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PART I : PHYSICS
SECTION-I (Maximum Marks : 32)

1. For a radioactive material, its activity A and rate of change of its activity R are defined as A = – 
dN

dt
 and

dA
R

dt
  , where N(t) is the number of nuclei at time t. Two radioactive sources P (mean life ) and Q

(mean life 2) have the same activity at t = 0. Their rates of change of activities at t = 2 are R
P
 and R

Q
,

respectively. If 
P

Q

R n

R e
 , then the value of n is :

,d jsfM;ks/keh inkFkZ dh lfØ;rk A ,oa lfØ;rk ifjorZu dh nj R Øe'k% A = – 
dN

dt
 rFkk 

dA
R

dt
  laca/kksa }kjk

ifjHkkf"kr dh tkrh gS] tgk¡ le; t ij ukfHkdksa dh la[;k N(t) gSA nks jsfM;ks/kehZ L=kksr P (vkSlr vk;q ) rFkk Q
(vkSlr vk;q 2) dh le; t = 0 ij leku lfØ;rk gSA mudh lfØ;rk ifjorZu dh njsa le; t = 2 ij Øe'k%

R
P
 rFkk R

Q 
gSaA ;fn 

P

Q

R n

R e
 , rc n dk eku gS :

Ans. 2

Sol.
t t

2
P 0 Q 0A A e , A A e

 

  

t t

0 0 2
P Q

A A
R e , R e

2

 

  
 

at   t = 2

20

P

10Q

A
e

R 2

AR ee
2





 



2. A monochromatic beam of light is incident at 60º on one face of an equilateral prism of refractive index n

and emerges from the opposite face making an angle (n) with the normal (see the figure). For n = 3  the

value of is 60º and 
d

m
dn


  . The value of m is :

,do.khZ izdk'k dk ,d iqat ,d n viorZukad okys leckgq fizTe ds ,d Qyd ij 60º ds dks.k ij vkifrr gksrk gS

rFkk lkeus okys Qyd ls yEc ls (n) dks.k cukrs gq, fudyrk gS (fp=k ns[ksa)A n = 3  ij dk eku 60º gS rFkk

d
m

dn


  gSA rc m dk eku gS :

Ans. 2

CODE : 6
PAPER-2
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PHYSICS

Sol. sin 60 = n sin r .......................(1)

sin = n sin (60 – r) .............(2)

Differentiating eq...(2)

d dr
cos n cos (60 r) sin(60 r)

dn dn


     

Differentiating eq...(1)

dr
n cos r sin r 0

dn
 

d tan r
cos n cos(60 r) sin(60 r)

dn n

  
      

 

d 1
( cos(60 r) tan r sin(60 r))

dn cos


    



d 1
(cos30 tan 30 sin 30)

dn cos 60


  

1 1
2 2

2 2

 
   

 

3. In the following circuit, the current through the resistor R (= 2) is I Amperes. The value of I is :

uhps fn;s x;s ifjiFk esa izfrjks/k R (= 2) esa I ,fEi;j /kkjk izokfgr gksrh gSA rc I dk eku gS :

Ans. 1

Sol.
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PHYSICS

4. An electron in an excited state of Li2+ ion has angular momentum 3h/2. The de Broglie wavelength of the

electron in this state is pa
0
 (where a

0
 is the Bohr radius). The value of p is :

Li2+ vk;u dh mÙksftr voLFkk esa ,d bysDVªkWu dk dks.kh; laosx 3h/2gSA bl voLFkk esa bysDVªkWu dh Mh&czksXyh

rjaxnS/;Z pa
0
 (tgk¡ a

0
 cksj f=kT;k gS) gSA rc p dk eku gS :

Ans. 2

Sol.
nh 3h

L
2 2

 
 

n = 3

h h h2 r 2 r

p mv 3h 3

 
    

2

0

n
r a

Z


2 2

0 0 0

2 n 2 3
a a 2 a

3 Z 3 3

 
    

5. A large spherical mass M is fixed at one position and two identical point masses m are kept on a line passing

through the centre of M (see figure). The point masses are connected by a rigid massless rod of length l and

this assembly is free to move along the line connecting them. All three masses interact only through their

mutual gravitational interaction. When the point mass nearer to M is at a distance r = 3 l from M, the tension

in the rod is zero for 
M

m k
288

 
     . The value of k is :

