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XII PHYSICS 

SCIENTIFIC REASONS / SHORT QUESTIONS 

 

 
CHAPTER # 11 “HEAT” 

 
Q) How do you distinguish between temperature and heat? Give examples. 
Ans: Heat is the energy flowing between a body and surroundings due to the difference of temperature. But 

temperature is the measure of the average translational kinetic energy of the molecules of a body. If we dip a red 
hot iron ball in the sea, heat will flow from the ball to the water (i.e. from high temperature to low temperature), 
although the amount of internal energy possessed by the ball is very small as compared to the immense amount 
contained in sea. 

Q) Why is the earth not in thermal equilibrium with the sun? 
Ans: The earth is not in thermal equilibrium with the sun; because the earth is being warmed by the absorbed radiant 

energy, it is also losing heat in various ways (e.g. re-radiation, conduction, convection and evaporation). Moreover, 
they are not in perfect thermal contact with each other. The average temperature of the sun earth is about 300K. 

Q) Is temperature a macroscopic concept? 
Ans: Yes, temperature is a macroscopic concept. 
Q) It is observed that when a mercury-in glass thermometer is put in a  flame, the column of mercury first descent 

and then rises. Explain. 
Ans: When a mercury-in glass thermometer is put in a flame, the glass bulb expands. So the column of mercury 

descents. But no sooner the heat reaches the mercury in the bulb, it expands; and this expansion is greater than 
that of the glass bulb. So, now, the mercury rises in the column. 

Q) Is it correct that unit of specific heat capacity (c) is m
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Q) What is the standard temperature? 
Ans: The standard temperature is the ice point at S.T.F, i.e. 0

0
C or 273K. 

Q) When a block with a hole in it is heated, why does not the material around the hole expand into hole make it 
small? 

Ans: Thermal expansion of homogeneous causes increase in all directions with the same linear thermal expansion 
coefficient. This increase in all directions causes an effective magnification of an object. So a hole in the block, on 
heating, expands outward (i.e. become big). 

Q) A thermometer is placed in direct sunlight. Will it read the temperature of the air, or of the sun, or of something 
else? 

Ans: This thermometer will record the temperature of the surroundings (thermometric substance ). 
Q)  Will one kilogram of hydrogen contain more atoms than one kilogram of lead? Explain. 
Ans:  Yes, one kilogram of hydrogen will contain more atoms than one kilogram of lead, because hydrogen atoms are 

much more lighter than lead atoms ( The atomic mass of hydrogen is 207 times less than the atomic mass of lead. 
Q) The pressure in a gas cylinder containing hydrogen will leak more quickly than if it is containing oxygen. Why? 
Ans: This is so because the hydrogen molecules are lighter than oxygen molecules (since the molecular mass of 

hydrogen is 16 times less than the molecular mass of oxygen ). Molecular speed (and hence rate of radiation) is 
inversely proportional to the molecular mass. Hence hydrogen will leak more quickly than oxygen. 

Q) What are some factors that affect the efficiency of automobile engines? 
Ans: The efficiency of an automobile engine depends upon (i) temperature of hot reservoir (ii) temperature of cold 

reservoir and (iii) friction and heat losses (dissipative effects). 
Q) What happens to the temperature of a room in which an air conditioner is left running on a table in the middle 

of the room? 
Ans: When an air conditioner is left running on a table in the middle of a room, heat is removed from the room by air 

conditioner. But, heat is radiated on the other side to the room by the coils (condenser) at the back of the 
refrigerator. The heat pumped out the back of the air conditioner and into room is greater than the heat pulled 
into the front of the unit, as work done to remove the heat from cold to hot puts into the room an additional 
amount of heat: Q1=Q2 +W. consequently, the air conditioner warms the room. 

Q)  When a sealed thermos bottle full of hot coffee is shaken, what are the changes, if any in 
(a) The temperature of the coffee, and        (b) The internal energy of the coffee. 

Ans: (a)  The temperature of the coffee increases due to shaking. 
(b)  The internal energy of the coffee increases. In fact, the work done in shaking the coffee appears as 

increase in internal energy. Hence the temperature of the coffee increases. (due to the friction of the wall 
of the flask). 

Q) When an object is heated, not all the energy it absorbed goes into increasing the velocity of the molecules. 
Explain where does the remaining energy go? 

Ans:  When an object is heated, not all the energy it absorbed goes into increasing the velocity of the molecules. Some 
goes into the rotational motion of the molecules and some into the internal vibrational motion. 

Q) If a pendulum clock has to keep correct time at different temperature, will it be better to use aluminium or 
steel? 

Ans: It is better to use steel in a pendulum clock that has to keep correct time at different temperatures because the 
coefficient of thermal expansion of steel is almost half of that of aluminium. 
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Q) Why is the average velocity of the molecules of a gas zero but the average of the squares of the velocities is not 
zero? 

Ans: Due to the random motion of the molecules in a gas, the number of molecules, on the average, moving with certain 
velocities along the positive x, y and z is equal to the number of molecules moving along the negative x, y and z axis 
with the same velocities. hence the average velocity of the molecules of a gas is zero. But, however, the square of a 
negative component of velocity is also positive. Hence the square of the molecular velocity is not zero. 

Q)  What is kilo-mole of 72g of water? What is the value of the universal gas constant in j.k mole
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? 
Ans: Kilo-mole is the mass of a substance in kilogram and is numerically equal to the molecular mass of a substance in 

kilogram 
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Q)  Why does the pressure of a gas in an automobile tyre increase if the automobile is driven for a while? 
Ans: When an automobile is driven on road, it does work to over friction between the tyres and the road. So heat is 

produced. This, in turn, raises the temperature of the gas. Since pressure is directly proportional to temperature, 
hence pressure of the gas in the tyre increases. 

Q)  Under what conditions heat be added to a system without changing its temperature? 
Ans: Heat can be added without changing the temperature of a system. 

(i)    For a gaseous system, it can be achieved in an isothermal process.  
(ii)   For a liquid, it can be achieved at the boiling point of the liquid. 
(iii)  For a solid, it can be achieved at melting point of the solid. 

Q)  Is it possible to cool a room by keeping the refrigerator door open? 
Ans: A room cannot be cooled by leaving the door of an electric refrigerator open. Whatever heat Q2 is removed from 

the air directly in front of the open refrigerator is deposited directly back into the room at the rear of the unit. Also, 
work done to remove the heat from cold to hot puts into the room an additional amount of heat: Q1-Q2+W. 
consequently, the refrigerator warms the room. 

Q)  When does the entropy of a system decrease? 
Ans:  When it rejects heat to the surroundings. 
Q) Is it possible, according to the second law of thermodynamics, to construct an engine that is free from thermal 

pollution? 
Ans:  It is not possible to construct an engine free from thermal pollution since heat rejected to a sink is an essential 

requirement. This sink is the atmosphere to which the heat rejection results in thermal pollution. The small 
temperature changes have disruptive effect on the overall ecological balance. Thermal pollution is an inevitable 
consequences of the second law of thermodynamics. 

Q) When two systems are in thermal equilibrium, do they have the amount of kinetic energy? 
Ans:   Temperature is a measure of average translational k.e. of the molecular of a system. However, the system with the 

same average translational k.e. have the same temperature, even if one has greater internal energy (due to greater 
rotational and vibrational energy). 

Q)  What do you mean by “heat is energy in transit” 
Ans:  Heat is not the energy that a body contains; it refers to the amount of energy transferred from a hot body to a cold 

body. 
Q)  What is the nature of graph between the length and temperature of a heated metal rod? 
Ans: The graph between length and temperature is a straight line (linear relationship) 
Q)  How much work should be done to produce 1 calorie of heat? 
Ans: 4.2j, since W=JQ, when work is in joules and quantity of heat is measured in calories, then Joule’s constant, 

J = 
)

*
= 4.2j/cal. 

Q)  What are the values of molar heat capacities of substances (with a few exceptions) are the same, i.e. almost 25 j 
mole
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Ans:  In case of molar heat capacity, we add heat energy to the some number of molecules, irrespective of the nature of 
substance. Thus C=cm=25 J mol
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Q)  Why is the specific heat of polyatomic gases higher than that of mono-atomic gases? 
Calculate specific heat ratio of mono-atomic (γ) of a gases. 

Ans:  In a mono-atomic gas, the whole of the heat supplied is used up in increasing the translational k.e., i.e. its 
temperature. But in diatomic or polyatomic gases, the heat energy supplied is wasted in increasing the rotational 
k.e. Thus to obtain the same range of temperature, more heat is required for polyatomic gases. 

(i) Increase of KE of 1 molecule of mono-atomic gas =
#

�
 kΔT 

Increase of KE of 1 mole of mono-atomic gas =NA  ( 
#

�
 kΔT)  

      Increase of KE of 1 mole of mono-atomic gas per Kelvin =
#

�
 k NA= 

#

�
 R 

Cv= 
#

�
 R = 

#

�
 x 8.2=12 j mol

-1
.k

-1 

(ii)  Cp=Cv+R= 
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(iii)  γ = 
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= 1.667  

Q)  Work can be converted completely into heat (W Q), so can heat be converted completely into work? 
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Ans:  A given amount of heat can not be completely converted into work, as some of the heat energy is used to in 
increasing the internal energy of the system. If heat is converted completely to work, then efficiently of heat engine 
will be 100%. This violates the second law of thermodynamics. 

Q)  Entropy has often been called as “time arrow”. Explain. 
Ans:  Entropy is called “time arrow”, because it tells us in which direction the time is going. The normal sequence of 

events is that in which disorder increases with time. 
 

CHAPTER # 12 “ELECTROSTATICS” 
 
Q) Repulsion is the sure test of electrification. Explain 
Ans: Electrostatic attraction is observed between oppositely charged bodies and also between a charged (+ve or –ve ) 

and an uncharged body. But, however, only two charges of the same kind (both +ve or both -ve) can repel each 
other .Hence, repulsion is the sure test of electrification. 

Q)  Will a solid metal sphere hold a larger electric charge than a hollow sphere of the same diameter? Where does 
the charge resides in each case? 

Ans: A solid metal sphere will hold the same amount of charge as is held by a hollow sphere of the same diameter. This 
is due to the fact that any excess electric charge resides only on the outer surface of a conductor. 

