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COMPETENCY FOCUSED QUESTIONS 

UNIT-I:  ELECTROSTATICS   

MCQs (Chapters 1 & 2) 

ELECTRIC CHARGE   &   COULOMB’S LAW: 

1. A body has – 80 μC of charge. Number of additional electrons in it will be    

(a) 5108                      (b) 171080   

(c) 14105                    (d)  171028.1   

2. +2 C and +6 C two charges are repelling each other with a force of 12N.  If each charge is given  

        C2  of charge, then the value of the force will be 

 (a) N4  (Attractive)          (b) N4  (Repulsive) 

 (c) N8  (Repulsive)          (d) Zero 

3. A charge Q is divided into two parts of q and (Q - q).  If the coulomb repulsion between them 

when they are separated is to be maximum, the ratio of   
𝑄

𝑞
 should be  

 (a) 2 (b) 2/1  

 (c) 4 (d) 4/1  

4. Four charges are arranged at the corners of a square ABCD  

as shown in the adjoining figure. The force on the charge  

kept at the centre O is    

  (a) Zero                           (b) Along the diagonal AC  

 (c) Along the diagonal BD                     (d) Perpendicular to side AB  

 

5. Two small spheres each having the charge Q  are suspended by insulating threads of length L  

from a hook. This arrangement is taken in space where there is no gravitational effect, then the 

angle between the two suspensions and the tension in each will be   

         (a) 
2

2

0 )2(4

1
,180

L

Qo


               (b)

2

2

04

1
,90

L

Qo


 

 (c) 
2

2

0 24

1
,180

L

Qo


              (d)

2

2

04

1
,180

L

Qo

  

  ELECTRIC FIELD & ELECTRIC POTENTIAL: 

6. Charges of C910
3

10   are placed at each of the four corners of a square of side 8 cm. The 

potential at the intersection of the diagonals is    

 (a) V2150  (b) V21500  

 (c) V2900  (d) V900  

7. Three charges qqq  ,,2  are located at the vertices of an equilateral triangle. At the centroid of 

the triangle  

 (a) The field is zero but potential is non-zero         (b) The field is non-zero but potential is zero  

 (c) Both field and potential are zero                       (d) Both field and potential are non-zero  

O 

C 

+q 

+2q 

B A 

+q 

D 

– 2q 
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8. Figure shows the electric lines of force emerging from a charged body. If the electric field at A 

and B are 
AE  and 

BE  respectively and if the displacement between A and B is r  then  

   

 

 

    

 

 

 

 (a) 
BA EE   (b) 

BA EE                  (c) 
r

E
E B

A            (d) 
2r

E
E B

A   

9. ABC is an equilateral triangle. Charges q  are placed at each corner. The electric intensity at 

O  will be  

 (a) 
2

04

1

r

q


              (b) 

r

q

04

1


 

 (c) Zero                     (d) 
2

0

3

4

1

r

q

  

  

10. In the electric field of a point charge q , a certain charge is carried from point A  to B ,C , D  & 

E . Then the work done     

 

 

 

              

 

         (a) is least along the path AB                                                (b) is least along the path AD  

 (c) is zero along all the paths ADACAB ,,  and AE            (d) is least along AE  

11. The magnitude of electric field intensity E  is such that, an electron placed in it would 

experience an electrical force equal to its weight is given by 

 (a) mge  (b) 
e

mg
                (c)

mg

e
         (d) g

m

e
2

2

 

12. An electron and a proton are in a uniform electric field, the ratio of their accelerations will be 

 (a) Zero  

         (b) Unity 

 (c) The ratio of the masses of proton and electron 

 (d) The ratio of the masses of electron and proton 

13.  Two positive point charges of C12  and 8 μC are 10cm apart. The work done in bringing   

       them 4 cm closer is  

(a) 5.8 J (b) 5.8 eV                  (c)13 J                    (d) 13 eV 

14. Three identical point charges, as shown are placed at the vertices of an isosceles right  

       angled triangle. Which of the numbered vectors coincides in direction with the electric?  

       field at the mid-point M of the  hypotenuse. 

A B r 

+q 

B 

C D 

E 

A 

+q +q 

+q 

r 

r r 

A 

B C 
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(a) 1 (b) 2                           (c) 3                      (d) 4 

15. The displacement of a charge Q in the electric field kejeieE ˆˆˆ
321   is jbiar ˆˆˆ  .                    

      The work done is 

(a) )( 21 beaeQ                (b) 
2

2

2

1 )()( beaeQ   

(c) 22

21 )( baeeQ          (d) )()( 2

2

2

1 baeeQ   

16. The potential at a point, due to a positive charge of C100  at a distance of 9m, is     

         (a) 410 V (b) 510 V                 (c) 610 V                   (d) 710 V 

17. A drop of kg610  water carries C610  charge. What electric field should be applied to balance its 

weight (assume )/10 2smg    

(a) 10 V/m upward                             (b)10 V/m downward 

(c) 0.1 V/m downward                              (d) 0.1 V/m upward 

18. A simple pendulum of period T  has a metal bob which is negatively charged. If it is allowed to 

oscillate above a positively charged metal plate, its period will  

(a) Remains equal to T                                (b) Less than T  

(c) Greater than T                              (d) Infinite  

19. A charged particle of mass m  and charge q  is released from rest in a uniform electric field .E  

Neglecting the effect of gravity, the kinetic energy of the charged particle after ‘t’ second is   

(a) 
2

2

2t

mEq
 (b) 

mq

tE 222
                (c)

m

tqE

2

222

                    (d) 
t

Eqm
 

20. A hollow conducting sphere is placed in an electric field produced by a point charge placed at P 

as shown in figure. Let CBA VVV ,,  be the potentials at points BA,  and C respectively. Then   

 

 

             

 

(a) BC VV   (b) CB VV                (c) BA VV         (d) CA VV   

21. Figure shows three points A, B and C in a region of uniform electric field E . The line AB is     

      perpendicular and BC is parallel to the field lines. Then which of the following holds good. Where    

     BA VV ,  and CV  represent the electric potential at points A, B and C respectively 
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         (a) CBA VVV               (b) CBA VVV               (c) CBA VVV            (d) CBA VVV   

22. An infinite line charge produces a field of CN /10182.7 8  at a distance of 2 cm. The linear   

      charge density is  

 (a) mC /1027.7 4    (b) mC /1098.7 4        (c) mC /1011.7 4        (d) mC /1004.7 4  

23. Two infinitely long parallel conducting plates having surface charge densities  and     

      respectively,  are separated by a small distance. The medium between the plates is vacuum. If  

     0 is the dielectric permittivity of vacuum, then the electric field in the region between the  

      plates is    

(a) metervolts /0        (b) metervolts
o

/
2


 

          (c) metervolts
o

/



       (d) metervolts

o

/
2




 

24. At a point 20 cm from the centre of a uniformly charged dielectric sphere of radius 10 cm, the    

      electric field is 100 V/m. The electric field at 3 cm from the centre of the sphere will be    

(a) 150 V/m                  (b) 125 V/m                 (c) 120 V/m          (d) Zero 

  

 ELECTRIC DIPOLE: 

25. An electric dipole is kept in non-uniform electric field. It experiences    

 (a) a force and a torque                              (b)a force but not a torque  

 (c) a torque but not a force                            (d) neither a force nor a torque  

26. An electric dipole consisting of two opposite charges of C6102   each separated by a distance  

      of cm3  is placed in an electric field of 5102  N/C. The maximum torque on the dipole will be  

         (a) mN11012                         (b) mN31012   

         (c) mN11024                         (d) mN31024   

27. An electric dipole is placed at an angle of 30° with an electric field of intensity 2 x 105 NC-1. It   

      experiences a torque equal to 4 Nm. Calculate the magnitude of charge on the dipole, if the   

      dipole length is 2cm. 

            (a) 6 mC               (b) 4 mC               (c) 2 mC                   (d) 8 mC                

28. The electric field at a point on equatorial line of a dipole and direction of the dipole moment  

  

 (a) will be parallel                                    (b)will be in opposite direction  

         (c) will be perpendicular                          (d) are not related 

29. Electric potential at an equatorial point of a small dipole with dipole moment P  (r-distance  

      from the dipole)  is  

         (a) Zero                   (b) 
2

04 r

P


                    (c)

3

04 r

P


             (d) 

3

04

2

r

P


 

30. The potential at a point due to an electric dipole will be maximum and minimum when the  

      angles between the axis of the dipole and the line joining the point to the dipole are respectively  

(a) o90  and o180                 (b) o0  and o90  

(c) o90  and o0                 (d) o0  and o180   



34 
 

     ELECTRIC FLUX& GAUSS LAW: 

31. A cylinder of radius R and length L is placed in a uniform electric field E parallel to the cylinder  

      axis. The total flux for the surface of the cylinder is given by  

 (a) ER 22  (b) ER /2              (c) ERR /)( 2      (d) Zero 

32. Eight dipoles of charges of magnitude e  are placed inside a cube. The total electric flux coming  

      out of the cube will be  

 (a) 
0

8



e
 (b) 

0

16



e
                  (c)

0

e
        (d) Zero 

33. Electric charge is uniformly distributed along a long straight wire of radius 1mm. The charge per  

      cm  length of the wire is Q coulomb. Another cylindrical surface of radius 50 cm and length 1m    

      symmetrically encloses the wire as shown in the figure. The total electric flux passing through  

      the cylindrical surface is    

 

(a) 
0

Q
 

(b) 
0

100



Q
 

(c) 
)(

10

0

Q
 

(d) 
)(

100

0

Q

 

34. The inward and outward electric flux for a closed surface in units of CmN /- 2
 are     

      respectively 3108  and .104 3  Then the total charge inside the surface is (where 0   

      permittivity constant) 

 (a) 3104  C             (b) 3104  C            (c)   


)104( 3
 C           (d) 0

3104  C 

35. Shown below is a distribution of charges. The flux of electric field due to these charges through   

      the surface S is 

      

 

 

 

(a) 0/3 q  (b) 0/2 q                 (c) 0/ q                    (d) Zero 

36. The electric flux for Gaussian surface A that enclose the charged particles in free space is                               

       (given  q1 = –14 nC, q2 = 78.85 nC,  q3 = – 56 nC)    

(a) 103  Nm2 C–1 

(b) 103  CN-1 m–2 

(c) 6.32  103 Nm2 C–1  

(d) 6.32  103 CN-1 m–2  

 

    

50cm 

1m 

+ 
+ 

+ 

+ 
+ 

+ 

+q 
S 

+q 

+q 
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q2 

q3 
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 CAPACITANCE: 

37. A parallel plate condenser has a capacitance F50  in air and F110 when immersed in an oil.  

     The dielectric constant K of the oil is  

 (a) 0.45                          (b) 0.55                     (c)1.10                    (d) 2.20 

38. The capacity of parallel plate condenser depends on  

 (a) The type of metal used                                         (b) The thickness of plates 

         (c) The potential applied across the plates                 (d) The separation between the plates 

39. Between the plates of a parallel plate condenser there is mm1  thick paper of dielectric constant 4.  

      It is charged at V100 . The electric field in metrevolt / between the plates of the capacitor is   

 (a) 100 (b) 100000                 (c) 25000        (d) 4000000 

40. A charge of C40  is given to a capacitor having capacitance 10μf.  The stored energy in ergs is 

 (a) 61080   (b) 800                       (c) 80                    (d) 8000 

41. A parallel plate capacitor has an electric field of mV /105  between the plates. If the charge on  

      the capacitor plate is C1 , the force on each capacitor plate is  

(a) N5.0  (b) N05.0                    (c) N005.0         (d) None of these 

42. The capacitor of capacitance F4 and F6 are connected in series. A potential difference of   

      V500  applied to the outer plates of the two capacitor system. Then the charge on each  

      capacitor is numerically 

 (a) C6000  (b) C1200               (c) C1200         (d) C6000  

43. A capacitor of F20  is charged to V500  and connected in parallel with another capacitor of  

      F10 and charged to V200 . The common potential is 

 (a) V200  (b) V300                 (c) V 400                    (d) V 500  

44. The charge on any one of the F2  capacitors and F1  capacitor will be given respectively  

      (in C )   as 

         (a) 1, 2 

(b) 2, 1 

(c) 1, 1 

(d) 2, 2 

 

45. When two identical capacitors are in series have 3F capacitance and when parallel 12F.   

      What is the capacitance of each capacitor?     

(a) F6  (b) F3                     (c) F12            (d) F9  

ASSERTION - REASON TYPE QUESTIONS: 

Directions: In the following questions, a statement of assertion is followed by a statement of   

                    reason.    

                   Mark the correct choice as: 

(a) If both assertion and reason are true and reason is the correct explanation of assertion. 

(b) If both assertion and reason are true but reason is not the correct explanation of assertion. 

(c) If assertion is true but reason is false. 

(d) If both assertion and reason are false. 

 

2F 2F 

1F 

2V 
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46.   Assertion (A):  In a cavity in a conductor, the electric field is zero. 

          Reason (R): Charges in a conductor reside only at its surface. 
47.   Assertion (A): An electric field produces the same acceleration in electron and proton. 

          Reason (R): For a given force, acceleration does not depend upon mass. 
48.   Assertion (A): When the electric flux through a closed surface is zero then the net charge       

                           inside the surface must be zero. 

          Reason (R): When the net charge inside a closed surface is zero then electric field at every   

                                  point of the            Gaussian surface must be zero. 
49.   Assertion (A): In a non-uniform electric field, a dipole will have translatory as well as   

                           rotatory motion. 

          Reason (R): In non-uniform electric field a dipole experiences force as well as torque. 
50.   Assertion (A): Electric lines of force never cross each other. 

  Reason (R): Electric field at a point superimposes to give one resultant electric field. 

51.   Assertion (A): No work is done in moving a test charge from one point to  another over   

                            an equipotential surface  

  Reason (R): Electric field is always normal to the equipotential surface at every point. 

52.  Assertion (A): A metal plate is introduced between the plates of a charged parallel plate   

                          capacitor, its capacitance increased. 

         Reason (R): A metal plate is introduced between the plates of a charged parallel plate    

                              capacitor, the effective separation between the plates is decreased. 

53.  Assertion (A): Polar molecules have permanent dipole moment. 

 Reason (R): In polar molecules, the centres of positive and negative charges coincide even  

                      when there is no external field. 

54.  Assertion (A):Work done by the electrostatic force in  bringing the unit positive charge       

                          from infinity to the point P     is positive. 

         Reason (R): The force on a unit positive test charge is attractive, so that the   

                              electrostatic force and the displacement  (from infinity to P) are in the same  

                              direction. 

55.  Assertion (A): Work done in moving a charge between any two points in an electric field is   

                         independent of the path followed   by   the   charge,   between   these   points. 

          Reason (R): Electrostatic force is a non conservative force. 

 

CASE BASED QUESTIONS: 

 

56. Gauss’s Law and Coulomb’s law although expressed in different forms, are equivalent  

ways of describing the relations between charge and electric field in static conditions. 

Gauss’s law is Φ = qencl/ɛo, when qencl is the net charge inside an imaginary closed 

surface called Gaussian Surface. Φ= ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗   gives electric flux through the Gaussian 

surface. The two equations hold only when the net charge is in vacuum or air. 

  

     i) If there is only one type of charge in the universe, then (E- Electric field, ds- area vector) 

     a) ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗   is not zero on any surface 

     b) ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗   could not be defined 

     c) ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗  equals infinity if charge is inside 

     d) ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗   = 0 if charge is outside, ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗ = q/ ɛo if charge is inside 

(ii) What is the nature of Gaussian surface involved in the Gauss’s law of electrostatics? 

        a) Magnetic          b) Scalar             c) Vector              d) Electrical 

(iii) The electric flux through a closed surface area S enclosing charge Q is Φ. If surface area is  

       doubled then the electric flux is 

     a) 2 Φ     b) Φ/2                  c) Φ /4                  d) Φ 
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(iv) A Gaussian Surface encloses a dipo le. The electric flux through this surface is 

       a) q / ɛo                b)  2q/ ɛo c) q/2 ɛo      d) zero 

57)  Electric field strength is proportional to the density of lines of force i.e. electric field  strength  

 at a  point is proportional to the number of lines of force cutting a unit area element placed  

 normal to the field at that point. As illustrated in the given fig. the electric field at point P is  

 stronger than at Q. 

  Electric lines of force about a positive point charge are 

               a) radially outwards                         b) circular clockwise 

               c) radially inwards                         d) parallel straight line 

    ii) Which one of the following is false for electric lines of force 

a) they always start from positive charges & terminate on negative charges 

b) they are always perpendicular to the surface of a charged conductor 

c) they always form closed loops 

d) they are parallel & equally spaced in a region of uniform electric field 

   iii) Which one of the following pattern of electric lines of force is not possible in field  

         due to stationary charges 

                a)                  b)    

 

           

                    c)                  d) 

iv) Electric lines of force are curved 

a) in the field of a single positive or negative charge 

b) in the field of a two equal & opposite charges 

c) in the field of a two like charges 

d) both (b) & (c) 

58) When electric dipole is placed in uniform electric field, its two charges experience equal 

opposite forces, which cancel each other & hence net force on electric dipole in uniform 

electric field is zero. However these forces are not collinear so they give rise to some 

torque on the dipole. 

Since net force on electric dipole in uniform electric field is zero, so no work is done in moving 

the electric dipole in uniform electric field. However some work is done in rotating the dipole 

against the torque acting on it. 

i) The dipole moment of a dipole in a uniform external field E is p. Then the torque τ acting  

     on the dipole is 

      a) τ = pE sinɵ  b) τ = pE cosɵ 

      c) τ = 2pE sinɵ  d) τ = p + E 
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ii) An electric dipole consists of two opposite charges each of magnitude 1.0 μC separated  

     by a distance of 2.0 cm. The dipole is placed in an external field of 105 NC-1. The maximum  

     torque on the dipole is 

       a) 0.2×10-3 Nm b) 1×10-3 Nm 

       c) 2×10-3 Nm d) 4×10-3 Nm 

iii) Torque on a dipole in uniform electric field is minimum when ɵ is equal to 

       a)  0°                          b) 90°                       c) 180°                     d) both  a) & c) 

iv) When an electric dipole is held at an angle in a uniform electric field, the net force F  

      & torque τ on the dipole are 

            a) F=0, τ =0                  b) F≠ 0, τ ≠ 0                 c) F=0, τ ≠ 0             d) F≠ 0, τ= 0 

59.  Dielectric with polar molecules also develops a net dipole moment in an external field, but for a    

      different reason. In the absence of any external field, the different permanent dipoles are  

      oriented randomly due to thermal agitation; so the total dipole moment is zero. When an external  

      field is applied, the individual dipole moments tend to align with the field. When summed  

      overall the molecules, there is then a net dipole moment in the direction of the external field, i.e.,  

      the dielectric is polarized. The extent of polarization depends on the relative strength of two  

      factors: the dipole potential energy in the external field tending to align the dipoles mutually  

      opposite with the field and thermal energy tending to disrupt the alignment. There may be, in  

      addition, induced dipole moment‘ effect as for non-polar molecules, but generally the alignment   

      effect is more important for polar molecules. Thus in either case, whether polar or non- polar, a  

      dielectric develops a net dipole moment in the presence of an external field. The dipole moment  

       per unit volume is called polarization. 

 

                                         

      (i) The best definition of polarization is 

              (a) Orientation of dipoles in random direction 

              (b) Electric dipole moment per unit volume 

              (c) Orientation of dipole moments  

              (d)      Change in polarity of every dipole 

      (ii)  Calculate the polarization vector of the material which has 100 dipoles per unit volume in 

             volume of  2   units. 

                   (a) 200            (b) 50                            (c) 0.02          (d) 100 
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      (iii) The total polarization of a material is the 

                   (a) Product of all types of polarization          (b) Sum of all types of polarization  

                   (c) Orientation directions of the dipoles        (d) Total dipole moments in the material 

        (iv) Dipoles are created when dielectric is placed in 

                   (a) Magnetic Field          (b) Electric field  (c) Vacuum         (d) Inert environment    

60.   A dielectric slab is a substance which does not allow the flow of charges through it but   

        permits them to exert electrostatic forces on one another. When a dielectric slab is placed  

        between the plates, the field Eo polarizes the dielectric. This induces charge -Qp on the  upper  

        surface and  + Qp on the lower surface of the dielectric. These induced charges set up a field  

        Ep inside the dielectric in the opposite direction of Eo as  shown. 

                                                       

         (i) In a parallel plate capacitor, the capacitance increases from 4μF to 80μF on introducing a       

             dielectric medium between the plates. What is the dielectric constant of the media? 

                (a) 10          (b) 20         (c) 50                 (d) 100 

       (ii) A parallel plate capacitor with air between the plates has a capacitance of 8 pF. The  

             separation between the plates is now reduced to half and the space between them is filled  

             with a medium of dielectric constant 5. Calculate the value of capacitance of the capacitor   

             in second case. 

                (a) 8pF            (b) 10pF               (c) 80pF             (d) 100pF 

      (iii) A dielectric introduced between the plates of a parallel plate condenser 

                (a) decreases the electric field between the plates 

                (b) increases the capacity of the condenser 

                (c) increases the charge stored in the condenser 

                (d) increases the capacity of the condenser 

     (iv) A parallel plate capacitor of capacitance 1 pF has separation between the plates is d. When  

            the distance of separation becomes 2d and wax of dielectric constant x is inserted in it the  

            capacitance becomes 2 pF. What is the value of x? 

                (a) 2                           (b) 4                         (c) 6                   (d) 8 

                 UNIT-I:    ELECTROSTATICS   (KEY for MCQs ) 

1 2 3 4 5 6 7 8 9 10 

c d a c a b b a c c 

11 12 13 14 15 16 17 18 19 20 

b c c b a b a b c d 

21 22 23 24 25 26 27 28 29 30 

b b c c a b c b a d 

31 32 33 34 35 36 37 38 39 40 

d d b d b a d d b b 
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41 42 43 44 45 46 47 48 49 50 

b c c d a a d c a b 

51 52 53 54 55      

b a c a c      

56 i ii iii iv 57 i ii iii iv 

 d c d d  a c c d 

58 i ii iii iv 59 i ii iii iv 

 a c d c  b a b b 

60 i ii iii iv      

 b c a b      

 

 SOLUTIONS (ELECTROSTATICS) 

1.  (c )     By  Q =Ne  or 14

19

6

105
106.1

1080











N
e

Q
N  

 

2. (d) Resultant charges after adding the – 2C be 0)22(    and C4)62(   

                    F 0
40

22

21 



r

k
r

QQk

 

3. (a) Let separation between two parts be r
2

)(
.

r

qQ
qkF


  

  For F to be maximum 0
dq

dF 
1

2


q

Q

 

4. (c)  We put a unit positive charge at O. Resultant force due to the charge placed at A and C  

               is zero and resultant charge due to B and D is towards D along the diagonal BD. 

 5. (a) The position of the balls in the satellite will become as shown below 

  

   

  Thus angle = 180° and Force 
2

2

0 )2(4

1

L

Q



 

 6. (b) Potential at the centre O, 
2/

.
4

1
4

0 a

Q
V


  

where CQ 910
3

10    and mcma 21088   
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So 

2

108

10
3

10

1095
2

9

9









V volt21500  

7. (b) Obviously, from charge configuration, at the centre electric field is non-zero. Potential  

             at the centre due to 2q charge 
 
and potential due to – q charge  

r

q
V q    (r = distance of centre point) 

 Total potential 02   qqq VVVV  

8.   (a) In non-uniform electric field. Intensity is more, where the lines are more denser. 

9.   (c)  

 

 

 

 

10. (c) ABCDE is an equipotential surface, on equipotential surface no work is done in  

             shifting a charge from one place to another. 

11. (b) According to the question, mgeE  
e

mg
E 

 

12. (c) 
m

qE
a  

e

p

p

e

m

m

a

a


 

13. (c) 
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109
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QQUUW if  

 

















22

669

1010

1

104

1
1081012109W  

        = 12.96 J 13 J 

14. (b) EA = Electric field at M due to charge placed at A 

EB = Electric field at M due to charge placed at B 

EC = Electric field at M due to charge placed at C 

 

         As seen from figure |,||| CB EE   so net electric field at M, ;Anet EE   in the  

        direction of vector 2. 

 

 15. (a) By using  ).( rEQW   

 )()]ˆˆ).(ˆˆˆ[( 21321 beaeQjbiakejeieQW   

 16. (b) By using 
r

Q
V  9109 V5

6
9 10

9

10100
109 






 

 17. (a) By using mgQE   

 ;/10
10

1010
6

6

mV
Q

mg
E 








 upward because charge is positive. 

– q – q 

2q 

r r 

r 

E– q E2q E– q 

EC =E EB =E 

EA = E 

120o 

120o 

120o  

EA = E 

EBC = E 

EC EB 

EA 

Enet = 0 
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EB 

EC 
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18. (b) When a negatively charged pendulum oscillates over a positively charged plate then  

              effective value of g increases so according to ,2
g

l
T  T decreases. 

19. (c) When charge q is released in uniform electric field E  then its acceleration 
m

qE
a   (is  

             constant). So its motion will be uniformly accelerated motion and its velocity after time t is  

             given by atv  t
m

qE
  

KE
m

tEq
t

m

qE
mv

22

1

2

1
2222

2 









 

20. (d) Conducting surface behaves as equipotential surface. 

21. (b) In the direction of electric field potential decreases. 

22. (b) Relation for electric field is given by 
r

E
02


  

(Given : E = 7.182  108N/C)           r = 2 cm = 2  10–2m 

9

0

109
4

1 



2

22
2 0

0

rE
rE





 mC /1098.7

1092

10182.71021 4

9

82










 

23. (c) Electric field between the plates is  

  
00 2

)(

2 





 
  

  volt/meter
0




                          

24. (c) Electric field outside of the sphere
2r

kQ
Eout           ...(i) 

Electric field inside the dielectric sphere 
3R

kQx
Ein  ...(ii) 

From (i) and (ii),  
R

xr
EE outin

2

  

 At 3 cm,  mVE /120
10

)20(3
100

3

2


 

25. (a) As the dipole will feel two forces which are although opposite but not equal.  

              A net force will be there and as these forces act at different points of a body.  

                 A torque is also there.  

 26. (b)  Maximum torque = pE = 2  10–6 3  10–2 2  105 = 12  10–3N-m. 

 27. (c) Torque on a dipole = PE sin 

                                    4 =q l E sin300 = q x 2 x10-2x 2x105 x1/2 

                                                    q =2 x10-3  = 2 mC 

28. (b) The direction of electric field at equatorial point A or B will be in opposite direction, as that  

             of direction of dipole moment. 

 

 

 

E E 

 –  

– + 

 
P 

B 

A 
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29. (a) 

30. (d) 
2

cos

r

p
V


 If  = 0° then .maxaV  

 If 180  then mineV . 

31. (d) Flux through surface A 2REA    and 2REB    

 

 

 

 

 

 

Flux through curved surface  C   odsEdsE 90cos. = 0 

 Total flux through cylinder CBA   = 0 

32. (d) 0
0








q

i.e. net charge on dipole is zero. 

33. (b) Charge enclosed by cylindrical surface (length 100 cm) is .100QQenc   

               By applying Gauss's law )100(
1

)(
1

0

.

0

QQenc


 
 

34. (d) By Gauss’s law 
0

1


   (Qenclosed)  

 0

33

0 )104108(  enclosedQ 0

3104  Coulomb. 

35. (b) )2(
11

00

qQenc


 
 

36. (a) Flux is due to charges enclosed per 0  

   Total flux = 0/)5685.7814( nC 



41091085.8

4

4
1085.8 99

0

9   C  

                                   CNm /4.1000 2 i..e. 121000 CNm  

37.  (d) airmedium CKC   20.2
50

110


air

medium

C

C
K  

38. (d) 
d

AK
C 0

 

39. (b) mV
d

V
E /0000,10
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100
3



 

40. (b) J
C

Q
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41. (b) N
EQ

d
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42. (c) .4.2
21

21 F
CC

CC
Ceq 


            Charge flown = 2.4  500  10–6C =1200 C. 

43. (c) 
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44. (d) Potential difference across both the lines is same i.e. 2 V.  Hence charge flowing in line 2  

.
CQ 22

2

2









 So charge on each capacitor in line (2) 

is 2 C 

45. (a) In series nCC / i.e. FCnC 632   

  In parallel nCC  i.e. F
n

C
C 6

2

12



   

                FCnC 632    

                 In parallel nCC  i.e. F
n

C
C 6

2

12



  

Unit-II:  CURRENT ELECTRICITY 

MCQs (Chapter-3) 

 

1.  Radha while playing with a resistance wire of 6Ω, cuts the wire into three equal parts. The 

maximum value of resistance she can obtain by connecting them in any manner she choose, 

being free to use any number of the wire pieces available with her  

a) 3Ω  b) 4Ω  c) 6Ω  d) 5Ω 

 

2. Three resistors R1, R2 and R3 (R1>R2>R3) are connected in series. If current I1, I2 and I3 

respectively is flowing through them, the correct relation will be  

a) I1 =I2 =I3   c) I1 > I2 > I3 

b) I1< I2 < I3   d) I1 > I2 < I3 

 

3. The magnitude of I in ampere is  

 

a) 0.1 

b) 0.3 

c) 0.6 

d) None of these 

 

4. The ammeter A reads 2A and a voltmeter reads 20V. 

The value of resistance R is 

a) 10Ω 

b) Less than 10Ω 

c) More than 10Ω 

d) Can’t be decided 

 

5. Current provided by a battery is maximum when 

a) Internal resistance equal to external resistance 

b) Internal resistance is greater than external resistance 

c) Internal resistance is less than external resistance 

d) None of these. 

 

6. For what value of unknown resistance X, the potential difference 

between B and D will be zero in the circuit shown in the figure 

a) 4Ω 

b) 6Ω 

c) 2Ω 

d) 5Ω 

 

2F 2F 

1F 

Line(2) 

Line(1) 

  2V 
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7. A cell of internal resistance r is connected across an external resistance R can supply 

maximum current when 

a) R=r  b) R>r  c) R=r/2  d) R=0 

 

8. In a Wheatstone’s bridge, all four arms have equal resistance R. If the resistance of the 

galvanometer arm is also R, the equivalent resistance of the combination as seen by the 

battery is 

a) R   b) 2R  c) R/2   d) R/4 

9. In a current carrying conductor, the ratio of the electric field and current density at a point is 

called 

a) Resistivity  b) Conductivity  c) Resistance  d) Mobility 

 

10. Two batteries, one of emf 18V and internal resistance 2Ω and 

other of emf 12V and internal resistance 1Ω, are connected as 

shown. The voltmeter V will record a reading of 

 

a) 30V  b) 18V   

c) 15V   d) 14V 

 

11. Three resistances P, Q, R each of resistance 2Ω and an unknown 

resistance S form the four arms of a Wheatstone bridge circuit. When a resistance of 6Ω is 

connected in parallel to S, the bridge gets balanced. What is the value of S? 

a) 2Ω   b) 3Ω    c) 6Ω   d) 1Ω 

12.  An unknown resistance R1 is connected in series with resistance of 10Ω. This combination is 

connected to one gap of a meter bridge, while other gap is connected to another resistance R2. 

