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          SSeellff  EEvvaalluuaattiioonn  QQuueessttiioonnss::  
11..  SSttaattee  ccoouulloommbb’’ss  llaaww  ooff  eelleeccttrroossttaattiicc  aanndd  rreepprreesseenntt  iitt  iinn  vveeccttoorr  ffoorrmm..              
                                [[JJ’’0077,,  MM’’1100,,  JJ’’1100,,OO’’1155,, J’12, M’15]  
           Coulomb’s law states that the force of attraction or repulsion between two point 

charges is directly proportional to the product of the charges and inversely proportional 
to the square of the distance between them. The direction of forces is along the line 
joining the two point charges. 

                      :           :  

    
22..  WWhhaatt  iiss  ppeerrmmiittttiivviittyy  aanndd  rreellaattiivvee  ppeerrmmiittttiivviittyy??  HHooww  aarree  tthheeyy  rreellaatteedd??  

     (i)  Permittivity is the ability of the medium to allow the electric force to pass through it.  
           Permittivity of the medium = permittivity of free space x Relative permittivity.  
            ε  = ε0 εr . Its unit is C2N-1m-2 
    (ii)  Relative permittivity [dielectric constant] ( εr ) is the ratio of permittivity of the medium ( ε ) to 

the permittivity of free space (ε0). It has no unit.           ε r =  ε 
                                         ε0 

33..  DDeeffiinnee  eelleeccttrriicc  ffiieelldd  iinntteennssiittyy??((  EElleeccttrriicc  ffiieelldd  ssttrreennggtthh  ((oorr))  eelleeccttrriicc  ffiieelldd))  
           Electric field intensity at a point, in an electric field is defined as the force experienced 

by a unit positive charge kept at that point. It is a vector quantity. The unit of electric field 
intensity is N C−1. 

                                         
44..  WWhhaatt  aarree  tthhee  pprrooppeerrttiieess  ooff  eelleeccttrriicc  lliinneess  ooff  ffoorrccee??                                    [[JJ’’1100,,  OO’’1122,M’16]]  
          Electric line of force is an imaginary straight or curved path along which a unit 

positive charge tends to move in an electric field. 

1. Lines of force start from positive charge and terminate at negative charge. 

2. Lines of force never intersect. 

3. The tangent to line of force at any point gives the direction of the electric field ( E) at 

that point. 

4. The number of lines per unit area, through a plane at right angles to the lines, is 
proportional to the magnitude of E. This means that, where the lines of force are 
close together, E is large and where they are far apart, E is small. 

5. Each unit positive charge gives rise to 1/ ε0 lines of force in free space. Hence number 

of lines of force originating from a point charge q is N =q / ε0 in free space. 

 

55..  WWhhaatt  ddooeess  aann  eelleeccttrriicc  ddiippoollee  eexxppeerriieennccee  wwhheenn  kkeepptt  iinn  aa  uunniiffoorrmm  eelleeccttrriicc  

ffiieelldd  aanndd  nnoonn--uunniiffoorrmm  eelleeccttrriicc  ffiieelldd??  

Ø When a dipole is placed in a uniform electric field it will experience a torque.  
Ø When a dipole is placed in a non-uniform electric field at an angle θ, it will experience 

a force in addition to the torque. 

66..  WWhhaatt  iiss  eelleeccttrriicc  ddiippoollee??  DDeeffiinnee  eelleeccttrriicc  ddiippoollee  mmoommeenntt??            [[OO’’0099,,JJ’’1111,,MM’’1144]]  
Ø Two equal and opposite charges separated by a small distance constitute an electric 

dipole. Ex: Water, ammonia, carbon−dioxide and chloroform. 
Ø The magnitude of the dipole moment is given by the product of the magnitude of one 

of the charges and the distance between them.  Electric dipole moment p =2dq. Its unit 
is C m (coulomb metre). Dipole moment is a vector quantity and acts from –q to +q. 
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77..  DDeeffiinnee  eelleeccttrriicc  ppootteennttiiaall  aatt  aa  ppooiinntt..  IIss  iitt  aa  ssccaallaarr  oorr  aa  vveeccttoorr  qquuaannttiittyy??  

                                                                                                                                                                                                                                                                          [[JJ’’0099,,MM’’0077,,  OO’’1133]]      
   The electric potential in an electric field at a point is defined as the amount of work 

done in moving a unit positive charge from infinity to that point against the electric forces. 

Electric potential is a scalar quantity. Unit : volt 

  
8 ..  DDiiffffeerreennttiiaattee  bbeettwweeeenn  eelleeccttrriicc  ppootteennttiiaall  aanndd  ppootteennttiiaall  ddiiffffeerreennccee.. 

E l e c tr i c  Po te n t i a l  P o t e n t i a l  d i f f e r e n c e  
1. The electric potential in an electric field 

at a point is defined as the amount of 

work done in moving a unit positive 

charge from infinity to that point 

against the electric forces. 

2. It is the potential at a point. 

 

3. Electric potential at a point due to 

positive charge is positive, due to a 

negative charge is negative. 

1. The potential difference between two 

points in an electric field is defined as 

the amount of work done in moving a 

unit positive charge from one point to 

the other against the electric force. 

2. It is the difference in electric potential 

between two points. 

3. It is only a magnitude and it is always 

positive. 

 

99..  WWhhaatt  iiss  aann  eeqquuiippootteennttiiaall  ssuurrffaaccee??  

          If all the points of a surface are at the same electric potential, then the surface is 

called an equipotential surface. The work done in moving a charge between two points on 

equipotential surface is zero. 

     Ex: In case of an isolated point charge, all points equidistant from the charge are at same 

potential. Thus, equipotential surfaces in this case will be a series of concentric spheres with 

the point charge as their centre. 

  

1100..  DDeeffiinnee  eelleeccttrriicc  fflluuxx,,  aanndd  wwrriittee  iittss  uunniitt..                    [[JJ’’0088,, J’12]]  
            The electric flux is defined as the total number of electric lines of force, crossing 

through the given area. The unit of flux is N m2 C-1. It is a Scalar quantity. The electric flux 

dφ through the area ds is, 

      
1111..  SSttaattee  GGaauussss’’ss  llaaww..                                                                      [[MM’’0099,,  JJ’’0066,,OO’’0066,,MM’’1111,,JJ’’1155,M’16]]    
       Gauss’s law states that the total electric flux of the electric field E over any closed 

surface is equal to 1/ ε0 times the net charge enclosed by the surface. Ф = q / ε0 

      Note:   This law relates the flux through any closed surface and the net charge enclosed 

within the surface.                              

  

1122..  WWhhaatt  iiss  ccaappaacciittoorr??  DDeeffiinnee  iittss  ccaappaacciittaannccee..                                            [[MM’’0099,,OO’’1122]]  
         Capacitor is a charge storage device. The capacitance of a conductor (capacitor) is 

defined as the ratio of the charge given to the conductor to the potential developed in the 

conductor.   C = q / V. The unit of capacitance is farad. 
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1133..  WWhhyy  iiss  iitt  ssaaffeerr  ttoo  bbee  iinnssiiddee  aa  ccaarr  tthhaann  uunnddeerr  aa  ttrreeee  dduurriinngg  lliigghhttnniinngg??  

                                 [M’10,J’09,M’06,J’06,  JJ’’1144,,JJ’’1155]  
     (i) The metal body of the car provides electrostatic shielding. 

     (ii) The electric field inside a car is zero. 

     (iii) During lightning electric discharge passes through the body of the car.  

 
 
 

14. WWhhaatt  iiss  mmeeaanntt  bbyy  ddiieelleeccttrriicc  ppoollaarriissaattiioonn??                              [[O’09,O’06  OO’’1111,,  JJ’’1144]  
       The alignment of the dipole moments of the permanent or induced dipoles in the 

direction of the applied electric field is called polarisation or electric polarisation. 
            The magnitude of the induced dipole moment p is directly proportional to the external 

electric field E. 
 p α E or p = α E where α is the constant of proportionality and is called molecular 

polarisability.  Unit: C2 m N-1 

 

  Other Important Questions: 
11..  WWhhaatt  iiss  aa  ppooiinntt  cchhaarrggee??      

       Any charge which occupies the space with dimension much less than its distance away 
from an observation point can be considered as a point charge. 

 
2.  DDeeffiinnee  CCoouulloommbb  bbaasseedd  oonn  ccoouulloommbb’’ss  llaaww..  [[OOrr]]  DDeeffiinnee  uunniitt  ooff  cchhaarrggee..  ((OOrr))  DDeeffiinnee  

CCoouulloommbb..                                        [M’06,O’10,  MM’’1133]              
       Unit of charge is Coulomb. One Coulomb is defined as the quantity of charge, which 

when placed at a distance of 1 metre in air or vacuum from an equal and similar charge, 
experiences a repulsive force of  9 x 109

 N. 

 

3..    DDeeffiinnee  tthhee  uunniitt  ooff  ppootteennttiiaall  ddiiffffeerreennccee..  ((OORR))  DDeeffiinnee  OOnnee  VVoolltt.. 
       The unit of potential difference is Volt. The potential difference between two points is 

one Volt if one joule of work is done in moving 1 Coulomb of charge from one point to 
another against the electric force. 

 
4.  WWhhaatt  iiss  eelleeccttrroossttaattiicc  sshhiieellddiinngg??                                      [[MM’’0088]]  
       Electrostatic shielding is the process of isolating a certain region of space from 

external field. It is based on the fact that electric field inside a conductor is zero. 
 
55..    WWhhaatt  iiss  eelleeccttrroossttaattiicc  iinndduuccttiioonn??  WWhheerree  iitt  iiss  uusseedd??  

i) It is possible to obtain charges without any contact with another charge. They are 
known as induced charges and the phenomenon of producing induced charges is 
known as electrostatic induction.  

ii) It is used in electrostatic machines like Van de Graaff generator and capacitors. 
 
66..    DDeeffiinnee  tthhee  uunniitt  ooff  ccaappaacciittaannccee  ((OORR))  ((DDeeffiinnee  oonnee  FFaarraadd))..  
       The unit of capacitance is Farad. A conductor has a capacitance of one farad, if a 

charge of 1 coulomb given to it, rises its potential by 1 volt. Practical units of capacitances 
are μ F and p F. 
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77..    WWrriittee  ddoowwnn  tthhee  aapppplliiccaattiioonn  ooff  tthhee  ccaappaacciittoorrss..                                                          [[OO’’0077,,MM’’1111,,  MM’’1122]]  

     (i)  They are used in ignition system of automobile engines to eliminate sparking. 
     (ii)  They are used to reduce voltage fluctuations in power supplies and to increase the 

efficiency of power transmission. 
    (iii) Capacitors are used to generate electromagnetic oscillation and in tuning the radio 

circuits. 
 

8.  What is action of points (Corona discharge)? Where it is used? 

            O’08,J’07,  OO’’1144,,OO’’1155          
(i) The leakage of electric charges from the sharp points on the charged conductor is 

known as action of points or corona discharge.   
(ii) This principle is made use of in the electrostatic machines for collecting charges and 

in lightning arresters (conductors). 
 

9. Define electric potential energy of an electric dipole. 
    The electric potential energy of an electric dipole in an electrostatic field is the work 
done in rotating the dipole to the desired position in the field.     U = -pE cosθ 

 

10.  Explain the function of microwave oven.                   [J’08,  OO’’1144] 
i) It is used to cook the food in a short time. When the oven is operated, the micro 

waves are generated, which in turns produce a non uniform oscillating electric field. 
ii) The water molecules in the food which are the electric dipoles are excited by an 

oscillating torque.  
iii) Hence few bonds in the water molecules broken, and heat energy is produced. This is 

used to cook food. 
 
11. What is electric potential energy? 
             The Electric potential energy of two point charge is equal to the work done to 

assemble the charges or work done in bringing each charge or work done in bringing a 
charge from infinite distance. Unit: joule 

 

 
 
12. What is polar, non polar molecule? Give two examples.  [M’07,O’10,  JJ’’1111,,  MM’’1133]  
                  

Polar molecule Non Polar molecule [OO’’1133]] 

1. A Polar molecule is one in which the 
centre of gravity of the positive 
charges is separated from the centre 
of gravity of the negative charges by 
a finite distance. 

2. They have a permanent dipole 
moment. 

3. Ex: N2O, H2O, HCl, NH3. 

1. A non polar molecule is one in which 
the centre of gravity of the positive 
charges coincide with the centre of 
gravity of the negative charges. 

 
2. They do not have a permanent dipole 

moment. 
3. Ex: O2, N2, H2 
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13. What is lightning conductor? Write down the principle used.  

i)   It is a simple device used to protect tall buildings from the lightning.  
ii) The principle used is electrostatic induction and action of points. 

 

14. What is potential gradient? 

       The change of potential with distance is known as potential gradient. The electric field 
is equal to the negative gradient of potential. 

          E = - dV/dX    Unit: Vm-1 
 
 
15. What do mean by ‘Additive nature of charge’? Give an example.      [O’07] 

         The total charge of the system is equal to the algebraic sum of electric charges located 
in the system. For example, if two charged bodies of charges +2q and -5q are brought in 
contact, the total charge of the system is -3q. 

 
16. State conservation of electric charge. 
            Electric charges can neither be created nor destroyed. According to the law of 

conservation of electric charge, the total charge in an isolated system always remains 
constant. But the charges can be transferred from one part of the system to another, such 
that the total charge always remains conserved. 

 
 
Total charge before decay = +92e, total charge after decay = 90e + 2e. 
The total charge is conserved. i.e. it remains constant. 
 

17. What are dielectrics? Give example. 
1. A dielectric is an insulating material in which all the electrons are tightly bound to the 

nucleus of the atom. There are no free electrons to carry current.  
2. Ebonite, mica and oil are few examples of dielectrics.  
3. The electrons are not free to move under the influence of an external field. 

 
18. Differentiate between conductor and insulators (dielectrics). 

Ø Bodies which allow the charges to pass through are called conductors. e.g. metals, 
human body, Earth etc.  

Ø Bodies which do not allow the charges to pass through are called insulators. e.g. glass, 
mica, ebonite, plastic etc. 

 
19. Write a note on quantization of electric charges. 

 The fundamental unit of electric charge (e) is the charge carried by the electron and its 
unit is coulomb. e has the magnitude 1.6 × 10−19 C. 

 In nature, the electric charge of any system is always an integral multiple of the least 
amount of charge. It means that the quantity can take only one of the discrete set of 
values. The charge, q = ne where n is an integer. 
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Frequently Asked Problems 

1.7 Calculate (i) the potential at a point due a charge of 4 × 10−7C located at 0.09m away           

(ii) work done in bringing a charge of 2 × 10−9 C from infinity to the point. 

        Data : q1 = 4 × 10−7C, q2 = 2 × 10−9 C, r = 0.09 m 
        Solution : 
       (i) The potential due to the charge q1 at a point is 
      

 

 

        (ii) Work done in bringing a charge q2 from infinity to the point is 
              W = q2 V      = 2 × 10−9 × 4 × 104 
                     W = 8 × 10−5 J 
 
1.8   A sample of HCl gas is placed in an electric field of 2.5 × 104 N C−1. The dipole moment of 

each HCl molecule is 3.4 × 10−30 C m. Find the maximum torque that can act on a 
molecule.           M’15 

 
        Data :         E  = 2.5 × 104 N C−1, p = 3.4 × 10−30 C m. 
        Solution : Torque acting on the molecule     τ = pE sin θ for maximum torque, θ = 90o 
                                                                                         = 3.4 × 10−30 × 2.5 × 104 
         Maximum Torque acting on the molecule is  = 8.5 × 10−26 N m. 

 

 1.11 An infinite line charge produces a field of 9 × 104 N C−1 at a distance of 2 cm. Calculate 
the linear charge density. 

         Data :       E = 9 × 104 N C−1, r = 2 cm = 2 × 10–2 m 
         Solution : E =  λ / 2 πεor           or  λ = E × 2πεor 
                                                                    = 9 × 104  x  1       × 2 ×10−2                2 πεo =  1        
                                                                                        18 ×109                                                     18 ×109 
                                                                 λ = 10−7 C m−1 
  

1.14  A parallel plate capacitor with air between the plates has a capacitance of 8 pF. What 
will be the capacitance, if the distance between the plates be reduced to half and the 
space between them is filled with a substance of dielectric constant 6. 

        Solution :    Data : Co = 8 pF , εr = 6, distance d becomes, d/2 with dielectric 

                             

 
when the distance is reduced to half and dielectric medium fills the gap, the new  

capacitance will be  
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1.45 An electric dipole of charges 2 × 10
−10

C and –2 × 10
−10

C separated by a distance 5 mm, is 

placed at an angle of 60
o
 to a uniform field of 10Vm

−1
. Find the (i) magnitude and 

direction of the force acting on each charge. (ii) Torque exerted by the field. 

 

  Data: q= 2 × 10
−10 

C , E= 10 Vm
−1 

,θ = 60
o
 , 2d = 5 mm = 5 × 10

−3
m, F,τ =? 

         Solution: 

1) Magnitude of the force F= Eq   

        F  = 10 x 2 × 10
−10   =  2 x × 10

−9
N 

 

2) Torque = pEsin θ  = q x 2d Esin θ   

        = 2 × 10
−10  x  5 × 10

−3
x10 x sin 60

o 
      τ  = 100 x √3/2 × 10

−13   =  0.866× 10
−11 Nm 

 

1.50 Find the electric flux through each face of a hollow cube of side 10 cm, if a charge of   
8.85 μC is placed at the centre. 

         Solution :    Φ  = q/εo     =   8.85 x 10-6  =  106  N m2 C-1 
                        8.854x 10-12 
 Flux through each face=  10 6/6  = 1.67x105 N m2 C-1 

 
1.52 The area of each plate of a parallel plate capacitor is 4 × 10

−2
 sq m. If the thickness of the 

dielectric medium between the plates is 10
−3

 m and the relative permittivity of the 

dielectric is 7. Find the capacitance of the capacitor. 

         Data:  

             εr = 7 , εo = 8.854× 10
−12

 C
2
N

-1
m

-2
, A=4× 10

−2 
sq.m ;   d= 10

−3
m ;C=? 

         Solution:    
                          C=  ε0 εrA   =   8.854× 10

−12 
x 7 x 4 x  10

−2    =    2.478 x 10
−9

F 
                                  d                               10

−3
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    Self Evaluation Questions: 

  

11..  WWhhyy  iiss  ccooppppeerr  wwiirree  nnoott  ssuuiittaabbllee  ffoorr  aa  ppootteennttiioommeetteerr  wwiirree??    

     (i) The metal wire used in potentiometer should have high resistivity and low 
temperature coefficient of resistance. 

     (ii) Copper wire has low resistivity and high temperature coefficient of resistance. Hence 
copper wire is not used as potentiometer wire.  

 
2. Distinguish between drift velocity and mobility.  

                    [M’10, O’09,  J’09 , M’09 , O’08,  O’06,  M’07,M’08,O’10,M’11,  OO’’1111,,JJ’’1155,,OO’’1155,M’16] 

Drift velocity (vd) Mobility(μ) 

1. It is the velocity with which the free 
electrons get drifted towards the 
positive terminal when an electric field 
is applied.  

 
2.  The drift velocity of electrons is directly 

proportional to the electric field. 
3.   Its unit is m/s  [OR] ms-1 

1. It is the drift velocity acquired per unit   
electric field. 

 
 
 
2. It is a constant for a particular material. 
 
3. Its unit is m2V-1S-1 

 

3.   State ohm’s law.        [M’06, O’07, O’09, M’10, J’12,  OO’’1122,,  MM’’1133,,  OO’’1144]   
       Ohm’s law states that at a constant temperature, the steady current flowing through a 

conductor is directly proportional to the potential difference between the two ends of the 
conductor.             I   α V. 

 
4. Define electrical resistivity (specific resistance).     [OO’’1122,, M’15]] 
                 Electrical resistivity (or) specific resistance of a material is defined as the resistance 

offered to current flow by a conductor of unit length having unit area of cross sections.      
ρ  =  RA /L . The unit of specific resistance is ohm-metre ( Ω m ).          

      Note:   The reciprocal of resistivity is conductivity.   Unit:  mho m-1  [or ] Ω-1 m-1  
 

 5.  List the applications of super conductors.          [J’06, O’06, J’07, O’07, M’15] 
i) Super conductors can be used as memory or storage elements in computers. 
ii) Super conductors form the basis of energy saving power system, namely super 

conducting generators. 
iii) Super conducting magnets have been used to levitate trains above its rails. 
iv) Super conducting magnetic propulsion systems may be used to launch satellites. 
v) Since the current flows without change in magnitude, it is used as transmission lines. 

 

6. The colours of the carbon resistor is orange, orange, orange. What is the 

value of the resistor? 

   The first orange ring corresponds to 3. 
   The second orange ring corresponds to 3. 
   The third orange ring corresponds to 103.   
          The value of the resistor is 33 X 103 = 33,000 Ω   = 33 K Ω.  
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7. What is the effective resistance of resistors which are connected in 
series and parallel?  

(i) The effective resistance (Rs) of resistors which are connected in series is equal to the 

sum of the resistance of individual resistors.     Rs = R1+R2+R3+R4…. 

(ii)The reciprocal of effective resistance of resistors which are connected in parallel is 

equal to that sum of the reciprocal of the resistance of individual resistors.                     

