
 

 

 

LASER 
LASER 
 Laser stands for Light Amplification by Stimulated Emission of Radiation. 

Characteristics (or) Properties of LASER 

i) Highly Monochromatic 
ii) Highly directional  
iii) Highly intense 
iv) Highly coherent 

 
(i) Highly Monochromatic 

 Laser beam is highly monochromatic than ordinary light. i.e. the wavelength of the 
laser beam is single. 
 
(ii) Highly Directional 

 Laser beam can travel as a parallel beam, because of its less angular spread. The 
angular spread if the laser beam is 0.01 mm for every 1m of travel. So, laser beam can be 
focused to a very long distance with a very small angular spread. (Angular spread of ordinary 
light is 1m for every 1m travel). 
 
(iii) Highly Intense 

 Due to its high directional property, the laser beam is having a high intensity. For 
example, a 1 watt laser beam is many thousand times more intense than a 100 watt ordinary 
light. 
 
(iv) Highly Coherent 

 Ordering of light field is termed as coherence. Laser light is having a high degree 
of coherence than the ordinary light. i.e. The light from the laser source consists of wave 
trains which are identical in phase, direction of propagation, etc. 
 
Basic concepts of Laser 

 Consider an atom having two energy levels E1 & E2, where E1< E2. When it is 
exposed to a radiation of a stream of photons, three distinct processes can take place. 

1. Stimulated absorption 
2. Spontaneous Emission 
3. Stimulated Emission 

 
1. Stimulated (or) induced absorption: 

 An atom in the ground state E1 absorbs energy from an incident photon of energy hυ, 

i.e.( 2 1E  E  =  hυ ) and goes to the exited state E2.  

This is called stimulated absorption. 
The rate of stimulated absorption is given by, 
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where, N1    –  number of atoms in the ground state. 
        ρ(υ) –  density of incident radiation 
        B12  –  a constant which gives the probability of absorption 

2. Spontaneous emission:                                                                                     

  An atom in the excited state E2, returns to the ground state E1 spontaneously by 

emitting a photon of energy hυ, i.e.( 2 1E  E  =  hυ ). This emission is called spontaneous 

emission. 
The rate of spontaneous emission is given by,  
 
 
 
where, A12 – the probability of spontaneous emission 
 N2 –  number of atoms in the excited state 

3. Stimulated (or) induced emission:                                                    

 An atom  in the excited state E2 is stimulated by a photon of energy hυ, making the 

atom return to ground state by emitting two photons having energy hυ, i.e.( 2 1E  E  =  hυ ). 

Both the photons are in phase and they travel in the same direction. This emission is called 
stimulated emission. 
The rate of stimulated emission is given by, 
 
 
 
where, B21 – the probability of stimulated emission 
 
Difference between spontaneous emission and stimulated emission  

Sl.No. Spontaneous Emission Stimulated Emission 

1. Transition of an excited atom from 

excited state to ground state  

without external influence. 

Transition of an excited atom from 

excited state to ground state by the  

influence of an external photon. 

2. Rate of transition depends only on  

the number of atoms in the excited  

state. 

Rate of transition depends on both  

the number of atoms in the excited  

state and the density of the incident 

radiation. 

3. This Emission is unpredictable and 

Uncontrollable. 

This Emission can be controlled. 

4. Emitted photon moves in random 

direction. (less directional) 

Emitted photon moves in the direction of 

the stimulating photon. (highly directional) 

5. Ordinary light is emitted. Laser radiation is emitted. 
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Determine Einstein’s coefficients for spontaneous and stimulated emission. 

 Consider an assembly of atom in thermal equilibrium at temperature ‘T’ with 
radiation frequency ‘υ’ and incident photon energy density ‘Q’. 
 According to Maxwell-Boltzmann distribution law, the number of atom in an exited 
state of energy E is given by 

                                                 ( E  /  k  T )
0N    =    N   e   (1) 

 0N  is the number of atom per unit volume in the ground state whose energy E = 0. 

  k     Boltzmann constant 
 
 If  N1 and N2 are the total number atoms per unit volume in the energy states E1 and 
E2 respectively. 

               Eqn.(1)         1( E  /  k T)
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When a photon of energy  hυ  strike an atom the following 
three different transitions may take place. 
 