,d cM+k xksykdkj nzO;eku M ,d txg fLFkr gS rFkk nks ,d:i fcUnq nzO;eku m nzO;eku M ds dsUnz ls gksdj tkus

okyh js[kk ij j[ks x;s gSa (fp=k ns[ksa)A fcUnq nzO;eku ,d l yEckbZ ds nzO;eku jfgr n`<+ NM+ ls tqM+s gSa rFkk ;g
la;kstu mudks tksM+us okyh js[kk ij xfr dj ldrk gSA lHkh nzO;ekuksa esa dsoy mudk viuk xq:Rokd"kZ.k gSA tc

M ds fudV okyk fcUnq nzO;eku M ls r = 3 l dh nwjh ij gS rc 
M

m k
288

 
      ds fy, NM+ esa ruko 'kwU; gSA rc

k dk eku gS :
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PHYSICS

Ans. 7

Sol. For point mass at diatance r = 3l

2

2 2

GMm Gm
ma

(3 )
 

l l

For point mass at distance r = 4l

2

2 2

GMm Gm
ma

(4 )
 

l l

2 2

2 2 2 2

GMm Gm GMm Gm

9 16
  

l l l l

2

2

7GMm 2Gm

144


l

7M
m

288


6. The energy of a system as a function of time t is given as E(t) = A2 exp (–t), where = 0.2 s–1. The

measurement of A has an error of 1.25%. If the error in the measurement of time is 1.50%, the percentage

error in the value of E(t) at t = 5 s is : [JEE (Adv.) 2015]

,d fudk; dh le; t ij ÅtkZ E(t) = A2 exp (–t) Qyu }kjk nh tkrh gS, tgk¡ = 0.2 s–1 gSA A ds ekiu esa 1.25%

dh izfr'kr =kqfV gSA ;fn le; ds ekiu esa 1.50% dh =kqfV gS rc t = 5 s ij E(t) ds eku esa izfr'kr =kqfV gksxhA :

[JEE (Adv.) 2015]

Ans. 4

Sol. E(t) = A2 et

=0.2 s–1

dA
1.25%

A


dt
1.50%

t


dE
?

E


log E = 2 log A – t

dE dA
2 dt

E A
   

= 2 (1.25) 



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7. The densities of two solid spheres A and B of the same radii R vary with radial distance r as A

r
(r) k

R

 
    

and 

5

B

r
(r) k

R

 
    

 , respectively, where k is a constant. The moments of inertia of the indivisual spheres

about axes passing through their centres are I
A
 and I

B
, respectively. If 

B

A

I n

I 10
 , the value of n is :

R f=kt;k ds nks Bksl xksyksa A rFkk B ds ?kuRoksa dk f=kT; nwjh r ds lkFk laca/k Øe'k% A

r
(r) k

R

 
      rFkk

5

B

r
(r) k

R

 
    

  gS, tgk¡ k ,d fLFkjkad gSA xksyksa ds vius&vius dsUnz ls gksdj tkus okyh v{kksa ds ifjr%

tM+Rok?kw.kZ Øe'k% I
A
 rFkk I

B 
gSA ;fn 

B

A

I n

I 10
  gS, rc n dk eku gS :

Ans. 6

Sol. Consider a shell of radius r and thickness dr

2 22
dI ( .4 r dr) r

3
  

I dI 
R 5

2 2

5

0B
R

2 2A

0

r
k .4 r dr r

3 RI 6

I 102 r
k 4 r dr r

3 R




 







8. Four harmonic waves of equal frequencies and equal intensities I
0
 have phase angles 0, /3, 2/3 and .

When they are superposed, the intensity of the resulting wave is nI
0
. The value of n is :

cjkcj vko`fÙk;ksa rFkk rhozrk I
0
 dh pkj vkorZ rjaxksa dh dyk ds dks.k 0, /3, 2/3 rFkk gSaA tc bu rjaxksa dks

v/;kjksfir lqijiksl (superpose) fd;k tkrk gS rks ifj.kkeh rhozrk nI
0 
gSA rc n dk eku gS :

Ans. 3

Sol.