 

 

8.   State Kirchoff’s laws.              [J’06, M’07, M’08,  MM’’1122] 
Current law:( First law) 

  The algebraic sum of the currents meeting at any junction in a circuit is zero. This law 
is a consequence of conservation of charges. 
Voltage law:  (Second law)                  [M’09,  JJ’’1111,,  MM’’1144,,OO’’1155] 
  The  Kirchoff’s voltage law states that the algebraic sum of the products of resistance 
and current in each part of any closed circuit is equal to the algebraic sum of the emf’s in 
that closed circuit. This law is a consequence of conservation of energy. 

 

9.  Define temperature coefficient of resistance.            [J’08,M’11,  JJ’’1144,M’16] 
        The temperature coefficient of resistance is defined as the ratio of increase in 

resistance per degree rise in temperature to its resistance at 0o C. Its unit is per 0 C. 
 

10. What are superconductors?                                                             OO’’1133 
        The ability of certain metals, their compounds and alloys to conduct electricity with 

zero resistance at very low temperature is called superconductivity. The materials which 
exhibit this property are called superconductors. 

 
11. Distinguish electric power and electric energy.      [J’09, J’08,  OO’’1133  ,,JJ’’1144  ,,OO’’1144] 

Electric power Electric energy 
1. It is the rate of doing electric work. 
2. SI unit of power is watt. 
3. Practical unit is watt (or) Horse power. 
4. Power = VI = I2R 

1. It is the capacity to do work. 
2. SI unit of energy is Joule. 
3. Practical unit is Kilo watt hour. 
 4. Electric energy = VIt = I2Rt 

 

12. Why automobile batteries have low internal resistance? 

       The automobile batteries have to deliver a high current if required. They have to be 
recharged very large number of times without any deterioration in properties. That is why 
it should have low internal resistance. 

 
13. State Faradays laws of electrolysis.                 [M’06,O,10 J’10,,JJ’’1155] 
      First law:- The mass of a substance liberated at an electrode is directly proportional to the 

charge passing through the electrolyte.    m  α q        (or)    m = zIt 

          Where Z is a constant for the substance being liberated called as electrochemical 

equivalent. Its unit is kg C–1. 

      Second law: The mass of a substance liberated at an electrode by a given amount of 

charge is proportional to the chemical equivalent of the substance.   m  α E.  
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          Other Important Questions :  
1.  Define current and current density. 

     (i)  The current is defined as the rate of flow of charges across any cross sectional area of a 
conductor. If a net charge q passes through any cross section of a conductor in time t, 
then the current I = q / t. The unit of current is ampere. Current is a scalar quantity.    

 
      (ii) Current density at a point is defined as the quantity of charge passing per unit time 

through unit area, taken perpendicular to the direction of flow of charge at that point. 

            J = I /A. It is a vector quantity. It is expressed in A m-2  
 

2.  What is charging and discharging in secondary cells? 

     (i) The process of reproducing active materials is called charging. 

     (ii) The chemical process of obtaining current from a secondary cell is called discharge. 

 

3. Write down the applications of secondary cells.                     [O’08,  OO’’1111,,  MM’’1122] 
i) These can be recharged a very large number of times without any deterioration in 

properties. 

ii) These are used in all automobiles like cars, two wheelers etc.  

iii) They have low internal resistance and can deliver a high current. 

iv) It is easy to monitor the specific gravity between 1.28 to 1.12 during charging and 

discharging.  

4.  Differentiate between emf and potential difference. [O’08, J’07,  JJ’’1111,, J’12,  MM’’1133,, M’15]] 

Emf( electro motive force) Potential difference 

1. The difference in potential between 
the two terminals of a cell in an open 
circuit is called emf. 
 
2. It is independent of external 
resistance of the circuit. 

1. The difference in potential between any 
two points in a closed circuit is called 
potential difference. 
 
2. It is proportional to the resistance 
between any two points. 

 

5. Define resistance of a conductor. 
        Resistance of a conductor is defined as the ratio of potential difference across the 

conductor to the current flowing through it. The unit of resistance is ohm (Ω).   
                                                     R  =   
 
6. Differentiate primary and secondary cell.  

Primary cell  Secondary cell 
1. Irreversible chemical reaction   takes 

place. 
2. These are not rechargeable. 
3. It gives current only by chemical 

reaction (no charging). 
4. It has high internal resistance. 
5.  Eg: Daniel cell , Leclanche cell 

 
 
 
 
 
 
 
 

1. Reversible chemical reaction      
takes place. 

2. These are rechargeable. 

3. It gives current only after charging.  
 
4. It has low internal resistance. 
5. Eg: Lead acid accumulator 
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7. Define internal resistance of a cell. 

               During this process of flow of current inside the cell, a resistance is offered to current 
flow by the electrolyte of the cell. This is termed as the internal resistance of the cell. 

 
8.  State the principle of the potentiometer. 

        For a steady current passing through the potentiometer wire, emf of the cell is directly 
proportional to its balancing length.  E α l 

 

9.  What is transition (or) critical temperature?    [MM’’1122]] 
            The temperature at which the electrical resistivity of the material suddenly drops to 

zero and the material changes from normal conductor to superconductor is called 
transition or critical temperature. 

 
10. What are the changes observed at transition (critical) temperature 

when the conductor becomes a superconductor?                                 [J’10,  MM’’1144] 
           At transition temperature the following changes are observed. 

1. The electrical resistivity drops to zero. 
2. The conductivity becomes infinity. 
3. The magnetic flux lines are excluded from the material. 

 

11. Define electrochemical equivalent. 

 The electrochemical equivalent of a substance is defined as the mass of substance 
liberated in electrolysis when one coulomb charge is passed through the electrolyte. Its 
unit is kg C–1.  m = ZIt. Z is electrochemical equivalent. 
 

12. Write a note on wattmeter. 
1.  A wattmeter is an instrument used to measure electrical power consumed i.e energy 

absorbed in unit time by a circuit.  
2. The wattmeter consists of a movable coil arranged between a pair of fixed coils in the 

form of a solenoid.  
3. A pointer is attached to the movable coil.  
4. The free end of the pointer moves over a circular scale. 
5. When current flows through the coils, the deflection of the pointer is directly 

proportional to the power. 
 

13.  Define chemical equivalent. 

            It is defined as the ratio of relative atomic mass of an atom to its valency. 
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Frequently Asked Problems 

2.5 The resistance of a nichrome wire at 0oC is 10 Ω. If its temperature coefficient of 
resistance is 0.004/oC, find its resistance at boiling point of water. Comment on the result. 

       Data: At 0oC, Ro = 10 Ω ; α = 0.004/oC ;   t = 100 0C ;         At t oC, Rt = ? 
       Solution:    
                          Rt = Ro (1+ α t)      
       = 10 (1 + (0.004 × 100)) 
                            Rt = 14 Ω 
        As temperature increases the resistance of wire also increases. 
 
2.6 Two wires of same material and length have resistances 5 Ω and 10 Ω respectively. Find 

the ratio of radii of the two wires. 
       Data: Resistance of first wire R1 = 5 Ω     ;  Radius of first wire = r1 

Resistance of second wire R2 = 10 Ω        ;  Radius of second wire = r2 
Length of the wires = l                                ;Specific resistance of the material of the wires = ρ 
Solution: 
R   = ρl    ;   A = πr2              R1  = ρl       ;  R2 = ρl     
        A             πr1

2
                  πr2

2 
                                                                                        
                                                                                             
 

 
 
2.13 A 10 Ω resistance is connected in series with a cell of emf 10V. A voltmeter is connected 

in parallel to a cell, and it reads. 9.9 V. Find internal resistance of the cell. 
      Data:    R = 10 Ω ; E = 10 V ; V = 9.9 V ; r = ? 
      Solution: 
                                                               =                                  = 0.101 Ω 

 

 

2.38 The resistance of a platinum wire at 0 0C is 4 Ω. What will be the resistance of the wire at 
100 oC if the temperature coefficient of resistance of platinum is 0.0038 /0 C. 

 
       Data: At 0oC, Ro = 4 Ω ; α = 0.0038/oC ;   t = 100 0C ;         At t oC, Rt = ? 
       Solution: 
                         Rt = Ro (1+ α t)      
                             = 4(1 + (0.0038 × 100)) 
     = 5.52 Ω 
 
2.41 An electric iron of resistance 80 Ω is operated at 200 V for two hours. Find the electrical 

energy consumed. 
      Data: R = 80 Ω , V= 200 V  , t = 2 Hrs , E=? 
      Solution:  Electric Energy = electric power x time = (V2/R)t 
                        = 2002  x 2        = 1000 Wh = 1 KWh 
                                 80 
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2.1  If 6.25 × 10
18

 electrons flow through a given cross section in unit time, find the current. 

(Given : Charge of an electron is 1.6 × 10
–19

 C) 

 

 

 

 

 

 

2.3   An incandescent lamp is operated at 240 V and the current is 0.5 A. What is the 

resistance of the lamp ? 

  

          

 

 

 

2.4 The resistance of a copper wire of length 5m is 0.5 Ω. If the diameter of the wire is 0.05 

cm, determine its specific resistance. 

 

 

 

 

 

 

 

 

 

 

2.31   How much time 10
20

 electrons will take to flow through a point, so that the current is 

200 mA? (e = 1.6 × 10
−19

 C) 
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2.32    A manganin wire of length 2m has a diameter of 0.4 mm with a resistance of 70 Ω. Find 

the resistivity of the material. 

 

 

 

 

 

 

                                ρ  =    4.396 x 10
−6 Ωm 

2.39   A cell has a potential difference of 6 V in an open circuit, but it falls to 4 V when a 
current of 2 A is drawn from it. Find the internal resistance of the cell. 

 
 
 

 

 

 

 

 

 

 

2.41 In a Wheatstone’s bridge, if the galvanometer shows zero deflection, find the unknown 

resistance. Given P = 1000 Ω ,Q = 10000 Ω and R = 20 Ω. 

 

 

 

 

 

 M’11   Find the magnitude and direction of the current in the following circuit.        O’14 

                                                                                          {Assumed direction: Clockwise.} 

                                                                                           Solution:  5 I + 10 I + 5 I = 10-20 

                                                                                                              20 I  = -10 ;   I = - 0.5 A 

                                                                                            Direction: Anticlockwise (or) DCBA 
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Self Evaluation  Questions: 

1. State joules law of heating. 
   Joule’s law implies that the heat produced is 
1. directly proportional to the square of the current for a given R    
2. directly proportional to resistance R for a given I and   
3. directly proportional to the time of passage of current.   
4.  The heat produced is inversely proportional to resistance R for a given V. [ H = (V2/R)t] 
 

2. What is Peltier coefficient? Write its unit.             [J-06,  JJ’’1111,,  MM’’1122,,  MM’’1144] 
      The amount of heat energy absorbed or evolved at one of the junctions of a 

thermocouple when one ampere current flows for one second is called Peltier coefficient 
and it is denoted by π . Its unit is volt. If H is the quantity of heat absorbed or evolved at 
one junction then H = π It. 

 
3. What is Thomson coefficient?          [  OO’’1122,,JJ’’1155]] 
       The amount of heat energy absorbed or evolved when one ampere current flows for 

one second (one coulomb) in a metal between two points which differ in temperature by 
10 C is called Thomson coefficient. It is denoted by σ. Its unit is volt per 0C.  

 

4. State Biot - savart law. 

         According to Biot and Savart, the magnetic induction dB at P due to the element of 
length dl is  

1. directly proportional to the current(I) 
2. directly proportional to the length of the current element(dl) 
3. directly proportional to the sine of the angle between the direction of the 

current and line joining to the current element to the point. 
4. inversely proportional to the square of the distance r of the point from current 

element.  
               dB    α  Id lSin ө    

                                   r
2
 

5. State tangent law. [Principle of Tangent galvanometer]                                         
[M’11] 

      According to tangent law, when a magnetic needle suspended at a point where  there 
are two crossed field right angles to each other will come to rest in a direction the 
resultant of the two field. 

 

6. What is Ampere’s circuital law?                 [M’09,  JJ’’1144] 
      Ampere’s circuital law states that the line integral     B.   dl for a closed curve is  equal 

to μ0 times the net current I0 through the area bounded by the curve.  
  

 

7. Define ampere.                 [M’08, J’08,  OO’’1111,,OO’’1144]              

       Ampere is defined as that constant current which when flowing through two parallel 
infinitely long straight conductors of negligible cross section and placed in air or vacuum at 
a distance of one metre apart, experience a force of 2 X 10-7 newton per unit length of the 
conductor. 
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Other Important Questions: 
1. Differentiate Joules heating effect  and Peltier effect.                               [M’06] 

Joules heating effect   Peltier effect 

1. It takes place throughout the conductor. 
2. Independent of the direction of current. 
3. Irreversible effect. 
4. This gives always heating effect. 
5. Rate of evolution of heat is directly 

proportional to square of current. 
 

1. It takes place only at the junction. 
2. It depends on the direction of current. 
3. Reversible effect. 
4. It gives heating and cooling effect. 
5. Rate of evolution or absorption of 

heat is directly proportional to the 
current.  

 

2.. In a galvanometer, increasing the current sensitivity does not 

necessarily increase the voltage sensitivity. Explain.                     [M-07].  
     Current sensitivity    θ   = nBA 
                                         I           C 
     Voltage sensitivity = θ =  nBA 
                                         V       CG. 
       When the number of turns (n) is doubled, current sensitivity is also doubled. But 

increasing the number of turns correspondingly increases the resistance (G). Hence the 
voltage sensitivity remains unchanged. So increasing the current sensitivity does not 
necessarily increase the voltage sensitivity. 

 
3. What is Seebeck effect? 
      In a circuit consisting of two dissimilar metals such as iron and copper , an emf is 

developed if the junctions of the metals are maintained at different temperature is called 
Seebeck effect. 

 

4. State end rule.[The magnetic polarity of the current carrying solenoid] 

      When looked from one end, if the current through the solenoid is along clock wise 
direction the near end corresponds to south pole and the other end is north pole. In case 
of anti clock wise direction the near end corresponds to north pole and the other end is 
south pole.  

 

5. State right hand palm rule. [Direction of magnetic field due to circular closed loops (solenoid)] 

      The coil is held in the right hand so that the fingers point the direction of the current 
in the windings. The extended thumb, points in the direction of the magnetic field. This 
rule is used to find the direction of magnetic field in solenoid.   

 

6. State Fleming left hand rule.                        [M’09,O’10,M’15] 
      The fore finger, the middle finger and the thumb of the left hand are stretched in   

mutually perpendicular directions.   
     Fore finger          ----     points the direction of the magnetic field. 
     Middle finger      ----     points the direction of the current. 
     Thumb                 ----      points the direction of the force of the conductor. 
     Note:This rule is used to find the force on a current carrying conductor placed in a magnetic field . 
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7. On what factor current sensitivity of a galvanometer depends upon?      [O’09] 
  The deflection produced when unit current passed through the galvanometer is called 
current sensitivity of a galvanometer. It can be increased by, 

I. Increasing the number of turns             θ     =     nBA 
II. Increasing the magnetic induction         I              C   

III. Increasing the area of the coil                               
IV. Decreasing the couple per unit twist of the suspension wire.  

 

8. Define neutral temperature and temperature of inversion.             [O’08] 
       In Seebeck experiment keeping the temperature of cold junction constant, the 

temperature of the hot junction is increased. The thermo emf rises the maximum at a 
temperature called neutral temperature and then gradually decreases and becomes zero 
at a particular temperature called temperature inversion. 

 

9. Why Nichrome is used as a heating element in the heating devices?  
        J’07, M’10,,OO’’1155] 

Nichrome which is an alloy of nickel and chromium is used as the heating element for the following reasons. 
1. It has high specific resistance. 
2. It has high melting point. 
3. It is not easily oxidized. 

 

10. State Maxwell’s right hand cork screw rule.  

            If a right handed cork screw is rotated to advance along the direction of the current 
through a conductor, then the direction of rotation of the screw gives the direction of the 
magnetic lines of force around the conductor. 

    Note: This rule is used to find the direction of magnetic field around the current carrying conductor. 

 
11. Define Voltage sensitivity. 

       The Voltage sensitivity of a galvanometer is defined as the deflection per unit voltage. 
Voltage sensitivity  = θ  =  nBA                  Unit:   radian volt-1 

                                           V       CG.                                         
         where G is the galvanometer resistance. 
12. Why an ammeter is always connected in series? 

      (i)  The effective resistance of the ammeter Ra is  Ra = GS/G+S 
       (ii) Ra is very low; when ammeter connected in series the ammeter does not   appreciably 

change the resistance and current in the circuit. 
            GàGalvano meter resistance ; Sà Shunt resistance 

 
13. Define magnetic moment of a current loop. 

           The magnetic moment of a current loop is defined as the product of the current and 
the loop area.  M = IA    Unit:    Am2 

14. Distinguish current sensitivity and voltage sensitivity. 

current sensitivity voltage sensitivity 
1. Deflection produced per unit current 
2.  It varies with number of turns 
 
3. Unit is radian A-1 

1. Deflection produced per unit voltage. 
2. It remains constant if the number of 

turns changes. 
3. Unit is radian volt-1 
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1155..  WWhhaatt  aarree  tthhee  lliimmiittaattiioonnss  ooff  ccyycclloottrroonn??            [[MM’’1133]]  
(i)  Maintaining a uniform magnetic field over a large area of the Dees is difficult. 
(ii) At high velocities, relativistic variation of mass of the particle upsets the   resonance 

condition. 
(iii) At high frequencies, relativistic variation of mass of the electron is appreciable and 

hence electrons cannot be accelerated by cyclotron. 
 

16. Define Peltier effect. 

        In 1834, a French scientist Peltier discovered that when electric current is passed 
through a circuit consisting of two dissimilar metals, heat is evolved at one junction and 
absorbed at the other junction. This is called Peltier effect. Peltier effect is the converse of 
Seebeck effect. 

  
17. What is a thermopile? 

        Thermopile is a device used to detect thermal radiation. It works on the principle of 
Seebeck effect. When thermal radiation falls on one set of junctions a difference in 
temperature between the junctions is created and a large thermo emf is produced. The 
deflection in the galvanometer is proportional to the intensity of radiation. 

 
18. What is thermoelectric current? 

        Two dissimilar metals connected to form two junctions are called thermocouple. The 
emf is developed when the junctions are maintained in different temperature. This emf is 
called thermo electric emf. The current through the circuit is called thermoelectric 
current. 

 
19. What do you infer from thermo electric series of metal? 

        The thermo-electric series of metals is : 
            B i ,  N i ,  Pd ,  P t ,  C u ,  M n,  Hg ,  Pb ,  S n,  Au ,  A g ,  Zn ,  Cd ,  Fe ,  Sb .  

(i) The direction of the current at the hot junction is from the metal occurring earlier in 
the series to the one occurring later in the series. 

(ii) The magnitude of thermo emf is larger for metals appearing farther apart in the 
series. 

(iii) The position of the metal in the series depends upon the temperature. 
 

20. SSttaattee  tthhee  pprriinncciippllee  ooff  mmoovviinngg  ccooiill  GGaallvvaannoommeetteerr.. 
          Moving coil galvanometer is a device used for measuring the current in a circuit. 

Moving coil galvanometer works on the principle that a current carrying coil placed in a 
magnetic field experiences a torque. 

 
21. SSttaattee  AAmmppeerree’’ss  hhyyppootthheessiiss.. 
         Ampere demonstrated that a simple current loop behaves like a bar magnet and put 

forward that all the magnetic phenomena is due to circulating electric current. This is 
Ampere’s hypothesis. 

 
22..  OOnn  wwhhaatt  ffaaccttoorr  PPeellttiieerr  ccooeeffffiicciieenntt  ddeeppeennddss  oonn?? 

          The Peltier coefficient at a junction is the Peltier emf at that junction. The Peltier 

coefficient depends on the pair of metals in contact and the temperature of the junction. 
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23. What is Thomson Effect? 

       Thomson suggested that when a current flows through unequally heated conductors, 

heat energy is absorbed or evolved throughout the body of the metal. This effect is called 

Thomson effect. 

Frequently Asked Problems 

3.2. Calculate the resistance of the filament of a 100 W, 220 V electric bulb. 
       

  

 

 

 

3.4  A long straight wire carrying current produces a magnetic induction of 4 × 10-6T at a 
point, 15 cm from the wire. Calculate the current through the wire. 

 

 

 

 

 

 

3.29 Find the magnetic induction at a point, 10 cm from a long straight wire carrying a 

current of 10A. 

 

 

                                                                                                                                                                  XX  1100    
  

  
3.32 A straight wire of length one metre and of resistance 2 Ω is connected across a battery of 

emf 12V. The wire is placed normal to a magnetic field of induction 5 × 10-3 T. Find the 

force on the wire. 

  
        Solution:    
       
 
 

  

  
3.39    A galvanometer has a resistance of 40 Ω. It shows full scale deflection for a current of     

2 mA. How you will convert the galvanometer into a voltmeter of range 0 to 20V? 

                                                                                                                      

                                                                                                                     20 
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         Solution:  

          To convert a Galvanometer in to Voltmeter The resistance R to be connected is  
  

  

  

                 9960 Ω should be connected in series. 
 
3.40 A galvanometer with 50 divisions on the scale requires a current sensitivity of 0.1            

m A/division. The resistance of the galvanometer is 40 Ω. If a shunt resistance 0.1 Ω is 

connected across it, find the maximum value of the current that can be measured using 

this ammeter. 