   
 
 
 
 
 
 
 
 The number of absorption transition occurring per unit volume per second is, 

                                         ab 1 1 2N   =   N   B  Q                          (3) 

            1 2B   is the probability of an absorption transistion  

                                                                                               
                              
                            
  
 
        
 
The number of spontaneous transition occurring per unit volume per second is, 
                                       sp 2 2 1N   =   N   A                            (4) 

2 1A   is the probability of spontaneous transistion  
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 2. Spontaneous emission: 

 An atom in an excited energy level E2 while 
returning to the ground level E1 a photon of energy 

2 1E  E  =  hυ  is emitted. This emission of energy from an 

atom is may be spontaneously. This is called spontaneous 
emission. 

1. Stimulated (or) induced absorption: 

 An atom is taken from ground state E1 to the 
exited state E2 by a photon of energy . This is called 
stimulated absorption. 
 



 

 

 

                                                    
                
 
 
 
                                                                                                                                
  
The number of stimulated transition occurring per unit volume per second is, 

                                                       st 2 2 1N   =   N   B  Q                                     (5) 

 2 1B   is the probability of stimulated transistion  

Under equilibrium condition   
                                                   ab sp stN   =    N   +    N  
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Eqn (6) is dividing by 2 2 1N   B  in all terms, 
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substitute eqn (2) in (7) 
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From plank’s energy radiation distribution law, 
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Comparing eqn. (8) and eqn. (9) we get, 
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3. Stimulated (or) induced emission: 

 An atom in an excited energy level E2 while 
returning to the ground level E1 a photon of energy 

2 1E  E  =  hυ  is emitted. This emission of energy from an 

atom is may be stimulated by a photon of energy equal to 

2 1E  E  =  hυ  . This is called stimulated emission. 



 

 

 

Results: 
i) The probability of absorption transition from lower energy state to higher energy state 
 is equal to probability of emission transition from higher energy state to lower energy 
 state. 
ii) The ratio of Einstein’s coefficient is directly proportional to frequency ‘υ’. 

  . 
Population inversion 

 The method of achieving more number of atoms in excited state (E2) than the ground 
state (E1) is called population inversion. 
 
 
 
 
PumpingProcess 

  The process of achieving population inversion by artificial methods is known as 

pumping process.  

Active medium 

 The medium in which the population inversion takes place is called active medium. 

Active material 

 The material in which population inversion is achieved is called active material. 

Types of Pumping process 

1. Optical pumping method (photon excitation)  
2. Electric discharge method (electron excitation) 
3. Inelastic atom-atom collision method 
4. Direct conversion method 
5. Chemical reaction method 

1. Optical Pumping 

 The process by which the atoms in the ground are raised to the excited state by light 
radiation is known as optical pumping.  
Example: Xenon flash lamp – Ruby Laser 

2. Electric discharge method 

 Electrons produced in a discharge tube are accelerated to high velocities by strong 
electric field. When these accelerated electrons collide with neutral gas atoms, some atoms 
gain energy and go to the excited state. This method is called electric discharge method. 

  G e* G * e    

Example: Argon Laser 

3. Inelastic atom-atom collision method 

 In this method, there is a combination of two gases (A & B), both having same (or) 
nearly coinciding excited states.  

  E2 (Excited State) 

 E1 (Ground State) 



 

 

 

 During electric discharge ‘A’ atom gets excited to A* due to collision with electrons. 
This excited A* atom now collide with ‘B’ atom and make them to go to the excited state B*.   

  A e* A* e    

  A * B A B*    

Example: He – Ne laser, CO2 Laser 
4. Direct conversion method 

 This process occurs in semiconductor lasers. The rise in temperature or the 

application of electric field transfers the electron from valence band to conduction band. The 

electron transfer between the bands causes population inversion. 

5. Chemical reaction method 

 In this process, the energy released during the chemical reaction is used to excite the 
atoms. In Hydrogen fluoride chemical laser, the excitation of HF molecules is achieved 
through the following reaction. 

 *
2 2H F 2HF Excessenergy 2HF     

Conditions for Population Inversion 
1. There must be atleast two energy levels. 
2. There must be a source to supply energy to the medium. 
3. The atoms must be raised to the excited state continuously. 

 
Principle of Laser action 

 The stimulated emission of radiation is the principle of laser action. 
The photon produced due to the stimulated emission has the same phase, energy and 
frequency as the incident photon. These two photons now stimulate other two atoms in the 
excited state. This process continues as a chain and the number of coherent photons increases 
rapidly, giving a highly monochromatic, highly directional, highly intense coherent beam. 
 Hence, the Light is Amplified by Stimulated Emission of Radiation, termed as 
LASER. 
 
