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PHYSICS 

SECTION-1 : (Maximum Marks : 24) 
 This section contains EIGHT (08) 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 ONLY if the correct numerical value is entered;  

 Zero Marks :   0    In all other cases. 
 

 

 

1. Two spherical stars A and B have densities A and B, respectively. A and B have the same radius, 

and their masses MA and MB are related by MB = 2MA. Due to an interaction process, star A loses 

some of its mass, so that its radius is halved, while its spherical shape is retained, and its density 

remains A. The entire mass lost by A is deposited as a thick spherical shell on B with the density of 

the shell being A. If A and B are the escape velocities from A and B after the interaction process, 

the ratio 
1/3

10

15

B

A

n


 . The value of n is _______ 

Ans.  2.30 

Sol. Given RA = RB = R 

 MB = 2MA 

 Calculation of escape velocity for A: 

 Radius of remaining star = A
R

2
. 

 Mass of remaining star = 
3

A A
A

R M4

3 8 8
    

 
2A/B
A

A/2

GM 1
mv 0

R 2


   A/B A

A

A/2

2GM GM
v

R 2R
    

 Calculation of escape velocity for B 

 Mass collected over A

7
B M

8
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 Let the radius of B becomes r. 

 
3 3 3

B A A A

4 7 4
(r R ) R

3 8 3
        

1/3
3 3 3

A B

7 (15) R
R R

8 2
      

 
2

B A A

1/3
1/3

V 23GM 23GM

R2 4 15 R
8 15

2

  


 

 A
B 1/3

23GM
V

2 15 R
 


 

 B

1/3 1/3

A

V 23 10 2.30

V 15 15


    

 n = 2.30 

2. The minimum kinetic energy needed by an alpha particle to cause the nuclear reaction 

16 4 1 19

7 2 1 8
N He H O    in a laboratory frame is n (in MeV). Assume that 16

7
N  is at rest in the 

laboratory frame. The masses of 
16 4 1

7 2 1
N, He, H  and 19

8
Ocan be taken to be 16.006 u, 4.003 u,  

1.008 u and 19.003 u, respectively, where 1 u = 930 MeVc
–2

. The value of n is_________. 

Ans.  2.32 to 2.33 

Sol. 
16 4 1 19

7 2 1 8
N He He O    

 
16

7
N     +    

4

2
He     

1

1
He   +  

19

8
O  

 16.006      4.003        1.008     19.003 

 4v0 = 1v1 + 19v2 = 20v2  (For max loss of KE) 

 2
0

v
v

5
  

 E required = (1.008 + 19.003 – 16.006 – 4.003) × 930 = 1.86 

 
2 2

0

1 1
4v 20v 1.86

2 2
   

 
2

2 20
0

v1
4v 10 20v 1.86

2 25
   

 
2 2

0 0

2
2v v 1.86

5
   

 
2

0

8
v 1.86

5
  

 
2

0

1.86 5
v

8


  

 
2 2

0 0

1 18.6 5
KE 4v 2v

2 4


    

 = 2.325 



 

3. In the following circuit C1 = 12 F, C2 = C3 = 4 F and C4 = C5 = 2 F. The Charge stored in C3  

is _______ C. 

 

 

2V C5 
C4 C3 

C2 
6V 

C1 

 

Ans.  8 

Sol. Potential difference across the terminals of C3 is 2V. 

  Q3 = CV = (4µ) (2) = 8µC 

4. A rod of length 2 cm makes an angle 
2

3


 rad with the principal axis of a thin convex lens. The lens 

has a focal length of 10 cm and is placed at a distance of 
40

3
cm from the object as shown in the 

figure. The height of the image is 
30 3

13
cm and the angle made by it with respect to the principal 

axis is  rad. The value of  is 
n


 rad, where n is _________. 

 

30 3
cm

1340
cm

3

2

3





 

Ans.  6 

Sol. 

 

2cm
 

1cm
 

 

60°
 

 

40cm
 

f=10cm
 

  



 

 

 i
1

0

30 3
h v v 43013 v cm

43h u 133

3


    


 

 * 
1 1 1 1 1 3

v 40cm
v u f v 10 40

        

 * 
430 90

x 40 cm
13 13

    

 

30 3

113tan 30
90 63

13


         

 N = 6 Ans. 

5. At time t = 0, a disk of radius 1 m starts to roll without slipping on a horizontal plane with an 

angular acceleration of 
2

3
   rad s

–2
.  A small stone is stuck to the disk. At t = 0, it is at the 

contact point of the disk and the plane. Later, at time ,t s  the stone detaches itself and flies off 

tangentially from the disk. The maximum height (in m) reached by the stone measured from the 

plane is 
1

2 10

x
 . The value of x is______. [Take g = 10 m s

–2
.] 

Ans.  0.52 

Sol.  

  
R/2 

R 

cm 

 

 At t = 0,  = 0 

 at t   , 
2 2

t ,v r
3 3

          

 
21

t
2

    

 
1 2

2 3 3


       

  = 60° 



 

  

h 
v 

60° 

v 

 

 

 
y

3
v vsin 60 V

2
   

 

2
2

y

3
vu 4h

2g 2g
   

 

3 4

4 9h
2g

 
  

 
3

h
9 2g 6g

 
 


 

 Maximum height from plane, 
R

H h
2

   

 
1

H
2 6 10


 


 

 x
6


 ; x = 0.52 

6. A solid sphere of mass 1 kg and radius 1 m rolls without slipping on a fixed inclined plane with an 

angle of inclination  = 30° from the horizontal. Two forces of magnitude 1 N each, parallel to the 

incline, act on the sphere, both at distance r = 0.5 m from the center of the sphere, as shown in the 

figure. The acceleration of the sphere down the plane is______ms
–2

. (Take g = 10 m s
–2

 .)   

 

r 

r 

 
 

Ans.  2.85 to  2.86 

 



 

 

Sol. Solid sphere 1kg, 1m 

  
x 30° 

5N 
1N 

a 
f 

 

1N 

 

 5 + 1 – 1 – f = 1a 

 5 – f = a 

 About COM 

 f 1 – 2(1(0.5)) = 
22

Mr
5

  

 
2 2

f 1 a f 1 a
5 5

       

 
2

5 a 1 a
5

    

 
7a

4
5

   
20

a
7

   = 2.86 m/s
2
 

7. Consider an LC circuit, with inductance L = 0.1 H and capacitance C = 10
–3 

F, kept on a plane. The 

area of the circuit is 1 m
2
. It is placed in a constant magnetic field of strength B0 which is 

perpendicular to the plane of the circuit. At time t = 0, the magnetic field strength starts increasing 

linearly as B = B0 + t with  = 0.04 Ts
–1

 . The maximum magnitude of the current in the circuit 

is____mA. 

Ans.  4 

Sol. Maximum energy will be  

 

2
20
0

q 1
LI

2C 2
  

 

2
20
0

q
I

CL
  

 0
0

q
I

LC
  

 
0

CV
I

LC
  

 0

C
I V

L
   

AdB
V emf

dt
   



 

 
3

0

10
I 0.04

0.1



   V = (1 × 0.04) 

 Maximum current I0 = 0.004 = 4mA 

 Ans. (4) 

8. A projectile is fired from horizontal ground with speed v and projection angle . When the 

acceleration due to gravity is g, the range of the projectile is d. If at the highest point in its 

trajectory, the projectile enters a different region where the effective acceleration due to gravity is  

g' = 
0.81

g
, then the new range is d' = nd. The value of n is_______. 

Ans.  0.95 

Sol.  d 

g v 

 

 

 
2v sin 2

d
g


  

  d/2 

geff 
v 

 

d1 

u 

t 

 

 
2 2

max

v sin
H

2g


 ; 

2

eff max

1
g t H

2
 2 max

eff

2H
t

g
   

2 2

2

v sin 0.81
t

g


 ; 

0.9vsin
t

g


  

 
2 2

2 2 v sin
t

g
2g

0.81

 


 
 
 

 

 d' = New range = 1

d
d

2
  

 d1 = vcost 

 
2 2v sin cos 0.9

g

 
 ; 

2 2v sin 2 v sin 2 0.9
d '

2g 2g

 
   

 
2v sin 2 1.0

0.95d
g 2

    
 

 

 n = 0.95 



 

 

SECTION-2 : (Maximum Marks : 24) 
 This section contains SIX (06) questions. 

 Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these 

four option(s) is (are) correct answer(s). 

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

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

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

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

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

    both of which are correct; 

 Partial Marks  : +1  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  : −2  In all other cases. 
 

9. A medium having dielectric constant K >1 fills the space between the plates of a parallel plate 

capacitor. The plates have large area, and the distance between them is d. The capacitor is 

connected to a battery of voltage V. as shown in Figure (a). Now, both the plates are moved by a 

distance of 
2

d
 from their original positions, as shown in Figure (b). 

 

 

d 

V 

 

 

 

  

 

 

d 

V 

d

2

d

2

Figure (a) Figure (b) 
 

 In the process of going from the configuration depicted in Figure (a) to that in Figure (b), which of 

 the following statement(s) is(are) correct? 

 (A) The electric field inside the dielectric material is reduced by a factor of 2K. 

 (B) The capacitance is decreased by a factor of 
1

1K 
. 

 (C) The voltage between the capacitor plates is increased by a factor of (K + 1). 

 (D) The work done in the process DOES NOT depend on the presence of the dielectric material. 

Ans.  (B) 



 

Sol. For figure(a) 

  

K
 

d
 

 

 0

V
E

d
 ; 0

K A
C

d


  

 For figure(b) 

  

d
 

d/2
 

d/2
 

 

 0
A

C'
2d d d / k




 
; 

 0
K A

C'
(K 1)d





; 

C
C'

K 1



 

10. The figure shows a circuit having eight resistances of 1  each, labelled R1 to R8, and two ideal 

 batteries with voltages 1 = 12 V and 2 = 6 V. 

 

R6 R7 

R2 

R3 R1 

R5 

R4 

R8 

2 1 

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

 (A) The magnitude of current flowing through R1 is 7.2 A. 

 (B) The magnitude of current flowing through R2 is 1.2 A. 

 (C) The magnitude of current flowing through R3 is 4.8 A. 

 (D) The magnitude of current flowing through R5 is 2.4 A. 

Ans.  (A,B,C,D) 



 

 

Sol. 

 

1
 

12V
 

  

1
 

1
 1

 

1
 

1
 

1
 

6V
 

12V
 

  

1/2
 

6V
 

= 

1
 

18V
 

12V
 

I
1 

I
3 

I
2 1/2

 

1/2
 

V
0 

1
 
12V

 

O
  

 From KCL 

 i1 + i2 + i3 = 0 

 0 0 0
18 V 12 V 0 V

0
3 / 2 1/ 2 3 / 2

  
     

  18 – V0 + 36 – 3V0 – V0 = 0 

  54 = 5V0 

 

54
2 v'

18 v'5
0

1 1

        

 
108

18 3V'
5

    

 
198 66

v ' V
5 3 5

  


 

 
1R

36
I 7.2A

5
   

 
2R

6
I 1.2A

5
   

 
3R

24
I 4.8A

5
   

 
5R

12
I 2.4A

5
   

 



11. An ideal gas of density  = 0.2 kg m
–3

 enters a chimney of height h at the rate of  = 0.8 kg s
–1

  

from its lower end, and escapes through the upper end as shown in the figure. The cross-sectional 

area of the lower end is A1 = 0.1 m
2
 and the upper end is A2 = 0.4 m

2
. The pressure and the 

temperature of the gas at the lower end are 600 Pa and 300 K, respectively, while its temperature at 

the upper end is 150 K. The chimney is heat insulated so that the gas undergoes adiabatic 

expansion. Take g = 10 ms
–2

 and the ratio of specific heats of the gas  = 2. Ignore atmospheric 

pressure. 

 

       

     

A2 

A1 

h 

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

 (A) The pressure of the gas at the upper end of the chimney is 300 Pa. 

 (B) The velocity of the gas at the lower end of the chimney is 40 ms
–1

 and at the upper end is  

      20 ms
–1

. 

 (C) The height of the chimney is 590 m. 

 (D) The density of the gas at the upper end is 0.05 kg m
–3

. 

Ans.  (B) 

Sol.  

  

A2 = 0.4 m
2
 

 

A1 = 0.1 m
2
 

 

P1 = 0.2 kg/m
3
 

P1 = 600 Pa 

T1 = 300 K 

V1 
 

 1 1 1

dm
A v 0.8 kg / s

dt
   A 

 1

0.8
v 40m / s

0.2 0.1
 


 



 

 

 g = 10 m/s
2 

  = 2 

 Gas undergoes adiabatic expansion, 

 p
1–

 T

 = Constant 

 

r

1
2 1

1 2

P T

P T

 
  

 
 

 

2

1

2

300
P 600

150

   
 

 

 2

600
P 150Pa

4
   

 Now 
PM P

RT T
      

 1 1 1

2 2 2

P T 150 300 1

P T 600 150 2

                 
 

 1
2

2


  = 0.1 kg/m

3
 

 Now 2A2v2 = 0.8 2

0.8
v 20m / s

0.1 0.4
  


 

 Now Won gas = K + U + (Internal energy) 

 P1A1x1 – P2A2x2 = 
2 2

2 1

1 1
mV mV mgh

2 2
      2 2 1 1

f
(P V P V )

2
     

 
2 2

1 2 2 1
1 2

V V V V
2P 2P gh

m m 2

  
   

 
 

 
2 22 600 2 150 20 40

10h
0.2 0.1 2

  
     

 h = 360 m 

 



 

12. Three plane mirrors form an equilateral triangle with each side of length L. There is a small hole at 

a distance l  > 0 from one of the corners as shown in the figure. A ray of light is passed through the 

hole at an angle  and can only come out through the same hole. The cross section of the mirror 

configuration and the ray of light lie on the same plane.   

 

 

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

 (A) The ray of light will come out for  = 30°, for 0 < l < L. 

 (B) There is an angle for 
2

L
l   at which the ray of light will come out after two reflections. 

 (C) The ray of light will NEVER come out for  = 60°, and 
3

L
l  . 

 (D) The ray of light will come out for  = 60°, and 0
2

L
l   after six reflections. 

Ans.  (A,B) 

Sol. (A) Ray will come out after one reflection for  = 30° & 0 <  < L 

  

30° 

30° 60° 

 



 (B) 

 

60° 

60
° 

60° 

 

 for  = 60° & 
L

2
 , ray will come out after two reflections. 

 (C) For 
L

3
  &  = 60° ray will come out after five reflections. 

  

60° 

60° 60° 

30° 

30° 

2L/3 

L/3 

2L/3 

60° 

60° L/3 

 

 (D) For  = 60° & 
L

0
2

  , ray will come out after five reflections 

  

60
° 

60° 

L/4 

L/4 

 



 

13. Six charges are placed around a regular hexagon of side length a as shown in the figure. Five of 

them have charge q, and the remaining one has charge x. The perpendicular from each charge to the 

nearest hexagon side passes through the center O of the hexagon and is bisected by the side. 

 
 Which of the following statement(s) is(are) correct in SI units? 

 (A) When x = q, the magnitude of the electric field at O is zero. 

 (B) When x = – q, the magnitude of the electric field at O is 
2

06

q

a 
. 

 (C) When x = 2q, the potential at O is 
0

7

4 3

q

a 
. 

 (D) When x = –3q, the potential at O is 
0

3

4 3

q

a 
. 

Ans.  (A,B,C) 

Sol. (A) Due to symmetry 0
E 0  

 (B) 

 

30°
 

q 

 

 
 net 2 2

0

kq 2q 4
E 2

4 4 3a2d


  

  
 

 
2

0

q

6 a



 

 (C) 
0 0

7kq 7q 7q
v

2d 4 3a 4 3 q
  

  
 

 (D) 
0 0

2kq 2q q
v

2d 4 3a 2 3 q
  

  
 

 Ans. (A,B,C) 

q 

q 

q 

q 

O 

a 

x 

90° 

q 



14. The binding energy of nucleons in a nucleus can be affected by the pairwise Coulomb repulsion. 

Assume that all nucleons are uniformly distributed inside the nucleus. Let the binding energy of a 

proton be p
bE  and the binding energy of a neutron be n

bE  in the nucleus.  

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

 (A) –p n
bbE E  is proportional to Z(Z – 1) where Z is the atomic number of the nucleus.  

 (B) –p n
bbE E is proportional to 

1

3A


 where A is the mass number of the nucleus. 

 (C) –p n
bbE E  is positive. 

 (D) 
p
bE  increases if the nucleus undergoes a beta decay emitting a positron. 

Ans.  (A,B,D) 

Sol. Binding energy of proton & neutron due to nuclear force is same. So difference in binding energy is 

only due to electrostatic P.E. and it is positive  

 
P n

0 0
E E  = electrostatic P.E. 

 = Z × P.E. of one proton 

 
  2

0

Z 1 e1
Z

4 R


 


 

 Where R = R0 A
1/3

 

 
  2

1

0 3
0

Z Z 1 e1

4
R A





 

 Ans. (A,B,D)  



SECTION-3 : (Maximum Marks : 12) 
 This section contains FOUR (04) Matching List Sets. 

  Each set has ONE Multiple Choice Question. 

 Each set has TWO lists : List-I and List-II. 

  List-I has Four entries (I), (II), (III) and (IV) and List-II has Five entries (P), (Q), (R), (S) and 

(T). 

  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  ONLY if 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. 
 

15. A small circular loop of area A and resistance R is fixed on a horizontal xy-plane with the center of 

the loop always on the axis n̂  of a long solenoid. The solenoid has m turns per unit length and 

carries current I counterclockwise as shown in the figure. The magnetic field due to the solenoid is 

in n̂  direction. List-I gives time dependences of n̂  in terms of a constant angular frequency .  