 

 

  
 
 
 
 
 
 
 
 
 
 

3.9 An α-particle moves with a speed of 5 × 105 ms-1 at an angle of 30o with respect to a 
magnetic field of induction 10-4 T. Find the force on the particle. [ α particle has a +ve 
charge of 2e] 

 
 
 
 
 
 
 
 
 

3.12  A conductor of length 50 cm carrying a current of 5A is placed perpendicular to a 
magnetic field of induction 2 × 10-3 T. Find the force on the conductor. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.nammakalvi.weebly.com



XII / PHYSICS / 3 mark Q/A 

 A.N @ Kanchi Sankara /201                               135 

 

  
               

  

1. What is an electromagnetic induction?                             [M’08] 
      The phenomenon of producing an induced emf due to the changes in the magnetic 

flux associated with a closed circuit is known as electromagnetic induction. 
 
2. State Faradays laws of electromagnetic induction.[ J’06, J’07, O’07,  OO’’1133,,OO’’1144]   
     First Law: whenever the amount of magnetic flux linked with a closed circuit changes an 

emf is induced in the circuit.  The induced emf lasts so long as the change in magnetic flux 
continues. 

     Second law: The magnitude of induced emf in a closed circuit is directly proportional to the 
rate of change of magnetic flux linked with the circuit.  

     
3. Define self inductance (or) coefficient of self induction. Give its unit.     [ J’09,,OO’’1155] 
      The self inductance (coefficient of self induction) of a coil is numerically equal to the 

opposing emf induced in the coil when the rate of change of current through the coil is 
unity. Its unit is Henry.   

[OR] 
       The coefficient of self induction of a coil is numerically equal to the flux linked the coil 

when unit current flows through it.   [ Ф = LI ] 
 

4. Define the unit of self inductance (Define one Henry).              J’12 

      The unit of self inductance is Henry. One Henry is the self inductance of a coil in which 
the change in current of one ampere per second produces an opposing emf of one volt. 

 

5. Define mutual inductance (Or) coefficient of mutual induction? 
  The coefficient of mutual induction of a pair of coil is numerically equal to the magnetic 

flux linked with one coil when unit current flows through neighboring coil.       
  [OR] 

       The coefficient of mutual induction of a pair of coil is numerically equal to the emf 
induced in one coil when the rate of change of current through the other coil is unity. 

 

 

 
6. State Fleming’s right hand rule (Generator rule). [M-07. M’09, O’09,M’10  JJ’’1111] 
      The forefinger, the middle finger and the thumb of the right hand are held in the three 

mutually perpendicular directions.  

F The thumb points along the direction of motion of the conductor. 

F The forefinger points along the direction of magnetic field. 

F The middle finger points along the direction of the induced current. 
7. Give the practical application of self-induction. 
      The phenomenon of self induction is applied in the choke coil fitted with fluorescent 

lamp (discharge tube).Audio frequency chokes are used in low frequency a.c circuits. Radio 
frequency chokes are used in wireless receiver circuits. 
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8. Define RMS value of alternating current.[Define IRMS or Ieff] [J’07, O’09,  MM’’1133,,  JJ’’1144] 
      The rms value of alternating current is defined as that value of the steady current, 

which when passed through a resistor for a given time, will generate the same amount of 
heat as generated by an alternating current when passed through the same resistor for the 
same time.  [ The rms value is also called effective value of an a.c. and is denoted by Irms or Ieff.] 

9. State the methods of producing induced emf?  [M’06, O’10 ,M’11,  MM’’1122,M’16] 
     The induced emf can be produced   

i)  By changing the magnetic induction (B) 
ii)  By changing the area (A) enclosed by the coil   
iii)  By changing the orientation of the coil (θ ) with respect to the magnetic field. 

 

10. What is called polyphase generator? 

           If a number of armature windings are used in the alternator it is known as polyphase 
generator. It produces voltage waves equal to the number of windings or phase. 

 

11. What is inductive reactance?  

       Inductive reactance is the kind of resistance offered by an inductor to the flow of a.c 
current through it. It is given as XL= Lω = 2πν L, where ν is the frequency of the a.c. supply,  
L is the self inductance . Its unit is ohm. 

       For d.c. ν = 0;  XL = 0. Thus a pure inductor offers zero resistance to d.c. But in an a.c. 
circuit the reactance of the coil increases with increase in frequency. 

 

12. What is capacitive reactance? 

      Capacitive reactance is the kind of resistance offered by the capacitor to the flow of 
a.c current through it. It is given as Xc = 1/Cω, where C is the capacitance and ν is the 
frequency of a.c supply. Its unit is ohm. 

       

1133..  MMeennttiioonn  tthhee  ddiiffffeerreennccee  bbeettwweeeenn  aa  sstteepp  uupp  aanndd  sstteepp  ddoowwnn  ttrraannssffoorrmmeerr..  

Step up transformer Step down transformer 

1. Output voltage is greater than input 
voltage. 

2. Current in the secondary is lesser   than 
the primary. 

3. Number of turn in the secondary is more 
than the primary. 

4. Transformer ratio K >1 

1. Output voltage is less than input voltage 
 
2. Current in the secondary is more than 

the primary 
3. Number of turn in the secondary is 

lesser than the primary. 
4. Transformer ratio K < 1 

 
14. Define alternating current and give its expression. 

        Alternating current is defined as that electric current in which the emf induced in the 
coil varies in magnitude and direction periodically. Instantaneous value of AC is  I = I0 Sin ωt.  
I0

 = Peak vale of a.c  current and ω is the angular frequency. 
15. What is called resonant frequency in LCR circuit? 

          In the series RLC circuit, the particular frequency νo at which the impedance of the 
circuit become minimum and therefore the current is maximum is called resonant 
frequency of the circuit.   

            ωL =  1/ ωC    , Z = R , I is in phase with V . Such a circuit which admits maximum current 
is called series resonant circuit or acceptor circuit. 
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16. Define power factor.  

             Power factor =              Pav 
                             Apparent power 

    The average power of an AC circuit is  Pav = Irms . Erms . cos Φ 
Here cosΦ is called power factor where Φ is the phase difference between current and 
voltage.  Power factor is defined as the ratio of the average power consumed in an ac 
circuit to the apparent power. 

 

17. Why a dc ammeter can’t read AC? 

       D.C current always flows in only one direction. But A.C. current changes its direction 
alternately in a very fast manner. The average value of ac over a complete cycle is zero.    
A  D.C ammeter reads the average value. So D.C ammeter cannot read A.C 

 
18. Define Q factor (quality factor).      [O’06,  JJ’’1111,, J’12,  OO’’1122 ,M’15] 
       The Q factor (quality factor) of a series resonant circuit is defined as the ratio of the 

voltage across a coil(L) or a capacitor(C) to the applied voltage. 
  Q =   Voltage across L or C 
   Applied voltage. 
 

19. A capacitor blocks d.c. but allows a.c. explain.       OO’’1111 
i) The capacitive reactance Xc = 1/Cω = 1/ 2π νC. In the case of D.C the frequency ν = 0, 

therefore XC = infinity. Since the capacitor offers infinite resistance to D.C. it blocks D.C. 
ii) For an a.c. the capacitive reactance varies inversely as the frequency of a.c. and also 

inversely as the capacitance of the capacitor. 
20. What happens to the value of current in RLC series circuit, if 

frequency of the source is increases? 

              1. In RLC circuit, if the frequency is increased, impedance in the circuit decreases and 
hence current increases. 

              2. At a frequency                           current becomes maximum. 
              3. If frequency is increased beyond ν0 current decreases. 
 
21. State Lenz’s law in electromagnetic induction.                     [ O’08,J’10,  MM’’1144] 

     Lenz’s law states that the induced current produced in a circuit always flows in such a 
direction that it opposes the change or cause that produces it. 

     
 

22. Differentiate between self inductance and mutual inductance. 
Self inductance Mutual inductance 

1. The self inductance   of a coil is 
numerically equal to the opposing emf 
induced in the coil when the rate of change 
of current through the coil is unity. 
 
2. It depends area of cross section, number 
of turns and the permeability of the 
material of the core. 
 

1. The mutual inductance of a pair of coil is 
numerically equal to the magnetic flux 
linked with one coil when unit current flows 

through neighboring coil.  

 
2. It depends the size and shape of the coils, 
number of turns , permeability of the 
material of the core and proximity of the 
coil.  
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23. What is magnetic flux? 

     The magnetic flux (Φ) linked with a surface held in a magnetic field (B) is defined as 
the number of magnetic lines of force crossing a closed area(A). If θ is the angle between 
the direction of the field and normal to the area, then Φ  = BA cos θ Unit: weber (or) Nm A

-1 

  Other Important Questions:  
 1. Differentiate between self induction and mutual induction. 

  Self induction Mutual induction 
1. It is the induction due to the flow of  
    current in the same coil. 
2. It   is  directly   proportional    to    the  
    magnetic flux linked with the same coil . 

 
3. It is used in choke coil. 

1. It is the induction due to the flow of 
current in the adjacent coil. 

2. It is directly proportional to the 
magnetic flux linked with one coil due 
to the flow of current in the other coil. 

3. It is used in transformer. 

2.   What is an acceptor circuit? 

      A circuit which admits maximum current is called series resonant circuit or acceptor 
circuit. By offering minimum impedance to current at the resonant frequency it is able to 
select or accept most readily the particular frequency among many frequencies. 

 
3.  Distinguish between AF choke and RF choke.[High Frequency choke ]   [ J’08] 

AF choke RF choke  
1. AF choke has iron core. 
2. Used in low frequency ac circuits. 
3. The inductance is high. 

1. RF choke has air core 
2. Used in wireless receiver circuits. 
3. The inductance is low. 

 
4. What are the factors affecting coefficient of mutual induction? 

    (i)  Size and shape of the coil 
    (ii) Number of turns and permeability of material on which the coils are wound. 
    (iii) Proximity of the coil.   
 
5. Define self induction. 

       The property of a coil which enables to produce an opposing induced emf in it when 
the current in the coil changes is called self induction. 

 
6. Define mutual induction. 

i) Whenever there is a change in the magnetic flux linked with a coil, there is also a 
change of flux linked with the neighbouring coil, producing an induced emf in the 
second coil.  

ii) The phenomenon of producing an induced emf in a coil due to the change in current 
in the other coil is known as mutual induction. 

7. What are eddy currents? How are they minimised? 

i) When a mass of metal moves in a magnetic field or when the magnetic field through a 
stationary mass of metal is altered, induced current is produced in the metal. This 
induced current flows in the metal in the form of closed loops resembling ‘eddies’ or 
whirl pool. Hence this current is called eddy current. 

ii) Eddy current can be minimised by using thin laminated sheets instead of solid metal. 
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8. Define the efficiency of the transformer.                 [OO’’1122,,JJ’’1155]] 
        Efficiency of a transformer is defined as the ratio of output power to the input power. 

The efficiency η = 1 (ie. 100%), only for an ideal transformer where there is no power loss.  
 
          
9. Can a transformer be used to step up DC? Explain. 

Ø No. A transformer can’t be used to step up DC[Direct current]. Because it works only 
on AC.[Alternating current]. 

Ø The frequency of DC is zero. 
Ø When a DC is applied to the primary of the transformer, a changing magnetic flux 

cannot be produced in the secondary. Hence emf cannot be induced in the secondary. 
 

10. What are the advantages of a.c over d.c? 
1. The significance of an alternating emf is that it can be changed to lower or higher 

voltages conveniently and efficiently using a transformer.  
2. Also the frequency of the induced emf can be altered by changing the speed of the 

coil. This enables us to utilize the whole range of electromagnetic spectrum for one 
purpose or the other. 

3. Alternating current can be transmitted over a long distance using transformer without 
much power loss. 

4. The a.c can be easily converted in to d.c. 
 

Frequently Asked Problems 
 

4.1 Magnetic field through a coil having 200 turns and cross sectional area 0.04 m2 changes 
from 0.1 wb m−2 to 0.04 wbm−2 in 0.02 s Find the induced emf. 

       Data:  N = 200, A = 0.04 m2, B1 = 0.1 wb m−2, B2 = 0.04 wb m−2, t = 0.02 s, e = ? 
       Solution:  
                            
 
 

 

 

 

 

                                                            e = 24 V 
 

4.2 An aircraft having a wingspan of 20.48 m flies due north at a speed of 40 ms−1. If the 
vertical component of earth’s magnetic field at the place is 2 × 10−5 T, Calculate the emf 
induced between the ends of the wings. 

      Data:  l = 20.48 m; v = 40 ms−1; B = 2 × 10−5T; e = ? 
      Solution:           e = − B l v   
                                    = − 2 × 10

−5 × 20.48 × 40 
         e = − 0.0164 volt    
 
4.6 Write the equation of a 25 cycle current sine wave having rms value of 30 A. 

      Solution : i = Io sin ωt         = Irms  sin 2πνt    = 30   sin2π × 25 t = 42.42 sin 157 t            
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4.4 Calculate the mutual inductance between two coils when a current of 4 A changing to 8 A 

in 0.5 s in one coil, induces an emf of 50 mV in the other coil. 
       Data:   I1 = 4A;   I2 = 8A;    dt = 0.5s;      e  = 50 mV = 50 × 10−3V,      M = ? 
       
        Solution:  
                                                                                                                                         H   
 
 

 

                                  M  =  6.25 mH (in magnitude) 

 
 
4.5 An a.c. generator consists of a coil of 10,000 turns and of area 100 cm2. The coil rotates at 

an angular speed of 140 rpm in a uniform magnetic field of 3.6 × 10−2 T. Find the 
maximum value of the emf induced.                   M’15 

       Data:   N = 10,000 A = 102 cm2 = 102  x 10-4 = 10–2 m2  
                   ν = 140 rpm = 140/60   =  7/3 rps, B = 3.6 × 10−2T, Eo = ? 

        Solution: 
                        Eo = NABω = NAB 2πν 
                             =104 × 10−2 × 3.6 × 10−2 × 2 π × 7/3 
                         Eo = 52.75 V 
 
4.55 Two rails of a railway track insulated from each other and the ground is connected to a 

millivoltmeter. The train runs at a speed of 180 Km/hr. Vertical component of earth’s 

magnetic field is 0.2 × 10
−4 

Wb/m
2
 and the rails are separated by 1m. Find the reading of 

the voltmeter.                         OO’’1144 
           Data:  v = 180 Km/hr  = 180 x 1000/3600  = 50 ms-1 

                        l = 1 m;   B = 0.2 × 10−4T; e = ? 
           Solution:  e = − B l v   
                               = −0. 2 × 10

−4 × 1 × 50 
         e = − 10

-3 volt   =  -1 mV 
 
O’08: An ideal transformer has transformation ratio 1 :20 . If the input power and primary   

voltage are 600 mW and 6 V respectively, find the primary and secondary currents. 
           Data:   Input power = 600 mW = 600 x 10-3 W  , Ep = 6 V , Es/Ep = 1:20 , Ip ,Is =? 
            Solution: 
                         Input power Ep Ip  = 600 x 10-3    Ip  = 600 x10-3    =  100 x 10-3    = 100 mA 
        6  
                  Output power Es Is = 600 x 10-3   [  In ideal transformer Input power = Output power] 
                    Is  = 600 x 10-3    = 600 x 10-3     [  Es/Ep = 1/20 , Es = Ep/20  = 6/20] 
                                   Es                    6/20 
                                              Is  = 20 x 100 x 10-3 = 2 A 
 
O’06:  The wings of aeroplane are 10 m apart. The plane is moving horizontally towards the 

north at a place where the vertical component of earth’s magnetic field is 3 x 10-5 T. 
Calculate the induced emf set up between the tips of the wings if the velocity of the 
aeroplane is 720 Km/hr. 
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         Data:  l = 10 m;; B = 3 × 10−5T; v = 720 x 1000/3600 = 200 ms−1  , e = ? 
         Solution:           e = − B l v   
                               = − 3 × 10−5 × 10 ×200 
       e = − 6 x 10-2 volt   = 0.06 V 
 
4.61. A resistance of 50 Ω, an inductance of 0.5 H and a capacitance of 5 μF are connected in 

series with an a.c. supply of e = 311 sin (314t). Find (i) frequency of a.c. supply (ii) 

maximum voltage (iii) inductive reactance (iv) capacitive reactance (v) impedance. 
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    Self Evaluation Questions:  

1. What are electromagnetic waves? 

      The variation of electric and magnetic fields perpendicular to each other produces 
electromagnetic disturbances in space. These disturbances have the properties of a wave 
and propagate through space without any material medium.  Theses waves are called 
electromagnetic wave. 

 

2. Mention the characteristics of electromagnetic waves.                   [,,JJ’’1155]] 
i)   Electromagnetic waves are produced by accelerated charges. 
ii) No material medium is required for propagation. 
iii) It travels with a velocity of 3 x 108 m/s. given by the relation C = 
iv) Variation of maxima and minima in both E and B occurs simultaneously. 
v) Being charge less, it is not deflected by electric or magnetic field. 
vi) The energy of electromagnetic wave is equally divided between electric and 

magnetic field vectors. 
vii) It is transverse in nature.  

 
3. Explain emission, absorption spectrum.                 [M-06] 

i)  When the light emitted directly from a source is examined with a spectrometer, the 
emission spectrum is obtained. Every source has its own characteristic emission 
spectrum. 

ii) When the light emitted from a source is made to pass through an absorbing material 
and then examined with a spectrometer, the obtained spectrum is called absorption 
spectrum. It is the characteristic of the absorbing substance. 

            
4. What is fluorescence and phosphorescence? 

 When an atomic or molecular system is excited in to higher energy state by absorption 
of energy, it returns back to lower energy state in a time less than   10-5 second and the 
system is found to glow brightly by emitting radiation of longer wave length.  This is called 
Fluorescence. 

    There are some substances in which the molecules are excited by the absorption of 
incident ultraviolet light and they do not return immediately to their original state. The 
emission of light continues even after the exciting radiation is removed. This type of 
delayed fluorescence is called phosphorescence. 

 
5. What is Tyndal scattering?                      [M-07, J’09,J’10, O’10,  OO’’1122] 

       When light passes through a colloidal solution its path is visible inside the solutions. This 
is because light is scattered by the particles of the solutions. The scattering of light by the 
colloidal particles is called Tyndal scattering. 

 

6. State Huygen’s principle.              [ O’09,  OO’’1111,,  MM’’1122  ,,OO’’1155] 
i) Huygen’s principle states that every point on a given wave front may be considered as 

the source of secondary wavelets which spread out with the speed of light in that 
medium.  

ii) The new wave front is the forward envelope of the secondary wavelets at that instant. 
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  7.     Distinguish between the corpuscle and photon.  

Corpuscle Photon 
1. These are tiny mass less and   

perfectly elastic particle. 
2. Light energy is the kinetic energy of 

the corpuscles. 
3. Using this photoelectric effect 

cannot be explained. 
4.  Different colours are due to 

variation in size of corpuscles. 

   1. These are discrete pockets of energy.   
      

2. Energy of quanta E=h ν. 
 

   3. Using this photoelectric effect can be 
explained. 

   4. Different colours are due to different 
amount of energy. 

 

8. How are stokes lines and anti stokes lines are formed? 

           If a photon strikes an atom or a molecule in a liquid, part of the energy of the incident 
photon may be used to excite the atom of the liquid and the rest scattered. The spectral 
line will have lower frequency and it is called stokes line. 

            

          If a photon strikes an atom or a molecule in a liquid, which is in the excited state, the 
scattered photon gains energy.  The spectral line will have higher frequency and it is called 
Anti-stokes line. 

 
9. Why does the sky appear blue in colour?              [J’06,  OO’’1133  ,,JJ’’1144]  

i)   The blue appearance of the sky is due to scattering of light by the atmosphere.        
This scattered radiation causes the sky to appear blue in colour. 

ii) According to Rayleigh, the amount of scattering is inversely proportional to the 
fourth power of wavelength. 

iii) The shorter wave length region of the solar spectrum blue scattered much more 
than the longer wave length. 

 

10. State the principle of superposition of waves. 

      When two or more waves simultaneously pass through the same medium, each wave 
acts on every particle of the medium, as if the other waves are not present. The resultant 
displacement of any particle is the vector addition of the displacements due to the 
individual waves. This is known as principle of superposition.   

       let Y1, Y2 be the displacements of the individual wave the resultant displacement is 
the sum of individual displacements. 

                     Y = Y1 +Y2 
 

11. Why the central image of the Newton’s rings is dark instead of bright?   [ M’09]                               
I. The thickness of the air film at the point of contact of lens L with glass plate P is zero. 

Hence, there is no path difference between the interfering waves. So, it should appear 
bright. 

II. But the wave reflected from the denser glass plate has suffered a phase change of π 
while the wave reflected at the spherical surface of the lens has not suffered any 
phase change. Hence the central image of the Newton’s ring appears dark. 
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12. Differentiate Fresnel and Fraunhofer diffraction.    [M’10]  

Fresnel Diffraction Fraunhofer Diffraction 

1. Source and screen are at finite 

distance from the obstacle. 

2. Wave front undergoes diffraction is 

either spherical or cylindrical. 

3. No lens is used.   

4. Can be seen with naked eyes.  

1. Source and screen are  at infinite distance 

from the obstacle. 

2. Wave front undergoes diffraction is plane 

wave front.  

