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UNIT-I: Quantum Mechanics

Introduction 

Quantum mechanics is the science of the very small. It explains the behavior of
interactions with energy on the

Black body Radiation 

• A blackbody is an idealized object which 
absorbs and emits all frequencies.

• Black-body radiation has a characteristic, 
continuous frequency spectrum
only on the body's temperature.

• The spectrum is peaked at a characteristic 
frequency that shifts to higher frequencies 
with increasing temperature

Planck’s law 

• Planck's law describes the spectral density of electromagnetic
black body in thermal equilibrium at a given temperature T.

• Planck’s law for the energy
wavelength interval λ to 

Photoelectric Effect 

• The emission of electrons by a metal 
surface when it is irradiated by light or 
more-energetic photons.

• The kinetic energy
electrons depends on the
the radiation, not on its intensity

• For a given metal, there is a
frequency ν0 below which no electrons 
are emitted. 

 Einstein equation: � �
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Quantum Mechanics 

is the science of the very small. It explains the behavior of
on the scale of atoms and subatomic particles. 

A blackbody is an idealized object which 
frequencies. 

body radiation has a characteristic, 
frequency spectrum that depends 

only on the body's temperature. 
The spectrum is peaked at a characteristic 
frequency that shifts to higher frequencies 
with increasing temperature. 

describes the spectral density of electromagnetic radiation
black body in thermal equilibrium at a given temperature T. 
Planck’s law for the energy Eλ radiated per unit volume by a cavity of a blackbody in the 
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�� �
8���
�	 	 1

exp � ��
���	� � 1

	 

The emission of electrons by a metal 
surface when it is irradiated by light or 

energetic photons. 
kinetic energy of the emitted 

electrons depends on the frequency ν of 
the radiation, not on its intensity. 
or a given metal, there is a threshold 

below which no electrons 

� �� � ��;   where E= total energy; E0=work function

Basic Sciences & Humanities 

is the science of the very small. It explains the behavior of matter and its 

radiation emitted by a 

radiated per unit volume by a cavity of a blackbody in the 

=work function 



Compton Effect 

• Compton experiment gave clear and 
independent evidence of particle-like behavior 

• Compton effect, increase in wavelength of X-
rays and other energetic electromagnetic 
radiations that have been elastically scattered 
by electrons. 

• The shift of the wavelength increased with 
scattering angle according to the Compton 
formula. �� � � � �

���
(1 − cos  ) 

• �	 is the initial wavelength, 
•  �′	is the wavelength after scattering, 

de-Broglie’s hypothesis 
• Every moving particle is associated with a wave and that is called Matter Wave. As it is 

conceived by de Broglie, it is also called as de Broglie wave. 
• The wave length formula in different forms 
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Characteristics of matter waves 
• Lighter the particle, greater the wavelength. 
• Lesser the velocity of particle, longer the wavelength. 
• For v = 0, λ =∞, it implies only for the moving particles matter wave is associated. 
• Matter waves can move faster than light. 

Davisson-Germer experiment 

• The Davisson-Germer experiment demonstrated 
the wave nature of the electron, confirming the 
earlier hypothesis of deBroglie. 

• Electrons were directed onto nickel crystals 
• Accelerating voltage is used to control electron 

energy: E = |e|V 
• The scattering angle and intensity (electron 

current) are detected. 
• The experiment was performed by varying the 

accelerating voltage from 44 V to 68 V.  
• It was noticed that a strong peak appeared in the 

intensity (I ) of the scattered electron for an 
accelerating voltage of 54V at a scattering angle θ = 50º. 

 

Heisenberg Uncertainty Principle 

• Heisenberg proposed a very interesting principle, which is a direct consequence of the 
dual nature of matter, Known as uncertainty principle. 

• According to Heisenberg uncertainty principle, “ it is impossible to measure both the 
position and momentum of a particle simultaneously to any desired degree of 
accuracy. 

• The product of uncertainties in determining the position and momentum of the 
particle can never be smaller than the order of Ћ/2. 

i.e., ∆x.∆p≥Ћ/2 



here∆x is uncertainity in position; ∆p is uncertainity in momentum. 
• similarly,, ∆E.∆t≥Ћ/2;       ∆J.∆θ≥Ћ/2 

 
Applications of uncertainity principle : 

• Non existence of electrons and existence of protons and neutrons in nucleus. 
• Binding energy of electron in atom 
• In calculating the radius of Bohr’s first orbit. 

Born’s interpretation of the wave function 

• Square of the modulus of the wave function is a measure of the probability of finding the 
particle at that position. 

• ΨΨ* represents probability density of locating the particle 
• Normalization Condition 			" ΨΨ∗dxdydz = 1∞'( .  

• Orthogonal Condition  " ΨΨ∗dxdydz = 0∞'(  
 

Schrödinger Equation 

Schrödinger expressed de Broglie’s hypothesis concerning the wave behavior of matter in 
a mathematical form 
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Particle in 1 D Box 

The boundary conditions in 1D box are 

V(x)=0 ; 0<x<L  and   

V(x)=∞;  L ≤ x ≤ 0 

Energies of the particle are quantized (Enαn
2)  E+ = 	 +,-,./0, 

wave	function		Ψ+�x) = 92L sin nπxL  

 

Sample Objective Questions 
 

1. De-Broglie wavelength associated with a material particle is  [      ] 
a) Inversely proportional to momentum 
b) Inversely proportional to its energy 
c) Directly proportional to momentum 
d) Directly proportional to its energy 

2. The wave function is the                                                                                   [      ] 
a) Quantity associated with all waves 
b) Probability amplitude of finding the particle in space 
c) Mathematical function with four variables 
d) Real function 



3. The energy of the hydrogen atom in the nth energy state is -2.7x 10-18/n2 joule. The 
Energy required (in joule) to excite the atom from energy state n=1 to n=3 is [     ] 

a) 2.17x8/9x10-18 
b) 2.17x1/9x1018 
c) 2.17x2/3x10-18 
d) 2.17x1/3x10-18 

4. If E1 the energy of the lowest state in a one dimensional box of length a and E2 is the 
energy of the lowest state when the length of the box is halved, then  [    ] 

a) E2=2E2 
b) E1 =2 E2 
c) E2 =4 E1 
d) E1 =4 E2 

5. An electron is moving in a one dimensional box of length ‘a’. If ѱ1 is the wave function 
at x= a with n=1 and ѱ2 is that at x=a with n=2, then ѱ1/ ѱ2 is equal to [    ] 

a) ∞ 
b) 0 
c) √=/2 

d) √?
@  

 

UNIT-II : Semiconductor Physics 

Introduction 

A semiconductor is a material whose electrical conductivity (and even resistivity) lies between 
that of conductors and insulators. For example: silicon, Germenium. The conductivity of a 
semiconductor increases with increase in the temperature. The conductivity of a semiconductor 
can be easily modified by controlled addition of impurities or by some other means. In this way, 
a semiconductor actually can be a good conductor or even a good insulator. Also, combining 
different types of semiconductors together gives a device with special electronic properties. 
These all properties of semiconductors make them very important. They are used to manufacture 
various electronic devices like diodes, transistors, integrated circuits etc. 

Types of Semiconductors 

Semiconductors can be classified in two main types as  

(i) intrinsic semiconductor and  

(ii) extrinsic semiconductor.   

Intrinsic Semiconductor 

• Semiconducting elements e.g. Si, Ge (Group IV). 
• each atom bonded to 4 nearest neighboursi.e. tetrahedral bonding. 

Energy Band Diagram for Intrinsic Semiconductor 



• Energies of electrons lie in regions or bands. Bands separated by forbidden regions or 
energy gaps. 