List-II gives the torques experienced by the circular loop at time 
6

t



 , Let 
2 2 2 2

0

2

A m I

R

 
  . 

 
 List-I List-II 

(I)  1 ˆˆsin cos
2

t j t k   
(P) 0 

(II)  1 ˆ ˆsin cos
2

t i t j   
(Q) ˆ

4
i


  

(III)  1 ˆˆsin cos
2

t i t k   
(R) 3 ˆ

4
i


 

(IV)  1 ˆˆcos sin
2

t i t k   
(S) ˆ

4
j


 

  (T) 3 ˆ
4

i


  

 

 Which one of the following options is correct? 

 (A) IQ, IIP, IIIS, IVT (B) IS, IIT, IIIQ, IVP 

 (C) IQ, IIP, IIIS, IVR (D) IT, IIQ, IIIP, IVR 

Ans. (C) 

z 
 

I x 

y z 



Sol. (I)  0
mI ˆ ˆB sin t j cos t k
2


     

  0
mI

B A cos t A
2


       

  0
mI Ad

sin t
dt 2

 
     

  0
mI A

i sin t
R 2R

 
    

     
2

0
mI Aˆ ˆM iA iA k sin t k

2R

 
     

   
2 2 2

20
m I A ˆM B sin t i

2R

 
       

 î
4

   
 

 

 (II)  0
mI ˆ ˆB sin t i cos t j
2


     

  = 0,  = 0, i = 0, t = 0 

 (III)  0
mI ˆ ˆB sin t i cos t k
2


     

  0
mI

B A cos t A
2


        

  0
mI Ad

sin t
dt 2

 
      



  0
mI A

i sin t
R 2R

 
    

     
2

0
mI Aˆ ˆM iA iA k sin t k

2R

 
     

   
2 2 2

20
m I A ˆM B sin t j

2R

 
       

 ĵ
4


  

 (IV)  0
mI ˆ ˆB cos t j sin t k
2


     

  0
mI

B A sin t A
2


        

  0
mI Ad

cos t
dt 2

 
      

  0
mI A

i cos t
R 2R

 
     

     
2

0
mI Aˆ ˆM iA iA k cos t k

2R

 
      

   
2 2 2

20
m I A ˆM B cos t i

2R

 
        

 2 ˆcos i
6

    
 

 

 
3

î
4


  

 Ans. (C) I –Q, II-P, III-S, IV-R 



16. List I describes four systems, each with two particles A and B in relative motion as shown in figure. 

List II gives possible magnitudes of then relative velocities (in ms
–1

) at time 
3

t s


 . 

 

 List-I List-II 

(I) A and B are moving on a horizontal circle of radius 1 m with 

uniform angular speed  = 1 rad s
–1

. The initial angular 

positions of A and B at time t = 0 are  = 0 and  = 
2


 

respectively. 

 

(P) 3 1

2
 

(II) Projectiles A and B are fired (in the same vertical plane)  

at t = 0 and t = 0.1 s respectively, with the same speed 




5

2
v  m s

–1
 and at 45° from the horizontal plane. The 

initial separation between A and B is large enough so that 

they do not collide, (g = 10 m s
–2

 ). 

 
 

(Q)  3 1

2
 

(III) Two harmonic oscillators A and B moving in the x direction 

according to xA = x0  sin
0

t

t
 and xB = x0 sin

0 2

t

t

 
 

 
 

respectively, starting from t = 0. Take x0 = 1 m, t0 = 1 s. 

 

(R) 10  

y 

x 

B 

A 

t=0.1s 
45° 45° 

A 

t=0 

B 

B 

A 

x 

xB=x0sin  

xA=x0sin  



(IV) Particle A is rotating in a horizontal circular path of radius  

1 m on the xy plane, with constant angular speed  = 1 rad s
–1

. 

Particle B is moving up at a constant speed 3 m s
–1

 in the 

vertical direction as shown in the figure. (Ignore gravity.) 

 

(S) 2  

  (T)  225 1  

 Which one of the following options is correct? 

 (A) I  R, II  T, III  P, IV  S 

 (B) I  S, II  P, III  Q, IV  R 

 (C) I  S, II  T, III  P, IV  R 

 (D) I  T, II  P, III  R, IV  S 

Ans.  (C) 

Sol. (I) 2 2 2

BA A B AB
v v v 2v cos     

 As A B
, 90       remains constant. 

 Also, vA = vB = 1 m/s 

 So, 
BA

v 2m / s  

 (II) A

5 5ˆ ˆu i j
2 2

 
   

 
A

5 5ˆ ˆv i 10 j
2 2 3

       
 

 

 
5 5ˆ ˆi j
2 6

 
   

 B

5 5ˆ ˆu i j
2 2

 
    

A y 

x 

B 
3ms

–1
 

z 



 
B

5 5ˆ ˆu i 1 j
2 6

      
 

 

 
B,A

ˆ ˆv 5 i j     

 2

BA
v 25 1    

 (III) xA = sin t 

 A

1
v cos t m / s

2
   

 xB = cost 

 
B

3
v sin t m / s

2
     

 
BA

3 1
v

2 2
    

 (IV) A B
v & v  are always perpendicular 

 So, 
2 2

BA A B
v v v 10m / s    

 Ans. (C), I-S, II-T, III-P, IV-R 

17. List I describes thermodynamic processes in four different systems. List II gives the magnitudes 

(either exactly or as a close approximation) of possible changes in the internal energy of the system 

due to the process. 

List-I List-II 

(I) 10
–3

 kg of water at 100°C is converted to steam at the 

same temperature, at a pressure of 10
5
 Pa. The volume of 

the system changes from 10
–6

 m
3
 to 10

–3
 m

3
 in the 

process. Latent heat of water = 2250 kJ/kg. 

(P) 2 kJ 

(II) 0.2 moles of a rigid diatomic ideal gas with volume V at 

temperature 500 K undergoes an isobaric expansion to 

volume 3 V. Assume R = 8.0 J mol
–1

K
–1

. 

(Q) 7 kJ 

(III) On mole of a monatomic ideal gas is compressed 

adiabatically from volume 
31

3
V m  and pressure 2 kPa 

to volume 
8

v
 

(R) 4 kJ 

(IV) Three moles of a diatomic ideal gas whose molecules can 

vibrate, is given 9 kJ of heat and undergoes isobaric 

expansion. 

(S) 5 kJ 

  (T) 3 kJ 

 Which one of the following options is correct ? 

 (A) I  T, II  R, III  S, IV  Q (B) I  S, II  P, III  T, IV  P 

 (C) I  P, II  R, III  T, IV  Q (D) I  Q, II  R, III  S, IV  T 

Ans.  (C) 



 

Sol. (I) U = Q – W 

    5 3 6

3

3

10 10 10
10 2250 kJ

10

 


     
  

 

 = (2.25 – 0.0999) kJ 

 = (2.1501) kJ 

 (II) U = nCVT 

  
5

nR T
2

   

     5
0.2 8 1500 500 J

2
    

  = 4 kJ 

 (III) 1 2 2 2
P V P V   

  

5/3 5/3

2

1 1
2 P

3 24

       
   

 

   P2 = 64 kPa 

   V 2 2 1 1

3
U nC T P V P V

2
       

  
3 1 1

64 2 kJ
2 24 3

     
 

 

  = 3 kJ 

 (IV) V
U nC T    

  
7

n R T
2

    

  
7

Q
9

   

  = 7 kJ 

 Ans. (C); I-P, II-R, III-T, IV-Q 

 



18. List I contains four combinations of two lenses (1 and 2) whose focal lengths (in cm) are indicated 

in the figures. In all cases, the object is placed 20 cm from the first lens on the left, and the distance 

between the two lenses is 5 cm. List II contains the positions of the final images. 

 List-I List-II 

(I) 

 

+15 f = +10 

5 cm 2 20 cm 1 

O 
 

(P) Final image is farmed at  

7.5 cm on the right side of  

lens 2. 

(II) 

 

–10 f = +10 

5 cm 2 20 cm 1 

O 
 

(Q) Final image is formed at  

60.0 cm on the right side of 

lens 2. 

(III) 

 

–20 f = +10 

5 cm 2 20 cm 1 

O 
 

(R) Final image is formed at  

30.0 cm on the left side of 

lens 2. 

(IV) 

 

+10 f = –20 

5 cm 2 20 cm 1 

O 
 

(S) Final image is formed at  

6.0 cm on the right side of  

lens 2. 

  (T) Final image is formed at  

30.0 cm on the right side of 

lens 2. 

 

 Which one of the following options is correct ? 

 (A) I  P, II  R, III  Q, IV  T 

 (B) I  Q, II  P, III  T, IV  S 

 (C) I  P, II  T, III  R, IV  Q 

 (D) I  T, II  S, III  Q, IV  R 

Ans.  (A) 



Sol. (I) 1

uf
v

u f



 

  
  

   
20 10

20
20 10


  

 
 

  u2 = +15 

  
  

   2

15 15
v 7.5

15 15
  


 

 (II) v1 = +20 

  u2 = +15 

  
  

   2

15 10
v 30

15 10


  

 
 

 (III) v1 = +20 

  u2 = +15 

  
  

   2

15 20
v 60

15 20


 

 
 

 (IV)  
  

   1

20 20
v 10

20 20

 
  

  
 

  u2 = –15 

  
  

   2

15 10
v 30

15 10


 

 
 

 Ans. (A), I-P, II-R, III-Q, IV-T 



CHEMISTRY 
 

SECTION-1 : (Maximum Marks : 24) 
 This section contains EIGHT (08) 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 ONLY if the correct numerical value is entered;  

 Zero Marks :   0    In all other cases. 
 

 

 

1. 2 mol of Hg(g) is combusted in a fixed volume bomb calorimeter with excess of O2 at 298 K and  

1 atm into HgO(s). During the reaction, temperature increases from 298.0 K to 312.8 K. If heat 

capacity of the bomb calorimeter and enthalpy of formation of Hg(g) are 20.00 kJ K
–1

 and  

61.32 kJ mol
–1

 at 298 K, respectively, the calculated standard molar enthalpy of formation of 

HgO(s) at 298 K is X kJ mol
–1

. The value of |X| is ______. 

 [Given : Gas constant R = 8.3 J K
–1

 mol
–1

] 

Ans.  (90.39) 

Sol. Qrxn = CT 

 |U| × 2 = 20 × 14.8 

 |U| = 148 kJ/mol 

 U = –148 kJ/mol 

 Hg(g) + 
1

2
O2(g)  HgO(s) : U = –148 kJ/mol 

 H = U + ng RT 

 = – 148 – 3 8.3

2 1000
  × 298 = –151.7101 

 Hg(l) + 
1

2
O2(g)  HgO(s) 

 H = –151.7101 + 61.32 = –90.39 kJ/mol 

 Ans. 90.39 

 



 

 

2. The reduction potential (E
0
, in V) of –

4MnO (aq)/Mn(s) is ______. 

 [Given : 
    –

4 2

0

MnO aq /MnO s
1.68VE ; 

    2
2

0

MnO s /Mn aq
1.21V E  ; 

    2

0

Mn aq /Mn s
–1.03V E ] 

Ans.  (0.77) 

Sol. 

 

 For the required reaction G° = G°1 + G°2 + G°3 

  7 × E = 1.68 × 3 + 1.21 × 2 + (–1.03) × 2 

 
5.4

E 0.7714
7

   

 Ans. = 0.77 

3. A solution is prepared by mixing 0.01 mol each of H2CO3, NaHCO3, Na2CO3, and NaOH in  

100 mL of water. pH of the resulting solution is ______. 

 [Given : pKa1 and pKa2 of H2CO3 are 6.37 and 10.32, respectively ; log 2 = 0.30] 

Ans.  (10.02) 

Sol.                           H2CO3 + NaOH  NaHCO3 + H2O 

 Milli moles  10        10                    – 

 At end   0              0             10 + 10 = 20 

 Final mixture has 20 milli moles NaHCO3 and 10 milli moles Na2CO3 

 2pH pKa + log 
Salt

Acid
 

 2pH pKa + log 
10

20
 
 
 

        [Buffer : Na2CO3 + NaHCO3] 

 = 10.32 – log 2 = 10.02 

4. The treatment of an aqueous solution of 3.74 g of Cu(NO3)2 with excess KI results in a brown 

solution along with the formation of a precipitate. Passing H2S through this brown solution gives 

another precipitate X. The amount of X (in g) is ______. 

 [Given : Atomic mass of H = 1, N = 14, O = 16, S = 32, K = 39, Cu = 63, I = 127] 

Ans.  (0.32) 

Sol. 2Cu(NO3)2 + 5KI  Cu2I2 + KI3 + 4KNO3 

     0.02                                       0.01 

  KI3 + H2S  S + KI + 2HI 

 0.01                   0.01 

 nS = 0.01 mole  

 weight of sulphur = 32 × 0.01 = 0.32 gm 



 

5. Dissolving 1.24 g of white phosphorous in boiling NaOH solution in an inert atmosphere gives a 

gas Q. The amount of CuSO4 (in g) required to completely consume the gas Q is ______. 

 [Given : Atomic mass of H = 1, O = 16, Na = 23, P = 31, S = 32, Cu = 63] 

Ans.  (2.38 / 2.39) 

Sol. Mole of P4 = 
1.24

0.01
31 4




 

 P4 + 3NaOH + 3H2O  PH3 + 3NaH2PO2 

 0.01 mole             0.01 mole 

 2PH3 + 3CuSO4  Cu3P2 + 3H2SO4 

 0.01      
3

2
 × 0.01 

       = 
0.03

2
 moles 

 CuSO4

0.03
W 159

2
   = 2.385 gm 

 Ans. = 2.38 or 2.39 

6. Consider the following reaction. 

  

 

 

 

 

OH 

Br 

red phosphorous 
Br

2
 R (major product) 

 
 On estimation of bromine in 1.00 g of R using Carius method, the amount of AgBr formed (in g) is 

______. 

 [Given : Atomic mass of H = 1, C = 12, O = 16, P = 31, Br = 80, Ag = 108] 

Ans.  (1.50) 

Sol. 

 

 

 

OH 

Br 

Red P 

Br2 

 

 

Br 

Br (R) 

M.W. = 250 g/mol 

 

 
1

1g R moles
250

  

 No. of Br Atoms  
2

moles
250

 

 Moles of AgBr  2
moles

250
 

 Mass of AgBr =  
2

(108 80) 1.504
250

     



7. The weight percentage of hydrogen in Q, formed in the following reaction sequence, is ______. 

  

 

 

 

Cl 

1. NaOH, 623 K, 300 atm 
Q (major product) 

2. conc. H2SO4 and then 

    conc. HNO3  

 [Given : Atomic mass of H = 1, C = 12, N = 14, O = 16, S = 32, Cl = 35] 

Ans.  (1.31) 

Sol. 

 

Cl 

 

 NaOH, 623 K 

300 atm 

ONa 

 

 Conc. H2SO4 

and  

conc. HNO3 

OH 

 

 

NO2 O2N 

NO2 

Picric 

acid 

C6H3N3O7 

Mass % of H 

3
100 1.31%

229
 = 

 

8. If the reaction sequence given below is carried out with 15 moles of acetylene, the amount of the 

product D formed (in g) is ______. 

  

iron tube 

(red hot) 
HCCH A 

(80 %) 

H3C 
Cl 

AlCl3 
B 

(50 %) 

1. O2 

2. H3O
+ 

–CH3COCH3 
C 

(50 %) 

CH3COCl 
pyridine 

D 
(100 %) 

 

 The yields of A, B, C and D are given in parentheses. 

 [Given : Atomic mass of H = 1, C = 12, O = 16, Cl = 35] 

Ans.  (136) 

Sol. 

 

4 mol   

3HC  CH   
15 moles   

red hot   
Iron    

  
 
  AlCl 3   

H 3 C 
  

Cl 
  

 

  
 
  

 

2 mol   

2. H 3 O  
  

1. O 2   

– CH 3 COCH 3   

 

  
 
  

 

1 mol   

OH   

Pyridine   
CH 3 COCl   

 

  
 
  

 

1 mol   

O – C – CH 3   
  

O   

C 8 H 8 O 2   
136 g 

80% yield 50% yield 50% yield 100% yield

 

 



 

SECTION-2 : (Maximum Marks : 24) 
 This section contains SIX (06) questions. 

 Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these 

four option(s) is (are) correct answer(s). 

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

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

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

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

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

    both of which are correct; 

 Partial Marks  : +1  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  : −2  In all other cases. 


9. For diatomic molecules, the correct statement(s) about the molecular orbitals formed by the overlap 

to two 2pz orbitals is(are) 

 (A)  orbital has a total of two nodal planes. 

 (B) * orbital has one node in the xz-plane containing the molecular axis. 

 (C)  orbital has one node in the plane which is perpendicular to the molecular axis and goes   

      through the center of the molecule. 

 (D) * orbital has one node in the xy-plane containing the molecular axis. 

Ans.  (A,D) 

Sol.  

  

  



 

 

  

10. The correct option(s) related to adsorption processes is(are) 

 (A) Chemisorption results in a unimolecular layer. 

 (B) The enthalpy change during physisorption is in the range of 100 to 140 kJ mol
–1

. 

 (C) Chemisorption is an endothermic process. 

 (D) Lowering the temperature favors physisorption processes. 

Ans.  (A,D) 

Sol. (A) Chemisorption is unimolecular layered. 

 (B) Enthalpy of physisorption is much less in magnitude. 

 (C) Chemisorption of gases on solids is exothermic. 

