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 : NOTE :

(I)       -    
23   

(I) Please check that this question
paper contains 23 printed pages.

(II) -        -
    -  -
    

(II) Q.P. Code given on the right hand
side of the question paper should
be written on the title page of the
answer-book by the candidate.

(III)       -  33  
  

(III) Please check that this question
paper contains 33 questions.

(IV)         , 
-        
    

(IV) Please write down the serial
number of the question in the
answer-book at the given place
before attempting it.

(V)  -     15   
     -     
10.15     10.15   
10.30     -  
       - 
       { }

(V) 15 minute time has been allotted
to read this question paper. The
question paper will be distributed
at 10.15 a.m. From 10.15 a.m. to
10.30 a.m., the candidates will
read the question paper only and
will not write any answer on the
answer-book during this period.
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-      
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  : 
         
 (i)  -  33         
 (ii)  -      –  -, , ,     
 (iii)  –     1  16         

     1     
 (iv)  –     17  21   -       

 2     
 (v)  –     22  28  -                     

3     
 (vi)  –     29  30  -                    

4     
 (vii)  –     31  33  -                      

5     
 (viii) -         , -     

          
 (ix)       
    ,            : 
  c = 3  108 m/s 
  h = 6.63  10–34 J s 
  e = 1.6  10–19 C 
  0 = 410–7 Tm A–1 

  0 = 8.854 × 10–12 C2 N–1 m–2  

  
1

40
 = 9  109 N m2 C–2 

     (me) = 9.1  10–31 kg 

     = 1.675 × 10–27 kg 

     = 1.673 × 10–27 kg 

    = 6.023 × 1023      
    = 1.38 × 10–23 J K–1 
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General Instructions : 
Read the following instructions very carefully and follow them :  
 (i) This question paper contains 33 questions. All questions are 

compulsory. 
 (ii) This question paper is divided into five sections – Sections 

A, B, C, D and E. 
 (iii) In Section A : Question numbers 1 to 16 are Multiple Choice 

(MCQ), Assertion and Reasoning type questions. Each question 
carries 1 mark.  

 (iv) In Section B : Question numbers 17 to 21 are Very Short 
Answer (VSA) type questions. Each question carries 2 marks. 

 (v) In Section C : Question numbers 22 to 28 are Short Answer 
(SA) type questions. Each question carries 3 marks. 

 (vi) In Section D : Question numbers 29 and 30 are Case Study-
Based questions. Each question carries 4 marks.   

 (vii) In Section E : Question numbers 31 to 33 are Long Answer 
(LA) type questions. Each question carries 5 marks.   

 (viii) There is no overall choice given in the question paper. However, 
an internal choice has been provided in few questions in all the 
Sections except Section A.  

 (ix) Use of calculators is NOT allowed.  
  You may use the following values of physical constants wherever 

necessary : 
  c = 3  108 m/s 
  h = 6.63  10–34 J s 
  e = 1.6  10–19 C 
  0 = 4 10–7 T m A–1 

  0 = 8.854 × 10–12 C2 N–1 m–2  

  
1

40
 = 9  109 N m2 C–2 

  Mass of electron (me) = 9.1  10–31 kg 

  Mass of neutron = 1.675 × 10–27 kg 
  Mass of proton = 1.673 × 10–27 kg 
  Avogadro’s number = 6.023 × 1023 per gram mole 
  Boltzmann’s constant = 1.38 × 10–23 J K–1 
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 –  

1. 1 nC           ? 1  

 (A) 1.60  10+28 (B) 1.60  10+10 

 (C) 3.1  109 (D) 6.25  109 

 

2.     2   1020            
              1  

 (A) 8.0 A (B) 1.96  10–2 A 

 (C) 4.0 A (D) 1.33  10–1 A 

 

3.              1 

 (A)             
 (B)                
 (C)            
 (D)             
 

4.                 1 

 (A)      (B)      
 (C)      (D)        
 

5. 0 = 
hc

550 nm               

    -             
         ,  1 

 (A)       
 (B)       
 (C)       
 (D)        
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SECTION – A 
1. How many protons are needed to make 1 nC charge ? 1  

 (A) 1.60  10+28 (B) 1.60  10+10 

 (C) 3.1  109 (D) 6.25  109 

 

2. A lightning strike can transfer 1020 electrons from the cloud to 
the ground in 2 minutes. The average electric current flown 
from cloud to the ground is – 1  

 (A) 8.0 A (B) 1.96  10–2 A 

 (C) 4.0 A (D) 1.33  10–1 A 

 

3. An electric current can be induced in a wire loop if – 1 
 (A) the wire loop is wound around a bar magnet. 
 (B) a bar magnet is placed in contact with the wire loop. 
 (C) a bar magnet is placed near the wire loop. 
 (D) a bar magnet is moved rapidly towards the wire loop. 
 