• Consider a material with either cimpletely filled or completely empty bands.
• T = 0 – Insulator 
• T > 0 - some electrons from VB are excited into CB.
• Vacancies or “holes” are created in VB.
• With the increase in temperature, the resistivity of the material decreases and the 

conductivity increases 
• For an intrinsic  semiconductor  n
• nc = electron concentration in CB ; p
• Both electrons in CB and (positive) holes in VB contribute to electrical conduction (in 

applied E-field) 
• So for intrinsic semiconductor, electrical conductivity (

  A � B�C
                µe – electron mobility; µ

Extrinsic Semiconductor 
• Semiconductor to which an impurity at controlled rate is added to make it conductive is 

known as an extrinsic Semiconductor.
• Depending upon the type of impurity added the extrinsic semiconductor may be classified 

as n type semiconductor

n-type Doped Semiconductors 

• These have small amounts of groupV impurities e.g. P, As
• Bonds with neighbouring atoms 4 go to form bonds with neighbouring  Si atoms 5th 

electron is unpaired andweakly bound to As

The following points are important in the n

Energies of electrons lie in regions or bands. Bands separated by forbidden regions or 

Consider a material with either cimpletely filled or completely empty bands.

some electrons from VB are excited into CB. 
or “holes” are created in VB. 

With the increase in temperature, the resistivity of the material decreases and the 
 

semiconductor  nc=Pv 
= electron concentration in CB ; pv = hole concentration in VB  

s in CB and (positive) holes in VB contribute to electrical conduction (in 

So for intrinsic semiconductor, electrical conductivity (σ) is given by:
CDE � FGCD� 

electron mobility; µh-  hole mobility 

Semiconductor to which an impurity at controlled rate is added to make it conductive is 
known as an extrinsic Semiconductor. 
Depending upon the type of impurity added the extrinsic semiconductor may be classified 

ctor and p type semiconductor. 

These have small amounts of groupV impurities e.g. P, As 
Bonds with neighbouring atoms 4 go to form bonds with neighbouring  Si atoms 5th 
electron is unpaired andweakly bound to As 

 
points are important in the n-type semiconductor.

 

Energies of electrons lie in regions or bands. Bands separated by forbidden regions or 

Consider a material with either cimpletely filled or completely empty bands. 

With the increase in temperature, the resistivity of the material decreases and the 

s in CB and (positive) holes in VB contribute to electrical conduction (in 

) is given by: 

Semiconductor to which an impurity at controlled rate is added to make it conductive is 

Depending upon the type of impurity added the extrinsic semiconductor may be classified 

Bonds with neighbouring atoms 4 go to form bonds with neighbouring  Si atoms 5th 

 

type semiconductor. 



� The addition of Pentavalent impurity results in a large number of free electrons. 
� When thermal energy at room temperature is imparted to the semiconductor, a hole-

electron pair is generated and as a result, a minute quantity of free electrons are available. 
These electrons leave behind holes in the valence band. 

� Here n stands for negative material as the number of free electrons provided by the 
Pentavalent impurity is greater than the number of holes. 

� For n-type at room temp, conductivity σ is 
A � BCDE ≈ ICDJ 

P-type Doped Semiconductors 

• Small amounts of Group IIIimpurities e.g. B, Al 
• B has 3 available electrons to form with neighbouring atoms 
• B adopts tetrahedral bonding but with broken bond. [In fact, broken bond shared 

between all 4 bonds to neighbouring Si’s] 
• B can capture (accept) an electron from a Si-Si bond elsewhere 
• This leaves a negatively ionised B atom (acceptor), and a broken Si-Si bond 

(mobile or free hole). 
• For n-type at room temp, conductivity σ is 

A � pKeD- ≈ ILCD- 

 

Law of Mass Action 

MNOP = MQR = STSUVW'XY Z[\ ]
 

Carrier concentration of intrinsic semiconductors 

B = 2�2�^E��ℎ? )_?	exp	��` − �a�� ) 
F = 2 b2�^��c�ℎ? d	_?	exp	��e − �`�� ) 

Bf = 2 b2��c�ℎ? d_? �^E^�)_g	C
'hi ?jklm

 

Fermi Level of intrinsic semiconductors 

�n = �� + �G2 + 3�c�4 ln^r^E  



Carrier concentration of n-type semiconductors

B

Carrier concentration of p-type semiconductors

B

Dependence of Fermi level on carrier

Carrier generation and recombination

• Carrier generation is a process where electron
electron from the valence band of the semiconductor to the conduction band,thereby 
creating a hole in the valence band.

• Recombination is the 
respectively valence band recombine and are annihilated. In semiconductors several 
different processes exist which lead to generation or recombination, the most important 
ones are: 

� photon transition or optical generation/recombination,
� phonon transition or Shockley
� Auger generation/recombination or three particle transitions, and
� impact ionization. 
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type semiconductors 
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Dependence of Fermi level on carrier-concentration and temperature 

generation and recombination 

Carrier generation is a process where electron-hole pairs are created by exciting an 
electron from the valence band of the semiconductor to the conduction band,thereby 
creating a hole in the valence band.  
Recombination is the reverse process where electrons and holes from the conduction 
respectively valence band recombine and are annihilated. In semiconductors several 
different processes exist which lead to generation or recombination, the most important 

tion or optical generation/recombination, 
phonon transition or Shockley-Read-Hall generation/recombination,
Auger generation/recombination or three particle transitions, and 

 

 

hole pairs are created by exciting an 
electron from the valence band of the semiconductor to the conduction band,thereby 

reverse process where electrons and holes from the conduction 
respectively valence band recombine and are annihilated. In semiconductors several 
different processes exist which lead to generation or recombination, the most important 

Hall generation/recombination, 



Diffusion and Drift 

The flow of charge (i.e. current) 
diffusion. 

→ (i.e.) The net current that flows through a (PN junction diode) semiconductor material has two 
components 

(i) Drift current 
(ii) Diffusion current 

Diffusion current 

It is possible for an electric current to flow in a semiconductor even in the absence of the applied 
voltage provided a concentration gradient exists in the material.

In a semiconductor material the change carriers have the tendency to move from the region of 
higher concentration to that of lower concentration of the same type of charge carriers. Thus the 
movement of charge carriers takes place resulting in a current called diffusion current.

Drift current 

The drift current is defined as the flow of electric current due 
under the influence of an external electric field.

Hall Effect 

• The Hall Effect is the production of a
an electrical conductor, transverse to an
applied magnetic field

• The Hall coefficient useful for the determination of the charge carriers and type is defined 
as the ratio of the induced electric field to the produce of the current density and the 
applied magnetic field.

• This effect is also useful for the determination of the magnetic field in most of the 
magnetometers. 

• Hall coefficient RH=-1/ne

P-N junction diode 

• The p-region has many holes (majority carriers). 
• The n-region has many free electrons (majority carriers). 
• Free electrons from the n

depletion region (area without free charges).

flow of charge (i.e. current) through a semiconductor material is of two types namely drift & 

) The net current that flows through a (PN junction diode) semiconductor material has two 

for an electric current to flow in a semiconductor even in the absence of the applied 
voltage provided a concentration gradient exists in the material. 

In a semiconductor material the change carriers have the tendency to move from the region of 
centration to that of lower concentration of the same type of charge carriers. Thus the 

movement of charge carriers takes place resulting in a current called diffusion current.

The drift current is defined as the flow of electric current due to the motion of the charge carriers 
under the influence of an external electric field. 

is the production of a voltage difference (the 
electrical conductor, transverse to an electric current in the conduc

 perpendicular to the current. 
The Hall coefficient useful for the determination of the charge carriers and type is defined 
as the ratio of the induced electric field to the produce of the current density and the 

magnetic field. 
This effect is also useful for the determination of the magnetic field in most of the 

1/ne 

 

region has many holes (majority carriers).  
region has many free electrons (majority carriers).  

Free electrons from the n-region recombine with the holes in the p
depletion region (area without free charges). 

of two types namely drift & 

) The net current that flows through a (PN junction diode) semiconductor material has two 

for an electric current to flow in a semiconductor even in the absence of the applied 

In a semiconductor material the change carriers have the tendency to move from the region of 
centration to that of lower concentration of the same type of charge carriers. Thus the 

movement of charge carriers takes place resulting in a current called diffusion current. 

to the motion of the charge carriers 

 Hall voltage) across 
in the conductor and to an 

The Hall coefficient useful for the determination of the charge carriers and type is defined 
as the ratio of the induced electric field to the produce of the current density and the 

This effect is also useful for the determination of the magnetic field in most of the 

region recombine with the holes in the p-region, generating the 



• For every e- from the n-region that recombines with a hole in the p-region, a positively 
charged atom (ion) is left in the n-region. Similarly, a negatively charged ion is left in the 
p-region. 