Nd:YAG Laser 

 This is a four level solid state laser. 
 In this system, the trivalent neodymium Nd3+, typically replaces a small fraction of 
the yttrium ions in the Yttrium Aluminium Garnet (YAG - Y3Al5O12) crystal lattice. 
Characteristics  
Type   :   Solid State Laser 
Pumping Process :   Optical Pumping 
Power Output :   70 Watt 
Nature of Output :   Continuous or Pulsed Wave 
Wavelength :   1.064 μm 
Principle 
 The population inversion is achieved by the optical pumping method using krypton 
flash lamp. Due to the stimulated emission, laser beam with wavelength 1.064 μm is emitted. 
 



 

 

 

Construction 
 It consists of an elliptical cavity in which neodymium doped yttrium aluminium 
garnet in the form of rod is placed. This acts as the active medium. A krypton flash tube is 
also kept inside the elliptical cavity which acts as the pumping source. The ends of the rod 
are polished. Two mirrors, one is fully reflecting and the other partially reflecting is kept to 
the either side of the elliptical cavity. A power supply is also connected to the flash tube. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Working 
 When the power supply is switched on, flash is given to the laser rod. The Nd3+ ions 
go to the excited state by absorbing the radiation of wavelengths 0.80 μm and 0.73 μm. These 
excited state Nd3+ ions then come to the metastable state through non-radiative transition. 
Population inversion is achieved. Then a spontaneously emitted photon triggers the 
stimulated emission. The transition from the E3 to the E2 energy level takes place resulting in 
the emission of laser beam of wavelength  1.064 μm. 
Energy level Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
Advantages 
1. It works in continuous wave mode. 
2. It has high output. 
3. It has high efficiency. 
Disadvantages 
The pumping energy levels are splitted and they are complex. 



 

 

 

 
Applications 
In engineering field, Nd-YAG lasers are used in material processing such as cutting, 
drilling, welding, etching, etc. 
Nd-YAG lasers are mainly used in cutting and welding of steel and alloys. 
Nd-YAG lasers are used in range finders. 
In medical field, Nd-YAG lasers are used in dermatology especially in the removal of hair. 
Nd-YAG lasers are used in the treatment of minor vascular defects. 
 
Carbon dioxide (CO2) Laser 

 Carbon dioxide laser is the first molecular gas laser. This is a high power molecular 
gas laser. 
Characteristics 

Type  :   Molecular Gas Laser 
Pumping Process :   Inelastic atom-atom Collision 
Power Output :   10 kiloWatt 
Nature of Output :   Continuous Wave 
Wavelength :   10.6 μm and 9.6 μm . 
Different modes of vibration 
 There are three modes of vibrations of the carbon dioxide molecule. 

(i) Symmetric stretching mode 
(ii) Bending mode 
(iii) Asymmetric stretching mode 

(i) Symmetric Stretching Mode 
 In this mode of vibration, the carbon atom is 
stable and the two oxygen atoms move towards or 
move outwards from the carbon atom along the 
molecular axis. 
(ii) Bending Mode 
 In this mode of vibration, the carbon and the two 
oxygen atoms move in opposite directions perpendicular to the 
molecular axis. 
 
 

(iii) Asymmetric Stretching Mode 
In this mode of vibration, both the carbon and the two 
oxygen atoms move in opposite directions along the 
molecular axis. 
 

Principle 
 The population inversion is achieved by the inelastic atom-atom collision pumping 
method. 
 Due to the stimulated emission, laser beam with wavelengths 10.6 μm and 9.6 μm are 
emitted. 
 



 

 
Construction 
 It consists of a quartz discharge tube of diameter 2.5 cm and length 5m. There is a gas 
inlet through which Helium, Nitrogen and Carbon dioxide gases are introduced into the 
discharge tube. The Nitrogen and Carbon dioxide gases act as the active medium. The 
discharge tube is connected to a power supply. There is an outlet to the vacuum pump. The 
two ends of the quartz discharge tube are inclined to the Brewster angle, known as Brewster 
window made up of NaCl crystal for polarized laser beam.  
 Two concave mirrors, one fully reflecting and the other partially reflecting are placed 
to the either side of the quartz discharge tube. 
 