4. The process that allows light to travel through a tube which is 
not straight is – 1 

 (A) reflection of light (B) dispersion of light 
 (C) scattering of light (D) total internal reflection 
 

5. A beam of blue light is incident on a metal surface with a work 

function of 0 = 
hc

550 nm and photoelectrons are ejected from the 

surface. If the blue light is replaced by red light of same 
intensity, then 1 

 (A) emitted electrons will be more energetic. 
 (B) emitted electrons will be less energetic. 
 (C) no electrons are emitted. 
 (D) less number of electrons are emitted. 
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6.                e  
p            e/p      1 

 (A) me/mp (B) mp/me 

 (C) 
me
mp

 (D) 
mp
me

 

 

7.                   
     ? 1 

 (A) 4 (B) 5 
 (C) 10 (D) 15 
 

8. 92U238            ? 1 
 (A) 92  (B) 92  
 (C) 146  (D) 238  
 

9.         1 
 (A)     (B)     
 (C)   (D)     
 

10.                
   :  1 

 (A) –27.2 eV (B) 27.2 eV 
 (C) –13.6 eV (D) 13.6 eV 
 

11. n-          ()   
     1 

 (A)  (B)  
 (C)  (D)  
 

12.           ,  1 
 (A)         
 (B)         
 (C) p-n        
 (D)          
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6. An electron and a proton are accelerated through the same 
potential difference. Let e and p be the de Broglie wavelength 
associated with electron and proton respectively. Then e/p is 1 

 (A) me/mp (B) mp/me 

 (C) 
me
mp

 (D) 
mp
me

 

 

7. Suppose there is an atom that contains five energy levels. How 
many transitions are possible in which photons are emitted ? 1 

 (A) 4 (B) 5 
 (C) 10 (D) 15 
 

8. Which of the following particles do not exist in 92U238 nucleus ? 1 

 (A) 92 protons (B) 92 electrons 
 (C) 146 neutrons (D) 238 nucleons 
 

9. The main source for energy generation in the stars is – 1 
 (A) fusion of lighter nuclei (B) fission of heavy nuclei 
 (C) chemical reaction (D) fusion of heavy nuclei 
 
10. In Bohr’s model of hydrogen atom, the potential energy of the 

electron in the ground state is – 1 
 (A) –27.2 eV (B) 27.2 eV 
 (C) –13.6 eV (D) 13.6 eV 
 
11. A n-type semiconductor is obtained by doping silicon with 1 
 (A) Boron (B) Arsenic 
 (C) Indium (D) Aluminium 
 
12. When a forward biasing is applied across a junction diode, it – 1 
 (A) raises the potential barrier height. 
 (B) decreases the depletion layer width. 
 (C) increases the resistance of the p-n junction. 
 (D) reduces the majority carrier current to zero. 
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  :   13  16          –      
(A)     (R)              
   (A), (B), (C)  (D)      : 

 (A)   (A)   (R)      (R),  (A)   
   

 (B)   (A)   (R)   ,   (R),  (A)  
     

 (C)   (A)  ,   (R)    
 (D)  (A)   (R)      
 

13.  (A) :              1 

  (R) :            
      

 

14.  (A) :   LCR        
       (R)      1 

  (R) :           
       

 

15.  (A) :               
      1 

  (R) :             
 

16.  (A) :     -     1 

  (R) :            
         
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 Note : Question number 13 to 16 are Assertion (A) and Reason (R) 
type questions. Two statements are given – one labelled as 
Assertion (A) and other labelled Reason (R). Select the correct 
answer from the codes (A), (B), (C) and (D) as given below : 

 (A) Both Assertion (A) and Reason (R) are true and Reason (R) 
is the correct explanation of Assertion (A). 

 (B) Both Assertion (A) and Reason (R) are true, but Reason (R) 
is not the correct explanation of Assertion (A). 

 (C) Assertion (A) is true, but Reason (R) is false. 

 (D) Both Assertion (A) and Reason (R) are false. 

 

13. Assertion (A) : Displacement current does not have the same 
physical effect as the conduction current. 1 

 Reason (R) : The concept of displacement current is 
introduced only to satisfy Kirchhoff ’s rules. 