3. Convex Lens is used. 

4. Can be observed only with a spectrometer. 

 

13. Differentiate between polarized and Unpolarised light.  

Polarized light Unpolarised light 

1. It will not produce any glare. 

2. Vibrations are restricted to only one 

plane perpendicular to the direction of 

propagation. 

3. If a crystal is rotated in its path, the 

outgoing light will vary its intensity 

1. It will produce glare. 

2. Vibrations are present in all planes. 

 

 

3. If a crystal is rotated in its path, the     

outgoing light will not vary its intensity 

 
14. What are Newton’s rings?  

1. When a plano convex lens of long focal length is placed over an optically plane glass 
plate, a thin air film with varying thickness is enclosed between them.  

2. The thickness of the air film is zero at the point of contact and gradually increases 
outwards from the point of contact.  

3. When the air film is illuminated by monochromatic light normally, alternate bright and 
dark concentric circular rings are formed with dark spot at the centre. These rings are 
known as Newton’s rings. 
 

15. Differentiate ordinary ray and extraordinary ray. 

Ordinary ray Extraordinary ray 

1. It obeys the law of refraction. 
2. It moves with constant velocity in all 

direction. 
3. If produces spherical wave front inside a 

crystal. 
4. The ratio between sine of the angle of 

incidence to the sine of the angle 
refraction is constant. 

5. In the case of calcite crystal for Sodium 
light the refractive index corresponding to 
the ordinary ray is 1.658. 

1. It does not obey the law of refraction. 
2. It moves different velocity in different 

direction.   
3. It produces elliptical wave front inside a 

crystal. 
4. The ratio between sine of the angle of 

incidence to the sine of the angle 
refraction is not a constant. 

5. In the case of calcite crystal for sodium 
light the refractive index corresponding to 
the extra ordinary ray is 1.486. 
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16. What is optical activity (rotation)? On what factors does it depend? 

        When a plane polarized light is made to pass through certain substances, the   plane of 
polarization of the emergent light is not the same as that of incident light, but it has been 
rotated through some angle.  This phenomenon is known as optical activity.  

    Note: The substances which rotate the plane of polarisation are said to be optically active. 
   Examples :  quartz, sugar crystals, turpentine oil, sodium chloride etc. 
      The amount of optical rotation depends on:                         [ J’08,  JJ’’1111 ,M’15] 

i) Thickness of crystal. 
ii) Density of the crystal (or concentration in the case of liquid) 
iii) Wave length of the light used. 
iv) The temperature of the solution   

17.  Give the condition for sustained interference.      OO’’1144 
      1)  The two sources should be coherent. 

2)  Two sources should be very narrow. 
      3)  The sources should lie very close to each other to form distinct and broad fringes. 

 

Other Important Questions    
1. What are the uses of IR rays?                     O’08] 

(i) Infrared lamps are used in physiotherapy. 
(ii) Infrared photographs are used in weather forecasting. 
(iii) IR radiations are not absorbed by air, fog, mist , they are used to take   photograph of 

long distance objects. 
(iv) Infrared absorption spectrum is used to study the molecular structure. 

 
2.  What are the uses of UV rays?       [MM’’1144]] 

i) They are used to destroy the bacteria and for sterilizing surgical instruments. 
ii) These radiations are used in detection of forged documents, finger prints in forensic 

laboratories. 
iii) They are used to preserve food items. 
iv) They help to find the structure of atoms.  

 

3.  What are Fraunhofer lines? Give its uses. How are they formed? [MM’’1133]] 
     (i)  If the solar spectrum is closely examined, it is found that it consists of large number of   

dark lines. The dark lines in the solar spectrum are called Fraunfofer lines. 
      (ii)  By comparing the absorption spectra of various substances with the Fraunfofer lines in 

the solar spectrum, the elements presents in the sun’s atmosphere have been 

identified. 

      III) Formation: When light from the central core of the sun passes through sun’s 

atmosphere, certain wavelengths are absorbed by the elements present in the 
chromosphere and the spectrum is marked by dark lines. 

 

4. DDuurriinngg  tthhee  ssuunnsseett  oorr  ssuunnrriissee  tthhee  ssuunn  aappppeeaarr  rreeddddiisshh  iinn  ccoolloouurr..  WWhhyy?? 
1.  At sunrise and sunset the rays from the sun have to travel a larger part of the 

atmosphere than at noon.  
2. Therefore most of the blue light is scattered away and only the red light which is least 

scattered reaches the observer. 
3.  Hence, sun appears reddish at sunrise and sunset. 
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55..    WWhhaatt  iiss  ddiiffffrraaccttiioonn??  GGiivvee  eexxaammppllee..                  [ O’07] 
                The bending of waves around the edges of an obstacle is called diffraction. Diffraction 

is a characteristic property of waves. The waves are diffracted, only when the size of the obstacle is 
comparable to the wavelength of the wave. 

         Ex: A series of coloured images are observed when white light passes through fine piece of cloth. 

66..    WWhhaatt  aarree  ppoollaarriisseerr  aanndd  aannaallyyzzeerr??  

       A device which produce plane polarised light is called a polariser. A device which is 
used to examine whether a light is plane polarised or not is an analyzer. 

         Ex: Nicol prism serves both polariser and analyzer. 
77..  DDeeffiinnee  PPoollaarriissaattiioonn,,  ppllaannee  ooff  vviibbrraattiioonn  aanndd  ppllaannee  ooff  PPoollaarriissaattiioonn..    

i) The phenomenon of restricting the vibrations into a particular plane is known as 
polarisation. 

ii) The plane containing the optic axis in which the vibrations occur is known as plane of 
vibration.  

iii) The plane which is at right angles to the plane of vibration and which contains the 
direction of propagation of the polarised light is known as the plane of polarisation. 

 

8. What is double refraction? 
       When a ray of unpolarised light is incident on a calcite crystal two refracted rays are 

produced. This phenomenon is called double refraction. 
 

99..    WWhhaatt  iiss  ooppttiicc  aaxxiiss??                           [ J’07,J’10] 
i) Inside the crystal there is a particular direction in which ordinary ray and 

extraordinary ray travel with same velocity called optic axis. 
ii) The refractive index is same for both rays and there is no double refraction along this 

direction. 
  

1100..  WWhhaatt  aarree  ppoollaarrooiiddss??  GGiivvee  iittss  uusseess..                                                                                                [M’16]  
     A Polaroid is a material which polarises light. The phenomenon of selective absorption 

is used to construct Polaroid.  
              Uses:   Polaroids are 

    (i)  used to produce and analyse plane polarised light. 
    (ii)  used as polarising  sun glasses. 
    (iii) used to eliminate head light glare in motor cars. 
    (iv) used to produce three dimensional moving picture. 
    (v)  used to improve colour contrast in old oil painting. 

 
1111..  DDeeffiinnee  ssppeecciiffiicc  rroottaattiioonn..                [M’08,  M’10,  OO’’1133,,  JJ’’1144] 
       Specific rotation for a given wavelength of light at a given temperature is defined as 

the rotation produced by one decimeter length of the liquid column containing 1 gram of 
the active material in 1 cc of the solution.  S = θ /   l c                                                                 
 Note: The term specific rotation is used to compare the rotational effect of all optically 
active substances.         

1122..  DDeeffiinnee  ppoollaarriissiinngg  aannggllee..  

       When the light is allowed to be incident at a particular angle, (for glass it is 57.5o) the 
reflected beam is completely plane polarised. The angle of incidence at which the 
reflected beam is completely plane polarised is called the polarising angle. 
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1133..  WWhhaatt  iiss  iinntteerrffeerreennccee  ooff  lliigghhtt??  GGiivvee  EExxaammppllee..                              [[ O’07] 

    The redistribution of intensity of light on account of the superposition of two waves 
from a coherent source is called interference.  

         Ex:   1. An important application of interference in thin films is the formation of Newton’s rings. 

                    2. The brilliant colours exhibited by a thin oil film spread on the surface of water and also by 

a soap bubble 

1144..  WWrriittee  tthhee  ccoonnddiittiioonn  ffoorr  ttoottaall  iinntteerrnnaall  rreefflleeccttiioonn  ttoo  ttaakkee  ppllaaccee..            [[MM’’1144]]  
I. Light must travel from denser medium to rarer medium. 

II. The angle of incidence inside the denser medium must be greater than critical angle [i>c]. 
 

1155..  SSttaattee  BBrreewwsstteerr’’ss  llaaww..                                [[MM’’1111]]  

      The tangent of the polarising angle is numerically equal to the refractive index of the   
medium.                   tan ip = μ 

 
1166..  WWhhaatt  iiss  eelleeccttrroommaaggnneettiicc  ssppeeccttrruumm??  

      The orderly distribution of electromagnetic waves according to their wavelength or 
frequency is called the electromagnetic spectrum. 

 
1177..  WWhhaatt  iiss  ddiiffffrraaccttiioonn  ggrraattiinngg??  

(i)     An arrangement consisting of a large number of equidistant parallel narrow slits of 
equal width separated by equal opaque portions is known as a diffraction grating. 

(ii)    The combined width of a ruling and a slit is called grating element (e). 
(iii) Points on successive slits separated by a distance equal to the grating element are 

called corresponding points. 
  

1188..  WWhhaatt  aarree  uunniiaaxxiiaall  aanndd  bbiiaaxxiiaall  ccrryyssttaallss??                                                                                  [[,,OO’’1155]]  
             Crystals like calcite, quartz, ice and tourmaline having only one optic axis are called    

uniaxial crystals. 
             Crystals like mica, topaz, selenite and aragonite having two optic axes are called 

biaxial crystals. 
 
1199..  GGiivvee  tthhee  ddiiffffeerreennccee  bbeettwweeeenn  iinntteerrffeerreennccee  aanndd  ddiiffffrraaccttiioonn..                        [[,M’16]  
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2200..  WWhhaatt  iiss  tthhee  tteesstt  ffoorr  ppllaannee  ppoollaarriisseedd  lliigghhtt  aanndd  ppaarrttiiaallllyy  ppoollaarriisseedd    lliigghhtt??  

            A ray of light is allowed to pass through an analyser.  
1. If the intensity of the emergent light does not vary, when the analyser is rotated, then 

the incident light is unpolarised. 
2. If the intensity of light varies between maximum and zero, when the analyser is rotated 

through 90o, then the incident light is plane polarised. 
3. If the intensity of light varies between maximum and minimum (not zero), when the 

analyser is rotated through 90o, then the incident light is partially plane polarised. 
 

21. GGiivvee  tthhee  ccoonnddiittiioonn  ffoorr  oobbttaaiinniinngg  cclleeaarr  aanndd  bbrrooaadd  iinntteerrffeerreennccee  bbaannddss..  

        (i) The screen should be as far away from the source as possible. 
        (ii) The wavelength of light used must be larger. 
        (iii)The two coherent sources must be as close as possible. 
22. DDiiffffrraaccttiioonn  eeffffeecctt  ooff  ssoouunndd  iiss  mmoorree  tthhaann  lliigghhtt..  GGiivvee  rreeaassoonn.. 

1. The amount of bending produced at an obstacle depends upon the wavelength of the 
incident wave.  

2. Since the sound waves have a greater wavelength, the diffraction effects are 
pronounced.  

3. As the wavelength of light is very small, compared to that of sound wave and even 
tiny obstacles have large size, compared to the wavelength of light waves, diffraction 
effects of light are very small. 

  
 
 

Frequently Asked Problems 
5.1 In Young’s double slit experiment two coherent sources of intensity ratio of 64 : 1, produce   

interference fringes. Calculate the ratio of maximum and minimum intensities. 
      Data: I1 : I2 : : 64 : 1  Imax : Imin  =? 
      Solution:  
                                                                   
 

                                      

                                                                                                                     

 
5.2 In Young’s experiment, the width of the fringes obtained with light of wavelength 6000 Å is 2 

mm. Calculate the fringe width if the entire apparatus is immersed in a liquid of refractive index 
1.33.                        OO’’1144 

        Data: λ = 6000 Å = 6 × 10−7 m; β = 2mm = 2 × 10−3 m ,  μ = 1.33;   β′ = ? 
        Solution:                                                                                                
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5.4 A plano – convex lens of radius 3 m is placed on an optically flat glass plate and is illuminated 
by monochromatic light. The radius of the 8th dark ring is 3.6 mm. Calculate the wavelength of 
light used.                                    M’15 

       Data:   R = 3m ; n = 8 ; r8 = 3.6 mm = 3.6 × 10
−3 

m ; λ = ? 

      Solution:   rn =                 
                         rn2 = nRλ     
 
 
5.5 In Newton’s rings experiment the diameter of certain order of dark ring is measured to be 

double that of second ring. What is the order of the ring? 
       Data: dn = 2d2 ; n = ?  
        Solution: dn2 = 4nRλ      [   d=2r     rn2   =(d/2)2 =  d2/4 =  nRλ ] 
                         d2 2 = 8Rλ                                     
                                                                                                                 n = 8 
 
5.6 Two slits 0.3 mm apart are illuminated by light of wavelength4500 Å. The screen is placed at 1 m 

distance from the slits. Find the separation between the second bright fringe on both sides of 
the central maximum. 

       Data: d = 0.3 mm = 0.3 × 10−3 m ; λ = 4500 Å = 4.5 × 10−7 m, D = 1 m ; n = 2 ; 2x = ? 
       Solution:  
               
                        
 
 
 
5.8 A 300 mm long tube containing 60 cc of sugar solution produces a rotation of 9o when placed in 

a polarimeter. If the specific rotation is 60o, calculate the quantity of sugar contained in the 
solution. 

       Data: l = 300 mm = 30 cm = 3 decimeter θ = 9o ; S = 60o ; v = 60 cc  m = ? 
       Solution:                                                                                                      = 3 g 
 
 
 
5.45 A light of wavelength 6000 Å falls normally on a thin air film, 6 dark fringes are seen between 

two points. Calculate the thickness of the air film.        [JJ’’1111]] 
       Data: λ= 6000 Ao = 6x 10-7 m ,  n=6  , θ = 90  , t =? 
       Solution: 
                     Path difference for dark fringe 2t = nλ 
                                                                      t = nλ/2   = 6 x 6 x 10-7 /2    = 18 x 10-7 m 
 
5.49 The refractive index of the medium is √3 . Calculate the angle of refraction if the unpolarised 

light is incident on it at the polarising angle of the medium. 
       Data:  =  , r =? 

        Solution: μ = tan ip  =        or   ip =600 

                         Angle of refraction   r = 90 -ip   
                                                            r  =90 – 60 = 30o 
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5.50 A 20 cm long tube contains sugar solution of unknown strength. When observed through 
polarimeter, the plane of polarisation is rotated through 10o. Find the strength of sugar solution 
in g/cc. Specific rotation of sugar is 60o / decimetre / unit concentration. 

       Data: L = 20 cm = 2 decimeter,θ = 10o    Sλ’  = 60o/decimeter  , C=? 
       Solution:  
                        C =   .     θ        .=    .      100      .==         1   =  0.0833 g/cc 
                                      L Sλ’               2  x 600               12 
 
5.43 In Young’s experiment a light of frequency 6 × 1014 Hz is used. Distance between the centers 

of adjacent fringes is 0.75 mm. Calculate the distance between the slits, if the screen is 1.5 m 
away. 

       Data: ν = 6 × 1014   ,  β  = 0.75 mm = 0.75 x 10-3 m ,  D=1.5 m,  d=? 
       Solution: 
                     λ = C/ν  =  3 x 108         =  5 × 10-7 m 
                                    6 × 1014 

             Band Width β = λD     d = λD    =  5 × 10-7 x 1.5   =  10-3 m  = 1 mm 
                                        d                β            0.75 x 10-3   
  
 
5.40 An LC resonant circuit contains a capacitor 400 pF and an inductor 100 μH. It is sent into 

oscillations coupled to an antenna. Calculate the wavelength of the radiated 

electromagnetic wave. 

       Data: 

        C= 400 pF= 400 x 10-12 F ; L= 100 μH  = 100 x 10-6 H 
        Solution: 

i) Frequency of the wave is  
ii) Wavelength λ = C/ν 

                                                            ν  =                                  1                  .                             
                                                                          2 x 3.14 x √400 x 10-12x100 x 10-6 

 
                                                                λ   = 3 x 108 x 2x 3.14 x 20 x 10-6 x 10 x 10-3 
                                                                λ   = 120 x 3.14 = 376.8 = 377m 
                                                             
5.44 The fringe width obtained in Young’s double slit experiment while using a light of 

wavelength 5000 Å is 0.6 cm. If the distance between the slit and the screen is halved, 
find the new fringe width. 

      Data:  β = 0.6 cm , λ=5000 x 10-10 m ; D=D/2, β’ =? 
      Solution:  
                       β = λD            ;              β’ = λD’    =    λD       =  β 
                              d                                    d             2d            2 
                               
                  = 0.6 x 10-2     = 0.3 x 10-2 = 3 mm 
             2 
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 Self Evaluation Questions:    

1. What are cathode rays? 

       In a discharge tube at the pressure about 0.01 mm of Hg, the positive column 
disappears and the Crooke’s dark space fills the whole tube. At this (final) Stage the 
greenish glow is found to be a fluorescence of the glass produced by some invisible rays 
emanating from the cathode. These rays are called cathode rays. 

 

2. Write the properties of cathode rays.                                              [,,OO’’1155]] 
1) Cathode rays travel in a straight line. 
2) They possess momentum and kinetic energy. 
3) They affect photographic plate. 
4) They ionize the gas through which it passes. 
5) They travel with a velocity up to 1/10th- of velocity of light. 
6) Cathode rays produce heat, when allowed to fall on matter. 

 
3. Write the result of Rutherford alpha particle scattering experiment. 

        According to alpha scattering experiment, Rutherford concluded that 
i) In an atom the whole of the positive charge was concentrated in a tiny space of 

about 10-14m. This region of the atom was named as nucleus.  
ii) The atom has a lot of empty space around the nucleus.  

 

4. What are the disadvantages of Rutherford’s atom model?              [ O’08] 
           According to electromagnetic theory, an accelerated electric charge must radiate 

energy in the form of electromagnetic waves. The energy of an electron continuously 
decreases and spiral down into the nucleus. SSoo  tthhee  aattoomm  iiss  uunnssttaabbllee..  BBuutt  mmoosstt  ooff  tthhee  

aattoommss  aarree  ssttaabbllee..  

         According to classical electromagnetic theory, the accelerating electron must radiate 
energy at a frequency proportional to the angular velocity. As the electron spiral down, 
the angular velocity become infinity and frequency of emitted energy will be infinity.  TThhiiss  

rreessuullttss  aa  ccoonnttiinnuuoouuss  ssppeeccttrruumm  wwiitthh  aallll  ppoossssiibbllee  wwaavveelleennggtthhss..    BBuutt  eexxppeerriimmeennttss  rreevveeaall  oonnllyy  

lliinnee  ssppeeccttrraa  ooff  ffiixxeedd      wwaavveelleennggtthh  ffrroomm  aann  aattoomm..  

 

5.   State the Postulates of Bohr atom model.  

i) QQuuaannttiizzaattiioonn  ccoonnddiittiioonn:: An electron can’t revolve round the nucleus in all possible 
orbits. The electron can revolve round the nucleus only in those permissible orbits for 
which the angular momentum of the electron is an integral multiple of h/2π. These orbits 
are called stationary orbits or non radiating orbits and an electron revolving in these 
orbits does not radiate any energy. 
  ii) FFrreeqquueennccyy  ccoonnddiittiioonn:: An atom radiates energy (hν) only when an electron jumps 
from a stationary orbit of higher energy (E2) to an orbit of lower energy (E1). ( hν =E2 –E1) 
 

6. What is meant by energy level diagram? 

Taking the energies of orbits on a linear scale horizontal lines are drawn which 
represent energy levels of hydrogen atom. This diagram is known as energy level diagram. 
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77..  WWhhaatt  aarree  tthhee  ddrraawwbbaacckkss  ooff  ssoommmmeerrffeelldd  aattoomm  mmooddeell??                          OO’’1111  

i) Though Sommerfeld’s modification gave a theoretical background of the fine structure 

of spectral lines of hydrogen, it could not predict the correct number of observed fine 

structure of these lines. 

ii)  It could not explain the distribution and arrangement of electrons in atoms. 

iii) It was unable to explain the spectra of alkali metals such   as sodium, potassium etc. 

iv) It could not explain Zeeman and Stark effect..  

 v) This model does not give any explanation for the iintensities of the spectral lines. 

 

8. DDeeffiinnee  eexxcciittaattiioonn  ppootteennttiiaall  eenneerrggyy  aanndd  iioonniizzaattiioonn  ppootteennttiiaall  eenneerrggyy..                [ J’09] 
 The energy required to raise an atom from its normal state into an excited state is 

called excitation potential energy.   

 The energy required to remove an electron from first orbit to outer most orbit is 
known as ionization potential energy. For hydrogen atom, the energy required to 
remove an electron from first orbit to its outermost orbit(n=∞) 13.6-0=13.6eV. This 
energy is known as the ionization potential energy for hydrogen atom. 

    

99..   WWhhaatt  aarree  xx--rraayyss??  

       X-rays are electromagnetic waves of short wave length in the range of  0.5 A0 to 10 A0, 
which are produced when fast moving electrons strike a metal target of suitable material. 

 

1100..  DDiissttiinngguuiisshh  bbeettwweeeenn  ssoofftt  XX--rraayyss  aanndd  hhaarrdd  XX--rraayyss..                                                    [[MM’’1144]]    

Soft X-Rays Hard  X-Rays 

1. X- rays having wave length of 4A0 or 
above. 

2. Have lesser frequency and hence 
lesser energy. 

3. Low penetrating power. 
4. They are produced at comparatively 

low potential difference. 

