa oØh; lrgksa dh

oØrk f=kT;k lekUk rFkk R = 3m gSA ;fn rhUkksa csYkUkksa ds uhps mifLFkr ,d fcUnq X dh vkHkklh xgjkb;ka H
1
, H

2
 rFkk H

3
 gS

rks fuEUkfyf[kr dFkUkksa esa ls dkSUklk@ls lgh gS@gSa & Question ID : 337911168
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(1) H
2
 > H

1
(2) 0.8 cm < (H

2
 – H

1
)<0.9 cm

(3) H
3
 > H

1
(4) H

2
 > H

3

Ans. 1,4

S. Case I : H O

O

H1

 1

H 30 2
H 20cm

3


  



Case II : O

O

 
1 3 1 1.5

V 2H R


 



1 1 1

V 20 2 300
  



1 1 1

V 600 20
  

1 29

V 600


 

2

600
H 20.68

29
    cm

Case III :  

O

O

  
1 3 1

V 2H 2 300


 



1 1 1

V 600 20


  

1 31

V 600


   3

600
H 19.35

31
    cm

H
2
 – H

1
 = 20.68 – 20 = 0.68

H
3 
< H

1
 < H

2
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COM, Momentum & Collision

8. 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

L = L
0
 the particle speed is v = v

0
. The piston is moved inward at a very low speed V such that V << 0

dL
v

L
,

Where dL is the infinitesimal displacement of the piston.

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

,d Hkkjh] [kks[kYkh rFkk lh/kh ufydk ds v{k dh fn'kk esa ,d m nzO;ekUk dk NksVk d.k xfr'khYk gS vkSj og ufydk ds nksUkksa fljksa

ls izR;kLFkh la?kV~V (elastic collision) djrk gSA ufydk dh lrg ij dksbZ ?k"kZ.k ugha gS vkSj bldk ,d fljk ,d lerYk lrg

ls can gS tcfd nwljs fljs ij ,d lerYk lrg okYkk Hkkjh pYkk;ekUk fiLVUk gS tSlk fd fp=k esa n'kkZ;k x;k gSA tc fiLVUk can

fljs ls L = L
0
 dh nwjh ij gS rc d.k dh xfr v = v

0
 gSA fiLVUk dks vanj dh vksj cgqr de xfr V << 0

dL
v

L
 ls pYkkrs gS, tgka

dL fiLVUk dk vfrlw{e (infinitesimal) foLFkkiUk gSA

fuEUkfyf[kr dFkUkksa esa ls dkSUklk@ls lgh gS@gSa & Question ID : 337911165

(1) The particle's kinetic energy increases by a factor of 4 when the piston is moved inward from L
0
 to 0

1
L

2

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

2v
L

(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

(1) tc fiLVkUk L
0
 ls 0

1
L

2
 rd tkrk gS rc d.k dh xfrt ÅtkZ 4 xq.kk vf/kd gks tkrh gSA

(2) ;fn fiLVUk vanj dh rjQ dL nwjh pYkrk gS rc d.k dh xfr 
dL

2v
L

 ls c<+ tkrh gSA

(3) d.k ds fiLVu ls VdjkUks dh nj v/L gSA

(4) fiLVUk ls izR;sd la?kV~V ds ckn d.k dh xfr 2V ls c<+ tkrh gSA

Ans. 1,4

S.
x

V dx
dt

= –V



Matrix
JEE Academy

JEE-(Advanced) Online paper 2019 PHYSICS

14MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in

before collision

V

v

after collision

V

v1

for elastic collision : (v
1
 – V) = (v + V)

 (v
1
 –v) = 2V

change in velocity

Number of collisions with piston per unit time = 
v

2x
{x is length of tube}

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

dv v
2V

dt 2x
 

dv v
V

dt x
 

dv Vdt

v x


0 0

v x

v L

dv dx dx
V

v x dt

 
    

 
 

0 0v L
v

x
 

When x becomes 
0L

2
, 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 is a 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. Suppose a 226
88 Ra  nucleus at rest and in ground state undergoes -decay to a 222

86 Rn  nucleus in its excited

state. The kinetic energy of the emitted  particle is found to be 4.44 MeV. 222
86 Rn  nucleus then goes to its