Let amplitude of individual wave be A then amplitude of resulting wave 2A cos 3A
6

 
 

 

 
2

I 3A
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I = 3I
0

Section-2 : (Maximum Marks : 32)

9. In terms of potential difference V, electric current I, permittivity 
0
, permeability µ

0
 and speed of light c, the

dimensionally correct equation(s) is (are)

foHkokUrj V, fo|qr /kkjk I, ijkoS|qrkad 
0
, ikjxE;rk µ

0
 rFkk izdk'k dh pky c dks feykdj foeh; :i ls lgh

fodYi gS (gSa)

(A) µ
0
I2 = 

0
V2 (B) 

0
I = µ

0
V (C) I = 

0
cV (D) µ

0
cI = 

0
V

Ans. AC

Sol. (A)       Energy of inductor 
2

2 20µ N A1 1
LI I

2 2


l

Energy of capacitor 
2 2

0

1 1 A
CV V

2 2 d
  

2
0

A
I

l
     &       

2
0

A
V

d
  have same dimension

So 2 2
0 0I & V   have same dimension

(C)     Q = CV

Q CV

t t


0

A V
I

t


l

A

tl
 have unit of speed

So   I = 

cV

10. Consider a uniform spherical distribution of radius R
1
 centred at the origin O. In this distibution, a spherical

cavity of radius R
2
, centred at P with distance OP = a = R

1
 – R

2
 (see figure) is made. If the electric field

inside the cavity at position r
  is E(r)
 

, then the correct statement(s) is (are) :

,d f=kT;k R
1
 rFkk ,d leku vkos'k ?kuRo dk xksykdkj vkos'k ewy fcUnq O ij dsfUnzr gSA blesa ,d R

2 
f=kT;k

rFkk P ij dsfUnzr ,d xksykdkj xqfgdk (cavity), tgk¡ OP = a = R
1
 – R

2
 gS] cuk;h tkrh gS (fp=k ns[ksas)A ;fn

xqfgdk ds vUnj fLFkfr r
  ij fo|qr {ks=k E(r)

 
 gS, rc lgh dFku gS (gSa) : [JEE (Adv.) 2015]

(A) E


 is uniform, its magnitude is independent of R
2
 but its direction depends on r



(B) E


 is uniform, its magnitude dependent on R
2
 and its depends on r



(C) E


 is uniform, its magnitude independent of a but its direction depends on a

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(D) E


 is uniform and both its magnitude direction depends on a


(A) E


 ,d leku gS] bldk ifjek.k R
2
 ij fuHkZj ugha djrk gS ysfdu bldh fn'kk r

  ij fuHkZj djrh gSA

(B) E


 ,d leku gS] bldk ifjek.k R
2
 ij fuHkZj djrk gS rFkk bldh fn'kk r

  ij fuHkZj djrh gSA

(C) E


 ,d leku gS] bldk ifjek.k a ij fuHkZj ugha djrk gS ysfdu bldh fn'kk a


 ij fuHkZj djrh gSA

(D) E


 ,d leku gS] ,oa bldk ifjek.k rFkk fn'kk nksuksa a


 ij fuHkZj djrs gSaA

Ans D

Sol. Electric field in cavity

0

OP
E

3








OP = R
1
 – R

2

0

a

3








11. In plotting stress versus strain curves for two materials P and Q, a student by mistake puts strain on the y-

axis and stress on the x-axis as shown in the figure. Then the correct statement(s) is (are) :

inkFkksZa P rFkk Q ds izfrcy&foÑfr (stress-strain) xzkQ [khapus esa ,d Nk=k xyrh ls y-v{k ij foÑfr rFkk x-v{k

ij izfrcy n'kkZrk gSA rc lgh dFku gS (gSa) :

(A) P has more tensile strength than Q

(B) P is more ductile than Q

(C) P is more brittle than Q

(D) The Young's modulus of P is more than that of Q

(A) P dk ruu&lkeF;Z (tensile strength)  Q ls vf/kd gSA

(B) inkFkZ P inkFkZ Q ls vf/kd rU; (ductile) gSA

(C) inkFkZ P inkFkZ Q ls vf/kd Hkaxqj (brittle) gSA

(D) inkFkZ P dk ;ax izR;kLFkrk xq.kkad inkFkZ Q ds ;ax izR;kLFkrk xq.kkad ls vf/kd gSA

Ans. (A,B)
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Sol.