The balance point is at 50cm. Now when the 10Ω resistance is removed, the balance point 

shifts to 40cm. Then the value of R1 (in Ω) is 

a) 60   b) 40    c) 20   d) 10 

 

13. Each of the resistances in the network shown in the figure 

is equal to R. The resistance between the terminals A and 

B is 

 

a) R    

b) 5R     

c) 3R    

d) 6R 

 

 

14. A 6V battery is connected to the terminals of a three meter long wire of uniform thickness and 

resistance of 100Ω. The difference of potential between two points on the wire separated by a 

distance of 50cm will be 

a) 2V    b) 3V   c) 1V   d) 1.5V 

15. In the network shown in the figure, each resistance is 1Ω. The effective resistance between 

the points A and B is 

a) 
4

3
Ω 

b) 
3

2
Ω 

c) 7Ω 

d) 
8

7
Ω 
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16. A filament bulb (500W, 100V) is to be used in a 230V main supply. When a resistance R is 

connected in series, it works perfectly and the bulb consumes 500W. The value of R is 

a) 26Ω   b) 13Ω   c) 230Ω  d) 46Ω 

 

17. The total power dissipated in watts in the circuit shown 

here is 

 

a) 16     

b)  40    

c)  54    

d)  4 

 

18. When three identical bulbs of 60 watt-200 volt rating are connected in series to a 200V supply, 

the power drawn by them will be 

a) 60 watt   b) 180 watt  c) 10 watt  d) 20 watt 

 

19. Two wires of the same metal have same length, but their cross-section is in the ratio 3:1. They 

are joined in series. The resistance of thicker wire is 10Ω. The total resistance of the 

combination will be 

a) 
5

2
Ω     c) 

40

3
Ω    

b) 40Ω   d) 100Ω 

 

 

20. For the network shown in figure, the value 

of current I is  

a) 
9

35
𝑉    c) 

18

5
𝑉 

b) 
5

9
𝑉    d) 

5

18
𝑉 

 

 

 

 

 

21. Three copper wires have lengths and cross-sectional area as (l, A); (2l, A/2) and (l/2,2A). 

Resistance is minimum in  

a) Wire of cross-sectional area A/2   c) Wire of cross-sectional area A 

b) Wire of cross-sectional area 2A   d) Same in all three case 

 

22. From the graph between current (I) and voltage (V) as shown 

in the figure, identify the portion corresponding to negative 

resistance. 

 

a) AB    c) BC 

b) CD    d) DE 

 

23. A wire of resistance 12Ω per meter is bent to form a complete circle 

of radius 10cm. The resistance between its two diametrically opposite 

points, A and B as shown in the figure is 

a) 3Ω    c) 6π Ω 

b) 6Ω    d) 0.6π Ω 

c)  

 



47 
 

24. In the series combination of two or more than two resistances  

(a) the current through each resistance is same. 

(b) the voltage through each resistance is same. 

(c) neither current nor voltage through each resistance is same. 

(d) both current and voltage through each resistance are same. 

 

25. In a balanced Wheatstone bridge if the battery and galvanometer are interchanged then the 

deflection in galvanometer will 

(a) change in previous direction  (b) not change 

(c) change in opposite direction  (d) none of these. 

 

26. When no current is passed through a conductor, 

(a) the free electrons do not move 

(b) the average speed of a free electron over a large period of time is not zero 

(c) the average velocity of a free electron over a large period of time is zero 

(d) the average of the velocities of all the free electrons at an instant is  zero 

 

27. A cell of emf (E) and internal resistance r is connected across a variable external resistance R. 

The graph of terminal potential difference V as a function of R is  

      
 

       ASSERTION - REASON TYPE QUESTIONS: 

 

Two statements are given –one labelled Assertion (A) and other labelled Reason (R). Select 

the correct answer to these questions from the options as given below.  

a) If both Assertion and Reason are true and Reason is correct explanation of Assertion.  

b) If both Assertion and Reason are true but Reason is not the correct explanation of   

    Assertion.  

c) If Assertion is true but Reason is false.  

d) If both Assertion and Reason are false 

 

28. Assertion: A wire carrying an electric current has no electric field around it 

Reason: Rate of flow of electrons in one direction is equal to rate of flow of protons in   

               opposite direction. 

29. Assertion: The value of temperature coefficient of resistance is positive for metals. 

Reason: The temperature coefficient of resistance for insulator is also positive. 

 

30. Assertion: An electric bulb starts glowing instantly as it is switched on. 

Reason: Drift speed of electrons in a metallic wire is very large. 
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31. Assertion: Voltmeter is connected in parallel with the circuit. 

Reason : Resistance of a voltmeter is very large. 

 

32. Assertion: The dimensional formula for product of resistance and conductance is same as   

                                     for dielectric constant. 

Reason: Both have dimensions of time. 

 

CASE BASED QUESTIONS 

 

33. Electric power is the rate at which electrical energy is 

transferred by an electric circuit. The SI unit of power is the watt, 

one joule per second. A common misconception is that electric 

power is bought and sold, but actually electrical energy is bought 

and sold. For example, electricity sold to consumers is measured 

in terms of amounts of energy, kilowatt-hours (kilowatts 

multiplied by hours), and not the rate at which this energy is 

transferred. 

Electric power is usually produced by electric generators, but can 

also be supplied by sources such as electric batteries. It is usually 

supplied to businesses and homes (as domestic mains electricity) 

by the electric power industry through an electrical grid. 

  
(i) A wire when connected to 220V mains supply has power dissipation P1. Now the wire is 

cut into two equal pieces which are connected in parallel to the same supply. Power 

dissipation in this case is P2. Then P2:P1 is 

a) 1  b) 4  c) 2  d) 3 

(ii) In the circuit shown, the power developed in the 6Ω resistor 

is 6watt. The power in watts developed in the 4Ω resistor is  

a) 16   

b) 9   

c) 6   

d) 4 

(iii) Two wires A and B of the same material and having same length, have their cross- 

sectional area in the ratio 1:6. What would be the ratio of heat produced in these wires 

when same voltage is applied across each? 

a) 6:1  b) 1:6  c) 3:4  d) 4:3 

(iv) If two wires having resistance R and 2R both are joined in series and in parallel, then ratio 

of heat generated in this situation, applying the same voltage is 

a) 2:1  b) 1:2  c) 2:9     d)9:2 

(v) The element of a heater is rated (P,V). If it is connected across a source of voltage V/2, 

then the power communed by it will be 

a) P  b) 2P  c) P/2  d) P/4 

 

 

34. The direction of an electric current is by convention the direction in which a positive charge 

would move. Thus, the current in the external circuit is directed away from the positive 

terminal and toward the negative terminal of the battery. In other words direction of current is 

opposite to the motion of negative charge or electrons. 

https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Electric_circuit
https://en.wikipedia.org/wiki/SI
https://en.wikipedia.org/wiki/Power_(physics)
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Second
https://en.wikipedia.org/wiki/Kilowatt-hours
https://en.wikipedia.org/wiki/Electric_generator
https://en.wikipedia.org/wiki/Battery_(electricity)
https://en.wikipedia.org/wiki/Mains_electricity
https://en.wikipedia.org/wiki/Electric_power_industry
https://en.wikipedia.org/wiki/Electrical_grid
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In a close circuit, the algebraic sum of currents at a junction is zero. It is followed by 

Kirchhoff’s current law which states that "at any junction, the sum of currents entering the 

junction is equal to the sum of currents leaving the junction.” 

 

(i) Five conductors are meeting at a point x as shown in 

the figure. What is the value of current in fifth 

conductor?  

a) 3A away from x   

b)  1A away from x 

c) 4A away from x   

d)  1A towards x 

(ii) In the given circuit what is the direction of current 

across resistor R 

a) X to Y    

b)  Y to X  

c) Zero current   

d)  none of these 

 

(iii) In the given circuit what is the direction of current 

across resistor R 

a) X to Y    

b) Y to X  

c) Zero current   

d) none of these 

 

 

(iv) In the given set up of resistance wire 

what is direction of current in branches 

OE , OD and AO 

 

a) O to E, O to D and A to O 

b) E to O, O to D and O to A 

c) E to O, D to O and A to O 

d) E to O, O to D and A to O 

 

(v) The current in the arm CD of the circuit will be  

a) 𝑖1 + 𝑖2   

b) 𝑖2 + 𝑖3   

c) 𝑖1 + 𝑖3   

d) 𝑖1 − 𝑖2 + 𝑖3  
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(vi) The figure shows a network of currents.  

What is value of i? 

 

a) 3A   

b)  13A 

c) 23A 

d) -3A 

 

 

35. Resistivity, commonly symbolized by the Greek letter rho, ρ, is quantitatively equal to the 

resistance R of a specimen such as a wire, multiplied by its cross-sectional area A, and divided 

by its length l; ρ = RA/l. The unit of resistance is the ohm. In the metre-kilogram-second 

(MKS) system, the ratio of area in square metres to length in metres simplifies to just metres. 

Thus, in the metre-kilogram-second system, the unit of resistivity is ohm-metre. If lengths are 

measured in centimetres, resistivity may be expressed in units of ohm-centimetre. 

The resistance of a wire is directly proportional to its length and inversely proportional to its 

cross-sectional area. Resistance also depends on the material of the conductor. See resistivity. 

The resistance of a conductor, or circuit element, generally increases with increasing 

temperature. 

Resistance, in electricity, is a property of an electric circuit or part of a circuit that transforms 

electric energy into heat energy in opposing electric current. Resistance involves collisions of 

the current-carrying charged particles with fixed particles that make up the structure of the 

conductors. Resistance is often considered as localized in such devices as lamps, heaters, 

and resistors, in which it predominates, although it is characteristic of every part of a circuit, 

including connecting wires and electric transmission lines. 

The dissipation of electric energy in the form of heat, even though small, affects the amount 

of electromotive force, or driving voltage, required to produce a given current through the 

circuit. In fact, the electromotive force V (measured in volts) across a circuit divided by the 

current I (amperes) through that circuit defines quantitatively the amount of electrical 

resistance R. Precisely, R = V/I. Thus, if a 12V battery steadily drives a two-ampere current 

through a length of wire, the wire has a resistance of six volt per ampere, or six ohm. 

The ohm is the common unit of electrical resistance, equivalent to one volt per ampere and 

represented by the capital Greek letter omega, Ω. The resistance of a wire is directly 

proportional to its length and inversely proportional to its cross-sectional area. Resistance also 

depends on the material of the conductor.  

(i) An electric wire of length ‘L’ and area of cross-section A has resistance R ohm. Another 

wire of the same material having same length and area of cross-section 4A has resistance 

of  

a) 4R  b) R/4  c) R/16  d) 16R 

(ii) A resistance of 2Ω is to be made from copper wire (specific resistance =1.7x10-8Ωm) 

using a wire of length 50cm. The radius of the wire is  

a) 0.0116mm b) 0.0367mm c) 0.116mm d) 0.267mm 

(iii) The resistance of straight conductor does not depend upon its 

a) Temperature b) length c) material d) potential difference   

(iv) A certain wire has resistance R. The resistance of another wire identical with the first 

except having twice its diameter is  

a) 2R  b) 0.25R c) 4R  d) 0.5R 

(v) Two wires A and B of the same material, having radii in the ratio 1:2 and carrying current 

in the ratio 4:1. The ratio of drift speed of electrons in A and B  

a) 16:1  b) 1:16  c) 1:4  d) 4:1 

(vi) The electric resistance of a certain wire of iron is R if its length and radius are both 

doubled then 

https://www.britannica.com/science/ohm
https://www.britannica.com/science/ohm-metre
https://www.britannica.com/science/electricity
https://www.britannica.com/technology/electric-circuit
https://www.britannica.com/science/heat
https://www.britannica.com/science/electric-current
https://www.britannica.com/technology/lamp
https://www.britannica.com/technology/electric-heater
https://www.britannica.com/technology/resistor
https://www.merriam-webster.com/dictionary/dissipation
https://www.britannica.com/science/electromotive-force
https://www.britannica.com/technology/battery-electronics
https://www.britannica.com/science/ohm
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a) The resistance and the specific resistance will both remain unchanged. 

b) The resistance will be doubled, the specific resistance will be halved. 

c) The resistance will be halved, the specific resistance will remain unchanged. 

d) The resistance will be halved, the specific resistance will be doubled. 

 

36. Drift velocity: Drift velocity is the average velocity with which electrons 'drift' in the presence 

of an electric field. It's the drift velocity 

(or drift speed) that contributes to the 

electric current. In contrast, thermal 

velocity causes random motion resulting 

in collisions with metal ions. 

Every material above absolute zero 

temperature which can conduct like 

metals will have some free electrons 

moving at random velocity. When a 

potential is applied around a conductor 

the electrons will tend to move towards 

the positive potential, but as they move, 

they will collide with atoms and will 

bounce back or lose some of their kinetic energy. However, due to the electric field, the 

electrons will accelerate back again, and these random collisions will keep happening but as 

the acceleration is always in the same direction due to the electric field, the net velocity of the 

electrons will also be in the same direction. 

 
(i) Drift velocity of a free electron inside a conductor is 

a) The thermal speed of the free electron 

b) The speed with which a free electron emerges out of the conductor 

c) The average speed required by the electron in any direction 

d) The average speed of the electron between successive collisions in the direct 

opposite to the applied electric field. 

(ii) A metal wire is subjected to a constant potential difference. When the temperature of 

the metal wire increases, the drift velocity of the electron in it  

a) Increases, thermal velocity of electron increases 

b) Decreases, thermal velocity of electron increases 

c) Increases, thermal velocity of electron decreases. 

d) Decreases, thermal velocity of electron decreases.  

(iii) A potential difference V is applied to a copper wire. If the potential difference is 

increased to 2V, then the drift velocity of electrons will  
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a) be doubled the initial velocity                        b) remain same 

c)   be √2  times the initial velocity                     d) be half the initial velocity 

(iv) The relaxation time in conductors 

a) increases with increase in temperature 

b) decreases with increase in temperature 

c) it does not depend on temperature 

d) all of sudden changes at 400 Kelvin 

(v) Which of the following characteristic of electrons determines the current in a 

conductor? 

a) Drift velocity alone                           b) Thermal velocity alone 

c)   Both drift and thermal velocity        d)  Neither drift nor thermal velocity 

(vi) When the length and area of cross-section both are doubled, then drift velocity 

a) Will become half      c) will be doubled 

b) Will remain the same     d) will become four times 

(vii) When a current I is setup in a wire of radius r, the drift velocity is vd. If the same 

current is set up through a wire of radius 2r, the drift velocity will be  

a) 4vd  b) 2vd  c) vd/2  d) vd/4 

(viii) When no current is passed through a conductor 

a) The free electron do not move 

b) The average speed of a free electron over a large period of time is not zero 

c) The average velocity of a free electron over a large period of time is zero 

d) The average of the velocities of all the free electrons at an instant is  zero 

 

37. INTERNAL RESISTANCE OF CELL: Cells, EMF, Internal Resistance (r) are the components 

which complete the circuit and help the flow of electricity within the circuit. Cells, emf and 

internal resistance are inter-related to one another. Batteries i.e. Cells are posses internal 

resistance and potential difference i.e. voltage (V). Internal resistance is the resistance within a 

battery, or other voltage sources that causes a drop in the source voltage when there is a 

current. A cell can be thought of as a source of e.m.f. (ε) with a resistor connected in series. 

When current flows through the cell a voltage develops across the internal resistance. 

V = ε-Ir 

(i)  The terminal voltage of a cell in an open circuit condition is 

a) Less than its emf   c) More than its emf 

b) Equal to its emf   d) Depends on its internal resistance 

(ii) What is the p.d. across the terminals (VT) of a cell with emf ε  for the open circuit? 

a) VT < ε  b) VT > ε  c) VT = 0  d) VT = ε 

(iii) A new flashlight cell of emf 1.5V gives a current of 15A, when connected directly to 

an ammeter of resistance 0.04Ω. The internal resistance of cell is  

a) 0.04Ω  b) 0.06Ω  c) 0.10Ω  d) 10Ω 

(iv) A student measures the terminal difference (V) of a cell (of emf ε and internal 

resistance r) as a function of the current (I) flowing through it. The slope, and intercept, 

of the graph between V and I , then, respectively, equal 

a) ε and r  b) – r and ε  c) r and – ε     d) – ε and r 

(v) For a cell, the graph between the potential difference 

(V) across the terminals of the cell and the current (I) 

drawn from the cell is shown in the figure. The emf 

and the internal  resistance of the cell are 

a) 2V , 0.5Ω  b) 2V, 0.4Ω   

c) >2V, 0.5Ω  d) >2V, 0.4Ω 
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38. Kirchhoff's current law 

The current entering any junction is equal to the 

current leaving that junction. i2 + i3 = i1 + i4 

This law, also called Kirchhoff's first law, or  

Kirchhoff's junction rule, states that, for any  

node (junction) in an electrical circuit, the sum 

of currents flowing into that node is equal to the  

sum of currents flowing out of that node;  

or equivalently: 

 

The algebraic sum of currents in a network of conductors                                            

meeting at a point is zero. 

Recalling that current is a signed (positive or negative) quantity  

reflecting direction towards or away from a node, this principle can  

be succinctly stated as: 

 

  Kirchhoff’s second law (Kirchhoff's voltage law): 

The sum of all the voltages around a loop is equal to zero. 
v1 + v2 + v3 + v4 = 0 

This law, also called Kirchhoff's loop rule, states the following: 

                 The directed sum of the potential differences (voltages)  

            around any  closed loop is zero. 

 

(i) According to Kirchhoff’s law, in any analytical circuit, if the current is assumed opposite, 

then the value of current will be  

a)  ( i )  b) (2i)  c) (-i)   d) zero 

(ii) Kirchhoff’s first law at a junction is based on the law of conservation of  

a) Charge  b) energy c) momentum  d) angular momentum 

(iii) Kirchhoff’s second law is based on the law of conservation of  

a) Charge  b) energy c) momentum  d) sum of mass and energy 

(iv) In a closed circuit, the vector sum of total emf is equal to the sum of the ________ 

a) Current    c) Resistance  

b) Product of current and resistance d) product of potential differences 

 

39. WHEATSTONE BRIDGE: Wheatstone bridge, also known 

as the resistance bridge, calculates the unknown resistance 

by balancing two legs of the bridge circuit. One leg includes 

the component of unknown resistance. 

The Wheatstone Bridge Circuit comprises two known 

resistors, one unknown resistor and one variable resistor 

connected in the form of a bridge. This bridge is very 

reliable as it gives accurate measurements. 

When bridge is balanced VB=VD i.e. potential at B and D are 

same so no potential difference between B and D. Hence 

current across G is zero so ig = 0. And we get this condition 

at  
𝑃

𝑅
=

𝑄

𝑆
      

(i) In Wheatstone bridge, three resistors P,Q,R are connected in three arms in order as 

shown in above circuit and 4th arm S is formed by two resistors S1 and S2 connected in 

parallel. The condition for bridge to be placed is P/Q 

a) R(S1+S2)/S1S2   c) S1S2/R(S1+S2) 

b) RS1S2/(S1+S2)   d) (S1+S2)/RS1S2 

https://en.wikipedia.org/wiki/Electrical_circuit
https://en.wikipedia.org/wiki/Current_(electricity)
https://en.wikipedia.org/wiki/Potential_difference
https://en.wikipedia.org/wiki/File:Kirchhoff_voltage_law.svg
https://en.wikipedia.org/wiki/File:KCL_-_Kirchhoff's_circuit_laws.svg


54 
 

(ii) Four conductors of resistance 4, 3, 9 and 6 ohm are connected in AB, BC, CD and DA 

arms of a Wheatstone bridge. The bridge can be balanced by connecting  

a) 6 ohm in series with 3 ohm conductor 

b) 4 ohm in parallel with 6 ohm conductor 

c) 3 ohm in series with 3 ohm conductor 

d) 5 ohm in series with 6 ohm conductor 

(iii) Find the value of current I  

                        
a) 4A  b) 3A   c)2A  d)1A 

(iv) In a Wheatstone bridge, all the four arms have equal resistance R.  If resistance of the 

galvanometer arm is also R, then equivalent resistance of the combination is 

a) R  b) 2R  c) R/2  d) R/4 

(v) In the following figure, the current flowing through 1Ω resistance is  

            

a) 0A  b) 
1

5
 A  c) 

25

7
A  d) 

7

25
A 

 

40. Meter bridge: A meter bridge consists of a 

wire of length 1 m and of uniform cross-

sectional area stretched taut and clamped 

between two thick metallic strips bent at 

right angles with two gaps across which 

resistors are to be connected. The end points 

where the wire is clamped are connected to a 

cell through a key. 

 

Its application of Wheatstone bridge and 

used in various ways. 

(i) In a meter bridge, the point D is 

neutral point  

 

a) The meter bridge can have other   

 neutral point f 

b) when the jockey contacts a point  

on meter wire left of D, current 

flows to B from the wire. 

c) when the jockey contacts a point  

 on the meter wire to the right of 

D, current flows from B to the wire through galvanometer. 

d) When R is increased, the neutral point shifts to left. 
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(ii) The meter bridge shown is in balance position with 
𝑃

𝑄
=

𝑙1

𝑙2
. If we now interchange the positions of 

galvanometer and cell, will the bridge work the same 

? if yes, what will be the balance condition? 

a) Yes, 
𝑃

𝑄
=

𝑙2

𝑙1
         c) Yes, 

𝑃

𝑄
=

𝑙1

𝑙2
 

b) Yes, 
𝑃

𝑄
=

𝑙2−𝑙1

𝑙2+𝑙1
    d) no, no null point 

(iii) A meter bridge is used to determine the value of unknown 

resistance X by adjusting the variable resistance Y as 

shown in the figure. For the most precise measurement of 

X, the resistances P and Q 

a) Do not play any significant role 

b) Should be approximately equal to 2X 

c) Should be approximately equal and are small 

d) Should be very large and unequal 

 

 

(iv) The following unbalanced Wheatstone bridge is 

constructed. Calculate the value of resistor R4 required to balance the bridge circuit. 

 
a) 560Ω  b) 360Ω  c) 720Ω  d) 180Ω 

 

(v) Shown in the figure adjacent is a meter-bridge 

set up with null deflection in the galvanometer. 

The value of the unknown resistor R is 

a) 13.75Ω   

b)  110Ω 

c) 220Ω   

d) d) 55Ω 

   

 

 

ANSWER KEY (CURRENT ELECTRICITY) 

Q. 

No. 

ANSWERS AND STEPS 

1 c) 6Ω 

2 a) I1 =I2 =I3 

3 e) 0.1 
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V= IR=1x6=6V 

potential difference in parallel is equal so,  

V = iR hence i = V/R = 6/60 = 0.1A 

4 

c) More than 10Ω 

 

 

5 e) Internal resistance equal to external resistance 

6 

b) 6Ω 

   for 0 potential difference between B and D it should satisfy balanced Wheatstone bridge   

   condition 
𝑃

𝑄
=

𝑅

𝑆
   here P,Q,R and S will be 12, (X+6), (

1×1

1+1
)𝑎𝑛𝑑 (

1×1

1+1
)  

Therefore 
12

(X+6)
=

(
1×1

1+1
)

(
1×1

1+1
)
= 1  

12 = X+6 so, X = 6Ω 

7 

d) R=0 

    𝐼 =
𝜀

𝑅+𝑟
  

   For maximum I, (R+r) should be minimum. Hence R = 0 will give maximum current. 

8 

a) R 
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9 b) Conductivity 

10 

d) 14V 

     Since the batteries are connected in parallel 

 

11 

b) 3Ω 

    The four resistances of Whetstone’s bridge are 2, 2, 2 and 
𝟔𝑺

𝟔+𝐬
 

     In case of a balanced bridge: 

⇒
𝟐

𝟐
=

𝟐
𝟔𝑺

𝟔+𝐬

 

⇒ 6s=2(6+s  ) 

⇒3s=6+s 

⇒2s=6 

⇒s=3 Ohm 

 

12 

c) 20 

    In 1st case the balance condition is (R1+10)/R2=(100−50)/50 

    So    R1+10=R2   .... (1) 

     In 2nd case balance condition:  R1/ R2=40/(100 – 40) =  40/60 =2/3 

  or   R2=3R1/2   .... (2) 

        From (1) and (2),   R1+10=3R1/2 

 or    R1=20Ω 

13 

a)R 

 

So simplified circuit is 

 

14 

c) 1V 

    The potential drop across 3m will be 6V. 

Let the potential drop across 50cm be E. 

For uniform cross section of a homogenous wire potential per unit length is same 
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Hence 
𝑬𝟏

𝑳𝟏
=

𝑬𝟐

𝑳𝟐
 

⟹6/3=E/0.5 

     E=2×0.5=1V 

15 

d) 
8

7
Ω 

 

 

 

16 

a) 26Ω 

Power rating =
𝑉2

𝑅
 so, 𝑅 =

𝑉2

𝑃
=

1002

500
 = 20Ω and current for this rating                   

𝑃 = 𝑉𝐼 𝑠𝑜, 𝐼 =
𝑃

𝑉
= 5𝐴   

Now, when bulb connected with R and works perfectly that means voltage across bulb 

is 100V and current in it is 5A. 

So, R= 
𝑉

𝐼
 = 

 130

5
= 26Ω 

 

17 c) 54  
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𝑃 =
𝑉2

𝑅
=

182

6
= 54 𝑤𝑎𝑡𝑡  

18 

d) 20 watt 

𝑃 =
𝑉2

𝑅
  𝑠𝑜, 𝑅 =

𝑉2

𝑃
=  

2002

60
  

In series 𝑅𝑒𝑞 = 𝑅1 + 𝑅2 + 𝑅3 = 3 × 
2002

60
= 2000Ω  

𝑃𝑒𝑞 =
𝑉2

𝑅𝑒𝑞
=

2002

2000
=20 watt. 

19 

b) 40Ω 

Resistance of a wire 𝑅 =
𝜌𝑙

𝐴
     where ρ= resistivity, l = length, A= cross section of the wire. 

As both have same material and length so R∝
1

𝐴
  

Thus, 
𝑅1

𝑅2
=
𝐴2

𝐴1
=
1

3
     ⇒  R2 = 3R1. 

here R1 is the resistance of thicker wire so its resistance R1=10Ω (given) 

so, R2 = 3(10) = 30Ω 

As they are connected in series so the equivalent resistance is  

Req=R1+R2=10+30=40Ω 

20 

d) 
5

18
𝑉 

as the bridge is balanced so,  

 

𝑖 =
𝑉

𝑅𝑒𝑞
=

5𝑉

18
  

21 

b) Wire of cross-sectional area 2A  

𝑅 =
𝜌𝑙

𝐴
   so R1=R 

𝑅2 =
𝜌(2𝑙)

(
𝐴

2
)
 = 4𝑅    
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𝑅3 =
𝜌(

𝑙

2
)

(2𝐴)
=

𝑅

4
   

22 b) CD  

23 

d) 0.6πΩ 

 
24 (a) the current through each resistance is same. 

25 (b) not change 

26 (d) the average of the velocities of all the free electrons at an instant is  zero 

27 

b 

𝑉 = 𝐸 − 𝐼𝑟  

𝑉 = 𝐸 − (
𝐸

𝑟+𝑅
) 𝑟  

𝑉 = 𝐸[1 −
𝑟

𝑟+𝑅
] 

𝑉 = 𝐸[1 −
1

1+
𝑅

𝑟

]  

So as R increases V also increases but not linearly and maximum value of V is E. 

28 b 

29 c 

30 c 

31 a 

32 c 

33 

(i) b) 4 

Let the resistance of the whole wire = R 

We know, 

P1 = 
𝑽𝟐

𝑹
 

Now after cutting the wire into two equal pieces the resistance of each piece = R/2 

Equivalent resistance parallel combination  

  so,  

 

(ii) b) 9 

P1= 
𝑽𝟐

𝑹
 so,  6 = 

𝑽𝟐

𝟔
  hence V=6 V 

Now in parallel voltage remains same 

P2 = 
𝑽𝟐

𝑹
 = 6 x 6/4 =  9 

 

(iii) b) 1:6 
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(iv) d) 9:2 

 

 
(v) d) P/4 

 
 

34 

(i) b) 1A away from x 

as per Kirchhoff’s junction law ∑ 𝑖𝑛 = 0 

so, 5A+4A+i-5A-3A = 0 

i = - 1A 

So, 1A away from X 

(ii) a) X to Y  

(iii) a) X to Y  

(iv) b) E to O, O to D and O to A 

    As current flows from high potential to low potential 

(v) b) 𝑖2 + 𝑖3 

(vi) c) 23A 

35 

(i) b) R/4  

                      𝑅 =
𝜌𝐿

𝐴
  

As resistance and area are inversely proportional  

So when area becomes 4 times then resistance becomes one fourth. 

 

(ii) b) 0.0367mm 

 
(iii) d) potential difference   

(iv) b) 0.25R 

diameter α radius 

area α (radius)2 

resistance α 
1

𝑟𝑎𝑑𝑖𝑢𝑠2
 

so if diameter doubles, then radius doubles and area becomes four times 
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so resistance becomes one fourth i.e, 0.25 times 

(v) c) 16:1 

Current flowing through the conductor, I= neAvd 

 

Hence 

                              
4

1
 =   

𝑛𝑒𝑣1𝜋12

𝑛𝑒𝑣2𝜋22
 

                             
𝑣1

𝑣2
=

4×4

1
 =16:1 

(vi) c) The resistance will be halved; the specific resistance will remain unchanged. 

𝑅 =
𝜌𝑙

𝐴
=

𝜌𝑙

𝜋𝑟2
  

𝑅′ =
𝜌(2𝑙)

𝜋(2𝑟)2
=

1

2

𝜌𝑙

𝜋𝑟2
=

1

2
𝑅 

36 

(i) d) The average speed of the electron between successive collisions in the direct 

opposite to the applied electric field. 

(ii) b) Decreases, thermal velocity of electron increases 

(iii) a) Be doubled the initial velocity 

𝑣𝑑 = 𝑎𝜏 

𝑎 =
𝑒𝐸

𝑚
 

𝑣𝑑 =
𝑒𝑉𝜏

𝑚𝑙
 

So drift velocity is directly proportional to potential difference 

(iv) b) Decreases with increase in temperature 

(v) a) Drift velocity alone 

(vi) b) Will remain the same 

(vii) d) vd/4 

𝐼 = 𝑛𝑒𝐴𝑣𝑑 

𝐼 = 𝑛𝑒(𝜋𝑟2)𝑣𝑑 

 𝑣𝑑 =
𝐼

𝑛𝑒(𝜋𝑟2)
 

As drift velocity is inversely proportional to square of radius  

So, when radius doubles then drift velocity becomes one fourth. 