 

 

A p-n junction at thermal equilibrium without any potential applied 

• A barrier potential arises in the depletion region, stopping the electrons moving from the n 
region into the p one. 

• When enough potential is applied to the diode, the electrons will be able to move from one 
region to the other (current passes through the diode) à we say we are biasing the diode. 

Forward bias 

• Diode connected to a battery: p-type to the 
positive terminal and n to the neg. 

• Holes in the p-region and e- in the n-region 
are pushed towards the junction, 
recombining with the negative and positive 
charges in the depletion region. 

• The depletion region is reduced until current 
can pass through the diode: ecan cross the 
junction into the p-region. 

• Positive potential in the p region “pulls” the 
electrons. 

Reversed bias 

• Diode connected to a battery: p-region to the 
negative terminal and n-region to the positive. 

• Positive terminal of the battery pulls the free 
e- in the n-region. Size of depletion region 
increases. 

• In the p-region, e- from the negative terminal 
of the battery move from hole to hole towards 
the depletion region, creating more negative 
ions àholes pulled towards the positive 
terminal. 

• At some point the V in depletion region = V bias and no transition current is seen 
except for a negligible reverse current. 

 

Zener diode and their V-I Characteristics 

o A zener diode is a special type of device designed to operate in the zener 
breakdown region.  



o The breakdown voltage of a zener diode is carefully set by controlling the doping 
level during manufacture.

o Zener diode has very thin
electric current

� Breakdown in zener diode
o There are two types of reverse breakdown r

breakdown and zener breakdown.
Avalanche breakdown

o The avalanche breakdown occurs in both normal diodes and zener diodes at high 
reverse voltage.
Zener breakdown

o The zener breakdown occurs in heavily doped p
narrow depletion region.

Symbol of zener diode 

 

V-I characteristics of zener diode

Advantages of zener diode 

• Power dissipation capacity is very high
• High accuracy 
• Small size 
• Low cost 

Applications of zener diode 

• It is normally used as voltage reference
• Zener diodes are used in voltage stabilizers or shunt regulators.
• Zener diodes are used in switching operations
• Zener diodes are used in clipping and clamping circuits.
• Zener diodes are used in various protection circuits

 

The breakdown voltage of a zener diode is carefully set by controlling the doping 
level during manufacture. 
Zener diode has very thindepletion region. Therefore, zener diodes allow more 
electric current than the normal p-n junction diodes. 

Breakdown in zener diode 
There are two types of reverse breakdown regions in a zener diode: avalanche 
breakdown and zener breakdown. 
Avalanche breakdown 
The avalanche breakdown occurs in both normal diodes and zener diodes at high 
reverse voltage.  
Zener breakdown 
The zener breakdown occurs in heavily doped p-n junction d
narrow depletion region. 

I characteristics of zener diode 

 

Power dissipation capacity is very high 

 

as voltage reference 
Zener diodes are used in voltage stabilizers or shunt regulators. 
Zener diodes are used in switching operations 
Zener diodes are used in clipping and clamping circuits. 
Zener diodes are used in various protection circuits 

The breakdown voltage of a zener diode is carefully set by controlling the doping 

. Therefore, zener diodes allow more 

egions in a zener diode: avalanche 

The avalanche breakdown occurs in both normal diodes and zener diodes at high 

n junction diodes because of their 



Bipolar Junction Transistor (BJT):  

• The Bipolar Junction Transistor is a semiconductor device which can be used for 
switching or amplification. 

• Junction transistors are classified into two types 
• 1.n-p-n transistor (p type region is sandwiched between two n type regions). 
• 2.p-n-p transistor (n type region may be placed in between two p type regions). 

Terminals of BJT 

• BJT has three terminals a) Emitter  b) base c) collector analogous to cathode gate and 
anode in vacuum tube. Emitter is heavily doped, collector is moderately doped and base 
is lightly doped  

 

Principle of operation (n-p-n) 

 

Sample Objective Questions 
 
1.Silicon doped with gallium is                          [    ] 
     a) intrinsic semiconductor  b) p-n junction diode 
    c) p-type semiconductor     d)n-type semiconductor 
2. At 0 K a semiconductor acts                  [    ] 
    a)as  a semiconductor        b) as a good semiconductor 
    c)as an insulator                d)same as semiconductor 
3. Application of forward bias to a junction diode reduces              [    ] 
      (a) the minority carrier current to zero (b) the majority carrier current to zero 
      (c) the potential barrier                          (d) the current to zero 
4. Position of fermilevel for intrinsic semiconductor is                                                        [    ] 
    a)near to conduction band                             b)near to valance band 
    c)middle of  conduction and valance band   d)none of above 
 5. Position of Fermilevel for P type semiconductor is                                                          [    ] 
    a)near to conduction band                             b)near to valance band 
    c)middle of  conduction and valance band   d)none of above 

 

 
 



UNIT-III: Optoelectron i
 
Introduction 

The term optoelectronics is a specific discipline of electronics that focuses on light
light-detecting devices. Light
electromagnetic radiation (i.e.,
purposes of illumination or as indicator lights.

In contrast, light-detecting de
electromagnetic energy into electric current or voltage. Light
light sensing and communication. 

Radiative recombination & 

Radiative recombination occurs when an electron in the conduction band recombines with a 
hole in the valence band and the excess energy is emitted in the form of a photon. 

Non Radiative recombination
A phonon is released instead. 

Light Emitting Diode   

LED (Light Emitting Diode) is an
luminance. The LED  is an optoelectronic device in which a forward biased p
light i.e. it converts electrical energy into Light energy . These are fabricated with direct band 
gap semiconductor such as GaAs ,InP etc.

 

 

Characteristics 

Applications of LED 

� Burglar alarms systems

ics 

The term optoelectronics is a specific discipline of electronics that focuses on light
detecting devices. Light-emitting devices use voltage and current to produce 

electromagnetic radiation (i.e., light). Such light-emitting devices are commonly used for 
purposes of illumination or as indicator lights. 

detecting devices, such as phototransistors, are designed to convert received 
electromagnetic energy into electric current or voltage. Light-detecting devices can be used for 
light sensing and communication.  

& Non Radiative recombination  

occurs when an electron in the conduction band recombines with a 
hole in the valence band and the excess energy is emitted in the form of a photon. 

Non Radiative recombination occurs when charge carriers recombine without releasing
 

is an optoelectronic device which works on the principle of electro
an optoelectronic device in which a forward biased p

light i.e. it converts electrical energy into Light energy . These are fabricated with direct band 
gap semiconductor such as GaAs ,InP etc. 

  

 

Burglar alarms systems 

The term optoelectronics is a specific discipline of electronics that focuses on light-emitting or 
emitting devices use voltage and current to produce 

emitting devices are commonly used for 

vices, such as phototransistors, are designed to convert received 
detecting devices can be used for 

occurs when an electron in the conduction band recombines with a 
hole in the valence band and the excess energy is emitted in the form of a photon.  

charge carriers recombine without releasing photons. 

which works on the principle of electro-
an optoelectronic device in which a forward biased p-n junction emits 

light i.e. it converts electrical energy into Light energy . These are fabricated with direct band 



� Calculators 
� Picture phones 
� Traffic signals 
� Digital computers 
� Multimeters 
� Microprocessors 
� Digital watches 
� Automotive heat lamps
� Camera flashes 
� Aviation lighting 

Semiconductor laser 
Semiconductor laser is very small in size and appearance .It is similar to transistor and has the 
operation like LED but the output beam has the characteristics of Laser. The material used in 
semiconductor laser is GaAs. 
The photon emitted during recombination stimulates other 
a result, stimulated emission takes place which produces laser.
Homo Junction semiconductor laser
When PN junction is formed with single crystalline material (i.e., either side of Junction has the 
same base material). Then it is called as Homo junction semiconductor laser
 

 
 
Hetero junction laser 
When the junction are formed by different material ie., one side of junction differs from that on 
the other side of the junction, then it is called as Hetero junction.
 