Breaking stess of P is more than Q so P is more ductile

1
strain stress

Y


Y
P
 < Y

Q

12. A spherical body of radius R consists of a fluid of constant density and is in equilibrium under its own

gravity. If P(r) is the pressure at r(r < R), then the correct option(s) is(are) :-

,d ,dleku ?kuRo ds rjy ds xksykdkj fiaM dh f=kT;k R gS rFkk ;g vius Lo;a ds xq:Ro ds izHkko esa lkE;koLFkk

esa gSA ;fn blds dsUnz ls nwjh r(r < R) ij nkc P(r) gS] rc lgh fodYi gS (gSa) :-

(A) P(r = 0) = 0 (B) 
P(r 3R/ 4) 63

P(r 2 R/ 3) 80





(C) 

P(r 3R/ 5) 16

P(r 2 R/ 5) 21





(D) 

P(r R/ 2) 20

P(r R/ 3) 27






Ans BC

Sol. Gravitative field at a distace r

3

2

4
GP r

4G r3
r 3




 

Consider a small patch of width dr at a distance r

4
dp. A G r A dr.

3
     

P r 2

O R

4G
dP rdr

3

 
  

2
2 24G

P r R
3 2

 
    

2
2 22G

P R r
3

 
               P = c(R2 – r2)

3R
r

4


2
2

1

9R
P c R

16

 
  

 

27R
c

16

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2R
r

3


2
2

2

4R
P c R

9

 
  

 

25R
c

9


1

2

P 63

P 80


3R
r

9


2 2
3

9
P c R R

25

 
  

 

216R
c

25


2R
r

5


2
2

4

4R
R c R

25

 
  

 

221R
c

25


3

4

P 16

P 21


r = R   
2 2

2
5

R 3R
P c R

G 9

 
   

 

2 2
2

6

R R 8R
r P c R

3 9 9

 
    

 

s

r

P 21

P 32


13. A parallel plate capacitor having plates of area S and plate separation d, has capacitance C
1
 in air. When

two dielectrics of different relative permittivities (
1
 = 2 and 

2 
= 4) are introduced between the two plates

as shown in the figure, the capacitance becomes C
2
. The ratio C

2
/C

1
 is :

,d lekUrj ifV~Vdk la/kkfj=k dh ifV~Vdkvksa dk {ks=kQy S rFkk ifV~Vdkvksa ds chp esa nwjh d gSA rFkk bldh ok;q esa

/kkfjrk C
1
 gSA tc ifV~Vdkvksa ds e/; nks vyx&vyx lkis{k ijkoS|qrkadksa (

1
 = 2 RkFkk 

2 
= 4) ds ijkoS|qr inkFkZ

n'kkZ;s fp=kkuqlkj j[ks tkrs gSa rc bl izdkj cus u;s la/kkfj=k dh /kkfjrk C
2 
gks tkrh gSA rc vuqikr C

2
/C

1
 gS :

(A) 6/5 (B) 5/3 (C) 7/5 (D) 7/3

Ans. D
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Sol.

0
1

A
C

d




0
0

s
2 2 s2C

d d
2

 
 

0
0

s
4 4 s2C '

d d
2

 
 

0
0

s
2 s2C"

d d

 
 

0 0
2

s sCC ' 4
C C"

C C' 3 d d

 
   



0 s7

3 d




2

1

C 7

C 3


14. An ideal monoatomic gas is confined in a horizontal cylinder by a spring loaded piston (as shown in the figure).

Initially the gas is at temperature T
1
, pressure P

1
 and volume V

1
 and the spring is in its relaxed state. The gas is

then heated very slowly to temperature T
2
, pressure P

2
 and volume V

2
. During this process the piston moves

out by a distance x. Ignoring the friction between the piston and the cylinder, the correct statement(s) is (are) :-

,d ,d&ijek.kqd vkn'kZ xSl ,d {kSfrt crZu (horizontal cylinder) esa fLizax&;qDr fiLVu }kjk can gS (n'kkZ;s fp=kkuqlkj)A

izkjEHk esa xSl dk rkieku T
1
,  P

1
 rFkk vk;ru V

1
 gS rFkk fLizax foJkar voLFkk esa gSA vc xSl dks cgqr /khjs&/khjs rkieku

T
2
 rd xeZ djus ij nkc P

2
 rFkk vk;ru V

2 
gks tkrk gSA bl izfØ;k esa fiLVu x nwjh r; djrk gSA fiLVu ,oa crZu ds

e/; ?k"kZ.k dks ux.; ekurs gq,] lgh dFku gS (gSa) :
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(A) If V
2
 = 2V