 (D) As physisorption is exothermic so lowering temperature favours it. 

11. The electrochemical extraction of aluminum from bauxite ore involves. 

 (A) the reaction of Al2O3 with coke (C) at a temperature > 2500°C. 

 (B) the neutralization of aluminate solution by passing CO2 gas to precipitate hydrated alumina  

       (Al2O3.3H2O) 

 (C) the dissolution of Al2O3 in hot aqueous NaOH. 

 (D) the electrolysis of Al2O3 mixed with Na3AlF6 to give Al and CO2. 

Ans.  (B,C,D) 

Sol. (A) Electrochemical extraction of Aluminum from bauxite done below 2500°C 

 (B) 2Na[Al(OH)4]aq. + 2CO2(g) Al2O3.3H2O(s)  + 2NaHCO3(aq.) 

 The sodium aluminate present in solution is neutralised by passing CO2 gas and hydrated Al2O3 is 

precipitated. 

 (C) Al2O3(s) + 2NaOH(aq.) + 3H2O(l)  2Na[Al(OH)4]aq.  

      Concentration of bauxite is carried out by heating the powdered ore with hot concentrated 

solution of NaOH 

 (D) In metallurgy of aluminum, Al2O3 is mixed with Na3AlF6  

 



 

12. The treatment of galena with HNO3 produces a gas that is 

 (A) paramagnetic  (B) bent in geometry 

 (C) an acidic oxide  (D) colorless 

Ans.  (A,D) 

Sol. 3PbS + 8HNO3  3Pb(NO3)2 + 2NO + 4H2O + S 

 NO  Neutral oxide, Paramagnetic, Linear geometry, Colourless gas 

13. Considering the reaction sequence given below, the correct statement(s) is(are) 

 

 

 

H3C 
1. Br2, red phosphorous 
2. H2O COOH P 

N 

O 

O 


K 1. 

2. NaOH 

3. H3O
+ 

Q  +  

 

COOH 

COOH 
 

 (A) P can be reduced to a primary alcohol using NaBH4. 

 (B) Treating P with conc. NH4OH solution followed by acidification gives Q. 

 (C) Treating Q with a solution of NaNO2 in aq. HCl liberates N2. 

 (D) P is more acidic than CH3CH2COOH. 

Ans.  (B,C,D) 

Sol. 

 

H3C COOH 
2. H2O 

1. Red P, Br2 

More acidic 

than  

CH3–CH2–COOH 
 

COOH 

NH2 

 

 

O 

O 

N


K
 (1) 

(2) NaOH 

(3) H3O


COOH 

NH2

(Q) 

+  

 

C–OH 

C–OH 

O 

O 

COOH 

Br 

COOH+N
2
 

OH  

 

 



14. Consider the following reaction sequence, 

  

 

 

NO2 
P

H3C 
Q 

R 
S

H2O 
T 

U 

 

 

COOH 

 

 the correct option(s) is(are) 

 (A) P = H2/Pd, ethanol   R = NaNO2/HCl   U = 1. H3PO2 

                         2. KMnO4 - KOH, heat 

 (B) P = Sn/HCl    R = HNO2    S = 

 

 

 

N2 


Cl 

H3C 
 

 (C) S = 

 

 

 

N2 


Cl 

H3C 
 T = 

 

 

 

OH 

H3C 
  U = 1. CH3CH2OH 

                   2. KMnO4 - KOH, heat 

 (D) Q = 

 
 

 

NO2 

HOOC 
 R = H2/Pd, ethanol  T = 

 

 

 

OH 

H3C 
 

Ans.  (A,B,C) 

Sol.  

 

 

 

NO2 

H3C 

(P) 

H2 / Pd, 

OR 
Sn / HCl 

 

 

NH2 

H3C 
(Q) 

(R) 
NaNO2 , HCl 

Or 

HNO2 

 

 

N2


Cl
 

H3C (S) 

 

 

COOH 

1. H3PO2 Or  Ethanol 

2. KMnO4, KOH,  

H2O

 

 

OH 

H3C 

(U) 

(T) 

 

 

 



 

SECTION-3 : (Maximum Marks : 12) 
 This section contains FOUR (04) Matching List Sets. 

  Each set has ONE Multiple Choice Question. 

 Each set has TWO lists : List-I and List-II. 

  List-I has Four entries (I), (II), (III) and (IV) and List-II has Five entries (P), (Q), (R), (S) and 

(T). 

  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  ONLY if 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. 
 

 

15. Match the rate expressions in LIST-I for the decomposition of X with the corresponding profiles 

provided in LIST-II. Xs and k constants having appropriate units. 

LIST-I LIST-II 

(I) 

 
 s

k X
rate

X X



 

under all possible initial concentration of X 

(P) 

 

 

(II) 

 
 s

k X
rate

X X



 

where initial concentration of X are 

much less than Xs 

(Q) 

 

 

(III) 

 
 s

k X
rate

X X



 

where initial concentration of X are 

much higher than Xs 

(R) 

 

 

h
al

f 
li

fe
 (

t 1
/2

) 

initial concentration of X  

 
h

al
f 

li
fe

 (
t 1

/2
) 

initial concentration of X  

 

 

ra
te

 

initial concentration of X  

 



 

 

(IV) 

 
 

2

s

k X
rate

X X



 

where initial concentration of X is 

much higher than Xs 

 

(S) 

  

 

(T) 

 

 

 

 (A) I  P; II  Q; III  S; IV  T 

 (B) I  R; II  S; III  S; IV  T 

 (C) I  P; II  Q; III  Q; IV  R 

 (D) I  R; II  S; III  Q; IV  R 

Ans.  (A) 

Sol. (I)  
ss

k[x] k
rate

xx [x] 1
[x]

 
 

  

  If [x]  rate  k  order = 0  

   (I) – (R), (P) 

 (II) [x] < < xs  rate = 
s

k[x]

x
  order = 1 

    (II) – (Q), (T) 

 (III) [x] > > xs  rate = k  order = 0 

    (III) – (P), (S) 

 (IV)  
2

s

k[x]
rate

x [x]



 

  [x] > > xs  rate = k[x] 

    (IV) – (Q), (T) 

 Ans. (A) 

[X
] 

time  

 

ln
[X

] 

time  

 



16. LIST-I contains compounds and LIST-II contains reaction 

      LIST-I  LIST-II 

 (I) H2O2  (P) Mg(HCO3)2 + Ca(OH)2   

 (II) Mg(OH)2  (Q) BaO2 + H2SO4 

 (III) BaCl2  (R) Ca(OH)2 + MgCl2 

 (IV) CaCO3  (S) BaO2 + HCl 

   (T) Ca(HCO3)2 + Ca(OH)2   

 Match each compound in LIST – I with its formation reaction(s) in LIST-II, and choose the correct 

 option 

 (A) I  Q; II  P; III  S; IV  R (B) I  T; II  P; III  Q; IV  R 

 (C) I  T; II  R; III  Q; IV  P (D) I  Q; II  R; III  S; IV  P 

Ans.  (D) 

Sol. (P) Mg(HCO3)2 + 2Ca(OH)2  Mg(OH)2 + 2CaCO3 + 2H2O 

 (Q) BaO2 + H2SO4  H2O2 + BaSO4 

 (R) Ca(OH)2 + MgCl2  Mg(OH)2 + CaCl2  

 (S) BaO2 + 2HCl  BaCl2 + H2O2 

 (T) Ca(HCO3)2 + Ca(OH)2  2CaCO3 + 2H2O 

17. LIST-I contains metal species and LIST-II contains their properties. 

      LIST-I  LIST-II 

 (I) [Cr(CN)6]
4–

  (P) t2g orbitals contain 4 electrons 

 (II) [RuCl6]
2–

  (Q) (spin-only) = 4.9 BM

 (III) [Cr(H2O)6]
2+

  (R) low spin complex ion

 (IV) [Fe(H2O)6]
2+

  (S) metal ion in 4+ oxidation state

   (T) d
4
 species 

 [Given : Atomic number of Cr = 24, Ru = 44, Fe = 26] 

 Metal each metal species in LIST-I with their properties in LIST-II, and choose the correct option 

 (A) I  R, T; II  P, S; III  Q, T; IV  P, Q 

 (B) I  R, S; II  P, T; III  P, Q; IV  Q, T 

 (C) I  P, R; II  R, S; III  R, T; IV  P, T 

 (D) I  Q, T; II  S, T; III  P, T; IV  Q, R 

Ans.  (A) 



Sol.  (1) [Cr(CN)6]
4– 

       Cr
+2

 = [Ar]18 3d
4
4s

0
 ; low spin complex 

       

       P,R,T 

 (2) [RuCl6]
2– 

 
     Ru

+4
 = [Kr]364d

4
5s

0
 ; low spin complex 

         

       P,R,S,T 

 (3) [Cr(H2O)6]
2+

 

              Cr
+2

 = [Ar]183d
4
4s

0 
; high spin complex 

       

     Q,T 

 (4) [Fe(H2O)6]
2+

 

        Fe
+2

 = [Ar]183d
6 
;
 
High spin complex 

        

      P,Q 
  
    

18. Match the compounds in LIST-I with the observation in LIST-II, and choose the correct option. 

      LIST-I  LIST-II 

(I) Aniline  (P) Sodium fusion extract of the compound on 

boiling with FeSO4, followed by acidification 

with conc. H2SO4, gives Prussian blue color. 

(II) o-Cresol  (Q) Sodium fusion extract of the compound on 

treatment with sodium nitroprusside gives 

blood red color. 

 (III) Cysteine  (R) Addition of the compound to a saturated 

solution of NaHCO3 results in effervescence. 



 (IV) Coprolactam  (S)  The compound reacts with bromine water to 

give a white precipitate. 

 (T) Treating the compound with neutral FeCl3       

         solution produces violet color. 

 (A) I  P, Q; II  S; III  Q, R; IV  P 

 (B) I  P ; II  R, S; III  R; IV  Q, S 

 (C) I  Q, S; II  P, T; III  P; IV  S 

 (D) I  P, S; II T; III  Q, R; IV  P 

Ans.  (D) 

Sol.  

 

 

 

NH2 

Aniline 

: Blue colour in Lassign test due to 

presence of N 

 

 
 

 

 

Me 

o-Cresol 

OH 

:Violet colour with FeCl3 due to presence of phenolic 

OH 

 

 
 

HS–CH2–CH–COOH 

NH2 
Cystein

: It gives  blod red colour with NaSCN 

 

 
 

N–H 
O 

Caprolactam 

: Blue colour in Lassign test due to presence of N
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� ��傈� 㴴

��
Რ�Რ�

㴴 Რ
=

=å T ��

� �ⵌ傈�Tૼ��净�ૼ��� �

� ��傈� 㴴

ૼ�
ૼ�Რ�

㴴 Რ
=

=å T �

Ans.  (B,C) 
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11. �﹔t�ܲᲠ�ՠ
��ܲ���﹔�two�p�ՠ
﹔s�v﹔
��y�

§ § ܲᲠ��Რݔ���Რݕ��Რݖ� −����净����

§ § ��������净− ݖ���ݕ��ݔ��−����ܲ

� 㰬	⦸	�o	� t	﹔�	o��ow
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﹔s�⦸ՠ
��﹔�ՠ
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� �ⵌ傈�
-

= =
-
x y � z

�  �
�

� ��傈�
-

= =
-

x y � z
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��
﹔�wt	��
﹔�o	�
t﹔rs﹔⦸to
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� ��傈�ૼ�b��g傈�净�–皤Რ�

� �ⵌ傈�ૼ�g��a傈�净�–��� �
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 � � �
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Ć Ć Ć Ć Ć Ć

- - - + + -æ ö= = = - ç ÷+ +è ø
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�
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Đ
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� ( ) ĜĮ ĖĐ nĮα,β, γ î î
Đ Đ Đ

æ öÞ º - - -ç ÷
è ø

�
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s�

13. ⵌo
s�﹔r�t	﹔�pՠrՠ�o�ՠݕ���净ݔ�����﹔t�ܵ��﹔�t	﹔�	o⦸us�o	�t	﹔�pՠrՠ�o�ՠ��잘�pՠr�o	�tՠ
﹔
ts��rՠw
�to�t	﹔�

pՠrՠ�o�ՠ�	ro뜘�t	﹔�po
t�ܲ�净��−���Რ傈�뜘﹔﹔t�t	﹔�pՠrՠ�o�ՠ�ՠt�ܲᲠ�ՠ
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�
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�s䔜ՠr﹔�
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Ans.  (B,C,D) 

Sol. �﹔t�﹔quՠto
�o	�tՠ
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14. �﹔t�|ܯ|��﹔
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st�﹔ՠ⦸	�ot	﹔r��ⵔ
�﹔v﹔ry�rou
��o	�t	﹔�ՠ뜘﹔��﹔ՠ⦸	�p�ՠy﹔r�

ro��s�ՠ�	ՠr��﹔�o
⦸﹔��w	﹔r﹔�t	﹔�sx�	ՠ⦸﹔s�o	�t	﹔��﹔�	ՠv﹔�sx��st
⦸t�
u뜘�﹔rs���﹔tݔ��ՠ

﹔��ݕ��ot﹔�t	﹔�

r﹔ՠ�
s�o
�t	﹔��﹔�ro��﹔���y�ܲᲠ�ՠ
��ܲ���r﹔sp﹔⦸tv﹔�y��ⵔ	ݕ���ݔ���t	﹔
�ܲᲠ�s⦸or﹔s��po
ts�ՠ
��ܲ��s⦸or﹔s�

��po
t��ⵔ	ݔ��净ݕ���t	﹔
�﹔ՠ⦸	�p�ՠy﹔r�s⦸or﹔s���po
ts��ⵔ	ݕ���ݔ���t	﹔
�ܲᲠ�s⦸or﹔s���po
t�ՠ
��ܲ��s⦸or﹔s��

po
ts���﹔t�ܺ݅�ՠ
��ܻ݅��﹔�t	﹔�totՠ��s⦸or﹔s�o	�ܲᲠ�ՠ
��ܲ���r﹔sp﹔⦸tv﹔�y��ՠ	t﹔r�p�ՠy
�t	﹔�݅ݐℎ�rou
��§

List-I List-II 

�ⵔ傈� �ro�ՠ��ty�o	��ܺ� ≥�ܻ�傈�s� ��傈�
ૼ

�
�

�ⵔⵔ傈� �ro�ՠ��ty�o	��ܺ����ܻ�傈�s� �傈�
ᲠᲠ

Რ�
�

�ⵔⵔⵔ傈� �ro�ՠ��ty�o	��ܺૼ�净�ܻૼ傈�s� ��傈�


Რ�
�

�ⵔ�傈� �ro�ՠ��ty�o	��ܺૼ���ܻૼ傈�s� �沤傈�
ૼ

���
�

� � �
傈�
皤皤

�ૼ�
�

� 
	﹔�⦸orr﹔⦸t�opto
�s��

� �잘傈��ⵔ傈�→��傈ꬨ��ⵔⵔ傈�→���傈ꬨ��ⵔⵔⵔ傈�→��
傈ꬨ��ⵔ�傈�→��沤傈�

� ��傈��ⵔ傈�→��傈ꬨ��ⵔⵔ傈�→���傈ꬨ��ⵔⵔⵔ傈�→��
傈ꬨ��ⵔ�傈�→��
傈�
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PHYSICS 

SECTION-1 : (Maximum Marks : 24) 

� 
his�s﹔⦸tion�⦸ontՠins�EIGHT (08)�qu﹔stions��
� 
h﹔� ՠnsw﹔r� to� ﹔ՠ⦸h� qu﹔stion� is� ՠ� SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH 

INCLUSIVE.�
� �or�﹔ՠ⦸h�qu﹔stion��﹔nt﹔r�th﹔�⦸orr﹔⦸t�int﹔g﹔r�⦸orr﹔spon�ing�to� th﹔�ՠnsw﹔r�using� th﹔�mous﹔�ՠn��th﹔�

on伸s⦸r﹔﹔n�virtuՠl�num﹔ri⦸�k﹔ypՠ��in�th﹔�plՠ⦸﹔��﹔signՠt﹔��to�﹔nt﹔r�th﹔�ՠnsw﹔r��
�� � 잘nsw﹔r�to�﹔ՠ⦸h�qu﹔stion�will��﹔�﹔vՠluՠt﹔��ՠ⦸⦸or�ing�to�th﹔�	ollowing�mՠrking�s⦸h﹔m﹔��
� �ull�佨arks�� ��ૼ� ⵔ	�ONLY�th﹔�⦸orr﹔⦸t�int﹔g﹔r�is�﹔nt﹔r﹔�ꬨ�
� Zero�佨arks�� ������� ⵔ	�th﹔�qu﹔stion�is�unՠnsw﹔r﹔�ꬨ�
� Negative�佨arks� � ��−Რ� �ⵔn�ՠll�oth﹔r�⦸ՠs﹔s��
�

 

1. 잘 �pՠrti⦸l﹔ �o	 �mՠss �Რ �kg� is� su�j﹔⦸t﹔�� to� ՠ� 	or⦸﹔� whi⦸h� �﹔p﹔n�s� on� th﹔� position� ՠs�

�ˆ ˆ� 傈� k xi yj kgms-= - +
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r i j m
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th﹔� pՠrti⦸l﹔䁨s� v﹔lo⦸ity�� r﹔sp﹔⦸tiv﹔ly�� Ignore gravity.� 㰬h﹔n� z� 净� ��� m�� th﹔� vՠlu﹔� o	� �x �vy� — �y �vx傈�

is�m�
s

–Რ��
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2. ⵔn�ՠ�rՠ�ioՠ⦸tiv﹔��﹔⦸ՠy�⦸hՠin�r﹔ՠ⦸tion�� �ૼ�
뜀� 
h �nu⦸l﹔us��﹔⦸ՠys�into� �Რ�

�� �o �nu⦸l﹔us��
h﹔�rՠtio�o	�th﹔�

num�﹔r�o	�a�to�num�﹔r�o	�b –�pՠrti⦸l﹔s�﹔mitt﹔��in�this�pro⦸﹔ss�is���
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� m�净�뜀��–�뜀��净���

� �﹔n⦸﹔�
n �

�
m �

= = �Ans.�

3. 
wo�r﹔sistՠn⦸﹔s�RᲠ�净�X�W�ՠn��R��净�Რ�W�ՠr﹔�⦸onn﹔⦸t﹔��to�ՠ�wir﹔�잘��o	�uni	orm�r﹔sistivity��ՠs�shown�

in�th﹔�	igur﹔��
h﹔�rՠ�ius�o	�th﹔�wir﹔�vՠri﹔s�lin﹔ՠrly�ՠlong�its�ՠxis�	rom�����mm�ՠt�잘�to�Რ�mm�ՠt�����

잘�gՠlvՠnom﹔t﹔r��◤傈�⦸onn﹔⦸t﹔��to�th﹔�⦸﹔nt﹔r�o	�th﹔�wir﹔����cm�	rom�﹔ՠ⦸h�﹔n��ՠlong�its�ՠxis��shows�

z﹔ro��﹔	l﹔⦸tion�wh﹔n�잘�ՠn����ՠr﹔�⦸onn﹔⦸t﹔��to�ՠ��ՠtt﹔ry��
h﹔�vՠlu﹔�o	�X�is���

�Რ ��

◤ 

잘 �

�

Ans.  (5) 

Sol. �or�th﹔��ՠlՠn⦸﹔��㰬h﹔ՠtston﹔��ri�g﹔�
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=
r
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ò

ò
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�
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�
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Რ

r�

� Რ

r

é ù
+ ê ú

ë û=
é ù

+ ê ú
ë û

�

� \��Რ�净����净�W 
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4. ⵔn�ՠ�pՠrti⦸ulՠr�syst﹔m�o	�units��ՠ�physi⦸ՠl�quՠntity�⦸ՠn��﹔�﹔xpr﹔ss﹔��in�t﹔rms�o	�th﹔�﹔l﹔⦸tri⦸�⦸hՠrg﹔�

e�� ﹔l﹔⦸tron� mՠss� me�� �lՠn⦸k䁨s� ⦸onstՠnt� h�� ՠn�� ⵌoulom�䁨s� ⦸onstՠnt�
�

Რ

�
k

p
=

Î
�� � wh﹔r﹔� Î�� � is �th﹔ �

p﹔rmittivity�o	�vՠ⦸uum��ⵔn�t﹔rms�o	�th﹔s﹔�physi⦸ՠl�⦸onstՠnts��th﹔��im﹔nsion�o	�th﹔�mՠgn﹔ti⦸�	i﹔l��is�

㓔�聤�净�㓔e聤a 㓔me聤
b�㓔h聤g�㓔k聤d��
h﹔�vՠlu﹔�o	�a��b��g��d�is���

Ans.  (4) 

Sol. ( )﹔� ﹔ m h k
ba g d= �

 [ ] [ ] [ ]﹔� ﹔ m h k
b ga dé ù é ù= ë û ë û  

 [ ] [ ]Რ � Რ � Რ ૼ � �㓔佨 
 잘 聤 잘
 m 佨� 
 佨� 잘 

g da b- - - - -é ù é ù= ë û ë û  

 
Რ � Რ �r ૼ � �佨 
 잘 m � 
 잘- - b+g+d + d a-g- d a- d=  

� ⵌompՠr﹔���b��g��d�净�Რꬨ��g��ૼd�净����a�–�g�–��d�净�–���a�–��d�净�–�Რ�

� n�solving�a�净�ૼ��b�净����g�净�–ૼ��d�净����

� a��b��g��d�净�� 

5. ⵌonsi�﹔r� ՠ� ⦸on	igurՠtion� o	� n� i�﹔nti⦸ՠl�units�� ﹔ՠ⦸h� ⦸onsisting�o	� thr﹔﹔� lՠy﹔rs�� 
h﹔� 	irst� lՠy﹔r� is� ՠ�

⦸olumn� o	� ՠir� o	� h﹔ight� h� 净�
Რ

ૼ
cm�� ՠn�� th﹔� s﹔⦸on�� ՠn�� thir�� lՠy﹔rs� ՠr﹔� o	� ﹔quՠl� thi⦸kn﹔ss�

ૼ Რ

�
d cm

-
= �� ՠn�� r﹔	rՠ⦸tiv﹔� in�i⦸﹔s� Რ

ૼ

�
m = � ՠn�� � ૼm = �� r﹔sp﹔⦸tiv﹔ly�� 잘� light� sour⦸﹔� � is�

plՠ⦸﹔��on�th﹔�top�o	�th﹔�	irst�unit��ՠs�shown�in�th﹔�	igur﹔��잘�rՠy�o	�light�	rom��is�in⦸i�﹔nt�on�th﹔�

s﹔⦸on��lՠy﹔r�o	�th﹔�	irst�unit�ՠt�ՠn�ՠngl﹔�o	�q 净���°�to�th﹔�normՠl���or�ՠ�sp﹔⦸i	i⦸�vՠlu﹔�o	�n��th﹔�rՠy�

o	� light� ﹔m﹔rg﹔s� 	rom� th﹔� �ottom� o	� th﹔� ⦸on	igurՠtion� ՠt� ՠ� �istՠn⦸﹔�
�

ૼ
=l cm�� ՠs� shown� in� th﹔�

	igur﹔��
h﹔�vՠlu﹔�o	�n�is���

mᲠ
m�

h�

d�

h�

l�

n�units

 q
잘ir

잘ir

�

Ans.  (4) 



�
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Sol. 
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qh�
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�

�
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q净��°

q
�

q

�

�
ૼ

Რsin�� sin
�

° = q �

� Þ qᲠ�净��°�

� �

ૼ
sin � ૼ sin

�
° = q �

� �

ૼ Რ
ૼ sin

� �
= = q �

� 净�q��净�ૼ�°�

� h�tՠn��°����tՠn�°����tՠn�ૼ�°�

�
Რ ૼ Რ ૼ Რ Რ

ૼ
ૼ � � ૼ

æ ö æ ö- -
+ +ç ÷ ç ÷ç ÷ ç ÷

è ø è ø
�

�
� ૼ ૼ ૼ ૼ ૼ ૼ

�

+ - + -
�

�
� ૼ

�
�

�
� ૼ �

n
� ૼ

\ = �

� n�净�� 
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6. 잘�⦸hՠrg﹔�q� is�surroun�﹔���y�ՠ�⦸los﹔��sur	ՠ⦸﹔�⦸onsisting�o	�ՠn�inv﹔rt﹔��⦸on﹔�o	�h﹔ight�h�ՠn���ՠs﹔�

rՠ�ius�R��ՠn��ՠ�h﹔misph﹔r﹔�o	�rՠ�ius�R�ՠs�shown�in�th﹔�	igur﹔��
h﹔�﹔l﹔⦸tri⦸�	lux�through�th﹔�⦸oni⦸ՠl�

sur	ՠ⦸﹔�is�
��

nq

Î
�in�沤ⵔ�units傈��
h﹔�vՠlu﹔�o	�n�is���

�

R q

h

�

Ans.  (3) 

Sol. �rom�◤ՠuss�lՠw��

� h﹔misph﹔r﹔ ⵌon﹔

�

q
f + f =

e
� …���

� 
otՠl�	lux�pro�u⦸﹔��	rom�q�in�a�ՠngl﹔�

� [ ]
�

q
Რ ⦸os

�
f = - a

e
�

� �or�h﹔misph﹔r﹔��
�

p
a = �

� h﹔misph﹔r﹔

�

q

�
f =

e
�

� �rom�﹔quՠtion��i傈�

� ⦸on﹔

� �

q q

�
= + f =

e e
�

� ⦸on﹔

�

q

�
f =

e
�

�
� �

�q q

� �
=

e e
�

� n�净�ૼ�

� 잘lt﹔rnՠtiv﹔ly�� f µ� no� o	� ﹔l﹔⦸tri⦸� 	i﹔l�� lin﹔s� pՠssing� through� sur	ՠ⦸﹔� q� is� point� ⦸hՠrg﹔� whi⦸h� hՠs�

uni	ormly� �istri�ut﹔�� ﹔l﹔⦸tri⦸� 	i﹔l�� lin﹔s� thus� hՠl	� o	� ﹔l﹔⦸tri⦸� 	i﹔l�� lin﹔s� will� pՠss� through�

h﹔misph﹔r﹔���oth﹔r�hՠl	�will�pՠss�through�⦸oni⦸ՠl�sur	ՠ⦸﹔� 



�
�

7. n�ՠ� 	ri⦸tionl﹔ss�horizontՠl�plՠn﹔�� ՠ��o��o	�mՠss� m�净���Რ�kg� is�ՠttՠ⦸h﹔�� to� ՠ�spring�with�nՠturՠl�

l﹔ngth�l��净���Რ�m��
h﹔�spring�⦸onstՠnt�is�kᲠ�净�����뜀�Nm
–Რ�wh﹔n�th﹔�l﹔ngth�o	�th﹔�spring�l���l��ՠn��is��

k��净����Რ���m–Რ�wh﹔n�l���l���ⵔnitiՠlly�th﹔��o��is�r﹔l﹔ՠs﹔��	rom�l�净���Რ�m��잘ssum﹔�thՠt��ook﹔䁨s�lՠw�

r﹔mՠins�vՠli��throughout�th﹔�motion��ⵔ	�th﹔�tim﹔�p﹔rio��o	�th﹔�	ull�os⦸illՠtion�is�
�净��np傈�s��th﹔n�th﹔�

int﹔g﹔r�⦸los﹔st�to�n�is���

Ans.  (6) 

Sol. �

k m�

�

� � Რk k> ® =l l �

� � �k k< ® =l l �

� 
im﹔�p﹔rio��o	�os⦸illՠtion��

�
Რ �

m m



k k
= p + p �

�
��Რ ��Რ



����뜀 ���Რ�

= p + p �

� 

��ૼ ���

p p
= + �Þ�

��皤



��Რ�
= p �Þ�
�净���ૼp�

� 
�»��p�

� 沤o��n�净���

8. 잘n�o�j﹔⦸t�ՠn��ՠ�⦸on⦸ՠv﹔�mirror�o	�	o⦸ՠl�l﹔ngth�f�净�Რ��cm��oth�mov﹔�ՠlong�th﹔�prin⦸ipՠl�ՠxis�o	�th﹔�

mirror�with�⦸onstՠnt�sp﹔﹔�s��
h﹔�o�j﹔⦸t�mov﹔s�with�sp﹔﹔��V��净�Რ�cm�s
–Რ�towՠr�s�th﹔�mirror�with�

r﹔sp﹔⦸t�to�ՠ�lՠ�orՠtory�	rՠm﹔��
h﹔��istՠn⦸﹔��﹔tw﹔﹔n�th﹔�o�j﹔⦸t�ՠn��th﹔�mirror�ՠt�ՠ�giv﹔n�mom﹔nt�is�

�﹔not﹔���y�u��㰬h﹔n�u�净�ૼ��cm��th﹔�sp﹔﹔��o	�th﹔�mirror�Vm�is�su⦸h�thՠt�th﹔�imՠg﹔�is�instՠntՠn﹔ously�

ՠt�r﹔st�with�r﹔sp﹔⦸t�to�th﹔�lՠ�orՠtory�	rՠm﹔��ՠn��th﹔�o�j﹔⦸t�	orms�ՠ�r﹔ՠl�imՠg﹔��
h﹔�mՠgnitu�﹔�o	�Vm�

is��cm�s
–Რ��

V�

u�

Vm

�

Ans.  (3) 
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�
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SECTION-2 : (Maximum Marks : 24) 

� 
his�s﹔⦸tion�⦸ontՠins�SIX (06)�qu﹔stions��
� ՠ⦸h�qu﹔stion�hՠs�FOUR�options��잘傈����傈���ⵌ傈�ՠn����傈��ONE OR MORE THAN ONE�o	�th﹔s﹔�

	our�option�s傈�is��ՠr﹔傈�⦸orr﹔⦸t�ՠnsw﹔r�s傈��
� �or�﹔ՠ⦸h�qu﹔stion��⦸hoos﹔�th﹔�option�s傈�⦸orr﹔spon�ing�to��ՠll傈�th﹔�⦸orr﹔⦸t�ՠnsw﹔r�s傈��
�� � 잘nsw﹔r�to�﹔ՠ⦸h�qu﹔stion�will��﹔�﹔vՠluՠt﹔��ՠ⦸⦸or�ing�to�th﹔�	ollowing�mՠrking�s⦸h﹔m﹔��
� �ull�佨arks�� ���� ONLY�i	��ՠll傈�th﹔�⦸orr﹔⦸t�option�s傈�is�ՠr﹔傈�⦸hos﹔nꬨ�
� Partial�佨arks�� ��ૼ�� ⵔ	�ՠll�th﹔�	our�options�ՠr﹔�⦸orr﹔⦸t��ut�ONLY�thr﹔﹔�options�ՠr﹔�⦸hos﹔nꬨ�

� Partial�佨arks�� ����� ⵔ	�thr﹔﹔�or�mor﹔�options�ՠr﹔�⦸orr﹔⦸t��ut�ONLY�two�options�ՠr﹔�⦸hos﹔n��
� � � � �oth�o	�whi⦸h�ՠr﹔�⦸orr﹔⦸tꬨ�
� Partial�佨arks�� ��Რ�� ⵔ	�two�or�mor﹔�options�ՠr﹔�⦸orr﹔⦸t��ut�ONLY�on﹔�option�is�⦸hos﹔n�ՠn��it�
� � � � is�ՠ�⦸orr﹔⦸t�optionꬨ�

� Zero�佨arks�� ������� ⵔ	�unՠnsw﹔r﹔�ꬨ�
� Negative�佨arks� � ��−�� �ⵔn�ՠll�oth﹔r�⦸ՠs﹔s��
�

 
9. ⵔn� th﹔� 	igur﹔�� th﹔� inn﹔r� �shՠ�﹔�傈� r﹔gion� 잘� r﹔pr﹔s﹔nts� ՠ� sph﹔r﹔� o	� rՠ�ius� r잘� 净� Რ�� within� whi⦸h� th﹔�

﹔l﹔⦸trostՠti⦸�⦸hՠrg﹔��﹔nsity�vՠri﹔s�with�th﹔�rՠ�iՠl��istՠn⦸﹔�r�	rom�th﹔�⦸﹔nt﹔r�ՠs�r잘�净�kr��wh﹔r﹔�k�is�

positiv﹔�� ⵔn� th﹔� sph﹔ri⦸ՠl� sh﹔ll� �� o	� out﹔r� rՠ�ius� r��� th﹔� ﹔l﹔⦸trostՠti⦸� ⦸hՠrg﹔� �﹔nsity� vՠri﹔s� ՠs� �

r��净
�k

r
��잘ssum﹔�thՠt��im﹔nsions�ՠr﹔�tՠk﹔n�⦸ՠr﹔�o	��잘ll�physi⦸ՠl�quՠntiti﹔s�ՠr﹔�in�th﹔ir�沤ⵔ�units��

�

r잘�

r��

잘

�

�

� 㰬hi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nt�s傈�is�ՠr﹔傈�⦸orr﹔⦸t墐�

� �잘傈�ⵔ	
ૼ

�
�r = ��th﹔n�th﹔�﹔l﹔⦸tri⦸�	i﹔l��is�z﹔ro�﹔v﹔rywh﹔r﹔�outsi�﹔����

� ��傈�ⵔ	�
ૼ

�
�r = ��th﹔n�th﹔�﹔l﹔⦸tri⦸�pot﹔ntiՠl�just�outsi�﹔���is�

�

k

Î
��

� �ⵌ傈�ⵔ	�r��净����th﹔n�th﹔�totՠl�⦸hՠrg﹔�o	�th﹔�⦸on	igurՠtion�is�Რpk��

� ��傈�ⵔ	�r��净


�
��th﹔n�th﹔�mՠgnitu�﹔�o	�th﹔�﹔l﹔⦸tri⦸�	i﹔l��just�outsi�﹔���is�

�

Რૼ kp
Î

��

Ans.  (B) 
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� 净��pkr��–�ૼpk�
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� �잘傈� n﹔t n﹔t
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10. ⵔn�ⵌir⦸uit伸Რ�ՠn��ⵌir⦸uit伸��shown�in�th﹔�	igur﹔s��RᲠ�净�Რ�W��R��净���W�ՠn��Rૼ�净�ૼ�W��PᲠ�ՠn��P��ՠr﹔�th﹔�

pow﹔r��issipՠtions� in�ⵌir⦸uit伸Რ�ՠn��ⵌir⦸uit伸��wh﹔n�th﹔�swit⦸h﹔s�SᲠ�ՠn��S��ՠr﹔�in�op﹔n�⦸on�itions��

r﹔sp﹔⦸tiv﹔ly��

� QᲠ�ՠn��Q��ՠr﹔�th﹔�pow﹔r��issipՠtions�in�ⵌir⦸uit伸Რ�ՠn��ⵌir⦸uit伸��wh﹔n�th﹔�swit⦸h﹔s�SᲠ�ՠn��S��ՠr﹔�in�

⦸los﹔��⦸on�itions��r﹔sp﹔⦸tiv﹔ly��

RᲠ R� Rૼ

RᲠ䔜� 
SᲠ

RᲠ 

R� 

Rૼ 

�Rૼ 
S�

잘 �

잘 �

ⵌir⦸uit伸�

ⵌir⦸uit伸Რ

�

� 㰬hi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nt�s傈�is�ՠr﹔傈�⦸orr﹔⦸t墐�

� �잘傈�㰬h﹔n�ՠ�voltՠg﹔�sour⦸﹔�o	���V�is�⦸onn﹔⦸t﹔��ՠ⦸ross�잘�ՠn����in��oth�⦸ir⦸uits��PᲠ���P���

� ��傈�㰬h﹔n�ՠ�⦸onstՠnt�⦸urr﹔nt�sour⦸﹔�o	���잘mp�is�⦸onn﹔⦸t﹔��ՠ⦸ross�잘�ՠn����in��oth�⦸ir⦸uits��PᲠ���P���

� �ⵌ傈�㰬h﹔n�ՠ�voltՠg﹔�sour⦸﹔�o	���V�is�⦸onn﹔⦸t﹔��ՠ⦸ross�잘�ՠn����in�ⵌir⦸uit伸Რ��QᲠ���PᲠ��

� ��傈�㰬h﹔n�ՠ�⦸onstՠnt�⦸urr﹔nt�sour⦸﹔�o	���잘mp�is�⦸onn﹔⦸t﹔��ՠ⦸ross�잘�ՠn����in��oth�⦸ir⦸uits��Q����QᲠ�

Ans.  (A,B,C) 

Sol. ⵌՠs﹔��i傈�

 㰬h﹔n��oth�swit⦸h﹔s�ՠr﹔�op﹔n�﹔quivՠl﹔nt�r﹔sistՠn⦸﹔�in�⦸ir⦸uit�Რ�
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� quivՠl﹔nt�r﹔sistՠn⦸﹔�in�⦸ir⦸uit���
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� �or�⦸onstՠnt�⦸urr﹔nt�sour⦸﹔�

� � ��净�i���

� � ��µ���

� Þ� �Რ�������ption���傈�⦸orr﹔⦸t傈�

� ⵌՠs﹔伸ⵔⵔ��

� 㰬h﹔n�swit⦸h�is�⦸los﹔��
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Რ
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�
µ Þ > ��ption��ⵌ傈�⦸orr﹔⦸t傈���

� ��
Რ �ⵌ ⵌ�䁨 � 䁨> �

� �or�⦸urr﹔nt�sour⦸﹔���µ���

� Რ������ption���傈�ՠlso�⦸orr﹔⦸t傈�
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11. 잘��u��l﹔�hՠs�sur	ՠ⦸﹔�t﹔nsion�S��
h﹔� i�﹔ՠl�gՠs�insi�﹔�th﹔��u��l﹔�hՠs�rՠtio�o	�sp﹔⦸i	i⦸�h﹔ՠts�g�净�


ૼ
��


h﹔� �u��l﹔� is� ﹔xpos﹔�� to� th﹔� ՠtmosph﹔r﹔� ՠn�� it� ՠlwՠys� r﹔tՠins� its� sph﹔ri⦸ՠl� shՠp﹔�� 㰬h﹔n� th﹔�

ՠtmosph﹔ri⦸�pr﹔ssur﹔� is ᲠaP �� th﹔�rՠ�ius�o	� th﹔��u��l﹔�is� 	oun�� to��﹔�rᲠ� ՠn��th﹔� t﹔mp﹔rՠtur﹔�o	�th﹔�

﹔n⦸los﹔�� gՠs� is� TᲠ�� 㰬h﹔n� th﹔� ՠtmosph﹔ri⦸� pr﹔ssur﹔� is �aP �� th﹔� rՠ�ius� o	� th﹔� �u��l﹔� ՠn�� th﹔�

t﹔mp﹔rՠtur﹔�o	�th﹔�﹔n⦸los﹔��gՠs�ՠr﹔�r��ՠn��T���r﹔sp﹔⦸tiv﹔ly��

� 㰬hi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nt�s傈�is�ՠr﹔傈�⦸orr﹔⦸t墐�

� �잘傈�ⵔ	�th﹔�sur	ՠ⦸﹔�o	�th﹔��u��l﹔�is�ՠ�p﹔r	﹔⦸t�h﹔ՠt�insulՠtor��th﹔n�
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+
æ ö =ç ÷
è ø +

��

� ��傈� ⵔ	� th﹔� sur	ՠ⦸﹔� o	� th﹔� �u��l﹔� is� ՠ� p﹔r	﹔⦸t� h﹔ՠt� insulՠtor�� th﹔n� th﹔� totՠl� int﹔rnՠl� ﹔n﹔rgy� o	� th﹔�

�u��l﹔�in⦸lu�ing�its�sur	ՠ⦸﹔�﹔n﹔rgy��o﹔s�not�⦸hՠng﹔�with�th﹔�﹔xt﹔rnՠl�ՠtmosph﹔ri⦸�pr﹔ssur﹔��

� �ⵌ傈� ⵔ	� th﹔� sur	ՠ⦸﹔� o	� th﹔� �u��l﹔� is� ՠ� p﹔r	﹔⦸t� h﹔ՠt� ⦸on�u⦸tor� ՠn�� th﹔� ⦸hՠng﹔� in� ՠtmosph﹔ri⦸�

t﹔mp﹔rՠtur﹔�is�n﹔gligi�l﹔��th﹔n�
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� ��傈�ⵔ	�th﹔�sur	ՠ⦸﹔�o	�th﹔��u��l﹔�is�ՠ�p﹔r	﹔⦸t�h﹔ՠt�insulՠtor��th﹔n�
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Ans.  (C,D) 

Sol. 
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� ��傈�is�⦸orr﹔⦸t�

12. 잘��isk�o	�rՠ�ius�R�with�uni	orm�positiv﹔�⦸hՠrg﹔��﹔nsity�s is�plՠ⦸﹔��on�th﹔�xy�plՠn﹔�with�its�⦸﹔nt﹔r�ՠt�

th﹔�origin��
h﹔�ⵌoulom��pot﹔ntiՠl�ՠlong�th﹔�z伸ՠxis�is�

� � ( )� �

�

� 傈
�

V z R z z
s

= + -
Î

�

� 잘� pՠrti⦸l﹔� o	� positiv﹔� ⦸hՠrg﹔� q� is�plՠ⦸﹔�� initiՠlly�ՠt� r﹔st� ՠt� ՠ� point�on� th﹔� z� ՠxis�with� z� 净� z�� ՠn���

z�� ����� ⵔn� ՠ��ition� to� th﹔� ⵌoulom�� 	or⦸﹔�� th﹔�pՠrti⦸l﹔� ﹔xp﹔ri﹔n⦸﹔s� ՠ� v﹔rti⦸ՠl� 	or⦸﹔� ˆ� ck= -
r

� with��

c�������﹔t� ��c

q
b

s
Î

= ���㰬hi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nt�s傈�is�ՠr﹔傈�⦸orr﹔⦸t墐�

� �잘傈��or�
Რ

�
b = �ՠn�� �

�

皤
z R= ��th﹔�pՠrti⦸l﹔�r﹔ՠ⦸h﹔s�th﹔�origin��

� ��傈��or�
Რ

�
b = ՠn� �

ૼ

皤
z R= ��th﹔�pՠrti⦸l﹔�r﹔ՠ⦸h﹔s�th﹔�origin��

� �ⵌ傈��or�
Რ

�
b = �ՠn�� �

ૼ

R
z = ��th﹔�pՠrti⦸l﹔�r﹔turns��ՠ⦸k�to�z�净�z���

� ��傈��or�b���Რ�ՠn��z�������th﹔�pՠrti⦸l﹔�ՠlwՠys�r﹔ՠ⦸h﹔s�th﹔�origin��

Ans.  (A,C,D) 
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 Sol. ﹔l ﹔xt 	 i㰬 㰬 k k+ = - �

 i 	 ﹔xt 	 iqv qv 㰬 k k- + = -  
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s sé ù+ - - + = -
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� 沤u�stitut﹔�b������⦸ՠl⦸ulՠt﹔�kin﹔ti⦸�﹔n﹔rgy�ՠt�z�净����

� ⵔ	�kin﹔ti⦸�﹔n﹔rgy�is�positiv﹔��th﹔n�pՠrti⦸l﹔�will�r﹔ՠ⦸h�ՠt�origin�

� ⵔ	�kin﹔ti⦸�﹔n﹔rgy�is�n﹔gՠtiv﹔��th﹔n�pՠrti⦸l﹔�will�not�r﹔ՠ⦸h�ՠt�origin�  

13. 잘��ou�l﹔�slit�s﹔tup�is�shown�in�th﹔�	igur﹔��n﹔�o	�th﹔�slits�is�in�m﹔�ium���o	�r﹔	rՠ⦸tiv﹔�in�﹔x�n���
h﹔�

oth﹔r�slit�is�ՠt�th﹔�int﹔r	ՠ⦸﹔�o	�this�m﹔�ium�with�ՠnoth﹔r�m﹔�ium�Რ�o	�r﹔	rՠ⦸tiv﹔�in�﹔x�nᲠ�¹ n�傈��
h﹔�

lin﹔�joining�th﹔�slits�is�p﹔rp﹔n�i⦸ulՠr�to�th﹔�int﹔r	ՠ⦸﹔�ՠn��th﹔��istՠn⦸﹔��﹔tw﹔﹔n�th﹔�slits�is�d��
h﹔�slit�

wi�ths�ՠr﹔� mu⦸h� smՠll﹔r� thՠn� d��잘�mono⦸hromՠti⦸�pՠrՠll﹔l��﹔ՠm�o	� light� is� in⦸i�﹔nt�on� th﹔� slits�

	rom�m﹔�ium�Რ��잘��﹔t﹔⦸tor�is�plՠ⦸﹔��in�m﹔�ium���ՠt�ՠ�lՠrg﹔��istՠn⦸﹔�	rom�th﹔�slits��ՠn��ՠt�ՠn�ՠngl﹔�

q� 	rom� th﹔� lin﹔� joining� th﹔m�� so� thՠt�q�﹔quՠls� th﹔�ՠngl﹔�o	� r﹔	rՠ⦸tion� o	� th﹔� �﹔ՠm��ⵌonsi�﹔r� two�

ՠpproximՠt﹔ly�pՠrՠll﹔l�rՠys�	rom�th﹔�slits�r﹔⦸﹔iv﹔���y�th﹔��﹔t﹔⦸tor��

�

� 㰬hi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nt�s傈�is��ՠr﹔傈�⦸orr﹔⦸t墐�

� �잘傈�
h﹔�phՠs﹔��i		﹔r﹔n⦸﹔��﹔tw﹔﹔n�th﹔�two�rՠys�is�in�﹔p﹔n�﹔nt�o	�d��

� ��傈�
h﹔�two�rՠys�int﹔r	﹔r﹔�⦸onstru⦸tiv﹔ly�ՠt�th﹔��﹔t﹔⦸tor��

� �ⵌ傈�
h﹔�phՠs﹔��i		﹔r﹔n⦸﹔��﹔tw﹔﹔n�th﹔�two�rՠys��﹔p﹔n�s�on�nᲠ��ut�is�in�﹔p﹔n�﹔nt�o	�n���

� ��傈�
h﹔�phՠs﹔��i		﹔r﹔n⦸﹔��﹔tw﹔﹔n�th﹔�two�rՠys�vՠnish﹔s�only�	or�⦸﹔rtՠin�vՠlu﹔s�o	�d�ՠn��th﹔�ՠngl﹔�

o	�in⦸i�﹔n⦸﹔�o	�th﹔��﹔ՠm��with�q��﹔ing�th﹔�⦸orr﹔spon�ing�ՠngl﹔�o	�r﹔	rՠ⦸tion��

Ans.  (A,B) 
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Sol. 
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�

� pti⦸ՠl�pՠth��i		﹔r﹔n⦸﹔�®�

� Dx�净�nᲠ��tՠnq傈�sina�–�n���tՠnq傈�sinq�

� 净��nᲠsina�–�n�sinq傈��tՠnq�

 �净���

� Þ Df�净���

 Ans. (A,B) 

14. ⵔn�th﹔�giv﹔n�P伸V��iՠgrՠm��ՠ�monoՠtomi⦸�gՠs�
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gæ ö=ç ÷

è ø
�is�	irst�⦸ompr﹔ss﹔��ՠ�iՠ�ՠti⦸ՠlly�	rom�stՠt﹔�잘�

to�stՠt﹔����
h﹔n�it�﹔xpՠn�s�isoth﹔rmՠlly�	rom�stՠt﹔���to�stՠt﹔�ⵌ��㓔◤iv﹔n��
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Რ
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æ ö
ç ÷
è ø

; ��ln�� ��皤; 聤��

�

� 㰬hi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nt�s傈�is�ՠr﹔傈�⦸orr﹔⦸t墐�

� �잘傈�
h﹔�mՠgnitu�﹔�o	�th﹔�totՠl�work��on﹔�in�th﹔�pro⦸﹔ss�잘�®���®�ⵌ�is�Რ���k���

� ��傈�
h﹔�mՠgnitu�﹔�o	�th﹔�work��on﹔�in�th﹔�pro⦸﹔ss���®�ⵌ�is����k���

� �ⵌ傈�
h﹔�mՠgnitu�﹔�o	�th﹔�work��on﹔�in�th﹔�pro⦸﹔ss�잘�® ��is����k���

� ��傈�
h﹔�mՠgnitu�﹔�o	�th﹔�work��on﹔�in�th﹔�pro⦸﹔ss�ⵌ�®�잘�is�z﹔ro��

Ans.  (B,C,D) 
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Sol. �or�ՠ�iՠ�ՠti⦸�pro⦸﹔ss��잘�®��傈�

� 잘 잘 � �� � � �g g= �
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� 㰬ork��on﹔�in�pro⦸﹔ss���®�ⵌ��ⵔsoth﹔rmՠl�pro⦸﹔ss傈�
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� Þ�㰬�ⵌ�净����k��

� 㰬ork��on﹔�in�pro⦸﹔ss�ⵌ�®�잘�

� 㰬ⵌ잘�净��D��净�������( )� �D =Q �

� 沤o�totՠl�work��on﹔�in�th﹔�pro⦸﹔ss�잘®�®ⵌ�

� 㰬잘�ⵌ�净�㰬잘���㰬�ⵌ��㰬ⵌ잘�净�–�����������

� 㰬잘�ⵌ�净����k���

� 沤o�⦸orr﹔⦸t�options�ՠr﹔����ⵌ��傈 
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SECTION-3 : (Maximum Marks : 12) 

� 
his�s﹔⦸tion�⦸ontՠins�FOUR (04)�qu﹔stions��
�� ՠ⦸h�qu﹔stion�hՠs�FOUR�options��잘傈����傈���ⵌ傈�ՠn����傈��ONLY ONE�o	�th﹔s﹔�	our�options�is�th﹔�

⦸orr﹔⦸t�ՠnsw﹔r��
�� �or�﹔ՠ⦸h�qu﹔stion��⦸hoos﹔�th﹔�option�⦸orr﹔spon�ing�to�th﹔�⦸orr﹔⦸t�ՠnsw﹔r��
�� 잘nsw﹔r�to�﹔ՠ⦸h�qu﹔stion�will��﹔�﹔vՠluՠt﹔��ՠ⦸⦸or�ing�to�th﹔�	ollowing�mՠrking�s⦸h﹔m﹔��
� �ull�佨arks�� ��ૼ� ⵔ	�ONLY�th﹔�⦸orr﹔⦸t�option�is�⦸hos﹔nꬨ�
� Zero�佨arks�� ������� ⵔ	�non﹔�o	�th﹔�options�is�⦸hos﹔n��i�﹔��th﹔�qu﹔stion�is�unՠnsw﹔r﹔�傈ꬨ�
� Negative�佨arks� � ��−Რ� �ⵔn�ՠll�oth﹔r�⦸ՠs﹔s� 
�

 
15. 잘� 	lՠt� sur	ՠ⦸﹔� o	� ՠ� thin� uni	orm� �isk� 잘� o	� rՠ�ius� R� is� glu﹔�� to� ՠ� horizontՠl� tՠ�l﹔�� 잘noth﹔r� thin�

uni	orm��isk���o	�mՠss�佨�ՠn��with�th﹔�sՠm﹔�rՠ�ius�R�rolls�without�slipping�on�th﹔�⦸ir⦸um	﹔r﹔n⦸﹔�o	�

잘��ՠs�shown�in�th﹔�	igur﹔��잘�	lՠt�sur	ՠ⦸﹔�o	���ՠlso�li﹔s�on�th﹔�plՠn﹔�o	�th﹔�tՠ�l﹔��
h﹔�⦸﹔nt﹔r�o	�mՠss�

o	���hՠs�	ix﹔��ՠngulՠr�sp﹔﹔��w�ՠ�out�th﹔�v﹔rti⦸ՠl�ՠxis�pՠssing�through�th﹔�⦸﹔nt﹔r�o	�잘��
h﹔�ՠngulՠr�

mom﹔ntum�o	���is�n佨wR
��with�r﹔sp﹔⦸t�to�th﹔�⦸﹔nt﹔r�o	�잘��㰬hi⦸h�o	�th﹔�	ollowing�is�th﹔�vՠlu﹔�o	�n墐�

�

� �잘傈��� ��傈��� �ⵌ傈�
皤

�
� ��傈�

뜀

�
�

Ans.  (B) 