 
 
 

Automotive heat lamps 

very small in size and appearance .It is similar to transistor and has the 
operation like LED but the output beam has the characteristics of Laser. The material used in 

 
The photon emitted during recombination stimulates other electrons and holes to recombine. As 
a result, stimulated emission takes place which produces laser. 
Homo Junction semiconductor laser 
When PN junction is formed with single crystalline material (i.e., either side of Junction has the 

hen it is called as Homo junction semiconductor laser

 

When the junction are formed by different material ie., one side of junction differs from that on 
the other side of the junction, then it is called as Hetero junction. 

 

very small in size and appearance .It is similar to transistor and has the 
operation like LED but the output beam has the characteristics of Laser. The material used in 

electrons and holes to recombine. As 

When PN junction is formed with single crystalline material (i.e., either side of Junction has the 
hen it is called as Homo junction semiconductor laser 

When the junction are formed by different material ie., one side of junction differs from that on 



Working  

 
 
When p-n junction diode is forward biased, then there will be injection of electrons into the 
conduction band along n-side and production of more holes in valence band along p
junction.  
Thus, there will be more number of electrons 
population inversion is achieved.
from n-region and the holes from the p
During the recombination process, the light radiation (photons) is released from a certain 
specified direct band gap semiconductors like Ga
 
 Applications of Semiconductor laser
 

� It is widely used in fiber optic communication
 

� It is used to heal the wounds by infrared radiation
 

� It is also used as a pain killer
 

� It is also used in printers and CD writing and reading.
 
Photodiode                                             

When a photon of some  energy
couple of an electron-hole. This mechanism is also called as 
the inner photoelectric effect 

Modes of Operation 

The operating modes of the photodiode include three m
Photoconductive mode and avalanche diode mode

PIN diode 

The diode in which the intrinsic layer of high resistivity is sandwiched between the P and N
region of semiconductor material such type of diode is known as the PIN diode. The high 
resistive layer of the intrinsic region pro
region.  

 

n junction diode is forward biased, then there will be injection of electrons into the 
side and production of more holes in valence band along p

Thus, there will be more number of electrons in conduction band comparable to valence band, so 
population inversion is achieved. When a p-n junction diode is forward biased, the electrons 

region and the holes from the p- region cross the junction and recombine with each other.
During the recombination process, the light radiation (photons) is released from a certain 
specified direct band gap semiconductors like Ga-As.  

Semiconductor laser 

It is widely used in fiber optic communication 

wounds by infrared radiation 

It is also used as a pain killer 

It is also used in printers and CD writing and reading. 

                                              

energy strikes the diode, it makes a 
This mechanism is also called as 
 

The operating modes of the photodiode include three modes, namely Photovoltaic mode, 
avalanche diode mode. 

The diode in which the intrinsic layer of high resistivity is sandwiched between the P and N
material such type of diode is known as the PIN diode. The high 

resistive layer of the intrinsic region provides the large electric field between the P and N

n junction diode is forward biased, then there will be injection of electrons into the 
side and production of more holes in valence band along p-side of the 

in conduction band comparable to valence band, so 
rd biased, the electrons 

region cross the junction and recombine with each other. 
During the recombination process, the light radiation (photons) is released from a certain 

odes, namely Photovoltaic mode, 

The diode in which the intrinsic layer of high resistivity is sandwiched between the P and N-
material such type of diode is known as the PIN diode. The high 

vides the large electric field between the P and N-



Structure 
The diode consists the P-region and N
material. In P-region the hole is the majority charge carrier while in n
majority charge carrier. The intrinsic region has no free charge carrier. It acts as an insulator 
between n and the p-type region. The i
electrons to pass through it. 

 

Avalanche diode  

The main function of the normal diode is to allow 
electrical current in only one direction i.e., forward 
direction. Whereas, avalanche
in both the directions. But, this diode is specially 
designed to work in reverse biased condition when the 
voltage surpasses the breakdown voltage in the reverse 
biased condition. The voltage at which electric cu
enhances unexpectedly is called breakdown voltage.

Breakdown Voltage of the Diode

The avalanche diode breakdown voltage depends on the 

density of doping. Rising the density of doping will 

reduces the breakdown voltage of the diode.

 

Solar cell 

A solar cell, or photovoltaic cell, is an electrical device that converts the energy of light directly 
into electricity by the photovoltaic effect, which is a physical and chemical phenomenon.[1] It is 
a form of photoelectric cell, defined as a device whose 
voltage, or resistance, vary when exposed to light. Solar cells are the building blocks of 
photovoltaic modules, otherwise known as solar panels.
 
The operation of a photovoltaic (PV) cell requires 3

• The absorption of light, generating either electron

• The separation of charge carriers of opposite types.

• The separate extraction of those carriers to an external circuit.

region and N-region which is separated by the intrinsic semiconductor 
region the hole is the majority charge carrier while in n-region the electron is the 

majority charge carrier. The intrinsic region has no free charge carrier. It acts as an insulator 
type region. The i-region has the high resistance which obstructs the flow of 

 

The main function of the normal diode is to allow 
electrical current in only one direction i.e., forward 

avalanche diode allows the current 
in both the directions. But, this diode is specially 
designed to work in reverse biased condition when the 
voltage surpasses the breakdown voltage in the reverse 

The voltage at which electric current 
enhances unexpectedly is called breakdown voltage. 

Breakdown Voltage of the Diode 

The avalanche diode breakdown voltage depends on the 

density of doping. Rising the density of doping will 

reduces the breakdown voltage of the diode. 

solar cell, or photovoltaic cell, is an electrical device that converts the energy of light directly 
into electricity by the photovoltaic effect, which is a physical and chemical phenomenon.[1] It is 
a form of photoelectric cell, defined as a device whose electrical characteristics, such as current, 
voltage, or resistance, vary when exposed to light. Solar cells are the building blocks of 
photovoltaic modules, otherwise known as solar panels. 

The operation of a photovoltaic (PV) cell requires 3 basic attributes: 

The absorption of light, generating either electron-hole pairs or excitons.

The separation of charge carriers of opposite types. 

The separate extraction of those carriers to an external circuit. 

is separated by the intrinsic semiconductor 
region the electron is the 

majority charge carrier. The intrinsic region has no free charge carrier. It acts as an insulator 
region has the high resistance which obstructs the flow of 

solar cell, or photovoltaic cell, is an electrical device that converts the energy of light directly 
into electricity by the photovoltaic effect, which is a physical and chemical phenomenon.[1] It is 

electrical characteristics, such as current, 
voltage, or resistance, vary when exposed to light. Solar cells are the building blocks of 

hole pairs or excitons. 



Construction 

It essentially consists of a silicon PN junction diode with 
a glass window on top surface layer of P material is made 
extremely thin so, that incident light photon’s may easily 
reach the PN junction.  