 

14. Assertion (A) : In a series LCR circuit at resonance, the 
impedance is equal to ohmic resistance (R) in 
the circuit. 1 

 Reason (R) : At resonance, the capacitive reactance is not 
equal to the inductive reactance.  

 

15. Assertion (A) : When a ray of light enters from air into glass, 
frequency of light remains the same. 1 

 Reason (R) : The speed and wavelength of light both 
changes in glass. 

 

16. Assertion (A) : Photoelectric effect demonstrates particle 
nature of light. 1 

 Reason (R) : The number of photoelectrons emitted from a 
surface depends upon the intensity of 
radiation. 
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 –  

17. 6 V emf  1              
   0.5 A      2 

 (i)    

 (ii)       
 

18. (a)               
                 ? 2 

 
 (b)              2 

 

19.        (n = 1.5    20 cm)      
50 cm                  2 

 

20.        (v0)      ?   
         ? v(>v0)     
          ?  2 

 
21. n-  p-      2 
 

 –  

22. (a) (i) L   A -        

E 

              


vd = 

–e

E

m             

       
  (ii)               

               
              ? 3 

 
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SECTION – B 
17. A battery of emf 6 V and internal resistance 1  is connected to 

a resistor. The current in the circuit is 0.5 A. Calculate 2 
 (i) the resistance of the resistor and 
 (ii) the terminal voltage of the battery. 
 

18. (a) A ray of light travelling along the principal axis is incident 
on a spherical mirror and reflected back along the same 
path. Explain, why ? 2 

OR 
 (b) Write all the sign convention followed for a convex lens. 2 
 
19. A small object is placed in air in front of a convex glass surface 

(n = 1.5 and radius of curvature 20 cm) at a distance of 50 cm 
from it. Find the position and nature of the image. 2 

 
20. What is meant by threshold frequency (v0) for photoelectric 

emission ? Does it depends on the intensity of light ? How does 
photoelectric current vary with the intensities of radiation of 
frequency v(>v0) ?  2 

 

21. Differentiate between n-type and p-type semiconductors.  2 
 

SECTION – C 

22. (a) (i) An electric field 

E  is maintained in a conductor of 

length L and area of cross-section A. Show that the 

electrons drift with an average velocity 

v d = 

–e

E

m   

Here symbols have their usual meanings.   
  (ii) Electrons in metals drift due to force experienced by 

electrons in the electric field inside the conductor. 
Thus, the motion of electrons should be accelerated. 
Then why do the electrons acquire a steady average 
drift speed ?   3 

OR 
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 (b)        SI        
                
     3 

 

23. (a)         (+z   ) 3 A   
    +x-    15 cm         
               
       

 (b)              ,  
              ? 3 

 

24. (a)                ? 

 (b) l   -  A       B  
          B2/(2 o)    3 

 

25. (a) 40 MHz       x-     
          

 (b)               

750 N/C    y-            
       ? 3 

 

26.   -       ?      
     -      ?     
        3 
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 (b) Define resistance of a conductor and give its units. Name 
the factors on which the resistance of conductor at a fixed 
temperature depends. Write the corresponding relation 
between them.  3 

 

23. (a) A straight vertical wire carries a current of 3 A upward 
along +z axis. Calculate the magnitude and direction of the 
magnetic field at a point 15 cm away from the wire on       
+x-axis. Name the rule used to find the direction of 
magnetic field.  

 (b) A flexible loop of irregular shape carrying current is placed 
in an external magnetic field. Why does it change to 
circular shape ? 3 

 

24. (a) Briefly explain how Lenz’s law is consistent with the law of 
conservation of energy.  

 (b) Considering the case of the magnetic field B inside a 
solenoid of length l, area of cross-section A, prove that 
magnetic energy per unit volume is B2/(2 o). 3 

 

25. (a) A sinusoidal electromagnetic wave of frequency 40 MHz 
travels in free space in the x-direction. Calculate the 
wavelength and time period of the wave.  