 

 

 

 

 

 

 

 

 

Working 

 When the power supply is switched on, an electric charge is given to the quartz 
discharge tube. The electrons in the discharge tube are accelerated and these accelerated 
electrons collide with the ground sate Nitrogen atoms. This is given by, 
    
 
where, Ne → ground state Nitrogen atom 
     e*  → accelerated electron 
    Ne*→ excited state Nitrogen atom 
     e   → decelerated electron 
 These excited Nitrogen atoms inelasticaliy collide with the neon atoms and raise them 
to the excited state. This is given by, 
  
 
where, He*     → excited state Nitrogen atom 
     CO2  → ground state Carbon dioxide atom 
     He    → ground state Nitrogen atom 
     CO2

* → excited state Carbon dioxide atom 
 The number of CO2 atoms in the excited state increases. Thereby, Population 
inversion is achieved. Then a spontaneously emitted photon triggers the stimulated emission 
which results in emission of a high intense laser beam.  
 There are two transitions takes pace. 

* *Ne e Ne e  

* *
2 2Ne CO CO Ne  

 



 

 

 

 From the transition, E5 to E4, a laser beam with wavelength, λ = 10.6 μm in the 
Infrared region is emitted. 
 From the transition, E5 to E3, a laser beam with wavelength, λ = 9.6 μm in the 
Infrared region is emitted. 

 
Advantages 

1. The output is continuous. 
2. The output is very high. 
3. The output power depends on the dimensions of the discharge tube. 
4. It has high efficiency. 

Disadvantages 
1. The discharge tube gets contaminated due to the production of carbon monoxide. 
2. Corrosion of the reflecting plates may takes place. 
3. The output power depends on temperature. 
4. Accidental exposure may damage the eye, since the output beam is invisible. 

Applications 
1. High power CO2 lasers are used in material processing such as, cutting, welding, 
 drilling, etc. 
2. CO2 lasers are used for military range finding. 
3. CO2 lasers are used in neurosurgery, microsurgery, general surgery and bloodless 
 operations. 
4. CO2 lasers are used in the treatment of liver and lung diseases. 
5. CO2 lasers are used in remote sensing. 
6. CO2 lasers are used in open air communications. 

 
 



 

 

 

Explain the construction and working of a semiconductor diode laser (or) 
Discuss with theory the construction and working of homo-junction semiconductor 
laser. 
 The semiconductor laser is a solid state laser. This laser is very tiny and compact. 

Characteristics of semiconductor laser 

Type     :  Solid state semiconductor laser 
Pumping Process     :  Direct conversion  
Power Output  :   1 milliwatt  
Nature of Output  :   Continuous or Pulsed Wave 
Wavelength  :   8000 Ǻ 

Principle: 

 When a p-n junction diode is forward biased, recombination of electron-hole pair 
takes place which results radiation of energy in the form of light, i.e. photon is emitted. This 
is called recombination radiation. If the junction current is large, population inversion is 
achieved. The emitted photons further stimulate the recombination of electron-hole pairs in 
the junction which produces laser light of wave length around 8000 Ǻ.  
 
 
 
 
 
 
 
 
Construction: 

 A homo-junction semiconductor laser diode consists of two regions, viz, P region and 
N region fabricated from same crystalline material (Ga As : Gallium Arsenide). It is cut in 
the form of platelet about 0.5 mm thickness. It is used as the active material. A junction is 
formed between the two regions called p-n junction, it acts as the active medium. In P 
region, the majority charge carriers are holes and in N region, the majority charge carriers are 
electrons. The P region is connected to the positive of the battery through upper electrode 
and the N region is connected to the negative of the battery through lower electrode. i.e. it is 
forward biased. The two ends of the p-n junction are highly polished and parallel with each 
other. i.e. it acts as the optical resonator.  
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Working: 
 When the forward bias voltage is applied to p-n junction, electrons from the N region 
and holes from the P region are injected into p-n junction. If the applied voltage is increased, 
concentration of electrons in the conduction band of the N type and concentration of the 
holes in the valence band of the P type increases. Hence, population inversion is achieved at 
the p-n junction. This region is called as the active region. The recombination of the electron-
hole pair takes place due to this injection and produces energy in the form of photon. The 
emitted photons stimulate further recombination of electron-hole pairs. So that, a laser beam 
of wavelength 8000 Ǻ is emitted.  The wave length of the laser depends on the band gap 
of the materials used. 
  