1
 and T

2
 = 3T

1
, then the energy stored in the spring is 1 1

1
P V

4

(B) If V
2
 = 2V

1
 and T

2
 = 3T

1
, then the energy change in internal energy is 3 P

1
V

1

(C) If V
2
 = 3V

1
 and T

2
 = 4T

1
, then the work done by the gas is 1 1

7
P V

3

(D)  If V
2
 = 3V

1
 and T

2
 = 4T

1
, then the heat supplied to the gas is 1 1

17
P V

6

(A) ;fn V
2
 = 2V

1
 rFkk T

2
 = 3T

1 
gS, rc fLizax esa lafpr ÅtkZ 1 1

1
P V

4
 gSA

(B) ;fn V
2
 = 2V

1
 rFkk T

2
 = 3T

1 
gS, rc vkarfjd ÅtkZ esa ifjorZu 3 P

1
V

1 
gSA

(C) ;fn V
2
 = 3V

1
 rFkk T

2
 = 4T

1 
gS, rc xSl }kjk fd;k x;k dk;Z 1 1

7
P V

3
 gSA

(D)  ;fn V
2
 = 3V

1
 rFkk T

2
 = 4T

1 
gS, rc xSl dks nh x;h Å"ek 1 1

17
P V

6
 gSA

Ans. B

Sol.

(A) 1

Kx
P P

A
 

2 1

3
P P

2
 

1V
x

A


1
1

3P Kx
P

2 A
 

1P A
Kx

2

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Energy of spring

2 1 1 1P A P V1
Kx x

2 4 4
  Ans. A

(B)

2 2 2 1

f
U (P V P V )

2
  

= 3 P
1
V

1
Ans. B

(C)
1

f

4P
P

3
 1P

KX A
3

 12V
X

A


W
gas

 = –  
atmP springW W

1

1
(P Ax Kx.x)

2
 

1 1 1
1

2V P A 2V1
P A. . .

A 2 3 A

 
   

 

1 1 1 1
1 1

P V 7P V
2P V

3 3
  

(D) Q W U   

1 1
2 2 1 1

7P V 3
(P V P V )

3 2
  

1 1
1 1 1 1

7P V 3 4
P .3V P V

3 2 3

 
   

 

1 1 1 1
1 1

7P V 41P V9
P V

3 2 6
  

15. A fission reaction is given by 
140236 94
5492 38U Xe Sr x y    , where x and y are two particles. Considering

236
92 U  to be at rest, the kinetic energies of the products are denoted by K

Xe
, K

sr
, K

x
 (2 MeV) and

K
y
(2MeV), respectively. Let the binding energies per nucleon of 236 140

92 54U, Xe  and 94
38Sr  be 7.5 MeV, 8.5

MeV and 8.5 MeV, respectively. Considering different conservation laws, the correct options(s) is (are) :-

,d fo[kaMu izfØ;k 140236 94
5492 38U Xe Sr x y     nh x;h gS, tgk¡ x rFkk y nks d.k gSaA 236

92 U  fojkekoLFkk esa gS

rFkk mRiknksa dh xfrt ÅtkZ,a Øe'k% K
Xe

, K
sr
, K

x
 (2 MeV) rFkk K

y
(2MeV) ls n'kkZ;h x;h gSA 236 140

92 54U, Xe  rFkk

94
38Sr  dh izfr U;wfDyvkWu ca/k ÅtkZvksa dks Øe'k% 7.5 MeV, 8.5 MeV  rFkk 8.5 MeV ysaA fofHkUu laj{k.k fu;eksa dk

/;ku j[krs gq, lgh fodYi gS (gSa) :-

(A) x = n, y = n, K
sr
 = 129 MeV, K

xe
 = 86 MeV (B) x = p, y = e–, K

sr
 = 129 MeV, K

xe
 = 86 MeV

(C) x = p, y = n, K
sr
 = 129 MeV, K

xe
 = 86 MeV (D) x = n, y = n, K

sr
 = 86 MeV, K

xe
 = 129 MeV

Sol. 4a236 140 1 1
92 54 38 0 0U Sr x y   

x = y = n
Q = 236 × 7.5 – (140 × 8.5 + 94 × 8.5)
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= 1770 – (1190 + 799)
= 219 MeV
In A and D energy and charge conservation is followed
So Q = K

xe
 + K

sr
 + K

x
 + K

y

= 129 + 86 + 4
= 219

In D,
p

xe
 > p

sr
 + p

x
 + p

y

so conservation of momentum will not hold

Ans. A

16. Two spheres P and Q of equal radii have densities 
1
 and 

2
, respectively. The spheres are connected by a

massless string and placed in liquids L
1
 and L

2
 of densities 

1
 and 

2
 and viscosities 

1
 and 

2
 respectively.