(viii) d) The average of the velocities of all the free electrons at an instant is  zero 

37 

(i) b) Equal to its emf 

(ii) d) VT  = ε 

(iii) b) 0.06Ω 

 
(iv) b) –r and E  
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(v) b) 2V, 0.4Ω 

as intercept is 2V so emf is 2V 

slope =- r 

slope = -2/5 

so, r = 2/5 = 0.4Ω 

38 

(i) c) (-i) 

(ii) a) Charge  

(iii) b) energy 

(iv) b) Product of current and resistance 

39 

(i) a) R(S1+S2)/S1S2 

(ii) c) 3 Ω in series with 3 Ω conductor 

(iii) d)1A 

 
As the bridge is balanced so  

 
So equivalent resistance is 2Ω 

And 𝑖 =
𝑉

𝑅
=

2

2
= 1𝐴   

(iv) a) R 
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so equivalent resistance will be 
1

𝑅𝑜
=

1

2𝑅
+

1

2𝑅
  

So, Ro = R 

(v) a) 0A  

as the bridge is balanced so potential at Q = potential at S 

Hence, current in 1Ω resistance will be zero. 

40 

(i) c) When the jockey contacts a point on the meter wire to the right of D, current  

    flows from B to the wire through galvanometer. 

(ii) c) Yes, 
𝑃

𝑄
=

𝑙1

𝑙2
 

(iii) c) Should be approximately equal and are small 

(iv) c) 720Ω  

(v) c) 220Ω 

 

UNIT-III- MAGNETIC EFFECTS OF CURRENT & MAGNETISM 

MCQs - Chapter 4: Moving Charges and Magnetism 

1. A voltmeter has a range 0-V with a series resistance of R Ω. With a series resistance of 2R, its 

range is 0-V’. The correct relation between V and V' is 

a) V = 2V  b) V' > 2V    c) V’ > 2V  d) V < 2V 

2. The magnetic field due to a current-carrying circular loop of radius 3 cm at a point on the axis 

at a distance of 4 cm from the center is 54 pT. What will be its value at the center of the loop? 

a) 125 µT  b) 75 µT  c) 250 µT  d) 150  µT 

3. A galvanometer of resistance 25Ω is shunted by a 2.5Ω wire. The part of total current Io that 

flows through the galvanometer is given by 

a) 
𝐼

𝐼𝑜
=

2

11
  b)  

𝐼

𝐼𝑜
=

4

11
  c) 

𝐼

𝐼𝑜
=

1

11
  d) 

𝐼

𝐼𝑜
=

3

11
 

4. A uniform electric field and a uniform magnetic field are produced, pointed in the same 

direction. When an electron is projected with its velocity pointed in the same direction, 

a) the electron velocity will decrease in magnitude 

b) the electron velocity will increase in magnitude 

c) the electron velocity will turn it into left 

d) the electron velocity will turn it into right 

5. A panicle having charge 100 times that of an electron is revolving in a circular path by radius 

0.8 m with one rotation per second. The magnetic field produced at the center is: 

a) 10−16𝜇𝑜  b) 1017𝜇𝑜  c)10−15𝜇𝑜  d) 10−17𝜇𝑜 

6. The magnetic field in a circular loop of diameter 0.1 m carrying a current of 1 A is 

a) 3.8 x 10−5 𝑇 b) 4.4 x 10−5𝑇 c) 1.25 x 10−5𝑇          d) 2.8 x 10−5 𝑇 

7. A wire of length L carrying current i is placed perpendicular to the magnetic induction B. The 

total force on the wire is 

a) LB/i  b) iL /B   c) iLB   d) iB/ L 
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8. A conducting loop carrying a current I is placed in a uniform magnetic field pointing into the 

plane of the paper as shown. The loop will have a tendency to 

                                      
a) Contract                                               b) Expand                                                                     

c) Move towards +ve X – axis            d) Move towards –ve X – axis 

9. Two circular coils are made of two identical wires of same length. If the number of turns of 

two coils is 4 and 2, then the ratio of magnetic induction at centres will be zero. 

a) 4 : 1   b) 2 :1    c) 1 : 2   d) 1:1 

10. An electron (e = 1.6 x 10-l9C) moves in a circular orbit of radius 1.42 cm with a speed of 10 

cm/s in presence of magnetic field of 4 x 10-2T. If the mass of electron is 9.1 x 10-31 kg the 

energy gained by the electron in going one round the circular orbit is 

a) Zero  b) 4.54 x 10-28 J c) 9.08 x 10-28 J d) 28.55 x 10-28 J 

11. An ammeter has resistance Ro and range I. What resistance should be connected in parallel 

with it to increase its range by n times? 

a) Ro/(n - 1)  b) Ro/(n + 1)   c) Ro/n   d) None of these 

12. A straight wire of length 0.5 m and carrying a current of 1.2 A is placed in a uniform 

magnetic field of induction 2 T. The magnetic field is perpendicular to the length of the wire. 

The force on the wire is 

a) 2.4 N  b) 1.2 N  c) 3.0 N  d) 2.0 N 

13. A circular coil is in Y-Z plane with centre at origin. The coil is carrying a constant current 

Assuming direction of magnetic field at x = -25 cm to be positive direction of magnetic field, 

which of the following graphs shows variation of magnetic field along X-axis? 
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14. A deuteron of kinetic energy 50 keV is describing a circular orbit of radius 0.5 m in a plane 

perpendicular to magnetic field B. The kinetic energy of the proton that describes a circular 

orbit of radius 0.5 m in the same plane with the same B is 

a) 200 keV  b) 100 keV  c) 50 keV  d) 25 keV 

15. A and B are two concentric circular conductors of centre O and carrying currents ix and i2 as 

shown in the adjacent figure. If ratio of their radii is 1 : 2 and ratio of the flux densities at O 

due to A and B is 1: 3, then the value of i1/i2 is 

                                                       

a) 1/6   b)1/4   c) 1/3   d) 1/2 

16. A wire carrying current i is shaped as shown. Section AB is a quarter circle of radius r. The 

magnetic field is directed  

                                      

a) At an angle π/4 to the plane of the paper 

b) Perpendicular to the plane of the paper and directed in to the paper 

c) Along the bisector of the angle ACB towards AB 

d) Along the bisector of the angle ACB away from AB 

17. A rectangular loop carrying a current i is placed in a uniform magnetic field B. The area 

enclosed by the loop is A. If there are n turns in the loop, the torque acting on the loop is 

given by 

a) 𝑛𝑖𝐴 ⃗⃗  ⃗x �⃗�   b) 𝑛𝑖𝐴 ⃗⃗  ⃗. �⃗�   c) 
1

𝑛
(𝑖𝐴 ⃗⃗  ⃗x �⃗�  )  d) 

1

𝑛
 (𝑛𝑖𝐴 ⃗⃗  ⃗. �⃗� ) 

18. Two long parallel wires P and Q are both perpendicular to the plane of the paper with distance 

5 m between them. If P and Q carry current of 2.5 A and 5 A respectively in the same 

direction, then the magnetic field at a point halfway between the wires is 

a) 
√3𝜇𝑜

2𝜋
  b) 

𝜇𝑜

𝜋
   c) 

3𝜇𝑜

2𝜋
   d) 

𝜇𝑜

2𝜋
 

19. Wires 1 and 2 carrying currents ix and i2 respectively are inclined at an angle 0 to each other. 

What is the force on a small element dl of wire 2 at a distance of r from wire 1 (as shown in 

figure) due to the magnetic field of wire 1 
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a) 
𝜇𝑜

2𝜋𝑟
𝑖1𝑖2 dl tan 𝜃                            b) 

𝜇𝑜

2𝜋𝑟
𝑖1𝑖2 dl sin 𝜃   

b) 
𝜇𝑜

2𝜋𝑟
𝑖1𝑖2 dl cos 𝜃                            d) 

𝜇𝑜

4𝜋𝑟
𝑖1𝑖2 dl sin 𝜃 

20. A straight rod of mass m and length L is suspended from the identical springs as shown in 

figure. The spring is stretched a distance Xo due to the weight of the wire. The circuit has total 

resistance R. When the magnetic field perpendicular to the plane of paper is switched on, 

springs are observed to extend further by the same distance. The magnetic field strength is 

                                              

a) 
2𝑚𝑔𝑅

𝐿𝐸
  b) 

𝑚𝑔𝑅

𝐿𝐸
   c) 

𝑚𝑔𝑅

2𝐿𝐸
   d) 

𝑚𝑔𝑅

𝐸
  

21. Two concentric coils each of radius equal to 2π cm are placed at right angles to each other. 

3A and 4A are the currents flowing in each coil respectively. The magnetic induction in 

Wbm-2 at the centre of the coils will be (µo = 4 π X 10 - 7 WbAm-1) 

a) 12 x 10-5  b) 10-5  c) 5 x 10-5  d) 7 x 10-5 

22. Two long parallel conductors carry currents in opposite directions as shown. One conductor 

carries a current of 10A and the distance between the wires is d = 10 cm. Current I is adjusted, 

so that the magnetic field at P is zero. P is at a distance of 5 cm to the right of the 10 A current. 

Value of I is 

 

 

  

a) 40A b)  30A   C) 20A   d) 10A 

23. A vertical wire kept in Z-X plane carries a current from Q to P (see figure). The magnetic 

field due to current will have the direction at the origin 0 along 

a) OX b)  OX’   c)   OY   d)   OY’ 

24. 3A of current is flowing in a linear conductor having a length of 40 cm. The conductor is 

placed in a magnetic Field of strength 500 gauss and makes an angle of 30° with direction of 

the field. It experiences a force of magnitude 

a) 3 x 10-4 N b) 3 x 10 2 N  c) 3 x 10 -2 N  d) 3 x 10 -4 N 

 

10 A 

d 

I P 
5 cm 
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25. The magnetic field induction at the centre O, in the arrangement shown in figure is 

 

 

  

a) 
𝜇𝑜 𝑖

4𝜋 𝑟
 ( 4 +  𝜋)                b) 

𝜇𝑜 𝑖

4𝜋 𝑟
 ( 3 +  𝜋)                                                         

c) 
𝜇𝑜 𝑖

4𝜋 𝑟
 ( 2 +  𝜋)      d) 

𝜇𝑜 𝑖

4𝜋 𝑟
 ( 1 +  𝜋) 

26. Four wires each of length 2.0 m are bent into four P, Q, R and 5 and then suspended into a 

uniform magnetic field. Same current in passed in each loop 

                                     

a) 
𝐵 𝑚 𝑖

𝑙
 b) 𝑚 𝐵 𝑖 𝑙  c)  

𝐵  𝑖 𝑙

𝑚
      d)  

𝑚 𝑖 𝑙

𝐵
 

27. A, B and C are parallel conductors of equal length carrying currents l, l and 2l respectively. 

Distance between A and B is x. Distance between B and C is also x. F1 is the force exerted by 

B on A and F2 is the force exerted by C on A. Choose the correct answer 

                                    A                B              C       

                                  l l  2l 

                                               x 

                                                                x 

 

a) 𝐹1 = 2𝐹2 b) 𝐹2 = 2 𝐹1  c)𝐹1 =  𝐹2  d) 𝐹1 = − 𝐹2 

28. A candidate connects a moving coil voltmeter V and a moving coil ammeter A and resistor R 

as shown in figure? 

                                           

If the voltmeter reads 10 V and the ammeter reads 2 A and then R is 

a) Equal to 5 Ω                         b) Greater than 5 Ω        

 c) Less than 5 Ω            d) Greater or less than 5 Ω depending upon its material 

29. A particle of mass m and charge q released from the origin in a region occupied by electric 

field E and magnetic field B, 

𝐵 = − 𝐵𝑜𝑗̂ , 𝐸 =  𝐸𝑜𝑖̂   The velocity of the particle will be 

a) √
2 𝑞 𝐸𝑜

𝑚
 b) √

 𝑞 𝐸𝑜

𝑚
  c) √

𝑞 𝐸𝑜

2 𝑚
  d) None of these 
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 ASSERTION–REASON TYPE QUESTIONS 

Each question contains STATEMENT – 1 (Assertion) and STATEMENT – 2 (Reason). Each 

question has 4 choices (A), (B), (C) and (D) out of which ONLY ONE is correct. So select the 

correct choice: 

Choices are: 

(A) Statement – 1 is True, Statement – 2 is True; Statement – 2 is a correct explanation for   

Statement – 1. 

(B) Statement – 1 is True, Statement – 2 is True; Statement – 2 is NOT a correct explanation   

for Statement – 1. 

(C) Statement – 1 is True, Statement – 2 is False. 

(D) Statement – 1 is False, Statement – 2 is True. 

30. STATEMENT – 1: For a charged particle describing uniform circular motion in a   

                                magnetic field T2 α r3 (symbols have their usual meanings) 

STATEMENT – 2: The relation T2 α r3 is valid only when 
2

1
F

r
  

31. STATEMENT – 1: A current loop is a magnetic dipole. 

STATEMENT – 2: The net force on a current loop in a uniform magnetic field is zero 

32. STATEMENT --1: The magnetic field at the centre of the current carrying circular coil  

                                shown in the fig. is zero. 

                                                   

STATEMENT-2: The magnitudes of magnetic fields are equal and the directions of  

                             magnetic fields due to both the semicircles are opposite. 

33. STATEMENT 1: A phosphor bronze strip is used in a moving coil galvanometer. 

STATEMENT 2: Phosphor bronze strip has the maximum value of torsional constant k. 

34. CASE STUDY BASED QUESTION 

MOTION OF A CHARGED PARTICLE IN A UNIFORM MAGNETIC FIELD 

A charged particle of mass m and charge q moves with a constant velocity along the positive 

X-direction v = a𝑖̂.  It enters a region of magnetic field which is directed towards positive         

Z- direction from x= a which is given by B=b�̂�. 
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1. The initial acceleration of the particle is  

a) 𝑎 = − 
𝑞𝑎𝑏

𝑚
𝑖̂  b) 𝑎 = − 

𝑞𝑎𝑚

𝑏
𝑗̂ c) 𝑎 = − 

𝑞𝑎

𝑚𝑏
𝑗̂ d) none of these 

2. The radius of the circular path which the particle moves is  

a) 
𝑚𝑏

𝑞𝑎
 b) 

𝑚𝑎

𝑞𝑏
                  c) 

𝑚𝑎𝑏

𝑞
           d) none of these 

3. Which of the following is true about the motion of the particle in uniform magnetic field, 

where the charged particle enters at right angles to the field? 

(a) Force will always be perpendicular to the velocity. 

(b) Kinetic energy of the particle remains constant. 

(c) Velocity vector and magnetic field vector remains perpendicular to each other during  

      the motion. 

(d) All of these. 

4. The frequency of the rotation 

(a) depends on the value of a 

(b) depends on the value of b 

(c) depends on the value of a and b both 

(d) does not depend on a and b 

5. A particle moves in a region having a uniform magnetic field and a parallel, uniform   

    electric field. At some instant, the velocity of the particle is perpendicular to the field  

    direction. The path of the particle will be 

                                           

(a) A straight line                                       (b) A circle                                                      

(c) A helix with uniform pitch                     (d) A helix with non-uniform pitch 
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35. SOURCE BASED QUESTION 

The galvanometer is a device used to detect the current flowing in a circuit or a small 

potential difference applied to it. It consists of a coil with many turns, free to rotate about a 

fixed axis, in a uniform radial magnetic field formed by using concave pole pieces of a 

magnet. When a current flows through the coil, a torque acts on it. 

                               

1. What is the principle of moving coil galvanometer? 

     (a) Torque acting on a current carrying coil placed in a uniform magnetic field. 

     (b) Torque acting on a current carrying coil placed in a non-uniform magnetic field. 

     (c) Potential difference developed in the current carrying coil. 

     (d) None of these. 

2. If the field is radial, then the angle between magnetic moment of galvanometer coil and  

     the magnetic field will be 

     (a) 0°  (b) 30°   (c) 60°   (d) 90° 

3. Why pole pieces are made concave in the moving coil galvanometer? 

    (a) to make the magnetic field radial. 

    (b) to make the magnetic field uniform. 

    (c) to make the magnetic field non-uniform. 

    (d) none of these. 

4. What is the function of radial field in the moving coil galvanometer? 

    (a) to make the torque acting on the coil maximum. 

    (b) to make the magnetic field strong. 

    (c) to make the current scale linear. 

    (d) all the above. 

5. If the rectangular coil used in the moving coil galvanometer is made circular, then what  

    will be the effect on the maximum torque acting on the coil in magnetic field for the same   

    area of the coil? 

    (a) remains the same 

    (b) becomes less in circular coil 
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   (c) becomes greater in circular coil 

   (d) depends on the orientation of the coil 

 

Chapter 5: MAGNETISM & MATTER 

36. A short bar magnet placed with its axis at 30° with a uniform external magnetic field of 0.25 

T experiences a torque of magnitude equal to 4.5 x 10 -2 J. What is the magnitude of magnetic 

moment of the magnet? 

a) 0.26 J/T  b) 0.36 J/T  c) 0.43 J/T  d) 0.30 J/T 

37. According to Gauss’s law for magnetism 

a) ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗ = 0 b) ∮ �⃗�  𝑋 𝑑𝑠⃗⃗⃗⃗ = 0     c) ∮ �⃗� . 𝑑𝑠⃗⃗⃗⃗ = 𝜇𝑜     d) ∮ �⃗� 𝑋 𝑑𝑠⃗⃗⃗⃗ = 𝜇𝑜 

38.  The force between two magnetic poles is F. If the distance between the poles and pole 

strengths of each pole are doubled, then the force experienced is : 

a) F b)  F / 4    c) 2F   d) F / 2 

39. The magnetic moment of a diamagnetic atom is  

a) Equal to one                   b) Between zero and one                                                       

c) Equal to zero                   d) Much greater than one 

40. A short bar magnet has a magnetic moment 1.2 Am2.  The magnetic field at a distance 0.1 m 

on its axis will be (μo = 4π x 10-7T.m / A) 

a) 1.2 x 10-4 T b) 2.4 x 10-4 T  c) 2.4 x 104 T  d) 1.2 x 104 T 

41. A cube-shaped permanent magnet is made of a ferromagnetic material with a magnetization 

M of 4 x 105 A/m. The side length is 2 cm. Magnetic field due to the magnet at a point 10 cm 

from the magnet along its axis is 

a) 0.003T b) 0.001T  c) 0.002T  d) 0.004T 

42.  A closely wound solenoid of 2000 turns and area of cross-section 1.6 x 10 -4 m2, carrying a 

current of 4.0 A, is suspended through its centre allowing it to turn in a horizontal plane. 

What is the magnetic moment associated with the solenoid? 

a) 3.18 Am2 b) 2.08 Am2 c) 1.28 Am2 d) 4.38 Am2 

43. A paramagnetic sample shows a net magnetization of 8 Am-1 when placed in an external 

magnetic field of 0.6T at a temperature of 4K.  When the same sample is placed in an external 

magnetic field of 0.2T at a temperature of 16K, the magnetization will be 

a) 6 Am-1 b) 2/3 Am-1  c) 2.4 Am-1  d) 32/3Am-1 

44.  A bar magnet of magnetic moment M, is placed in a magnetic field B. The torque exerted on 

it is: 

a) �⃗⃗�  𝑋 �⃗�  b) �⃗⃗�  . �⃗�   c) − �⃗�  . �⃗⃗�   d) −𝑀휀⃗⃗ ⃗⃗  ⃗ . �⃗�  
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45.  Relative permittivity and permeability of a material are 휀𝑟  and respectively. Which of the 

following values of these quantities are allowed for a diamagnetic material? 

a) 휀𝑟 = 1.5, 𝜇𝑟 = 1.5                 b) 휀𝑟 = 0, 𝜇𝑟 = 1.5   

c) 휀𝑟 = 1.5, 𝜇𝑟 = 0.5                 d) 휀𝑟 = 0.5, 𝜇𝑟 = 0.5  

46.  An iron bar magnet of length 10 cm and cross-section 1 cm2 has a magnetization of 102 A/m. 

Magnet’s pole strength is 

a) 0.0025 Am b) 0.0015 Am c) 0.01 Am  d) 0.002 Am 

47.  A short bar magnet has a magnetic moment of 0.48 J/T. Magnetic field produced by the 

magnet at a distance of 10 cm from the centre of the magnet on the equatorial lines (normal 

bisector) of the magnet has a direction and magnitude of 

a) 0.43 G along N-S direction b) 0.38 G along N-S direction 

c) 0.55 G along N-S direction  d) 0.48 G along N-S direction 

        ASSERTION–REASON TYPE QUESTIONS 

        Each question contains STATEMENT – 1 (Assertion) and STATEMENT – 2 (Reason). Each                          

        question has 4 choices (A), (B), (C) and (D) out of which ONLY ONE is correct. So select the   

        correct choice : 

Choices are: 

(A) Statement – 1 is True, Statement – 2 is True; Statement – 2 is a correct explanation   

                          for Statement – 1. 

(B) Statement – 1 is True, Statement – 2 is True; Statement – 2 is NOT a correct   

                           explanation for Statement – 1. 

(C) Statement – 1 is True, Statement – 2 is False. 

(D) Statement – 1 is False, Statement – 2 is True. 

48. Statement 1: Basic difference between an electric line and magnetic line of force is that   

                       former is discontinuous and the latter is continuous or endless 

Statement 2: No electric lines of forces exists inside a charged conductor but magnetic lines  

                      do exist inside a magnet 

49. Statement 1: The ferromagnetic substance obeys Curie-Weiss law. 

Statement 2: The magnetic susceptibility of a ferromagnetic substance varies inversely as  

                       the absolute temperature. 

50. CASE STUDY / SOURCE BASED QUESTION 

According to Neil Bohr’s atom model, the negatively charged electron is revolving around a 

positively charged nucleus in a circular orbit of radius r. The revolving electron in a closed 

path constitutes an electric current. The motion of the electron in anticlockwise direction 

produces conventional current in the clockwise direction. Current, I = e/T where T is the 

period of revolution of the electron. If v is the orbital velocity of the electron, then Due to the 

orbital motion of the electron, there will be orbital magnetic moment μl 

𝜇𝐿 = 𝐼𝐴, 𝑤ℎ𝑒𝑟𝑒 𝐴 𝑖𝑠 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑟𝑏𝑖𝑡 
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𝜇𝑙 =
𝑒𝑣

2𝜋𝑟
𝜋𝑟2 = 

𝑒𝑣𝑟

2
 . If m is mass of electron then 𝜇𝑙 =

𝑒

2𝑚
(𝑚𝑣𝑟) =

𝑒

2𝑚
𝑙 where 

mvr = l called angular momentum of the electron about the central nucleus.   Bohr 

hypothesized that the angular momentum of the orbiting electron has only discrete values 

given by the equation. 𝑙 =
𝑛ℎ

2𝜋
 

Substituting this in above equation magnetic moment of orbiting electron is 

𝜇𝑙 =
𝑒

2𝑚

𝑛ℎ

2𝜋
=

𝑛𝑒ℎ

4𝜋𝑚
 The minimum value of magnetic moment is (𝜇𝑙)𝑚𝑖𝑛 =

𝑒ℎ

4𝜋𝑚
. This 

value is called Bohr magneton.  By substituting the values of e, h and m the value of Bohr 

magneton is 9.27 x 10-24 Am2. 

1. If an electron in an atom revolves around a nucleus in clockwise manner, the direction of  

    circulating current in the orbit is  

    a) Clockwise direction     b) Perpendicular direction w.r.t orbit   

    c) Anti-clockwise direction    d) none of the above  

2. The value of Gyromagnetic ratio is  

    a) 88 × 109 C kg-1   b) 8.8 × 1010 C g-1  c) 8.8 × 1010mC kg-1  d) All of the above 3 

3.Angular momentum of an electron in an orbit mainly depends on  

    a) Radius of the orbit     b) Velocity of electron in orbit  

    c) Principal quantum number    d) None of the above  

4. The minimum value of magnetic moment of revolving electron is  

    a) eh/4m  b) ehm/4   c) eh/4πm  d) None of the above 

5. The SI unit of magnetic moment of electron is  

    a) Am2 b) A2m2        c) A2m  d)Am 

  ANSWER KEY (Ch-4 & 5-MCQS) 

1. D 2. C 3. C 4. A 5. D 6. C 7. A 8. B 9. A 10. A 

11. C 12. B 13. B 14. B 15. A 16. B 17. A 18. D 19. C 20. B 

21. C 22. B 23. D 24. B 25. D 26. D 27. D 28. C 29. A 30. D 

31. B 32. A 33. C 34. Key 35. key 36. B 37. A 38. A 39. C 40. A 

41. B 42. C 43. B 44. A 45. C 46. C 47. D 48. B 49. C 50. Key 

SOLUTIONS (Ch-4 & 5) 

1. (d) V’ < 2V 

Explanation: In the first case. V = Ig(G + R) where, G is the resistance of the galvanometer, 

Ig is the current for full scale deflection and R is the series resistance. In the second case,    V’ 

= Ig(G + 2R).  Thus, on solving we get V' < 2V 

2. (C) 250 µT 
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Explanation: The magnetic field at the center of a coil of radius R having N turns carrying 

current I is  

𝐵𝑜 =
𝜇𝑜 𝑁 𝐼

2𝑅
 

At a point distance x from the coil, the field is 𝐵𝑥 =
𝑁𝐼𝑅2𝜇𝑜

2(𝑅2+𝑥2)
3
2

 

𝐵𝑜

𝐵𝑥
=

(𝑅2 + 𝑥2)
3
2

𝑅3
=

(32 + 42)
3
2

33
= (

5

3
)

3

 

Thus magnetic field at the center of loop is given by 𝐵𝑜 = (
5

3
)
3

x 54𝜇𝑇 = 250𝜇𝑇 

3. (c) 
𝐼

𝐼𝑜
=

1

11
 

Explanation: 

                                              

𝐼 =
𝐼𝑜𝑥 2.5

(25 + 2.5)
= 𝐼𝑜  𝑋 

25

275
=

1

11
 𝑋 𝐼𝑜 

 Thus 
𝐼

𝐼𝑜
=

1

11
 

4. (a) the electron velocity will decrease in magnitude 

Explanation: The force experienced by an electron in a combined action of magnetic and 

electric fields is 

𝐹 =  −𝑒 (𝑣  x �⃗� + �⃗� ). 

Since the electron moves in the same direction of the magnetic field, it experiences no force 

due to the magnetic field. 

−𝑒(𝑣  𝑋 �⃗� ) = 0. 

The electron is not deflected from its straight line path. The total force on the electron,          F 

= — e (E𝑗̂). It experiences a force opposite to the direction of the electric field and to its 

direction of motion. The electron suffers retardation and its velocity decreases. 

5. (d) 10-17 µO. 

Explanation: 𝐼 =  
𝑞

𝑡
= 𝑞 𝑋 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

Now, q=100e = 1.6 x 10-17 C 

So, I = 1.6 x 10-17 X 1 = 1.6 X 10-17 A 

Given: r = 0.8 m 

Thus, magnetic field is 𝐵 = 
𝜇𝑜𝐼

2𝑟
=  10−17𝜇𝑜 

6. (c) 1.25 x 10-5 T 

Explanation: 𝐵 =
𝜇𝑜𝐼

2𝑟
=

4𝜋 𝑋 10−17 𝑋 1

0.1
= 12.56 𝑋 10−6 = 1.25 𝑋 10−5 𝑇 
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7. (c) iLB 

Explanation: Magnitude of the Force experienced by a current carrying conductor placed in   

a magnetic field is  I L B sinø. 

If the angle between the directions of the current and the magnetic field is 90°, F = iLB 

8. (b) 

Net force on a current carrying loop in uniform magnetic field is zero.  Hence the loop can’t 

translate.  So, options (c) and (d) are wrong.  From Fleming’s left hand rule we can see that if 

magnetic field is perpendicular to paper inwards and current in the loop is clockwise (as 

shown ) the magnetic force Fm on each element of the loop is radially outwards, or the loops 

will have a tendency to expand. 

                                                   

9. (a) 

𝐿 = 𝑛1 2𝜋𝑟1 =  𝑛1 2𝜋𝑟1 

⟹ 𝑛1𝑟1 = 𝑛2𝑟2 ⇒
𝑟1
𝑟2

=
𝑛2

𝑛1
 

𝐵 =
𝜇𝑜𝑛 𝑖

2𝑟
⇒

𝐵1

𝐵2
= 

𝑟2
𝑟1

.
𝑛1

𝑛2
= (

𝑛1

𝑛2
)
2

=
1

4
 

10. (a) 

11. (c) 

Given, ig = I, G = Ro ; 

I = n i + i = (n+1) i 

Therefore, 𝑆 =
𝑖𝑔 𝐺

𝑖− 𝑖𝑔
=  

𝑖𝑅𝑜

(𝑛+1)𝑖−𝑖
=  

𝑅𝑜

𝑛
 

12. (b) 𝐹 = 𝐵𝑖𝑙 2 x 1.2 x 0.5 = 1.2 𝑁 

13. (b) 

Direction of magnetic field at every point on axis of a current carrying coil remains same 

though magnitude varies.  Hence, magnetic induction for whole of the X-axis will remain 

positive.  Therefore, (c) and (d) are wrong  

Magnitude of magnetic field will vary with x according to the formula  

𝐵 = 
𝜇𝑜𝑁 𝑖 𝑅2

2(𝑅2 + 𝑥2)
3
2

 

Hence, at x = 0, 𝐵 =  
𝜇𝑜𝑁 𝑖 

2𝑅
 𝑎𝑛𝑑 𝑤ℎ𝑒𝑛 𝑥 → ∞,𝐵 → 0 

Slope of the graph will be   
𝑑𝐵

𝑑𝑥
= −

3𝜇𝑜 𝑁 𝑖 𝑅2

2 (𝑅2+𝑥2)
5
2

𝑥 

It means, at x = 0, slope is equal to zero or tangent to the graph at x = 0, must be parallel to X-

axis. 
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14. (b) 

𝑟 =  √
2 𝑚1𝐸𝑘1

𝐵 𝑞1
= √

2 𝑚2 𝐸𝑘2

𝐵 𝑞2
 

𝑜𝑟 𝐸𝑘2 = 
𝑚1𝑞2

𝑚2𝑞1
𝐸𝑘1 = 100𝑘𝑒𝑉 

15. (a)                    r1: r2 = 1:2 and B1: B2 = 1:3, we know that 

𝐵 = 
𝜇𝑜 2𝜋 𝑛 𝑖 

4𝜋 𝑟
⇒

𝑖1
𝑖2

= 
𝐵1𝑟1
𝐵2𝑟2

= 1/6 

16. (b) Use Right hand palm rule or Maxwell’s Cork screw rule 

17. (a)  

18. (d)               In the following figure magnetic field at the midpoint M is given by  

𝐵𝑛𝑒𝑡 = 𝐵𝑄 − 𝐵𝑃 

=  
𝜇𝑜2

4𝜋𝑟
(𝑖𝑄 − 𝑖𝑃) =  

𝜇𝑜

2𝜋
 

19. (c) Length of the component dl which is parallel to wire (1) is dl cosθ, so force on it 

𝐹 = 
𝜇𝑜

4𝜋

2𝑖1𝑖2
𝑟

 ( 𝑑𝑙 𝑐𝑜𝑠𝜃) 

20. (b) 

Explanation: In the absence of magnetic field 𝑚𝑔 = 2𝑘𝑥𝑜--- (i) 

The current in the rod is 𝑖 = 𝐸/𝑅 

Magnetic force on the rod is 𝐹𝑚 = 𝐵𝑖𝐿 =
𝐸𝐿𝐵

𝑅
 

In downward direction 2𝑘𝑥𝑜 = 𝑚𝑔 + 
𝐵𝐿𝐸

𝐿𝐸
    − −(𝑖𝑖) 

𝑓𝑟𝑜𝑚 𝐸𝑞𝑠. (𝑖) 𝑎𝑛𝑑 (𝑖𝑖) 𝑤𝑒 𝑔𝑒𝑡 4𝑘𝑥𝑜 = 2𝑘𝑥𝑜 +
𝐵𝐿𝐸

𝑅
 

𝐵 = 
2𝑘𝑥𝑜𝑅

𝐸𝐿
=  

𝑚𝑔𝑅

𝐿𝐸
 

                                                  

21. (c)  

Explanation: 

𝐵𝑃 =
𝜇𝑜𝐼2
2𝑅

=
4𝜋 𝑥 10−7𝑥 4

2 𝑥 0.02𝜋
= 4 𝑥 10−5 𝑊𝑏𝑚−2 

𝐵𝑄 =
𝜇𝑜𝐼1
2𝑅

=
4𝜋 𝑥 10−7𝑥 3

2 𝑥 0.02𝜋
= 3 𝑥 10−5 𝑊𝑏𝑚−2 

𝐵 =  √𝐵𝑃
2 + 𝐵𝑄

2 = 5 𝑥 10−5 𝑊𝑏𝑚−2 
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22. (b)  

From Biot-Savart’s law the magnetic field (B) due to a conductor carrying current I, at a 

distance r1 is 𝐵1 = 
𝜇𝑜𝐼1

2𝜋𝑟1
 

Magnetic field at P due to current in second conductor is 𝐵2 =  
𝜇𝑜𝐼2

2𝜋 (𝑟1+𝑑)
 

From Fleming’s right hand rule the fields at P are directed opposite. 