1. X-rays having low wave length of the 
order 1A0. 

2. Have high frequency and hence high 
energy. 

3. Penetrating power is high. 
4. They are produced at comparatively 

high potential difference. 

  

1111..  WWhhaatt  aarree  tthhee  pprrooppeerrttiieess  ooff  XX--rraayyss??  

i) They travel in a straight line with the velocity of light. 
ii) They ionize the gas through which it passes. 
iii) They affect the photographic plate. 
iv) They undergo reflection, refraction etc. like light. 
v) They are not deflected by electric or magnetic field. 
vi) When it falls on certain metals, they liberate photo electron. 

 
12. WWhhaatt  iiss  mmeeaanntt  bbyy  nnoorrmmaall  ppooppuullaattiioonn?? 

i)    In a system of thermal equilibrium, the number of atoms in the ground state is more 
than the number of atoms in the excited state. This is called normal population. 

ii) If the number of atoms in the excited state is more than the number of atoms in the   
ground state, that position is called population inversion. 
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13. State Moseley’s law .     [ M’07, M’08, M’09, M’11,  JJ’’1144,,JJ’’1155 ,M’16] 
        The frequency of the spectral line in the characteristic X-ray spectrum is directly 

proportional to the square of the atomic number (Z) of the element considered.  This is 
known as Moseley’s law. 

                                υ  α z2  or              =  a (z-b). 
        Where a, b are constants depending upon the particular spectral line. 
 
14. Write differences between spontaneous emission and stimulated emission.    

Spontaneous emission Stimulated emission 

1. Atoms return to lower energy state 
without the help of an external 
agency. (No need of stimulating 
photon. 

2. No secondary photon is produced. 
3.  Atoms returns to lower energy level 

immediately.   
4. The excited energy level is an 

ordinary level.  
5. Life time of atoms in the excited  

state is 10-8 s. 

1. Atoms return to lower energy state with 
the help of photon. (It needs stimulating 
photon hν = E2-E1). 

 
2. Secondary photon is produced.   
3. Atoms stay for some time in meta stable 

state and return to lower level. 
4. The excited energy level is a meta stable 

state. 
5.  Life time of atoms in the meta stable 

state is 10-3 s. 

  

15. Why ordinary plane transmission gratings can’t be used to produce 

diffraction effects in x-rays? 

i) Diffraction effects can only be observed if the spacing between the lines ruled on the 
grating is of the order of magnitude of wavelength of the wave used.  

ii) Thus, in order to diffract X–rays, grating with much finer rulings, having distance 
between rulings comparable to the wave length of X–rays are required.  

iii) It is impossible to construct a grating of such fine dimensions artificially. 
 

16. What are the characteristics of laser?        [O-06, J’09, M’10,J’10, J’12,  OO’’1122] 

     The laser beam   
i)    is monochromatic 
ii) is coherent, with the waves , all exactly in  phase with one another   
iii) doesn’t diverge at all 
iv) is extremely intense. 

 
17. What are the various applications of laser in medical field?       [ M’08, O’09,  JJ’’1111,,  OO’’1111] 

1) In medicine, micro surgery has become possible due to narrow angular spread of the 

laser beam. 

2) The laser beams are used in endoscopy.  

3) It can also be used for the treatment of human and animal cancer. 

4)  It can be used in the treatment of kidney stone tumour, in cutting and sealing the 

small blood vessels in brain surgery and retina detachment. 
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   Other Important Questions: 

1.  WWhhaatt  aarree  ccaannaall  rraayyss  ((ppoossiittiivvee  rraayyss))?? 
         At a pressure of about 1 mm of mercury in a discharge tube , a luminous stream of 

particles were observed behind the perforated cathode proceeding in a direction opposite 
to that of the cathode rays are called canal rays. These are the streams of positive ions of 
the gas enclosed in the discharge tube. 

  

22..    WWhhaatt  iiss  mmeeaanntt  bbyy  ddiissttaannccee  ooff  cclloosseesstt  aapppprrooaacchh??  

       It is the distance r0 up to  which an  α –particle directed towards the centre of the 
nucleus will move close up to where its kinetic energy will appear as electrostatic 
potential energy and there after it begins to retrace its path. 

3.  DDeeffiinnee  wwaavvee  nnuummbbeerr.. 
       The wave number      of a radiation is defined as the number of waves per unit length. 

It is equal to the reciprocal of the wavelength. Unit: m-1 
 

4. WWhhaatt  aarree  tthhee  rreessuullttss  ooff  LLaauuee  eexxppeerriimmeenntt??         [ O’07 ,J’08,  MM’’1133] 
     (i) X-rays are electromagnetic waves of extremely short wavelength. 
     (ii) The atoms in a crystal are arranged in a regular three dimensional lattice. 
 
5. WWhhaatt  iiss  HHoollooggrraapphhyy??                    [ O’07] 

i)  When an object is photographed by a camera, a two dimensional image of three 
dimensional object is obtained. A three dimensional image of an object can be formed 
by holography.  

ii) In ordinary photography, the amplitude of the light wave is recorded on the 
photographic film.  

iii) In holography, both the phase and amplitude of the light waves are recorded on the 
film. The resulting photograph is called hologram. 

 

6.  WWhhaatt  iiss  MMAASSEERR?? 
       The term MASER stands for Microwave Amplification by Stimulated Emission of Radiation. 

      (i) It is based on the principle of population inversion followed by stimulated emission. 
      (ii) Emitted photon belongs to microwave frequencies. 
      (iii) Paramagnetic ions are used as a Maser material. 
      (iv). Maser provides a very strong tool for analysis in molecular spectroscopy.  
 
7.  WWrriittee  tthhee  ccoonnddiittiioonn  ttoo  aacchhiieevvee  llaasseerr  aaccttiioonn..                           [M’06, J’07,  OO’’1133,,JJ’’1144] 

1. There must be an inverted population i.e. more atoms in the excited state than in the 
ground state. 

2. The excited state must be a metastable state. 
3. The emitted photons must stimulate further emission. This is achieved by the use of 

the reflecting mirrors at the ends of the system. 
 

8.  DDeeffiinnee  iioonniizzaattiioonn  ppootteennttiiaall  ..         [M-07, O’10 ,M’15] 
          The ionization potential is that accelerating potential which makes the impinging 

electron acquires sufficient energy to knock out an electron from the atom and thereby 
ionize the atom. 13.6 V is the ionization potential of hydrogen atom. 
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9. Define excitation potential. 
     The accelerating potential required to raise an atom from its normal state to excited 

state is called excitation potential .The energy required to transfer the electron in 
hydrogen atom from the ground state to the first excited state = (13.6-3.4) = 10.2eV. The 
energy required to raise it to the second excited state = (13.6 – 1.51) = 12.09 eV. The 
potentials corresponding to these energies are called as the excitation potential.  
 

10. What is cleavage (lattice) plane? 

         In crystal, the atoms or molecules are arranged symmetrically in three dimensional 
spaces. Any plane containing an arrangement of atom is known as lattice plane or 
cleavage plane.  

11. HHooww  ddooeess  aa  llaasseerr  lliigghhtt  ddiiffffeerr  ffrroomm  aann  oorrddiinnaarryy  lliigghhtt?? 

Laser light Ordinary light 
1. Coherent 

2. Monochromatic  

3. Extremely intense 

4. Does not diverge 

1. Incoherent 

2. May or may not be monochromatic 

3. Intense 

4. Diverge 

 
12. DDeeffiinnee  ccrriittiiccaall  ppootteennttiiaall.. 
         The excitation potential and ionization potential are called as the critical potentials of 

the atom. The critical potential of an atom is defined as the minimum potential required 
to excite a free neutral atom from its ground state to higher state. 

 

13. WWhhaatt  aarree  tthhee  aapppplliiccaattiioonnss  ooff  MMoosseelleeyy’’ss  LLaaww??                            [[OO’’1122  ,,OO’’1144]] 
1)  Any discrepancy in the order of the elements in the periodic table can be removed by 

Moseley’s law by arranging the elements according to the atomic numbers and not 
according to the atomic weight. 

2)  Moseley’s law has led to the discovery of new elements like hafnium(72), 
technetium(43), rhenium(75) etc. 

3)  This law has been helpful in determining the atomic number of rare earths, thereby 
fixing their position in the periodic table. 

 

14..    WWhhaatt  iiss  BBrraagggg’’ss  llaaww?? 
           If the path difference 2dsinθ is equal to integral multiple of wavelength of X-ray .i.e. 

nλ, then the constructive interference will occur between the reflected beams and they 
will reinforce with each other. Therefore the intensity of the reflected beam is maximum.                          

2dsinθ = n λ    ; n= 1,2,3,..etc      dàcrystal lattice spacing  
      Θ à glancing angle                          λ àwavelength of x-rays 
 

15.  How can X-rays be detected? 
      (i) By blackening a photographic plate. 
      (ii) The ionization produced by x-rays in a gas or vapour. An ionization chamber, which 

utilizes the property of ionization, is generally used to detect and measure the intensity 
of X-rays. 
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16.  WWhhaatt  aarree  tthhee  aapppplliiccaattiioonnss  ooff  llaasseerr  iinn  sscciieennttiiffiicc  ffiieelldd?? 
Scientific and Engineering applications: 

1) The semiconductor laser is the best light source for optical fiber communication. 
2) The earth-moon distance has been measured with the help of lasers. 
3) It is used in laser Raman Spectroscopy. 
4) Laser is also used in holography. 

 
17.  What are the basic requirements for the production of X-ray? 
       The basic requirements for the production of X–rays are:  

(i) a source of electrons 
(ii) effective means of accelerating the electrons  a target of suitable material of high 

atomic weight 
 

18. WWhhaatt  aarree  tthhee  aapppplliiccaattiioonnss  ooff  XX--rraayy  iinn  sscciieennttiiffiicc  aanndd  iinndduussttrriiaall  ffiieelldd??  
            Scientific research :  

1) X–rays are used for studying the structure of crystalline solids and alloys. 

2) X–rays are used for the identification of chemical elements including determination of 

their atomic numbers. 

3) X–rays can be used for analyzing the structure of complex molecules by examining 

their X–ray diffraction pattern. 

 

            Industrial applications: 
1) X–rays are used to detect the defects or flaws within a material 

2) X–rays can be used for testing the homogeneity of welded joints, insulating materials 

etc. 

3) X-rays are used to analyse the structure of alloys and the other composite bodies. 

4) X–rays are also used to study the structure of materials like rubber, cellulose, plastic 

fibres etc. 

 
19.   WWhhaatt  aarree  tthhee  vvaarriioouuss  aapppplliiccaattiioonnss  ooff  llaasseerr  iinn  IInndduussttrriiaall  ffiieelldd??              [ J’07] 

1. The laser beam is used to drill exactly fine holes in diamonds and hard sheets etc. 
2. They are used for cutting thick sheets of hard metals and welding. 
3. They can be used to test the quality of the materials. 
4. The laser beam is used to vaporize the unwanted material during the manufacture of 

electronic circuit on semiconductor chips. 
 
20. What are the characteristics of anode used in a Coolidge tube? 
            The anode should have the following characteristics: 

1) high atomic weight – to produce hard X-rays 
2) high melting point – so that it is not melted due to the bombardment of fast moving 

electrons, which cause lot of heat generation. 
3) high thermal conductivity – to carry away the heat generated. 
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21. GGiivvee  tthhee  pprriinncciippllee  ooff  MMiilllliikkaann’’ss  ooiill  ddrroopp  eexxppeerriimmeenntt.                                        [,,JJ’’1155]] 
         This method is based on the study of the motion of uncharged oil drop under free fall 

due to gravity and charged oil drop in a uniform electric field. By adjusting uniform 
electric field suitably, a charged oil drop can be made to move up or down or even kept 
balanced in the field of view for sufficiently long time and a series of observations can be 
made. 

 
22. State the two basic concepts of Sommerfeld atom model. 

1. According to Sommerfeld, the path of an electron around the nucleus, in general, is 
an ellipse with the nucleus at one of its foci. 

2. The velocity of the electron moving in an elliptical orbit varies at different parts of 
the orbit. This causes the relativistic variation in the mass of the moving electron. 
 

23. WWhhaatt  aarree  tthhee  ddrraawwbbaacckkss  ooff  TThhoommssoonn  aattoomm  mmooddeell??   
  

1.           According to electromagnetic theory, the vibrating electron should radiate energy 
and the frequency of the emitted spectral line should be the same as the electron. In the 
case of hydrogen atom, Thomson’s model gives only one spectral line of about 1300 Å. 
But the experimental observations reveal that hydrogen spectrum consists of five 
different series with several lines in each series. 

2. It could not account for the scattering of α-particles through large angles. 

 

24. WWhhaatt  aarree  tthhee  mmeetthhooddss  iinn  wwhhiicchh  ggaasseess  aallllooww  eelleeccttrriicciittyy  ttoo  ppaassss  tthhrroouugghh  tthheemm??  

      (i) By applying a large potential difference across a gas column at very low pressure and 
     (ii) By allowing X-rays to pass through the gases. 
 
25. What are the various applications of X-rays in medical field?        

1.  X–rays are being widely used for detecting fractures, tumours, the presence of foreign 
matter like bullet etc., in the human body. 

2. X–rays are also used for the diagnosis of tuberculosis, stones in kidneys, gall bladder 
etc. 

3. Many types of skin diseases, malignant sores, cancer and tumours have been cured by 
controlled exposure of X-rays of suitable quality. 

4. Hard X–rays are used to destroy tumours very deep inside the body. 
 

26.  In Millikani’s experiment, an oil drop of mass 4.9 × 10−14 kg is balanced by applying a 
potential difference of 9.8 kV between the two plates which are 8 mm apart. Calculate 
the number of elementary charges on the drop. Take g = 10 ms−2.                            M’16 

 

       Solution:  Eq = mg     (or) (V/d ) ne  = mg  :   n =        =  4.9 × 10−14 x 10 x 12.8 x 10-3
 

                        9.8 x 10
3
x 1.6 x 10

-19
 

                                                                                                 n = 4     
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Frequently Asked Problems 
6.9 Calculate the longest wavelength that can be analysed by a rock salt crystal of spacing d = 2.82Å in the 

first order. 
       Data: d = 2.82 Å = 2.82 × 10−10 m ; n = 1 ; λmax = ? 
       Solution: 
                        For longest wavelength, (sin θ) max = 1 

 2d (sin θ)max = λmax 
                                                                              
 
 
6.7 The Rydberg constant for hydrogen is 1.097 × 107ms−1. Calculate the short and long 

wavelength limits of Lyman series.               
       Data:  R = 1.097 × 107 m−1               
                   For short wavelength limit of Lyman Series  n1 = 1, n2 = ∞, λs = ? 

                   For long wavelength limit of Lyman series,     n1 = 1, n2 = 2,  λl = ? 
         Solution:  The wave number for Lyman series is, 
                      
 

For short wavelength limit For long wavelength limit     M’15 

  
 
 
                                                               = 1215 A0 

  
                                                           

                        
6.49 An X−ray diffraction of a crystal gave the closest line at an angle of 6o27 ′. If the 

wavelength of X−ray is 0.58Å, find the distance between the two cleavage planes.   OO’’1144 
         Solution:     n=1 , θ = 6o 27’ , λ = 0.58 x 10-10m , d=? 
                   2d sinθ = nλ   d = ..   nλ    .  =  1  x 0.58 x 10-10 =  0.58 x 10-10 =     2.581x 10-10  m 

                                                        2  sinθ            2 sin 6o 27’          0.2247 
 
6.50 How much should be the voltage of an X−ray tube so that the electrons emitted from the 

cathode may give an X−ray of wavelength 1Å after striking the target. 
         Solution:     λ = 1 Ao    , V=? 
                 λmin    =    12400  x 10-10     V = 12400 x 10-10   = 12400 x 10-10     = 12400 V   =  12.4 KV 
                                          V                                  λ                        1 x10-10   
 
6.52 Find the minimum wavelength of X−rays produced by an X−ray tube at 1000 kV[ or 106V] 
         Solution:            V= 1000 kV = 106 V       , λmin =?                                        

     
                           λmin =   hC     = 6.626 x 10-34 x 3 x 108    =  0.0124 x 10-10 m         = 0.0124 Ao 

                                         eV          1.6 x 10-19 x 106  
      [Or] 
                               λmin  = 12400 Ao  = 12400 x 10 -10    = 12400 x10 -16    = 0.0124 x 10-10  m =  0.0124 Ao 
                                         V                     106 
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    Self Evaluation Questions:   

11..  WWhhaatt  iiss  pphhoottooeelleeccttrriicc  eeffffeecctt??  

Photoelectric emission is the phenomena by which a good number of substances, 
chiefly metals, emit electrons under the influence of radiation such as γ rays, X-rays, 
ultraviolet and even visible light. This effect was discovered by Heinrich Hertz. 

2. DDeeffiinnee  ssttooppppiinngg  oorr  ccuutt  ooffff  ppootteennttiiaall??                        [[ O’09,  OO’’1122,,  OO’’1133] 
i) For a given metallic surface C, keeping the intensity (I) and frequency of the incident 

radiation constant, the effect of potential difference between the plates on the 
photoelectric current can be studied. 

ii) The minimum negative (retarding) potential given to the anode for which the 
photoelectric current becomes zero is called stopping potential or cut off potential. 

 

3. DDeeffiinnee  tthhrreesshhoolldd  ffrreeqquueennccyy.       M’15 

The threshold frequency is defined as the minimum frequency of incident radiation 
below which the photoelectric emission is not possible completely, however high the 
intensity of incident radiation may be. 
 

4. DDeeffiinnee  wwoorrkk  ffuunnccttiioonn. 

A part of the energy of the photon is used in extracting the electron from the surface of 
metal, since the electrons in the metal are bound to the nucleus. This energy W spent in 
releasing the photo electron is known as photoelectric work function of the metal. 
The work function of a photo metal is defined as the minimum amount of energy 
required to liberate an electron from the metal surface. 
 

55..  SSttaattee  tthhee  llaawwss  ooff  pphhoottooeelleeccttrriicc  eeffffeecctt..      

i) For a given photosensitive material, there is a minimum frequency called the 
threshold frequency, below which the emission of photoelectron stops completely, 
however great the intensity may be. 

ii) For a given photosensitive material, the photoelectric current is directly proportional 
to the intensity of incident radiation, provided the frequency is greater than the 
threshold frequency. 

iii) The photoelectric emission is an instantaneous process. 
iv) The maximum kinetic energy of photoelectron is directly proportional to the 

frequency of incident radiation, but independent of its intensity. 
 

66..  WWhhaatt  aarree  pphhoottoo--cceellllss??                                  OO’’1144  

The photoelectric cell is a device which converts light energy into electrical energy. 
Three types of photo cells are 

        i).    Photo emissive cell    ii). Photo voltaic cell      iii). Photo conductive cell. 
      

7. WWhhaatt  aarree  mmaatttteerr  wwaavveess?? 

 The moving particles should possess wave like properties under suitable conditions. 
These are called matter waves. [Waves associated with moving particles, proposed by de 
Broglie are called matter waves]. The wave length of matter waves λ= h/mv  = h/p. 

hà Planck’s constant, màmass of the particle, vàvelocity of the particle 



XII / PHYSICS / 3 mark Q/A 

 A.N @ Kanchi Sankara /201                               160 

 

8..  SSttaattee  tthhee  ppoossttuullaatteess  ooff  ssppeecciiaall  tthheeoorryy  ooff  rreellaattiivviittyy.     [ J’07,J’09, M’11,  MM’’1133] 
        The two fundamental postulates of special theory of relativity are. 

i) The laws of physics are the same in all inertial frames of reference. 
ii) The velocity of light in free space is a constant in all the frames of reference. 

 
9. WWhhaatt  aarree  tthhee  aapppplliiccaattiioonnss  ooff  pphhoottoo--cceellllss.    [ J’06, M’10, O’10, J’12,  MM’’1144,,JJ’’1144] 

i)   Reproducing sound in cinematography. 
ii) Controlling the temperature of furnaces. 
iii) Automatic on and off switching in the street light. 
iv) Obtaining electrical energy from sun light during space travel. 
v) Opening and closing of door automatically. 
vi) The study of temperature and spectra of stars. 

 
1100..  MMeennttiioonn  tthhee  aapppplliiccaattiioonnss  ooff  eelleeccttrroonn  mmiiccrroossccooppee..                          [[MM’’0066  ,,OO’’1155 ,M’16]]  

i) It is used in the industry, to study the structure of textile fibres, surface of  metals, 
composition of paints etc. 

ii) In medicine and biology, it is used to study virus, and bacteria. 
iii) In physics it has been used in the investigation of atomic structure and structure of 

crystals in detail. 
 

1111..  DDeeffiinnee  ffrraammee  ooff  rreeffeerreennccee..  GGiivvee  EExx.. AAnndd  ttyyppeess..  

       A system of co-ordinate axes which defines the position of a particle in two or three 
dimensional space is called a frame of reference. 

      Ex: Earth     Types: (i) inertial and (ii) non – inertial frames.  
 

12..  IIff  aa  bbooddyy  mmoovveess  wwiitthh  tthhee  vveelloocciittyy  ooff  lliigghhtt,,  wwhhaatt  wwiillll  bbee  iittss  mmaassss??  