They float in equilibrium with the sphere P in L
1
 and sphere Q in L

2
 and the string being taut (see figure). If

sphere P alone in L
2
 has terminal velocity 

PV


 and Q alone in L
1
 has terminal velocity QV


, then :

cjkcj f=kT;k okys nks xksyksa P rFkk Q ds ?kuRo Øe'k% 
1
 rFkk 

2 
gSaA xksyksa dks ,d nzO;eku jfgr Mksjh ls tksM+dj


1
 ,oa 

2
 ?kuRo okys rFkk 

1
 ,oa 

2
 ';kurk xq.kkadksa okys nzoksa L

1
 ,oa L

2
 esa Mkyk tkrk gSA lkE;koLFkk esa xksyk P

nzo L
1
 esa rFkk xksyk Q nzo L

2
 esa rSjrk gS rFkk Mksjh ruh jgrh gS (fp=k ns[ksa) A ;fn xksys P dks vyx ls L

2
 esa Mkyus

ij mldk lhekUr osx 
PV


 gksrk gS vkSj xksys Q dk L
1
 esa vyx Mkyus ij lhekUr osx QV


 gS, rc :

(A) 
P 1

2Q

| V |

| V |








 (B) 
P 2

1Q

| V |

| V |








 (C) P QV .V 0
 

(D) P QV .V 0
 

Ans. AD

Sol.

For floating

1 2 1 2( ) V ( ) V    

1 2 1 2    

since strings in taut so

1 1 2 2     

2
2 1

P

2

r ( )g2
V

9

 




1 2
Q

1

( )g2
V

9

 



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since 2 1 1 2( )     

P 1

Q 2

V

V





P QV .V 0
 

 because V
P
 and V

Q
 are opposite

Section - 3(Maximum Marks : 16)

Paragraph-1

Light guidance in an optical fiber can be understood by considering a structure comprising of thin solid glass

cylinder of refractive index  n
1
 surrounded by a medium of lower refractive index n

2
. The light guidance in

the structure takes place due to successive total internal reflections at the interface of the media n
1
 and n

2
 as

shown in the figure. All rays with the angle of incidence i  less than a particular value of i
m
 are confined in the

medium of refractive index  n
1
. The numerical aperture (NA) of the structure is defined as sin i

m
.

,d izdk'kh; rUrq esa izdk'k dk ifjogu ,d lajpuk ftlesa n
1
 viorZukad okys dkWp dk ,d iryk csyu (flfyaMj)

,d mlls de viorZukad n
2 
okys ek/;e ls f?kjk gS }kjk le>k tk ldrk gSA bl lajpuk esa izdk'k dk ifjogu ek/

;eksa n
1
 rFkk n

2
 ds varjki`"B ij mÙkjksÙkj iw.kZ vkarfjd ijkorZu }kjk gksrk gS (fp=k ns[ksa) A izdk'k dh os lHkh fdj.kksa

ftudk bl lajpuk ds fljs ij vkiru dks.k i dk eku ,d fof'k"V dks.k i
m
 ls de gksrk gS lajpuk esa n

1 
viorZukad

ds ek/;e esa jgrs gq, ifjogu dj ldrh gSaA lajpuk dk la[;kRed dkjd (numerical aperture (NA)) sin i
m 
}kjk

ifjHkkf"kr fd;k tkrk gSA

17. For two structures namely S
1
 with n

1
 = 45 / 4  and n

2
 = 3/2, and S

2
 with n

1
 = 8/5 and n

2
 = 7/5 and taking

the refractive index of water to be 4/3 and that of air to be 1, the correct option(s) is (are)

nks lajpuk,sa S
1
 ftlesa n

1
 = 45 / 4  ,oa n

2
 = 3/2 gS rFkk S

2
 ftlesa n

1
 = 8/5 ,oa n

2
 = 7/5 ysaA ikuh dk viorZukad

4/3 ,oa ok;q dk viorZukad 1 ysrs gq, lgh fodYi gS (gSa) :