 
 
 
 
 
 
 
 
The wave length of laser is determined by, 
 
 
 
 
Advantages 

1) Its cost is low. 
2) It is very simple and compact. 
3) It has high efficiency. 
4) It can be operated at low power. 
5) The Output can be modulated by varying the junction current.  
6) The Output is Continuous or Pulsed Wave. 

 
Disadvantages 

1) The beam has very large divergence. 
2) Purity of monochromatic is poor. 
3) Coherence and stability is poor. 
4) Output power is very low. 

 
Applications 

1) It is used in fiber optic communication, due to its smaller size. 
2) It can be used as a pain killer. 
3) It is used in laser printers and CD writing and reading. 
4) It is used for bar coding. 
5) It is used to heal wounds by means of infrared radiation. 
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Applications of Lasers 
In Industry 

1. High power lasers are used for welding, cutting, drilling, etc. 
2. Lasers are used to test the quality of the materials by NDT method. 
3. Laser is used to obtain a three dimensional photography called hologram. 

In Medicine 
 Lasers are used in Bloodless surgery, laser healing, surgical treatment, kidney 
stone treatment, eye treatment, dentistry, removal of piles, tattoos, removal of hair, skin 
treatment, etc. 
In Military 

1. Lasers are used to guide missiles and satellites. 

2. Lasers are used to disable enemy weapons and destroy enemy targets. 

3. Lasers are used to Lasers are also used for marking targets. 
In Communication 

1. Lasers are used in fiber optic communication. 
2. Lasers can be used for under water communications between submarines. 
3. Lasers are modulated to transmit more number of messages. 

 
In Metrology 

1. Lasers are used in alignment of pipes or tubes. 
2. Lasers are used in remote sensing. 
3. Lasers are used for weather monitoring. 
4. Lasers interferometers are used to measure length to a very high accuracy. 

In Computer 
1. Lasers are used in laser printers. 
2. Lasers are used in writing and reading CDs. 
3. Lasers are used to transfer data from one computer to another through optical fibres 

as light guides. 
In Chemistry 

1. Lasers are used to accelerate some chemical reactions to create new chemical 
 compounds by destroying atomic bonds between the molecules. 

2. Lasers are used to separate isotopes. 
 
 
 
 
 
 
 
 
 
 
 
 
 



Metallic Glasses 
 

Definition 
 

The engineering materials which share the properties of both metals 

and glasses are called metallic glasses simply the metallic glasses are 

glasses having metallic properties. Eg:  Pd77, Cu6 Si17. 

 
Explanation 
 

A glass is a solid material obtained from a liquid which does not 

crystalline on cooling. They are amorphous solid in which atoms are packed 

in random fash-ion. The glass is a word generally associated with 

transparent silicate glasses containing silica (SiO2) and oxides of some 

metals like Al, K, Na, Pb and Mg. These glasses are non metallic act as 

electrical insulators and does not exhibit ferromag-netism. But metals are 

malleable, ductile act as good conductors and posses crys- 

talline structure. 

 
But matallic glasses exhibit metallic properties even though they are 

amorphous in nature. Oxides of glasses are amorphous, in nature and it is 

common feature but a metallic material (metallic glasses) to have 

amorphous nature is quite new. 

 

Metallic glasses are usually prepared by cooling a metallic liquid 

(mentioned already) which has a disordered structure so quickly so that 

there is no enough time 
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Fig.1  Piston-Anvil liquid quenching device 
 
left for the formation of crystalline structure. The rate of cooling is of the 

order of 2 106 C per second. 

 

During solidi cation there is no change in interatomic spacing. Thus a 

metallic glass may be considered as a solid with frozen liquid structure. The 

temperature at which the transition takes place from liquid to solid is known 

as glass transition temperature (Tg ). On heating the metallic glasses show a 

reversible glass-liquid transition at glass transition temperature Tg . The 

metallic glasses developed forty years ago required faster cooling of the 

order of million degrees of Celsius per sec-ond. But the new alloys recently 

developed that form metallic glasses require lower cooling rates at the order 

of 1 to 100 C per second. This slower cooling facilitate to fabricate large 

parts of a machinery using metallic alloys in bulk ingot. 