Q)  Explain why is it so easier to remove an electron from an atom of large atomic mass than it is to remove a 
proton? 

Ans: In an atom of large atomic mass, the number of both protons and electrons is large. This big atom contains many 
orbits (or shells).so it is easier to remove an electron from it’s outer most orbit. They have positive nucleus exerts 
weaker coulomb attractive force on it as compared to an electron in the innermost shell (e.g. K shell). However, 
protons are in the nucleus which are held very strongly by strong nuclear force. 

Q)  Why is it not correct to say that potential difference is the work done in moving a unit positive charge between 
the points concerned? 

Ans:  The potential difference is the increase in electrical potential energy ( or work) per unit charge. So, if a small 
positive charge (qo) is moved against the electric field between the two points, then the work divided by the 
amount of charge (w/qo) gives the p.d 

Q)  Why is it logical to say that the potential of an earth connected object is zero? 
What can be said about the charge on the earth? 

Ans:  Practically, the earth is taken to be at zero potential. If a charge body is connected to the earth by a conductor, 
electron flow takes place such that the charge of the body is neutralized. 
The earth is reasonably good conductor. It is a huge neutral body*. It is considered as an infinite ‘sink’ to which 
electrons can easily migrate without changing it’s potential. 

Q)  Can an electric potential exist at a point in a region where the electric field is zero? Can the potential be zero at a 
place where the electric field intensity is not zero? Give example to illustrate your reasoning. 

Ans:   
(i)   Yes. Electric potential can exist where the electric intensity is zero. The electric charge resides on the outer surface 

of a hollow sphere. At all points inside the sphere, the electric field intensity is zero. Otherwise the field lines would 
link the charges of opposite sign in the sphere. Thus no work is done when a charge is moved between two points 
inside sphere. Hence, potential is the same at all points through out the sphere, and equals that at the surface, i.e., 
potential is constant inside and on the surface. 

(ii)  Electric potential can be zero at a point where electric intensity is not zero. For example, consider a point in the 
middle of two equal and opposite charges. There the electric potential is   

V=K= 
2

3
 +k −

2

�
 = 0 

But the net electric intensity is towards the negative charge. 
(iii)  Both the potential and intensity are zero for a point at infinity. 
Q)  An air capacitor is charged to a certain potential difference. It is then immersed in oil. What happen to it’s (a) 

charge (b) potential, and (c) capacitance? 
Ans:  The dielectric constant ε r of oil is greater than that of air. When an air capacitor is immersed in oil (after 

disconnecting the battery), then: 
(a)    Its charge remains constant (since there is no path for charge transfer); 
(b)    p.d between the plates decreases (and also the electric field is weakened) by a factor 1/ε r 

(c)    The capacitance increases (since C= 
2

5
) by a factor ε r                                                     

Q)  Two unlike capacitor of different potential and charges are joined in parallel. What happen to their potential 
difference? how are their charges distributed? Is the energy of the system affected? 

Ans:  When two unlike capacitors of different potentials and charges are joined in parallel, then; 
(i) the resultant p.d. will be less than the highest applied p.d. on one capacitor. This resultant p.d. will be the 

same for two capacitors in parallel. 
(ii)   The charge is redistributed and the capacitor of higher capacitance will have more charge (since q=CV); 
(iii)  The energy of the system will decrease. The missing energy is used in heating the wires. 

Q)  Four similar capacitors are connected in series and joined to a 36-V battery. The mid point of the group is 
earthed. What is the potential of the terminal of the group? 

Ans:  If two similar capacitors are connected in series, joined to a 36-V battery and if the mid-point of the group is 
earthed, then there is no transfer of charge. This midpoint is between two oppositely charged plates (of C2 and C3). 
Hence p.d. across the end of the group will remain the same (i.e. 36V). 

Q)  A point charge is placed at the centre of a spherical Gaussian surface. Is the flux changed? 
(a)  If the spherical Gaussian surface is replaced by a cube of the same volume. 
(b)  If the sphere is replaced by a cube of 1/10 of this volume. 
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(c)  If the charge is moved from the centre in the sphere. 
(d)  If the charge is moved outside the sphere. 
(e)  If a second charge is placed inside the sphere. 

Ans:  (a)  No   (b)  No   (c)  No   (d)  Yes  (e)  Yes 
Q)  Four capacitors each of 2μF connected in such a way that the total capacitance is also 2μF. Show what 

combination gives this value. 
Ans:   To get an equivalent capacitance of 2μF, the four capacitors, each of 2μF can be combined in  

(i) two pairs of parallel combination or (ii) two pairs of series capacitors combined in parallel. 
Q)  A capacitor is charged by a battery .the battery is disconnected and a slab of some dielectric is slipped between 

the plates. Describe what happens to the charge, potential difference, capacitance and the stored energy? 
Ans:  When a capacitor is charged, battery is disconnected, and a slab of some dielectric (of relative permittivity ε r) is 

inserted, then: 
(a)  the charge remains constant (since there is no path for transfer of the charge); 
(b)  the p.d. decreases (and also the electric field is weakened) by a factor ε r 
(c)  the capacitance increases (since C=q/v) by a factor 
(d)  the energy stored will decrease by a factor 1/ ε r ( since, energy= ½ qV), which is used in polarizing the 

dielectric. 
Q)  Answer question A if the battery is not disconnected. 
Ans:  

(a)  the charge increases ( additional charge is delivered by the battery) 
(b)  the p.d.( and also the electric field) remains constant. 
(c)  the capacitance increases (since C=q/v) 
(d)  the energy stored will increase ( since, energy ½qV= ½CV

2 
.) 

Q)  A capacitor is connected across a battery. Why does each plate receives a charge of the same magnitude? Will it 
be true if the plates are of different size? 

Ans:  When a capacitor is connected to a battery, such that +ve terminal ‘b’ is at higher potential than the plate B, then 
electrons are drawn towards, ‘b’ from B. However, the –ve terminal ‘a’ is at lower potential than the plate A, so the 
electrons are drawn to the plate A from ‘a’. Thus B is positively charged and A is negatively charged. The charging 
stops when VAB=V. If the sizes of the plates are different, then the plate of larger area will receive more amount of 
charge. 

Q)  Write electrical field statements analogous to the following in gravitational field 
(a) Water flows from a higher level to a lower level;  
(b)  Water always maintain its level; 
(c)  The total mass is conserved  
(d)  When a body falls through a height ‘h’, it losses potential energy and gains kinetic energy. 

Ans:  The analogous statements are: 
(a)  Electric charge flows from a higher potential to a lower potential. 
(b)  Charge always maintain its potential. 
(c)  The total charge is conserved. 
(d)  When a charged body falls through a potential difference, it loses its electrical p.e. and gains k.e. 

Q)  Is it true that “an alternating current can pass through a capacitor while a direct current can not”. Explain. 
Ans:  A capacitor said to ‘block’ direct current or voltage. That is, there is no current through a capacitor by a steady 

direct voltage. However, when the capacitor is connected across an a.c. supply, the capacitor (or plates) are 
continually charged and discharged (during alternate quarter cycle), and charged the other way round by the 
alternating voltage. The current thus flows round the circuit. A capacitance that allows alternating current offers 
opposition (in ohms), called capacitive reactance (Xc). 

 
 
Q)  The unit of permittivity C
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Q)  What happens if a charge is moved in an electric field ? 
Ans:  A charge is displaced in two ways: 

(i) Against the electric field ( say from point A to B): Then work is done on the charge. This increase electric 
p.e. Thus Δ (P.E.) = qΔV. 

(ii)  In the direction of the electric field ( from B to A): Then p.e. decreases which appears as increase in k.e. 
ThusΔ(k.e.)=1/2 mv

2 
 

Since Δ(p.e)= Δ(k.e) 

qΔV= 
�

�
 mv

2 

Q)  What will be the flux through a closed surface which does not contain any charge? 
Ans:  As the surface encloses no charge, so the flux is zero 

 From Gauss’s Law   Ø =
2

;<
=

�

;<
= 0 

Q)  What is the flux, electric field intensity and potential inside a charged sphere? 
Ans:  Both the flux and the intensity are zero inside a charged sphere. The potential inside a charged sphere is the same 

as at its surface. 
Q)  An uncharged conducting spherical shell is placed in the field of a positive charge q. What will be the net flux 

through the shell? What is the unit of electric flux? 
Ans:  According to Gauss’ Law, the net flux through the shell will be zero as it contains no charge. The SI unit of electric 

flux is N. m
2
 C

-1
. 
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Q)  Is electrical p.d. same as electrical p.e.? 
Ans:  No, electrical p.e. is the total work done in moving certain charge q from one point to another against electric 

intensity. 
Thus,        UB-UA=WA ---� B = Δw  
Electric p.d. is the work done in moving a unit positive charge from one point to another against electric intensity. 

 VB-VA= 
=>

2<
=

=?

2<
 

Now, a relation between them is: ΔU= @�ΔV
       

Q)  Why is water is not used as a dielectric? 
Ans:  The near impossibility of removing all impurities dissolved in water makes it unsuitable in practice as a dielectric. 
Q)  What is dielectric strength? 
Ans:  Under sufficiently strong electric fields, dielectric become conductors. This is called dielectric breakdown. The 

maximum electric field magnitude that a material can withstand without break down is called its dielectric 
strength. For day air, it is 3x10

6 
V/m. A layer of polycarbonate 0.01mm thick can withstand voltage of ( 3x10

7
 V/m) 

(1x10
-5 

m) =300 volts. 
Q)  Give some uses and applications of electrostatics. 
Ans:  
(1)  The electrostatic precipitator: It is used to remove particular matter from the combustion gases, thereby reducing 

air pollution. 
(2)  Van de Graaff Generator: It is used to accelerate charged particles up to 20 million volts. 
(3)  Xerography: This device was launched by Xerox Corporation for making photocopies of documents. A laser printer 

with a computer is similarly used. 
(4)  Field Ion Microscope: Using this microscope, images of individual atoms (of strong metals, e.g. tungsten) are made 

visible when magnified about 2 million timer. 
(5)  Electroscope: The gold leaf electroscope was used in early work in electrostatics. 
(6)  The lighting conductor: It protects a building from lightning damage. 
(7)  ECG, EEG & EMC: the action potential(-60 mv) across the membrane of an excitable cell ( which inside gets negative 

potential relative to the outside due to ‘Na-K pump’) is the basis of electrocardiograph, electroencephalograph and 
electromyography- which are the chart recording of electrical potentials associated with heart, brain and muscle 
activity, respectively. 