CCoommmmeenntt  oonn  yyoouurr  rreessuulltt..    

        If a body moves with the velocity of light, the mass of the body becomes infinity. This 
is not possible. Hence we can infer that nobody can move with the velocity of light. 

     mo à rest mass ; m à mass of the body when it moves with the velocity v. 
 

    Other Important Questions: 
 

1.  DDeeffiinnee  IInneerrttiiaall,,  nnoonn  IInneerrttiiaall  ffrraammee  ooff  rreeffeerreennccee.                    [ O’06, M’08,  OO’’1111] 
      IInneerrttiiaall  ((oorr))  UUnnaacccceelleerraatteedd  ffrraammeess:: A frame of reference is said to be inertial, when the 

bodies in this frame obey Newton’s law of inertia and other laws of Newtonian 
mechanics. In this frame, a body remains at rest or in continuous motion unless acted 
upon by an external force. 

      NNoonn  ––  IInneerrttiiaall  ((oorr))  aacccceelleerraatteedd  ffrraammeess:: A frame of reference is said to be non-inertial 
frame, when a body not acted upon by an external force, is accelerated. In this frame, 
Newton’s laws are not valid. 

 
2.  WWhhaatt  iiss  ssaattuurraattiioonn  ccuurrrreenntt?? 

       The maximum value of the photoelectric current that can be obtained with the 
increase of positive potential keeping the intensity and the frequency of the incident 
radiation constant is known as saturation current. 
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3.  WWhhaatt  aarree  tthhee  lliimmiittaattiioonnss  ooff  eelleeccttrroonn  mmiiccrroossccooppee?      [M-06, M’09,  MM’’1122,,JJ’’1155] 
i) An electron microscope is operated only in high vacuum. 
ii)  This prohibits the use of the microscope to study living organisms which would 

evaporate and disintegrate under such conditions.   
 

4.  WWhhaatt  iiss  tthhee  ccoonncceepptt  ooff  SSppaaccee  aaccccoorrddiinngg  ttoo  ccllaassssiiccaall  mmeecchhaanniiccss?? 

i) Fixed frame of reference by which the position or motion of any object in the universe 
could be measured. 

ii) The geometrical form of an object remains the same irrespective of changes in position 
or state of motion of the object or observer. 

 

5..    WWhhaatt  iiss  tthhee  ccoonncceepptt  ooff  ttiimmee  aaccccoorrddiinngg  ttoo  ccllaassssiiccaall  mmeecchhaanniiccss??                  [[JJ’’1100]] 

i) The time interval between two events has the same value for all observers irrespective 
of their motion. 

ii) If two events are simultaneous for an observer, they are simultaneous for all observers, 
irrespective of their position or motion. This means simultaneity is absolute. 

 

6. EExxppllaaiinn  tthhee  vvaarriiaattiioonn  ooff  mmaassss  wwiitthh  vveelloocciittyy..  

        According to Newtonian mechanics, the mass of the body does not change with 
velocity. But according to Einstein the mass of the body changes with velocity.   

  
 

 

                        mo à rest mass ; m à mass of the body when it moves with the velocity v 
       Example : Electrons accelerated in a particle accelerator, cyclotron with a very high 

velocity acquire increased mass, exactly as predicted by the above expression. 
 

 

77..  CCaallccuullaattee  tthhee  rreesstt  eenneerrggyy  ooff  eelleeccttrroonn  iinn  MMeevv.. 

      Solution:     Rest energy = moc2  = 9.11 x 10-31 x [3 x 108]2 

      = 8.199  x 10-14J 
      = 8.199  x 10-14  ev 
         1.6  x 10-19  
    Rest energy = 0.5125 M ev 
 
7.5 What is the de Broglie wave length of an electron of kinetic energy 120 eV? 
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      Self Evaluation Questions:  
 

1. WWhhaatt  iiss  mmaassss  ddeeffeecctt??  WWhhaatt  iiss  bbiinnddiinngg  eenneerrggyy??                  [ O’09, O’10] 
    The difference in the total mass of the nucleons and the actual mass of nucleus is 

known as mass defect.  
∆m = ( Zmp  + Nmn) –  m 

       When the protons and neutrons combine to form a nucleus, the mass that disappears 
is converted in to an equivalent amount of energy.  This energy is called binding energy of 
the nucleus. 

Binding Energy  = [ Zmp  + Nmn –  m ] C2 

                                                                BE  = ∆m C2  
 

2. CCaallccuullaattee tthhee  eenneerrggyy  eeqquuiivvaalleennccee  ooff  11  aattoommiicc  mmaassss  uunniitt.. 

      According to Einstein’s mass energy relation E = mC2 
m  = 1 amu = 1.66 X 10-27 Kg  , C  =  3 x 108 m/s 

              E   = 1.66 X 10-27 ( 3X 108)2           = 14.94 x 10-11J.                           [  1 eV = 1.6 X 10-19 J.] 
E =  1.66 X 10-27 ( 3X 108)2  eV  =  931 X 106 eV.          
             1.6 x 10-19 

             E= 931 Mev. 
 

3. SShhooww  tthhaatt  nnuucclleeaarr  ddeennssiittyy  iiss  aallmmoosstt  aa  ccoonnssttaanntt  ffoorr  aallll  tthhee  nnuucclleeii. 

       Nuclear density = Nuclear mass / Nuclear volume. 
   

 

         
          Substituting the known values, for any element the nuclear density is calculated as 

1.816 x 1017 Kg/m3 which is almost a constant for all the nuclei irrespective of its size.  
 
4. EExxppllaaiinn  ddiiffffeerreenntt  cchhaarraacctteerriissttiiccss  ooff  nnuucclleeaarr  ffoorrcceess..                   [ J’08 M’09] 

i) Nuclear force is charge independent. (Whether it is n-n, n-p, p-p pair) 
ii) Nuclear force is the strongest force in nature. 
iii) Nuclear force is not a gravitational force. It is 1040 times stronger than  gravitational 

force. 
iv) Nuclear force is a short-range force, which exist within 10-15 m.  

 

55..  DDeeffiinnee  rraaddiiooaaccttiivviittyy..  

       The phenomenon of spontaneous emission of highly penetrating radiation such as α,β 
and γ rays by heavy elements having atomic number greater than 82 is called 
radioactivity. The elements, which emit these radiations, are called radioactive elements. 
Example: Uranium, Thorium. 

       
6. DDeeffiinnee  ccuurriiee                        [O’06, M’08,M’10, O’10,  OO’’1133 ,M’15] 

       The activity of a substance is generally expressed in curie. One curie is defined as the 
quantity of a radioactive substance which gives 3.7 x 1010 disintegration per second or    
3.7 x 1010 becquerel .This is equal to the activity of 1 g of radium. 
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77..   WWhhaatt  ddoo  yyoouu  mmeeaann  bbyy  aarrttiiffiicciiaall  rraaddiiooaaccttiivviittyy??                [[J’12,  OO’’1122]]  
       The phenomenon by which even light elements are made radioactive by artificial or 

induced methods is called artificial radioactivity.  
       Example:- 

   13Al 27  + 2He4          15P30* + 0n1  
         Radio-phosphorous decays into a stable isotope of silicon with the emission of a 

positron. The half life of radioactive phosphorous is about 3 minutes. 
                     15P30*              14Si30 + 1e0 
 

8.   HHooww  ddoo  yyoouu  ccllaassssiiffyy  tthhee  nneeuuttrroonnss  iinn  tteerrmmss  ooff  iittss  kkiinneettiicc  eenneerrggyy??                       [ J’09] 
       Neutrons are classified according to their kinetic energy as slow neutrons and fast 

neutrons. Neutrons with energies between 0 to 1000 ev are called slow neutron. 
Neutrons with energies between 0.5 Mev and 10 Mev are called fast neutrons. 

 

99..  WWhhaatt  iiss  aarrttiiffiicciiaall  ttrraannssmmuuttaattiioonn??  

        Artificial transmutation is the conversion of one element into another by artificial 
methods.  

      Example:-  
        When nitrogen was bombarded with alpha particles of sufficient energy, a rare 

isotope of oxygen ( 8O17) and a proton were formed. 
  7N14 + 2He4  à 8O17 + 1H1 

 

10. WWhhaatt  iiss  mmeeaanntt  bbyy  tthhee  BBrreeeeddeerr  rreeaaccttoorr??                        [M’09,,JJ’’1155] 
i) 92U238 and 90Th232 are not fissile materials but are abundant in nature.  
ii) In the breeder reactor, these can be converted into a fissile material 94Pu239 and 92U233 

respectively by absorption of neutrons.  
iii) The process of producing more fissile material in a reactor in this manner than 

consumed during the operation of the reactor is called breeding. 
  

11. WWhhaatt  aarree  tthheerrmmoo  nnuucclleeaarr  rreeaaccttiioonnss??  [[NNuucclleeaarr  ffuussiioonn]]  

       The nuclear fusion reactions are known as thermo-nuclear reactions.  Nuclear fusion is 

a process in which two or more lighter nuclei combine to form a heavier nucleus. The mass 
of the product nucleus is always less than the sum of the masses of the individual lighter 
nuclei. The difference in mass is converted into energy. 

 

12..  WWhhaatt  aarree  ccoossmmiicc  rraayyss??                                  [[  JJ’’0088,,JJ’’1100  ,,OO’’1144]]  
        The ionizing radiation many times stronger than γ-rays entering the earth from all the 

directions from cosmic or interstellar space is known as cosmic rays. The name, cosmic 
rays was given by Millikan. 

   
13..  HHooww  ddoo  yyoouu  ccllaassssiiffyy  tthhee  eelleemmeennttaarryy  ppaarrttiiccllee  iinn  ttoo  ffoouurr  ggrroouuppss??  

      On the basis of their masses elementary particles are classified as  
i) Photons having zero rest mass 
ii) Leptons having masses less than or equal to 207 me 
iii) Mesons having mass between 250 me and 1000 me. 
iv) Baryons which consists of nucleons and hyperons forms the heavier group. [Mass of 

hyperons 2180 me to 3275 me ] 
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Other Important Questions:   
11..  DDeeffiinnee  oonnee  aattoommiicc  mmaassss  uunniitt  ((  aammuu))  ,,  eelleeccttrroonn  vvoolltt..  

    (i)One atomic mass unit is considered as one twelfth of the mass of carbon atom 6C12. 
                                1 amu  = 1.66 x 10-27   Kg. 
    (ii) One electron volt is defined as the energy of an electron when it is accelerated through 

a potential difference of 1 volt. 
                                1 eV   =  1.6 x 10-19     joule. 
 

2..    WWhhaatt  iiss  hhaallff  lliiffee  aanndd  mmeeaann  lliiffee  ppeerriioodd??  
       (i) The half life period of a radioactive element is defined as the time taken for one 

half the radioactive element to undergo disintegration.  
                    T1/2 = 0.6931  
                                  λ 
       (ii) The mean life period of a radioactive element is defined as the ratio of total life 

time of all radioactive atoms to the total number of atoms in it. τ = 1 / λ 
                                       
33..  WWhhaatt  aarree  tthhee  pprreeccaauuttiioonnss  ttoo  bbee  ttaakkeenn  iinn  rraaddiiaattiioonn  llaabboorraattoorryy??              M’15  

(i) Radioactive materials are kept in thick walled lead container. 

(ii) Lead aprons and lead gloves are used while working in hazardous area. 

(iii) All radioactive samples are handled by a remote control process. 

(iv) A small micro film badge is always worn by the person and is checked periodically 
for the safety limit of radiation. 

 
4.  DDeeffiinnee  ccrriittiiccaall  ssiizzee  aanndd  mmaassss..                                                                   [ O’08  ,,OO’’1155] 
       Critical size of a system containing a fissile material is defined as the minimum size in 

which atleast one neutron is available for further fission reaction. The mass of the fissile 
material at the critical size is called critical mass. 

 

5.  WWhhaatt  iiss  ppaaiirr  pprroodduuccttiioonn  aanndd  aannnniihhiillaattiioonn  ooff  mmaatttteerr??  [[  MM’’0066  JJ’’0066,,  MM’’0077,,  MM’’1144]] 
       The conversion of photon in to electron positron pair on its interaction with the strong 

electric field surrounding a nucleus is called pair production. 
        The converse of pair production in which an electron and positron combine to produce 

a photon is known as annihilation of matter. 
  
6. WWrriittee  tthhee  pprrooppeerrttiieess  ooff  nneeuuttrroonn..                [ J’06, M’08,  JJ’’1111,,  OO’’1111,,  MM’’1144] 

1) Neutrons are the constituent particles of all nuclei, except hydrogen. 
2) Neutrons are neutral particles with no charge and mass slightly greater than that of 

proton. 
3) Half life of neutron is 13 minutes. 
4) They can easily penetrate any nucleus. 
5) They are not deflected by electric and magnetic field 

 
77..    DDeeffiinnee  uunniitt  ooff  rraaddiiaattiioonn  ((RRooeennttggeenn))..                                            [[  JJ’’0077,,  OO’’0088]]  
       One roentgen is defined as the quantity of radiation which produces 1.6 x 1012 pairs of 

ions in 1 gram of air. 
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8..    DDiiffffeerreennttiiaattee  nnuucclleeaarr  ffiissssiioonn  aanndd  ffuussiioonn..  

Nuclear fission Nuclear fusion 
1. A heavy nucleus is split into two nuclei 

of nearly equal masses. 

2. Takes place even at room temperature. 

3. It emits harmful radiations like α , β 

and γ rays. 

1. Two or more lighter nuclei combine to 

form a heavier nucleus. 

2. Occurs only at high temperature of about 

107 K. 

3. It does not emit any harmful radiations. 

 
9..    WWhhaatt  aarree  iissoottooppeess  ,,  iissoobbaarrss  aanndd  iissoottoonneess??    

Isotopes Isobars Isotones 

Atoms having same atomic 
number(Z) but different 
mass number. 
Ex: 1H1 , 1H2 , 1H3 

Atoms having same mass 
number (A) but different 
atomic number(Z). 
Ex: 7N16 , 8O16 

Atoms having same number 
of neutrons. 
 
Ex: 6C14 , 8O16 

 

10..  WWhhaatt  aarree  mmeessoonnss??  

i) Mesons are fundamental particles carrying a single unit of charge and possessing mass 
intermediate between electron and proton. It consists of π- mesons  κ –mesons and 
η–meson. 

ii) Yukawa suggested that the nuclear force existing between any two nucleons may be 
due to the continuous exchange of particles called mesons. 

 

11. Write a note on lepton.                          [ J’07,  MM’’1122  ,,OO’’1155] 
i) Leptons are lighter particles having mass equal to or less than about 207 times the 

mass of an electron except neutrino and antineutrino 
ii) This group contains particles such as electron, positron, neutrino ,antineutrino, positive 

and negative muons. 
iii) The neutrinos and antineutrinos are mass less and charge less particles but carrier of 

energy and spin. 
 

12.  What is the use of control rod in the reactor? Mention any two control rods.                           [ O’07]       
 The control rods are used to control the chain reaction. They are very good 
absorbers of neutrons. The commonly used control rods are made up of elements like 
boron or cadmium.  

i) The control rods are inserted into the core and they pass through the space in between the fuel tubes and 
through the moderator. 

ii) By pushing them in or pulling out, the reaction rate can be controlled.  
iii) In our country, all the power reactors use boron carbide (B4C), a ceramic material as control rod. 

 
13. What is α-decay ? Give example.                                                                  [ M’06,  MM’’1133]      
        When a radioactive nucleus disintegrates by emitting an α-particle, the atomic 

number decreases by two and mass number decreases by four. The α-decay can be 
expressed as            Ex:   
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14. What is β-decay? Give example.                                                                      [,M’16] 
             When a radioactive nucleus disintegrates by emitting a β− particle, the atomic number 

increases by one and the mass number remains the same. β −decay can be expressed as  
 Ex:  

 
15. State radioactive disintegration law.      [OO’’1133]] 
        The rate of disintegration at any instant is directly proportional to the number of 

atoms of the element present at that instant. This is known as radioactive law of 
disintegration. 

 
16. Write the methods of production of artificial radio isotopes.           [  JJ’’1144]] 

i) Artificial radio-isotopes are produced by placing the target element in the nuclear 
reactor, where plenty of neutrons are available. 

ii) Another method of production of artificial radio-isotope is to bombard the target 
element with particles from particle accelerators like cyclotron. 

 
17. Write any three conclusions obtained from binding energy curve.            [M’06] 

i) The binding energy per nucleon increases sharply with mass number A up to 20. It 
increases slowly after A = 20. 

ii) The binding energy per nucleon reaches a maximum of 8.8 MeV at A=56, 
corresponding to the iron nucleus (26Fe56). Hence, iron nucleus is the most stable. 

iii) The average binding energy per nucleon is about 8.5 MeV for nuclei having mass 
number ranging between 40 and 120.    

iv) For higher mass numbers the curve drops slowly and the BE/A is about 7.6 MeV   for 
uranium. 

v) The lesser amount of binding energy for lighter and heavier nuclei explains nuclear   
fusion and fission respectively. 

 
18. Define activity of a substance. 

        The activity of a radioactive substance is defined as the rate at which the atoms 
decay. If N is the number of atoms present at a certain time t, the activity R is given by 

                  R = – dN 

                           dt 

      The unit of activity is becquerel . 1 becquerel = 1 disintegration per second 
      The activity of a radioactive substance is generally expressed in curie. 
 
19. WWrriittee  tthhee  pprroottoonn--pprroottoonn  ccyyccllee  tthhaatt  ttaakkee  ppllaaccee  ssuunn  aanndd  ssttaarrss..                    [[M’11]  
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20. WWhhaatt  aarree  ppaarrttiiccllee  aacccceelleerraattoorrss??  GGiivvee  iittss  ttyyppee.. 
        A particle accelerator is a device used to accelerate the charged particles, which are 

required in the study of artificial transmutation of elements. Hence the accelerator is the 
basic device in high energy particle physics. 

         Accelerators can be divided broadly into two types. 
        i) Electrostatic accelerators   ii) Cyclic or synchronous accelerator 
 
21. DDiiffffeerreennttiiaattee  bbeettwweeeenn  eelleeccttrroossttaattiicc  aacccceelleerraattoorrss  aanndd  ssyynncchhrroonnoouuss  

aacccceelleerraattoorr..  

      
i) Charged particles are accelerated by applying a constant potential difference.  
ii) The final energy is determined by the amount of the potential difference.  
iii) Ex: The Cockcroft – Walton and Van de Graaff generators   
iv) These accelerators can accelerate particles only upto a few million electron-volts. 

      
i) They accelerate particles in multiple steps imparting a small energy in each successive 

step.      
ii) Ex : Linear accelerator, cyclotron, betatron, synchrocyclotron and synchrotron.  
iii) They can accelerate particles to energy of the order of 109 eV (GeV), 

 

22. What are the uses of nuclear reactor?                     [[JJ’’1111,,  MM’’1133 ,M’16]] 
1. Nuclear reactors are mostly aimed at power production, because of the large amount of 

energy evolved with fission. 
2. Nuclear reactors are useful to produce radio-isotopes. 
3. Nuclear reactor acts as a source of neutrons, hence used in the scientific research. 

 

Frequently Asked Problems 
  
8.47 The half-life of 84Po218 is 3 minute. What percentage of the sample has decayed in 15 

minutes? 
Solution: Amount decayed after 3 minutes    = 50 %  
  Amount decayed after 6 minutes    = 75 %     (50 % +25 %) 
  Amount decayed after 9 minutes    = 87.5 %  (50 % +25 % +12.5 % ) 
  Amount decayed after 12 minutes  =  93.75 % (50 % +25 % +12.5 % + 6.25%) 

Amount decayed after 15 minutes  =  (50 % +25 % +12.5 % + 6.25%+3.125) 
(OR) 

  N = N0(1/2)n   = 100 (1/2)5  = 100/32  = 3.125      100- 3.125  = 96.875 %     
 

8.52 Tritium has a half life of 12.5 years. What fraction of the sample of will be left over after 
25 years? 

         Solution:  Fraction of sample decayed in first 12.5 years = ½ 
       Fraction of sample decayed in next 12.5 years = ¼ 
    Total fraction decayed = ¾ 
    Fraction of sample left = 1-3/4   = ¼ 
 
8.58 The half life of radon is 3.8 days. Calculate its mean life 
         Solution     τ =  T1/2/0.6931       = 3.8 /0.6931  = 5.482 days 
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8.59 If 50% of a radioactive sample decays in 5 days, how much of the original sample will be 
left over after 20 days? 

         Solution:     Number of half life n = Total life   = 20   = 4 
    Half life         5 

     Amount left after n=4, 
      N = N0(1/2)n   = 100 (1/2)4  = 100/16  = 6.25%         
 

8.54 The disintegration constant λ of a radioactive element is 0.00231 per day. Calculate its 
half life and mean life. 

           Solution:     T ½  = 0.6931 / λ    = 0.6931/ 0.00231  = 300 days  

                 τ = 1/λ                        =  1/0.00231        = 432.9 days 
 
M’12. Select the pairs of Isotopes, isobar, isotones:  11Na22 , 12Mg24 

, 11Na24 ,10Ne23
  

 Solution:      Isotopes:  11Na22  , 11Na24  

                         Isobar:       12Mg24 ,   11Na24 
          Isotones:  11Na24 , 10Ne23   
M’11. WWhhaatt  ppeerrcceennttaaggee  ooff  ggiivveenn  rraaddiiooaaccttiivvee  ssuubbssttaannccee  wwiillll  bbee  lleefftt  aafftteerr  55  hhaallff  lliiffee  ppeerriiooddss??    