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

[given : atomic mass of 226
88 Ra  = 226.005 u, atomic mass of 222

86 Rn = 222.000 u, atomic mass of  particle =

4.000 u, 1 u = 931 MeV/c2, c is speed of the light]

ekUkk fd ,d fLFkj 226
88 Ra  UkkfHkd viUkh fUkEUkre voLFkk (ground state) ls -{k; djds ,d mRrsftr voLFkk okYks (excited

state) 222
86 Rn  UkkfHkd esa {kf;r gksrk gSA mRlftZr gksus okys  d.k dh xfrt ÅtkZ 4.44 MeV gSA 222

86 Rn  UkkfHkd fQj -{k;

djds viUkh fuEUkre voLFkk esa vkrk gSA mRlftZr QksVksu dh ÅtkZ .......... keV gSA

[fn;k gS : 226
88 Ra  dk ijekf.od nzO;ekUk = 226.005 u, 222

86 Rn dk ijekf.od nzO;ekUk = 222.000 u,  dk dk ijekf.od

nzO;ekUk = 4.000 u, 1 u = 931 MeV/c2, c izdk'k dh xfr gS] Question ID : 337911175

Ans. 135.00

S.

226 222 4
88 86 2

222
86

photon

Ra Rn *

Rn



  



K 4.44MeV 

KE released (E) = 
Ra

Rn

M
K

M


226
4.44 4.52MeV

222
  

Energy released = (226.005 – 222.000 – 4.000) 931 MeV
= 4.655 MeV

  Energy of  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 = 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 × 10–3A,

where the value of x is _____________.

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

is base of the natural logarithm]

nks {kSfrt lekUrj jsYkksa ftudk izfrjks/k 'kwU; gS ij ,d 10 cm YkEck lqpkYkd (perfectly conducting) rkj PQ 1 cm/s ds osx
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ls pYk jgk gSA jsYkksa ds ,d fljs ij L = 1 mH izsjd (inductor) rFkk R = 1 izfrjks/kd fp=kkuqlkj tqM+k gSA nksUkkssa {kSfrt jsYksa,

L rFkk R ,d gh rYk esa gS vkSj ry ds YkEcor~ ,d lekUk pqEcdh; {ks=k B = 1T Ykxk gqvk gSA ;fn S dqath dks fdlh {k.k can djsa

rc ifjiFk esa 1 millisecond ds i'Pkkr /kkjk x × 10–3A gS] tgka x dk ekUk _____________ gksxkA

[daqth S can djus ds i'Pkkr~ rkj PQ dk osx fu;r (1 cm/s) ekUksaA

fn;k gS : e–1 = 0.37, tgka e izkd`frd Yk?kqx.kd (natural logarithm) dk vk/kkj gS] Question ID : 337911172

Ans. 0.63

S.
3

ind

1 1
B v 1 10 V

10 100
     l

Rt

L
0I I 1 e

 
  

 

 
3

110
I 1 e 0.63mA

1


  

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 lens is ____.

,d izdk'kh; casp esa ,d 1.5 m YkEck iSekUkk gS] ftldk izR;sd cm, pkj cjkcj Hkkxksa esa foHkkftr gSA ,d irYks mRrYk Yksal dh

Qksdl nwjh ds ekiUk ds nkSjkUk Yksal rFkk fiUk dks iSekUks ij Øe'k% 75 cm rFkk 45 cm ds fpUgksa ij j[kk tkrk gSA Yksal ds nwljh

rjQ oLrq fiUk dk izfrfcEc 135 cm fpUg ij j[kh izfrfcEc fiUk ls feYkrk gSA bl iz;ksx esa Yksal ds Qksdl nwjh ds ekiUk esa

izfr'kr =kqfV ____ gSA Question ID : 337911176

Ans. 0.69 JEE ANS. 1.39 (1.35-1.45)*

S. |u| = 30 cm ± 
1

4
 cm

|v| = 60 cm ± 
1

4
 cm
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f = 20 cm

1 1 1

v u f
 

2 2 2

dv du df

v u f
 

2 2

df 1/ 4 1/ 4
f

f 60 20

 
    

maximum possible percentage error in f = 
df

100% 0.69%
f

 

Note : Here you might want to write |u| = 30±
1

2
cm ; |v| = 60±

1

2
cm

as u & 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%

Kinematics

4. A ball is thrown from ground at an angle  with horizontal and with an initial speed u
0
. 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
1
. After hitting the ground, the ball rebounds at the same angle  but with a reduced speed of u

0
/.