 
  Preparation of metallic glasses 
 
(a)  Small scale production 
 

The original method used for preparing metallic glasses was the gun 

technique (or) splat cooling. Here a small liquid globule is propelled 



(pumped) by means of a shock tube and spraying it to form a thin foil 

(coating) on copper substrate (Cu base). Here the substrate is curved so that 

the centrifugal force promotes a good thermal contact between liquid layer 

(sprayed) and the substance. In this method heat is extracted (absorbed) 

from the melt from only one side. This limitation is eliminated in an 

improved method in which the liquid globules are squeezed be-tween a fast-

moving piston and a x anvil that are lined with copper. This copper coating 

removes the heat from melt (liquid sprayed) quickly. An advantage of this 

piston-anvil method is that it provided a good parallelism between two faces 

of foil (cooled lm) which is about 25mm in diameter and 40 m in thickness  

 

(b)  Large scale (or) mass production 

 
The laboratory methods discussed above are not suitable for large 

scale (or) mass production of metallic glasses. For practical applications we 

require metallic glasses in the form of thin sheets. Hence large effort was 

devoted to various methods so as to freeze the metallic melt rapidly in the 

form of a continuous ribbon. The principle of this method is to feed (pump) 

a continuous jet of liquid alloy on the outer rim of a rapidly rotating 

cylinder. Hence the molten alloy solidi es rapidly into a thin ribbon (50 m 

thick) that is ejected out tangentially (to the rotating cylinder) at the rate as 

high as 6600 ft/min (or) 2200 m/min. The width of ribbon obtained is 

limited to few millimeters. 

 

This method mainly involves the following steps. 

 
(a) A stream of melt is injected through a nozzle (small hole) into a 

rotating drum containing water, instead of pumping on to a rotating 

cylinder. Wires with circular cross sections can be formed.  

 

(b) A very rapid cooling at the rate of 106 K/sec called splat cooling is 

obtained in this method.  



 

 Properties of metallic glasses  
 

1. Composition  
 

The metallic glasses are metal alloys which have no long range atomic 

order.  

 
2. Metallic properties  

 
They are all strong, ductile, malleable brittle and opaque.  

 
3. Mechanical properties  

 
They have high rapture strength, high toughness and better corrosion 

re-sistance.  

 

4. Electrical and Heat properties  
 

The electrical resistivity of metallic glasses is high and it does not vary 

with temperature. Their temperature coef cient can even be zero or 

negative. It has negative temperature coef cient, that is the electrical 

resistivity de-creases as the temperature increases.  

 
5.Magnetic properties  
 
They have high magnetic permeability ( is high) and hence exhibit ferro-

magnetism. They have low magnetic losses, saturation magnetisation with 

low coercivity and zero magnetostriction. (They will not elongate or con-

tract under a.c. eld producing varying magnetic ux).  

 
Applications of metallic glasses  
 
Due to their unusual physical and chemical properties, metallic glasses play 

an important role as an engineering material. Some of the applications of 

metallic glasses are listed below. 

 
1. Electrical and electronic applications  



 
(a) Because of their insensitivity to temperature, they are used in elec-

tronic circuits.  

 

(b) Since their resistivity is high, they are widely used as resistance 

elements in electric circuits.  

 
2. Thermal applications  

 
The metallic glass Pd80, Si20 in which Pd is replaced by chromium (Cr) 

up to 7% are used as thermometers for measuring very low 

temperature. Such a thermometer is called as cryo thermometers (cryo 

means low).  

 

3. Safety applications  
 

Since metallic glass can withstand high dozes (amount) of radiations 

without a change in electrical properties, they are used in ssion and 

fusion reactor and environmental devices.  

 

4. Magnetic applications  
 

(a) Since metallic glasses possess high vicker's hardness (8 GPa) 

(vicker hardness is a standard for measuring the micro hardness of 

a material) and good corrosion resistance, they are used in the 

manufacture of magnetic tape recording heads.  

(b) The high value of magnetic permeability makes the metallic 

glasses rib-bons and wires ideally suitable for generating 

harmonics when they are placed in suitable AC and DC and as 

antitheft tags for protecting store merchandize (articles for sale).  

 

(c) Because of their low magnetic loss, they are used in motors which 

reduces the core loss as much as 90% when compared to 

conventional crystalline magnets.  



 

(d) Super conducting metallic glasses like Zr75 and Rh25 are used in 

produc-ing high magnetic elds and for magnetic leviation effect 

(magnetic suspension used in fast train track).  

 

(e) Metallic glasses are used in magnetic devices like magnetic 

sensors (or) transducers, security systems and power transformer 

cores and sci-entic applications.  

 

(f) Since metallic glasses may be regarded as liquids with frozen 

struc-ture, they are ideally suited to produce materials for low 

temperature transport and critical behaviour studies and they are 

most suited for the study of electrons in non crystalline metals.  