                 
        Solution:    N = N0(1/2)5   = 100 (1/2)5  = 100/32  = 3.125   %  

(OR) 

1. Amount decayed after1st Half life =     50  %  
2. Amount decayed after2nd Half life =    75  %     [ 50+25] 
3. Amount decayed after3rd Half life =    87.5 %    [50+25+12.5] 
4. Amount decayed after4th Half life =     93.75 %  [50+25+12.5+ 6.25] 
5. Amount decayed after5th Half life =     96.875 %[50+25+12.5+ 6.25+3.125]                            
6. Amount  left  after 5 half life periods = 100 – 96.875  = 3.125 %      
 

8.48. Calculate the radius of 13Al27 nucleus. 
 
         Solution:   R = r0 A1/3 = 1.3 x 10-15 x 271/3   =   1.3 x 10-15 x 3     = 3.9 x 10-15  m  =   3.9  F 
 
8.57. The radioactive isotope 84Po214 undergoes a successive disintegration of two α–decays 

and two β-decays. Find the atomic number and mass number of the resulting isotope. 
           
          Solution:   84Po214         α        82A210              α             80B206        β            81C206          β                   

82D206 
  

     
        The resulting isotope formed is an element having atomic number 82 and mass number 206.  
 
8.60 The isotope 92U238 successively undergoes three α-decays and two β-decays. What is the 

resulting isotope? 
  
           Solution:   92U238       3α              92-6X238-12  =   86X226      2β                  86+2Y226+0 =    88Ra226   
                                             3(2He4)                                                2(-1e0) 
       Note:  During a single α decay the atomic number decreases by two and mass number 

decreases by four. During single β decay the atomic number increases by one and the mass 
number remains the same. 
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Self Evaluation Questions:   

1.  WWhhaatt  ddoo  yyoouu  uunnddeerrssttaanndd  bbyy  iinnttrriinnssiicc  aanndd  eexxttrriinnssiicc  sseemmiiccoonndduuccttoorr??    
                                                        [M’06,J-06, J’08,  O’10,] 

  The purest form of semiconductor is called intrinsic semiconductor. In an intrinsic 
semiconductor, the number of free electrons and holes are equal. 

        Example:      Ge,  Si         
     An extrinsic semiconductor is one in which an impurity with a valency higher or lower 

than the valency of the pure semi conductor is added,  so as to increase the electrical 
conductivity of the semiconductor.                                               [M’11,  OO’’1133  ,,JJ’’1144] 

   

2. WWhhaatt  iiss  rreeccttiiffiiccaattiioonn??                      [M-07, M’09  ,,OO’’1144] 

    The process in which alternating voltage or alternating current is converted into direct 
voltage or direct current is known as rectification. The device used for this process is called 
as rectifier. 

 
3. WWhhaatt  iiss  zzeenneerr  bbrreeaakkddoowwnn?              [O-06, J’07, M’08, J’12]   

(i) When both sides of PN junction are heavily doped, consequently the depletion layer is 
small.  

(ii) When a small reverse bias is applied a very strong electric field is produced across this 
layer.  

(iii) This field breaks the covalent bonds, extremely large number of electrons and holes 
are produced, which gives rise to the reverse saturation current. This is called zener 
breakdown. 

 

4.  WWhhyy  iiss  aa  ttrraannssiissttoorr  ccaalllleedd  aass  ccuurrrreenntt  aammpplliiffiiccaattiioonn  ddeevviiccee?? 

i)   The important function of a transistor is the amplification. An amplifier is a circuit 
capable of magnifying the amplitude of weak signals. 

ii) In the working of transistor a variation in the base current in micro amperes produces 
corresponding variations in the collector current in the milliamperes. So the   transistor 
is called as current amplification device. 

 

5. WWhhyy  CCEE  ccoonnffiigguurraattiioonn  iiss  pprreeffeerrrreedd  oovveerr  CCBB  ccoonnffiigguurraattiioonn  ffoorr  ooppeerraattiinngg  

ttrraannssiissttoorr  aass  aann  aammpplliiffiieerr?? 

  A good design of an amplifier circuit must possess high input impedance, low output 
impedance and high current gain. 

  The CE configuration has high input impedance, low output impedance and high 
current gain when compared with CB configuration. So we prefer CE configuration to CB 
configuration. 

 

6. DDeeffiinnee  bbaannddwwiiddtthh  ooff  aann  aammpplliiffiieerr.                        [M’07,  OO’’1111,, J’12,  OO’’1122] 

  Bandwidth is defined as the frequency interval between lower cut off and upper cut 
off frequencies.     BW = fU - fL   
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7. WWhhaatt  iiss  mmeeaanntt  bbyy  ffeeeeddbbaacckk??  EExxppllaaiinn  iittss  ttyyppeess..  
i) Feedback is said to exist in an amplifier circuit, when a fraction of the output signal is 

returned [or feed back] to the input and combined with the input signal. The two types 
of feedback are positive feedback and negative feedback. 

ii) If the magnitude of the input signal is reduced by the feed back, the feed back is called 
negative or degenerative. If the magnitude of the input signal is increased by the feed 
back, such feed back is called positive or regenerative. 

 
8..  WWhhaatt  aarree  tthhee  aaddvvaannttaaggeess  ooff  nneeggaattiivvee  ffeeeeddbbaacckk??  [[  JJ’’0077, O’07, J’08, M’11,  MM’’1133,,JJ’’1155] 

  The following are the advantages of negative feedback. 
i) Highly stabilized gain. 
ii) Reduction in the noise level. 
iii) Increased bandwidth. 
iv) Increased input impedance and decreased output impedance. 
v) Less distortion. 

 

9. GGiivvee  tthhee  BBaarrkkhhaauusseenn  ccrriitteerriiaa  ffoorr  oosscciillllaattiioonn..        [ O’07, O’08, J’09,M’10  ,,OO’’1155] 
     The gain of the amplifier with positive feedback is given by  
    Af      =        A      . 
             1-  Aβ 
          A à Voltage gain without feedback  
                     β à  feedback ratio              Aβ à loop gain  
      The Barkhausen condition for oscillation is  

(i) The loop gain Aβ = 1 ; Af              α  [infinity] 

(ii) The net phase shift round the loop is 0o or integral multiples of 2π . 

 

10.  GGiivvee  tthhee  ffuunnccttiioonn  ooff  OORR  aanndd  NNAANNDD  ggaattee. 

 OR gate:- If A and B are the inputs of an OR gate , the output is high when any one or 
all of the inputs are high.   The output Y=A+B. 

                             OR gate                                                                            NAND  gate 
 

 

 

                  Fig: OR-gate 

 

 

 
                              Fig: NAND 

            NAND gate:-   The output is 1, if at least one of the input is 0. 
 
1111..  DDiiffffeerreennttiiaattee  bbeettwweeeenn  LLiinneeaarr  IIccss  aanndd  DDiiggiittaall  IIccss..  

  

Linear Ics Digital Ics 

   1. It process analog signals. 
2. These are used in radio &TV. 
3. Variable input is given. 

1. It process digital signals.  
2. Used in calculators, computers. 
3. Digital input is given ( 0 or 1). 

 

     Inputs Output 

Y = AB A   B 

   0     0 1 

   0     1 1 

   1     0 1 

   1     1 0 

  Inputs Output 

Y = A+B  A   B 

   0     0 0 

   0     1 1 

   1     0 1 

   1     1 1 
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1122..  WWhhaatt  aarree  uunniivveerrssaall  ggaatteess??  WWhhyy  tthheeyy  aarree  ccaalllleedd  ssoo??        [[J’12,  OO’’1133 ,M’16]   
   NOR and NAND gates are called universal gates. Because basic gates such as AND, OR 

and NOT gates can be constructed by using these gates. 
 

13. WWhhaatt  iiss  aann  iinntteeggrraatteedd  cciirrccuuiitt??                                                    [[ J’07, J’09  ,,OO’’1144] 
      An integrated circuit (IC) consists of a single – crystal chip of silicon, containing active 

(diodes and transistors) and passive elements (resistors, capacitors) and their interconnections. 
 
14. WWhhaatt  iiss  EEXXOORR  ggaattee??  GGiivvee  tthhee  BBoooolleeaann  eexxpprreessssiioonn  ffoorr  tthhee  EEXXOORR  

ooppeerraattiioonn.  

         EXOR gate has an output 1, only when the inputs are compliment to each other. The 
Boolean expression for the EXOR operation is  

                                                       Truth Table   
   A     B Y  =A      B 

    0     0 0 

   0     1 1 

   1     0 1 

   1     1 0 

 

15. SSttaattee  aanndd  pprroovvee  DDee--MMoorrggaann’’ss  tthheeoorreemmss..    [M-08, M’09,J’10,MM’’1122,,  MM’’1133 ,M’15] 
      First theorem:- The complement of a sum is equal to the product of their complements.  
     If A and B are inputs, then  
 
      Second theorem:- The complement of a product is equal to the sum of the complements.  
   If A and B are inputs, then                
    Truth table to prove De-Morgan’s theorems : 

                                                                    Second Theorem          First Theorem 

 

A  

  

 B 

  

A 

 

 B 

 

A . B 

 

 A + B 

 

A+ B 

 

A . B  

0 0 1 1 1 1 1 1 
0 1 1 0 1 1 0 0 
1 0 0 1 1 1 0 0 
1 1 0 0 0 0 0 0 

 

1166..  IIddeennttiiffyy  tthhee  aannaalloogg  aanndd  ddiiggiittaall  ssiiggnnaallss  ffrroomm  tthhee  ffoolllloowwiinngg..     

  Ans: (i) Square wave –  digital signal             2) sine wave – analog signal.  
        
1177..  EExxppllaaiinn  tthhee  tteerrmm  vviirrttuuaall  ggrroouunndd  ooff  aann  ooppeerraattiioonnaall  aammpplliiffiieerr..**  

In an inverting amplifier, the voltage between inverting and non-inverting inputs is 
essentially equal to zero volt. Therefore, the inverting input terminal is also at 0 volt. For 
this reason the inverting input is said to be at virtual ground. 

1188..  GGiivvee  tthhee  iimmppoorrttaanntt  ppaarraammeetteerrss  [[cchhaarraacctteerr]]  ooff  aann  ooppeerraattiioonnaall  aammpplliiffiieerr..    [[OO’’0077,,MM’’1144]]  
i)  Very high input impedance  
ii)  Very high current gain 
iii)  Very low output impedance. 
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    Other Important Questions:  

 
11..  WWhhaatt  iiss  ccaalllleedd  vvaalleennccee  bbaanndd,,  ccoonndduuccttiioonn  bbaanndd,,  ffoorrbbiiddddeenn  eenneerrggyy  ggaapp??  

i) A band which is occupied by valance electrons or a band having highest energy is 

defined as valence band. 

   ii) The electrons loosely attached to the nucleus which are responsible for the conduction 

of current are called conduction electrons. The band occupied by these electrons is 

called conduction band. 

   iii) The separation between valence band and conduction band is known as forbidden 

energy gap.  

 

2. WWhhaatt  iiss  ddooppiinngg??                                            [[OO--0099]] 
       The process of addition of very small amount of impurity into an intrinsic 

semiconductor is called doping. 
 

3..  WWhhaatt  aarree  tthhee  ddiiffffeerreenntt  mmeetthhooddss  ooff  ddooppiinngg??       [O-09 ,M’15] 
      i) The impurity atoms are added to the semiconductor in its molten state. 

     ii) The pure semiconductor is bombarded by ions of impurity atoms. 

     iii) When the semiconductor crystal containing the impurity atoms is heated, the impurity 

atoms diffuse into the hot crystal. 

 

44..  WWhhaatt  iiss  ooppeerraattiioonn  ppooiinntt??[[  qquuiieesscceenntt  ppooiinntt]]  

       The point of intersection of the load line in the active region of the output 
characteristics of NPN transistor with suitable value of the base current IB, such that the 
output voltage is symmetrical is called operating point for the amplifier. 

 

5..    WWhhaatt  iiss  ttrraannssiissttoorr  bbiiaassiinngg??  

        The proper selection of operating point of a transistor and maintenance of proper   
emitter voltage during the passage of the signal is known as transistor biasing. 

     The most commonly used methods of obtaining transistor biasing are; 
        (i) base bias,  (ii) base bias with emitter feedback  (iii) base bias with collector feedback 

and       (iv)  voltage divider bias. 
The principle involved in all these types is to obtain the required base current corresponding to the 

operating point under zero signal conditions. 

 

66..  WWhhaatt  iiss  kknneeee  vvoollttaaggee  ((ccuutt  iinn  vvoollttaaggee))??  
       In P-N junction forward bias characteristics, the voltage at which the current starts to 

increase rapidly is known as knee voltage.  
77..    MMeennttiioonn  tthhee  aaddvvaannttaaggeess  ooff  IICC..                [[MM--0066,,  OO’’0066,,JJ’’1100,,  JJ’’1111,,  MM’’1144 ,M’16]]  

i) Extremely small in size 
ii) Low power consumption  
iii) Reliability 
iv) Reduced cost  
v) Very small weight 

vi) Easy replacement. 
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88..    WWhhaatt  aarree  tthhee  aaddvvaannttaaggeess  ooff  BBrriiddggee  rreeccttiiffiieerr??  
(i)  It is suited for high voltage application. 
(ii)  Smaller transformer can be used.  
(iii) Centre tap on the secondary of the transformer is not necessary. 

 

99..  WWhhaatt  iiss  aavvaallaanncchhee  bbrreeaakk  ddoowwnn??  
    (i) When both sides of PN junction are lightly doped and the depletion layer becomes 

large, the electric field across the depletion region is not so strong. 
    (ii) The minority carriers accelerated by the field collide with the semiconductor atoms 

and produce electron hole pairs by breaking covalent bonds. 
    (iii) These charge carriers in turns produce more and more charges. This cumulative 

process is called avalanche break down. 
 

1100..  WWhhaatt  aarree  tthhee  uusseess  ooff  CCRROO??                                                  [[JJ--0099  ,,OO’’1144]]  
            CRO is used to, 

1.  Measure a.c and d.c voltage 
2.  Study the wave forms of a.c voltage 
3.  Find the frequency of a.c voltage 
4.  Study the beating of heart in cardiology.  

 

1111..    HHooww  iiss  aa  PPNN  jjuunnccttiioonn  ffoorrmmeedd??  
        If one side of a single crystal of pure semiconductor is doped with acceptor impurity 

atoms and the other side is doped with donor impurity atoms, a PN junction is formed. 
 

1122..  WWhhaatt  iiss  aa  ddeepplleettiioonn  rreeggiioonn??  
         The region which is formed due to the recombination of holes and electrons and does 

not have any mobile charges close to the junction in a PN junction diode is called a 
depletion region. 

 

1133..    WWhhaatt  iiss  ppootteennttiiaall  bbaarrrriieerr??  

         In PN junction diode there is a barrier at the junction which opposes the movement of 
the majority charge carriers. The difference in potential from one side of the barrier to the 
other side is called potential barrier. 

 

1144..  WWhhaatt  iiss  rreevveerrssee  ssaattuurraattiioonn  ccuurrrreenntt  oorr  lleeaakkaaggee  ccuurrrreenntt??  
i) In PN junction diode reverse bias characteristics when voltage is increased from zero, 

reverse current (μ A) increases and reaches the maximum value at the small value of 
the reverse voltage.  

ii) When the voltage is further increased, the current is almost independent of the 
reverse voltage up to a certain critical value. This reverse current is known as reverse 
saturation current or leakage current. 

 

15. DDeeffiinnee  lloowweerr  ccuutt  ooffff  ffrreeqquueennccyy.. 

        Lower cut off frequency is defined as the frequency in the low frequency range  at 
which the gain of the amplifier is 1 / √2 times the mid frequency gain. 
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16. DDeeffiinnee  uuppppeerr  ccuutt  ooffff  ffrreeqquueennccyy.. 

       Upper cut off frequency is defined as the frequency in the high frequency range at 
which the gain of the amplifier is 1 / √2 times the mid frequency gain. 

 

1177..  DDeeffiinnee  iinnppuutt  iimmppeeddaannccee  ooff  tthhee  ttrraannssiissttoorr..                                                                      [[  JJ’’0066,,  JJ’’1111]]  
        The input impedance of the transistor is defined as the ratio of small change in base   

emitter voltage to the corresponding change in base current at a given VCE. 
       It is very high in CE mode. Unit: Ohm 
 

 Input impedance RI =     Δ VBE  
                                                          Δ IB          VCE 

1188..  DDeeffiinnee  oouuttppuutt  iimmppeeddaannccee  ooff  tthhee  ttrraannssiissttoorr..                                        [[OO--0088,,  OO’’0099]]  
       The output impedance r0 is defined as the ratio of variation in the collector emitter 

voltage to the corresponding variation in the collector current at a constant base current 
in the active region of the transistor characteristic curves. It is very low in CE mode. 

       
      Output impedance ro =              Δ VCE                         Unit: Ohm 

                                                             Δ IC         IB 

1199..  DDeeffiinnee  ccuurrrreenntt  ggaaiinn..  
       The current gain is defined as the ratio of a small change in the collector current to the 

corresponding change in the base current at a constant VCE. No unit. It has very high value. 
 
                     Current gain =              Δ IC             

                                                             Δ IB      VCE          

 

20.   GGiivvee  tthhee  tthhrreeee  ccoouupplliinngg  ddeevviicceess  uusseedd  iinn  mmuullttiissttaaggee  aammpplliiffiieerr..  

1. Resistance - Capacitance (RC) coupling 
2. Transformer coupling 
3. Direct coupling                                                    

Fig: Light Emitting Diode 

21. What is a light emitting diode (LED)? Give any one of its uses. M’07,,JJ’’1155  ,,OO’’1155] 

i) A light emitting diode (LED) is a forward biased PN junction diode, which emits visible 
light when energized.  

ii) LEDs are used for instrument displays, calculators and digital watches. 
22. WWhhaatt  iiss  aann  oosscciillllaattoorr??  DDiiffffeerreennttiiaattee  tthhee  ttyyppeess  ooff  oosscciillllaattoorr..  

i) An oscillator is an electronic circuit which converts energy from a d.c source into 
particular varying output. Oscillators are classified according to the range of frequency 
as audio frequency(AF) and radio frequency oscillators(RF). 

ii) Oscillators are classified according to the output voltage in two types, viz. Sinusoidal 
Oscillator and Non - Sinusoidal Oscillator. 

 

Sinusoidal Oscillator Non - Sinusoidal Oscillator 
The output voltage is a sine wave 
function of time. 
Ex:  
LC Oscillators, RC Oscillators and 
crystal Oscillators. 

The output voltage is non sinusoidal form 
such as square, rectangular waves. 
Ex:  
 Multivibrator. 
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23..  WWhhaatt  aarree  tthhee  eesssseennttiiaall  ccoommppoonneennttss  ooff  aann  LLCC  oosscciillllaattoorr??             [ O’10,  MM’’1144]] 
       The essential components are  

1. Tank circuit:        It consists of inductance coil (L)connected in parallel with capacitor (C). 
2. Amplifier:        The transistor amplifier receives d.c. power from the battery and        

changes it into a.c. power for supplying to the tank circuit. 
3. Feedback circuit: It provides positive feedback (i.e.) this circuit transfers a part of 

output energy to LC circuit in proper phase, to maintain the 
oscillations. 
 

24. WWhhaatt  iiss  ZZeenneerr  ddiiooddee??  O’10,  OO’’1111                             Fig: symbol for Zener diode 

              Zener diode is a reverse biased heavily doped semiconductor (silicon or germanium) 
PN junction diode, which is operated exclusively in the breakdown region. 

       Note: A Zener diode working in the breakdown region can act as voltage regulator. 
 
25.  DDiissttiinngguuiisshh  bbeettwweeeenn  PP--ttyyppee  aanndd  NN--ttyyppee  sseemmiiccoonndduuccttoorr..  

N-type P-type 
1. When a small amount of pentavalent 

impurity such as arsenic is added to a 
pure germanium semiconductor crystal, 
the resulting crystal is called N-type 
semiconductor. 

2. Free electrons are the majority charge 
carriers and holes are the minority 
charge carriers. 

3. These impurity is called donors. 

1. When a small amount of trivalent impurity 
(such as indium,boron or gallium) is added to 
a pure semiconductor crystal, the resulting 
semiconductor crystal is called P-type 
semiconductor. 

2. Holes are the majority charge carriers and 
free electrons are the minority charge 
carriers. 

3. These impurity is called acceptor. 

 
26. SSttaattee  tthhee  pprriinncciippllee  uusseedd  iinn  tthhee  pprroocceessss  ooff  rreeccttiiffiiccaattiioonn.. 
        The junction diode has the property of offering low resistance and allowing current to 

flow through it, in the forward biased condition. This property is used in the process of 
rectification. 

 
27. IInn  aa  ttrraannssiissttoorr  eemmiitttteerr  aanndd  ccoolllleeccttoorr  ccaannnnoott  bbee  iinntteerrcchhaannggeedd..  WWhhyy?? 
         In a transistor, the emitter region is heavily doped, since emitter has to supply 

majority carriers. The base is lightly doped. The collector region is lightly doped. Since it 
has to accept majority charge carriers, it is physically larger in size. Hence, emitter and 
collector cannot be interchanged. 