8)  ERG: The electrical activity of retina of the eye generates the potential difference (-30μV). The recorded pattern is 
called an electroretinogram (ERG). 

 

CHAPTER # 13 “CURRENT ELECTRICITY” 

Q)  Electron leaves a dry cell and flow through a lamp back to the cell. Which terminal the positive or negative is the 
one from which electros leave the cell? In which direction is the conventional current? 

Ans:  Electro leave the negative terminal of the cell and move towards the positive terminal. However, as a convention, 
the ‘conventional current’ is assumed to be consisted of positive electric charges moving from a positive terminal 
to the negative terminal of a coil. Current through the cross section and area A is the net change flowing through 
the area per unit time (1=q/t). 

Q)  Both p.d and e.m.f are measured in volts. What is the difference between these concepts? 
Ans:  p.d is the work done per unit charge across a resistor in a closed circuit. But e.m.f is the total p.d across the 

external and internal resistance. It refers to a source of current and is greater than the potential drop in an external 
circuit. 
[e.m.f =p.d+internal resistance drop] 

Q)  Can you construct two wires of the same length, one of copper and one of iron, that would have the same 
resistance at the same temperature? 

Ans:  Yes, since resistivity is proportional to cross-sectional area. The resistivity of iron is about 7 times thicker than a 
copper of the same length to have the same resistance at the same temperature. 

Q)  Why does the resistance of a conductor rise with the rise in temperature? 
Ans:  As the temperature of a conductor rises, the amplitude of the vibration of the atoms in lattice increases. This, in 

turn, increases the probability of their collision with free electrons. This impedes the drift of the electrons. Hence 
the resistance of the conductor increases. 

Q)  Why is heat produced in a conductor due to the flow of electric current? 
Ans:  As electric charge flows due to certain p.d through a conductor, it suffers loss of electrical potential energy. The 

energy is delivered to the lattice atoms. This energy is utilized in increasing their vibrational kinetic energy which 
appears as heat. Consequently, the temperature of the conductor rises. 

Q)  When metallic object is heated both its dimensions and its resistivity increase. Is the increase in resistivity likely 
to be a consequence of the increase in length? 

Ans:  The resistivity is given by Ω= RA The increase in resistivity of a conductor due to heat is a consequence of the 
increase in resistance, and not a consequence of the increase in length. 

Q)  It is some time said that an electrical appliance “uses up” electricity. What does such an appliance actually use in 
its operation? 

Ans:  An electrical appliance, in its operation, uses the kinetic energy carried by the moving electrons, and not their 
quantity of charge. 

Q)  Do bends in a wire affects its resistance? 
Ans:  No, bends in a wire do not affect its resistance. However, it depends upon length, cross sectional area, temperature 

and nature of the material. 
Q)  Resistance of 10 Ω, 30 Ω and 40 Ω are connected in series. If the current in 10 Ω resistance is 0.1A, what is the 

current through the other? 
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Ans:  When resistors are connected in series, then the same current flows through each of them (as there is only one 
path). Hence the current in this case will be 0.1A through all the three resistors in series. 

Q)  Ten resistances of different values are connected in parallel. If the p.d. across one of them is 5V, what is the p.d, 
across the remaining nine resistors? 

Ans:  When resistors are connected in parallel, then the same p.d. exist across each of them as they all are connected to 
two common points. Hence the p.d. in this case will be 5V across all nine resistors in parallel. 

Q)  For a given potential difference V, how will the heat developed in a resistor depend on its resistance R? Will the 
heat be developed at a higher rate in a larger or smaller R. 

Ans:  The heat developed, H= 
5

3
 x t. 

For a constant p.d., the resistance R should be small to develop heat at a higher rate. 
Q)  Is there any electric field inside a conductor carrying an electric current? Explain motion of charges here. 
Ans:  When a p.d. is applied across a conductor by connecting it to a battery, and electric field E is established inside a 

conductor (parallel to the conductor, directed from the positive toward the negative terminal). The field exist here 
because the battery keeps the charge moving and prevents them coming to equilibrium on the outer surface of the 
conductor (in contrast to the situation in electrostatics). Where they would cause the net electric field on the 
interior to be zero. 

Q)  How does the current flowing in a conductor depend on the number of mobile charge carriers per unit length, on 
their average velocity and on the charge per carrier? 

Ans:  current, A =
2

	
=

9�

	
. If number of charges/unit length B"� =

9

C
 

  therefore A =
9�DC�

	
 

I= N
-1

ev the current flowing in a conductor is: 
(1)  Directly proportional to the number of mobile charges per unit length (N

-1
); 

(2)  Directly proportional to the average drift velocity (v); 
(3)  Directly proportional to the charge per carrier (e) 

Q)  (a) What is the equivalent resistance of three 5 Ω resistors connected? 
(i)  in series and       (ii)  in parallel? 

(b)  If p.d. of 60V is applied across series connection, what is the current in each resistor? 
Ans: 

(a)  In series         :    Re=3R= 3 x 5 =15 Ω ………..[since Re =nR] 

(b) In parallel : Re=
3

#
=

+

#
= 1.66Ω ……….[since Re = 

3



 ]  

(b)  In series connection, the current is the same through all resistors. 

 Current, A =
5

3�
=

F�

�+
= 4G 

Q)  A wire carries a current of 1A. How many electron pass a point in the wire in each second? 
Ans:  charge q =I x t 1A x 1s =1C 

 Now, no. Of électrons, N = 
2

�
=

�,

�.F×���DH,	
= 6.25 × 10��   

Q)  Can the terminal voltage of a battery be zero? 
Ans:  When battery is short- circuited, the existence of negligibly small resistance in the circuit makes terminal voltage 

zero but current to a maximum value. 

[Since r=0, v=0 and I = 
K

�
 ] 

Q)  Why is the internal resistance of a cell not constant? 
Ans:  The internal resistance of a cell depends upon the resistance of electrolyte, terminals and electrodes (and also on 

their area and separation) of the cell. Due to chemical changes (e.g. absorption of hydrogen and sulphate ions) in 
the electrolyte during the process of discharging, the resistance of the electrolyte increases. Thus the internal 
resistance of a cell does not remain constant. 

Q)  What is resistance?  What is its mechanical analogue? 
Ans:  Resistance is a property of a given conductor, which limits the current flow. It is due to the collision of the drifted 

electrons with the crystal lattice, which causes frequent scattering of the electrons under an electric field. This 
property is analogous to mechanical friction for moving bodies. 

Q)  Often, you might have noticed crows sitting safely on high tension wires. Why are they not electrocuted, even 
when sitting on a part of the wire where the insulation has worn off? 

Ans:   For electrocution, the current should pass through the bodies of crows. When a crows sit on single wire, a p.d. is 
not develop for the flow of current; because his both claws are at the same potential. Hence they are not 
electrocuted. 

Q)  Why is it dangerous to touch a live wire while standing on the earth barefooted? 
Ans:  We may be electrocuted if we touch a live wire while standing on barefooted; because we provide lower potential 

of the earth through our bare feet (conductor). [The effective resistance of the body is 50 Ω/ cm
2 

which reduces to 
0.7KΩ/cm

2
 when it is wet.] 

Q)  A heavy duty battery of a truck maintains a current of 3.0A for 24 hours. How much charge flows from the 
battery during this time? 

Ans:  The charge, q=I x t =3 x 24 x 60 x 60 =2.6 x 10
5 

C 
Q)  What a short circuit and open circuit mean to you? 
Ans:  A short is a closed circuit when no load is present, i.e., external resistance (R) is zero. But an open circuit implies an 

infinite resistance (or gap) along its conducting path (i.e. wires). 
Q)  Describe a circuit which will give a continuously varying potential. 
Ans:  Suppose a resistance R has three terminals: Two fixed (A and B) and variable (c). Let battery of e.m.f E be 

connected between A and B by resistance ‘R’. As C slides from A to B, r varies from zero to R, and the p.d. varies 
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from zero to E. Hence potential can be varied continuously from O to E volts. This arrangement is called a ‘potential 
driver’. 

Q)  Is it possible to have a situation in which the terminal voltage will be greater than the e.m.f of a battery? 
Ans:  In general, V=E-Ir. V>E in the case when a battery is being charged. 

[ V=E+Ir] 
Q)  Why is resistance of conductor inversely proportional to the area of cross-section of a conductor? 
Ans:  The larger the area of cross-section of a conductor, the more wider path is provided by it for the flow of charges 

through it (R α 1/A), hence the resistance decreases. 
 

CHAPTER # 14 “MAGNETISM & ELECTROMAGNETISM” 
 
Q)  What is flux density and how is it related to the number of lines of induction expressed in webers? 
Ans:  Magnetic flux density B is the magnetic flux per unit area (B= Ø/A). The unit of flux density is weber per m

2
 (or 

tesla, T). Magnetic flux is the total number of magnetic lines of induction passing perpendicularly through an area 
(Ø=B1A). Its SI unit is ‘weber’ (1 Wb = 1T m

2 
). Hence magnetic flux density refers to the number of lines of 

induction (in webers) per square meter. [1 gauss (G)= 10
4 

 T & 1 T= 1 NA
-1 

m
-1 

]. 
α = directly proportional. 

Q)  Charged particle fired in a vacuum tube hit a fluorescent screen. Will it be possible to know whether they are 
positive or negative? 

Ans:  Yes, the charge on particles in motion can be found by applying magnetic field perpendicular to the motion of the 
charges and by observing the deflection. A positive charge in an inward perpendicular magnetic field is deflect 
upward. In an electric field, a positive charge will be deflected towards the negative side (plate). 

Q)  Beams of electrons and protons are made to move with the same velocity at right angles to a uniform magnetic 
field of induction. Which of them will suffer a greater deflection? What will be the effect on the beam of 
electrons if their velocity is doubled? 

Ans:  The radius of the circular path of particle moving in a magnetic field is r = 
LM

NO	
 . 