Sol. v�净�w����傈�

 v�净�w�����no�slipping�

� \�w��净��w�

�

v

w

w
�

잘

�

�ix﹔�

w��r﹔volution�

w0��rotՠtion
�

�
� ⦸ ⦸ �� mr v ⵔ= ´ + w

r r r
�

� �
�

Რ
佨��v 佨�

�
= + w �

� ( )� � �Რ
�佨� 佨� � 佨�

�
= w + w = w �

� \�n�净��

��잘



�
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16. 㰬h﹔n� light� o	� ՠ� giv﹔n� wՠv﹔l﹔ngth� is� in⦸i�﹔nt� on� ՠ� m﹔tՠlli⦸� sur	ՠ⦸﹔�� th﹔� minimum� pot﹔ntiՠl� �

n﹔﹔�﹔��to�stop�th﹔�﹔mitt﹔��photo﹔l﹔⦸trons�is�����V��
his�pot﹔ntiՠl��rops�to�����V�i	�ՠnoth﹔r�sour⦸﹔��

with� wՠv﹔l﹔ngth� 	our� tim﹔s� thՠt� o	� th﹔� 	irst� on﹔� ՠn�� int﹔nsity� hՠl	� o	� th﹔� 	irst� on﹔� is� us﹔��� �

㰬hՠt� ՠr﹔� th﹔� wՠv﹔l﹔ngth� o	� th﹔� 	irst� sour⦸﹔� ՠn�� th﹔� work� 	un⦸tion� o	� th﹔� m﹔tՠl�� r﹔sp﹔⦸tiv﹔ly墐� �

㓔
ՠk﹔�净� � ᲠᲠ��� Რ�
hc

�m ⵌ
e

- -= ´ �聤�

� �잘傈�Რ�皤��×�Რ�–皤�m��Რ����﹔�� ��傈�Რ�皤��×�Რ�–皤�m������﹔��

� �ⵌ傈�ૼ�皤��×�Რ�–皤�m������﹔�� ��傈�ૼ�皤��×�Რ�–皤�m��Რ����﹔��

Ans.  (A) 

Sol. 
h⦸

�= f +
l

�…��i傈�

 
h⦸

���
�

= f +
l

� …��ii傈�

�
ૼh⦸

��﹔�
�

=
l

� \ f�净�Რ���﹔��

�
�� �

皤

Რ뜀

ૼ ���ૼ Რ� ૼ Რ�
Რ�皤� Რ� m

� �� Რ�� Რ�

-
-

-

´ ´ ´
Þ ´ = l = ´

´ ´
�

17. 잘r﹔ՠ�o	�th﹔�⦸ross伸s﹔⦸tion�o	�ՠ�wir﹔�is�m﹔ՠsur﹔��using�ՠ�s⦸r﹔w�gՠug﹔��
h﹔�pit⦸h�o	�th﹔�mՠin�s⦸ՠl﹔�is�

���mm��
h﹔�⦸ir⦸ulՠr�s⦸ՠl﹔�hՠs�Რ����ivisions�ՠn��	or�on﹔�	ull�rotՠtion�o	�th﹔�⦸ir⦸ulՠr�s⦸ՠl﹔��th﹔�mՠin�

s⦸ՠl﹔�shi	ts��y�two��ivisions��
h﹔�m﹔ՠsur﹔��r﹔ՠ�ings�ՠr﹔�list﹔���﹔low���

Measurement condition Main scale reading Circular scale reading 


wo� ՠrms� o	� gՠug﹔� tou⦸hing�

﹔ՠ⦸h�oth﹔r�without�wir﹔�

���ivision� ���ivision�

잘tt﹔mpt伸Რ��㰬ith�wir﹔� ���ivisions� ����ivisions�

잘tt﹔mpt伸���㰬ith�wir﹔� ���ivisions� Რ���ivisions�

� 㰬hՠt�ՠr﹔�th﹔��iՠm﹔t﹔r�ՠn��⦸ross伸s﹔⦸tionՠl�ՠr﹔ՠ�o	�th﹔�wir﹔�m﹔ՠsur﹔��using�th﹔�s⦸r﹔w�gՠug﹔墐�

� �잘傈������±������mm��p�Რ��ૼ�±�����傈�mm
��

� ��傈������±����Რ�mm��p�Რ��ૼ�±����Რ傈�mm
��

� �ⵌ傈���Რ��±������mm��p�Რ�Რ��±�����傈�mm
��

� ��傈���Რ��±����Რ�mm��p�Რ�Რ��±����Რ傈�mm
��



�

Ans.  (C) 

Sol. 
��Რ

�ⵌ ����Რmm
Რ��

= = �

�﹔ro�﹔rror�净���×�����Რ�净�������mm�

��﹔ՠ�ing�Რ�净����×�������×�����Რ�–�������净���Რ��mm�

��﹔ՠ�ing���净����×����Რ��×�����Რ�–�������净���Რ��mm�

�佨﹔ՠn�vՠlu﹔�净���Რ��mm�

�佨﹔ՠn�ՠ�solut﹔�﹔rror�净�
���� ����

����
�

+
= �

��iՠm﹔t﹔r�净���Რ��±������

� 잘r﹔ՠ�净� ��
�

p
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Ans.  (C) 

Sol. ( ) ( ) ( )� � �ⵔ ⵔ ⵔˆ ˆ ˆ� sin � k k k
� �� � �� �
� �

m m p m p
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CHEMISTRY 

SECTION-1 : (Maximum Marks : 24) 

 This section contains EIGHT (08) questions. 

 The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH 

INCLUSIVE. 

 For each question, enter the correct integer corresponding to the answer using the mouse and the 

on-screen virtual numeric keypad in the place designated to enter the answer. 

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

 Full Marks  : +3 If ONLY the correct integer is entered; 

 Zero Marks  :   0  If the question is unanswered; 

 Negative Marks  : −1  In all other cases. 
 

 

1. Concentration of H2SO4 and Na2SO4 in a solution is 1 M and 1.8 × 10
–2

 M, respectively. Molar 

solubility of PbSO4 in the same solution is X × 10
–Y

 M (expressed in scientific notation). The value 

of Y is _________. 

 [Given: Solubility product of PbSO4 (Ksp) = 1.6 × 10
–8

. For H2SO4, Ka1 is very large and  

Ka2 = 1.2 × 10
–2

] 

Ans.  (6) 

Sol. H2SO4    4
HSO H   

 1M           -          - 

-                       1M       1M 
 

Na2SO4                    2Na
+   

  +        
2

4
SO 

         

1.8 × 10
–2

 M          -                      - 

                                       3.6×10
–2

 M    1.8× 10
–2

 M 
 

4
HSO

            H
+      

  +      SO4
2–

   ; 
2a

K = 1.2 × 10
–2

 M 

1M     1M        1.8× 10
–2

 M  

              Since QC > KC it will move in backward direction. 

1 + x   1 – x         1.8 × 10
–2

 – x  

2a
K = 1.2 × 10

–2
 = 

  
 

21 x 1.8 10 x

1 x

  


 



Since x is very small (1 + x)             –        1 

 2 2x 1.8 10 1.2 10 M      

 2 2 2

4
SO 1.8 10 0.6 10 M          

  = 1.2 × 10
–2

 M 

 

PbSO4         Pb
2+

     + 2

4
SO 

 

s     -  1.2×10
–2

 M 

-     s  (s + 1.2 × 10
–2

) 

 

Ksp = s (s + 1.2 × 10
–2

) = 1.6 × 10
–8

  

(PbSO4) 

 

 Here, (s + 1.2 × 10
–2

)   1.2 × 10
–2

 (since 's' is very small) 

 s(1.2×10
–2

) = 1.6 × 10
–8

  

  s = 6 Y1.6
10 M X 10 M

1.2

     

  Y = 6 

2. An aqueous solution is prepared by dissolving 0.1 mol of an ionic salt in 1.8 kg of water at 35 ºC. 

The salt remains 90% dissociated in the solution. The vapour pressure of the solution is 59.724 mm 

of Hg. Vapor pressure of water at 35 ºC is 60.000 mm of Hg. The number of ions present per 

formula unit of the ionic salt is _______. 

Ans.  (5) 

Sol. 0.1 mole ionic salt in 1.8 kg water at 35° C  

Vapour pressure of solution = 59.724 mm of Hg  

Vapour pressure of pure H2O = 60.000 mm of Hg 

Let the number of ions present per formula unit of the ionic salt be 'x' 

 Ax     xA   

 (Salt)    (Ions) 

 0.1    - 

 0.1 (1 – 0.9)  (0.1 × 0.9) x 

Total moles of non-volatile particles = 0.01 + 0.09 x  

 in 1.8 kg water  

Moles of water = 
31.8 10

100 moles
18


  

Relative lowering of vapour pressure s
P P

P




 = Mole fraction of non – volatile particles 



 

s

s

P P moles of non volatileparticles

P moles of water

 
  

60.000 59.724 0.01 0.09x

59.724 100

 
  

   (0.276) × 100 = 0.59274 + (0.59274 × 9)x 

   27.6 – 0.59274 = (0.59274 × 9)x 

    x   
27

5
0.6 9




 

3. Consider the strong electrolytes ZmXn, UmYp and VmXn . Limiting molar conductivity (0
) of  

UmYp and VmXn are 250 and 440 S cm
2
 mol

–1
, respectively. The value of (m + n + p) is _______. 

 Given: 

 Ion Z
n+ 

U
p+ 

V
n+ 

X
m– 

Y
m– 

0
(S cm

2 
mol

–1
) 50.0 25.0 100.0 80.0 100.0 

 

                              0
 is the limiting molar conductivity of ions 

 

 The plot of molar conductivity () of ZmXn vs c
1/2

 is given below. 

 

Ans.  (7) 

Sol.   mpm p YU
U Y m p 250 

          

   25m + 100p = 250 

   m + 4p = 10   ......(1) 

     n mm n V X
V X m n 440 

        

   100m +  80n = 440 

   5m + 4n = 22   ......(2) 

339 

336 

0.01 0.02 0.03 0.04 

c
1/2

 (mol L
–1

)
1/2 


 o

f 
Z

m
X

n
 (

S
 c

m
2
 m

o
l–1

) 
 



 

 

 
 From the extrapolation of curve  

   m n
Z X 340   

  n mZ X
m n 340 

      

  50m + 80n = 340 

  5m + 8n = 34    .......(3) 

 

 (3) — (2)    4n = 12  n = 3 

 Putting in (2) we get m = 2  

 Putting in (1) we get p = 2  

 m + n + p = 2 + 3 + 2 = 7 

4. The reaction of Xe and O2F2 gives a Xe compound P. The number of moles of HF produced by the 

complete hydrolysis of 1 mol of P is _______. 

Ans.  (4) 

Sol. Xe + 2O2F2 XeF4 + 2O2  

  

  One mole of XeF4 gives 4 moles of HF on hydrolysis. 

5. Thermal decomposition of AgNO3 produces two paramagnetic gases. The total number of electrons 

present in the antibonding molecular orbitals of the gas that has the higher number of unpaired 

electrons is _______. 

Ans.  (6) 

Sol. AgNO3 2Ag + 2NO2 + ½O2 

 – Both NO2 & O2 are paramagnetic    

 – NO2 is odd electron molecule with one unpaired electron 

 –O2 has two unpaired electrons 

4 2 3 2

3
3XeF 6H O 2Xe XeO O 12HF

2
    

339 

336 

0.01 0.04 

 

340 



  
 Total number of antibonding electrons = 6 

 

6. The number of isomeric tetraenes (NOT containing sp-hybridized carbon atoms) that can be 

formed from the following reaction sequence is ________. 

 

  

 

Ans.  (2) 

 

Sol. 

 

 

 

1. Na, liquid NH3 

 

2. Br2 (excess) 
Br 

  

Br 
Br 

3. Alc. KOH 

 

2 isomers 

cis/trans 

Br 

 

1. Na, liquid NH3 

2. Br2 (excess) 

3. alc. KOH 



 

 

7. The number of -CH2- (methylene) groups in the product formed from the following reaction 

sequence is ________. 

 

  

Ans.  (0) 

Sol. 

 

 

1. O3, Zn/H2O 

KMnO4 

NaOH 

C 
H 

O 

C 
OH 

O 

Electrolysis 
 

Cr2O3 
770 K 
20 atm 

 

 
8. The total number of chiral molecules formed from one molecule of P on complete ozonolysis  

(O3, Zn/H2O) is ________. 

 

  

Ans.  (2) 

  

1. O3, Zn/H2O 

2. KMnO4 

 3. NaOH, electolysis 

4. Cr2O3, 770 K, 20 atm 

OH 

HO HO OH 

P 

OH 



Sol. 

             
  

SECTION-2 : (Maximum Marks : 24) 

 This section contains SIX (06) questions. 

 Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these 

four option(s) is (are) correct answer(s). 

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

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

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

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

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

    both of which are correct; 

 Partial Marks  : +1  If two or more options are correct but ONLY one option is chosen and it 

    is a correct option; 

 Zero Marks  :   0  If unanswered; 

 Negative Marks  : −2  In all other cases. 
 



  

OH 

HO HO OH 

OH 

(P) 

O3 / Zn/H2O 

O 

Achiral 

O O 

Achiral 

HO 

O O 
OH 

O O 

Achiral 

HO 
O O 

OH 

Chiral 
Chiral 

O O 

Achiral 

HO 

O 

Achiral 



9. To check the principle of multiple proportions, a series of pure binary compounds (PmQn) were 

analyzed and their composition is tabulated below. The correct option(s) is(are)  
 

Compound Weight % of P Weight % of Q 

1 50 50 

2 44.4 55.6 

3 40 60 
 

 (A) If empirical formula of compound 3 is P3Q4, then the empirical formula of compound 2 is P3Q5. 

 (B) If empirical formula of compound 3 is P3Q2 and atomic weight of element P is 20, then the 

atomic weight of Q is 45. 

 (C) If empirical formula of compound 2 is PQ, then the empirical formula of the compound 1 is 

P5Q4. 

 (D) If atomic weight of P and Q are 70 and 35, respectively, then the empirical formula of 

compound 1 is P2Q. 

Ans.  (B,C) 

Sol. 

Compound Weight % of P Weight % of Q 

1 50 50 

2 44.4 55.6 

3 40 60 

 

 For option (A) 

 Let atomic mass of P be MP and atomic mass of Q be MQ  

 Molar ratio of atoms P : Q in compound 3 is  

   
P Q

40 60
: 3: 4

M M
  

   
Q

P Q

p

2M 3
9M 8M

3M 4
    

 Molar ratio of atoms P : Q in compound 2 is  

   
P Q

44.4 55.6
:

M M
  

   = 44.4 MQ : 55.6 MP  

   = 44.4 MQ : 55.6 × 
Q

8M

9
 

   = 44.4 : 55.6 × 
8

9
 

   = 9 : 10  

  Empirical formula of compound 2 is therefore P9Q10  

  Option (A) in incorrect 

 

 For option (B)  



 

 Molar Ratio of atoms P : Q in compound 3 is 
P Q

40 60
: 3:2

M M
  

  
Q

P Q

P

2M 3
9M 4M

3M 2
    

 If MP = 20   
Q

9 20
M 45

4


    

 Option (B) is correct 

 

 For option (C)  

 Molar ratio of atoms P : Q in compound 2 is  

   Q P

P Q

44.4 55.6
: 44.4M :55.6 M 1:1

M M
   

   P

Q

M 44.4

M 55.6
   

 Molar ratio of atoms P : Q in compound 1 is  

   Q P

P Q

50 50
: M :M

M M
  

    = 55.6 : 44.4 

      5 : 4 

 Hence, empirical formula of compound 1 is P5Q4 

 Hence, option (C) is correct 

 For option (D)  

 Molar ratio of atoms P : Q in compound 1 is  

   Q P

P Q

50 50
: M :M

M M
  

                    = 35 : 70 = 1 : 2 

 Hence, empirical formula of compound 1 is PQ2  

 Hence, option (D) is incorrect 

10. The correct option(s) about entropy (S) is(are) 

 [R = gas constant, F = Faraday constant, T = Temperature] 

 (A) For the reaction, M(s) + 2H
+
(aq)  H2(g) + M

2+
(aq), if celldE R

dT F
 , then the entropy change of 

the reaction is R (assume that entropy and internal energy changes are temperature 

independent). 

 (B) The cell reaction, Pt(s) | H2(g, 1bar) | H
+
(aq, 0.01M) || H

+
(aq, 0.1M) | H2(g, 1bar) | Pt(s), is an 

entropy driven process. 

 (C)  For racemization of an optically active compound, S > 0. 

 (D) S > 0, for [Ni(H2O)6]
2+

 + 3 en  [Ni(en)3]
2+

 + 6H2O (where en = ethylenediamine). 

Ans.  (B,C,D) 



 

 

Sol. G = H – TS 

 G = H + T
p

d G

dT

 
 
 

 

 –nF cell
dE

dT

 
 
 

 =–S 

  cell
dE S R

given
dT nF F


   

   S = nR 

 For the reaction, M(g) + 2H


(aq)  H2(g) + M
2

(aq) 

   n = 2 

   S = 2R  

  Hence, option (A) is incorrect 

 For the reaction, Pt(s) |H2(g), 1 bar| H


aq(0.01M)|| H


(aq, 0.1M) | H2(g, 1 bar)| Pt(s) 

 Ecell = 
cell

0.0591 0.01
E log 0.0591V

1 0.1

    

 Ecell is positive G < 0 and S > 0 (H = 0 for concentration cells) 

 Hence, option (B) is correct 

 Racemization of an optically active compound is a spontaneous process. 

 Here, H = 0 (similar type of bonds are present in enantiomers) 

 S > 0 

 Hence, option (C) is correct. 