Therefore Resultant field B1 = B2 

 

 

23. (d) Use Right hand palm rule, or Maxwell’s Cork Screw rule or any other. 

24. (c)  

𝐹𝑜𝑟𝑐𝑒, 𝐹 = 𝐵 𝑖 𝑙 𝑠𝑖𝑛𝜃 

𝐹 = 500 𝑥 10−4 𝑥 3 𝑥 40 𝑥 10−2 𝑥 
1

2
 

𝐹 = 3 𝑥 10−2 𝑁 

25. (c) 
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26. (d)         𝜏 = 𝑁𝑖𝐵𝐴  ∝ 𝐴 

              For given periphery circle has maximum area. 

27. (d) 

 

28. (c) 

Potential difference across C and D = 10 V.  If x is the resistance of ammeter, than 

X+ R = 10/2 = 5 or R = 5- X  < 5Ω 

29. (a) 

Since, the magnetic field does not perform any work, therefore, whatever has been gain in 

kinetic energy it is only because of the work done by electric field.  Applying work – energy 

theorem 

𝑊 = ∆𝐸 

𝑞𝐸𝑜 =
1

2
 𝑚 𝑣2 − 0 

𝑜𝑟 𝑣 =  √
2𝑞𝐸𝑜

𝑚
 

30. D  Assertion statement is false and Reason statement is true 

31. B   Both the statements are true but doesn’t explains the assertion 

32. A  Both statements are correct and Statement 2 is correct explanation to Statement 1 

33. C  Statement 1 is correct but statement 2 is false. 

34. 1-a, 2-b, 3-d, 4-b, 5-d 

35. 1-a, 2-d, 3-a, 4-d, 5-a 

36. (b) 0.36J/T 

Explanation: Torque, τ = M B sinθ, where M is magnetic moment, B is magnetic field and θ 

is angle between magnetic moment and magnetic field. 

4.5 𝑥 10−2 = 0.25 𝑥 𝑚 𝑥 0.5 

𝑀 =
9

25
= 0.36

𝐽

𝑇
 

37. (A) ∮ �⃗�  . 𝑑𝑠⃗⃗⃗⃗ = 0 
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Explanation: since magnetic monopoles do not exist.  Flux entering the closed surface is equal 

to flux leaving the surface. Hence, net magnetic flux through a closed surface is zero. 

38. (a) F 

Explanation: 𝐹 ∝  
𝑞𝑚𝑞𝑚

′

𝑟2
 

ℎ𝑒𝑛𝑐𝑒 
𝐹′

𝐹
= (

2𝑞𝑚𝑞𝑚
′

4𝑟2
) (

𝑞𝑚𝑞𝑚
′

𝑟2
)⁄ = 1 

𝑜𝑟 𝐹 =  𝐹′ 

39. (c) Equal to zero 

40. (a)  

On axial position 

𝐵𝑎 =
𝜇𝑜

4𝜋

2𝑀𝑟

(𝑟2 − 𝑙2)2
 𝑖𝑓 ≪ 𝑟, 𝑡ℎ𝑒𝑛 𝐵𝑎 =

𝜇𝑜

4𝜋

2𝑀

𝑅3
 

𝐵𝑎 =
𝜇𝑜

4𝜋

2 𝑠 1.2 

(0.1)3
= 2.4 𝑥 10−4 𝑇 

41.  0.001 T 

Explanation: m = M / volume = 
4 𝑥 10−5

8 𝑥 10−6
= 5 𝐴𝑚2 

Along axis, magnetic field is given by, 

𝐵 = 
𝜇𝑜

4𝜋

2𝑚

𝑟3
=  10−7 𝑥 

2 𝑥 5

10−6
= 10−3 𝑇 = 0.001𝑇 

42. (c)1.28 A m2 

Explanation: m = NIA 

m = 2000 x 1.6 x 10-4 x 4 = 1.28 Am2.  

43. (b) 2/3 Am-1 

Explanation:  On increasing the temperature magnetic susceptibility of paramagnetic material 

decreases or vice versa.  According to Curie law, we can deduce a formula for the relation 

between magnetic field induction, temperature and magnetization. 

𝐼 (𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑠𝑎𝑡𝑖𝑜𝑛)  ∝   
𝐵 (𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑖𝑒𝑙𝑑)

𝑇(𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒)
⇒

𝐼2
𝐼1

= 
𝐵2

𝐵1
 𝑋

𝑇1

𝑇2
 

ℎ𝑒𝑟𝑒 
𝐼2
8

=  
0.2

0.6
 𝑋 

4 

16
 ⇒ 𝐼2 =

2

3
 𝐴𝑚−1 

44. (a) 

Explanation:  Since torque is cross product of magnetic moment vector and area vector given 

by �⃗⃗�  x �⃗�  

45. (c) 휀𝑟 = 1.5, 𝜇𝑟 = 0.5 

Explanation: For a diamagnetic material, relative permittivity is greater than 1 and relative 

permeability is less than 1. 

46. (c) 0.01Am :   Explanation: Pole strength = M x A = 100 A/m x 10-4 m2 = 10-2 Am. 

47. (d) 0.48 G along N-S direction 

Explanation:  �⃗� =  
𝜇𝑜

4𝜋

�⃗⃗⃗� 

𝑟3
=  107𝑥 

0.48

10−3
= 0.48 𝑥 10−4𝑇 = 0.48 𝐺 
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Direction of magnetic field at equatorial position is opposite to that of the magnetic moment 

direction 

48. (b)  Explanation:  Both statements are true but statement 2 not explaining the statement 1 

49. (c)  Statement 1 is true and statement 2 is false 

50. 1-c, 2-a, 3-c, 4-c, 5-a. 

 

UNIT-IV- ELECTROMAGNETIC INDUCTION & ALTERNATING CURRENT 

 MCQs  on  EMI 

1 A square of side L meters lies in the x-y plane in a region where the magnetic field is given by 

B = Bo(2i+ 3j+ 4k) tesla, where Bo is constant. The magnitude of flux passing through the 

square is  

(A) 2BoL
2 Wb         (B) 3BoL

2 Wb           (C) 4BoL
2Wb            (D) √29Bo L

2Wb 

2 A cylindrical bar magnet is rotated about its axis in the figure.  

A wire is connected from the axis and is made to touch the cylindrical 

surface through a contact. Then  

(A) a direct current flows in the ammeter A.  

(B) no current flows through the ammeter A.  

(C) an alternating sinusoidal current flows through the ammeter A             

      with a time period 2π/ω. 

 (D) a time varying non-sinusoidal current flows through the ammeter A 

3 There are two coils A and B as shown in figure. A current starts flowing in B as shown, when 

A is moved towards B and stops when A stops moving. The 

current in A is counter clockwise. B is kept stationary when A 

moves. We can infer that 

(A) There is a constant current in the clockwise direction in A.  

(B) There is a varying current in A.  

(C) There is no current in A.  

(D) there is a constant current in the counter clockwise direction in A 

4 Same as problem 4 except the coil A is made to rotate about a vertical axis figure.                

No current flows in B if A is at rest. The current in coil A, when the                                     

current in B (at t = 0) is counter-clockwise and the coil A is as 

shown at this instant, t = 0, is 

(A) Constant current clockwise.  

(B) Varying current clockwise. 

(C) Varying current counter-clockwise.  

(D) Constant current counter-clockwise. 

5 The polarity of induced emf is defined by 

(A) Ampere’s circuital law                    (B) Biot-Savart’s law                                                                

(C) Lenz’s law                                       (D) Fleming’s right hand rule 
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6 Lenz’s law is consequence of the law of conservation of  

(A) charge           (B) mass                (C) energy            (D) momentum 

7 The magnetic flux linked with a coil is given by an equation φ = 5t 2 + 2t + 3. 

The induced e.m.f. in the coil at the third second will be  

(A) 32 units         (B) 54 units            (C) 40 units          (D) 65 units 

8 The self-inductance L of a solenoid of length l and area of cross-section A, with a fixed 

number of turns N increases as  

(A) l and A increase                            (B) l decreases and A increases                                                    

(C) l increases and A decreases          (D) both l and A decrease 

9 If the back e.m.f. induced in a coil, when current changes from 1A to zero in one millisecond, 

is 5 volts, the self-inductance of the coil is  

(A) 5 H             (B) 1 H                (C) 5 × 10–3 H                (D) 5 × 103 H 

10 An inductor and a bulb are connected in series with a dc source. A soft iron core is then 

inserted in the inductor. What will happen to intensity of the bulb?  

(A) Intensity of the bulb remains the same            (B) Intensity of the bulb decreases  

(C) Intensity of the bulb increases                          (D) The bulb ceases to glow 

 

KEY (EMI) : 1-C, 2-B, 3-D, 4-A, 5-C, 6-C, 7-A, 8-B, 9-C, 10-B 

Explanations: 

1 Magnetic flux is defined as the total number of magnetic lines of force passing normally 

through an area placed in a magnetic field and is equal to the magnetic flux linked with that 

area. ɸ = B.A, Bo (2i+ 3j+ 4k). L2K=) 4BoL
2 

2 Explanation: The phenomenon of electromagnetic induction is used in this problem. 

Whenever the number of magnetic lines of force (magnetic flux) passing through a circuit 

changes (or a moving conductor cuts the magnetic flux), an emf is produced in the circuit (or 

emf induces across the ends of the conductor) is called induced emf. The induced emf persists 

only as long as there is a change or cutting of flux. When cylindrical bar magnet is rotated 

about its axis, no change in flux linked with the circuit takes place, consequently no emf 

induces and hence, no current flows through the ammeter A. Hence the ammeter shows no 

deflection. 

3 When coil A moves towards coil B with constant velocity, so rate of change of magnetic flux 

due to coil B in coil A will be constant that gives constant current in coil A in same direction 

as in coil B by Lenz’s law. 

4 In this case, the direction of the induced electromotive force/induced current is determined by 

the Lenz’s law. According to the Lenz’s law, the direction of induced emf or current in a 

circuit is such that it oppose x the cause that produces it. This law is based upon law of 

conservation of energy. When the current in coil B (at t = 0) is counterclockwise and the coil 

A is considered above it. The counter-clockwise flow of the current in coil B is equivalent to 

North Pole of magnet and magnetic field lines are eliminating upward to coil A. When coil A 

starts rotating at t = 0, the current in coil A is constant along clockwise direction by Lenz’s 

rule. 

5 According to Lenz’s law, the direction of an induced e.m.f. always opposes the change in 

magnetic flux that causes the e.m.f 

6 Lenz’s law is a consequence of the law of conservation of energy. Lenz’s law says that 

induced current always tends to oppose the cause which produces it. So work is done against 
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opposing force. This work is transformed into electrical energy. So, it is a consequence of law 

of conservation of energy. 

7 Induced e.m.f = – (dφ /dt)= (5t 2 + 2t + 3) = – (10t + 2) = – 32 units 

8 As we know that As L is constant for a coil, L 𝛼A and 𝐿 = 𝜇𝑟𝜇0
𝑁2𝐴

𝑙
 and N are constant here 

so, to increase L for a coil, area A must be increased and l must be decreased.  

9 𝑒 = −𝐿
𝑑𝑖

𝑑𝑡
, 5 = −𝐿(

0−1

10−3), L = 5 × 10–3 H 

10 When a soft iron core is inserted in the inductor, the magnetic flux increases. According to 

Lenz’s law, it will be resisted by reducing the current. Since the current reduces, the intensity 

of the bulb decreases. 

 

ASSERTION-REASON TYPE QUESTIONS (EMI) 

 

Directions: In the following questions, a statement of assertion is followed by a statement of   

                    reason.    

                   Mark the correct choice as: 

(A) Both Assertion and reason are true and reason is correct explanation of assertion.  

(B) Assertion and reason both are true but reason is not the correct explanation of assertion.  

(C) Assertion is true, reason is false.  

(D) Assertion is false, reason is true. 

 

 

Sl.No. Question Learning 

Objective 

1 Assertion : Induced emf will always occur whenever there is change in  

                   magnetic flux. 

Reason : Current always induces whenever there is change in magnetic  

               flux.  

Knowledge 

 

2 Assertion : An induced current has a direction such that the magnetic  

                  field due to the current opposes the change in the magnetic  

                  flux that induces the current. 

Reason: Above statement is in accordance with conservation of energy. 

Analysis  

3 Assertion: Acceleration of a magnet falling through a long solenoid  

                  decreases. 

Reason :The induced current produced in a circuit always flow in such  

              direction that it opposes the change to the cause that produced it.  

Application  

4 Assertion: Figure shows a horizontal solenoid connected to a battery and  

                 a switch. A copper ring is placed on a smooth surface, the axis  

                 of the ring being horizontal. As the switch is closed, the ring  

                 will move away from the solenoid.  

                                    
Reason : Induced emf in the ring, e = - dΦ/dt 

 

Application 
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5 Assertion : Figure shows a metallic conductor moving in magnetic field.  

                  The induced emf across its ends is zero. 

                                            
Reason: The induced emf across the ends of a conductor is given by              

              e = Bvℓ sinθ. 

Understanding  

6 Assertion : Eddy currents are produced in any metallic conductor when  

                   magnetic flux is changed around it. 

Reason : Electric potential determines the flow of charge.  

Knowledge  

7 Assertion : When number of turns in a coil is doubled, coefficient of self- 

                  inductance of the coil becomes 4 times. 

Reason : This is because L α N2.  

Creative  

8 Assertion : Only a change in magnetic flux will maintain an induced  

                 current in the coil. 

Reason : The presence of large magnetic flux through a coil maintain a  

               current in the coil of the circuit is continuous.  

Application 

9 Assertion : The induced e.m.f. and current will be same in two identical  

                   loops of copper and aluminium, when rotated with same  

                   speed in the same magnetic field.  

Reason : Induced e.m.f. is proportional to rate of change of magnetic field  

               while induced current depends on resistance of wire.  

Understanding  

10 Assertion : Self-inductance is called the inertia of electricity.  

Reason : Self-inductance is the phenomenon, according to which an  

               opposing induced e.m.f. is produced in a coil as a result of  

               change in current or magnetic flux linked in the coil.  

Knowledge  

11 Assertion : Figure shows a horizontal solenoid connected to a battery and  

                  a switch. A copper ring is placed on a smooth surface, the axis  

                  of the ring being horizontal. As the switch is closed, the ring  

                  will move away from the solenoid. 

                                             
Reason : Induced emf in the ring, e = - dΦ/dt 

knowledge 

12 Assertion : An emf can be induced by moving a conductor in a magnetic  

                   field. 

Reason : An emf can be induced by changing the magnetic field. 

knowledge 

13 Assertion- Faraday laws are consequence of conservation of energy. 

Reason - In a purely resistive AC circuit, the current lags behind the emf  

               in phase. 

analysis 

14 Assertion-- The mutual induction of two coils is doubled, if the self- 

                    inductance of the primary or secondary coil is doubled. 

Reason -- Mutual induction is proportional to self-inductance of primary   

                 and secondary coils 

analysis 

15 Assertion- Eddy current is produced in any metallic conductor when  

                  magnetic flux is changed around it. 

Reason -- Electric potential determine the flow of charge. 

 

application 
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ANSWERS (EMI- Assertion-Reason Questions) 

Assertion Reason  Questions 

Q.No. Answers 

1 (C) Assertion is true, reason is false.  

2 (B) Assertion and reason both are true but reason is not the correct explanation of  

      assertion.  

3 (A) Both Assertion and reason are true and reason is correct explanation of assertion.  

4 (A) Both Assertion and reason are true and reason is correct explanation of assertion. 

5 (A) Both Assertion and reason are true and reason is correct explanation of assertion.  

6 (B) Assertion and reason both are true but reason is not the correct explanation of  

      assertion.  

7 (B) Assertion and reason both are true but reason is not the correct explanation of  

      assertion.  

8 (C) Assertion is true, reason is false.  

9 (D) Assertion is false, reason is true. 

10 (B) Assertion and reason both are true but reason is not the correct explanation of  

       assertion.  

11 (A) Both Assertion and reason are true and reason is correct explanation of assertion.  

12 (B) Assertion and reason both are true but reason is not the correct explanation of  

       assertion.  

13 (C) Assertion is true, reason is false.  

14 (C) Assertion is true, reason is false.  

15 (B) Assertion and reason both are true but reason is not the correct explanation of  

       assertion.  

 

MCQs on Alternating Current 

1 When frequency of applied alternating voltage very high then                                                            

(A) A capacitor will tend to become SHORT     (B) An inductor will tend to become SHORT 

(C) Both (A) and (B)                                           (D) No one will become short 

2 With increase in frequency of an A.C. supply, the impedance of a series L-C-R circuit  

(A) remains constant               (B) increases.                                                                                          

(C) decreases                           (D) decreases at first, becomes minimum and then increases 

3 An A.C. source is connected to a resistive circuit. Which of the following statements is true? 

(A) Current leads the voltage in phase                  

(B) Current lags the voltage in phase                         

(C) Current and voltage are in same phase            

(D) Either (A) or (B) depending on the value  of resistance 

4 To reduce the resonant frequency in an L-C-R series circuit with a generator 

(A) the generator frequency should be reduced. 

 (B) another capacitor should be added in parallel to the first.  

(C) the iron core of the inductor should be removed.  

(D) dielectric in the capacitor should be removed. 

5 At resonance, the impedance in series LCR circuit is  

(A) maximum                    (B) zero                   (C) infinity              (D) minimum 

6 The efficiency of transformer is very high because                                                                   

(A) There is no moving part                                    (B) It uses AC only                                                 

(C) It uses the copper wire for the coils                  (D) None of the above 
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7 _______ increases in step-down transformer.  

(A) Voltage               (B) Current                 (C) Power               (D) Current density 

8 Quantity that remains unchanged in a transformer is                                                                      

(A) voltage                (B) current                  (C) frequency         (D) none of these 

9 If rotational velocity of an armature is doubled, emf generated in a generator will be  

(A) half                      (B) two times               (C) four times              (D) unchanged 

10 The core of a transformer is laminated as                                                                                            

(A) it improves the ratio of voltage in the primary and secondary may be increased                          

(B) it checks rusting of the core may be stopped                                                                                         

(C) it reduces energy losses due to eddy currents                                                                               

(D) it increases flux linkage 

Key (MCQs on AC) : 1 –A, 2-D, 3-A, 4-B, 5-D, 6-A, 7-B, 8-C, 9-B, 10-C 

Explanations 

1 XC = 1/2πfC So, as f increases, XC becomes smaller and smaller. For very high value of f, XC 

will be too small which may be considered as SHORT. 

2 The frequency-impedance graph of a series LCR circuit with increase in frequency, the 

impedance decreases at first, becomes minimum and then increases. 

3 In a pure resistive circuit, current and voltage are always in phase 

4 The resonant frequency of L-C-R series circuit is 
1

2𝜋√𝐿𝐶
 . So to reduce resonant frequency, we 

have either to increase L or to increase C. To increase capacitance, another capacitor must be 

connected in parallel with the first. 

5 Impedance of a series LCR circuit is𝑍 = √𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 At resonance, XC = XL .                 

So, Z is minimum. 

6 Transformer is a static device which transforms power from one circuit to other through 

electromagnetic induction. In electrical transformer as there are no moving parts, no friction. 

Losses in the transformer are very less compared to any other rotating machine, hence 

efficiency of transformers will be very high which about 95% to 98% is. 

7 Since VP/VS = IS/IP , so as as voltage reduces, the current increases in a step-down transformer 

8 Transformer does not change the frequency of the applied AC. 

9 emf generated = NBAωsinωt, as ω becomes double, emf generated also becomes double. 

10 Laminated core means a layered core instead of a single solid core. Eddy currents are current 

loops generated by changing magnetic fields. They flow in a plane perpendicular to the 

magnetic field. Laminated magnetic core reduces eddy currents. For this reason, electrically 

isolated laminations are utilized to manufacture transformers 
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ASSERTION - REASON questions on Alternating Current 

Directions : In the following questions, A statement of Assertion (A) is followed by a statement of   

                     Reason (R). Mark the correct choice as.  

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

(B) Both A and R are true but R is NOT the correct explanation of A  

(C) A is true but R is false  

(D) A is false and R is true 

1 Assertion (A): An alternating current does not show any magnetic effect.  

Reason (R): Alternating current changes direction with time. 

2 Assertion (A): Capacitor blocks dc and allows ac to pass.  

Reason (R): Capacitive reactance is inversely proportional to frequency. 

3 Assertion (A): Both ac and dc can be measured by hot wire instrument.  

Reason (R): Hot wire instrument is based on the principal of magnetic effect of current. 

4 Assertion (A): At resonance, the current becomes minimum in a series LCR circuit.  

Reason (R): At resonance, voltage and current are out of phase in a series LCR circuit  

5 Assertion (A): Vrms value of an alternating voltage V = 4 √2 sin 314t is 4 volt.  

Reason (R): Peak value of the alternating voltage is 4 √2 volt. 

6 

Assertion (A): When capacitive reactance is less than the inductive reactance in a series  

                         LCR circuit, e.m.f. leads the current.  

Reason (R): The angle by which alternating voltage leads the alternating current in series  

                     RLC circuit is given by.tan𝜙 =
𝑋𝐿−𝑋𝐶

𝑅
 

7 Assertion (A): A transformer does not work on DC.  

Reason (R): DC neither change direction nor magnitude. 

8 
Assertion (A): An alternator is a machine which converts mechanical energy into electrical   

                        energy.  

Reason (R): When a coil rotates in a magnetic field an e.m.f. is induced in it. 

9 Assertion (A): Principle of operation of AC generator is electromagnetic induction. Reason 

(R): Resistance offered by inductor for AC is zero. 

10 
Assertion (A): A step-up transformer converts input low AC voltage to output high AC  

                        voltage.  

Reason (R): It violates the law of conservation of energy. 

KEY   : 1-D, 2-A, 3-C, 4-D, 5-B, 6 –A, 7-A, 8-A, 9-B, 10-C 

 

EXPLANATIONS 

1 Explanation: Current or moving charged particle creates magnetic field irrespective of direct 

current or alternating current. So assertion is false. Alternating current changes direction 

with time. So, the reason is true, but cannot explain the assertion 

2 Capacitive reactance = 1/ 2πfC, So, as f (frequency) increases, reactance decreases. For dc, 

frequency = 0, hence capacitor offers infinite reactance. So, it blocks dc. For ac, frequency ≠ 

0, hence capacitor offers low reactance and allows ac to pass. Hence assertion and reason 

both are true. Assertion is properly explained by reason. 

3 Explanation: In both ac and dc, heat generated is proportional to the square of current. 

Polarity change of ac is immaterial in the case of heat generation. Hence they can be 
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measured by hot wire instrument. Hence, the assertion is true. Hot wire instruments are 

based on the principle of heating effect of current. Hence the reason is false. 

4 At resonance, XL = XC, so the circuit impedance becomes minimum and resistive and hence 

the current becomes maximum. So, the assertion is false. At resonance, XL = XC, so the 

circuit impedance becomes resistive. In resistive circuit voltage and current are always in 

same phase. Hence, reason is also false 

5 Given alternating voltage V = 4√2sin 314t. Where peak value = Vo = 4 √2 volt.  

Vrms = Vo/√2 = 4 volt. Hence both assertion and reason both are true. But the reason does  

not properly explain the assertion. 

6 The angle by which alternating voltage leads the alternating current in series RLC circuit is 

given by tan𝜙 =
𝑋𝐿−𝑋𝐶

𝑅
. If XC < XL, then tan j is positive. J is also positive. So, e.m.f. leads 

the current. Assertion and reason both are true. Reason properly explains the assertion 

7 Transformer has two coils. If current fluctuates in one coil, e.m.f. is induced in the other coil. 

For DC supply current does not change, so there is no induced e.m.f. Hence both assertion 

and reason are true and reason explains the assertion. 

8 Alternator is basically a generator in which a coil rotates in a strong magnetic field and 

according to laws of electromagnetic induction e.m.f. is generated. So, assertion and reason 

both are true and reason explains the assertion. 

9 Principle of operation of AC generator is electromagnetic induction. The assertion is true. 

Resistance offered by inductor = 2πfL. For AC, f ≠ 0. So, 2πfL ≠ 0. So, the reason is false. 

10 Step-up transformer means it converts input low AC voltage to output high AC voltage. So, 

the assertion is true. For step up transformer, VOUT / VIN>1, but simultaneously IOUT / IIN < 1 

and PIN = POUT (ideally). Hence, the law of conservation of energy is not violated. 

 

CASE STUDY TYPE QUESTIONS on EMI & AC 

CASE 

STUDY-1 

Alternating Current (AC) is one of the 

two types of electric current (AC and 

DC). In alternating current, the 

direction of the electrons switches back 

and forth at regular intervals. This is 

the most common type of electric 

current. The current flowing through 

the power lines to our homes is an 

alternating current. The circuits 

powered by alternating currents are called AC circuits. Alternating currents produce a 

sinusoidal wave whereas a Direct Current (DC) current has a constant magnitude and 

hence plots a straight line. 

 1 Which one of the following doesn’t have amplitude? 

a) AC voltage                                 b) DC voltage 

c) Both a and b                               d) None of the above 

2 In India the electricity standards are _____________ 

a) 30 volts and 50 hertz                       b) 20 volts and 50 hertz 

c) 230 volts and 50 hertz                     d) 10 volts and 50 hertz 

3 What is the potential difference between a live wire and neutral wire? 

a) 180 V                  b )220 V                   c) 320 V              d )250 V 

https://collegedunia.com/exams/types-of-current-definition-other-types-and-sample-questions-physics-articleid-2361
https://collegedunia.com/exams/alternating-current-definition-lcr-circuits-and-explanation-physics-articleid-72
https://collegedunia.com/exams/electron-definition-mass-charge-and-calculation-physics-articleid-2880
https://collegedunia.com/exams/electric-current-effects-types-and-properties-physics-articleid-38
https://collegedunia.com/exams/electric-current-effects-types-and-properties-physics-articleid-38
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4 An alternating current can be produced by 

a) Choke Coil               b) Dynamo        c) Electric Motor           d) Transformer 

5 The frequency of an alternating current is 

a) The speed with which the alternator runs 

b) The number of cycles generated in one minute 

c) The number of waves passing through a point in one second 

d) The number of electrons passing through a point in one second 

KEY 1-b, 2-c, 3-b, 4-b, 5-c 

Explanation 1 (b) DC voltage doesn’t have amplitude  

2 (c) 230 volts and 50 hertz 

3( b) Potential difference can be expressed as the difference between two points in a  

         circuit in the amount of energy which the charge carriers have. The potential  

         difference between live wire and neutral wire is 220 V. An electric fuse is  

         usually located in the phase wire’s path before it is attached to the electric  

         meter. 

4(b) Dynamo 

5(c) The number of waves passing through a point in one second. 

CASE 

STUDY-2 

One experiment Faraday did to demonstrate magnetic induction was to move a bar 

magnet through a wire coil and measure the resulting electric current through the wire. A 

schematic of this experiment is shown in fig. He found that current is induced only when 

the magnet moves with respect to the coil. When the magnet is motionless with respect to 

the coil, no current is induced in the coil, as in fig In addition, moving the magnet in the 

opposite direction or reversing the poles of the magnet results in a current in the opposite 

direction. 

 
1 Which of the following factors is the induced charge in an electromagnetic induction 

independent of? 

a) Time         b) Resistance of the coil        c) Change of flux      d) None of the above 

2 Which of the following states that an emf is induced whenever there is a change in the 

magnetic field linked with electric circuits? 

a)  Lenz’s Law                                                               b)Ohm’s Law 

c)  Faraday’s Law of Electromagnetic Induction          d)None of the above 

3 Electrical Inertia is the measure of 

a)Self Inductance      b)Mutual Inductance       c)Impedance          d)None of the above 

4 Which of the following laws is the consequence of the Law of conservation of energy? 

a) Lenz’s Law        b) Ohm’s Law        c) Kirchhoff’s law          d) All of the above 

5 Which of the following apparatus construction uses electromagnetic induction? 

a) Voltmeter           b) Galvanometer           c) Generator              d) Electric Motor 
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KEY 1-(a) Time 

2-(c) Faraday’s Law of Electromagnetic Induction 

3-(a) Self Inductance 

4-(a) Lenz’s Law  

5-(c) Generator 

Explanation 1-(a) The induced charge in an electromagnetic induction is independent of time. 

2-(c) Faraday’s Law of Electromagnetic Induction states that an emf is induced   

         whenever there is a change in the magnetic field linked with the electric circuit’s   

         changes. 