Its motion continues for a long time as shown in figure. If the magnitude of average velocity of the ball for entire

duration of motion is 0.8 V
1
, the value of  is __________

,d xsan dks {kSfrt ls  dks.k ij izkjfEHkd osx u
0
 ls Qsadk tkrk gSA ;g xsan] iz{ksI; xfr ds dkj.k tc Hkwry ls igYkh ckj Vdjkrh

gS rc ml le; rd ds mlds vkSlr osx dk ifjek.k V
1
 gksrk gSA Hkwry ls VdjkUks ds mijkUr xsan mlh  dks.k ls fdUrq u

0
/ dh

{kh.k xfr ls mNYkrh gSA fp=kkuqlkj mldh xfr yacs le;kUrjkYk rd jgrh gSA bl YkECks vUrjkYk ds nkSjkUk xsan ds vkSlr osx dk

ifjek.k 0.8 V
1
 ik;k tkrk gS] rc  dk ekUk __________ gS \ Question ID : 337911171

Ans. 4

S. Total horizontal displacement = 

2 2 2
0 0 0

2 4

u sin 2 u sin 2 u sin 2
.....

g g g

  
 

 

2
0

2 4

u sin 2 1 1
1 ....

g

  
     

  

2 2
0

2

u sin 2

g 1

  
  

  
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Total time = 
0 0 0

2

2u sin 2u sin 2u sin
.....

g g g

  
 

 

0
2

2u sin 1 1
1 .....

g

  
    

  

02u sin

g 1

  
  

  

1v u cos    & avgV  = 

2 2
0

2

1
0

u sin 2

g 1
0.8V

2u sin

g 1

  
 
   

  
 
  

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
0
 = 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

60   . The value of n2 is ______.

,d fizTe ftldk fizTe dks.k 75° rFkk viorZUkkad n
0
 = 3  gS ds viorhZ i`"B ij ok;q ls ,do.khZ (monochromatic) izdk'k

vkifrr gksrk gSA fp=kkuqlkj fizTe dk nwljs viorhZ i`"B ij fdlh ,d inkFkZ dh dYkbZ (coating) dh xbZ gS] ftldk viorZUkkad

n gSA vkifrr dks.k 60    ds fy, izdk'k dh fdj.k dk dYkbZ fd;s x;s i`"B ij iw.kZ vkUrfjd ijkorZUk gksrk gSA n2 dk ekUk

______ gSA Question ID : 337911173

Ans. 1.50
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S.
r2r1

75°air

60°
n

For (60°) light emerges tangentially at interface of n
0
 and n.

from snell's law
sin (60°) = n

0
 sin (r

1
)

  r
1
 = 30°

2r 45  

Again using snell's law
n

0
 sin (r

2
) = n sin (90°)

3
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

frequency  such that 
244 M

10
h

 
  m–2 with h as Plank's constant. N photons of wavelength  = 8×10–6

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

valueof N is x × 1012, then the value of x is ............ [Consider the spring as massless]

,d M nzO;ekUk okYkk iw.kZ ijkorZUk niZ.k ,d fLiax ls tqM+k gqvk gSA bl fLiazx nzO;ekUk fudk; dh dks.kh; vko`fRr  bl izdkj

gS fd 
244 M

10
h

 
  m–2 tgka h IYkkad fu;rkad gSA rjaxnS/;Z  = 8×10–6 m ds N QksVksUk ,d lkFk niZ.k ij YkEcor~

vkifrr gksrs gS ftlls niZ.k 1 m ls foLFkkfir gksrk gSA ;fn N dk ekUk x × 1012 gS rc x dk ekUk ............ gSA

[fLiazx dks nzO;ekUk jfgr ekUksa] Question ID : 337911174
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Ans. 1.00

S. Angular frequency  = 
K

m

  K = 2M  ......(1)

Impulse by photons (P) = 
h

2N


 (mirror reflect light)

  mv
max

 = 
2Nh



    max

2Nh
m A V A   





A m

N
2 h

  
 

 

  

6 6 2410 8 10 10
N

2 4

    
  

 

  N = 10–12

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.