Thus r α m. but deflection α 1/m. Thus electron, being lighter, will be deflected more than the proton. 
Since radius, r α v. Hence if velocity is doubled, radius will also be doubled; but deflection is halved. 

 
Q)  A circular loop of wire hangs by a thread in a vertical plane. An electric current is maintained in the loop anti-

clockwise on looking at the front face. To what direction will the front face of the coil turn in the earth’s 
magnetic field? 

Ans:  Toward the geographic north pole. 
Q)  Imagine that the room in which you are seated is filled with a uniform magnetic field pointing vertically upward. 

A loop of wire, which is free to rotate about horizontal axis in its plane through its centre parallel to its length, 
has its plane horizontal. For what direction of current in the loop, as viewed from above, will the loop be in a 
stable equilibrium with respect to forces and torque of magnetic origin? 

Ans:  Anticlockwise 
Q)  Two identical loops, one of copper and the other aluminum, are similarly rotated in a magnetic field of induction. 

Explain the reason for their different behaviour. Is electric generator a generator of electricity? Where is the 
electricity before it is generated? What do such machines generate? 

Ans:  Since the conductive of copper and aluminum are different, they show different behavior with the induced e.m.f. 
As the conductivity of copper is higher than that of aluminum, so a copper loop will have greater induced current 
than an identical aluminum loop moving with the same speed in the same magnetic field. 

         An electric generator is not a generator of electricity (i.e. quantity of charge). 
Electricity is present in the conducting coil of generator before it was driven in an external circuit. 
A generator provides e.m.f to drift the haphazardly moving electrons in the conducting coil. In fact, a generator 
converts mechanical energy into energy of moving charges. 

Q)  A loosely wound helical spring of a stiff wire is mounted vertically with the lower end just touching mercury in a 
dish .When a current is started in the spring, ir executes a vibratory motion with its lower and jumping out and 
into mercury. Explain the reason for its behavior. 

Ans:  When a current is passed through a helical spring, whose one end is just above a mercury pool, a magnetic field is 
produced. The current through all the loops is in the same direction. This produces attraction between them. So its 
length decreases. The dipping end moves out of the mercury. Consequently, the circuit is broken. The helix, due to 
elasticity, regains it’s original length. The electrical contact is established again. The process I repeated. So the helix 
will vibrate up and down. 

Q)  Drive the general equation for induced e.m.f beginning with the law of force in a current carrying conductor in a 
magnetic field. 

Ans:   Consider a conductor of length L moving with velocity v perpendicular to a magnetic field B. Due to the motion of 
the conductor the charge q also has velocity v and they will experience a force F. 

Q)  What is the mechanism of transfer of energy between the primary and secondary windings of a transformer? A 
certain amount of power is to be transferred over a long distance. If the voltage is stepped up 10 times, how 
much is the transmission line loss reduced? 

Ans:  Electromagnetic induction is the phenomenon responsible for the transfer of energy between the primary windings 
(one circuit) to the secondary windings by means of a changing magnetic field which links the two coils. This 
‘mutual induction’ transforms the voltage of e.m.f. of larger of smaller value due to different number of turns in 
the primary and secondary coils. 
Suppose a power line has input power P. The same power can be carried at low current if voltage is made high. 
Input current I 1 = P/V1 .if voltage is stepped up 10 times. 
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Times smaller, the power loss as heat in the wires (I
2
R) is (10)

2
 i.e. 100 times smaller 

Q)  What is the difference between magneto and a.c. generator? What is meant by the frequency of alternating 
current? 

Ans:  An alternating current generator that uses a permanent magnet to provide the magnetic flux rather than an 
electromagnet is called “magneto”. It is used in the system of petrol engines, motor bikes and motor boats, etc. 
The a.c. generator that employ electromagnets is called “alternator”. It has rotating field magnet (called rotor) and 
stationary armature (called stator) or the other way round. 
Alternating current (a.c) is produced by a voltage source whose terminal polarity reverses with time. The number 
of cycles per second is made by an a.c. is called its frequency(f). Its unit is hertz (Hz). We have f=1/T. An a.c. reverse 
its polarity 2 times per second. An a.c. with frequency of 50 hertz has a time period of 1/50=0.02 sec. This a.c. 
reaches at zero value every 0.01 second. 

Q)  In what direction are the magnetic field surrounding a straight wire carrying current that is flowing directly 
towards you? 

Ans:  Anti-clockwise. (Using the right hand rule) 
Q)  What kind of field or fields does or do surround a moving electric charge? 
Ans:  When an electric charge is in motion, it is surround by an electrostatic field as well as a magnetic field. 
Q)  Can an electron at rest be set in motion with a magnet? 
Ans:  No, when an electron is at rest, it has no magnetic field (F=qvB=0 if v=0). 

So, in the absence of any magnetic field of its own, it can not interact with a magnet. 
Q)  A beam of electron is directed towards a horizontal wire in which the current flows from left to right. In what 

direction is the beam deflected? 
Ans:  If the beam is parallel to the wire, it ill follow a spiral path; and if it is perpendicular to wire, it will adopt a circular 

path. 
Q) A loop of wire is suspended between the poles of a magnet with its plane parallel to the pole faces. What 

happens if direct current is passed through the coil? What will happen if an alternating current is passed instead? 
Ans:  When d.c. passes through the loop such that its magnetic field is: (i) opposite to the direction of field of the 

magnet, the coil will turn round through 180
o
 and then will stay in equilibrium (ii) along the field of magnet, the coil 

will stay in equilibrium. However, when an a.c. is passed through the loop, it will remain in its initial position ( swith 
slight vibration). 

Q)  A current carrying wire is placed in a magnetic field. How must it be oriented so that the force acting on it is zero 
or is maximum? 

Ans:   (1)  Force will be zero if θ=0 (parallel to B); 
(2)  Force will be maximum if θ=90

 o 
(perpendicular to B) 

Q)  Why is the magnetic field strength greater inside a current carrying loop of wire? 
Ans:  In a loop of wire, the direction of current in the opposite side of the loop is opposite to each other. This is 

analogous to two parallel conductors carrying current in opposite direction. The direction of both magnetic fields 
are along the same direction inside the loop. This is the strength of the field. 

Q)  What exactly does a transformer” transform”? 
Ans:  A transformer transforms the magnitude of alternating voltage and current. 
Q)  Can an efficient transformer step up energy? Explain. 
Ans:  A transformer can not change energy. In an ideal transformer, the power remains constant , i.e. power input= 

power out put (Vp Ip = Vs Is). Thus it can not step up energy. 
Q) In what three ways can a voltage be induced in a wire? 
Ans:  (i)   By moving a wire in a magnetic field; 
         (ii)   By moving a magnet near it; 
         (iii)  By changing current through a circuit neat it. 
Q)  Does the voltage output of a generator change if its speed of rotation is increased? 
Ans:  Yes, because increased e.m.f =BNAω sin(ωt). Thus, an e.m.f. increases if speed or rotation ‘ω’ is increased. 
Q)  What are similarities between a motor and a generator? What are the differences? 
Ans:  (1) Working principle of both motor and generator is the same, i.e. Faraday’s law of  
  electromagnetic induction. 

(2)  Both have identical construction (i.e. armature, slip rings and carbon brushes) 
(3)  Both involve transformation of energy. 

Differences: 
(1)  A motor electrical energy into mechanical energy; while a generator converts mechanical energy into electrical 

energy. 
(2)  In a motor, current is supplied to the coil by connecting the brushes to a battery; while in a generator, the coil is 

rotated in a magnetic field. 
Q)  When a beam of electrons is shot into a certain region of space, the electron travel in a straight line through the 

region. Can we conclude that in the region where is: no electric field? No magnetic field? 
Ans:  There are two possibilities: 

(1)  No electric or magnetic field is present. 
(2)  The electric and magnetic field are at right angle to each other and their strength are exerting equal but 

opposite forces on the electron beam. 
Q)  A copper ring is placed above a solenoid with an iron core to increase its field. When the current is turned on in 

the solenoid, the copper rings moves upward .Why? 
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Ans:  When current is solenoid (with an iron core) increases, an induced current is produced in a copper ring (held above 
it) in opposite direction. This is analogous to opposite currents in two parallel wires. Thus they develop similar 
poles and repel each other. Consequently, the rings move up. 

Q)  A very long copper pipe is held vertically. Describe the motion of bar magnet dropped length wise down the 
pipe. 

Ans:  Suppose a bar magnet falls through a very long copper pipe (under gravity). When the magnet is well inside the 
pipe, the configuration of magnetic field remains the same. So it will fall freely with acceleration of gravity only. 

Q)  A hollow copper tube carries a current. Why is B=0 inside the tube? Is B non-zero outside the tube? 
Ans:  The charges always reside or move on the outer surface of a conductor. Since inside the tube, current is zero, 

hence B= 0 (According to Amperes law). The outer surface of the tube behaves like a set of parallel wires carrying 
current down their length. The magnetic field, outside the tube, exists; and its direction is given by the right hand 
grip rule.   

Q)  A solenoid is viewed in such a way that the solenoid current appears clockwise to the viewer. What is the 
direction of the field within the solenoid? 

Ans:  The end viewed is developed south-polarity. So the direction of the magnetic field will be away from the viewer 
inside the solenoid. 

Q)  Is 1H equivalent to 1j/A
2
?  

Ans:  Yes, because 1H= 1V.s/A 1
7

,
. V.

�

^
= 1_.

�

,
.
�

^
= 1_.

�

^8
 

Q) Can a current carrying a coil be used as a compass? 
Ans:  A current carrying coil behaves like a bar magnet. Thus when it is suspended freely, it can be used as a compass. 
 
 
Q) When a charged particle enters a magnetic field, it is deflected by the magnetic force. Can magnetic force do 

work on the moving charged particle? 
Ans:  No Magnetic force can do no work on a moving charged particle, because it is always perpendicularly to the 

velocity of the particle. 
Q)  In what way is ampere’s law analogous to gauss’s law? 
Ans:  Gauss’s law is a relation between the normal component of electric field at point on a closed surface and the net 

charged enclosed by the surface. Mathematically,  
Σ E1ΔA=q/ε o. Amperes law is a relation between the tangential component of magnetic field at points on a closed 
curve and net current through the area bounded by the curve. Mathematically, Σ B Δl= μo i. 