3 (a) Electrical Inertia is the measure of self-inductance 

4-(a) Lenz’s Law is the consequence of the Law of conservation of energy.. 

5-(c) The construction of the generator uses the principle of electromagnetic induction. 

CASE 

STUDY-3 

Faraday's Electromagnetic Lab Play with a bar magnet and coils to learn about Faraday's 

law. Move a bar magnet near one or two coils to make a light bulb glow. View the 

magnetic field lines. A meter shows the direction and magnitude of the current. View the 

magnetic field lines or use a meter to show the direction and magnitude of the current. 

You can also play with electromagnets, generators and transformers! 

Orient the bar magnet with the north pole facing to the right and place the pickup coil to 

the right of the bar magnet. Now move the bar magnet toward the coil and observe in 

which way the electrons move. This is the same situation as depicted below. Does the 

current in the simulation flow in the same direction as shown below? Explain why or 

why not.

 

1 Which of the following rules is used to identify the direction of the current induced in a 

wire moving in a magnetic field? 

a) Ampere’s Rule                                b) Fleming’s Left-Hand Rule                                       

c) Fleming’s Right-Hand Rule           d) None of the above 

2 When an insulated wire coil is connected to a battery, the pointer of the galvanometer is 

deflected due to: 

a) the induced current produced 

b) the coil acts like a magnet 

c) the number of turns in the coil of the galvanometer is changed 

d) None of these 

3 Polarity of the induced emf is determined by: 

a) Ampere’s circuital law                         b) Biot–Savart law                                                                  
c) Lenz’s law                                            d) Fleming’s right-hand rule 

4 A magnet is moved towards a coil (i) quickly (ii) slowly, then the induced e.m.f. is 

(a) larger in case (i)                   (b) smaller in case (i)                                                             

(c) equal to both the cases        (d) larger or smaller depending upon the radius of the coil 

https://collegedunia.com/exams/derivation-of-biot-savart-law-application-importance-physics-articleid-996
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5 Two identical coaxial circular loops carry a current i each circulating in the same 

direction. If the loops approach each other, you will observe that the current in 

(a) each increases                            (b) each decreases                                                                     

(c) each remains the same               (d) one increases whereas that in the other decreases 

KEY 1-(c), 2-(a), 3-(c), 4-(a), 5- (b) 

Explanations 1-(c) Fleming’s Left Hand Rule is used in identifying the direction of the current induced  

         in a wire moving in a magnetic field. 

2-(a) Galvanometer measures the amount of current flowing through the circuit. In a  

         current flowing conductor connected to a battery, the pointer of the galvanometer  

         fluctuates and points to the amount of current flowing. Thus a galvanometer  

         measures the amount of induced current in the circuit. 

3-(c) Lenz's law is used to measure the polarity of induced e.m.f. Ampere's law correlates  

         with the magnetic field induced in a coil. Biot–Savart’s law describes the magnetic  

         field generated by a constant electric current. Fleming's right-hand rule gives the  

         estimate that in which direction the current will flow. 

4-(a) emf is directly proportional to flux linked with the coil. 

5-(b) According to faraday law of electromagnetic induction opposing the cause. 

 

CASE 

STUDY-4 

Figure shows a laminated-coil transformer, 

which is based on Faraday’s law of induction 

and is very similar in construction to the 

apparatus Faraday used to demonstrate that 

magnetic fields can generate electric currents. 

The two wire coils are called the primary and 

secondary coils. In normal use, the input 

voltage is applied across the primary coil, and 

the secondary produces the transformed 

output voltage. Not only does the iron core 

trap the magnetic field created by the primary 

coil, but also its magnetization increases the field strength, which is analogous to how 

a dielectric increases the electric field strength in a capacitor. Since the input voltage 

is AC, a time-varying magnetic flux is sent through the secondary coil, inducing an 

AC output voltage 

In figure, A typical construction of a simple transformer has two coils wound on a 

ferromagnetic core. The magnetic field created by the primary coil is mostly confined 

to and increased by the core, which transmits it to the secondary coil. Any change in 

current in the primary coil induces a current in the secondary coil. 

1 If the supply frequency (f) of a transformer decreases, the effect of frequency on the 

transformer's secondary output voltage? 

a)Remain the same      b)Decreases       c)Increases      d)All of these 

2 Lamination of the transformer core is made up of 

a) Aluminium       b) Iron              c) Steel                 d) Silicon steel 

 3 The transformer ratings are expressed in terms of  

a) kW (kilo-Watt)                                              b)Volts                                                                               

c) KVAR (kilo-Volt-Ampere-Reactive)           d) KVA (kilo-Volt-Ampere) 

4 Oil is provided in an oil-filled transformer for 

a) Lubrication        b) Cooling       c) Insulation       d) Both cooling and Insulation 

https://collegedunia.com/exams/difference-between-ammeter-and-galvanometer-definition-important-questions-physics-articleid-922
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5 Crushed rocks are provided in the substation to 

a) To avoid growing plants and weeds                                     b) To provide insulation 

c) To avoid fire accidents during leakage of transformer oil   d) All of the above 

6 Which quantity is increased in a step-down transformer? 

(a) Current           (b) Voltage            (c) Power            (d) Frequency 

KEY 1-a, 2 –d,  3-d, 4-d, 5-d, 6-a 

Explanation 1-a) The transformer is a static electromagnetic device that transforms the voltage  

        from one side of its coil to the other side of the coil without a change in  

        frequency. As we know, the working principle of transformer is based on Mutual  

        induction, which happens at a constant frequency. 

2-d) A high permeable material made up of thin silicon steel laminations are used for  

        lamination of transformer core and other electrical devices for the given reasons: 

        High resistance, High permeability, Minimum hysteresis loss. 

3-d) The rating of mostly electrical equipment shows its capability to sustain the  

        mechanical load without overheating. There are two types of losses in the  

        transformer due to the heating effect known as iron loss, and another is known as  

        copper loss. The iron loss depends upon voltage, whereas copper loss depends  

        upon current so that transformer is rated in KVA (KVA (kilo-Volt-Ampere) 

4-d) Transformers have broad applications for various industries; mainly, distribution  

        transformers are filled with oil. The two-primary function of the transformer oil  

        is given below 

        Insulator: The transformer oil has high dielectric strength; it means it can  

        withstand very high voltage; this is the only reason it acts as an insulator in the  

        transformer. 

        Coolant: As we know, the transformer's coils are made up of copper and carrying  

        a very high current, so it becomes hot in a very short time. The transformer oil is  

        a good conductor of electricity and heat, so it reduces the coil's temperature. 

5-d) Stones or crushed rock are provided in the substation to provide an extra layer of  

        high resistance between the soil and a person walking or standing over there. It  

        provides a safety layer that reduces the step and touch voltages that occur during  

        ground faults, which can happen both inside and outside the substation. 

        All substations are designed with a ground grid. Copper conductors are arranged  

        in a grid pattern and laid in trenches dug into and buried in the soil when the  

        substation is constructed. If the crushed rock were not used, more copper would  

        be needed in the ground grid to achieve tolerable step and touch voltages during  

        ground faults. 

6-(a) In a step-down transformer current increases and voltage decreases. 

 

CASE 

STUDY-5 

RESONANT CIRCUITS conditions - i.e. the resonant frequency - the current 

reaches its highest possible value (assuming a constant source voltage), a condition 

termed series resonance. Thus, a series circuit is said to be resonant when the 

inductive reactance equals the capacitive reactance. When the circuits are in 

resonance, the impedance of the circuit is at a minimum and is equal to the circuit 

resistance. The current flowing in the circuit is at its highest possible point and is in 

phase with the applied voltage. In addition, the circuit acts as a purely resistive 

circuit. The voltage across the inductance is equal to the voltage across the 

capacitance, and is relatively high. In fact it may exceed the supply voltage. 

Although numerically equal, these emf's have opposite polarity and the resultant 

voltage is zero. 
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Vector diagram (left) & vectorial addition of voltage (right) for the circuit of fig. 

                      

1 The phase difference between the alternating current and emf is π/2. Which of the 

following cannot be the constituent of the circuit? 

(a) C alone         (b) L alone             (c) L and C              (d) R and L 

2 In an LCR-series ac circuit, the voltage across each of the component L, C and R is 

50 V. The voltage across the LC-combination will be 

(a) 50 V                  (b) 50√2 V              (c) 100 V              (d) zero 

3 Reciprocal of impedance is 

(a) susceptance        (b) conductance       (c) admittance        (d) trans conductance 

4 In the case of an inductor 

(a) voltage lags the current by π/2            (b) voltage leads the current by π/2 

(c) voltage leads the current by π/3          (d) voltage leads the current by π/4 

5 In series LCR circuit, the phase angle between supply voltage and current is 

 

KEY 1-(c), 2-(d), 3-c, 4-b, 5-a 

Explanation 1-(c) When both L and C components are there then phase difference could be zero,   

         less than or greater than π/2. 

2-(d) The voltage across L and C are out of phase. Hence the voltage across the LC  

         combination is zero. 

3-(c) admittance  

4-(b) voltage leads the current by π/2 

CASE 

STUDY -6 

Calculation of Resonant Frequency Although coil-capacitor combinations may be 

designed to resonate at any frequency, resonant circuits find their widest application 

in the radio frequency range. The series resonant circuit is in a state of resonance 

when the inductive reactance and the capacitive reactance are exactly equal.  

The inductive reactance will be exactly the same as the (B) Graph showing 

relationship between current and frequency and the circuit will be in a state of 

resonance. At this point, the voltage drops across the inductive and capacitive 

reactance’s are equal, and since they are opposite in phase, they cancel each other. As 

a result, the only effective opposition to current flow in the circuit is the resistance. 

𝑋𝐿 = 𝑋𝐶 , 𝜔𝐿 =
1

𝜔𝐶
, 𝜔2 =

1

𝐿𝐶
, (2𝜋𝑓)2 =

1

𝐿𝐶
, 𝑓 =

1

2𝜋√𝐿𝐶
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1 Capacitance is charged from C to 2C. For resonant frequency to remain unchanged, 

the inductance should be changed from L to 

(a) 4 L             (b) 2 L             (c) L/2                (d) L/4 

2 In a series, LCR-circuit, resonant frequency depends on 

3 Choose the correct statement. 

(a) A capacitor can conduct a dc circuit but not an inductor. 

(b) In a dc circuit the inductor can conduct but not a capacitor. 

(c) In dc circuit both the inductor and capacitor cannot conduct. 

(d) The inductor has infinite resistance in a dc circuit. 

4 A coil of self-inductance L is connected in series with a bulb B and an ac source. 

Brightness of the bulb decreases when  

(a) Frequency of the ac source is decreased. 

(b) Number of turns in the coil is reduced. 

(c) A capacitance of reactance XC = XL in included. 

(d) An iron rod is inserted in the coil. 

5 In an alternating current circuit consisting of elements in series, the current increases 

on increasing the frequency of supply. Which of the following elements are likely to 

constitute the circuit? 

(a) Only resistor                                (b) Resistor and inductor 

(c) Resistor and capacitor                 (d) Only inductor 

KEY 1-c, 2-c, 3-b, 4-d, 5-c 

Explanation 1-(c) Since, Resonance frequency, 

         fr=1/2π√LC when C is changed 2C, L should be change to L/2. 

2-(c) Resonance frequency, νr = 1/√ LC 

3-(b) In dc circuit, an inductor offers zero resistance to dc, while a capacitor offers   

         infinite resistance. 

4-(d) Brightness of the bulb decreases when inductive reactance increases, i.e. when   

         iron rod is inserted in the coil, its inductance L increases, hence current   

         decreases. 

5- (c) Resistor and capacitor 
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CASE 

STUDY-7 

Bottle Dynamo: A bottle dynamo is 

a small generator to generate 

electricity to power the bicycle 

light. Dynamo generates DC but a 

bottle dynamo generates AC. 

Newer models are now available 

with a rectifier. The available DC 

can power the light and small 

electronic gadgets. This is also 

known as sidewall generator since 

it operates using a roller placed on 

the sidewall of bicycle tyre. When the bicycle is in motion, the dynamo roller is 

engaged and electricity is generated as the tyre spins the roller. When engaged, a 

dynamo requires the bicycle rider to exert more effort to maintain a given speed than 

would otherwise be necessary when the dynamo is not present or disengaged. Bottle 

dynamos can be completely disengaged during day time when cycle light is not in 

use. In wet conditions, the roller on a bottle dynamo can slip against the surface of 

the tyre, which interrupts the electricity generated. This cause the lights to go out 

intermittently 

 
1 Why bottle dynamo is not a dynamo? 

(A) It generates AC only                 (B) It generates DC only  

(C) It looks like a bottle                  (D) It requires no fuel to operate  

2 Can you recharge the battery of your mobile phone with the help of bottle dynamo? 

(A) Yes                                                  (B) No                                                                              

(C) Yes, when a rectifier is used           (D) Yes, when a transformer is used  

3 How Bottle generator generates electricity? 

(A) When fuel is poured in the bottle.                  (B) When cycle is in motion.                                  

(C) When it is mounted properly.                         (D) When wind blows.  

4 Bulb of bicycle light glows:  

(A) with AC supply only.                      (B) with DC supply only 

(C) with both AC and DC supply.         (D) only when AC supply is rectified.  

5 Which one of the following is not an advantages of newer model of bottle dynamo? 

(A) Works intermittently when it roller slips on tyre                                                          

(B) Small electronic gadgets can be charged                                                                              

(C) Can be easily disengaged during day time                                                                      

(D) Requires no fuel 

KEY 1- A, 2-C, 3-B, 4-C, 5-A 

Explanation 1-A) Dynamo generates DC. But bottle dynamo generates AC. So, it is not a  

        dynamo in that sense. But, it generates electricity for bicycle light. 

2-C): Newer models of bottle generators are now available with a rectifier. DC  

         available from such bottle generator can be used directly for charging mobile  

         phone. Otherwise with the old models, a rectifier is to be attached to convert  

         AC to DC. 

3-B) Bottle generator is also known as sidewall generator since it operates using a  

        roller placed on the sidewall of bicycle tyre. When the bicycle is in motion, the   

        dynamo roller is engaged and electricity is generated as the tyre spins the roller. 
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4-C): Normal lamps work with both AC and DC. So, bottle generators of older  

         model or newer model can be directly used for bicycle lamp. 

5-A) In wet conditions, the roller on a bottle dynamo (old model or new model) can  

         slip against the surface of the tyre, which interrupts the electricity generated.  

         This causes the lights to go out intermittently. This is not an advantage. 

CASE 

STUDY-8 

Tuning a radio set: In essence the simplest tuned radio frequency receiver is a 

simple crystal set. Desired frequency is tuned by a tuned coil / capacitor 

combination, and then the signal is presented to a simple crystal or diode detector 

where the amplitude modulated signal, is demodulated.  

 

 

 

 

 

                    

 

 

 

 

This is then passed straight to the headphones or speaker. In radio set there is an LC 

oscillator comprising of a variable capacitor (or sometimes a variable coupling coil), 

with a knob on the front panel to tune the receiver. Capacitor used in old radio sets 

is gang capacitor. It consists of two sets of parallel circular plates one of which can 

rotate manually by means of a knob. The rotation causes overlapping areas of plates 

to change, thus changing its capacitance. Air gap between plates acts as dielectric. 

The capacitor has to be tuned in random corresponding to the frequency of a station 

so that the LC combination of the radio set resonates at the frequency of the desired 

station. When capacitive reactance (XC) is equal to the inductive reactance (XL), 

then the resonance occurs and the resonant frequency is given by  

𝑋𝐿 = 𝑋𝐶 , 𝜔𝐿 =
1

𝜔𝐶
,𝜔2 =

1

𝐿𝐶
, (2𝜋𝑓)2 =

1

𝐿𝐶
, 𝑓 =

1

2𝜋√𝐿𝐶
 

Current amplitude becomes maximum at the resonant frequency. It is important to 

note that resonance phenomenon is exhibited by a circuit only if both L and C are 

present in the circuit. Only then do the voltages across L and C cancel each other 

(both being out of phase) and the Current amplitude is maximum, the total source 

voltage appearing across R. This means that we cannot have resonance in a RL or 

RC circuit.  

1  Name the phenomenon involved in tuning a radio set to a particular radio station.  

(A) Stabilization      (B) Rectification          (C) Resonance      (D) Reflection 

2 Resonance may occur in:  

(A) RL circuit    (B) RC circuit    (C) LC circuit    (D) Circuit having resistor only  

3 Resonance frequency is equal to:  

(A) 1 LC         (B) 
1

√𝐿𝐶
            (C) L C                     (D) C L  

4 Resonance occurs only when:  

(A) XC = R             (B) XL = R              (C) XL = XC            (D) XC > XL 

5 Capacitor used in radio set for tuning is a:  

(A) Parallel plate capacitor            (B) Spherical capacitor  

(C) Paper capacitor                         (D) Electrolytic capacitor 

KEY 1-C, 2-C, 3-B, 4-C, 5-A 

Explanation 1-C) Phenomenon involved in tuning a radio set to a particular radio station is  

        resonance. The capacitor has to be tuned in tandem corresponding to the  
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        frequency of a station. So, that the LC combination of the radio set resonates at  

        the frequency of the desired station.  

2-C) Simple radio receiver is a simple crystal set with a coil and capacitor  

        combination. Desired frequency is tuned by tuning the coil - capacitor   

        combination. Tuning means to make capacitive reactance (XC) equal to the  

        inductive reactance (XL), so that the resonance occurs. 

3-B) The resonant frequency is given by fr = 
1

2𝜋√𝐿𝐶
 

4-C) At resonance, capacitive reactance (XC) is equal to the inductive reactance  

        (XL). Circuit is totally resistive and the current amplitude becomes maximum.  

5-A) Capacitor used in old radio is a parallel plate capacitor. It consists of two sets  

        of parallel circular plates, one of which can rotate manually by means of a  

        knob. The rotation causes overlapping areas of plates to change, thus changing  

        its capacitance. 

  

UNIT-V:   ELECTROMAGNETIC WAVES 

       MCQs 

1. Which of the following rays is emitted by human body? 

a) X-rays   b) UV rays  c) Visible rays  d) IR rays 

2. All components of the electromagnetic spectrum in vacuum have the same 

a) Energy   b) Velocity  c) Wavelength  d) Frequency 

3. If 𝑣𝑔, 𝑣𝑋 𝑎𝑛𝑑 𝑣𝑚 are the speeds of gamma rays, X-rays and microwaves respectively in 

vacuum, then  

a) 𝑣𝑔 > 𝑣𝑋 > 𝑣𝑚  c) 𝑣𝑔 < 𝑣𝑋 < 𝑣𝑚  

b) 𝑣𝑋 > 𝑣𝑔 > 𝑣𝑚   d) 𝑣𝑔 = 𝑣𝑋 = 𝑣𝑚  

4. Which of the following will deflect in electric field? 

a) Visible light  b) gamma rays  c) cathode rays d) ultraviolet rays 

5. An electromagnetic radiation has energy of 13.2 KeV. Then the radiation belongs to the 

region of  

a) Visible light  b) Ultraviolet  c) Inferared  d) X-ray 

6. A charged particle oscillates about its mean equilibrium position with a frequency of 109𝐻𝑧 . 

Frequency of the electromagnetic waves produced by the oscillator is  

a) 10Hz   b) 105 Hz  c) 109Hz  d) 1010Hz 

7. If a source is transmitting electromagnetic wave of frequency 8.2 × 106𝐻𝑧 , then wavelength 

of the electromagnetic waves transmitted from the source will be 

a) 36.6m    b) 40.5m  c) 42.3m  d) 50.9m 

8. Which of the following is absorbed by the ozone layer? 

a) Only gamma rays     b) Visible light c) Radio wave  d) UV rays 

9. The unit of expression 𝜇𝑜휀𝑜 is 

a) m/s    b) 𝑚2𝑠−2      c) 𝑠2𝑚−2    d) s/m 

10. A radiowave has a maximum magnetic field induction of 10-4T on arrival at a receiving 

antenna. The maximum electric field intensity of such a wave is  

a) Zero   b) 3 × 104𝑉𝑚−1  c) 5.8 × 10−4𝑉/𝑚 d) 3.0 × 10−5𝑉/𝑚  

11. Given the wave function (in SI units) for a wave to be                                                                   

𝜑(𝑥, 𝑡) = 103 sin  𝜋(3 × 106𝑥 − 9 × 1014𝑡). The speed of the wave is  

a) 9 × 1014𝑚/𝑠     b) 3 × 108𝑚/𝑠  c) 3 × 106𝑚/𝑠  d) 3 × 107𝑚/𝑠  
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12. A laser beam is sent to the moon and reflected back to earth by any mirror placed on the 

moon by an astronaut. If the moon is 384000km from earth, how long does it take the light to 

make the round trip? 

a) 5 min   b) 2.5 min  c) 2.56s  d) 500s 

13. The magnetic field of an Electromagnetic wave is given by 

 𝐵𝑦 = 3 × 10−7 sin(103𝑥 + 6.29 × 1012𝑡). The wavelength of the electromagnetic wave is 

a) 6.28cm   b) 3.14cm  c) 0.63cm  d) 0.32cm 

14. Which of the following electromagnetic wave have the longest wavelength? 

a) Heat wave   b) Light waves c) Radio waves d) UV waves 

15. The energy of X-ray photon is 2200eV. Its frequency would be  

a) 5.3 × 1016𝐻𝑧   b) 5.3 × 1017𝐻𝑧   c) 5 × 1017𝐻𝑧  d) 5 × 1016𝐻𝑧  

 

ASSERTION – REASONING TYPE QUESTIONS 

Two statements are given –one labelled Assertion (A) and other labelled Reason (R). Select 

the correct answer to these questions from the options as given below.  

a) If both Assertion and Reason are true and Reason is correct explanation of Assertion.  

b) If both Assertion and Reason are true but Reason is not the correct explanation of   

    Assertion.  

c) If Assertion is true but Reason is false.  

d) If both Assertion and Reason are false 

16. Assertion: Velocity of light is constant in all media 

Reason: Light is an electromagnetic wave which has constant velocity in all media 

17. Assertion : In an electromagnetic wave, magnitude of magnetic field vector is much smaller  

                   than the magnitude of electric field vector. 

Reason: Energy of electromagnetic waves is not shared equally by the electric and magnetic  

               fields. 

18. Assertion: When a charged particle moves in a circular path, it produces electromagnetic  

                  wave. 

Reason: Accelerated charged particle produce electromagnetic waves. 

19. Assertion: In electromagnetic waves electric field and magnetic field are perpendicular to  

                  each other. 

Reason: Electric field and magnetic field of electromagnetic wave are self sustaining. 

 

 

 

 

CASE BASED QUESTIONS 

 

20. In an electromagnetic wave both the electric and magnetic fields are perpendicular to the 

direction of propagation that is why electromagnetic waves are transverse in nature. 

Electromagnetic waves carry energy as they travel through space and this energy is shared 

equally by the electric and magnetic fields. Energy density of electromagnetic waves is the 

energy in unit volume of the space through which the wave travels. 

(i) The electromagnetic waves propagated perpendicular to both �⃗�  𝑎𝑛𝑑 �⃗� . The 

electromagnetic waves travel in the direction of  

a) �⃗� ∙ �⃗�    b) �⃗� × �⃗�    c) �⃗� ∙ �⃗�    d) �⃗� × �⃗�   
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(ii) Fundamental particle in an electromagnetic wave is  

a) Photon  b) electron  c) proton  d) neutron 

(iii) Electromagnetic waves are transverse in nature is evident by  

a) Polarization b) Interference  c) Reflection   d) Diffraction 

(iv) For a wave propagating in a medium, identify the property that is independent of the 

others. 

a) Velocity     b) Wavelength   

c)    Frequency    d) All of these depend on each other 

(v) The electric and magnetic fields of an electromagnetic waves are  

a) In opposite phase and perpendicular to each other 

b) In opposite phase and parallele to each other 

c) In phase and perpendicular to each other 

d) In phase and parallel to each other 

21. A stationary charge produces only an electrostatic field while a charge in uniform motion 

produces a magnetic field, that does not change with time. An oscillating charge is an 

example of accelerating charge. It produces an oscillating magnetic field, which in turn 

produces an oscillating electric fields and soo on. The oscillating electric and magnetic fields, 

which in turn produces an oscillating electric fields and so on. The oscillating electric and 

magnetic fields regenerate each other as a wave which propogates through space. 

  

(i) Magnetic field in a plane electromagnetic wave is given by �⃗� = 𝐵𝑜 sin(𝑘𝑥 + 𝜔𝑡) 𝑗̂𝑇. 
Expression for corresponding electric field will be (Where c is speed of light) 

(a) �⃗� = −𝐵𝑜𝑐 sin(𝑘𝑦 + 𝜔𝑡) �̂� 𝑉/𝑚   c) �⃗� =
𝐵𝑜

𝑐
sin(𝑘𝑥 + 𝜔𝑡) �̂� 𝑉/𝑚 

(b) �⃗� = 𝐵𝑜𝑐 sin(𝑘𝑥 − 𝜔𝑡) �̂� 𝑉/𝑚  d) �⃗� = 𝐵𝑜𝑐 sin(𝑘𝑥 + 𝜔𝑡) �̂� 𝑉/𝑚 

 

(ii) The electric field component of a monochromatic radiation is given by                          

�⃗� = 2𝐸𝑜𝑗̂ cos 𝑘𝑧 cos𝜔𝑡.  Its magnetic field  𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦  

a) 
2𝐸𝑜

𝑐
𝑗̂  cos 𝑘𝑧 cos𝑤𝑡     c) 

2𝐸𝑜

𝑐
𝑗̂  sin 𝑘𝑧 sin 𝑤𝑡  

b) 
2𝐸𝑜

𝑐
𝑗̂  sin 𝑘𝑧 cos𝑤𝑡     d) −

2𝐸𝑜

𝑐
𝑗̂  sin 𝑘𝑧 sin𝑤𝑡  

(iii) A plane em wave of frequency 25 MHz travels in a free space along x-direction. At a 

particular point in space and time , E=6.3 𝑗̂ V/m. What is magnetic field at that time? 

a) 0.095µT  b) 0.124µT   c) 0.089µT d) 0.022µT 

(iv) A plane electromagnetic wave travels in free space along x-axis. At a particular point 

in space, the electric field along y-axis is 9.3 V/m. The magnetic induction (B) along 

z-axis is  

a) 3.1 × 10−8𝑇  b) 3 × 10−5𝑇   c) 3 × 10−6𝑇   d) 9.3 × 10−6𝑇  

22. All the known radiation from a big family of electromagnetic waves which streched over a 

large range of wavelengths. Electromagnetic wave include radio wave, microwaves, visible 

light waves, infera red rays, UV rays, X-rays and gamma rays. The ordinary distribution of 

the electromagnetic waves in accordance with their wavelength or frequency into distinct 

groups having widely differing properties is electromagnetic spectrum 
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(i) Which wavelength of the sun is used finally as heat energy? 

a) Radio wave            b) Infrared wave c) Visible light           d) microwave 

(ii) Which of the following electromagnetic radiation have the longest wavelength? 

a) X-rays  b) gamma rays  c) microwaves            d) radiowaves 

(iii) Which one of the following is not electromagnetic in nature? 

                         a) X-ray            b) gamma ray  c) sound wave            d) visible light 

(iv) Which of the following has minimum wavelength? 

a) X-rays  b) ultra violet rays c) gamma rays  d) visible light 

(v) The decreasing order of wavelength of inferared, microwave, ultraviolet and gamma 

rays is  

a) Microwave, inferared, ultraviolet,gamma rays 

b) Gamma rays, ultraviolet, inferared, microwave 

c) Microwave , gamma rays, inferared, ultraviolet 

d) Inferared, microwave, ultraviolet, gamma rays 

Electromagnetic waves (KEY) 

Q.No. Answer Q.No. Answer 

1 d) IR rays 2 b) Velocity 

3 d) 𝑣𝑔 = 𝑣𝑋 = 𝑣𝑚 4 c) cathode rays 

5 d) X-ray 6 c) 109Hz 

7 a) 36.6m 8 d) Ultraviolet rays 

9 c) 𝑠2𝑚−2 10 b) 3 × 104𝑉𝑚−1 

11 b) 3 × 108𝑚/𝑠 12 c) 2.56s 

13 c) 0.63cm 14 c) Radio waves 

15 b) 5.3 × 1017𝐻𝑧   16 (d)    as velocity of light depends on medium 

17 (d)  18 (a) 

19 (b) 

20        (i)  - b) �⃗� × �⃗�                   (ii) - a              (iii) - a 

(iv) - c) Frequency (As frequency does not change when a wave propagates through   

  a medium, it is independent of other factors. Hence, this is the correct option) 

      (v) - c) In phase and perpendicular to each other 

21 (i) d) �⃗� = 𝐵𝑜𝑐 sin(𝑘𝑥 + 𝜔𝑡) �̂� 𝑉/𝑚    (ii)-a     (iii)-d    (iv)-a  

22 (i) b) Infrared wave     (ii)-d     (iii)-c      (iv)-c    (v)-a 

 

UNIT-VI : OPTICS 

 

Ch-9 : Ray Optics and Optical Instruments 

& 

Ch-10 : Wave Optics 

MCQ’s 

 

1.A glass lens is immersed in water. What will be the effect on the power of lens?  

   (A) increase   (B) decrease        (C) constant   (D) not depends  

 

2.The maximum magnification that can be obtained with convex lens of focal length 2.5cm is (the   

    least distance of distinct vision is 25 cm) 
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    (A) 10                     (B) 0.1                         (C) 62.5                        (D) 11 

3.The objective lens of an astronomical telescope has a large aperture to  

   (A) increase span of observation   (B) have low dispersion  

   (C) reduce spherical aberration   (D) have high resolution  

 

4.Two lenses of focal lengths 20 cm and - 40cm are held in contact. If an object lies at infinity, image   

   formed by the lens combination will be at 

   (A) infinity     (B) 20cm             (C) 40cm              (D) 60cm  

 

5.The characteristic feature of light which remains unaffected on refraction is  

   (A) speed             (B) frequency             (C) wavelength  (D) velocity of light  

 

6.The air bubble inside water shine due to  

   (A) Reflection  (B) Refraction  (C) Total internal reflection      (D) None of these  

 

7.How does the focal length of a convex lens changes if mono-chromatic red light is used instead of   

   violet light?  

   (A)  Focal length is increased when red light is used  

   (B) Focal length is decreased when red light is used  

   (C) Focal length is remains same when red light is used  

   (D) Not depends on colour of light 

8.When a convex lens placed inside a transparent medium of refracting index greater than that of its   

   own material  

   (A) It behaves as concave lens  (B) It behaves as convex lens  

   (C) It behaves as a glass slab (D) It behaves as a glass prism  

 

9.The deviation of a ray on passing through a prism is d =(μ-1) A,for 

   (A) All conditions   (B) small angle A    

   (C) Large angle A (D) In minimum angle of deviation case. 