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

 FOUR options are given in each Multiple Choice Question based on List-I and List-II and ONLY ONE of

these four options satisfies the condition asked in the Multiple Choice Question.

 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 , 2, 3

and 4 respectively. The instrument is played by vibrating the strings by varying the free length in between the

range L
0
 and 2L

0
. It is found that in string-1() at free length L

0
 and tension T

0
 the fundamental mode frequency

is f
0
.

List I List II
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(I) String-1 () (P) 1

(II) String-2 () (Q) 1/2

(III) String-3 () (R) 1/ 2

(IV) String-4 () (S) 1/ 3

(T) 3/16

(U) 1/16

vUkqPNsn esa nh xbZ tkUkdkjh ds vk/kkj ij lwfp;ksa dk mfpr feYkkUk djds iz'Uk dk mRrj nsa &

,d ok| ;a=k dks pkj fHkUUk /kkrq dh rkjksa 1, 2, 3 rFkk 4 ls cUkk;k x;k gS] ftuds ,dkad YkEckbZ ds nzO;ekUk (mass per unit

length) Øe'k% , 2, 3 rFkk 4 gSA bl ;a=k ds rkjksa dks eqDr yackbZ L
0
 ls 2L

0 
ds chp ifjofrZr djrs gq;s dafir djds

ctk;k tkrk gSA ik;k tkrk gS fd rkj-1() dh eqDr YkEckbZ L
0
 ij rUkko T

0
 ds dkj.k ewYk fo/kk dh vko`fRr f

0
 gSA

lwph I esa Åij nh x;h pkj rkjsa gSA lwph II esa fdlh ek=kk dk ifjek.k gSA

lwph I lwph II

(I) rkj-1 () (P) 1

(II) rkj-2 () (Q) 1/2

(III) rkj-3 () (R) 1/ 2

(IV) rkj-4 () (S) 1/ 3

(T) 3/16

(U) 1/16

Waves on String

1. If the tension in each string is T
0
, the correct match for the highest fundamental frequency in f

0
 units will be :

;fn izR;sd rkj dk rUkko T
0 
gS, rc mPPkre ewYk vko`fRr dk f

0
 bdkbZ esa lgh feYkkUk gksxk & Question ID : 337911177

Options

(1) IP, IIQ, IIIT, IVS

(2) IQ, IIS, IIIR, IVP

(3) IQ, IIP, IIIR, IVT

(4) IP, IIR, IIIS, IVQ

Ans. 4

S.
0

0

0

T1
f

2L




0 0
2

0

T f1
f

2L 2 2
 



0 0
3

0

T f1
f

2L 3 3
 


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0 0
4

0

T f1
f

2L 4 2
 



Waves on String

2. The length of the strings 1,2,3 and 4 kept fixed at L
0
, 

03L

2
, 

05L

4
and 

07L

4
 respectively..

Strings 1,2,3 and 4 are vibrated at their 1st, 3rd, 5th and 14th 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
0
 will be :

rkj 1,2,3 rFkk 4 dh YkackbZ;ksa dk ekUk Øe'k% L
0
, 

03L

2
, 

05L

4
rFkk 07L

4
 gSA rkj 1,2,3 rFkk 4 dks Øe'k% mudh izFke 1st,

r`rh; 3rd, iape 5th rFkk pkSngoha 14th xq.kkof̀Rr;ksa ij bl rjg ls dafir djrs gSA fd lHkh rkjksa dh vko`fRr;ka lekUk jgrh gSaA

pkjksa rkjksa ds rUkko dk T
0
 bdkbZ esa lgh feYkkUk gksxk & Question ID : 337911178

Options :

(1) IT, IIQ, IIIR, IVU

(2) IP, IIQ, IIIT, IVU

(3) IP, IIQ, IIIR, IVT

(4) IP, IIR, IIIT, IVU

Ans. 2
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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

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

of the system. For a mole of monatomic ideal gas 
A A

3 T V
X R ln R ln

2 T V

   
    

   
. Here, R is gas constant, V

is volume of gas, T
A
 and V

A 
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.