 
28. WWhhaatt  aarree  tthhee  bbiiaassiinngg  ccoonnddiittiioonnss  ttoo  bbee  ffoolllloowweedd  iinn  nnoorrmmaall  ooppeerraattiioonn  ooff  aa  

ttrraannssiissttoorr??                        J’12 
        (i) The emitter-base junction is forward biased, so that majority charge carriers are 

repelled from the emitter and the junction offers very low resistance to the current. 
        (ii) The collector-base junction is reverse biased, so that it attracts majority charge 

carriers and this junction offers a high resistance to the current. 
29. DDeeffiinnee  ccuurrrreenntt  aammpplliiffiiccaattiioonn  ffaaccttoorr.. 
        The current amplification factor or current gain of a transistor is the ratio of output 

current to the input current. 
      Common base mode:  α  = IC/IE          Common emitter mode:  β = IC/IB   
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 Frequently Asked Problems 
9.2 A transistor is connected in CE configuration. The voltage drop across the load resistance 

(RC) 3 k Ω is 6 V. Find the base current. The current gain α of the transistor is 0.97 
       Solution:  
                     Voltage across the collector load resistance (RC) = 6 V ,  α = 0.97; RC = 3 k Ω 

                     The voltage across the collector resistance is,  = ICRC = 6V 
  
  
 
               
 
 
 
 
9.3 When the negative feedback is applied to an amplifier of gain 50, the gain after feedback 

falls to 25. Calculate the feedback ratio. 
       Data : A = 50 ; Af = 25 

      Solution: Voltage gain after feedback,     
                                                        
                      Hence, the feedback ratio β = 0.02 
 
 
9.4 Prove the Boolean identity ; (A+B) (A+C) = A+BC 
       Proof : Applying the law of distribution on LHS of the equation, we get 
                    (A+B) (A+C)  = AA + AC + BA + BC 

    = A+ AC + AB + BC 
    = A(1+C+B) + BC 

                                            = A + BC  [  1 + C + B = 1] 
 
9.5 The outputs of two NOT gates are NORed, as shown in figure. What is this combination 

equivalent to? 
        Solution:  
       From the logic circuit it follows that the output  

  
       Applying DeMorgan’s first theorem, 
                                                              
 
       Hence given logic circuit is AND operation. 
 
9.50 The base current of the transistor is 50 μA and collector current is 25 mA. Determine the 

values of β and α. 
          Solution:     IB = 50 μA    = 50 x 10

-6 A ;    IC = 25 mA   = 25 x 10-3 A 
                          (i)   β =   IC/ IB  = 25 x 10-3   =  500           (ii)  α =  .    β     .=  500     = 500    = 0.998 
               50 x 10-6                                             1+β        1+500     501  
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9.52 The gain of the amplifier is 100. If 5% of the output voltage is fed back into the input 
through a negative feedback network, Find out the voltage gain after feedback. 

          Solution:   A= 100  ,β = 5% 
                             Overall gain after feedback  Af = .     A      . 
                               1+Aβ 
          = .    100      .          = 100     =  16.66 
                                1+[100 x ]         6 

 
9.58 Prove the following logic expression using the laws and theorems of Boolean algebra. 

            

        Proof:   
                            Y  = ABC + A C + AB  
                                 = AC[B+ ] + AB  
                                  = AC+ AB  
                                  = A[C+  B ]           [ C + BC= C +B] 
            = A[C+B] = A[B+C] 
 
9.57 Give the Boolean equation for the given logic diagram. 
         Solution: 
         Output of first NAND gate is  
         Output of first AND gate is  C.D 
 
         Output of first NOR gate  is  + C.D      =   .  
                                                                                 = A B  .[  + ] 
 
9.59 Simplify the following logic expression using the laws and theorems of Boolean albegra.    

A  + AB + BC + CA 
          Solution:  Y = A  + AB + BC + CA 
                               = A[B+ ] + BC + CA 
         = A+BC+CA                
                        y    = A+CA +BC   = A[1+C] +BC  = A+BC 
 
9.60 Find the output of the given circuit. 
         Solution: 
         Output of summing amplifier 
      
 
 
         Vout      =  -   Rf  (V1+V2)      {  R1=R2} 
                          R 
                    =   - 5/10 [V1+V2]  
         Vout    = - ½ (V1+V2) 
           
9.51 Find the voltage at the point B in the figure (Silicon diode is used). 

        Solution: 
        Potential at B = Total potential difference - barrier potential 
                                 = 5 – 0.69 
                                 = +4.31 V   
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M’06: The gain of the amplifier without feedback is 100 and the gain with positive feedback is 200. 
Calculate the feedback fraction. 

           Data: A=100, Af =200, β=? 
    Solution: 
          Positive feedback Af = .     A     . 
      1- Aβ 
             200 =  100 
              1-100β 
        1-100β = 0.5     100β= 0.5              β=0.005 
 
O’06: The voltage gain of the amplifier without feedback is 100. If negative feedback is applied with 

feedback fraction β=0.1, calculate the voltage gain after feedback. 
           Data: A=100, β=0.1,Af=? 
   Solution:   
                          Negative feedback Af =  .     A     . 
                     1+ Aβ 
               =    100           . 
      1+[0.1x100] 
              =  100                        Af = 9.09 
       11 
 
OO’’1133    PPrroovvee  tthhee  ffoolllloowwiinngg  llooggiicc  eexxpprreessssiioonn..                                                                  ==  BB  
         Solution: 
 
 
 
 

 
J’14: Distinguish between analog signal and digital signal. 
         

Analog Signal Digital Signal 

1. An analog signal is a continuously varying 

voltage or current. 

2. It is used in analog communication. 

3. It takes on any value within the overall 

range allowed. 

4. The voice signal is an analog signal. 

 

 

 

5. The greatest technical problem with an 

analog communication system is noise. 

 

1. A digital system is a more general case of 

a binary system. 

2. It is used in digital communication. 

3. In binary system, only two signal values 

can exist [0 and 1]. 

4. Light beams in optical fibers and wave 

guides operating in the microwave 

frequency extensively use digital 

communication. 

5. The transmission quality is high and 

almost independent of the distance 

between the terminals. 
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Diagrams 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Output:                                                        Output:               
 
Vo                             
 
 If  R1 = R2 = R3 = R4 = R       If  R1 = R2 = Rf =  R 
  Vo =  V1 – V2        VO  = – (V1 + V2) 
 
 
         
 
 
 

 
 

 
 

 
 
 

 

 
   

 
 
 

       

 
J’07,,JJ’’1155          
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                                                                                                                           M’15 
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Self Evaluation Questions: 
11..  WWhhaatt  aarree  tthhee  ddiiffffeerreenntt  ttyyppeess  ooff  rraaddiioo  wwaavvee  pprrooppaaggaattiioonn??  

The different types of wave propagation are  
i)   Ground ( surface) wave propagation 
ii)  Space wave propagation 
iii) Sky wave or ionospheric propagation. 

 

2. WWhhaatt  iiss  sskkiipp  ddiissttaannccee??                  [[JJ--0099,, M’11,O’10, J’12,  OO’’1133,,  MM’’1144 ,,OO’’1155 ,M’16]] 
       In the sky wave propagation, for a fixed frequency, the shortest distance between the 

point of transmission and the point of reception along the surface is known as the skip 
distance. 

 

 3. WWhhaatt  iiss  tthhee  nneecceessssiittyy  ooff  mmoodduullaattiioonn??                                  [[OO--0077]] 
       The energy of a wave increases with frequency. So, the audio frequency can’t be 

transmitted over long distances. The high frequency signal can be sent through thousands 
of kilometers with comparatively small power. 

        The audio signal must be superimposed on high frequency (radio frequency) wave 
called carrier. The resultant wave is known as modulated waves and this process is called 
modulation. So to transmit long distance modulation is necessary. 

 
4. DDeeffiinnee  aammpplliittuuddee  mmoodduullaattiioonn..             MM’’1122 

       When the amplitude of high frequency carrier wave is changed in accordance with the 
intensity of the signal, the process is called amplitude modulation. 

 
5.  DDeeffiinnee  mmoodduullaattiioonn  ffaaccttoorr..                                  [[MM--0066,,  JJ’’0088,,  OO’’0099,,MM’’1100,,  JJ’’1111 ,M’15]] 
       Modulation factor is defined as the ratio of the change of amplitude in carrier wave 

after modulation to the amplitude of the unmodulated carrier wave. 
                                   Amplitude change of carrier wave after modulation  
   Modulation factor =      Amplitude of carrier wave before modulation 
 
       Modulation factor  m =     Signal amplitude     =   ES 
                                                  Carrier amplitude           EC 
 
66..   DDeeffiinnee  bbaannddwwiiddtthh  ((cchhaannnneell  wwiiddtthh))..  

        The bandwidth (channel width) is given by the difference between extreme 
frequencies i.e. maximum frequency of USB and minimum frequency of LSB. 

      Channel width   =   2  x  maximum frequency of the modulating signal 
                                  =   2  x  (fs) max 

77..  WWhhaatt  aarree  tthhee  lliimmiittaattiioonnss  ooff  aammpplliittuuddee  mmoodduullaattiioonn??  

Ø   As the radio receiver can’t distinguish between amplitude variation 
that represent noise and those that contain the desired signal, the reception is noisy. 

Ø   The sideband power for an AM wave is low. Hence the efficiency of 
AM is low.  

Ø  Due to low efficiency, the messages can’t be transmitted over 
long distances. 
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8. Define frequency modulation. 

1. When the frequency of carrier wave is changed in accordance with the intensity of 
the signal, the process is called frequency modulation. 

2. In frequency modulation, the amplitude and phase of the carrier wave remains 
constant. Only, the frequency of the carrier wave is changed in accordance with the 
signal. 

3. The frequency variation of the carrier wave depends upon the instantaneous 
amplitude of the signal. 

 
9.  WWhhaatt  iiss  pphhaassee  mmoodduullaattiioonn?? 
     In the phase modulation, the phase of the carrier wave is varied in accordance with 

the amplitude of the modulating signal and the rate of variation is proportional to the 
signal frequency. 

1100..  DDeeffiinnee  ddiirreeccttiivviittyy..  

            Directivity is the ability of the antenna to concentrate the electromagnetic 
waves in the most desired directions (during transmission) or to have maximum 
reception from most preferred directions (during reception). 

 
1111..  WWhhaatt  iiss  mmeeaanntt  bbyy  ssccaannnniinngg??  

       Scanning is the process by which an electron beam spot is made to move 
across a rectangular area, so as to cover it completely. This rectangular area may be the 
target surface in a television camera or the screen of a picture tube in a television 
receiver. 

 

1122..  WWhhaatt  iiss  iinntteerrllaacceedd  ssccaannnniinngg??              [[  OO’’1122]]  
1. In the interlaced scanning, the total number lines are divided in to two groups called 

fields. During the presentation of the first field, only the odd numbered lines are 
scanned, while during the second field all the even numbered lines are scanned.  

2. Half way along the bottom of the first field, the vertical retrace returns the scanning 
beam to the top of the image and completes the unfinished lines. This method is 
known as interlaced scanning. 

  
    1133..  WWhhaatt  aarree  tthhee  aapppplliiccaattiioonnss  ooff  rraaddaarr??                                                        [[JJ--0066]]  

1. Air and sea navigation is made entirely safe, with radar installations. High flying 
planes and ship at sea, can get detailed reports of mountains, ice bergs, rivers, lakes, 
shore lines etc., which they can avoid. 

2. Radar systems are used for the safe landing of air crafts even during low visibility. 
3. Rain drops may reflect suitable radar signals and thus enable meteorologists to 

measure the distance of the clouds, with great accuracy for forecasting. 
4. The pulses can be used for the discovering the position of buried metals, oils and 

ores. 
14. WWhhaatt  aarree  tthhee  aaddvvaannttaaggeess  ooff  ffiibbeerr  ooppttiicc  ccoommmmuunniiccaattiioonn  ssyysstteemm??                                  [[OO’’0088,,JJ’’1155]] 

i) Transmission loss is low. 

ii) Fiber is lighter and less bulky than equivalent copper cable. 

iii) More information can be carried by each fiber. 

iv) There is no interference in the transmission of light from electrical disturbances or 

electrical noise.    
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 15. EExxppllaaiinn  tthhee  pprriinncciippllee  ooff  mmooddeemm.. 

1. The name modem is the abbreviation of the term Modulator and Demodulator. 
2.  As the name implies, both functions are included in a modem. A modem is used to 

covert digital signals into analog signals capable of being transmitted over 
telephone lines. 

3.  At the receiving end of the system, modem is used to demodulate the analog 
signals and reconstruct the equivalent digital output. 

1166..  WWhhaatt  aarree  tthhee  ddiiffffeerreenntt  ttyyppeess  ooff  wwiirreess  aanndd  ccaabbllee  uusseedd  ffoorr  

tteelleeccoommmmuunniiccaattiioonn  ssyysstteemm??    

   The main types of wire and cable used in data communications are 
i) Twisted pair  
ii) Multi conductor flat cable  
iii) Coaxial cable. 

 

 

   Other Important Questions: 
  
1. WWhhaatt  iiss  DDuupplleexxeerr??  EExxppllaaiinn  iittss  ffuunnccttiioonn..     

1) The transmitting system consists of a transmitter and a pulser. The receiving system 
consists of a receiver and an indicator.  

2) In most of the cases, a single antenna is used for both transmission and reception and 
this is achieved with the use of TR switch (Transmitter Receiver Switch). This switching 
arrangement is called as ‘duplexer’. 

3) Duplexer connects the antenna to the transmitter during transmission and to the 
receiver during reception. It isolates the sensitive receiver from the damaging effects 
of high power transmitter. 

  
22..    WWhhaatt  iiss  aa  bbuuffffeerr??    

(i) A buffer is an electronic circuit used for the purpose of providing isolation between 
two other stages. This also prevents the impedance changes between the two stages. 

(ii) A buffer is a low frequency amplifier which isolates the crystal oscillator from the 
phase modulator. 

 

3.  DDeeffiinnee  mmoodduullaattiioonn..  

       Modulation is defined as the process in which the audio signal is superimposed on a 
high frequency carrier wave by changing the amplitude or frequency or phase of a carrier 
wave in accordance with the intensity of the audio signal. 

      Demodulation: The process of extracting audio signal from the modulated wave. 
 
4. DDeeffiinnee  sskkiipp  zzoonnee..                                    [[J’07,M’08,J’14] 
      The region between the point where there is no reception of the ground waves and 

the point where the sky wave is received first is known as skip zone. In the skip zone, 
there is no reception at all. 

5. WWhhaatt  aarree  tthhee  ccoommppoonneennttss  ooff  ssppaaccee  wwaavvee??  

       Space wave usually consists of two components. 

     i)  A component which travels straight from the transmitter to the receiver. 

     ii) A component which reaches the receiver after reflection from the surface of the earth. 
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66..  WWhhaatt  iiss  FFAAXX??  MMeennttiioonn  iittss  uusseess..                    [[OO’’0066  ,,OO’’1144]]  
       Fax or Facsimile is an electronic system for transmitting graphical information by wire 

or radio. It is used to send the printed material by scanning and converting into electronic 
signals. These signals modulate a carrier to be transmitted over the telephone wires. 

 

77..  WWhhaatt  aarree  tthhee  aaddvvaannttaaggeess  ooff  ddiiggiittaall  ccoommmmuunniiccaattiioonn??                [[MM’’0077  JJ’’1100,,  MM’’1133]]  
1) The transmission quality is high and almost independent of the distance between 

the terminals. 

2) The capacity of the transmission system can be increased. 

33))  The newer type of transmission media such as light beams in optical fibers and 

wave guides operating in the microwave frequency extensively use digital 

communication..    

  
88..  WWhhaatt  aarree  tthhee  ddiissaaddvvaannttaaggeess  ooff  ddiiggiittaall  ccoommmmuunniiccaattiioonn??  

1) A digital system requires larger bandwidth. 
2)  It is very difficult to gradually change over from analog to digital transmission. 

 
99..  WWhhaatt  aarree  tthhee  aaddvvaannttaaggeess  aanndd  ddiissaaddvvaannttaaggeess  ooff  FFrreeqquueennccyy  mmoodduullaattiioonn??        [[MM’’0099]]  

1. It gives noiseless reception. 
2. The operating range is quite large. 
3. The efficiency of transmission is very high.  
      Disadvantage:  

1. A much wider channel is required by FM. 
2. FM transmitting and receiving equipments tend to be more complex. 
  

10.  WWhhaatt  aarree  tthhee  aaddvvaannttaaggeess  aanndd  ddiissaaddvvaannttaaggeess  ooff  AAmmpplliittuuddee  mmoodduullaattiioonn??  

1.    Easy transmission and reception. 
2.   Lesser bandwidth requirements. 
3.   Low cost 

Disadvantage:  
1. Noisy reception  
2. Low efficiency  

3. Small operating range 

 

11. What is an antenna? 

         An antenna is a long conductor (wire and rod) that acts as a conversion device. It 
converts an electrical signal into electromagnetic energy when used as a transmitting 
antenna. In receiving antenna, the electromagnetic energy is converted into an electrical 
signal.          

 

12. What are the demerits of satellite communication? 

(i) Between talks there is a time gap which becomes quite annoying. This time delay also 
reduces the efficiency of satellite in data transmission. 

(ii) An imperfect impedance match may cause echo, received back after a delay. Echo 
suppressor has to be used. 

(iii) Repair of satellite is almost impossible, once it has been launched.         
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Problems 
 

10.2 An FM signal has a resting frequency of 105 MHz and highest frequency of 105.03 MHz 
when modulated by a signal. Determine   (i) frequency deviation and  (ii)carrierswing. 

      Solution : 
                         Frequency deviation (Δf) = fm – f 
                                                               Δf = 105.03 – 105 = 0.03 MHz 
                                            Carrier swing = 2 × Δf = 2 × 0.03 = 0.06 MHz = 60 kHz 
 
  
10.33 In a broadcasting studio, a 1000 kHz carrier is modulated by an audio signal of 

frequency range, 100−5000 Hz. Find (i) maximum and minimum frequencies of USB (ii) 

maximum and minimum frequencies of LSB and (iii) width of the channel. 

       Data: Carrier frequency   ωc  = 1000 KHz  
                   Signal Frequency   ωs  =  100 – 5000 Hz = 0.1 – 5 KHz 
       Solution: 
      Upper and Lower side band frequencies are [ωc + ωs ] and [ωc - ωs] 
       For 0.1 KHz: 
      Side Band frequencies = [ωc + ωs ] and [ωc - ωs] 
           = [1000+0.1 ] and [1000 – 0.1] 
                                                = 1000.1 KHz and 999.9 KHz 
       For 5 KHz: 
       Side Band frequencies = [ωc + ωs ] and [ωc - ωs] 
          = [1000 + 5] and [1000 – 5] 
                       = 1005 KHz and 995 KHz 
       Band width = Difference between extreme frequencies 
                             = 995 KHz to 1005 KHz = 10 KHz 
       Result: 
          1) maximum and minimum frequencies of USB=  1005 KHz and 1000.1 KHz 
         2) maximum and minimum frequencies of LSB =   999.9 kHz and 995 kHz 
         3) width of the channel = 10 KHz 
 
 
 
 
 
 
 
 
 

 

 

 https://narayananphysics.wordpress.com/
Contact: a.narayananmail@gmail.com
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LESSON 3 MARKS 5 MARKS 

SOLVED BOOK.EX SOLVED BOOK.EX 

1 1.7, 1.8, 1.11, 
1.14,1.15 
 

1.45,1.46,1.50, 
1.51,1.53,1.55 

1.2, 1.3, 1.4, 
1.5, 1.6, 1.9, 
1.10 , 1.13, 
1.15, 1.16 

1.44,1.47 

2 2.1, 2.2, 2.3, 2.4, 
2.5, 2.6, 2.9, 2.10 
,2.13 

2.31,2.32,2.34, 
2.35,2.38,2.39, 
2.41,2.43 

2.7, 2.11, 2.12 2.30,2.33,2.34, 
2.36 

3 3.2,3.3,3.4,3.7,3.8 
3.9,3.10,3.11,3.12 

3.28,3.29,3.32, 
3.33, 

3.5,3.13,3.16, 
3.18, 

3.30,3.36,3.39, 
3.40 

4 4.1,4.2,4.4,4.5,4.6,
4.7 

4.55, 4.3,4.8 4.61,4.63,4.64 

5 5.1, 5.2, 5.4, 5.5, 
5.6, 5.7, 5.8 

5.44,5.45,5.49 
5.50 

5.3 5.41,5.46,5.47, 
5.48, 

6 6.1, 6.4, 6.7,6.9 6.47,6.49,6.50, 
6.51,6.52 

6.3, 6.5 ,6.7, 
6.8 

6.46,6.48 

7 7.4, 7.5, 7.7  7.41 7.8, 7.9 7.34, 7.39, 7.42 

8 8.2 8.47,8.48,8.52 
8.54,8.55,8.57,8.
58,8.59, 8.60 
 

8.1, 8.4, 8.5, 
8.7, 8.10 
 

8.50,8.51,8.56 
 

9 9.2,9.3,9.4,9.5,9.8,
9.9 

9.50,9.51,9.52,9.
56,9.57,9.60 

9.8, 9.9 9.58 
9.53 

10 10.2 -- 10.1 10.33 
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