 

10.A thin prism of 12° angle gives a deviation of 6°. The refracting index of a material of the prism  

     (A) 3/2        (B) 4/3   (C) 8/9  (D) 9/8  

 

11.The radius of curvature of the convex surface of a Plano- convex lens whose focal length is 0.3m  

     & the refractive index of material is 1.5 is  

    (A) 1.5m       (B) 0.15m      (C) 0.5m      (D) 1 .25m  

 

12.The magnifying power of an astronomical telescope in the normal adjustment position is 100. The  

     distance between objective & the eyepiece is 101cm.what is the focal length of objective.  

    (A) 100cm            (B) 1cm           (C) 50 cm      (D) 11cm  

13.A Tank is filled with water to a height of 12.5cm. The apparent depth of a needle lying at bottom  

     of tank is measured by a microscope to be 9.4cm.What is the refractive of water? 

     (A) 1.33       (B) 1.5  (C) 1.13  (D) 1.45  

 

14.Two thin lenses of focal lengths 20 cm and 25 cm are placed in contact. The effective power of  

     the combination is:  

     (A) 45 D               (B) 9 D    (C) 19 D         (D) 6 D  

 

15.The angle of deviation for a prism is greatest for:  

     (A) violet           (B) red.  (C) orange    (D) yellow  
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16.An astronomical refractive telescope has an objective of focal length 20 m and an eyepiece of   

     focal length 2 cm. Then  

     (A) the magnification is 1000               (B) the length of the telescope tube is 20.02 m  

     (C) the image formed of inverted     (D) all of these  

 

17.An astronomical refractive telescope has an objective of focal length 20 m and an eyepiece of   

     focal length 2 cm. Which one of the following is not possible?  

     (A) The length of the telescope tube is 20.02 m.   

     (B) The magnification is 1000.   

     (C) The image formed is inverted.   

     (D) An objective of a larger aperture will increase the brightness and reduce chromatic aberration    

           of the image.  

 

18.A concave mirror is held in water. What should be the change in the focal length of the mirror?  

     (A) Halved  (B) Doubled  (C) Remains the same      (D) Increases exponentially  

19.A convex lens is dipped in a liquid whose refractive index is equal to the refractive index of the   

     lens. Then its focal length will  

     (A) become zero     (B) become infinite   

     (C) become small, but non-zero   (D) remain unchanged 

 

20.Which of-the following is not a property of light?  

     (A) It can travel through vacuum     (B) It has a finite speed  

     (C) It requires a material medium for its propagation  (D) It involves transportation energy 

 

21. Two concave mirrors have the same focal length but the aperture of one is larger than that of the   

      other. Which mirror forms the sharper image?  

      (A) Plane                (B) Concave        (C) Convex         (D) Prism  

22. An object is placed at a distance of 40 cm from a concave mirror of focal length 15 cm. If the     

      object is displaced through a distance of 20 cm towards the mirror, the displacement of the image    

      will be:  

      (A) 30 cm away from the mirror   (B) 36 cm away from the mirror  

      (C) 30 cm towards the mirror   (D) 36 cm towards the mirror  

 

23. A man stands in front of a mirror of special shape. He finds that his image has a very small head,  

      a fat body, and legs of normal size. What can we say about the shapes of the three parts of the  

      mirror?  

 

      (A) Convex, Concave, Plane   (B) The plane, Concave, Convex  

      (C) Concave, Convex, Plane   (D) Convex, Plane, Concave 

 

 

24.The refractive indices (R.I.) of glass and water with respect to air are 3/2 and 4/3 respectively. The       

     R.I. of glass with respect. to water is:  

     (A) 8/9   (B) 9/8   (C) 7/6   (D) 2  

25.Which of the following colour of white light deviated most when passes through a prism?  

    (A) Red light (B) Violet light  (C) Yellow light    (D) Both (i) and (ii) 

 

26.Two lenses of focal lengths 20 cm and – 40 cm are held in contact. The image of an object at   

     infinity will be formed by the combination at  

     (A) 10 cm   (B) 20 cm     (C) 40 cm  (D) infinity  

 

27.A convergent lens will become less convergent in  
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     (A) Oil      (B) water  (C) both of (i) and (ii)  (D) none of these  

 

28.Two beams of red and violet colour are made to pass separately through a prism (angle of the    

      prism is 60°). In the position of minimum deviation, the angle of refraction will be  

     (A) 30° for both the colours   (B) greater for the violet colour  

     (C) greater for the red colour   (D) equal but not 30° for both the colours 

 

29.When light is refracted into a medium,  

     (A) its wavelength and frequency both increase  

     (B) its wavelength increases but frequency remains unchanged  

     (C) its wavelength decreases but frequency remains unchanged  

     (D) its wavelength and frequency both decrease  

 

30.A ray of light incident at an angle θ on a refracting face of a prism emerges from the other face   

     normally. If the angle of the prism is 5° and the prism is made of a material of refractive index 1.5,   

     the angle of incidence is  

 

     (A) 7.5°   (B) 5°   (C) 15°   (D) 2.5°  

 

31.A real, inverted and equal in size image is formed by 

    (A) a concave mirror  (B) a convex mirror (C) a plane mirror  (D) none of these 

 

32. If a spherical mirror is immersed in a liquid. its focal length will 

     A) increase    (B) decrease  (C) remain unchanged            (D) depend on the nature of liquid 

 

33.When a beam of light is incident on a plane mirror, it is found that a real image is formed. The    

     incident beam must be  

     (A) Converging                (B) Diverging    

     (C) Parallel               (D) Formation of real image by a plane mirror is impossible  

 

34.An object is placed symmetrically between two plane mirrors, inclined at an angle of 72°, then the   

      total number of images observed is  

      (A) 5   (B) 4   (C) 2   (D) Infinite  

 

35.A person 1.6 m tall is standing at the centre between two walls three metre high. What is the    

      minimum size of a plane mirror fixed on the wall in front of him, if he is to see the full height of   

      the wall behind him?  

      (A) 0.8 m   (B) 1 m   (C) 1.5 m   (D) 2.3 m  

 

36.While capturing solar energy for commercial purposes we use  

      (A) Parabolic mirrors     (B) Plane mirrors  (C) Convex mirrors     (D) Concave mirrors  

 

37. A convex mirror is used to form an image of a real object. Then mark the wrong statement  

    (A) The image lies between the pole and focus  (B) The image is diminished in size  

    (C) The image is erect      (D) The image is real 

 

38.A convex mirror has a focal length f. A real object is placed at a distance f in front of it, from the   

     pole. It produces an image at  

    (A) Infinity   (B) f   (C) f/2   (D) 2f  

 

39.An object placed in front of a concave mirror of focal length 0.15 m produces a virtual image,  

     which is twice the size of the object. The position of the object with respect to the mirror is  
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     (A) –5.5 cm   (B) –6.5 cm   (C) –7.5 cm   (D) –8.5 cm  

 

40.When a light ray from a rarer medium is refracted into a denser medium, its  

     (A) Speed increases, wavelength increases  (B) Speed decreases, wavelength increases  

     (C) Speed increases, wavelength decreases          (D) Speed decreases, wavelength decreases 

 

41.What happens if one of the slits, say S1 in Young’s double, slit experiment-is covered with a glass   

     plate which absorbs half the intensity of light from it?  

    (A) The bright fringes become less-bright and the dark fringes have a finite light intensity  

    (B) The bright fringes become brighter and the dark fringes become darker  

    (C) The fringe width decreases    

    (D) No fringes will be observed  

 

42.What happens to the interference pattern the two slits S1 and S2 in Young’s double experiment are   

     illuminated by two independent but identical sources?  

    (A) The intensity of the bright fringes doubled   

    (B) The intensity of the bright fringes becomes four times  

    (C) Two sets of interference fringes overlap   

    (D) No interference pattern is observed  

 

43. Two sources of light are said to be coherent when both give out light waves of the same:  

     (A) amplitude and phase   (B) intensity and wavelength    

     (C) speed                                        (D) wavelength and a constant phase difference  

44. Which of the following is conserved when light waves interference?  

     (A) phase   (B) intensity   (C) amplitude    (D) none of these 

 

45.The locus of all particles in a medium, vibrating in the same phase is called  

    (A) wavelet  (B) fringe  (C) wave front  (D) None of these  

 

46.Wavefront is the locus of all points, where the particles of the medium vibrate with the same  

    (A) phase  (B) amplitude    (C) frequency  (D) period  

 

47. When light suffers reflection at the interface between water and glass, the change of phase in the     

      reflected wave is  

     (A) zero   (B) π   (C) π/2  (D) 2π  

 

48. Two sources of light are said to be coherent, when they give light waves of same  

     (A) amplitude and phase   (B) wavelength and constant phase difference  

     (C) intensity and wavelength  (D) phase and speed  

 

49. To observe diffraction, the size of the obstacle  

     (A) should be X/2, where X is the wavelength.     (B) should be of the order of wavelength.  

     (C) has no relation to wavelength.               (D) should be much larger than the wavelength.  

 

50. The colours on the soap bubble is due to  

     (A) Interference    (B) Diffraction  (C) Polarisation  (D) Reflection  

 

51. Which of the following phenomenon is not explained by Huygens’s wave theory?  

     (A) Diffraction    (B) Polarisation  (C) Photoelectric effect     (D) Interference  

 

52. In Young’s double slit experiment, the fringe width is β . If the entire arrangement is now placed   
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      inside a liquid of refractive index μ , the fringe width will become  

      (A) μ β   (B) β/μ   (C) β/(μ+1)  (D) β/(μ−1) 

 

53.In the phenomena of Diffraction of light when the violet light is used in the experiment is used   

     instead of red light then.  

    (A) Fringe width increases   (B) No change in fridge width  

    (C) Fringe width decreases   (D) Colour pattern is formed  

 

54. In the Young’s double slit experiment both the slits are similar. If the length of one of the slits is  

      halved, which of the following is true?  

     (A) Bright fringes become narrower.  (B) Bright fringes become wider.  

     (C) Dark fringes become darker   (D) Dark fringes become brighter.  

 

55. Ratio of intensities of two waves are given by 4 :1. Then the ratio of the amplitudes of the two   

      waves is 

     (A) 2: 1   (B) 1: 2   (C) 4: 1   (D) 1: 4  

 

56. The light sources used in Young’s double slit experiment are:  

     (A) Incoherent   (B) Coherent   (C) White light  (D) Blue-green-red Light. 

 

57. If the width of the slit in single slit diffraction experiment is doubled, then the central maximum        

      of diffraction pattern becomes:  

      (A) broader and brighter    (B) broader and fainter  

      (C) sharper and fainter   (D) sharper and brighter  

 

58. Angular width of interference fringe depends on  

     (A) Distance between Slit and Screen   (B) Ratio of the wavelength and Slit width  

      (C) Wavelength of light     (D) Width of Slit 

 

59. In a Young’s double slit experiment, the separation between the slits is 0.1 mm, the wavelength   

      of light used is 600nm and the interference pattern is observed on a screen 1m away. Find the   

      separation between bright fringes.  

     (A) 6.0 mm   (B) 6.6 mm    (C) 6 m   (D) 60 cm  

   

60. The wave-front due to source situated at the infinity is  

      (A) Spherical (B) Cylindrical  (C) Plane   (D) Rectangular  

 

ASSERTION & REASON TYPE QUESTIONS - OPTICS 

 

Answer: (A) Both are correct and Reason is correct explanation of Assertion. 

Answer: (B) Both are correct but Reason is not the correct explanation of Assertion. 

Answer: (C) Assertion is correct but Reason is wrong. 

Answer: (D) Both are wrong. 

 

61. A: The speed of light in vacuum doesn't depend on nature of the source, direction of propagation,   

            motion of the source or observer wavelength and intensity of the wave. 

     R: The speed of light in vacuum is a universal constant independent of all the factors listed   

          and anything else. 

 

62. A: When monochromatic light is incident on a surface separating two media, the reflected   

           and refracted light both have the same frequency as the incident frequency. 

      R: At any interface between the two media, the electric (and magnetic) fields must satisfy   

          certain boundary conditions for all times & frequency determines the time dependence of fields. 
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63.A: When light travels from a rarer to a denser medium, it loses some speed but it doesn't imply   

          a reduction in the energy carried by the light wave. 

    R: Energy carried by a wave depends on the amplitude of the wave and not on the speed of  

         wave propagation. 

 

64. A: When a narrow pulse of light is sent through a medium, it doesn't retain its shape as it  

           travels through the medium. 

      R: Since the speed of propagation in a medium depends on wavelength,   

           Different wavelength components of the pulse travel with different speeds. 

 

65. A: In the wave picture of light, intensity of light is determined by the square of the amplitude of   

            the wave. 

      R: In the photon picture of light, for a given frequency, intensity of light is determined   

           by the number of photons incident per unit area. 

 

66. A: The phase difference between any two points on a wave front is zero. 

      R: Corresponding to a beam of parallel rays of light, the wave fronts are planes parallel to one  

           another. 

 

67. A: The law of conservation of energy is violated during interference. 

      R: For sustained interference the phase difference between the two waves must change with time. 

 

68. A: When the apparatus of YDSE is brought in a liquid from air, the fringe width decreases. 

      R: The wavelength of light decreases in the liquid. 

 

69. A: For observing traffic at our back, we prefer to use a convex mirror. 

      R:A convex mirror has a larger field of view than a plane mirror or concave mirror. 

 

70.A:In passing through a lens or prism, the phase difference between two waves does not change. 

     R:The optical path lengths of all rays are same. 

 

71.  A:A convex lens may be diverging. 

       R:The nature of a lens depends upon the refractive indices of the material of lens and 

surrounding medium besides geometry. 

 

72.  A:The power of a thin lens does not depend upon the surrounding medium. 

       R:Power of a thin lens 
f


 . 

 

 

73.  A:If white light is used in YDSE, colored fringes are obtained. 

       R:The fringe width is proportional to the wavelength (color) of light. 

 

74.A: Superposition takes place only between those waves emitted by coherent sources. 

     R: All coherent sources emit energy in proper order. 

 

75.  A:When a glass prism is immersed in water, the deviation caused by prism decreases. 

       R:Refractive index of glass prism relative to water is less than relative to air. 

 

76.  A:An air bubble in water shines. 

       R:When light is incident from water to air, total internal reflection takes place at outer surface of 

bubble. 
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77.  A:Thin films such as soap bubble or thin layer of oil spread on water show beautiful colours 

when illuminated by white light. 

        R:It is due to interference of Sun’s light reflected from upper and lower surfaces of the film. 

 

78.  A: In YDSE central fringe is always a bright fringe. 

       R:If path difference at central fringe is zero then it will be a bright fringe. 

 

79.  A:When white light passes through a prism, deviation of violet light is more than green light. 

       R:In a prism average deviation is measured as deviation of yellow light. 

 

80.  A:A real object is kept on principle axis of mirror. Size of image measured is equal to size of 

object. The mirror must be plane mirror. 

        R:For a plane mirror magnification is unity. 

 

ANSWERS - OPTICS 

1. B 21. B 41. A 61. A  

2. D 22. B 42. D 62. A  

3. D 23. A 43. D 63. A  

4. C 24. B 44. D 64. A  

5. B 25. B 45. C 65. B  

6. C 26. C 46. A 66. B  

7. A 27. B 47. B 67. D  

8. A 28. A 48. A 68. A  

9. B 29. B 49. B 69. A  

10. A 30. A 50. A 70. C  

11. B 31. A 51. C 71. A  

12. A 32. C 52. B 72. D  

13. A 33. A 53. C 73. D  

14. B 34. B 54. D 74. D  

15. A 35. B 55. A 75. A  

16. D 36. A 56. B 76. A  

17. D 37. D 57. D 77. A  

18. C 38. C 58. C 78. D  

19. B 39. C 59. A 79. B  

20. C 40. D 60. C 80. D  

CASE STUDY TYPE QUESTIONS - OPTICS 

1) A compound microscope:  

It is an optical instrument used for observing highly magnified images of tiny objects. Magnifying 

power of a compound microscope is defined as the ratio of the angle subtended at the eye by the final 

image to the angle subtended at the eye by the object, when both the final image and the objects are 

situated at the least distance of distinct vision from the eye. It can be given that: m=me x mo, where 

me is the magnification produced by the eye lens and mo is the magnification produced by the 

objective lens. Consider a compound microscope that consists of an objective lens of focal length 2.0 

cm and an eyepiece of focal length 6.25 cm separated by a distance of 15 cm. 
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(i) The object distance for eye-piece, so that final image is formed at the least distance of distinct   

     vision, will be 

     (A) 3.45 cm  (B) 5 cm  (C) 1.29 cm  (D) 2.59 cm 

(ii) How far from the objective should an object be placed in order to obtain the condition described?  

     in part (i)? 

    (A) 4.5 cm  (B) 2.5 cm  (C) 1.5 cm  (D) 3.0 cm 

(iii) What is the magnifying power of the microscope in case of least distinct vision? 

     (A) 40  (B) 30  (C) 20  (D) 50 

(iv) The intermediate image formed by the objective of a compound microscope is 

     (A) real, inverted and magnified  (B) real, erect and magnified 

     (C) virtual, erect and magnified  (D) virtual, inverted and magnified 

 

ANSWER KEY 

i. (B) ii. (B) iii. (C) iv. (A) 

2) .  Power of a lens: 

Power (P) of a lens is given as the reciprocal of focal length (P=1/f), where ‘f’ should be in meter and 

P is in Dioptre. For convex lens, power is positive and concave lens, power is negative. When two or 

more lenses are kept in contact then power of the combined lens is given as P= P1 + P2+P3 ……. 

(i) A convex lens is cut in to two equal parts, perpendicular to its axial line. The power of each part  

    (A) becomes zero     (B) remain the same      (C) decreases      (D) increases 

(ii)The two lenses of power +1.5D and +1.0D are placed in contact then the effective power of the    

     combination will be 

(A)  2.5D     (B) 1.5 D  (C) 0.5D    (D) 3.25D  

(iii) If the power of the combination of two lenses is 2.5D. The power of one lens is  -1.5D.What is  

      the focal length of the other lens? 

     (A)10cm    (B) 20cm    (C)25cm    (D) 5cm 

(iv)Two thin lens of focal length +10cm & -5cm are kept in contact, the power of the combination is 

(A) -10D   (B) -20D    (C) 10D     (D) 15D  

ANSWER KEY 

i.  (C) ii. (A) iii. (C) iv. (B) 

 

 

3.  Refraction through a prism: 

A prism is a portion of a transparent medium bounded by two planes face inclined to each other at a 

suitable angle. A ray of light suffers two refractions on passing through a prism and hence deviates 

through a certain angle from its original path. The angle of deviation of a prism is       ɗ = (µ-1) A , 

through which a ray deviates on passing through a thin prism  of small refracting angle A . If µ is the 

refractive index of the material of the prism then the prism formula is µ = sin(A+ɗm/2) / sin(A/2). 

(i) For which colour, angle of deviation is minimum? 

    (A) Red   (B) Yellow   (C) Violet  (D) Blue. 

(ii) When white light moves through vacuum  
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    (A) All colours have same speed   (B) Different colours have different speed 

    (C) Violet has more speed then red  (D) Red has more speed then violet. 

(iii)The deviation through a prism is maximum when angle of incidence is  

     (A) 45o   (B) 70o   (C)90o  (D)60o  

(iv) What is the deviation produced by a prism of angle 6o? (µ=1.6)  

     (A) 3.6o   (B) 4.9o  (C) 7.9o  (D) 1.5o 

(v) A ray of light falling at an angle of 500 is refracted through a prism and suffers minimum  

     deviation. If the angle of prism is 600, then the angle of minimum deviation is  

   (A) 450   (B) 750   (C) 500   (D) 400  

 

ANSWER KEY 

i.  (A) ii. (A) iii. (C) iv. (A) v. (D) 

 

4. Total internal reflection:  

As we know that, when light ray travels from one medium to another, it changes its direction of path 

due to the change in optical density of the medium. When light ray travels from optically denser 

medium to the optically rarer medium then some of the light get reflected back in the same medium 

and remaining light get refracted in the second medium and such a phenomenon of light is called as 

internal reflection of light.  Mirage is the best real-life example of total internal reflection of light. 

Right angled prisms, optical fibres etc., are mainly constructed on the basis of total internal reflection 

of light to reduce the decrease in amplitude of the sending signal. 

(i) For critical angle the value of corresponding angle of refraction is____ 

(A)180°  (B) less than 90° (C) greater than 90° (D) 90° 

(ii) As the refractive index of the medium increases the corresponding value of critical angle for that    

      medium ____ 

     (A) decreases      (B) increases   

     (C) remains same                 (D) independent of refractive index of the medium 

(iii) In case of total internal reflection, for angle of incidence greater than critical angle the refraction    

      of light is not possible because____ 

      A) Snell’s law of refraction gets satisfied   

      B) Snell’s law of refraction cannot be satisfied 

      C) laws of refraction cannot be satisfied 

      D) can’t say 

(iv) What is mean by optically denser and optically rarer medium? 

(v) How total internal reflection of light would be possible in case of optical fibres? 

ANSWER KEY 

i. (D) ii. (A) iii. (B) 

(iv) Lower is the refractive index of the medium then lower its optical density also.  

(v) Optical fibres are made up of high-quality composite glass or quartz fibres which consist of 

core and cladding. The refractive index of core is higher than the cladding. So core acts as a rarer 

medium and cladding acts as the denser medium. The signal in the form of light is passed from one 

end of the fibre at a particular angel of incidence so that the light must get totally internally 

reflected. In such way, light get totally internally reflected many times along the length of the fibre 
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and finally will be received at the other end without loss in intensity.  

 

5. Interference of light: 

The modification of intensity of light in a medium due to the superposition of two or more coherent 

rays is called interference of light. The point at which two waves are in phase or if trough of one 

wave coincides with the trough of other or crest of one wave coincides with the crest of other then the 

resultant intensity produced at that point will be larger and amplitude also maximum. Such points are 

the points where constructive interference takes place. While there are some points where two light 

waves are not in phase with each other and crest of one wave coincides with the trough of other and 

vice versa due to which resultant intensity at that point is minimum and amplitude also get decreased. 

Such points are the points where destructive interference takes place.  

(i) For coherent sources of light, the phase difference must be___ 

    (A) one     (B) zero    (C) either zero or constant     (D) 90° 

(ii) If the phase difference is 2π, the path difference of the two waves is 

   (A) λ       (B)2λ      (C) λ/2                (D) zero 

(iii) For destructive interference 

   A) path difference is (n +1/2) times wavelength 

   B) phase difference is π, 3π, 5π 

   C) path difference is integral multiple of wavelengths 

   D) both A and B 

(iv) The interference and diffraction of light explains which nature of light 

(v) How conservation of energy is possible in interference and diffraction of light? 

ANSWER KEY 

i. (C) ii. (A) iii. (D) 

(iv) The phenomenon of interference of light and diffraction of light explains the wave nature light. 

(v) In interference and diffraction of light, there is a redistribution of light energy takes place. That 

means if a dark fringe with less light energy is produced then there will be also a bright fringe with 

high light energy will be produced in another region. Therefore, there will be no loss or gain in 

light energy takes place which obeys the law of conservation of energy. 

 

 

6. Diffraction of light: 

When light from a monochromatic source is incident on a single narrow slit, it gets diffracted and a 

pattern of alternate bright and dark fringes is obtained on screen, called "Diffraction Pattern" of 

single slit. In diffraction pattern of single slit, it is found that 

(I) Central bright fringe is ·of maximum intensity and the intensity of any secondary bright fringe   

     decreases with increase in its order. 

(II) Central bright fringe is twice as wide as any other secondary bright or dark fringe. 
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(i) A single slit of width 0.1 mm is illuminated by a parallel beam of light of wavelength 6000 A and   

    diffraction bands are observed on a screen 0.5 m from the slit. The distance of the third dark band   

    from the central bright band is 

    (A) 3 mm (B) 1.5 mm (C) 9 mm 
(D) 4.5 mm 

 

 

(ii) In Fraunhoffer diffraction pattern, slit width is 0.2 mm and screen is at 2 m away from the lens. If   

     wavelength of light used is 5000 λ,  then the distance between the first minimum on either side the    

     central maximum is 

    (A) 10-1 m           (B) 10-2 m  (C) 2 x 10-2 m (D) 2 x 10-1 m 

    

(iii) Light of wavelength 600 nm is incident normally on a slit of width 0.2 mm. The angular width of   

       central maxima in the diffraction pattern is (measured from minimum to minimum)   

     (A) 6 x 10-3 rad   (B) 4 x 10-3 rad  (C) 2.4 x 10-3 rad (D) 4.5 x 10-3 rad 

    

(iv) A diffraction pattern is obtained by using a beam of red light. What will happen, if the red light is   

       replaced by the blue light? 

      (A) bands disappear 

      (B) bands become broader and farther apart 

      (C) no change will take place 

      (D) diffraction bands become narrower and crowded together. 

 

(v) To observe diffraction, the size of the obstacle 

     (A) should be A/2, where A is the wavelength. (B) should be of the order of wavelength. 

     (C) has no relation to wavelength. (D) should be much larger than the wavelength. 

  

ANSWER KEY 

i.  (C) ii. (B) iii. (A) iv. (D) v. (B) 

 

 

 

 

UNIT-VII: DUAL NATURE OF RADIATION AND MATTER 

Ch-11:  Dual Nature of Radiation and Matter 

MCQs 
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1.Consider a beam of electrons (each electron with energy E0) incident on a metal surface kept in an   

   evacuated chamber. Then 

   (a) no electrons will be emitted as only photons can emit electrons 

   (b) electrons can be emitted but all with an energy E0 

   (c) electrons can be emitted with any energy, with a maximum of E0-φ (φ is the  work function) 

   (d) electrons can be emitted with any energy, with a maximum of E0 

2.Threshold wavelength for a metal having work function Wo is λ. What is the threshold  

    wavelength for a metal having work function 2W0? 

   (a)4λ         (b)2 λ         (c) λ/2         (d) λ/4  

3.A proton and an α-particle have the same de Broglie wavelength. What is same for both of them? 

   (a) Mass      (b) Energy         (c) Frequency      (d) Momentum 

4. Wave theory of light could not explain 

   (a) interference         (b) diffraction        (c) reflection        (d) photo electric effect 

5.The photoelectric effect is based on conservation of 

   (a)momentum          (b) energy             (c) mass                (d) angular momentum 

6. In photoelectric effect, the number of photoelectrons emitted per second is proportional to  

   (a) intensity of incident beam          (b) frequency of incident beam 

   (c) velocity of incident beam           (d) work function of photocathode.  

7. A photon will have less energy if its 

   (a) amplitude is higher             (b) frequency is higher  

   (c) wave length is longer         (d) wave length is shorter 

8. Which of the following will have the least value of  q/m 

     (a) Electron      (b) Proton 

     (c) α-particle      (d) ß-particle 

9. When green light is incident on the surface of metal, it emits photo-electrons but there is no such    

    emission with yellow colour light. Which one of the colour can produce emission of photo-  

    electrons 

      (a) Orange     (b)Red             (c) Indigo            (d)None of the above 

10.If maximum velocity with which an electron can be emitted from a photo cell is 4x108cm/sec, the   

     stopping potential is (mass of electron = 9 x 10–31 kg)  

     (a) 30 volt   (b)45 volt             (c) 59 volt             (d) Information is insufficient 

11. A source of light is placed at a distance of 50 cm from a photo cell and the stopping potential is   

     found to be V0. If the distance between the light source and photo cell is made 25 cm, the new     

     stopping potential will be : 

     (a) V0/2          (b) V0                 (c) 4 V0                 (d) 2 V0 

12. Photoelectric emission occurs only when the incident light has more than a certain minimum 

      (a) power        (b) wavelength           (c) intensity         (d) frequency  

13. In photoelectric emission process from a metal of work function 1.8 eV, the kinetic energy of   

      most energetic electrons is 0.5 eV. The corresponding stopping potential is 

      (a) 1.8 V           (b) 1.3 V                 (c) 0.5 V          (d) 2.3 V  

14. If the momentum of an electron is changed by P, then the de Broglie wavelength associated with   

      it changes by 0.5%. The initial momentum of electron will be 

      (a) 200P            (b) 400P           (c) P/200       (d) 100P 

15. Two radiations of photons energies 1 eV and 2.5 eV, successively illuminate a photosensitive   

      metallic surface of work function 0.5 eV. The ratio of the maximum speeds of the emitted   

      electrons is 
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      (a) 1 : 4              (b) 1 : 2           (c) 1 : 1        (d) 1 : 5 

16. According to Einstein’s photoelectric equation, the graph between the kinetic energy of   

      photoelectrons ejected and the frequency of incident radiation is 

                         

17. Light of frequency 1.5 times the threshold frequency is incident on a photosensitive material.   

     What will be the photoelectric current if the frequency is halved and intensity is doubled? 

     (a) Doubled           (b) Four times             (c) One-fourth           (d) Zero 

18. Which of the following figures represent the variation of particle momentum and the associated  

      de-Broglie wavelength? 

                          
19.The threshold frequency for photoelectric effect on sodium corresponds to a wavelength of 5000   

      Å. Its work function is 

     (a) 4 × 10–19 J              (b) 1 J              (c) 2 × 10–19 J           (d) 3 × 10–19 J 

20. The threshold frequency for a photosensitive metal is 3.3 × 1014 Hz. If light of frequency 8.2 ×   

      1014 Hz is incident on this metal, the cut-off voltage for the photoelectron emission is nearly 

      (a) 1 V                (b) 2 V                (c) 3 V            (d) 5 V 

 

ANSWER KEY  for MCQs - Dual Nature of Radiation & Matter 

1. (d)        2.(c) λ/2          3. (d)        4. (d)            5. (b)          6. (a)          7. (c) 

8. (c) Mass of -particle is maximum, so 











m

q
 is least 
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9. (c) Indigo. Wave length of green light is threshold wave length.  

         Hence for emission of electron, wave length of incident light < wavelength of green light. 

 

10. (b) 45 volt 

11. (b) : By changing the position of source of light from photo cell, there will be a change in the   

              intensity of light falling on photo cell. As stopping potential is independent of the intensity   

              of the incident light, hence stopping potential remains same i.e., Vo. 

12. (d) : The photoelectric emission occurs only when the incident light has more than a certain  

              minimum frequency. This minimum frequency is called threshold frequency.  

13. (c) : The stopping potential Vs is related to the maximum kinetic energy of the emitted electrons  

       Kmax through the relation Kmax = eVs  

               0.5 eV = eVs          or        Vs = 0.5 V 

14. (a)  

15. (b) 1 : 2 

16. (d) 

17. (d) No photoelectric emission will take place 

18. (d) de-Broglie wavelength, λ = h/p  .   This represents a rectangular hyperbola. 