 

Characteristics 

The maximum electrical power
draw the v-i characteristics of a solar cell maximum power will occur at the bend point of the 
characteristic curve. It is shown in the v

 
Sample Objective Questions 
1. Color of LED can be changed by                                                                  

a) Using different band gap of 
b) Varying the doping level of 
c) Increasing applied voltage
d) None of above 

2. When reverse biased, PIN diode acts as  
a) Variable resistor 
b) constant capacitor 
c) current controlled switch
d) current controlled variable regulator

3. When forward biased, PIN diode acts like a
a) constant capacitor 
b) Variable resistor 
c) current controlled Variable regulator
d) current controlled switch

4.  Avalanche breakdown is primarily depend on the phenomena of
a) Collision 
b) Doping 
c) Ionization 
d) Recombination

5. The voltage of single solar cell is....
a) 0.2V 
b) 0.5V 
c) 1.0V 
d) 2.0V 

silicon PN junction diode with 
a glass window on top surface layer of P material is made 
extremely thin so, that incident light photon’s may easily 

electrical power one solar cell can deliver at its standard test condition. If we 
i characteristics of a solar cell maximum power will occur at the bend point of the 

characteristic curve. It is shown in the v-i characteristics of solar cell by Pm

 
Color of LED can be changed by                                                                  

Using different band gap of semiconductor 
Varying the doping level of semiconductor 
Increasing applied voltage 

. When reverse biased, PIN diode acts as       

current controlled switch 
current controlled variable regulator 

. When forward biased, PIN diode acts like a    

current controlled Variable regulator 
current controlled switch 

.  Avalanche breakdown is primarily depend on the phenomena of  

Recombination 
. The voltage of single solar cell is....     

one solar cell can deliver at its standard test condition. If we 
i characteristics of a solar cell maximum power will occur at the bend point of the 

m.  

 

Color of LED can be changed by                                                                           [    ] 
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 [    ] 

 [     ] 
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UNIT-IV: Lasers and Fiber Optics 
 
Introduction 

A laser is a device that emits light through a process of optical amplification based on 
the stimulated emission of electromagnetic radiation. The term "laser" originated as 
an acronym for "light amplification by stimulated emission of radiation" 

Characteristics of a laser beam 
Lasers have the following important characteristics over ordinary light source. They are: 

� Monochromaticity 
� Directionality 
� Coherence 
� Brightness/Intensity 

Absorption and Emission 

When the atoms are exposed to radiation having a stream of photons, each with energy hʋ, three 
distinct process can take place.  

� Absorption 
The rate of upward transition R12 from ground state E1 to excited state E2 is 

proportional to the number of atoms in the ground state and to the energy density. 
� Spontaneous emission  

The rate of spontaneous downward transition R21 from excited state E2 to ground 
state E1 is proportional to the number of atoms in the excited state.  

� Stimulated emission. 
The rate of stimulated downward transition R21 from excited state E2 to ground 

state E1 is proportional to the number of atoms in the excited state.  

 
Einstein coefficients. 
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B12 is the probability of absorption per unit time. 
  B21 is the probability of absorption per unit time 
  A21 is the probability of absorption per unit time 
Population Inversion 
The process of creating more number of atoms in the higher state than the ground state is called 

population 
inversion. 
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Distribution of atoms in different energy states of three level schemes a) Before pumping 
b) population inversion after pumping. 

 
Diagramatic representation of (A) ordinary condition and (B) population inversion 

 Three level system population inversion. 
 
 
 

 
 
Types 

of 

pumping source in lasers 
Depending upon the type of laser, the pumping methods are different. The most commonly used 
pumping methods are: 

� Optical pumping  
� Electric discharge 
� Inelastic collision 
� Chemical pumping 
� Heat pumping: 
� Injection current 

Requirements for laser action 
1) Suitable active medium 
2) Excited System (Creation of population inversion) 
3) Optical feed back 
 
 

 
 
� Solid state Laser/Ruby Laser 

� The active medium is the Al2 O3 crystal doped with Cr3+ ions at 0.05% 
� Population inversion is achieved by optical pumping using xenon flash light. 
� Optical feedback is provided by external mirror arrangement  
� Laser wave length is 694.3nm 
� The output of ruby laser is pulsed wave 



 
Construction 

 

 
 
 
Energy Level Diagram 

Applications of Ruby laser 
� Distance measurement using ‘pulse echo’ technique.
� Pulsed Holography.
� Used in atmospheric ranging, 
� Used for drilling high quality holes.
� used in general research applications such as plasma production and fluroscence 

spectroscopy 
He-Ne laser 

� Helium –Neon gas laser is a continuous four level gas laser.
� In this laser the He and Ne atoms in the ratio 10:1.
� Neon is the active material and Heliu
� Population inversion is achieved by high current discharge through the gas.
� Laser wave length is 632.8nm

 
 
 
 
 
 
 
 
Construction 

measurement using ‘pulse echo’ technique. 
Holography. 

in atmospheric ranging, scattering studies and lidar measurements.
for drilling high quality holes. 

used in general research applications such as plasma production and fluroscence 

Neon gas laser is a continuous four level gas laser. 
In this laser the He and Ne atoms in the ratio 10:1. 
Neon is the active material and Helium is used for creating population inversion.
Population inversion is achieved by high current discharge through the gas.
Laser wave length is 632.8nm 

 

 

measurements. 

used in general research applications such as plasma production and fluroscence 

m is used for creating population inversion. 
Population inversion is achieved by high current discharge through the gas. 



Energy Level Diagram 
 

 
Applications of He-Ne  laser

� Barcode scanners
� Tool alignment
� Non-contact measuring and monitoring
� Blood analysis 
� Particle counting and food sorting

CO2 Laser 
� It consists of a quartz tube 5 m long and 2.5 cm in the diameter. 
� This discharge tube is filled with gaseous mixture of CO2(active medium), helium a

nitrogen with suitable partial pressures.
� The terminals of the discharge tubes are connected to a D.C power supply.

 
Construction 

 
 

 
 

 
 

  

Ne  laser 
Barcode scanners 

alignment 
contact measuring and monitoring 

 
Particle counting and food sorting 

It consists of a quartz tube 5 m long and 2.5 cm in the diameter.  
This discharge tube is filled with gaseous mixture of CO2(active medium), helium a
nitrogen with suitable partial pressures. 
The terminals of the discharge tubes are connected to a D.C power supply.

 

This discharge tube is filled with gaseous mixture of CO2(active medium), helium and 

The terminals of the discharge tubes are connected to a D.C power supply.  

 



Energy Level Diagram 
 

 
 
Applications of CO2 laser 

� Due to their high power levels, CO
applications, particularly for cutting die boards, metals, plastic, etc. 

� They are applied in surgical procedures as water is capable of absorbing the wavelength 
of CO2laser. 

� Other applications of CO
and manufacturing of micro fluidic devices.

  FIBER OPTICS  
Optical fiber is a very thin and flexible medium having cylindrical shape consisting of three 
sections, core, cladding and outer shield. The 
the other end due to total internal reflection at the core and cladding interface.
 

Total internal reflection 

Acceptance angle and acceptance cone
Acceptance angle is the maximum angle at which the li
cable such that it may undergo total internal reflection and propagate through the fiber.

Acceptance Angle 1 2 2Sinθ −= −
Numerical aperture 

Due to their high power levels, CO2 lasers are commonly used in material processing 
applications, particularly for cutting die boards, metals, plastic, etc. 
They are applied in surgical procedures as water is capable of absorbing the wavelength 

Other applications of CO2 laser include military range finding using LIDAR techniques 
and manufacturing of micro fluidic devices. 

Optical fiber is a very thin and flexible medium having cylindrical shape consisting of three 
sections, core, cladding and outer shield. The light launched at one end of the core propagates to 
the other end due to total internal reflection at the core and cladding interface.

 

Acceptance angle and acceptance cone 
Acceptance angle is the maximum angle at which the light can be launched to an optical fiber 

that it may undergo total internal reflection and propagate through the fiber.
1 2 2

1 2n n= −  

 

lasers are commonly used in material processing 
applications, particularly for cutting die boards, metals, plastic, etc.  
They are applied in surgical procedures as water is capable of absorbing the wavelength 

include military range finding using LIDAR techniques 

Optical fiber is a very thin and flexible medium having cylindrical shape consisting of three 
light launched at one end of the core propagates to 

the other end due to total internal reflection at the core and cladding interface. 

 

ght can be launched to an optical fiber 
that it may undergo total internal reflection and propagate through the fiber. 