Q)  What is ‘velocity selector’? 
Ans:  The crossed electric field and magnetic field serve as a velocity selector. If both electric and magnetic field are 

adjusted such that the magnitude of the forces are equal, then the Lorentz force is zero and qE= qvB or v= E/B. 
Thus only particles with speed   v= E/B pass through the region undeflected by the two field. This value of v is 
independent of the charge or mass of the particle. 

Q)  What happens if radius of a toroid is large compared to its cross sectional area? 
Ans:  If radius of a toroid is large compared  its cross sectional area ‘a’ then a short section of toroid approaches a 

solenoid with n= N/2πr. In this limit, we have B= μonI. 
Q)  Can an isolated magnetic pole (monopole) exist? What is the source of the magnetic fields? 
Ans:  No, magnetic monopole can not exist. The only known source of magnetic field are magnetic dipoles (current 

loops), even a magnetic materials. 
 

CHAPTER # 15 “ELECTRICAL MEASURING INSTRUMENTS” 
 
Q)  What is the function of the concave pole pieces and the coaxial soft-iron cylinder in the moving coil 

galvanometer? 
Ans:  The concave magnetic poles and the cylindrical core make the magnetic field radial and stronger (so the current 

becomes directly proportional to the deflection). 
Q)  Why is it necessary to have some form of controlling couple in the moving coil galvanometer? 
Ans:  Controlling couple is necessary to control the motion of the coil. It is proportional to the current to be measured. It 

is produced by using spring control method, which consists of two hair springs attach to a spindle wound in the 
opposite directions. As the coil rotates, the spring winds up and produces a counter torque. The coil comes to rest 
(the final deflection of the pointer is given) when the deflecting torque (or magnetic torque) is counter balanced by 
the controlling torque (or restoring torque).  

Q)  What is meant by sensitivity of galvanometer? On what factors does it depend? How can we have large 
sensitivity of a moving coil galvanometer? 

Ans:  A galvanometer is sensitive if it gives large deflection for a very small current. The sensitivity of a galvanometer is 
the current in micro amperes required to cause a deflection of 1mm or 1 division. 

                      ` =
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Since I= K.0, hence the galvanometer is sensitive if K (= C/BAN) is small.  
Sensitivity depends on C(couple per unit twist), N (numbers of turns), A (area of coil) and the poles are made 
circular or cylindrical. This makes ‘B’ stronger radial. 

Q)  Which galvanometer usually has greater sensitivity, aluminum pointer or lamp and scale type? Why? 
Ans:  Lampe and scale type galvanometer has greater sensitivity because it gives large deflection for a very small current. 
Q)  We want to convert a galvanometer into (a) an ammeter (b) a voltmeter. What do we need to do in each case? 
Ans:  (a) To convert a galvanometer into an ammeter, we connect low resistance in parallel  

(called shunt) 
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(b)  To convert a galvanometer into a voltmeter, we connect a high resistance in series (called multiplier). 
Q)  Why is it necessary for an ammeter to have zero or negligibly small resistance? 
Ans:  An ammeter must have negligibly small resistance so that it may not alter the current being measured. 
Q)  What necessary condition a voltage-measuring device should satisfy? 
Ans:  A voltage measuring device must contain a very high (in fact, infinite) resistance, so that it will, practically, draw no 

current from the circuit across which it is connected. 
Q)  Why must an ammeter be connected to a circuit in series and a voltmeter in parallel? 
Ans:  An ammeter must be connected in series to a circuit because its resistance is very small as compared to the total 

resistance of the circuit. Hence it does not alter the current being measured. But a voltmeter has very high 
resistance. So it must be connected in parallel to a circuit. 

Q) An ammeter and a voltmeter of suitable ranges are to be used in a circuit. What might happen if by mistake their 
positions are interchanged? 

Ans:  If by mistake an ammeter is connected in parallel to a circuit, its coil will be burn out due to heavy current (because 
of its extremely low resistance) 

 
When a voltmeter, by mistake is connected in series to a circuit it will give reading but will not record correct p.d. 
because it will decrease the current (due to its very high resistance. It will not be damaged. 

Q)  The terminals of ammeter are usually made of thick and bar metal while those of voltmeters are quiet thin and 
well insulated. Explain why? 

Ans:  An ammeter must have very low resistance. So its terminal should have almost zero resistance. Hence its terminals 
must be made of thick, bar metal. 
A voltmeter must have very high resistance. So its terminal should be thin and well insulated to avoid sparking 
between the terminals. 

Q)  Why is a potentiometer considered one of the most accurate voltage measuring device? 
Ans:  The principle of a potentiometer is that the potential drop across any length of wire or uniform cross-section is 

directly proportional to the length of the wire. At the balance point, the two terminals of the galvanometer are at 
the same potential, and no current flows through it. Hence a potentiometer is an instrument which can be used to 
measure the e.m.f of a source and compare potentials without drawing any current from the source. Essentially, it 
balances an unknown p.d. against an adjustable, measureable p.d. 

Q)  Describe a circuit that gives a continuously varying potential difference between zero and a certain maximum 
value. 

Ans:  If we connect a battery of e.m.f. E across R, the current is I=	
K

3
. If the resistance between A and C is r, then potential 

drop is Ir = 
K

3
 x r.                                                                                         

Thus as C slides from A to B, the value r varies from zero to R, and the potential drop between A and C changes 
from zero to E. This arrangement by, which potential can be carried continuously from O to E, is called potential 
divider. 

Q)  How is a wheat stone bridge used for measuring an unknown resistance? 
Ans:  If we connect three resistance R1 R2 and R3  of precisely known adjustable values and a fourth unknown resistance 

R4 and these are so adjusted that the galvanometer shows no deflection then in this balanced condition, R1/R2 = 
R3/R4 . Hence R4 can be calculated. 

Q)  In a balance wheatstone bridge used for measuring, will be balance be affected if the position of the cell and the 
galvanometer are interchanged? 

Ans:  No. 
Q)  A post office box is a compact wheat stone bridge. Then why is it so named? 
Ans:  A post office box is so named because it was originally used for measuring the resistance of telegraphic wires and 

for fault-finding work in the post and telegraphic office. 
Q)  Which is the more accurate instrument a meter bridge or a P.O. Box? 
Ans:  A P.O. Box is more accurate instrument than a meter a bridge, because the higher the value of the ‘ratio arm’. The 

greater the accuracy in the measurement of the unknown resistance. 
Q)  A wire is covered with a carpet. How will you find out whether any current is passing through it? 
Ans:  If the needle of a compass is deflected, then the current is passing through the wire covered with a carpet. 

Otherwise, no current flows through the wire.  
Q)  A voltmeter can not read the exact e.m.f of a cell. Why? 
Ans:  A voltmeter, connected across a cell, will not read its true e.m.f.; because it draws a small portion of current 

through itself. Thus e.m.f is decreased. The error can be decreased by using a voltmeter of very high resistance. 
Q)  In a galvanometer, why are the two springs coiled in opposite directions? 
Ans:  The two springs (in a galvanometer) are coiled in opposite directions to provide opposite torque ( magnetic field 

torque and restoring torque) and to neutralize the effect of rotation of the coil due to variation of temperature, if 
any. 

Q)  Why is the suspension of phosphor bronze strip used in a suspended type moving coil galvanometer? 
Ans. Phosphor bronze (Cu = 92.5%, Sn = 7%. P =0.5%) has a large tensile strength approaching that of steel and it offers 

a large surface area for the dissipation of neat produced by the current. Further, it is not readily oxidized. 
Q)  Why should be potentiometer wire be long and uniform in diameter? 
Ans:  The potentiometer, wire should be long and uniform due to the following facts 

(1) The p.d is proportional to the length of the wire. Thus the long wire will provide greater range. 
(2)  For a wire of uniform cross-sectional area, the resistance is proportional to the length of the wire. 
(3)  A long wire has high resistance. Thus, small constant current flows through it. 
(4)  A long wire eliminates error due to non-uniformity. 
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CHAPTER # 16 “ELECTROMAGNETIC WAVES & ELECTRONICS” 
 
Q) Under what circumstances does a charge radiate electromagnetic waves? 
Ans:  A charge radiates e.m waves when it is accelerated. 
Q) In an electromagnetic wave, what is the relationship, if any, between the variations in the magnetic and electric 

fields? 
Ans:  In an electromagnetic wave, the transverse sinusoidal oscillating electric field and magnetic field are propagated at 

right angles to each other and to the direction of motion. 
Q) A radio transmitter has a vertical antenna. Does it matter whether the receiving antenna is vertical or 

horizontal? 
Ans:  A receiving antenna should b vertical just like a transmitting antenna. A horizontal receiving antenna will intercept 

much less radio frequency signals. 
Q)  Explain why are light waves able to travel through a vacuum, where as sound wave can not? 
Ans:  Light waves are electromagnetic waves (of wavelength 400nm to 760nm). Sound Wave are produced due to the 

vibration of the molecules of a medium. Hence sound waves require a material medium, where as light waves do 
not require medium for their propagation. 

Q)  Explain the condition under which radiation of electromagnetic waves takes place from a certain source. 
Ans:  When a transmitting antenna is coupled with an alternating source of potential (known as oscillator), charges 

(electron) are accelerated up down the antenna. This creates a fluctuating electric flux, which generates a magnetic 
flux. Hence the waves  propagated from an antenna are e.m waves. 

Q)  Can a diode be used for amplifying a weak signal?  
Ans:  Normally, a diode can not be used for amplifying a weak signal. But specially constructed diode. (e.g. tunnel diode) 

can be used as amplifier and oscillator for microwave frequencies. 
Q)  Are radio waves a form of light? 
Ans:  Since both radio waves and visible light are electromagnetic in nature, hence we can say that radio waves are a 

form of light, having frequencies much lower (30 kHz to 3100MHz) than light. 
Q)  Can e.m. waves be propagated through a piped vacuum. 
Ans:  Yes 
Q)  Why does a semi conductor acts as an insulator at OK and why does its conductivity increase with increase of 

temperature?- OR- Discuss the effect of temperature on semi conductors. 
Ans:  In a semiconductor at OK, the valence band is completely filled and the conduction band is totally empty. The 

semiconductor, therefore, behaves like a perfect insulator. At room temperature, some of the electrons in the 
valence band gain energy from thermal agitation of the lattice atoms and move up into the conduction band, 
leaving holes in the valence band. If the temperature is increased, sue to further thermal agitation, more electro 
occupy conduction band. Thus conductivity of semiconductors increases with increase of temperature. 