19. (a) 4 × 10–19 J 

20. (b) 2 V  

 

ASSERTION- REASONING QUESTIONS- Dual Nature of Radiation & Matter 

Directions: 

In each of the following questions, a statement of Assertion (A) is given, followed by a 

corresponding statement of Reason(R ) just below it. Of the statements, mark the correct answer as:  

(A)If both assertion and reason are true and reason is the correct explanation of assertion  

(B)If both assertion and reason are true but reason is not the correct explanation of assertion  

(C)If assertion is true and reason is false  

(D)If both assertion and reason are false 

1. Assertion: A photon has no rest mass, yet it carries definite momentum.  

    Reason: Momentum of photon is due to its energy and hence its equivalent mass.  

    (a) A           (b) B                  (c) C              (d) D 

2. Assertion:  Photoelectric effect demonstrates the wave nature of light. 

    Reason: The number of photoelectrons is proportional to the frequency of light. 

    (a) A           (b) B                  (c) C              (d) D 

3. Assertion:  When light of certain wavelength falls on a metal surface it ejects electron. 

    Reason: Light has wave nature. 

    (a) A           (b) B                  (c) C              (d) D 

4. Assertion:  As work function of a material increases by some mechanism, it requires greater  

                       energy to excite the electrons from its surface.  

    Reason: A plot of stopping potential (V) versus frequency (v) for different materials, has greater  

                  slope for metals with greater work functions 

     (a) A           (b) B                  (c) C              (d) D 

5. Assertion:  Light of frequency 1.5 times the threshold frequency is incident on photosensitive   

                       material. If the frequency is halved and intensity is doubled the photo current remains   

                       unchanged.  

   Reason: The photo electric current varies directly with the intensity of light and frequency of light. 
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   (a) A           (b) B                  (c) C              (d) D 

6. Assertion:  The de-Broglie wavelength of a neutron when its kinetic energy is k is λ. Its   

                       wavelength is 2 λ when its kinetic energy is 4k.  

    Reason: The de - Broglie wavelength λ is proportional to square root of the kinetic energy. 

    (a) A           (b) B                  (c) C              (d) D 

7. Assertion: On increasing the intensity of light, the number of photoelectrons emitted is more. Also   

                      the kinetic energy of each photon increases but the photoelectric current is constant. 

    Reason: Photoelectric current is independent of intensity but increases with increasing frequency    

                  of incident radiation. 

    (a) A           (b) B                  (c) C              (d) D 

8. Assertion:The process of photoelectronic emission and thermionic emission of electrons are   

                     different. 

    Reason: Photoelectric emission does not depend upon temperature, whereas thermionic emission is  

                   temperature dependent. 

    (a) A           (b) B                  (c) C              (d) D 

9. Assertion:  When a photon of energy hν is incident on an electron in a metal of work function φ   

                       (more than hν) the electron will not necessarily come out of the metal. 

    Reason: Work function is the minimum energy required to liberate an electron out of a metal. So   

                  some electrons may require more energy for their liberation. 

    (a) A           (b) B                  (c) C              (d) D 

10. Assertion: The photoelectric effect is a proof of the quantized nature of the light. 

      Reason: Each photon in a light beam has same amount of energy. 

    (a) A           (b) B                  (c) C              (d) D  

 

(ASSERTION- REASONING - ANSWER KEY- Dual Nature of Radiation & Matter) 

 

1. Correct answer: A 

2. Correct Answer: D 

3.Correct Answer: B 

4.Correct Answer: C 

5. Correct Answer: D 

6. Correct answer: A 7. Correct Answer: D  

    On increasing the intensity of light only number of photoelectrons increase and not the KE of     

    electrons or photons. 

8. Correct Answer: A 

   The process of photoelectric emission depends on frequency of wave and thermionic emission   

    occurs when metal is heated. 

9. Correct answer: A 

10. Correct Answer: C 

     The assertion is correct but reason is completely false. It can only be true for a completely  

     monochromatic laser beam. 

 

CASE STUDY BASED QUESTIONS- Dual Nature of Radiation & Matter 

CASE STUDY:1   
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Lenard observed that when ultraviolet radiations were allowed to fall on the emitter plate of an 

evacuated glass tube, enclosing two electrodes (metal plates), current started flowing in the circuit 

connecting the plates. As soon as the ultraviolet radiations were stopped, the current flow was also 

stopped. These observations proved that it was ultraviolet radiations, falling on the emitter plate, that 

ejected some charged particles from the emitter and the positive plate attracted them.  

1) Alkali metals like Li, Na, K and Cs show photo electric effect with visible light but metals like Zn,        

    Cd and Mg respond to ultraviolet light. Why? 

    a) Frequency of visible light is more than that for ultraviolet light  

    b) Frequency of visible light is less than that for ultraviolet light 

    c) Frequency of visible light is same for ultraviolet light 

    d) Stopping potential for visible light is more than that for ultraviolet light 

2) Why do we not observe the phenomenon of photoelectric effect with non-metals? 

    a) For non-metals the work function is high 

    b) Work function is low  

    c) Work function can’t be calculated 

    d) For non-metals, threshold frequency is low  

3) What is the effect of increase in intensity on photoelectric current?  

    a) Photoelectric current increases              b) Decreases  

    c) No change                                            d) Varies with the square of intensity 

4) Name one factor on which the stopping potential depends 

    a) Work function                            b) Frequency  

    c) Current                                       d) Energy of photon  

5) How does the maximum K.E. of the electrons emitted vary with the work function of metal? 

    a) It doesn’t depend on work function  

    b) It decreases as the work function increases 

    c) It increases as the work function increases  

    d) Its value is doubled with the work function 

ANSWERS 

1) b. Frequency of visible light is less than that for ultraviolet light. 

2) a. For non-metals, the work function is high. 

3) a. Photoelectric current increases. 

4) b. Frequency. 

5) b. It decreases as the work function increases. 

 

CASE STUDY:2   

The discovery of the phenomenon of photoelectric effect has been one of the most important 

discoveries in modern science. The experimental observations associated with this phenomenon 

made us realize that our, ‘till then’, widely accepted picture of the nature of light – The 

electromagnetic (wave) theory of light – was quite inadequate to understand this phenomenon. A 

‘new picture’ of light was needed and it was provided by Einstein through his ‘photon theory’ of light. 

This theory, regarded light as a stream of particles. Attempts to understand photoelectric effect thus 

led us to realize that light, which was being regarded as ‘waves’, could also behave like ‘particles’. 

This led to the idea of ‘wave-particle duality’ vis-à-vis the nature of light. Attempts to understand this 

‘duality’, and related phenomenon, led to far reaching, and very important developments, in the basic 

theories of Physics.  
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 1) Which of the following phenomena explain the wave nature of light?  

     a) Interference          b) Diffraction             c) polarization              d) all of them  

2) Wave-particle duality is shown by 

    a) Light only            b) matter only             c) both light and matter            d) None of them  

3) The experiment to explain the wave nature of light i.e electromagnetic wave theory is given by 

    a) Hertz             b) Einstein              c) Lenard           d) Huygen 

4) The concept of photoelectric effect given by Einstein explains that the light is a 

    a) Photon          b) Wave                c) Particle             d) Both  

5) The practical application of the phenomenon of photoelectric effect and the concept of ‘matter   

    waves’ is  

    a) Photocells                                       b) Automatic doors at shops and malls  

    c) automatic light switches                d) All of them 

 

ANSWERS 

1) d. all of them. 

2) c. both light and matter. 

3) a. Hertz 

4) c. Particle 

5) d. All of them. 

UNIT- VIII: ATOMS & NUCLEI 

Ch-12  : ATOMS 

MCQs 

1.The ratio between Bohr’s radii is 

    (a) 1: 2: 3             (b) 2 : 4 : 6               (c) 1 : 4 : 9          (d) 1 : 3 : 5 

2. In terms of Rydberg’s constant R, the wave number of the first Balmer line is 

    (a) R              (b) 3R               (c) 5R/36            (d) 8R/9 

3. The transition of electron from n = 4, 5, 6… to n = 3 corresponds to 

    (a) Lyman series              (b) Paschen series         (c) Balmer series        (d) Brackett series 

4. Which of the following spectral series in hydrogen atom gives spectral line of 4860 A? 

   (a) Lyman             (b) Balmer             (c) Paschen             (d) Bracket 

5. The transition from the state n = 5 to n = 1 in a hydrogen atom results in UV radiation.  

     Infrared radiation will be obtained in the transition  

    (a) 2 → 1             (b) 3 → 2              (c) 4 → 3         (d) 6 → 2 

6.Which of the following postulates of the Bohr model led to the quantization of energy of the  

    hydrogen atom? 

     (a) The electron goes around the nucleus in circular orbits. 

     (b) The angular momentum of the electron can only be an integral multiple of h/2π.  

     (c) The magnitude of the linear momentum of the electron is quantized 

     (d) Quantization of energy is itself a postulate of the Bohr model. 

 

7.The ratio of ionization energy of Bohr’s hydrogen atom and Bohr’s hydrogen like lithium atom is  

   (a)1 : 1 (b)1 : 3  (c)1 : 9         (d) None of these 

8.What is the angular momentum of an electron in Bohr’s hydrogen atom whose energy is 

    – 0.544 eV. 

   (a) h/π  (b)2h/π        (c)5h/2π     (d)7h/2π  
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9. The radius of inner most electron orbit of a hydrogen atom is “a”. The radius of n = 4 orbit is 

(a)    4a   (b) 8a                (c) 12a          (d) 16a 

10. What is the ratio of radii of the orbits in a hydrogen atom in between     n = 2 and n = 3 orbits? 

   (a) 4: 9            (b) 9: 4               (c) 2: 3          (d) 3: 2 

ANSWER KEY  for MCQs – ATOMS 

1.  (c) 1: 4 : 9, In Bohr’s atomic model, r α n² 

2.  (c) 5R/36  

3. (b) In transition from n1 = 3 and n2 = 4, 5, 6…Infrared radiation of Paschen spectral line is emitted. 

4. (b) Since spectral line of wavelength 4860 A, it lies in the visible region of the spectrum which is   

          Balmer series of the spectrum. 

5. (c) 4 → 3 

6. (b) The angular momentum of the electron can only be an integral multiple of h/2π.  

7. (c)  1: 9                       8. (c) 5h/2π                     9. (d) 16 a                           10. (a) 4: 9  

 

ASSERTION- REASONING QUESTIONS - ATOMS 

Directions: 

In each of the following questions, a statement of Assertion (A) is given, followed by a 

corresponding statement of Reason(R ) just below it. Of the statements, mark the correct answer as:  

(A)If both assertion and reason are true and reason is the correct explanation of assertion  

(B)If both assertion and reason are true but reason is not the correct explanation of assertion  

(C)If assertion is true and reason is false  

(D)If both assertion and reason are false 

 

1. Assertion: According to Bohr’s atomic model the ratio of angular momenta of an electron in first   

                       excited state and in ground state is 2:1. 

      Reason: In a Bohr’s atom the angular momentum of the electron is directly proportional to the  

                    principal quantum number. 

     (a) A           (b) B                  (c) C              (d) D 

2. Assertion:The force of repulsion between atomic nucleus and α-particle varies with distance  

                       according to inverse square law. 

      Reason: Rutherford did α-particle scattering experiment. 

     (a) A           (b) B                  (c) C              (d) D 

3. Assertion: The positively charged nucleus of an atom has a radius of almost 10−15m. 

      Reason: In a-particle scattering experiment, the distance of closest approach for particles  

                    is ≃ 10−15m. 

      (a) A           (b) B                  (c) C              (d) D 

4. Assertion: Electrons in the atom are held due to coulomb forces 

      Reason: The atom is stable only because the centripetal force due to Coulomb’s law is  

                    balanced by the centrifugal force.  

      (a) A           (b) B                  (c) C              (d) D 

5. Assertion: For the scattering of α -particles at large angles, only the nucleus of the atom  

                      is responsible. 

      Reason: Nucleus is very heavy in comparison to α-particles. 

     (a) A           (b) B                  (c) C              (d) D  
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(Assertion- Reasoning -  ANSWER KEY- Atoms) 

1. Correct answer: A 

2. Correct Answer: B  

      Rutherford confirmed the repulsive force on α-particle due to nucleus varies with  

      distance according to inverse square law and that the positive charges are  

      concentrated at the centre and not distributed throughout the atom. 

3. Correct Answer: A  

      In a-particle scattering experiment, Rutherford found a small number of particles  

      which were scattered back through an angle approaching to 180∘. This is possible  

      only if the positive charges are concentrated at the centre or nucleus of the atom. 

4. Correct Answer: C  

      According to postulates of Bohr’s atom model, the electron revolves around the  

      nucleus in fixed orbit of definite radii. As long as the electron is in a certain orbit it  

     does not radiate any energy. 

5. Correct Answer: A 

      We know that an electron is very light particle as compared to an alpha particle. Hence  

      electron cannot scatter the α-particle at large angles, according to law of conservation  

      of momentum. On the other hand, mass of nucleus is comparable with the mass of α-particle,     

      hence only the nucleus of atom is responsible for scattering of α-particles. 

 

CASE STUDY:3   FROM Ch:12 - ATOMS 

Spectral emission occurs when an electron transitions, or jumps, from a higher energy state to a lower 

energy state. To distinguish the two states, the lower energy state is commonly designated as n1, and 

the higher energy state is designated as n2. The energy of an emitted photon corresponds to the 

energy difference between the two states. Because the energy of each state is fixed, the energy 

difference between them is fixed, and the transition will always produce a photon with the same 

energy. 

                                         

 

1. The wavelength of Lyman series lies in 

    (a) ultraviolet region               (b) infrared region  

    (c) far infra-red region            (d) visible region  

2. Energy correspond to second excited state is  

    (a) - 3.4 eV             (b) -0.85 eV                 (c) -1.51 eV          (d) -2.51 eV  
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3.When an electron in an atom jumps from a higher orbit to lower orbit, its  

    (a) kinetic energy increases, potential energy decreases  

    (b) kinetic energy remains same, potential energy decreases 

    (c) kinetic energy increases, potential energy remains same  

   (d) kinetic energy increases, potential energy increases  

4. The ratio of the speed of the electron in vacuum to speed of light in the first excited state of    

    hydrogen atom is  

    (a) 1 /137                (b) 2 /137                    (c) 137             (d) 137/ 2  

5. The wavelength limit present in the Brackett series is (R = 1.097 × 107 m–1)  

    (a) 1458 nm               (b) 1898 nm             (c) 2278 nm             (d) 2535 nm 

ANSWERS 

1. (a) ultraviolet region                              2. (c) -1.51 eV  

3. (a) kinetic energy increases, potential energy decreases  

4. (d) 137 /2                5. (a) 1458 nm 

 

CASE STUDY:4  FROM Ch:12 ATOMS 

 Bohr’s Atomic Model Bohr model describes the atom as a positively charged nucleus, which is 

surrounded by electrons. When electrons travel in circular orbits, attraction is provided by 

electrostatic forces. Normally occupied energy level of the electron is called the ground state. The 

electron can move to the less – stable level by absorbing energy. This higher – energy level is called 

excited state. The electron can return to its original level by releasing the energy. All in all, when 

electron jumps between orbits, it is accompanied by an emitted or absorbed amount of energy (hν). 

                                 

1. According to Bohr’s model of hydrogen atom, the path of the electron revolving round the proton    

     is 

    (a)An ellipse                                                       (b) a circle of any radius  

    (c) a circle of constantly decreasing radius        (d) a circle of an allowed radius 

 

2. In Bohr’s model, the radius of the first orbit is r, then the radius of fourth orbit is 

    (a) r                    (b) 4r                   (c) 16r               (d) r/16 

3. The kinetic energy of the electron in an orbit of radius r in hydrogen atom is proportional to 

    (a) e2/r               (b) e 3/r                (c) e 2/2r                 (d) e 2/2r2 

4. In H atom, an electron orbiting has energy level -3.4eV.Its angular momentum will be  

   (a) 2.1 x 1020 J s                 (b) 2.1 x 10-34 J s              (c) 4.2 x 1020 J s       (d) 4.2 x 10-34 J s  
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5. Bohr’s theory of hydrogen atom did not explain fully 

  (a) diameter of H-atom                      (b) emission of spectra  

   (c) ionization energy                        (d) the fine structure of hydrogen spectrum  

ANSWERS 

1. (d) a circle of an allowed radius                              2. (c) 16r  

3. (c) e 2/2r              4. (b) 2.1 x 10-34 J s                   5. (d) the fine structure of hydrogen spectrum. 

Ch.13 - NUCLEI 

MCQs 

1. The radius of a nucleus is 

     (a) directly proportional to its mass number 

     (b) inversely proportional to its atomic weight 

     (c) directly proportional to the cube root of its mass number 

     (d) None of these 

2. A neutron can cause fission in  

    (a) Hydrogen             (b) Uranium – 235                (c) Thorium             (d) Uranium – 238 

3. One milligram of matter converted into energy, will give 

    (a) 9 Joule          (b) 9 x 103 Joule               (c) 9 x 105 Joule         (d) 9 x 1010 Joule 

4. Two spherical nuclei have mass numbers 216 and 64 with their radii R1 and R2 respectively.         

      The ratio, R1/ R2 is equal to 

      (a) 3 : 2            (b)1 : 2                   (c) 1 : 3         (d) 2 : 3 

5. Which of the following statements is true for nuclear forces?  

      (a) They obey the inverse square law of distance 

      (b)They obey the inverse third power law of distance 

     (c) They are short range forces 

     (d) They are equal in strength to electromagnetic forces 

6. Fusion reaction of hydrogen takes place at high temperature because  

     (a) Nuclei break up at high temperature 

     (b) Atoms gets ionised at high temperature 

     (c) Kinetic energy is high enough to overcome the coulomb repulsion between nuclei 

     (d) Ignition temperature of hydrogen is very high. 

7. A nuclear fission is said to be critical when multiplication factor or K 

     (a) K = 1              (b) K > 1               (c) K < 1             (d) K = 0 

8. If PP, NN and PN are the nuclear forces between proton and proton, between neutron and neutron    

      and between proton and neutron, then 

(a) PP =NN =PN 

(b) PP> NN> PN 

(c) PP< NN< PN 

(d) PP< NN > PN 

 

 

9. If the radius of the 27Al13 nucleus is taken to be RAl, then the radius of 125Te53 nucleus is nearly  

a) (3

5
)RAl 

b) (
13

53
)1/3RAl 
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c) (
53

13
)1/3RAl 

d) (
5

3
) RAl 

10. What is the ratio of nuclear radii if the mass numbers of two nuclei are 4 and 32? 

     (a) 1: 2               (b) 1 : 3               (c) 1: 4              (d) 1 : 5 

ANSWER KEY  for MCQs – NUCLEI 

1. (c) directly proportional to the cube root of its mass number 

2. (b) Uranium – 235 

3. (d) 9 x 1010 Joule 

4. (a) 3 : 2 

5. (c) They are short range forces 

6. (d) Ignition temperature of hydrogen is very high. 

7. (a) K = 1 

8. (a) PP =NN =PN 

9. (d) (
𝟓

𝟑
)RAl 

10. (a)1: 2  

 

ASSERTION- REASONING QUESTIONS - NUCLEI 

Directions: 

In each of the following questions, a statement of Assertion (A) is given, followed by a 

corresponding statement of Reason(R ) just below it. Of the statements, mark the correct answer as:  

(A)If both assertion and reason are true and reason is the correct explanation of assertion  

(B)If both assertion and reason are true but reason is not the correct explanation of assertion  

(C)If assertion is true and reason is false  

(D)If both assertion and reason are false 

1. Assertion: Fast moving neutrons do not cause fission of a uranium nucleus. 

      Reason: A fast moving neutron spends very little time inside the nucleus. 

      (a) A           (b) B                  (c) C              (d) D 

2. Assertion: Nuclear density is almost same for all nuclei. 

      Reason: The radius (r) of a nucleus depends only on the mass number (A) as r ∝ A1/3. 

     (a) A           (b) B                  (c) C              (d) D 

3. Assertion: Mass is not conserved, but mass and energy as a single entity called mass-energy. 

      Reason: Mass and energy are inter-convertible in accordance with Einstein’s relation, E = mc2 

     (a) A           (b) B                  (c) C              (d) D 

4. Assertion: Two protons can attract each other inside the nucleus. 

      Reason: The distance between the protons within the nucleus is about 10-15 m. 

      (a) A           (b) B                  (c) C              (d) D 

5. Assertion: The nuclear force becomes weak if the nucleus contains too many protons compared to        

                      neutrons. 

      Reason: The electrostatic forces weaken the nuclear force. 

     (a) A           (b) B                  (c) C              (d) D 

 (ASSERTION- REASONING -  ANSWER KEY- NUCLEI ) 

1. A      2.:A                3.: A                4.: A                   5.: C 
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CASE STUDY: 5   from Ch-13 NUCLEI 

 

Neutrons and protons are identical particles in the sense that their masses are nearly the same and the 

force, called nuclear force, does into distinguish them. Nuclear force is the strongest force. Stability 

of nucleus is determined by the neutron proton ratio or mass defect or packing fraction. Shape of 

nucleus is calculated by quadruple moment and spin of nucleus depends on even and odd mass 

number. Volume of nucleus depends on the mass number. Whole mass of the atom (nearly 99%) is 

centred at the nucleus. 

 

(1) The correct statements about the nuclear force is/are 

     (a) charge independent                   (b) short range force 

     (c) non-conservative force             (d) all of these.  

 

(2) The range of nuclear force is the order of 

     (a) 2 x 10-10m            (b) 1.5 x 10-20m            (c) 1.2 x 10-4 m            (d) 1.4 x 10-15 m 

 

(3) A force between two protons is same as the force between proton and neutron. The nature of the   

      force is 

     (a) electrical force                   (b) weak nuclear force 

     (c) gravitational force             (d) strong nuclear force 

 

(4) Two protons are kept at a separation of 40 A0. Fn is the nuclear force and Fe is the   

      electrostatic force between them. Then 

    (a) Fn<<Fe                  (b) Fn= Fe                 (c) Fn>> Fe               (d) Fn ≈ Fe  

 

(5) All the nucleons in an atom are held by 

     (a) nuclear forces                           (b) Van der Wall’s forces 

     (c) tensor forces                             (d) Coulomb forces 

 

ANSWERS 

 

(1) d 

     Explanation: All options are basic properties of nuclear forces. So, all options are correct. 

 (2) d 

     Explanation: The nuclear force is of short range and the range of nuclear force is the order of    

                           1.4×10-14m. 

 (3) d. strong nuclear force 

 (4) c. Fn>> Fe 

 (5) a. nuclear forces 

 

UNIT-IX: ELECTRONIC DEVICES 

 

Ch–14: Semiconductor Electronics: Materials, Devices and Simple Circuits 

MCQs 

 

1. Which of the following statement is not true? 

a) The resistance of intrinsic semiconductor decreases with increase of temperature. 

b) Doping pure Si with trivalent impurity gives p-type semiconductor 

c) The majority carriers in n-type semiconductors are holes 

d) A p-n junction can act as a semiconductor diode. 

2. P-type semiconductor is formed when 

(i) As impurity is mixed in Si (iii) B impurity is mixed in Ge 

(ii) Al impurity is mixed in Si  (iv) P impurity is mixed in Ge 
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a) (i) and (iii)  b) (i) and (iv)    

c)   (ii) and (iii)  d) (ii) and (iv) 

3. In the following figure which of the diodes 

are  forward biased 

  

a) 1,2,3 

b) 2,4,5 

c) 1,3,4 

d) 2,3,4 

 

 

 

4. Figure shows a diode connected to an external resistance and an 

emf. Assuming that the barrier potential developed in diode is 

0.5V, obtain the value of current in the circuit in milli ampere. 

a) 40mA 

b) 60mA 

c) 80mA 

d) 100mA 

5. The rectifier in which the rectified output is only for half of the 

input AC wave is called as___ 

a) full wave rectifier    b) half wave rectifier 

c) transformer     d) transducer 

6. It is given 𝑛𝑒 = 7 × 1011 𝑝𝑒𝑟 𝑚𝑒𝑡𝑟𝑒3 and 𝑛ℎ = 5 × 1012 𝑝𝑒𝑟 𝑚𝑒𝑡𝑟𝑒3. The semiconductor is  

a) P-type   b) intrinsic  c) n-type  d) insulator 

7. At which temperature, a pure semiconductor behaves slightly as a conductor? 

a) Low temperature    c) high temperature 

b) Room temperature    d) both (a) and (b) 

8. The impurity atom, with which pure silicon should be doped to make a p-type semiconductor, 

are those of  

a) Phosphorous b) boron  c) antimony  d) iron 

9. If the forward voltage in a diode is increased, the width of the depletion region 

a) Increases  b) decreases  c) fluctuates  d) no change 

  

        

Assertion and Reasoning type Questions 

Two statements are given –one labelled Assertion (A) and other labelled Reason (R). Select 

the correct answer to these questions from the options as given below.  

a) If both Assertion and Reason are true and Reason is correct explanation of Assertion.  

b) If both Assertion and Reason are true but Reason is not the correct explanation of   

    Assertion.  

c) If Assertion is true but Reason is false.  

d) If both Assertion and Reason are false. 

10. Assertion(A) : Silicon is preferred over germanium for making semiconductor devices. 

Reason  (R ): The energy gap in germanium is more than the energy gap in silicon. 

11. Assertion (A) : A pure semiconductor has negative temperature coefficient of resistance. 

Reason (R) : In a semiconductor on raising the temperature, more charge carriers are released,    

                      conductance increases and resistance decreases. 

12. Assertion : When two semi conductor of p and n type are brought in contact, they form p-n   

                    junction which act like a rectifier. 

Reason : A rectifier is used to convent alternating current into direct current. 

13. Assertion (A) : The diffusion current in a p-n junction is from the p-side to the n-side. 

Reason (A) : The diffusion current in a p-n junction is greater than the drift current when the    
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                       junction is in forward biased. 

14. Assertion (A): The ratio of free electrons to holes in intrinsic semiconductor is greater than  

                        one. 

Reason (R ) : the electrons are more mobile as compared to  . 

15. Assertion (A) : Putting p type semiconductor slab directly in physical contact with n type  

                         semiconductor slab cannot form the p-n junction.  

Reason (R) : The roughness at contact will be much more than inter atomic crystal spacing  

                      and continuous flow of charge carriers is not possible. 

 

      CASE STUDY BASED QUESTIONS  

Read the following paragraph and answer the questions that follow 

 

16. Rectifier: Rectifier is a device which is used for converting alternating current or voltage into 

direct current or voltage. Its working is based on the fact that the resistance of p-n junction 

becomes low when forward biased and becomes high when reverse biased. A half-wave 

rectifier uses only single diode while a full wave rectifier uses two diodes as shown in figures 

(a) and (b) 

 
 

(i) A p-n junction (D) shown in the figure can act as a rectifier. 

An alternating current source (V) is connected in the circuit. 

The current (I) in the resistor (R ) can be shown by  

 

 
(ii) With an ac input from 50 Hz power line, the ripple frequency is  

a) 50 Hz in the dc output of half wave as well as full wave rectifier 

b) 100 Hz in the dc output of half wave as well as full wave rectifier 

c) 50 Hz in the dc output of half wave and 100 Hz in the dc output of full wave 

rectifier. 

d) 100 Hz in the dc output of half wave and 50 Hz in the dc output of full wave 

rectifier 

(iii) If the rms value of sinusoidal input to a full wave rectifier is 
𝑉𝑜

√2
 then the rms value of 

the rectifier’s output is  

 
(iv) An alternating current can be converted into direct current by a  

a) Dynamo  b) Motor c) Transformer d) Rectifier   

(v) The rectifier in which the rectified output is only for half of the input AC wave is 

called as___ 

a) full wave rectifier    b) half wave rectifier   

c) transformer     d) transducer 
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17. A semiconductor diode is basically a p-n junction with metallic contacts provided at the ends 

for the application of an external voltage. It is a two terminal device. When an external 

voltage is applied across a semiconductor diode such that p-side is connected to the positive 

terminal of the battery and n-side to the negative terminal, it is said to be forward biased. 

When an external voltage is applied across the diode such that n-side is positive and p-side is 

negative, it is said to be reverse biased. An ideal diode is one whose resistance in forward 

biasing is zero and the resistance is infinite in reverse biasing. When the diode is forward 

biased, it is found that beyond forward voltage called knee voltage, the conductivity is very 

high. When the biasing voltage is more than the knee voltage the potential barrier is overcome 

and the current increases rapidly with increase in forward voltage. When the diode is reverse 

biased, the reverse bias voltage produces a very small current about a few microamperes 

which almost remains constant with bias. This small current is reverse 

saturation current. 

(i) In the given figure, a diode D is connected to an external 

resistance R = 100Ω and an emf of 3.5V. If the barrier 

potential developed across the diode is 0.5 V, the current in the 

circuit will be: 

a) 40mA  b) 20mA   

c) 35mA  d) 30mA 

(ii) In which of the following figures, the p-n diode is reverse biased? 

 
(iii) Based on the V-I characteristics of the diode, we can classify diode as  

(a) bilateral device    (b) Ohmic device   (c) non-Ohmic device   (d) passive element 

(iv)   Two identical PN junctions can be connected in series by three different methods as 

shown in the figure. If the potential difference in the junctions is the same, then the 

correct connections will be 

 
(a) in the circuits (1) and (2)    (b) in the circuits (2) and (3)  

(c) in the circuits (1) and (3)    (d) only in the circuit (1) 

 

(v)   The V-I characteristic of a diode is shown 

in the figure. The ratio of the resistance of 

the diode at I = 15 mA to the resistance at 

V = -10 V is 

(a) 100   (b) 106  

(c) 10   (d) 10-6 

 

18. Doping of p-n junction: p-n junction is a single crystal of Ge or Si doped in such a manner 

that one half portion of it acts as p-type semiconductor and other half functions as n-type 

semiconductor. As soon as a p-n junction is formed, the holes from the p-region diffuse into 

the n-region and electron from n region diffuse in to p-region. This results in the development 

of VB across the junction which opposes the further diffusion of electrons and holes through 

the junction. 

(i) In an unbiased p-n junction electrons diffuse from n-region to p-region because 
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a) Holes in p-region attract them 

b) Electrons travel across the junction due to potential difference. 

c) Electron concentration in n-region is more as compared to that in p-region 

d) Only electrons move from n to p region and not the vice-versa 

(ii) Electron hole recombination in p-n junction may lead to emission of  

a) Light b) ultraviolet rays   c) sound   d) radioactive rays 

(iii) In an unbiased p-n junction 

a) Potential at p is equal to that at n 

b) Potential at p is +ve and that at n is –ve 

c) Potential at p is more than that at n 

d) Potential at p is less than that at n 

(iv) The potential of depletion layer is due to 

a) Electrons  b) holes  c) ions  d) forbidden band 

(v) In the depletion layer of unbiased p-n junction, 

a) It is devoid of charge carriers c) has only holes 

b) Has only electrons   d) p-n junction has a weak electric field. 