The light accepting capacity of the fiber is expressed in terms
terminology numerical aperture. Sine of the maximum acceptance angle is called the numerical 
aperture ‘NA’ of   the fiber. 
Numerical Aperture N.A = Sin

N.A = 2 2
1 2n n−  

N.A = 1 2n ∆  
 

 
Types of fibers 
Optical fibers are classified based on the following concepts
1. Modes of propagation 
2. Refractive index profile 
3. Type of material used to fabricate the fiber cable such as glass or plastic
Modes of propagation 
Single mode fiber- If the thickness of the fiber is so small that it can support only one mode of 
light Propagation 
Multi mode fiber -If the fiber can support the propagation of a number of modes , it is called 
multimode Fiber 
 

 
 
Refractive index profile 
Based on Refractive index profile optical fibers are two types 

i) Step index fiber 
ii)  Graded index fiber

 
Step index fiber 
In these fibers the entire has a uniform refractive index 
refractive index n2 slightly less than that of core. If Step
mode of propagation, it is called 
If Step index fiber can support the propagation of 
index fiber. 

The light accepting capacity of the fiber is expressed in terms of acceptance angle using the 
numerical aperture. Sine of the maximum acceptance angle is called the numerical 

Sinθ  

 

Optical fibers are classified based on the following concepts 

3. Type of material used to fabricate the fiber cable such as glass or plastic 

f the thickness of the fiber is so small that it can support only one mode of 

If the fiber can support the propagation of a number of modes , it is called 

                                                    

Based on Refractive index profile optical fibers are two types  

Graded index fiber 

In these fibers the entire has a uniform refractive index n1 and the entire cladding has a uniform
refractive index n2 slightly less than that of core. If Step index fiber fiber can support only one 
mode of propagation, it is called Single mode Step index fiber. 

Step index fiber can support the propagation of a number of modes, it is called multimode Step 

of acceptance angle using the 
numerical aperture. Sine of the maximum acceptance angle is called the numerical 

 

f the thickness of the fiber is so small that it can support only one mode of 

If the fiber can support the propagation of a number of modes , it is called 

                                                     

n1 and the entire cladding has a uniform 
fiber can support only one 

a number of modes, it is called multimode Step 



               Single mode Step index fiber.                                    Multi
 
 
Ray propagation in Single mode Step index fiber
 

 
Ray propagation in Multi- mode 
 
In Multi-mode Step index fiber
first and the other ray will follow with a time lag resulting in a signal broadening. This is known 
as intermodal dispersion. 
 

Graded index fiber 
In a multimode graded index fiber the refractive index is maximum at the centre of the core and
gradually decreases radially. 
If light signal pulse traveling through this fiber in two different paths, rays in both paths reaches 
other end simultaneously i.e. the problem of internal dispersion is overcome by using Graded 
index fiber  
 
 

Single mode Step index fiber.                                    Multi-mode Step index fiber

Ray propagation in Single mode Step index fiber 

 

mode Step index fiber 

mode Step index fiber the signal pulse that has chosen the straight line path will come 
first and the other ray will follow with a time lag resulting in a signal broadening. This is known 

 

In a multimode graded index fiber the refractive index is maximum at the centre of the core and

If light signal pulse traveling through this fiber in two different paths, rays in both paths reaches 
sly i.e. the problem of internal dispersion is overcome by using Graded 

 
mode Step index fiber 

the signal pulse that has chosen the straight line path will come 
first and the other ray will follow with a time lag resulting in a signal broadening. This is known 

In a multimode graded index fiber the refractive index is maximum at the centre of the core and 

If light signal pulse traveling through this fiber in two different paths, rays in both paths reaches 
sly i.e. the problem of internal dispersion is overcome by using Graded 



 
 
 
Ray propagation in Multi-mode Graded index fiber 

 
 
Attenuation in optical fiber 
The intensity of the light at the receiving end of the fiber is always found to be less than the 
intensity at the input end. This is known as attenuation. The main causes of attenuation are given 
below. 

� Scattering loses  
� Absorption loses 
� Bending loses. 

 
Applications of Optical Fiber 

� Medical Applications 
� Defense/Government Applications 
� Data Storage Applications 
� Telecommunications Applications 
� Networking Applications 
� Industrial/Commercial Applications 

 
Sample Objective Questions 
 

1. The condition for lasing action is                                         [     ]  
a)  excitation                       b) meta-stable state  
b)  population inversion     d) emission 

2.  In the absence of degeneracy, Einstein coefficients B12and B21are related as [     ]  
a)  B12/ B21= h                   b) B12= B21 
b)  B12/ B21= constant       d) B21/ B12= h  

3.  Example for creation of population inversion by optical pumping is   [     ] 
a)  He-Ne laser      b)Diode laser   c)Ruby laser    d)CO2 Laser 

4.  The refractive index of core is 1.5. The refractive index of cladding can be  [     ]  
               a)1.52 b) 1.55 (c) 1.60 (d) 1.45  

5.  In an optical fiber, meridinal rays propagate            [     ]  
                 a) along the walls of the fiber   b) along the axis of the fiber  
                 c) into the cladding material     d) along the cladding of the fiber 



 
 
UNIT-V: Electromagnet

Introduction 

Electromagnetism is a branch of
of physical interaction that occurs 
force usually exhibits electromagnetic fields
is one of the four fundamental interactions
electromagnetic force plays a major role in determining the internal properties of most objects 
encountered in daily life.  

 

 

Laws of Electrostatics.  

 First law: Like charges of electricity repel each other, whereas unlike charges attract each other. 
Second law: According to this
 i) is directly proportional to the product of their strengths.
 ii) is inversely proportional to the square of the distance between them.
iii) is inversely proportional to the

Ampere's Law 

It states that for a closed path the sum over elements of the component of the magnetic field is 
equal to electric current multiplied by the empty's permeability.

∫B.dl = µ0I 

 

Faraday's First Law: 

Whenever a conductor is placed in a varying magnetic field an EMF gets induced across the 
conductor (called as induced emf), and if the conductor is a closed circuit then induced current 
flows through it. 
Magnetic field can be varied by various methods 
1. By moving magnet 
2. By moving the coil 
3. By rotating the coil relative to magnetic field

Faraday's Second Law: 

The magnitude of induced emf is equal to the rate of change of flux linkages with the coil. The 
flux linkages is the product of

tism and Magnetic Properties of Materials

is a branch of physics involving the study of the electromagnetic force
that occurs between electrically charged particles. The electromagnetic 

electromagnetic fields such as electric fields, magnetic fields
fundamental interactions (commonly called forces) in

netic force plays a major role in determining the internal properties of most objects 

 

: Like charges of electricity repel each other, whereas unlike charges attract each other. 
According to this law, the force exerted between two point charges.

i) is directly proportional to the product of their strengths. 
ii) is inversely proportional to the square of the distance between them.  and

iii) is inversely proportional to the absolute permittivity of the surrounding medium.

It states that for a closed path the sum over elements of the component of the magnetic field is 
equal to electric current multiplied by the empty's permeability. 

Whenever a conductor is placed in a varying magnetic field an EMF gets induced across the 
conductor (called as induced emf), and if the conductor is a closed circuit then induced current 

Magnetic field can be varied by various methods - 

3. By rotating the coil relative to magnetic field 

The magnitude of induced emf is equal to the rate of change of flux linkages with the coil. The 
flux linkages is the product of number of turns and the flux associated with the coil.

Materials 

electromagnetic force, a type 
particles. The electromagnetic 

magnetic fields and light, and 
(commonly called forces) in nature. The 

netic force plays a major role in determining the internal properties of most objects 

: Like charges of electricity repel each other, whereas unlike charges attract each other.  
, the force exerted between two point charges. 

and 
f the surrounding medium. 

It states that for a closed path the sum over elements of the component of the magnetic field is 

Whenever a conductor is placed in a varying magnetic field an EMF gets induced across the 
conductor (called as induced emf), and if the conductor is a closed circuit then induced current 

The magnitude of induced emf is equal to the rate of change of flux linkages with the coil. The 
the flux associated with the coil. 