 (b) At some point and at some instant the electric field in the 
above electromagnetic wave has its maximum value of 750 
N/C and is along the y-axis. Calculate the magnitude and 
direction of the magnetic field at this position and time. 3 

 

26. What are coherent sources of light ? Why are coherent sources 
of light required to produce interference of light ? Give an 
example of interference of light in daily life. 3 
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27.               –3.4 eV 

    :     

 (i)        ,   

 (ii)        3 

 

28. (a)              

 (b)      40%     60%       ? 3 

 
 

 –  

 .. 29  30              
       : 

29.  q   p             

E                   

   +qE  –qE             
                 - 
                
       ,  -      
      ”  4  1 = 4 

 (i)   +q  –q x-   (a, 0)  (3a, 0)      
  -    : 

  (A) 2qa    +x-     

  (B) 2qa    –x-     

  (C) qa    +x-     

  (D) qa    –x-     
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27. The total energy of an electron is an orbit in Bohr model of 
hydrogen atom is –3.4 eV. Calculate :    

 (i) the angular momentum of the electron, in this orbit and  
 (ii) the potential energy of the electron, in this orbit. 3 
 
28. (a) Explain the working of a junction diode as a half-wave 

rectifier.    
 (b) The efficiency of a half-wave rectifier is 40%. What 

happens to the remaining 60% power ? 3 
 
 

SECTION – D 

 Questions Number 29 and 30 are Case-Study based questions. Read 
the following paragraphs and answer the questions that follow : 

29. When an electric dipole of charges q and dipole moment p  is 

placed in a uniform electric field E making an angle  with the 

electric field E, then two charges experience equal and opposite 

forces +qE and –qE. These equal and opposite forces cancel 
each other. As the two forces are not collinear so a torque acts 
on the dipole. Since the net force acting on the dipole is zero, no 
work is done in moving the electric dipole in a uniform electric 
field, but some work will be done in rotating the dipole against 
the torque acting on it.      4  1 = 4 

 (i) Two charges +q and –q are located at points (a, 0) and (3a, 0) 
on x-axis. The dipole moment of the system has magnitude 

  (A) 2qa and is along +x-axis. 
  (B) 2qa and is along –x-axis. 
  (C) qa and is along +x-axis. 
  (D) qa and is along –x-axis. 
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 (ii)    ,   ,          
   E1             

     E2   








E1

E2
          

  (A) 
1
2   (B) 2  

  (C) 
1
4   (D) 4 

 (iii) (a)       4  10–9 Cm    5  104 N/C 

              
      30 ,         
 : 

   (A) 3.23  10–4 J  (B) 1.0  10–5 J 

   (C) 1.73  10–4 J  (D) 5  104 J  

 

  (b)           

   (A) [L2T2A–2]   (B) [M2L2TA2] 

   (C) [LTA2]   (D) [LTA] 

 (iv)       p      E      
           -   

  (A) E  p      

  (B) E  p      

  (C) E   p     

  (D) E   p         
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 (ii) The magnitude of electric field at a certain distance from a 
dipole on its axis is E1 and at the same distance on the 

equatorial plane of the dipole is E2. Then 








E1

E2
 is    

  (A) 
1
2   (B) 2  

  (C) 
1
4   (D) 4 

 (iii) (a) An electric dipole having dipole moment of 4  10–9 Cm 

is placed in a uniform electric field of 5  104 N/C. If 
the angle between the dipole moment and the electric 
field is 30 then the value of potential energy of the 
dipole is – 

   (A) 3.23  10–4 J  (B) 1.0  10–5 J 

   (C) 1.73  10–4 J  (D) 5  104 J  

OR 

  (b) The dimensional formula of dipole moment is – 

   (A) [L2T2A–2]   (B) [M2L2TA2] 

   (C) [LTA2]   (D) [LTA] 

 (iv) An electric dipole of dipole moment p  is placed in a 

uniform electric field E. The torque exerted by the field on 
the dipole at that instant is  – 

  (A) parallel to both the E & p . 

  (B) perpendicular to both E & p . 

  (C) parallel to E and perpendicular to p . 

  (D) perpendicular to E and parallel to p .      
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30.       v            

        B       
 R               4  1 = 4 

 (i)            
  (A)  (B)  

  (C)   (D)  

 (ii)                
  (A) -    (B)     
  (C)      (D) -   
 (iii) (a)                 

       

   (A) 
R
4 (B) 

R
2 

   (C) 2R (D) R 

 

  (b) 1 C     5  106 ms–1    1T   

        ( v )    (B)    

30 ,           
   (A) 25 N (B) 5 N 

   (C) 2.5 N (D) 1.2 N 

 (iv) m   q        (B) ( v   )  
   R               

  (A) 
mv
qB  (B) 

qB
2m 

  (C) 
qB

2R (D) 
m

2qB 
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30. A charged particle is moving horizontally with a velocity v . If a 

uniform magnetic field B directly vertically up is set-up in the 
region, the particle moves in a circle of radius R in anti-
clockwise direction.     4  1 = 4 