    
2 2

2 26 3
Ni H O 3 en Ni en 6H O

 
         is a spontaneous process 

more stable complex is formed  

S > 0 

 Hence, option (D) is correct. 

11. The compound(s) which react(s) with NH3 to give boron nitride (BN) is(are) 

 (A) B (B) B2H6 (C) B2O3 (D) HBF4 

Ans.  (B,C) 

Sol. (A)  

 Boron produced BN with ammonia but Boron is element not compound. So that this option not 

involve in answer. 

 (B)  

 (C)  

 (D) HBF4 + NH3  NH4[BF4]  

3 22B 2NH 2BN 3H  

T 200 C
2 6 3 2 3 2 4 3 3 6 2

T >200°C
3 3 6 x

3B H 6NH 3[BH (NH ) ] [BH ] 2B N H 12H

B N H (BN)

     



1200 C
2 3 3 (s) 2 (g)B O ( ) 2NH 2BN 3H O

  



 

12. The correct option(s) related to the extraction of iron from its ore in the blast furnace operating in 

the temperature range 900 – 1500 K is(are) 

 (A) Limestone is used to remove silicate impurity. 

 (B) Pig iron obtained from blast furnace contains about 4% carbon. 

 (C) Coke (C) converts CO2 to CO. 

 (D) Exhaust gases consist of NO2 and CO. 

Ans.  (A,B,C) 

Sol. (A) CaO + SiO2  CaSiO3 (in the temperature range 900 – 1500 K) 

 (B) In fusion zone molten iron becomes heavy by absorbing elemental impurities and produces Pig                

iron. (in the temperature range 900 – 1500 K) 

 (C) C + CO2  2CO (in the temperature range 900 – 1500 K) 

 (D) Exhaust gases does not contain NO2. 

 

13. Considering the following reaction sequence, the correct statement(s) is(are)   

 

 (A) Compounds P and Q are carboxylic acids. 

 (B) Compound S decolorizes bromine water. 

 (C) Compounds P and S react with hydroxylamine to give the corresponding oximes. 

 (D) Compound R reacts with dialkylcadmium to give the corresponding tertiary alcohol. 

Ans.  (A,C) 

O 

 

O O 

AlCl3 
P 

Zn/Hg, HCl 
Q 

SOCl2 
R 

AlCl3 

S 
Zn/Hg, HCl 

a hydrocarbon 



 

 

Sol. 

 

AlCl3 

O O 
C OH 

C 

O 

Zn/ Hg 

HCl (P) 

Carboxylic Acid 

OH 
C 

O 

(Q) 

Carboxylic 

 Acid 

SOCl2 

Cl 
C 

O 

AlCl3 

(R) 

O 

(S) 
Zn/ Hg 

HCl 

O 

O 

R2Cd 

Cl 
C 

O 

(R) 

R 
C 

O 

 

14. Among the following, the correct statement(s) about polymers is(are) 

 (A)  The polymerization of chloroprene gives natural rubber. 

 (B) Teflon is prepared from tetrafluoroethene by heating it with persulphate catalyst at high 

pressures. 

 (C)  PVC are thermoplastic polymers. 

 (D) Ethene at 350-570 K temperature and 1000-2000 atm pressure in the presence of a peroxide 

initiator yields high density polythene. 

Ans.  (B,C) 

Sol. (a) The polymerisation of neoprene gives natural rubber. 

 (b) is correct statement 

 (c) is correct statement 

 (d) Ethene at 350-570 K temperature and 1000-2000 atm pressure in the pressure of a peroxide 

initiator yields low density polythene.  

 

  



 

SECTION-3 : (Maximum Marks : 12) 

 This section contains FOUR (04) questions. 

 Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the 

correct answer. 

 For each question, choose the option corresponding to the correct answer. 

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

 Full Marks  : +3 If ONLY the correct option is chosen; 

 Zero Marks  :   0  If none of the options is chosen (i.e. the question is unanswered); 

 Negative Marks  : −1  In all other cases. 
 

15. Atom X occupies the fcc lattice sites as well as alternate tetrahedral voids of the same lattice. The 

packing efficiency (in %) of the resultant solid is closest to  

 (A) 25 (B) 35 (C) 55 (D) 75 

Ans.  (B) 

Atom 'X' occupies FCC lattice points as well as alternate tetrahedral voids of the same lattice  

  
1

th
4

 distance of body diagonal 

  = X

3a
2r

4
  

 X
8r

a
3

   

 Number of atoms of X per unit cell 

  = 4      +   4    = 8 

 (FCC lattice points)    (Alternate tetrahedral voids) 

 % packing efficiency = 
Volume occupied by X

Volume of cubic unit cell
×100 

     = 
 3

X

3

4
8 r

3

a

 
×100 

     = 
 3

X

3

X

4
8 r

3

8r

3

 

 
 
 

×100 

     
3

4 1
8 3 3 100

3 8

      
 

 

     = 
3

100
16


  

     = 34% 

 Hence, option (B) is the most appropriate option 



 

 

16. The reaction of HClO3 with HCl gives a paramagnetic gas, which upon reaction with O3 produces 

 (A) Cl2O   (B) ClO2   (C) Cl2O6    (D) Cl2O7  

Ans. (C) 

Sol.      

 2ClO2 + 2O3  Cl2O6  + 2O2 

 

17. The reaction Pb(NO3)2 and NaCl in water produces a precipitate that dissolves upon the addition of 

HCl of appropriate concentration. The dissolution of the precipitate is due to the formation of  

 (A) PbCl2 (B) PbCl4 (C) [PbCl4]
2– 

(D) [PbCl6]
2–

  

Ans.  (C) 

Sol.  

 

18. Treatment of D- glucose with aqueous NaOH results in a mixture of monosaccharides, which are  

 (A) 

 

CHO

OH 
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H 

OHH 

HO 

HO 

CH2OH
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CHO
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H

OH H 

HO 

HO 

CH2OH 

HO
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CHO 

H 

H 

OH 

OH H 

H 

HO 

CH2OH 

HO H 

 

 (B) 
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OH H 
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HO 

CH2OH 
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H 

OH 

OH 

OH H 

H 

H 

CH2OH 

HO 
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CHO 

H 

H 

H 

OHH

HO 

HO

CH2OH

HO 

,
 

3 2 2 2
(Paramagnetic)

1
HClO HCl ClO Cl H O

2
   



 

 (C)

 

CH2OH

O 
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OH 

OH H 
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HO 

CH2OH 
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H 
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OH 

OHH
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HO

CH2OH

HO 
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OH 

OH H 

H 

HO 
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 (D) 
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OH 

H 

OH 

OHH 

H 

HO 

CH2OH
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H

H 

OH

OH H 

H

HO 

CH2OH 

HO

, 

CHO 

OH 

H 

H 

OH H 

HO 

HO 

CH2OH 

H H 

 

Ans.  (C) 

Sol. Basic catalyse tautomerism through enediol intermediate 

  

CH–OH 

C–OH 
H HO 

OH H 

OH H 

CH2–OH 

CHO 

OH H 

OH H 

CH2–OH 

CH2–OH 

C=O 
H HO 

OH H 
OH H 

CH2–OH 
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H HO 

OH H 

OH H 

CH2–OH 

 

OH H 

H HO 
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MATHEMATICS 

SECTION-1 : (Maximum Marks : 24)§

� 
his�s﹔⦸tion�⦸ontՠins�EIGHT (08)�qu﹔stions��
� 
h﹔� ՠnsw﹔r� to� ﹔ՠ⦸h� qu﹔stion� is� ՠ� SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH 

INCLUSIVE.�
� �or�﹔ՠ⦸h�qu﹔stion��﹔nt﹔r�th﹔�⦸orr﹔⦸t�int﹔g﹔r�⦸orr﹔spon�ing�to� th﹔�ՠnsw﹔r�using� th﹔�mous﹔�ՠn��th﹔�

on伸s⦸r﹔﹔n�virtuՠl�num﹔ri⦸�k﹔ypՠ��in�th﹔�plՠ⦸﹔��﹔signՠt﹔��to�﹔nt﹔r�th﹔�ՠnsw﹔r��
�� � 잘nsw﹔r�to�﹔ՠ⦸h�qu﹔stion�will��﹔�﹔vՠluՠt﹔��ՠ⦸⦸or�ing�to�th﹔�	ollowing�mՠrking�s⦸h﹔m﹔��
� Full Marks�� ��ૼ� ⵔ	�ONLY�th﹔�⦸orr﹔⦸t�int﹔g﹔r�is�﹔nt﹔r﹔�ꬨ�
� Zero Marks�� ������� ⵔ	�th﹔�qu﹔stion�is�unՠnsw﹔r﹔�ꬨ�
� Negative Marks� � ��−Რ� �ⵔn�ՠll�oth﹔r�⦸ՠs﹔s� 
�

 

1. �﹔t�a�ՠn��b �﹔�r﹔ՠl�num�﹔rs�su⦸h�thՠt� � �
� �

- < < < <
p pb a �ⵔ	�

Რ
sin� 傈

ૼ
+ =a b �ՠn��

�
⦸os� 傈 �

ૼ
- =a b �

th﹔n�th﹔�gr﹔ՠt﹔st�int﹔g﹔r�l﹔ss�thՠn�or�﹔quՠl�to��

� � �����
�

sin ⦸os ⦸os sin

⦸os sin sin ⦸os

æ ö+ + +ç ÷
è ø

a b a b
b a b a

�

� is���

Ans.  1 

Sol. 
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æ ö æ ö æ öÎ Î - Þ + Î -ç ÷ ç ÷ ç ÷
è ø è ø è ø

�

� ( ) ( )Ć n
远
 α β î ⦸㉀远 α β

Đ Đ
+ = - = �

�

n

远
α ⦸㉀远α ⦸㉀远β 远
β
⦸㉀远β 远
β 远
α ⦸㉀远α

æ ö
+ + +ç ÷

è ø
�

�
( ) ( ) n

⦸㉀远 α β ⦸㉀远 β α
⦸㉀远β 远
β 远
α ⦸㉀远α

- -æ ö
+ç ÷

è ø
�

� ( )
n

n Ć Ć
Ė⦸㉀远 α β

远
 nβ 远
 nα
æ ö

= - +ç ÷
è ø

�

� ( ) ( ) ( )n n远
 α β ⦸㉀远 α β
Ė⦸㉀远 α β

远
 nα 远
 nβ
+ -æ ö

= - ç ÷
è ø

� …�Რ傈�



�
�

�
( ) ( )

( ) ( )( )
Ė n

n

ĆĢ⦸㉀远 α β 远
 α β Ė

⦸㉀远 n α β ⦸㉀远 n α β

- + ´
=

- - +
�

�
( ) ( )

( ) ( )( )
Ė n

n
n n

ĢĖ⦸㉀远 α β 远
 α β

n⦸㉀远 α β Ć Ć n远
 α β

- +
=

- - - + +
�

�
n

ĆĢ Ć Ć
ĢĖ

ĮĆ Ĵ Ė n
n Ć Ć

Ĵ Ĵ

= ´ ´
æ ö´ - - +ç ÷
è ø

�

�
ĢĖ ĆĢ ĮĆ ĆĢ

ö
ĮĆ Ĵ ĢĖ Ĵ

´
= =

´
�

�
ĆĢ

Ć
Ĵ

é ù =ê úë û
�잘ns��

2. ⵔ	�y�x傈�is�th﹔�solution�o	�th﹔��i		﹔r﹔ntiՠl�﹔quՠtion�

  x�y�–��y��–��y傈�x�净���	or�x������y�Რ傈�净����

� ՠn��th﹔�slop﹔�o	�th﹔�⦸urv﹔�y�净�y�x傈�is�n﹔v﹔r�z﹔ro��th﹔n�th﹔�vՠlu﹔�o	� ( )Რ�y � �is���

Ans.  8 
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3. 
h﹔�gr﹔ՠt﹔st�int﹔g﹔r�l﹔ss�thՠn�or�﹔quՠl�to�

  ( )
�log 뜀 Რ�

ૼ x ૼ
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Რ Რ
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 is��

Ans.  5 
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4. 
h﹔�pro�u⦸t�o	�ՠll�positiv﹔�r﹔ՠl�vՠlu﹔s�o	�x�sՠtis	ying�th﹔�﹔quՠtion�

  
ૼ

 �Რ��log x傈 ��log x傈x - �净�–Რ�
 �

� is��

Ans.  1 

Sol. 
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� tᲠ��t���tૼ��t��净���
� Ĝ Ć Ĝ n Ĝ Đ Ĝ Ė�㉀ 	 �㉀ 	 �㉀ 	 �㉀ 	 Ā+ + + = �

� Ć n Đ Ė	 	 	 	 Ć= �



�
�

5. ⵔ	�

  b�净�

( ) ( )ૼ
Რ Რ

x ૼ �ૼ �

�x �

﹔ Რ x Რ x Რ sin x

lim
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Ans.  5 

Sol. 
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6. �﹔t�b��﹔�ՠ�r﹔ՠl�num�﹔r��ⵌonsi�﹔r�th﹔�mՠtrix�
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Ans.  3 
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Ans.  7 
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SECTION-2 : (Maximum Marks : 24)§

� 
his�s﹔⦸tion�⦸ontՠins�SIX (06)�qu﹔stions��
� ՠ⦸h�qu﹔stion�hՠs�FOUR�options��잘傈����傈���ⵌ傈�ՠn����傈��ONE OR MORE THAN ONE�o	�th﹔s﹔�

	our�option�s傈�is��ՠr﹔傈�⦸orr﹔⦸t�ՠnsw﹔r�s傈��
� �or�﹔ՠ⦸h�qu﹔stion��⦸hoos﹔�th﹔�option�s傈�⦸orr﹔spon�ing�to��ՠll傈�th﹔�⦸orr﹔⦸t�ՠnsw﹔r�s傈��
�� � 잘nsw﹔r�to�﹔ՠ⦸h�qu﹔stion�will��﹔�﹔vՠluՠt﹔��ՠ⦸⦸or�ing�to�th﹔�	ollowing�mՠrking�s⦸h﹔m﹔��
� Full Marks�� ���� ONLY�i	��ՠll傈�th﹔�⦸orr﹔⦸t�option�s傈�is�ՠr﹔傈�⦸hos﹔nꬨ�
� Partial Marks�� ��ૼ�� ⵔ	�ՠll�th﹔�	our�options�ՠr﹔�⦸orr﹔⦸t��ut�ONLY�thr﹔﹔�options�ՠr﹔�⦸hos﹔nꬨ�

� Partial Marks�� ����� ⵔ	�thr﹔﹔�or�mor﹔�options�ՠr﹔�⦸orr﹔⦸t��ut�ONLY�two�options�ՠr﹔�⦸hos﹔n��
� � � � �oth�o	�whi⦸h�ՠr﹔�⦸orr﹔⦸tꬨ�
� Partial Marks�� ��Რ�� ⵔ	�two�or�mor﹔�options�ՠr﹔�⦸orr﹔⦸t��ut�ONLY�on﹔�option�is�⦸hos﹔n�ՠn��it�
� � � � is�ՠ�⦸orr﹔⦸t�optionꬨ�

� Zero Marks�� ������� ⵔ	�unՠnsw﹔r﹔�ꬨ�
� Negative Marks� � ��−�� �ⵔn�ՠll�oth﹔r�⦸ՠs﹔s��
�

9. �﹔t���沤��﹔�ՠ�quՠ�rilՠt﹔rՠl �in�ՠ�plՠn﹔� �wh﹔r﹔���净�Რ� �Ð���净�Ð�沤�净�皤�º��Ð�沤�净�Რº�ՠn��

Ð��沤�净���º� �ⵔ	 �Ð��沤�净�qº� ���净�a� ՠn� ��沤�净 �b�� th﹔n� th﹔� int﹔rvՠl�s傈� thՠt�⦸ontՠin�s傈� th﹔�vՠlu﹔�o	�

�ab sinqº�is䔜ՠr﹔�

� �잘傈� ( )�� � � � ��傈��Რ���傈�

� �ⵌ傈� ( )��ૼ � � ��傈� ( )� ��ૼ � �

Ans.  (A,B) 

Sol. Ð���净�皤�°�–���°�净�ૼ�°� �  

 Ð�沤�净�皤�°�–�Რ°�净�°�

� Ð沤��净�Რ��°�–�°�–�皤�°�净��

� \���净��沤�净�Რ�

� Ð���净�Რ��°�–�皤�°�–�ૼ�°�净���°�

�  

S

R

P Q

80°

40°
70°

15°

1

a

b

30°

1

70°q

�



�

� 잘pply�sin﹔伸rul﹔�in�D�����

�
a

= Þ a =
° ° °

Რ Რ

sin ૼ� sin �� �sin ��
� …��Რ傈�

� 잘pply�sin﹔伸rul﹔�in�D��沤�

�
b

=
° q

Რ

sin �� sin
�Þ�bsinq�净�sin��°� …���傈�

�
( )