Electric current 

Electric current is defined as the rate at which charge flows through a surface (the cross section 
of a wire, for example). I=Q/t 

Continuity equation  

It states that the divergence of the current density J (in amperes per square metre) is equal to the 
negative rate of change of the charge density ρ (in coulombs per cubic metre), Current is the 
movement of charge. Therefore, the continuity equation amounts to a conservation of charge. 

                                            

Maxwell’s equations 

 

Dielectric Properties 

Introduction  

Dielectrics are the insulating materials having electric dipole moment permanently or 
temporarily by applying the electric field. These are mainly used to store electrical energy and 
used as electrical insulators. All dielectrics are electrical insulators, but all electrical insulators 
need not to be dielectrics. 

Dielectrics are non - metallic materials of high specific resistance and have negative temperature 
coefficient of resistance. 

Electric flux density (D) 

The number of electric lines passing through the unit area of cross section. 
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 Permittivity  

It is the ratio of electric displacement in a dielectric medium to the applied electric field strength. 
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 Dipole moment 

Dipole moment is defined as the product of charge and distance 
between two changes. 

D � � × � 

Unit : Coulomb meter. 

  Polarization 

The separation of negative and positive charges is called polarization. i.e., the i.e., process of 
producing electric dipoles by an electric field is called polarization 

� � ��
e � IDfor unit volume V=1 

 Polarization vector 

If “ µ” is the average dipole moment per molecule and “N” is the number of molecules per unit 
volume then the polarization of the solid is given by the polarization vector P and it can be 
written as 

� � ID
� � ID 

The polarization vector is the dipole moment per unit volume of the dielectric material. 

Polar Molecules 

Polar Molecules which are having permanent dipole moment even in the absence of an applied 
field are called polar molecules. 

Example: H2O, HCl, CO. 

Non-polar Molecule 

Molecules which do not have permanent dipole moment, but they have induced dipole moment 
in the presence of applied electric field are called non - polar molecules. 

Example: O2, H2, N2 

 Dielectric Constant (Or) Relative Permittivity 

The dielectric characteristics of a material are determined by the dielectric constant (or) relative 
permittivity of the material. 

It is defined as the ratio of the permittivity of the medium to the permittivity of the free space. 

ϵ� �
permittivity	of	the	mediumpermittivity	of	the	free	space = εε� 

where ε0 =8.854×10-12 F/m 

 



Electric Susceptibility 

The polarization vector P is proportional to the total applied electric field intensity E and is in the 
same direction of E. Therefore, the polarization vector can be written as 

� � ���E� 

whereχeis the electrical susceptibility. 

Relation between Electric Susceptibility (χ) and relative permittivity ( εr) 

we	know	that	P ∝ E	; 
P = ε�χ�E; 
�E = ���� 

But	ε� = 1 + χ�; 
χ� = ε� − 1; 
∴ we	can	write	P = ε�E�ε� − 1) 
it	is	a	measure	of	characteristic	of	every	dielectric 
 Polarization mechanisms involved in a dielectric material 

There are four different types of polarization. 

� Electronic (or) induced polarization 
� Ionic (or) atomic polarization 
� Orientation (or) dipolar polarization 
� Space - Charge (or) interfacial polarization 

Electronic Polarization 

Electronic Polarization occurs due to the displacement of positively charged nucleus and 
negatively charged electron in opposite directions by an external electric field. It creates a dipole 
moment in the dielectric. This is called electronic polarization is called electronic 

polarization 

.     α� = 4πϵ�R_ 

 which is proportional to volume of the atom. 

Conclusion: 
Electronic polarization is independent of temperature. 

Electronic polarization occurs in all dielectric materials. 
It is proportional to the volume of atoms in the material. 
 



 Ionic Polarization 
Ionic Polarization which arises due to the 
displacement of cations (+ve) and anions (-ve) 
in opposite directions and occurs in ionic 
solids in the presence of electric field, is called 
ionic polarization. 
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Example : NaCl, KCl crystal. 
Conclusion: 

• Ionic polarisability (α i) is inversely proportional to the square of angular frequency 
of the ionic molecule. 

• It is independent of temperature. 
Orientation Polarization 
The orientation polarization is due to the 
existence of a permanent dipole moment (polar 
molecule) in the dielectric medium. Polar 
molecules have permanent dipole even in the 
absence of an electric field. 

2

0 3KT

µα =  

This polarization depends on temperature. When the temperature is increased, the dipoles are 
aligned in random directions. 

Space Charge Polarization 
The space charge polarization occurs due to the diffusion of ions along the field direction giving 
rise to redistribution of charges in the dielectric. 

Normally this type of polarization occurs in ferrites and semiconductors and it is very small 
when compared to other types of polarization. 

Internal field (or) local field  
In dielectric solids, the atoms or molecules experiences not only 
the external field, but the fields produced by the dipoles as well. 
The resultant electric field acting on the atoms or molecules of 
dielectric substance is called the local field or an internal field. 
The local field is calculated by using the Lorentz method. 

Lorentz	¡ield	(or)	Internal	¡ield. X¤¥N = X +
¦

|§¨
 

Clausius-Mossotti equation 

Clausius-Mossotti equation makes relation between microscopic and macroscopic quatities  of 
polarization. 
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Using this relation, it is possible to measure the value of α by knowing the value of εr. 
 
Ferro – electricity and its applications 
Ferro electricity refers to the creation of large induced dipole moment in a weak electric field as 
well as the existence of electric polarization even in the absence of an applied electric field. 
Examples: 

• Barium Titanate (BaTiO3) 

• Potassium Dihydrogen Phosphate (KDP) 

• Ammonium Dihydrogen Phosphate (NH4H2PO4) 
• Lithium Niobate (LiN6O3) 

Hysteresis of Ferroelectric Materials 
The ferro electrics are known as non –linear 
dielectrics. Such materials exhibit hysteresis curve 
similar to that of ferro magnetic materials. 

The lagging of polarization ‘P’ behind the applied 
electric field E is called dielectric hysteresis. 

Application of Ferroelectric Materials 
• Ferroelectric materials are used to make 

pressure transducers, ultrasonic transducers, 
microphones and gas filters. 

• They are used as memory cores in computers,. to measure and control temperature 
,capacitors to store electrical energy, good infrared detectors ,optical modulation and to 
produce ultrasonics 
 

Piezoelectricity 
• The word ‘Piezo’ means pressure in Greek. So, Piezoelectricity means pressure 

electricity. Piezoelectric effect is observed in non-centrosymmetric crystals, such as 
quartz, tourmaline and barium titanate. Electric polarization develops opposite 
charges on their sufaces of piezoelectric materials by mechanical stress is called piezo 
electric effect.  

 
 
 
 
 
 
 
 
Applications: 

• Piezo electric effect is used in detection and to produce sound waves. 



• Quartz crystal responds to pressure variations, so it is used in pressure 
transducers. 

• The natural frequency of quartz crystal does not vary with temperature so that  
• These materials used in broadcasting purpose. 

Magnetic Properties 

 Introduction 

Magnetism, the phenomenon by which materials assert an attractive or repulsiveforce or 
influence on other materials, has been known for thousands of years. Many of our modern 
technological devices rely on magnetismand magnetic materials; these include electrical power 
generators and transformers,electric motors, radio, television, telephones, computers, and 
componentsof sound and video reproduction systems. 

Magnetic Dipole Moment  

Two magnetic poles are separated by some distance is called Magnetic Dipole 
Moment 

                                                 µ=m x 2L 

                                     m is pole strength  

Magnetic Induction or Magnetic Flux density (B): The numbers of magnetic 
lines passing through unit cross-sectional area gives flux density B. i.e. B=ɸ/A 

Units for B = webar/m2 (or) Tesla 

Magnetic Field Intensity (H):Magnetic Field Intensity (H) at any point in the magnetic field is 
the force experience by an unit north pole placed at that point. Unit : A/m 

Permeability (µ): Permeability is a material property; it represents the ease with which a 
material allows magnetic force lines to pass through it. Unit: H /m 

 

 

Magnetization (M): The intensity of magnetization (M) of a sample is the magnetic moment per 
unit volume. Unit:  A/m 
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The magnetic Susceptibility (χ) is the ratio of the Intensity of magnetization produced in the 
sample to the magnetic field intensity, which produces magnetization. 