 
 Metallic glasses as transformer core material 
 
Since metallic glasses exhibit excellent ferromagnetic properties with low 

magnetic loss, high permeability, magnetic saturation, low coercivity and 

zero mag-netostriction effect with extreme hardness they are ideally suited 

to produce large sheets used as transformer cores 
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 Nozzle  
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Fig. 2 Planer  low casting (for the manufacture of ribbons of metallic glasses) 

 
Core sheets (or) wide ribbons up to 15 cms can be produced by using a planar ow casting 

method in which a narrow slitted nozzle for feeding molten alloy is situated very close to rotating 

cylinder surfaces. 

 

These large sheets of metallic glasses are widely used in power distribution trans-formers 

which convert high voltage electricity to power lines of 240 V used for do-mestic purposes (Step 

down transformer). Another advantage in using metallic glasses as core in transformer, is that the 

size of transformer becomes so small and ef cient also in performance when compared to the 

conventional transformers which are very large in size. 

 



Magnetic Materials 

 

Introduction 

 

The materials which gets magnetised when placed in external magnetic eld are known as 

magnetic materials. These materials play a vital role in modern technol-ogy. They are 

widely used in electrical machines, computers, television tube, trans-ducers, audio devices, 

meters etc. These materials actually play an important role in storage devices. 

 

Among the many types of magnetic materials, diamagnetic, paramagnetic, fer-

romagnetic, antiferromagnetic and ferrimagnetic are the most important, from the point of 

view of their applications. In order to understand the magnetic behaviour of different 

materials mentioned above, a thorough knowledge of such materials is very essential. 

 

Terms and De nitions in magnetism 

 

Magnetic poles 

 

Two opposite ends of a bar magnet are known as magnetic poles. They are called as north 

pole and south pole. The north and south poles are separated by a distance l form a 

magnetic dipole. 

 

Magnetic moment (M) 

 

Magnetic moment of a bar magnet is de ned as the product of its pole strength (m) and 

length of the magnet (2l). 

M = m   2l (1)

 

unit of M is wb   m. 

 

 

Magnetic  eld 

 

The space (or) region around the magnet where the in uence of magnetism is felt is known 



as magnetic eld. 

 

Magnetic lines of force 

 

It is a line along which a unit north pole (compass needle) is free to move. The direction of 

magnetic eld at any point is given by the tangent drawn at that point. The existence of a 

unit north pole is imaginary. 

 

A magnetic eld is represented in picture by drawing number of lines of force using a 

compass box. These lines are known as the lines of magnetic induction. 

 

For a strong magnetic eld, the lines of the force are close together and for a weak 

magnetic eld, the lines of forces are far apart. 

 

For a magnet, the lines start from North pole and terminate or enter at the south pole. 

 

Magnetic  ux ( ) 

 

A collection of magnetic lines of force (or) lines of magnetic induction is known magnetic 

ux and is represented by . 

 

Unit of magnetic  ux (  ) is weber (or) wb. 

 

Magnetic induction (or) Magnetic  ux density (B) 

 

It is de ned as the number of magnetic lines of force ( ux) passing through unit area of a 

material (or) medium kept perpendicular to the direction of lines of force. 

 

Magnetic  ux density (or)         
 

Magnetic induction (B)  = 
  Number of magnetic lines of force  

 

         

    

Area of crosssection  
 

       
 

          

 
B = 

      
(2) 

 

A     
 

       
 



unit of B is wb=m
2
 (or) Tesla (T)         

 

Hence Magnetic  ux 
   

(3)
 

 = BA  
 

           

 

Magnetic  eld intensity (H) 

 

Magnetic eld intensity at a point in a magnetic eld (produced by a magnetic ma-terial) is the 

force experienced by a unit north pole placed at that point. It is repre-sented by H. 

 

Unit of H is Ampere turns per meter (or) AT/m. 
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But the existence of unit north pole is imaginary. 

 

 FForce experienced by unit north pole in magnetic  eld 
 

H = 
 

 

= 
   

 

m  pole strength  
 

(or) F = mH (4)
 

 

Magnetic permeability ( ) 

 

It is a measure of the amount of magnetic lines penetrating through the material (or) it is the 

easiness of a material (or) medium to allow the magnetic lines through it. 