 (i) The charged particle exhibiting this motion is  
  (A) electron (B) proton 
  (C) alpha-particle (D) neutron 
 (ii) The direction of the magnetic force acting on the moving 

particle is given by – 
  (A) Biot-Savart’s law (B) Lenz’s law 
  (C) Ampere’s circuital law (D) Right hand rule 
 (iii) (a) If the velocity of the particle is doubled, the radius of 

the circle described will be  

   (A) 
R
4 (B) 

R
2 

   (C) 2R (D) R 
OR 

  (b) A particle having charge 1 C is moving with a 
velocity of     5  106 ms–1 in a uniform magnetic field 

of 1T. If the angle between the velocity ( v ) and the 

magnetic field (B) is 30, the magnitude of the force on 
the particle will be – 

   (A) 25 N (B) 5 N 
   (C) 2.5 N (D) 1.2 N 
 (iv) The frequency of revolution of a particle of mass m and 

charge q, moving with speed v along a circular path of 

radius R, in magnetic field B (perpendicular to v ) will be  

  (A) 
mv
qB  (B) 

qB
2m 

  (C) 
qB

2R (D) 
m

2qB 
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 –  

31. (a)    :  

  (i)   Q          ( E )  

      q        

  (ii)  Q           

 (b)       q   ‘a’       
                   
      5 

 

 (a)              
              K   
               ? 
        

 (b)         A     ‘d’  
 K1  K2               

      A2          5 

 
 

32. (a)               
              

 (b) 2000   1.0       2.0 cm    
       1000      
               5 

        
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SECTION – E 

31. (a) Deduce the relation between the electric field (E) at a point 
due to a charge Q and 

  (i) the force F on a charge q placed at that point.  

  (ii) the potential at that point due to charge Q. 

 (b) Three point charges, q each, are placed at the three vertices 
of an equilateral triangle of side ‘a’. Obtain an expression for 
the net force on one charge due to the other two charges. 5 

OR 

 (a) Derive an expression for the energy stored in a parallel 
plate capacitor having air between its plates. How will the 
energy stored in the capacitor be affected when space 
between its plates is filled by a medium of dielectric 
constant K. Justify your answer.     

 (b) A parallel plate capacitor of plate area A and plate 
separation d is completely filled with two dielectric slabs of 

dielectric constants K1 and K2, each of area 
A
2. Find the 

effective capacitance of the capacitor. 5 

 
 

32. (a) Define mutual inductance. Give its units. State two factors 
on which the mutual inductance between a given pair of 
coils depends. 

 (b) A 1.0 m long solenoid of radius 2 cm having 2000 turns has 
a secondary coil of 1000 turns wound closely near its mid-
point. Find the mutual inductance between the two coils. 5 

OR 
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 (a)          (ac)    

    

2           

  

 (b)    ( )    E = 140 sin 314 t,  
  ,  t      

    :  

  (i)       

  (ii)        5 

 

33. (a)              
    

  (i)        

  (ii)            

  (iii)                
   

 (b) ‘d’      700 nm          
  ‘d’          30      5 

  

 (a)             
        

 (b)    125 cm  5 cm          
       (i)  , (ii)   25 cm 

        5 

___________  
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 (a) Prove that in an ac circuit containing only a pure inductor, 

the voltage is ahead of the current in phase by 

2 radian. 

Hence define inductive reactance.   

 (b) The instaneous value of a voltage (in volt) is given by E = 
140 sin 314 t, where t is in seconds. Find : 

  (i) rms value of the applied voltage. 

  (ii) the frequency of ac supply.  5 

 

33. (a) In a single slit diffraction pattern, how is the angular 
width of central maximum affected when  

  (i) slit width is increased 

  (ii) the distance between the slit and the screen is 
increased. 

  (iii) light of smaller wavelength is used.  

  Justify your answer.    

 (b) A slit of width d is illuminated by light of wavelength         
700 nm. Find the value of d for which the first minimum 
falls at an angle of 30.   5 

 OR 

 (a) Briefly explain the working of a reflecting type telescope. 
Write its two advantages over a refracting telescope.  

 (b) A telescope consists of two lenses of focal length 125 cm 
and 5 cm. Find its magnifying power when final image is at 
(i) infinity (ii) at a distance of 25 cm from eye. 5 

___________ 
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