The intensity of magnetization (M) is directly proportional to field intensity (H) 

® ∝ ° 

® = χH	 

µ=B/H 



χ is purely number, it has no units.

The relation between µ and χ

 

 

Classification of Magnetic Materials

The classification of magnetic materials mainly depends on the atomic dipoles and the 
interaction between them. If the materials have permanent magnetic dipoles, such a material may 
be Diamagnetic ,Paramagnetic, Ferromagnetic, Antiferromagnetic and Ferrimag

Diamagnetic Materials:  

• Diamagnetic materials are repelled by t
they magnetize to a small extent in the opposite direction to 
that of an applied external field.

• Examples; Copper, Bismuth, Lead, Zinc and Noble gases.
• Applications: Magnetic Levitation.

Paramagnetic Materials:  

• These materials are feebly attracted by external magnetic fields 
and magnetize in the direction of the applied magnetic field.

• In the absence of an external applied field, the dipoles are 
randomly oriented. Hence the net magnetization in any direction 
is zero.  

• Examples: Aluminium, Platinum and Nitrogen.
• Applications: Adiabatic Demagnetization (To produce low temperatures)

Ferromagnetic Materials:  

• These materials are strongly attracted by external magnetic fields and magnetize in the 
direction of the applied magnetic field.

• Permanent dipoles are present with high 
interaction.  

• These materials posses spontaneous 
• Examples: Iron, Cobalt, Nickel.
• Applications: 1) Electromagnets 2) Transformers.

Antiferromagnetism 
•  In antiferromagnetc materials, the magnetic moments are aligned 

in opposite directions and are equal in magnitude,i.e. the magnetic 
moments of alternate atoms are parallel.

Examples of antiferromagnetic 
NiO,Cr, Mn. 

 

 

χ = M/

it has no units. 
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Classification of Magnetic Materials 

he classification of magnetic materials mainly depends on the atomic dipoles and the 
interaction between them. If the materials have permanent magnetic dipoles, such a material may 
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Diamagnetic materials are repelled by the applied fields and 
they magnetize to a small extent in the opposite direction to 
that of an applied external field. 
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and magnetize in the direction of the applied magnetic field. 
In the absence of an external applied field, the dipoles are 
randomly oriented. Hence the net magnetization in any direction 

Examples: Aluminium, Platinum and Nitrogen. 
Applications: Adiabatic Demagnetization (To produce low temperatures)

These materials are strongly attracted by external magnetic fields and magnetize in the 
direction of the applied magnetic field. 
Permanent dipoles are present with high magnetic exchange

These materials posses spontaneous magnetization. 
Examples: Iron, Cobalt, Nickel. 
Applications: 1) Electromagnets 2) Transformers. 

In antiferromagnetc materials, the magnetic moments are aligned 
in opposite directions and are equal in magnitude,i.e. the magnetic 

of alternate atoms are parallel. 
Examples of antiferromagnetic substances: MnO, FeO, CoO, 

M/H = χ = (µr -1) /H 

he classification of magnetic materials mainly depends on the atomic dipoles and the 
interaction between them. If the materials have permanent magnetic dipoles, such a material may 

aramagnetic, Ferromagnetic, Antiferromagnetic and Ferrimagnetic . 

Applications: Adiabatic Demagnetization (To produce low temperatures) 

These materials are strongly attracted by external magnetic fields and magnetize in the 

magnetic exchange 

In antiferromagnetc materials, the magnetic moments are aligned 
in opposite directions and are equal in magnitude,i.e. the magnetic 



Ferrimagnetism 

• Ferrimagnetic materials known as ferrites are special class of ferromagnetic materials. 
Ferrites and ferromagnetic materials exhibit sim
of spin magnetic moments. 

                           

• In ferrites, spin magnetic moments are aligned in opposite direction with unequal in 

magnitude. Hence, Ferrites exhibit spontaneous magnetic moment. 

Domain Theory of Ferromagnetism on the basis of Hysteresis Curve:

• Weiss proposed domain theory to explain the behaviour of ferromagnetism. According to 
this theory, a ferromagnetic material consists of a number of regions or domains and each 
region is spontaneously magnetized.

• When an external magnetic field is applied, the ferromagnetic material is magnetized by 
two ways.  

• a)  By motion of domain walls   b) By rotation of magnetic moments in domains
 

• Hysteresis Curve: The hysteresis of ferromagnetic materials 
refers to lagging of magnetization (M) behind the magnetic 
field (H). The domain concept is well suited to explain the 
phenomenon of hysteresis.

• When a ferromagnetic sample is placed in an external 
magnetic field (H) the magnetization (M) behaviour of 
the sample is as shown in figure.

 
 

 
Applications of magnetic materials

• Magnetic recording 
• Magnetic memories Ferrite core memories and bubble memories.
• Permanent magnets and electromagnets
• Microwave ferrites  
• Magnetic ceramics 

Sample Objective Questions 

1. Polarization per unit applied electric field is called                           
a) electric susceptibility  (b) magnetic susceptibility
b) electric polarizability  (d) dielectric constant

2. The Classius-Mosotti equation is                     

Ferrimagnetic materials known as ferrites are special class of ferromagnetic materials. 
Ferrites and ferromagnetic materials exhibit similar properties except for the alignments 
of spin magnetic moments.   

 

In ferrites, spin magnetic moments are aligned in opposite direction with unequal in 

magnitude. Hence, Ferrites exhibit spontaneous magnetic moment. 

Theory of Ferromagnetism on the basis of Hysteresis Curve: 

Weiss proposed domain theory to explain the behaviour of ferromagnetism. According to 
this theory, a ferromagnetic material consists of a number of regions or domains and each 

ly magnetized. 
When an external magnetic field is applied, the ferromagnetic material is magnetized by 

a)  By motion of domain walls   b) By rotation of magnetic moments in domains

: The hysteresis of ferromagnetic materials 
refers to lagging of magnetization (M) behind the magnetic 
field (H). The domain concept is well suited to explain the 
phenomenon of hysteresis. 
When a ferromagnetic sample is placed in an external 
magnetic field (H) the magnetization (M) behaviour of 

sample is as shown in figure. 

Applications of magnetic materials 

Magnetic memories Ferrite core memories and bubble memories. 
Permanent magnets and electromagnets 

Sample Objective Questions  

Polarization per unit applied electric field is called                           
electric susceptibility  (b) magnetic susceptibility 
electric polarizability  (d) dielectric constant 

Mosotti equation is                                                                    

Ferrimagnetic materials known as ferrites are special class of ferromagnetic materials. 
ilar properties except for the alignments 

In ferrites, spin magnetic moments are aligned in opposite direction with unequal in 

magnitude. Hence, Ferrites exhibit spontaneous magnetic moment.  

 

Weiss proposed domain theory to explain the behaviour of ferromagnetism. According to 
this theory, a ferromagnetic material consists of a number of regions or domains and each 

When an external magnetic field is applied, the ferromagnetic material is magnetized by 

a)  By motion of domain walls   b) By rotation of magnetic moments in domains 

 

Polarization per unit applied electric field is called                                        [    ] 

                               [    ] 



                  a)(εr– 1)/(εr+ 2) = 3εo/Nα        b) (εr– 1)/(εr+ 2) = Nα/3εo 
                  c)(εr+ 2)/(εr- 1) = Nα/3εo        d) (εr+ 2)/(εr- 1) = 3εo/Nα 

3. Choose the correct relation                                                                         [    ] 
                  a)D=P X E    b)D= εo E+P     c)D= εo E   d)D= εo P 

4. Magnetization per unit magnetic field intensity is called                                [    ] 
                  a) magnetic induction            (b) magnetic susceptibility 
                  c) magnetic permeability       (d) magnetic flux density 

5. Susceptibility for paramagnet materials is                              [    ] 
      a)Zero     b)negative      c)positive        d)infinity 
 

 

 
 
 
 