° °
ab q = =

° ° °
�sin �� �sin ��

� sin
�sin �� � �sin �� ⦸os ��

�

� 净�s﹔⦸��°�

� �ow�s﹔⦸ૼ�°���s﹔⦸��°���s﹔⦸�°�

� Þ < ° <
�

s﹔⦸ �� �
ૼ

�

10. �﹔t�

 a�净� �k

k Რ

sin �
�

¥

=

pæ ö
ç ÷
è ø

å �

� �﹔t�g���㓔���Რ聤�®�¡��﹔�th﹔�	un⦸tion��﹔	in﹔���y�

� g�x傈�净��ax���a�Რ–x傈�

� 
h﹔n��whi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nts�is䔜ՠr﹔�
�ӄ墐�

� �잘傈�
h﹔�minimum�vՠlu﹔�o	�g�x傈�is�
皤

�� �

� ��傈�
h﹔�mՠximum�vՠlu﹔�o	�g�x傈�is�Რ��
Რ

ૼ� �

� �ⵌ傈�
h﹔�	un⦸tion�g�x傈�ՠttՠins�its�mՠximum�ՠt�mor﹔�thՠn�on﹔�point�

� ��傈�
h﹔�	un⦸tion�g�x傈�ՠttՠins�its�minimum�ՠt�mor﹔�thՠn�on﹔�point�

Ans.  (A,B,C) 



�
�

Sol. 
æ ö æ ö æ öa = + + +ç ÷ ç ÷ ç ÷
è ø è ø è ø

� � �
Რ Რ Რ

���
� � �

�

� a = =
-

Რ
Რ�

Რ ૼᲠ
�

�

� \�g�x傈�净��x䔜ૼ���Რ䔜ૼ�Რ�–�x傈�

� \�g�x傈�净��x䔜ૼ��
Რ䔜ૼ

x䔜ૼ

�

�
�

� wh﹔r﹔�g��傈�净�Რ���Რ䔜ૼ���g�Რ傈�净�Რ���Რ䔜ૼ�

� \� ( ) æ ö
¢ = - =ç ÷

è ø

Რ䔜ૼ
x䔜ૼ

x䔜ૼ

Რ �
g x � �

ૼ �
�

� Þ���x䔜ૼ�净��Რ䔜ૼ�Þ�x�净�
Რ

�
�净�⦸riti⦸ՠl�point�

� \�grՠph�o	�g䁨�x傈�净�

 

+

–
 

�

� ��
æ ö =ç ÷
è ø

皤

�
Რ

g �
�

�

� \�grՠph�o	�g�x傈�in�㓔���Რ聤�

�

0 1

(0,1+21/3) (1,1+21/3)

�
11. �﹔t� z ��﹔not﹔�th﹔�⦸ompl﹔x�⦸onjugՠt﹔�o	�ՠ�⦸ompl﹔x�num�﹔r�z��ⵔ	�z�is�ՠ�non伸z﹔ro�⦸ompl﹔x�num�﹔r�	or�

whi⦸h��oth�r﹔ՠl�ՠn��imՠginՠry�pՠrts�o	�

  ( )�

�

Რ
z

z
+  

 ՠr﹔�int﹔g﹔rs��th﹔n�whi⦸h�o	�th﹔�	ollowing�is䔜ՠr﹔�possi�l﹔�vՠlu﹔�s傈�o	�|z|�墐�

� �잘傈�

Რ

��ૼ ૼ ��

�

æ ö+
ç ÷ç ÷è ø

� � ��傈�

Რ

�皤 ૼૼ

�

æ ö+
ç ÷ç ÷è ø

�

� �ⵌ傈�

Რ

�뜀 �

�

æ ö+
ç ÷ç ÷è ø

� � ��傈�

Რ

�皤 Რૼ

�

æ ö+
ç ÷ç ÷è ø

�



�

Ans.  (A) 

Sol. �﹔t� ( )�

�

Რ
z m in

z
+ = + ��� m� n Î¢ �

 ( )
�

�

�

z
z m in

z
+ = +   

� Þ� � �

�

Რ
�x y 傈 Რ m

z

æ ö- + =ç ÷
è ø

�� …�Რ傈�

 � 
�

Რ
�xy Რ n

z

æ ö- + =ç ÷
è ø

� � � …��傈��

� quՠtion��Რ傈�����傈���

� ( )
�

�
� � � �

�

Რ
Რ x y m n

z

æ ö é ù+ + = +ë ûç ÷
è ø

��

� ( )
�

� � �

�

Რ
Რ z m n

z

æ ö+ = +ç ÷
è ø

��

� Þ 
� � �

�

Რ
z � m n

z
+ + = +   

 �㉀諀§	㉀�§㉀��㉀
§×ŞÝ§§

§
� �ૼ ૼ ��

z
�

+
= §§

§ Þ§뜘
n
§è§


n
§©§ĖĜ§§§§

§ Þ§뜘§©§〘Ģî§§
§©§〘Đ§§

§ ��㉀
§×ŤÝ§§

§
�

�

Რ 皤 ૼૼ 皤 ૼૼ 皤 ᲠᲠ
z � � �

� � � �z

+ -
+ + = + + = + = §§

§ ��㉀
§×ŪÝ§

§
�

�

Რ 뜀 � 뜀 � Რ� 뜀 Რૼ
z � � � �

� � � � �z

+ -
+ + = + + = + = + = §

§ ption���傈��

�
�

�

Რ 皤 Რૼ 皤 Რૼ Რ� 皤 Რૼ
z � � � �

� � � ૼ �z

+ -
+ + = + + = + = + = ��



�
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12. �﹔t�◤��﹔�ՠ�⦸ir⦸l﹔�o	�rՠ�ius���������﹔t�◤Რ��◤��…�◤n��﹔�n�⦸ir⦸l﹔s�o	�﹔quՠl�rՠ�ius�r������沤uppos﹔�﹔ՠ⦸h�

o	�th﹔�n�⦸ir⦸l﹔s�◤Რ�◤��…�◤n�tou⦸h﹔s�th﹔�⦸ir⦸l﹔�◤�﹔xt﹔rnՠlly��잘lso��	or�i�净�Რ����…��n–Რ��th﹔�⦸ir⦸l﹔�◤i�

tou⦸h﹔s� ◤iᲠ� ﹔xt﹔rnՠlly�� ՠn�� ◤n� tou⦸h﹔s� ◤Რ� ﹔xt﹔rnՠlly�� 
h﹔n�� whi⦸h� o	� th﹔� 	ollowing� stՠt﹔m﹔nts�

is䔜ՠr﹔�
�ӄ�墐�

� �잘傈�ⵔ	�n�净����th﹔n�� � �–�Რ傈r�����

� ��傈�ⵔ	�n�净���th﹔n�r�����

� �ⵌ傈�ⵔ	�n�净����th﹔n�� � �–�Რ傈�r�����

� ��傈�ⵔ	�n�净�Რ���th﹔n� � � ૼ ��Რ傈�r���� 

Ans.  (C,D) 

Sol. ( ) p
+ =� � r sin �r

n
�

�
+ p

=
� r

⦸os﹔⦸
r n

�

�

�

�

� �

�

�

� � � �  

� �잘傈�n�净�������r�净� � r�

� ��傈�n�净���
+ p p

= <
� r

⦸os﹔⦸ ⦸os﹔⦸
r  �

�

� ��������������������r����r�Þ�r�����

� �ⵌ傈�n�净����
+ p p

= >
� r

⦸os﹔⦸ ⦸os﹔⦸
r � �

�

� ��������������������r��� � r�

� ��傈�n�净�Რ��� ( )+ p
= = +

� r
⦸os﹔⦸ � ૼ Რ

r Რ�
�

� ����������������������r�净� ( )+� ૼ Რ r �

� ������������������� ( )+ >� ૼ Რ r � �



�

13. �﹔t� ˆ ˆi� j �ՠn�� k̂ ��﹔�th﹔�unit�v﹔⦸tors�ՠlong�th﹔�thr﹔﹔�positiv﹔�⦸oor�inՠt﹔�ՠx﹔s���﹔t�

  ˆ ˆ ˆՠ ૼi j k�= + -
r

 

  � ૼ
ˆ ˆ ˆ� i � j � k�= + +

r
 �����ૼ�Î�¡��

� � Რ � ૼ
ˆ ˆ ˆ⦸ ⦸ i ⦸ j ⦸ k�= + +

r
� ⦸Რ��⦸���⦸ૼ�Î�¡�

� �﹔�thr﹔﹔�v﹔⦸tors�su⦸h�thՠt����ૼ������ՠ �×
rr

�净���ՠn��

� �
ૼ � Რ

ૼ Რ � �

� Რ ૼ ૼ

� ⦸ ⦸ Რ ૼ ⦸

⦸ � ⦸ � Რ ⦸ �

⦸ ⦸ � � Რ ⦸

- -æ öæ ö æ ö
ç ÷ç ÷ ç ÷- = -ç ÷ç ÷ ç ÷
ç ÷ç ÷ ç ÷- - -è øè ø è ø

�

� 
h﹔n��whi⦸h�o	�th﹔�	ollowing�is䔜ՠr﹔�
�ӄ�墐�

� �잘傈� ՠ ⦸ �× =
r r

� � ��傈� � ⦸ �× =
r r

�

� �ⵌ傈� � Რ�>
r

� � ��傈� ⦸ ᲠᲠ£
r

�

Ans.  (B,C,D) 

Sol.� ˆ ˆ ˆՠ ૼi j k= + -
r

��

 � ૼ
ˆ ˆ ˆ� i � j � k= + +

r
  

 Რ � ૼ
ˆ ˆ ˆ⦸ ⦸ i ⦸ j ⦸ k= + +

r
  

 

ૼ � Რ

ૼ Რ � �

� Რ ૼ ૼ

� ⦸ ⦸ Რ ૼ ⦸

⦸ � ⦸ � Რ ⦸

⦸ ⦸ � � Რ ⦸

- -æ öæ ö æ ö
ç ÷ç ÷ ç ÷- = -ç ÷ç ÷ ç ÷
ç ÷ç ÷ ç ÷- - -è øè ø è ø

  

� multiply���⦸ompՠr﹔��

� ��⦸ૼ�–��ૼ⦸��净�⦸Რ�–�ૼ� � …�Რ傈� �

� ⦸ૼ�–��ૼ⦸Რ�净�Რ�–�⦸��� …��傈��

� ⦸��–���⦸Რ�净�Რ��⦸ૼ�� …�ૼ傈��

� ˆ ˆ ˆ�Რ傈i ��傈 j �ૼ傈k- + ��

� î ���⦸ૼ�–��ૼ⦸�傈�–� ĵ �⦸ૼ�–��ૼ⦸Რ傈�� k̂ �⦸��–���⦸Რ傈��

� 净� Რ � �
ˆ ˆ ˆ⦸ i ⦸ j ⦸ k+ + ˆ ˆ ˆૼi j k- - + ��

� � ⦸ ⦸ ՠ´ = -
r r r r

��



�
�

� 
ՠk﹔��ot�pro�u⦸t�with� �
r

��

� � ⦸�� ՠ��= -
r rr r

��

� ��⦸ �=
r r

��

� � ⦸^
r r

��

� � ⦸ 뜀�Ù = °
r r

��

� 
ՠk﹔��ot�pro�u⦸t�with�⦸
r

��

�
�

� ⦸ ՠ�⦸= -
r r r

��

�
�

ՠ�⦸ ⦸=
r r r

��

� ՠ�⦸ �¹
r r

��

� � ⦸ ⦸ ՠ´ = -
r r r r

��

� 沤quՠring��

�
� � � �

� ⦸ ⦸ ՠ �⦸�ՠ= + -
r r r r r r

�

�
� � � �

� ⦸ ⦸ ᲠᲠ � ⦸= + -
r r r r

��

�
� � �

� ⦸ ᲠᲠ ⦸= -
r r r

��

� ( )��
⦸ � Რ ᲠᲠ+ =
rr

��

�
�

�

ᲠᲠ
⦸

� Რ
=

+

r
r ��

� ⦸ ᲠᲠ£
r

��

� giv﹔n� ՠ�� �=
rr

��

� ���–��ૼ�净�–ૼ��������������������ՠlso��

� ��
����ૼ

��–�����ૼ�净�뜀����������ૼ������

� ��
����ૼ

��净�뜀������ૼ�

� ��
����ૼ

��净�뜀������ૼ���뜀��

� ��
����ૼ

����뜀�

� � �
� ૼ� Რ � �= + +

r
��

� � Რ�>
r

��



�

14. �or�x�Î�¡��l﹔t�th﹔�	un⦸tion�y�x傈��﹔�th﹔�solution�o	�th﹔��i		﹔r﹔ntiՠl�﹔quՠtion�

  
�y

Რ�y ⦸os x �
�x Რ�

pæ ö+ = ç ÷
è ø

 y��傈�净����

� 
h﹔n��whi⦸h�o	�th﹔�	ollowing�stՠt﹔m﹔nts�is䔜ՠr﹔�
�ӄ墐�

� �잘傈�y�x傈�is�ՠn�in⦸r﹔ՠsing�	un⦸tion�

� ��傈�y�x傈�is�ՠ��﹔⦸r﹔ՠsing�	un⦸tion�

� �ⵌ傈�
h﹔r﹔�﹔xists�ՠ�r﹔ՠl�num�﹔r�b�su⦸h�thՠt�th﹔�lin﹔�y�净�b�int﹔rs﹔⦸ts�th﹔�⦸urv﹔�y�净�y�x傈�ՠt�in	init﹔ly�
mՠny�points�

� ��傈�y�x傈�is�ՠ�p﹔rio�i⦸�	un⦸tion�

Ans.  (C) 

Sol.�
�y

Რ�y ⦸os x
�x Რ�

pæ ö+ = ç ÷
è ø

��

� �in﹔ՠr������

� ⵔ����净�
Რ���x Რ�x﹔ ﹔ò = ��

� 沤olution�o	����

� Რ�x Რ�xy�﹔ ﹔ �⦸os x �x
Რ�

pæ ö= ç ÷
è øò ��

�
Რ�x

Რ�x

�

�

﹔
y�﹔ Რ�⦸os x sin x ⵌ

Რ� Რ� Რ�
�Რ�傈

Რ�

p p pæ ö= + +ç ÷
è øpæ ö+ ç ÷

è ø

��

� Þ� �

� � Რ�x

�Რ�傈 x x ⵌ
y �Რ�傈 ⦸os sin

�Რ�傈 Რ� Რ� ﹔

æ öp pæ ö æ ö= + p +ç ÷ ç ÷ç ÷+ p è ø è øè ø
��

� ◤iv﹔n�y��傈�净����

� Þ���净�
� �

Რ�

Რ� + p
�Რ�����傈��ⵌ�Þ�

ૼ

� �

Რ�
ⵌ

Რ�

-
=

+ p
��

� \� � � Რ�x

� �

Რ� x x
y �Რ�傈 ⦸os sin Რ� �﹔

Რ� Რ� Რ�
-é ùp pæ ö æ ö= + p -ç ÷ ç ÷ê ú+ p è ø è øë û

��

� �ow�
�

ૼ Რ�x

� �

min� vՠlu﹔

�y Რ� x x
Რ� sin ⦸os Რ� ﹔

�x Რ� Რ� Რ� Რ�
-é ùp p pæ ö æ ö= - p + +ç ÷ ç ÷ê ú+ p è ø è øê ú

ë û
1444442444443

��

�
� �

�

�
Რ�� Რ� Რ

Რ�� Რ�

æ öp p
- p + = - p +ç ÷

è ø
�

� Þ�
�y

�
�x

> �"�x�£�����mՠy��﹔�n﹔gՠtiv﹔䔜positiv﹔�	or�x������

� 沤o��	�x傈�is�n﹔ith﹔r�in⦸r﹔ՠsing�nor��﹔⦸r﹔ՠsing��
� �or�som﹔�b�Î����y�净�b�int﹔rs﹔⦸ts�y�净�	�x傈�ՠt�in	init﹔ly�mՠny�points��

� 沤㉀§㉀��㉀
§Ū§远§⦸㉀��﹔⦸�§§



�
�

SECTION-3 : (Maximum Marks : 12)§

� 
his�s﹔⦸tion�⦸ontՠins�FOUR (04)�qu﹔stions��
�� ՠ⦸h�qu﹔stion�hՠs�FOUR�options��잘傈����傈���ⵌ傈�ՠn����傈��ONLY ONE�o	�th﹔s﹔�	our�options�is�th﹔�

⦸orr﹔⦸t�ՠnsw﹔r��
�� �or�﹔ՠ⦸h�qu﹔stion��⦸hoos﹔�th﹔�option�⦸orr﹔spon�ing�to�th﹔�⦸orr﹔⦸t�ՠnsw﹔r��
�� 잘nsw﹔r�to�﹔ՠ⦸h�qu﹔stion�will��﹔�﹔vՠluՠt﹔��ՠ⦸⦸or�ing�to�th﹔�	ollowing�mՠrking�s⦸h﹔m﹔��
� Full Marks�� ��ૼ� ⵔ	�ONLY�th﹔�⦸orr﹔⦸t�option�is�⦸hos﹔nꬨ�
� Zero Marks�� ������� ⵔ	�non﹔�o	�th﹔�options�is�⦸hos﹔n��i�﹔��th﹔�qu﹔stion�is�unՠnsw﹔r﹔�傈ꬨ�
� Negative Marks� � ��−Რ� �ⵔn�ՠll�oth﹔r�⦸ՠs﹔s�§
�

15. ⵌonsi�﹔r����ox﹔s��wh﹔r﹔�﹔ՠ⦸h��ox�⦸ontՠins�ૼ�r﹔���ՠlls�ՠn�����lu﹔��ՠlls��잘ssum﹔�thՠt�ՠll�����ՠlls�ՠr﹔�

�istin⦸t��ⵔn�how�mՠny��i		﹔r﹔nt�wՠys�⦸ՠn�Რ���ՠlls��﹔�⦸hos﹔n�	rom�th﹔s﹔����ox﹔s�so�thՠt�	rom�﹔ՠ⦸h�

�ox�ՠt�l﹔ՠst�on﹔�r﹔���ՠll�ՠn��on﹔��lu﹔��ՠll�ՠr﹔�⦸hos﹔n墐�
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