(A) NA of S
1
 immersed in water is the same as that of S

2
 immersed in liquid of refractive index 

16

3 15

(B) NA of S
1
 immersed in liquid of refractive index 

16

15
 is the same as that of S

2
 immersed in water

(C) NA of S
1
 placed in air is the same as that of S

2
 immersed in liquid of refractive index 

4

15

(D) NA of S
1
 placed in air is the same as that of S

2
 placed in water

(A) S
1
 dh NA ikuh esa Mqckus ij ogh gS tks fd S

2
 dks 

16

3 15
 viorZukad okys nzo esa Mqckus ij gSA
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(B) S
1
 dh NA 

16

15
 viorZukad okys nzo esa Mqckus ij ogh gS tks fd S

2
 dks ikuh esa Mqckus ij gSA

(C) S
1
 dh NA mls ok;q esa j[kus ij ogh gS tks fd S

2
 dks 

4

15
 viorZukad okys nzo esa Mqckus ij gSA

(D) S
1
 dh NA mls ok;q esa j[kus ij ogh gS tks fd S

2
 dks ikuh esa Mqckus ij gSA

Ans. AC

Sol.

s m 1n sin i n sin(90 c) 

2

1

n
sin c

n


Where n
s
 : Refractive index of srroundings

2
2 21 2

m 1 22
s 1 s

n n 1
NA sin i 1 n n

n n n
    

For S
1
 in Air

1 45 9 3
NA

1 16 4 4
  

For S
1
 in s

6
n

15


15 45 9 3 15
NA

6 16 4 24
  

For S
1
 in water

1 45 9 3 3 9
NA

(4 / 3) 16 4 4 4 16

 
    

 

For S
2
 in Air

1 64 49 15
NA

1 25 25 5
  

For S
2
 in water

1 64 49 3 15
NA

(4 / 3) 25 25 4 5
  

For S
2
 in s

16
n

3 15


3 15 15 9
NA

16 5 16
 
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For S
2
 sin s

4
n

15


15 64 49 15 15 3
NA

4 25 25 4 5 4
   

18. If two structures of same cross-sectional area, but different numerical apertures

NA
1
 and NA

2
 (NA

2
 < NA

1
) are joined longitudinally, the numerical aperture of the combined strcture is :

;fn cjkcj vuqizLFk dkV {ks=kQy okyh ijUrq vyx&vyx la[;kRed }kjkd NA
1
 rFkk NA

2
 (NA

2
 < NA

1
) okyh

nks lajpukvksa dks vuqnS/;Z :i esa ,d nwljs ls tksM+k tkrk gSA la;qDr la;kstu dk la[;kRed }kjd gS :

(A) 
1 2

1 2

NA NA

NA NA (B) NA
1
 + NA

2
(C) NA

1
(D) NA

2

Ans. D

Sol.

2 2
1 2

s

1
NA n n

n
 

NA
2
 < NA

1

Therefore the numerical aperture of combined structure is equal to the lesser of the two numerical aperture,

which is NA
2

Paragraph-2

In a thin rectangular metallic strip a constant current I flows along the positive x-direction, as shown in the

figure. The length, width the thickness of the strip are l, w and d, respectively.

A uniform magnetic field B


 is applied on the strip along the positive y-direction. Due to this, the charge

carriers experience a net deflection along the z-direction. This results in accumulation of charge carriers on

the surface PQRS and appearance of equal and opposite charges on the face opposite to PQRS. A poten-

tial difference along the z-direction is thus developed. Charge accumulation continues until the magnetic

force is balanced by the electric force. The current is assumed to be uniformly distributed on the cross

section of the strip and carried by electrons.

n'kkZ;s fp=kkuqlkj /kkrq dh ,d iryh vk;rkdkj iV~Vh esa ,dleku fo|qr /kkjk I /kukRed x-fn'kk esa izokfgr gks jgh

gSA iV~Vh dh yEckbZ] pkSM+kbZ rFkk eksVkbZ Øe'k% l, w rFkk d gSA iV~Vh ij /kukRed y-fn'kk esa ,d ,dleku pqEcdh;

{ks=k B


 yx;k x;k gSA blds dkj.k vkos'kokgd z-fn'kk dh vksj fo{ksfir gksrs gSaA ifj.kker% lrg PQRS ij

vkos'kokgdksa dk lap;u gksrk gS rFkk PQRS ds lkeus ds Qyd ij cjkcj fdUrq foijhr vkos'k vk tkrk gSA ,d

foHkkarj z-fn'kk ds lkFk bl izdkj fodflr gksrk gSA vkos'k okgdksa dk ;g lap;u rc rd tkjh jgrk gS tc rd
fd pqEcdh; cy] oS|qr cy ls larqfyr ugha gks tkrkA fo|qr /kkjk dk izokg bysDVªkWuksa ds }kjk rFkk iV~Vh dh vuqizLFk

dkV ij ,dleku gSA
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19. Consider two different metallic strips (1 and 2) of the same material. Their lengths are the same, widths are

w
1
 and w

2
 and thicknesses are d

1
 and d

2
, respectively. Two points K and M are symmetrically located on

the opposite faces parallel to the x-y plane (see figure). V
1
 and V

2
 are the potential differences between K

and M in strips 1 and 2, respectively. Then, for a given current I flowing through them in a given magnetic

field strength B, the correct statement(s) is(are)