 

CHAPTER # 17 “ADVENT OF MODERN PHYSICS” 
 
Q)  What do you understand by a frame of reference? What is the difference between inertial frame and non inertial 

frame? 
Ans:   The position and motion of a body can be located with reference to some coordinate system, called the frame of 

reference. 
The frame of reference that is either at rest or moves with uniform velocity is called inertial frame. It has zero 
linear or rotational acceleration. Newton’s law hold good in such a frame. All inertial frames of reference are 
equivalent. 
The frame of reference which possess acceleration is known as non-inertial frame. Laws of motion do not remain 
valid in such a frame. 

Q)  Explain why the Compton effect is not observable with visible light. 
Ans:  In Compton’s experiment, x rays of wavelength-1A equivalent to energy-140eV, were directed on a graphite block, 

where balding energies of bounded electrons were ~10
2 

eV. If visible light is used, it possesses low frequency and 
these photons have energies ~0.1eV. This energy is too small to be given to loosely bound electrons to get them 
scattered. 

Q)  What phenomenon require wave description of light? What phenomenon required particle picture of light? How 
are the two aspects related quantitatively? 

Ans:  The convincing evidences that light is a wave phenomenon are: 
� Interference of light  �Diffraction of light    �Polarization of light 
� Production of electromagnetic waves   �The optical Doppler effect 
The idea of quantum nature of light, i.e. photon (which has a particle nature), was introduced due to the following 
evidences: 
�Black body radiation �The photoelectric emission   �Compton scattering  �X-ray production 

The wave and particle aspects related in de Brogue equations b=
e

�f
 .Thus a particle of non-zero 

rest mass moves as if it were guided by an associated matter waves. Nevertheless, the ‘particle waves’ are wave of 
probability. Confirmation of de Broglie wavelength came in 1927 by C.J Davisson and L.H Germer and independently, 
by G.P. Thomson. It is astounding to note that Thomson (J.J) the father was awarded the noble prize in 1906 for 
having shown that the electron is particle; and 31 years later Thomson (J.P.) the son for having shown that the 
electron is a wave. 

Q)  In what way do the particles of light (photons) differ from the particle of matter, such as electrons and protons? 
Ans:  Particles of matter possess certain characteristic: 

1)  Non-zero rest mass 
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2)  They possess inertia and contain no energy ‘packets’ 
3)  Their speed is always less than c (speed of light). 
4)  Their energy is proportional to the square of the speed 
5)  They may be charged or uncharged. 
6)  When in motion, they are guided by the matter waves. 
Particle of light (photons) possess following distinct characteristics: 
1)  Zero rest mass 
2)  They consists of waves in packets of discrete amounts 
3)  They travel with speed equal to that of light 
4)  Their energy is proportional to frequency 
5)  They are always electrically neutral. 
6)  They are not guided by matter waves 

Q)  In the photoelectric effect, the energy of a photo electron is less than that of incident photon. Explain. 
Ans:  When radiation strikes a metal surface, its deposits it entire energy on some electron in the absorbing surface. If 

the energy of the photon(hυ) exceeds the energy required by the electron in work against the force binding it to 
the surface (Ø), it will be emitted with some energy As k.e.=Kυ- Øo , hence k.e.< hυ 

Q)  How did the de Broglie hypothesis help to explain the stability of the atom? 
Ans:  According to de Broglie hypothesis, an electron moving around the nucleus is pictured as a kind of wave packet 

(standing wave). An electron can circle a nucleus indefinitely without radiating energy provided that its orbit 
contains an integral number of de Broglie wavelengths. 

Q)  What is rest mass of a body? 
Ans:  Rest mass (mo) is the mass of a body when it is at rest with respect to an observer.  
Q)  If we keep applying a force on a material object, can the object gain the speed of light? 
Ans:  If we keep applying a force which can produce a velocity equal to velocity of light  

(v=c), then the mass of the material body would become infinite. This is not possible. 
Q)  A block of polished metal having a black spot in the middle is heated above 3000 k and then placed in a dark 

room. write your observations. 
Ans:  If a metal block is heated to incandescence at about 1000k, the metal has dull red glow. A further high temperature 

changes into orange, then yellow and finally to white(3000k). the black spot behaves as a black body. It absorbs 
maximum energy and appears as black when seen in a dark room the black spot radiates more energy than the rest 
of the body. The black spot appears brighter than the rest of the surface. 

Q)  Does the fact that an atom can emit a photon violate the law of conservation of energy? Explain. 
Ans:  No. an atom in an excited state can emit a photon. The energy received in a jumping up is released in the emission. 
Q)  Can matter be (e.g. electron) created or destroyed? 
Ans:  Matter can be created from energy (photon) in pair production; and can be destroyed as photons in ‘annihilation of 

matter’ process. 
Q)  Can pair-production take place in vacuum? explain. 
Ans:  No, because this process requires a heavy nucleus to conserve momentum and energy of a system. The heavy 

nucleus takes the recoil after stopping the photon. 
Q)  Can an intense beam of television waves focused on a metal cause photoemission? 
Ans:  No, because TV waves are of low frequency, while a metal requires high threshold frequency for photoemission. 
Q)  Both photoelectric emission and Compton scattering are processes that involve interactions of radiations with 

matter. How do they differ? 
Ans:  In photo electric effect, a low energy photon (e.g. ultraviolet light) can lose all its energy on striking an electron end 

the photon vanishes. But in Compton effect, a high energy photon (e.g. x-ray) loses part of its energy and a photon 
is scattered with the remaining energy (and hence frequency decreases). 

Q)  The speed limit of our highways is 65 km\h. if speed of light were the same, would you be able to drive at the 
speed limit? 

Ans:  No, because mass would become infinite. 
Q)  A ball is dropped from a helicopter flying at constant speed horizontally. describe its motion relative to the piolet 

and an observer on the earth’s surface. 
Ans:  According to the observer on the earth, it will fall forward towards the ground following a projectile path. 
            According to the pilot, it will fall to a point on the earth vertically. 
Q)  Why does the casing of a large elect transformer have metal blades fastened to it perpendicular to the surface 

and painted black. 
Ans:  The blades transfer heat by radiation to the atmosphere by increasing the surface area. they are painted black 

because black body radiates energy at a faster rate. 
Q)  Mass of particle are expressed in terms of energy. How is to consistent regarding the unit. 

Ans:  Mass, m=
K

,8
→	=

7

(�/�)8
=

7.�8

�8 =
9.�.�8

�8 = hi 

 

CHAPTER # 18 “THE ATOMIC SPECTRA” 
 
Q)  The Bohr theory of hydrogen atom is based upon several consumptions. Do any of these consumption contradict 

classical physics? 
Ans:  The assumption in bohr’s theory that an electron moving around the nucleus in a certain orbit does not radiate 

energy is contrary to classical electrodynamics. 
Q)  Why does the hydrogen gas produced in the laboratory not glow and emit radiations? 
Ans:  A spectrum is given by the light emitted from an incandescent gas or vapour e.g. electric discharge through a gas or 

hydrogen filled discharge tube. 
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Q)  Why are the energy level of hydrogen atom less than zero? 
Ans:  The energy levels of hydrogen atom are negative. This shows that the electron is bound (not free). Thus one must 

do work to remove it from the atom. 
Q)  If the hydrogen gas is bombarded by electrons of energy 13.6eV, would you expected to observe all the lines of 

hydrogen spectrum? 
Ans:  If the hydrogen gas is bombarded by electrons of energy 13.6eV, it gets ionized; because -13.6eV is the ground-

state energy, which is equivalent to the ionization energy. As such, no spectral lines of hydrogen will be observed. 
Q)  Hydrogen gas at room temperature absorbs light of wavelength equal to the lines of the Lyman series but not 

hose of the Balmer series. Explain. 
Ans:  Hydrogen gas at room temperature contains electrons in ground state (p=1). If the energy supplied to the electron 

is such that the electron is lifted from its ground state to one of the higher allowed orbits, the atom will be excited 
and it will absorb energy equal to the difference of the energies of the electron in the two states. Thus light of 
wavelength equal to the lines in the Lyman series will be absorbed. 

Q)  How are X-rays different from the visible radiation? 
Ans:  Both x-rays and visible radiations are electromagnetic waves but x-rays differ from the visible radiations in the 

following features: 
1) X-rays are high penetrating. They can pass through many opaque solids such as wood or flash but are 

stopped by bones and metals. Hence x-ray photograph are used in medicine 
2)  They cause ionization in gases. 
3)  They can eject photoelectrons on striking some metals. 
4)  They produce fluorescence in many substances like zinc sulphide, barium platinocyanide, etc. 
5)  They can damage living tissues if exposed to them for longer duration 

Q)  What property of x-ray makes them so useful in seeing otherwise invisible internal structures? 
Ans:  In solids, the atoms are grouped together in a regular manner. The inter atomic distance in a crystal is of the order 

of the wavelength of z-rays. Hence a crystal is used as a ‘ transmission grating’ to produce diffraction of x-rays. This 
x-ray crystallography has helped to locate the internal structure of crystal systems (called basic unit cells). Recently 
developed internal imaging devices (for human body) include CT scanning, MRI and PET (position emission 
Tomography) 

Q)  Does the light emitted by neon sign constitute a continuous spectrum or only a few colours? Explain. 
Ans:  The luminous neon in a discharge tube has reddish color. Its spectrum is composed of a few colors of wavelength, 

very close to each other. So the spectral lines are closely spaced to form band spectrum, 
Q)  Suppose you are given a glass tube having two electrodes sealed on both ends. The gas inside is either hydrogen 

or helium. How can you tell which one is it with out breaking the tube? 
Ans:  The electrodes are connected across a voltage source. If the voltage is gradually increased, then hydrogen filled 

tube will become luminous first, because its ionization potential is four times less than that of helium. 
          The gases can also be differentiated by taking spectrum of each of them. 
Q)  Hydrogen atoms contain only a single electron and yet the hydrogen spectrum contains many lines. Why is this 

so?  
Ans:  The atoms of hydrogen can be excited to different energy levels. The excited electrons will not stay there. These 

will jump to the inner orbits. On de-excitation, an electron does not necessarily return to the ground state in a 
single jump. Rather, it may return by several jumps. Thus several spectral lines of different frequencies are emitted, 
depending upon the difference of energies between the levels for the transitions. So, the spectrum of hydrogen 
contains many lines. 