List I List II

(I) Work done by the system in process 123 (P) 0

1
RT ln 2

3

(II) Change in internal energy in process 123 (Q) 0

1
RT

3

(III) Heat absorbed by the system in process 123 (R) 0RT

(IV) Heat absorbed by the system in process 12 (S) 0

4
RT

3

(T)  0

1
RT 3 ln 2

3


(U) 0

5
RT

6

vuqPNsn esa nh xbZ tkUkdkjh ds vk/kkj ij lwfp;ksa dk mfpr feYkkUk djds iz'Uk dk mRrj nsa

,d vkn'kZ ,dijek.kqd xSl ds ,d Å"ekxfrdh izØe esa xSl }kjk vfrlw{e Å"ek dk vo'kks"k.k TX ls fn;k x;k gS, tgka T

fudk; dk rkiekUk rFkk X fudk; dh ,d Å"ekxfrdh ek=kk X esa vfrlw{e ifjorZUk gSA ,d eksYk ,dijek.kqd vkn'kZ xSl ds

fy, 
A A

3 T V
X R ln R ln

2 T V

   
    

   
gSA ;gka V  xSl dk vk;rUk, R xSl dk fu;rkad, T

A
 rFkk V

A 
fu;rkad gSA

lwph-I ,d izfØ;k esa lfEefYkr dqN ek=kkvksa dks n'kkZrh gSA lwph II esa bUgha ek=kkvkssa dk laHkkfor ekUk fn;k x;k gSA

lwph I lwph II

(I) fudk; ds }kjk izØe 123 esa fd;k x;k dk;Z (P) 0

1
RT ln 2

3

(II) izØe 123 esa vkUrfjd ÅtkZ esa ifjorZUk (Q) 0

1
RT

3

(III) izØe 123 esa fudk; }kjk vo'kksf"kr Å"ek (R) 0RT

(IV) izØe 12 esa fudk; }kjk vo'kksf"kr Å"ek (S) 0

4
RT

3

(T)  0

1
RT 3 ln 2

3


(U) 0

5
RT

6

KTG & Thermodynamics

3. If the process on one mole of monatomic ideal gas is as shown in the TV-diagram with P
0
V

0
 = 0

1
RT

3
, The

correct match is

;fn ,d eksYk ,dijek.kqd vkn'kZ xSl ij fp=k esa fn[kk;s x;s TV-xzkQ fp=k ds vuqlkj] tgka P
0
V

0
 = 0

1
RT

3
 gS, izØe fd;k
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tkrk gS rc lgh feYkkUk gS & Question ID : 337911180

(1) I  P, II  T, III  Q, IV  T (2) I  P, II  R, III  T, IV  P

(3) I  S, II  T, III  Q, IV  U (4) I  P, II  R, III  T, IV  S

Ans. 2

S. (I) W
123

 = 
0 0 0

0

RT 2V RT
ln 0 ln 2

3 V 3

 
  

 

(II) U = 
0

0 0

T3
R T RT

2 3

 
  

 

(III) Q 
123

  = 
0

0

RT
U W RT n 2

3
    l

(IV) Q
12

 = W
12

 + U =
0RT

n 2
3
l

Ans. I  P, II  R, III  T, IV  P

KTG & Thermodynamics

4. If the process carried out on one mole of monatomic ideal gas is as shown in figure in the PV-diagram with

P
0
V

0
 = 0

1
RT

3
, the correct match is :

;fn ,d eksYk ,dijek.kqd vkn'kZ xSl ij fp=k eas fn[kk;s x;s PV-xzkQ fp=k ds vuqlkj] tgka P
0
V

0
 = 0

1
RT

3
 gS, izØe fd;k

tkrk gS rc lgh feYkkUk gS Question ID : 337911179
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(1) IQ, IIS, IIIR, IVU

(2) IS, IIR, IIIQ, IVT

(3) IQ, IIR, IIIP, IVU

(4) IQ, IIR, IIIS, IVU

Ans. 4

S. (I) W
123

 = W
12

 + W
23

 = P
0
V

0
 + 0 = 

0RT

3

(II) U
13

 =  f f i i

3
P V P V

2


=  0
0 0 0 0 0 0

3P3
2V P V 3P V RT

2 2

 
   

 

(III) Q
123

 = W
123

 + U
13

 = 
0

0 0

RT 4
RT RT

3 3
 

(IV) Q
12

 = W
12

 + U
12

 =  0
0 0 0 0

RT 3
2P V P V

3 2
 

0 0RT RT3

3 2 3

 
   

 
 = 0

5
RT

6

Ans.  IQ, IIR, IIIS, IVU