,d gh pkyd (metallic) inkFkZ dh nks vyx&vyx ifV~V;ksa (1 rFkk 2) dks ysaA mudh yEckbZ;k¡ cjkcj gSa] pkSM+kbZ;k¡

Øe'k% w
1
 ,oa w

2
 rFkk eksVkbZ;k¡ Øe'k% d

1
 rFkk d

2
 gSaA nks fcUnq K rFkk M x-y ry ds lekUrj vkeus&lkeus ds

Qydksa ij fLFkr gSaA ifV~V;ksa 1 rFkk 2 esa K rFkk M ds chp foHkokUrj Øe'k% V
1
 rFkk V

2
 gSaA rc muesa cgus okyh

,d nh x;h fo|qr /kkjk I rFkk ,d nh x;h pqEcdh; {ks=k dh rhozrk B ds fy, lgh dFku gS (gSa)

(A) If w
1
 = w

2
 and d

1
 = 2d

2
, then V

2
 = 2V

1

(B) If w
1
 = w

2
 and d

1
 = 2d

2
, then V

2
 = V

1

(C) If w
1
 = 2w

2
 and d

1
 = d

2
, then V

2
 = 2V

1

(D) If w
1
 = 2w

2
 and d

1
 = d

2
, then V

2
 = V

1

Ans. (A,D)

Sol.
m kq(v v )

q v B
w


   v velocity of electrons

V
m
 – V

k
 = w v B.

I = neAv = ne(wd)v

I
wv

ned


m k

I
V V B

ned
 

(A) w
1
 = w

2
, d

1
 = 2d

2
 V

2
 = 2V

1

(B) w
1
 = 2w

2
, d

1
 = d

2
 V

1
 = V

2

20. Consider two different metallic strips (1 and 2) of same dimensions (length l, width w and thickness d) with

carrier densities n
1
 and n

2
, respectively. Strip 1 is placed in magnetic field B

1
 and strip 2 is placed in mag-

netic field B
2
, both along positive y-direction. Then V

1
 and V

2
 are the potential differences developed

between K and M in strips 1 and 2, respectively. Assuming that the current I is the same for both the strips,

the correct option(s) is(are) :

leku vkdkj (yEckbZ l, pkSM+kbZ w rFkk eksVkbZ d) dh vyx&vyx pkyd inkFkksZa dh nks ifV~V;ksa (1 rFkk 2) ftuds

vkos'kokgdksa ds ?kuRo Øe'k% n
1
 rFkk n

2 
gSa dks ysaA iV~Vh 1 dks pqEcdh; {ks=k B

1
 rFkk iV~Vh 2 dks pqEcdh; {ks=k B

2 
esa

j[kk x;k gSA pqEcdh; {ks=k B
1
 rFkk B

2
 /kukRed y-fn'kk esa gSaA rc ifV~V;ksa 1 rFkk 2 esa K rFkk M ds chp foHkokUrj

Øe'k% V
1
 rFkk V

2
 gSaA nksuksa ifV~V;ksa esa cgus okyh fo|qr /kkjk I dks leku ekurs gq, lgh fodYi gS (gSa) :
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(A) If B
1
 = B

2
 and n

1
 = 2n

2
, then V

2
 = 2V

1

(B) If B
1
 = B

2
 and n

1
 = 2n

2
, then V

2
 = V

1

(C) If B
1
 = 2B

2
 and n

1
 = n

2
, then V

2
 = 0.5V

1

(D) If B
1
 = 2B

2
 and n

1
 = n

2
, then V

2
 = V

1

Ans. (A,C)

Sol. M K

l B
V V

ned
 

(A) n
1
 = 2n

2
    ;  B

1
 = B

2
     V

2
 = 2V

1

(C) B
1
 = 2B

2
, n

1
 = n

2