Q)  The electron in a hydrogen atom requires an energy of 10.2eV for the excitation to a higher energy level. A 
photon and an electron, each of energy 10.5eV, are incident on atom. Which of these can excite the atom? Give 
explanation support of your answer. 

Ans:  To excite an electron, energy can be supplied to the electron by direct collision with accelerated particles as well as 
by photons of energy hυ. The energy of a photon must be exactly equal to the excitation energy (10.2eV) for the 
bound electron, otherwise it will not be absorbed. On the other hand, accelerated particle can give energy to the 
bound electrons in full as well as in part. Hence an electron of energy 10.5eV( a little higher than the excitation 
energy 10.2eV) can excite the hydrogen atom 

Q)  Describe the atomic processes in the target of an x-ray tube whereby x-ray continuous spectra and characteristic 
spectra and produced. 

Ans:  The x-ray produced by an x-ray tube consists of two parts: 
1) A series of un-interrupted wavelength having a short cut off wave length are produced when high-velocity 

electrons are decelerated by a heavy nucleus. This constitutes a continuous spectrum of photons, 
including x-rays. This process is called ‘bremsstrahlung’ (German for ‘breaking radiation) 

2) A number of distinct and discrete wavelengths which constitute line ( or discontinuous) spectrum of the x-
rays are produced when electrons are dislodged from the inner most orbits, followed by electron jumps 
from the outer orbits. So characteristic spectra result from transition to a ‘hole’ in an inner energy level. 

Q)  Explain clearly why x-ray emission lines in the range of 0.1nm are not observed from an x-ray tube when a low 
atomic number metal is used as the target in the tube? 

Ans:  For the production of most energetic x-rays, the electrons must be raised from deep lying energy levels of the 
target atoms and certain electrons of inner most shell must be knocked out. The target metal with low atomic 
number will have x-rays of larger wavelengths. Hence, emission line of x rays in the range of 0.001-1nm are not 
observed 

Q)  Why does the frequencies of characteristic x-ray depend on the type of the material used for the target? 
Ans:  The transition for the emission of characteristic x-rays depend upon the nature of the target material atoms, 

because frequencies of x-rays depend upon the atomic number of the target material according to Moseley’s law: 
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υ=[(2.48 x 10
15

 Hz ( Z-1)
2 

]. Due to Moseley’s work, the characteristic x-ray spectrum became the universally 
accepted signature of an element. 

Q)  Does the maximum frequency in the ‘bremsstrahlung process’ depend on the nature of the target material? 
Ans:  The maximum frequency and minimum wavelength in the bremsstrahlung process do not depend on the target 

material. 
Q)  In laser operation what process is required to be produced before ‘stimulated emission’? 
Ans:  Laser operation requires the creation of a non-equilibrium condition, called “population inversion”, in which the 

number of atoms in a high-energy state is greater than the number in a lower-energy state. 
Q)  Why does laser usually emit only one particular color of light rather than several colors? 
Ans:  A laser beam is highly coherent and monochromatic, i.e., the emitted photons have the same frequency and 

wavelength. As each and every color has got its own wave length; so laser, being monochromatic, emits only one 
particular color of light. 

 

CHAPTER # 19 “THE ATOMIC NUCLEUS” 
 
Q) Explain how would you test whether the radiation from a radioactive source is α, β or   

 γ radiation? 
Ans:  When radiation are allowed to pass through a magnetic field, the α and β particles are deflected while γ rays pass 

through undeflected. This technique helps to identify the radiation. 
Q)  A particle which produces more ionization is less penetrating. Why? 
Ans:  When a particle ionizes an atom, it loses a part of its energy. Since the greater is the ionizing power, the greater is 

the loss of energy; and hence, the smaller is its penetrating power. 
Q)  It is said that α or β particle carries an atom without colliding with its electrons. How can each do so? 
Ans:  An alpha particle is positively charged and a beta particle is negatively charged. So an alpha particle ionizes an atom 

by attraction while a beta particle ionizes an atom by repulsion. 
Q)  In how many ways can γ rays produce ionization of the atoms? 
Ans:  Gamma rays only ionize an atom by collision. Being high energy photon, it can produce ionization in three ways. 

1)  It may lose all its energy in a single collision with the electron of an atom (photoelectric effect) 
2)  It may lose only a part of its energy in a collision (Compton effect) 
3)  It may be stopped by a heavy nucleus giving rise to electron-position pair (materialization of  
     energy) 

Q) In what way does a neutron produce ionization of an atom? 
Ans:  A neutron collides with a substance containing a large number of hydrogen atoms and knocks out a proton. In this 

way it causes ionization. 
Q)  Name different electromagnetic radiations which are capable of producing ionization of atoms. By what process 

do they ionize? 
Ans: 1) Ultraviolet rays 

2)  X-rays 
3)  Gamma rays 
These rays interact with matter in elastically. They remove electron from the atoms of the target material. 

Q)  Why is lead better shield against  α, β and γ radiations than an equal thickness of water column? 
Ans:  Alpha and beta particles do not travel far enough in water due to increase ionization they produce. Reduction of γ-

ray beam intensity is a measure of its range which is considerably more. However, materials having large number 
of electrons per unit volume are more effective absorber of γ-radiations. When γ-rays are incident on lead, then, 
because of photoelectric effect. They lose their energy in single encounter and travel only a small distance. But as 
water has fewer electrons than lead, so gamma rays lose less energy and penetrate through a large distance in 
water. Hence lead is a better shield against gamma rays than water. 

Q)  Lead is heavier and denser than water. Yet water is more effective shield against neutrons? 
Ans:  To be stopped or slowed down, a neutron must undergo a direct collision (elastic) with a nucleus or some other 

particle that has a mass comparable to that of neutron. Water contains hydrogen. Thus nuclear protons of 
hydrogen atoms, after collision, move; while neutron is slowed down. But when neutrons collide with nucleus of 
lead; it bounces neutrons back almost with the same speed. Hence water is a better shield against neutrons than 
lead. 

Q)  In an X-ray photograph bones show up very clearly while the fleshy part shows very faintly. Why? 
Ans:  X-rays can be stopped by bones, but can penetrate flesh. 
Q)  In a cloud chamber photograph, the path of an α particle is a thick and continuous line whereas that of β-particle 

is a thin broken line why? 
Ans:  An α-particle is highly ionizing than a β particle. 
Q)  Why do γ rays not give a line-track in the cloud chamber photograph? 
Ans:  Gamma rays do not produce ionization directly. They interact with atoms to eject electrons. These electrons, like 

beta particle, produce irregular cloud tasks of their own which branch out from the direction of gamma rays. 
Q)  A neutron can produce little ionization. Is there any sure chance of gutting a cloud chamber track for it or a count 

in the Geiger-counter? 
Ans:  Neutrons are unable to ionize a gas. However ionization is only produced when a neutron strikes directly a nucleus 

or a hydrogenous material e.g. body tissues. The knocked out proton produces ionization. So, a cloud track of 
neutron can not be obtained. Similarly, they can not produce ionization in the Geiger-counter. 

Q)  A cloud chamber track of an alpha particle some times show an abrupt bend accompanied by a small branched 
track. What could possibly be the cause of this forked track? 

Ans:  When alpha particle strikes a nucleus, the recoiling nucleus leaves a track. This is the cause of a forked track. 
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Q)  Why is the recommended maximum does for radiation a bit higher for women beyond the child-bearing age than 
for young women? 

Ans:  It has been found that ovary and grown follicular cells are most sensitive cells for radiation. But primordial follicles 
and oocyte are more radiation repellant and they grow even after the irradiation. Also, the fertility of ovary is much 
affected when the whole body is irradiated by a specific dose radiation ( e.g. 200 AD) than when ovary alone is 
irradiated by the same dose. 

Q)  It is possible for a man to burn his hand with X-rays so seriously that he must have it amputated and yet may 
suffer no other consequence. However, a whole body x- or gamma ray over exposure so slight as to cause no 
detectable damage might cause birth deformity in one its subsequent children. Explain why? 

Ans:  The damage to body cells, caused by very high doses of radiation, can be so serious as to stop them working and 
multiplying. Widespread damage of cells may kill people. Delayed effects, such cancer, leukemia, deformity and 
mental retardation in children and grandchildren may take place to genetic syndromes. 

Q)  Which of α, β and γ-rays would you advice for the treatment of 
1)  Skin cancer 
2)  The cancer of flesh just under skin 
3)  A cancerous tumor deep inside the body? 

Ans:  1)  For the treatment of skin cancer, we use α-particles; as their penetration is small. 
2)  For the treatment of cancer of flesh under skin, β-particles should be used because of their medium 

penetration power. 
3)  For the treatment of deep infection in the body, gamma rays should be used; as they are highly 

penetrating. 
Q)  Two radio isotopes of an element are available one of long half and the other of short half life. Which isotope is 

advisable for the treatment of a patient and why? 
Ans:  For the treatment, radioisotope of short half life should be used so that any material remaining in the body quickly 

decay away. 
Q)  Why are many artificially prepared radioisotopes of elements rare in nature? 
Ans:  Many artificially prepared radioisotopes of elements are rare in nature because of their extremely small half life. 
Q)  Can radio carbon dating be used to measure the age of stone-walls of the ancient civilization? 
Ans:  No, radio carbon dating can not be used to measure the age of stone-walls. ‘Carbon-14 clock’ can be used for 

organic archeological samples (i.e. for matter what awes once living). However ‘uranium clock’ can be used for this 
purpose 

Q)  How can a radioisotope be used to determine the effectiveness of a fertilizer? 
Ans:  When P-32 is given to a plant mixed with water, the amount of chemical absorbed by various parts of the plant is 

checked by a G.M counter. This technique helps to find the exact amount of the fertilizer required. 
 