19. Energy bands in solids: In case of isolated atoms, there are discrete energy levels. Inside a 

solid crystal, each electron has a different energy level because of slightly different patterns of the 

surrounding charges. These electron energy levels form a 

continuous energy variation called as the Energy Bands. 

Energy bands of more tightly bound electrons have lower 

energy (more negative energy) as compared to that of loosely 

bound electrons. When we take a solid as a whole there are 

bonds between atoms. For a particular atom in the solid, 

neighbouring atoms influence the energies of the outer 

electrons. These discrete levels spread into continuous 

bands of energies.  

Valence band is the energy band consisting of valence (tightly-bound) electrons. 

Conduction band is the energy band 

consisting of conduction (loosely-

bound) electrons . 

Valence band and conduction band are 

usually separated by forbidden energy 

gap. In case of metallic conductors, 

valence band overlaps conduction 

band and electrons are readily 

available for conduction. Hence they 

are good conductors. In case of 

insulators, there is large energy gap between valance band and conduction band. Therefore, 

conductivity is negligible. In case of semiconductors, the energy gap is small and at room 

temperature some of the electrons of valence band cross the energy gap and reach the 

conduction band to contribute some electrical conductivity. 

 

(i) In semiconductors at room temperature 

a) The valence band is partially empty and the conduction band is partially filled. 

b) The valence band is completely filled and the conduction band is partially filled. 

c) The valence band is completely filled 

d) The conduction band is completely empty. 

(ii) In insulators 

a) Valance band is partially filled with electrons 

b) Conduction band is partially filled with electrons 

c) Conduction band is filled with electrons and valence band is empty. 

d) Conduction band is empty and valence band is completely filled with electrons. 
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(iii) In an insulator , the forbidden energy gap between a valence band and conduction 

band is of the order of  

a) 1MeV  b) 1 keV  c) 1 eV  d) 5 eV 

(iv) Which of the energy band diagrams shown in the figure corresponds to that of a 

semiconductor? 

 
(v) In germanium crystal. The forbidden energy gap in joule is  

a) 1.6x10-19  b) zero   c) 1.12x10-19 d) 1.76x10-19 

20. Biasing of diode: When the diode is forwarded biased, it is found that beyond forward voltage 

V= Vk, called knee voltage, the conductivity is very high. At this value of battery biasing for 

p-n junction, the potential barrier is overcome and the current increases rapidly with increase 

in forward voltage. 

When the diode is reverse biased, the reverse bias voltage produces a very small current about 

a few microamperes which almost remains constant with bias. This small current is reverse 

saturation current. 

(i) In which of the following figures, the p-n junction is forward biased? 

 
(ii) In case of forward biasing of a p-n junction diode, which one of the following figures 

correctly depicts the direction of conventional current (indicated by an arrow mark)? 

 
 

 

 

(iii) If an ideal junction diode is connected as shown, 

then the value of the current I is 

a) 0.013A  b) 0.02A   

c) 0.01A  d) 0.1A 

 

(iv)    In order to forward bias a p-n junction, the negative terminal of battery is connected to  

a) p-side  b) n-side c) either p-side or n-side d) None of these 

(v)    Which of the following statement is not correct when a junction diode is in forward bias? 

a) The width of depletion region decreases. 

b) Free electrons on n-side will move towards the junction. 

c) Holes on p-side move towards the junction. 

d) Electrons on n-side and holes on p-side will move away from junction. 

(vi)   A p-type material is electrically …. 

a) Positive               b) Negative   

c)   Neutral   d) Depends on the concentration of p impurities 
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ANSWER KEY - Semiconductor devices 

 

Q.No. ANSWER/ STEPS 

1 C) The majority carriers in n-type semiconductors are holes 

 

2 c) (ii) and (iii) 

3 b) 2,4,5 

4 a) 40mA 

 
I=4/100= 40mA 

5 b) half wave rectifier 

6 a) P-type 

As 𝑛𝑒 < 𝑛ℎ 

7 b) Room temperature  

8 b) boron 

9 b) decreases 

10 C 

11 a 

12 b 

13 b 

14 b 

15 a 

16 (i) C 

(ii) C) 50 Hz in the dc output of half wave and 100 Hz in the dc output of full 

wave rectifier. 

(iii) a) 
𝑉𝑜

√2
  

(iv) d) Rectifier   

(v) b) half wave rectifier 

17 (i) d)  30mA 

(ii) c) 

(iii) (c) non-Ohmic device 

(iv) (b) in the circuits (2) and (3) 

(v) (d) 10-6 

Resistance of diode in forward bias is given by 𝑅𝑓 =
∆𝑉

∆𝐼
=

0.1𝑉

10𝑚𝐴
 

Resistance of diode in reverse bias is given by 𝑅𝑟 =
𝑉

𝐼
=  

10𝑉

1𝜇𝐴
 

So 
𝑅𝑓

𝑅𝑟
= 10−6 

18 (i) a) Electron concentration in n-region is more as compared to that in p-region 

(ii) a) Light 

(iii) d) Potential at p is less than that at n 

(iv) d) forbidden band 

(v) a) It is devoid of charge carriers 

19 (i) a) The valence band is partially empty and the conduction band is partially   

    filled. 

(ii) d) Conduction band is empty and valence band is completely filled with  
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    electrons. 

(iii) d) 5 eV 

(iv) d) 

(v) c) 1.12 x10-19 

20 (i) c) 

(ii) d) 

(iii) c) 0.01A 

for ideal diode in forward bias it offers zero resistance. 

Hence her resistance of circuit is 200Ω 

Potential difference = 3V – 1V =2V 

So, current = V/R = 2V/200Ω  =  0.01A 

(iv) b) n-side 

(v) d) Electrons on n-side and holes on p-side will move away from junction. 

(vi) c) Neutral 
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IMPORTANT FORMULAE IN ELECTROSTATICS 

1. Electrostatic force between two charges 

𝐹 = 𝑘
𝑞1𝑞2

𝑟2
= {

1

4𝜋𝜖0𝜖𝑟
}
𝑞1𝑞2

𝑟2
 

For air,  𝜖𝑟 = 1 

Fair =  
1

4𝜋𝜖0
 .

𝑞1𝑞2

𝑟2 = 9 × 109  
𝑞1𝑞2

𝑟2  

2. Electric field intensity due to a point charge, �⃗� = lim𝑞0→0
𝐹
→

𝑞𝑜
 

3. Electric field intensity due to infinite linear charge density (λ) 

 𝐸 =
1

4𝜋𝜖0
 .

2𝜆

𝑟
 

4. Electric field intensity near an infinite thin sheet of surface charge density 𝜎 

 𝐸 =
𝜎

2𝜖0
 

For thick sheet, E =
𝜎

𝜖0
 . 

5. Electric potential,   𝑉 = lim𝑞0→0

𝑊

𝑞𝑜
 

Electric potential due to a point charge,  𝑉 =
1

4𝜋𝜖0
.
𝑞

𝑟
 

6. Relation between electric field and potential,   𝐸 = −
𝑑𝑉

𝑑𝑟
=

𝑉

𝑟
      (numerically) 

7. Dipole moment, 𝑝 = 𝑞. 2𝑙  

8. Torque on a dipole in uniform electric field, 𝜏 = 𝑝 × �⃗� . 

9. Potential energy of dipole, ∪= −𝑝 . �⃗� = −𝑝𝐸 cos 𝜃 

10. Work done in rotating the dipole in uniform electric field from orientation 𝜃1 to 𝜃2 is  

 𝑊 = 𝑈2 − 𝑈1 = 𝑝𝐸(cos 𝜃1 − cos 𝜃2) 

11. Electric field due to a short dipole 

(i) at axial point,             𝐸𝑎𝑥𝑖𝑠 =
1

4𝜋𝜖0
.

2𝑝

𝑟3  

(ii) at equatorial point,     𝐸𝑒𝑞𝑢𝑎𝑡𝑜𝑟𝑖𝑎𝑙 =
1

4𝜋𝜖0
.
𝑝

𝑟3
 

12. Electric potential due to a short dipole 

(i) At axial point,       𝑉𝑎𝑥𝑖𝑠 =
1

4𝜋𝜖0
.
𝑝

𝑟2 

(ii) At equatorial point, 𝑉𝑒𝑞𝑢𝑎𝑡𝑜𝑟𝑖𝑎𝑙 = 0. 

13. Dielectric constant,    𝑘 =
𝜖

𝜖0
=

𝐶𝑚𝑒𝑑

𝐶𝑎𝑖𝑟
 

14. Capacitance of parallel plate capacitor 

(i) 𝐶 =
𝐴𝜖0𝐾

𝑑
 , in medium of dielectric constant k 

(ii) 𝐶 =
𝐴𝜖0

𝑑−𝑡(1−
1

𝐾
)
;   if space between plate partially filled with dielectric of thickness t. 

15. Combination of capacitors :- 

(i) In series,          
1

𝐶
=

1

𝐶1
+

1

𝐶2
+

1

𝐶3
  ,        𝑞1 = 𝑞2 = 𝑞3,            𝑉 = 𝑉1 + 𝑉2 + 𝑉3 

(ii) In parallel,        C= 𝐶1 + 𝐶2 + 𝐶3  ,      𝑞 = 𝑞1 + 𝑞2 + 𝑞3,    𝑉1 = 𝑉2 = 𝑉3 = 𝑉 

16. Energy stored by capacitor  

 ∪=
1

2
𝐶𝑉2 =

𝑄2

2𝐶
=

1

2
𝑄𝑉 

17. Electrostatic energy density 

𝑢𝑜 =
1

2
𝜖0𝐸

2,   in air 

𝑢 =
1

2
𝜖𝐸2,       in medium  
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Important Formulae- Current Electricity 

 

1. Electric current =  
𝐶ℎ𝑎𝑟𝑔𝑒

𝑇𝑖𝑚𝑒
    or      I = 

𝒒

𝒕
 = 

𝒏𝒆

𝒕
 

2. In case of an electron revolving in a circle of radius r with speed v, period of revolution is   T = 
𝟐𝝅𝒓

𝒗
 

    Frequency of revolution, ν = 
𝟏

𝑻
 = 

𝒗

𝟐𝝅𝒓
        Current,   I = e ν = 

𝒆𝒗

𝟐𝝅𝒓
 

3. Ohm’s law,        V ∝ I           or             V = RI       or     R = 
𝑉

𝐼
          

4. Current in terms of drift velocity    (𝑣𝑑 ) is     I = n e A𝒗𝒅 

5. Resistance of a uniform conductor,   R = 𝜌
𝐼

𝐴
 =  

𝑚𝐼

𝑛𝑒2𝜏𝐴
 

6. Resistivity or specific resistance,     𝝆 =   
𝑹𝑨

𝑰
 = 

𝒎

𝒏𝒆𝟐𝝉
 

7. Conductance = 
1

𝑅
 

8. Conductivity = 
1

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦
    or       σ = 

𝟏

𝝆
 = 

𝒍

𝑹𝑨
 

9. Current density = 
𝐶𝑢𝑟𝑟𝑒𝑛𝑡  

𝐴𝑟𝑒𝑎
    or      j = 

𝑰

𝑨
 = en𝒗𝒅 

10. Relation between current density and electric field,        j = σ E    or     E =  𝜌 j 

11. Mobility      µ = 
𝒗𝒅

𝑬
 

12. Temperature coefficient of resistance,     α = 
𝑹𝟐− 𝑹𝟏

𝑹𝟏(𝒕𝟐  −𝒕𝟏 )
 

13. The equivalent resistance 𝑹𝒔 of a number of resistances connected in series is    𝑹𝒔=𝑹𝟏 +𝑹𝟐 +𝑹𝟑+ … 

14. The equivalent resistance 𝑹𝒑 of a number of resistances connected in parallel is given by 

𝟏

𝑹𝒑
 = 

𝟏

𝑹𝟏
+ 

𝟏

𝑹𝟐
+ 

𝟏

𝑹𝟑
+ …. 

15. emf of a cell,   ε = 
𝑾

𝒒
 

16. For a cell of internal resistance r,  the emf is    ε = V + I r = I ( R + r ) 

17. Terminal p.d of a cell,    V = I R = 
𝜺 𝑹

𝑹+𝒓
 

18. Terminal p.d. when a current is being drawn from the cell, V = ε – I r 

19. Terminal p.d. when the cell is being charged, V = ε + I r 

20. Internal resistance of a cell,   r = R [
𝜺 − 𝑽

𝑽
] 

21. For n cell in series, I = 
𝒏𝑬

𝑹+𝒏𝒓
 

22. For n cells in parallel,   I = 
𝒏𝜺

𝒏𝑹+𝒓
 

23. Heat produced by electric current,   H = 𝐼2Rt joule = 
𝐼2Rt

4.18
 cal 

24. Electric power, P = 
𝑾

𝒕
 = VI = 𝑰𝟐R = 

𝑽𝟐

𝑹
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Important Formulae-Magnetic effects of current & magnetism 

 Biot-Savart law (Magnetic field due to current element)  

2

0 sin

4 r

dlI
dB






  

 Force acting on a charge moving in a magnetic field 

F = qvB sin𝜃  or  F


= q( Bv


 ) 

 Magnetic field on the axis of a circular current loop 

.
)(2 2

3
22

2

0

ar

aIN
B






 

 Magnetic field due to an infinitely long straight current carrying wire 

r

I
B





2

0  

 Magnetic field at a point on the axis of a solenoid 

nIB 0  

 Motion of a charged particle in a uniform magnetic field 

r = 
qB

mv

  qB

m
T

2


  
 Torque on a rectangular coil in a uniform magnetic field 

 = NIBA sin𝜃 

 

 Force per unit length acting on each of the two straight parallel metallic conductors carrying current 

r

II

l

F
f





2

2102 

 

 Deflection in moving coil galvanometer 

k

NBAI
  

 Conversion of galvanometer into ammeter and voltmeter 

 g

g

II

GI
S


   G

g

R
I

V
R   

 Elements of Earth’s magnetic field 

 sincos EE BVBH   
 P.E. of a magnetic dipole in a uniform magnetic field   

cosmBU   

 

 Magnetic dipole moment of a revolving electron 













em

eh
n

evr
m

42
 

 

 Magnetising field intensity 

H = nI  

  

 Intensity of magnetization 
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Important Formulae – EMI & AC 

 

Physical Quantity Formula SI unit Dimension  

Magnetic flux (ϕ) cosBAAB 


=   AdB


 Wb = Tm
2
 [ML

2
T

-2
A

-1
] 

Induced emf (ε) 

dt

d
   

Induced current 
dt

d

R

N

R
i


  

Induced charge q = i∆t = 
R

N
 

Motional emf induced in a straight conductor  

(i) Linear motion = Blv 

(ii) Rotation about one end = Bl
2
ɷ/2 

Volt [ML
2
T

-1
A

-1
] 

Self-inductance 
I

L   and 

dt
dI

L


  

Self-inductance of a long solenoid 

L = μr μ0 n
2 

A l 

Henry [ML
2
T

-2
A

-2
] 

Mutual inductance 

1

2
12 I

M


 and 

dt
dI

M
1

2

12


  

Mutual-inductance of two long co-axial 

solenoids 

M12 = μ0 n1 n2 πr
2
 l,     M12 = √³L1L2´ 

Henry [ML
2
T

-2
A

-2
] 

Magnetostatic energy 

stored 
U = ½ LI

2
 Joule [ML

2
T

-2
] 

Alternating current 

and voltage 

ε =ε0 sin (ɷt+ϕ) or    ε= ε0 cos (ɷt+ϕ) 

i = I0 sin (ɷt+ϕ) or     i = I0 cos (ɷt+ϕ) 

Irms = 
Io

√2
 = 0.707 I0 and    εrms = 

εo

√2
 = 0.707 ε0 

  

Phase relationship 

For R :     No phase difference bet
n
 V and I 

For L:      Voltage leads the current by π/2 

For C:      Current leads the voltage by π/2 

For LCR circuit: if f > fr   








 
 

R

XX CL1tan  or 






 
 

R

CL

V

VV1tan  

If f<fr      






 
 

R

XX LC1tan   

or     






 
 

R

LC

V

VV1tan  

Unitless Dimensionless 

Reactance and 

impedance 

Inductive reactance XL = ɷL 

Capacitive reactance XC = 1/ɷC 

Impedance of LR circuit Z = √{XL
2
 + R

2
} 

Impedance of RC circuit Z = √{XC
2
 + R

2
} 

Impedance of LCR circuit Z = √{(XL – XC)
2
 + R

2
} 

Ohm [ML
2
T

-1
A

-2
] 

Resonance frequency 
LC

f r
2

1
 , angular frequency 

LC
r

1
  Hertz, rad/s [T

-1
] 

Quality factor Q = 
C

L

R

1
=





2

r =
R

Lr
=

CRr

1
 Unit less Dimensionless 
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IMPORTANT FORMULAE- ELECTROMAGNETIC WAVES 

 
        3. Mathematical expression of EM-waves 

                 
               

 
       

 

Power dissipated in ac 

circuit 

In pure inductor and capacitor: Zero 

In pure resistive circuit: I
2
R/2 

In a combination of L,C and R: VrmsIrmscosϕ 

Watt [ML
2
T

-3
] 

Power factor cos ϕ = R/Z Unit less Dimensionless 

Wattles current Irms cos ϕ Ampere [A] 

Transformation ratio 

and efficiency of 

transformer P

S

v

v
=

P

S

N

N
 

Efficiency:- η = 
ipp

ss

P

P

Iv

Iv 0  

 

Unit less Dimensionless 

 

1. Concept of displacement current 
Displacement current is that current which appears in a region in which the electric field (and hence 

electric flux) is changing with time. 

Note-   We have                  ID = 휀0
𝑑𝜙𝐸

𝑑𝑡
   =  휀0   

𝑑

𝑑𝑡
 (EA)  = = 휀0   

𝑑

𝑑𝑡
 (

𝑞

휀0𝐴
 A)  = =  

𝑑𝑞

𝑑𝑡
  = I 

2.  Modified Ampere’s circuital  Law 

∮𝐵. 𝑑𝑙  =  𝜇0 ( I + 휀0
𝑑𝜙𝐸

𝑑𝑡
 ) 

Ey = E0 sin  2𝜋( 
𝑥

𝜆
 –  

𝑡

𝑇
) 𝑗 ̂

BZ = B0 sin  2𝜋( 
𝑥

𝜆
 –  

𝑡

𝑇
 ) �̂�  

*Velocity of em waves in a free space         𝑣 = 𝑐 = 
1

√𝜇0휀0
 = 3 x 10

8
 m/s 

      * Velocity of em waves in a medium is given by   𝑣 = 
𝑐

√𝜇𝑟𝐾
              

       *E.M. waves are transverse in nature i,e,  E & B  are perpendicular to each other as well as 

perpendicular       

         to the  direction of  propagation of the wave.  E & B are related as follows - 

                                        
𝐸0

𝐵0
= 𝑐  or      

𝐸

𝐵
= 𝑐          
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IMPORTANT FORMULAE-  OPTICS 

 

 Relation between focal length and radius of curvature of a mirror/lens,    f = R/2 

 Mirror formula:        
1

f
=

1

v
+

1

u
 

 Magnification produced by a mirror:      m = -  
v

u
 = -  

f

u − f
 

 Snell’s law:   
sin 𝑖

sin 𝑟
= n1

2 = 
𝑛2

𝑛1
 

 n2
1 = 

1

n1
2

 

 n = 
c

v
=

speed  of  light  in  vacuum

speed  of  light  in  a medium
=  

𝜆𝑎𝑖𝑟

𝜆𝑚𝑒𝑑𝑖𝑢𝑚
 

 If object is in medium of refractive index n, then  n = 
real  depth

apparent  depth
=  

𝑡

𝑡𝑎𝑝𝑝
 

 Critical angle for total internal reflection:    sin C = 
1

nr
d

 = 
1

𝑛
  

 Refraction at spherical (convex) surface: For object in rarer medium and real image in denser 

medium, the formula is      
𝑛2

𝑣
−

𝑛1

𝑢
=  

𝑛2−𝑛1

𝑅
  where 𝑛2 & 𝑛1 are the refractive indices of 

denser and rarer media. 

 Lens formula:  
1

f
=

1

v
−

1

u
 

 Linear magnification produced by a lens:  m = 
I

O
=  

v

u
 

 Lens maker’s formula :  
1

f
=

1

v
−

1

u
= ( na

g −1)  
1

R1
−

1

R2
  = (n −1)  

1

R1
−

1

R2
  

 Power of a lens:   P = 
1

f
  diopter     ( f is in metre) 

 Lenses in contact:   
1

f
=

1

f1
+

1

f2
          or         P = P1 + P2 

 Focal length of lens in liquid:  𝑓𝑙 =
𝑛𝑔−1
𝑛𝑔

𝑛𝑙
 −1

× 𝑓𝑎  

 Refraction through a prism:  r1 + r2 = A and   i + e = A + δ   where A is angle of prism and δ 

is angle of deviation. 

 For minimum deviation,  i = e = i  and  r1 + r2 = r .  Therefore,  δm = 2i – A 

 Refractive Index of the material of prism:  𝑛 =
sin 𝑖

sin 𝑟
=

sin (
𝐴+𝛿𝑚

2
)

sin  ( 
𝐴

2
 )

 

 For a thin prism:    δ = (n – 1)A 

 Simple microscope: Magnifying power   𝑀 = 1 +
𝐷

𝑓
   (if final image is at D) 

                                                                                   = 
𝐷

𝑓
          (if final image is at infinity) 

 Compound microscope:    

 i)  Magnification   M = 𝑚𝑜𝑚𝑒   

ii)  Magnification   M = −
𝑣𝑜

𝑢𝑜
 1 +

𝐷

𝑓𝑒
     ≈      −

𝐿

𝑓𝑜
 1 +

𝐷

𝑓𝑒
          (for final image at D) 

ii) Magnification   M = −
𝑣𝑜

𝑢𝑜
{ 

𝐷

𝑓𝑒
 } ≈ −

𝐿

𝑓𝑜
  

𝐷

𝑓𝑒  
               (for final image at infinity) 

 Astronomical Telescope: 

i) M = −
𝑓𝑜

𝑓𝑒
           and   L= 𝑓𝑜 + 𝑓𝑒     (for final image at infinity) 

ii) M = −
𝑓𝑜

𝑓𝑒
  1 +

𝑓𝑒

𝐷
    and   L= 𝑓𝑜 + 𝑢𝑒     (for final image at D) 

 

 Resolving power: 

i) For microscope: - The resolving power is the reciprocal of limit of resolution or 

separation between two points such that they are distinct.  So, the resolving 

power is given by    R.P.= 
1

𝑑
=

2 𝑛  𝑠𝑖𝑛𝜃

𝜆  
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     Here, d = 
𝜆

2 𝑛  𝑠𝑖𝑛𝜃  
  is limit of resolution,  𝑛 𝑠𝑖𝑛𝜃 is numerical aperture and θ is 

the well resolved semi-angle of cone of light rays of wavelength λ entering the 

microscope. 

i) For telescope: - The resolving power is the reciprocal of angular limit of 

resolution or angle subtended between two points such that they are distinct.  So, 

the resolving power is given by    R.P.= 
1

𝑑𝜃
=

𝑎

1.22 𝜆 
 

     Here, dθ = 
1.22 𝜆

𝑎  
  is the angular limit of resolution,  ‘a’ is the aperture or 

diameter of objective lens. 

 Interference of light:- 

i) If two waves of same intensity Io interfere, then the resultant intensity will be             

I = 4 Io cos2 ∅

2
   where ϕ is the initial phase difference between the waves. 

ii) Resultant intensity at a point in the region of superposition is  

             I = a1
2 + a2

2 + 2a1a2cos∅ = I1 + I2 + 2√I1  I2  cos∅ where   

I1 = a1
2 is the intensity of one wave & I2 = a2

2  is the intensity of other wave. 
iii) Condition for maxima: -    Phase difference ϕ = 2nπ  & path difference Δ= n λ  

where n = 0,1,2,3,….. 

iv) Condition for minima: - Phase difference ϕ = (2n-1)π   &  

                                       Path difference Δ= (2n-1) 
𝜆

2 
  where n = 0,1,2,3,….. 

v) Fringe width   β = 
𝐷 𝜆

𝑑  
    where  D = distance between the slits & the screen,  

d= separation between the slits and λ is the wavelength of light used. 

vi) Angular fringe width ,   𝛽𝜃  =  
 𝛽

𝐷 
  =  

 𝜆

𝑑  
  

vii) Minimum amplitude,  Amin = ( a1 – a2 ) 

viii) Minimum intensity,  Imin = (a1 – a2 )
2
 = I1 + I2 − 2√I1 I2 

ix) Position of n
th

  maxima,    yn = 
𝑛𝐷  𝜆

𝑑  
 

x) Position of n
th

  minima,    yn = (n - ½)
𝐷 𝜆

𝑑  
 

 Diffraction of light: - 

i) The condition for the position of n
th

 minima :  d sinθ = n λ  where d is the width 

of slit, θ is angle of diffraction and λ is the wavelength of light used. 

ii) Linear half-width of central maximum  :       y = 
𝐷 𝜆

𝑑  
 

iii) Total linear width of central maximum   :  βo   or  2y = 
2 𝐷 𝜆

𝑑  
  

In interference, the ratio of maximum intensity to minimum intensity, 
Imax

Imin
=

(a1+a2)
2

(a1−a2)2   

In interference, the relation between slit width (w) , intensity (I) and amplitude (a): 

                     
w 1

w 2
 =  

I1

I2
=

(a1)
2

(a2)2 

The angular width of each fringe in interference pattern,  Δ𝜃 =
𝛽

𝐷
=

𝜆

𝑑
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IMPORTANT FORMULAE-DUAL NATURE OF RADIATION & MATTER 

 

1. Energy of a photon      E =hʋ =
ℎ𝑐

𝜆
 

2. Number of photon emitted per second  N = 
𝑃

𝐸
 

3. Momentum of photon  p = mc =
   ℎʋ

𝑐
 =

ℎ

𝜆
 =

𝐸

𝑐
 

4. Equivalent mass of photon   m = 
   ℎʋ

𝑐2
 = 

𝐸

𝑐2
 = 

ℎ

𝑐𝜆
 

5. Work function W0 = hʋ0  = 
ℎ𝑐

𝜆0
    

6. Kinetic energy of photoelectron is given by Einstein’s photoelectric equation: 

  Kmax = 𝑚𝑣2 2
1 = hʋ - W0 = h(ʋ - ʋ0) = h (

𝑐

𝜆
 -

𝑐

λ0
 ) 

7. If V0 is the stopping potential, the maximum kinetic energy of the ejected 

photoelectron,                        

K = 𝑚vmax
2

2
1 =eV0 

8. Kinetic energy of de-Broglie waves K = 𝑚𝑣2 2
1 = p

2
/2m 

9. Momentum of de-Broglie waves p =√2𝑚𝐾 

10. Wavelength of de-Broglie waves λ = 
ℎ

𝑝
 =

ℎ

𝑚𝑣
 = 

ℎ

√(2𝑚𝐾 )
 

11. de –Broglie wavelength of an electron beam accelerated through a potential 

difference of  V volts is         

 λ =   
ℎ

√(2𝑚𝑒𝑉 )
 = 

1.23

√𝑉
 nm =

12.27

√𝑉
 A

o
 

12. de –Broglie wavelength associated with gas molecules of mass m at temperature T 

kelvin is                                

λ = 
ℎ

√(2𝑚𝐾𝑇 )
               K = Boltzmann constant 

13. The value of  hc = 12400eV A
0
 

14. The value of    
ℎ𝑐

𝑒
 = 1240 X 10 

-9
eV m 

15. Bragg’s equation for crystal diffraction is 2dSinθ = nλ, n is the order of the 

spectrum  
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         6. Bohr’s quantisation condition for angular momentum 

               
         7.  Mass Defect (∆m)           ∆m = [Z mp + (A – Z) mn ] - mN 
         8. B.E. = [{Z mp + (A – Z) mn}  - mN ]  c2 

         9. B.E. per nucleon = (B.E.)/A = [{Z mp + (A – Z) mn}  - mN ]  c2 / A 

        10. B.E. = [{Z mp + (A – Z) mn}  - mN ]x 931 MeV  (if the masses are given in amu) 

 

IMPORTANT FORMULAE- ELECTRONIC DEVICES 

 Pure semiconductors are called intrinsic semiconductors, ne= nh i.e. no. of electrons is equal to no. of 

holes. 

 nenh= ni
2 

 In n-type semiconductors  ne >> nh while in p-type semiconductors  nh >> ne. 

 For insulators Eg > 3 eV 

 For semiconductors Eg is 0.2eV to 3 eV. 

 For Germanium the forbidden energy gap is 0.7eV while it is 1.1eV in silicon. 

 

******** 
 

 

IMPORTANT FORMULAE – ATOMS & NUCLEI 

 

1. Rutherford’s 𝛼-Particle scattering experiment (Geiger – Marsden experiment) 

IMPORTANT OBSERVATION 

Scattering of 𝛼-particles by heavy nuclei is in  accordance with coulomb’s law. Rutherford observed 

that number of   𝛼-particles scattered is given by  

                                   N ∝  
1

𝑠𝑖𝑛4 𝜃
2 
 

2. Distance of closest approach : Estimation of size of nucleus 

 𝑟0   =  
1

4𝜋휀0
 
𝑍𝑒  𝑋 2𝑒
1

2
 m 𝑣2

  

3. Impact Parameter (b) 

b =    
𝑍𝑒2 cot 𝜃 2 

4𝜋휀0  (
1

2
 𝑚  𝑢2)

 

4. Bohr’s atomic model 

Radius of orbit  𝑟 =  
(4𝜋  휀0)𝑛

2ℎ
2

4𝜋2  𝑚  𝑍𝑒2   Frequency ν =  
2𝜋  𝑍𝑒2

(4𝜋  휀0)𝑛  ℎ
 

v   =  
2𝜋  𝑍𝑒2

(4𝜋  휀0)𝑐 ℎ
 X 

𝑐

𝑛
 =   𝛼 

𝑐

𝑛
    where  𝛼 =   

2𝜋  𝑍𝑒2

(4𝜋  휀0)𝑐 ℎ
  = 

1

137
      is called fine structure constant 

 

5. Energy of electron 

En =  −   
𝑚  𝑍2𝑒4

8휀0
2ℎ

2 (
1

𝑛2)   En =  −   
𝑍2𝑅𝑐ℎ

𝑛2 R = 
𝑚  𝑒4

8휀0
2  𝑐ℎ

3  = 1.097 X 10
7
 m

-1
   and is called Rydberg constant. 

            En =  −   
13.6

𝑛2    eV   𝜈    =  𝑅   
1

𝑛1
2 −  

1

𝑛2
2  where  𝜈  is called wave number. 

Short Cut Formula – 

  

    K.E. =  - ( Total Energy ) 

   P.E.  =  - 2 K.E. 

𝑚𝑣𝑟  = n 
ℎ

2𝜋
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