 
 
 
 
 

CHAPTER # 20 “NUCLEAR RADIATIONS” 
 
 

Q) How many neutrons and protons do the following nuclei contain? 
Ans: Nuclide   Protons    Neutrons 
 13Al

27
       13    27 – 13 = 14 

 18Ar
40

       18    40 – 18 = 22 
 56Ba

138
       56    138 – 56 = 82 

 82Pb
207

       82    207 – 82 = 125 
 14Si

28
       14    28 – 14 = 14 

 92U
236

       92    238 – 92 = 146 
Q) Do αααα, ββββ and γγγγ comes from the same element. Why do we find all three in many radioactive samples? 
Ans: A radioactive element either emits α-particles of β-particles, but never both. Gamma radiations generally 

accompany β-emission and in same cases with α-emission. A radioactive element (or sample) is a mixture of 
various of various nuclides of different relative abundances and with different modes of disintegration. Hence we 
can find all the three activities in a radioactive sample at the same time. For example, Ra-226 an α-emitter, but Ra-
225 is a β-emitter. 

Q) It is more difficult to start a fusion reaction that fission. Why? 
Ans: Fission is caused by capture of neutrons by heavy nuclei. Neutron, being electrically neutral, is highly penetrating 

particle for nuclei. But in fusion of two light nuclei, the positively charged nuclei are repelled by the coulomb 
repulsive force. So work has to be done against the repulsive forces of the two nuclei.  

Q) Is it possible that fusion of two small nuclei may occur without collision at extremely high energy? 
Ans: No. Two nuclei must collide with sufficient kinetic energy to penetrate their mutual “Coulomb Barrier” and come 

within the range of the nuclear forces. 
Q) Explain how a nuclear reactor produces heat as a result of fusion? 
Ans: In fusion the difference of binding energies of reactants and products is converted into energy. The difference of 

mass (0.22 µ) appears as energy (200 MeV). If fission takes place in a bulk solid, most of the disintegration energy 
appears as an increase in the place in a bulk solid, most of the disintegration energy appears as an increase in the 
place in a bulk solid, which shows a corresponding rise in temperature. This thermal energy is carried away to the 
heat exchanger by circulating the coolant through the reactor. 

Q) What are the benefits and risks of nuclear reactors? Which reactor is relatively better from the point of safety? 
Ans: Nuclear reactors are used to produce (i) electricity (ii) nuclear fuels (iii) radioisotopes. These are peaceful uses of 

nuclear energy. The reactor fuel is clean-burning and relatively easy to transport. 
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 The risks of reactor include the possibility of safety hazards for the works, environmental damage near the plant, 
the problem of storing highly radioactive wastes and a limited supply of raw material. 

 Nuclear reactors have built-in safety devices. The accidental problems, such as leakage of radioactive substances 
could occur if safety features malfunctioned. Pressurized water reactor, using water as moderator and coolant, are 
safer with shut off control rods and liquid “poison”. 

Q) Both fission and fusion apparently produce energy. How can you reconcile this with the law of conservation of 
energy? 

Ans: In fusion of U – 235 with thermal neutrons, the loss of mass (0.2153 u) is converted into energy producing about 
200 MeV per fission. 

 In fusion, four protons may be combined to produce one helium nucleus and two positions. Here the loss of mass 
(0.027 u) is converted into energy producing about 26 MeV. Thus in both cases, the total “mass-energy” remains 
conserved. 

Q) When a photon disappears in producing an electron and a position, is the energy of a photon equivalent to that 
of the particles produced? Explain. 

Ans: No, the energy of photon is always greater than the rest-mass energy of electron position pair (1.02 MeV). The 
surplus energy is taken by the two particles as their kinetic energy. 

Q) When a neutron decays into a proton and an electron, there would be a loss of mass. What would be the 
energies of the products and their relative directions of motion? 

Ans: Neutron is not a stable particle outside nuclei. It decays into a proton, an electron and an antineutrino. The half-life 
of the free neutron is 10.8 min. 

  0n
1
 →→→→ 1p

1
 + –1e

0
 + v 

 Mass of neutron  = 1.0086649 u = 939.58 MeV 
 Mass of proton  = 1.0072766 u = 938.23 MeV 
 Mass of electron  = 0.000549 u = 0.511 MeV 
 Loss of mass   =  1.0086649 – 1.0078256 = 0.0008383 u = 0.7818 MeV 
 These would be the energies of the products. Due to their kinetic energies, the two particles will move apart (and 

not be attracted). 
Q) Why do most moderators, used in nuclear reactors, are light atoms like H

1
, H

2
, C

12
 to slow down the neutrons 

instead of using heavier atoms? 
Ans: Fast moving neutrons can be stopped when they make elastic collision with stationary particle of the same mass. 

Since mass of proton, deuteron of graphite nucleus is comparable to mass of neutron, hence they are slowed. 
Q) Can a conventional fission reactor ever explode like a bomb does? Why? 
Ans: In a nuclear reactor, a fission explosion is not possible, because the amount of fuel (e.g. U – 235 or Pu – 239) is of 

sub-critical mass and it can shut off control rods in emergency. Also, liquid ‘poison’ can be inserted directly into the 
moderator, if other safety devices fail. 

 
 
Q) In LMFBR, would you expect the radioactivity of the sodium coolant to increase with the life time of the reactor? 
Ans: Yes, because sodium can capture neutrons. 

  11Na
23

 + 0n
1
 → 11Na

24
 + γ 

 Here Na – 24 is radioactive (β, γ emitter) with half life of 15.0 h. 
Q) Consider a sample of 100 radioactive nuclei with a half life T. Approximately, how many will be left after a time 

3T. 
Ans: The number of nuclei decayed in one half life (T1/2 = T) are 500, the number of nuclei which decay in three period of 

half life are 
����

��
. Hence the number of nuclei left under decayed is 125. 

Q) Why is there a critical mass for fission but not for fusion? 
Ans: In fusion, certain minimum mass of fissile material (e.g. U – 235) is required to maintain self-sustaining nuclear 

chain reaction “critical mass”. If mass of fissile material is sub-critical, neutrons escape out of the assembly without 
being captured. In fusion, the process requires no capturing of the projectiles. It involves the combination of two 
nuclei. So it requires energy to overcome the coulomb repulsive forces. Thus the fusion reaction can be started at a 
very high temperature of the order of 10

8
 K. On the earth, this temperature is to be produced by fission. Thus no 

critical mass is required. In fact fusion can be produced in any amount of the material. 
Q) What is the condition for ‘critical mass’? 
Ans: If mass of fissible material is such that the multiplication factor k > 1, then fission is said to occur in a critical mass. 

The ‘multiplication factor’ is the ratio of number of neutrons in any particular generation to the number of 
neutrons in the preceding generation. In a reactor, it is slightly above 1; but in a fission bomb, it is about 2.5. 

Q) Differentiate between fission and fusion. 
Ans:  

 Fission  Fusion 

1. It is the process of breaking up of a heavy 
nucleus into lighter nuclei. 

1. It is the process of combining of two lighter 
nuclei into one heavy nucleus. 

2. This process is linked with neutron. 2. This process is not linked with neutrons. 

3. It proceeds best with thermal neutron 
where thermal means at room 
temperature. 

3. It proceeds with thermal particles (e.g. hydrogen 
nuclei), where thermal means temperatures of 
millions of Kelvin. 

4. Certain amount of fissile material, called 
critical mass is required for self-sustaining 
chain reaction. 

4. No critical mass is required. But certain critical 
ignition temperature is required. 

5. The energy release is about 200 MeV per 
fission which is 0.85 MeV per nucleon. 

5. The energy release is about 26 MeV, which is 
more than 6 MeV per nucleon. Further, the 
number of fusion reactions in the same mass is 
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much greater than the fission reactions. 

6. Fission involves radioactive waste. Its 
handling and disposal is a problem. 

6. No radioactive waste is produced. 

7. Controlled fission reactions (i.e. reactors) 
are working in many countries. 

7. Controlled thermonuclear fusion (i.e. reactor) is 
not yet a reality. 

 Q) Why is heavy water more efficient moderator than ordinary water? 
Ans: Heavy water (D2O) has much lower probability of capturing neutrons but it can slow down neutrons. In fact, heavy 

water is 1600 times more efficient as moderator than ordinary water (H2O). 
Q) In LMFBR, Why is water not used as coolant instead of liquid metal? 
Ans: If water is used as coolant in LMFBR, it slows down the neutrons through collisions and hinders the process of 

breeding (which requires fast neutrons to convert U – 238 into Pu – 239). Also, the probability of capturing of 
neutrons for water is high. 

 Moreover, high pressure is needed to stop vaporization of water, and the core is heated up. Sodium is a solid at 
room temperature but becomes liquid at 98

o
C. Hence there is no need to pressurize the reactor to keep the sodium 

from vaporizing. Sodium has high values of thermal conductivity and heat transfer coefficient. 
Q) Can you give an estimate of uranium consumption in a nuclear reactor to provide 3000 MW of thermal power? 

Ans: Energy released in each fission   =   200 MeV = 200 × 10
6
 × (1.6 × 10

–19
) J 

      =   3.2 × 10
–11

 J 

 The number of fissions per second   = 
#����7

#.�×���DD7
=

#×��H

#.�×���DD
= 9.4 × 10�k 

 Mass of one U
235

 atom  =  (235 u) (1.66 × 10
–27

 kg/u) = 3.9 × 10
–25

 

 Mass of U
235

 requires each second  =  9.4 × 10
19

 × 3.9 × 10
–25

  = 3.7 × 10
–5

 kg 

 Mass of U
235

 required for one day =  (3.7 × 10
–5

 kg/s) (24 × 60 × 60 s) 
 Total consumption of U

235
   =  3.2 kg 

 A 1000 – MW coal-fired power plant would require about 10 million kg of coal per day! 
Q) Why are breeder reactors a necessity? 
Ans: The world’s deposit of fossil fuels may not last more than 500 years and the nuclear fuels may not last for more 

than 5000 years. So the reactors that generate more nuclear fuels than they consume – breeder reactors – are 
necessary. 