 

It is found that the magnetic ux density (B) is directly proportional to the eld strength 

(H) ie., 

 

 B / H  
 

B =   H (5)
 

       

      
 

 
= 

B 
 (6) 

 

H  

    
 

 



where is a constant of proportionality and is known as the permeability (or) absolute 

permeability of the medium. 

 

Magnetic permeability (or) absolute permeability ( ) of a medium (or) a material is de 

ned as the ratio of magnetic induction (B) in the sample to the applied eld 

 

(H). 

 

Unit of magnetic permeability (  ) is Henry/metre. 

 

Magnetic permeability of free space (or) air (  0) 

 

If the ux density (or) magnetic induction is established in air (or) in a non-magnetic 

material by keeping it in a magnetizing eld of strength H then 

 

  B0 =   0 H (7)
 

        
 

   
0 = 

B0  
 (8) 

   

H  

      
 

where   B0 = magnetic induction (or)  ux density in air (or)vacuum.  
 

0 = permeability of free space (or) air.  
 

 

Magnetic permeability of free space ( 0) is de ned as the ratio of the magnetic induction 

(B0) in air (or) free space to the magnetic eld (H ). 

 

Unit of  0 is Henry/metre. 

 

 

Magnetic Relative permeability (  r ) 

 

It is de ned as the ratio of the absolute permeability of a medium ( ) and the per-meability 



of free space ( 0) that is 

 

r  =    
(9)

 

0 
 

  
 

      

 

r is a dimensionless quantity. It is only a ratio and has no unit. Also 

 

r  =  
= BH = 

 B  (10)
 

 

B0H B0 
 

 0     
 

 

Hence relative permeability of a medium ( r ) can also be de ned as the ratio of 

magnetic ux density B established in the medium to the magnetic ux density B0 established 

in air. 

 

Intensity of magnetisation (I) 

 

The term magnetisation represents the process of converting a non magnetic material into a 

magnetic material. The intensity of magnetisation of a magnetic material is a measure of 

degree of its magnetisation. 

 

Intensity of magnetisation of a material is de ned as the magnetic moment (in-duced 

magnetisation) per unit volume. It is represented by I, 

 

magnetic moment 

I
 
=

 volume of the material 

 

I = 
M   (11) 

 

V  

     
 

 

Unit of I is wb=m. 

 



If A is the area of cross section, 2l is the length and m is the pole strength of a magnet 

(magnetic material) then 

 

I = M =m   2l   sin M = m 
 

2l 
 

V 
 

  A 
 

2l    
 

           
 

            
 

     
I = 

m     
(12) 

     

A    
 

          
 

 

Hence the intensity of magnetisation of a material can also be de ned as the ratio 

between its pole strength and area of cross section per unit area kept right angles to the 

direction of magnetisation. 

 

 

 

Signi cance: when the same amount of magnetic eld is applied to different magnetic 

substances like iron, steel alloys etc, they get magnetised to different extent. Hence the 

intensity of magnetisation is a measure (or) degree of magnetisation of a specimen. 

 

Magnetic susceptibility (  ) 

 

This term represents the easiness with which a material gets magnetised. Actually it 

represents the magnetic response of a magnetic material to get magnetised. 

 

Ex: If is +ve, the material can be magnetised. If is ve, the material cannot be 

magnetised. 

 

De nition: Magnetic susceptibility of a material is de ned as the ratio of in-tensity of 

magnetisation (I) to the magnetic eld strength (H ). It is represented by 

 

   
 

= I (13)
 

H  

  
 

 

is a dimensionless quantity. It has no unit (since I and H are having same units). 



Relation between  r and  is  

r  = 1 + (14)

 

 

Different Types of Magnetic Materials and their Properties  

 

Classification of magnetic materials 

 

 Introduction 

 

All materials are made up of atoms. In an atom, the electrons are revolving round the 

nucleus in various shells. Moving electron (moving charges) produces electric current, 

which in turn produces a magnetic eld. Electron has both orbital motion around the nucleus 

and spin motion about its own axis. Orbital motion of electron produces orbital magnetic 

moment. Similarly spin motion of electron produces spin magnetic moment. Hence an atom 

of a material can be considered as atomic magnet whose magnetic moment is given by the 

vector sum of orbital and spin magnetic moments. The magnetic moment (or) magnetic 

dipole of the atoms in a material will decide the nature of magnetism in that material. 

 

Classi cation 

 

Magnetic materials are broadly classi ed into two categories (types) 

 

 

1. Magnetic materials not having any permanent magnetic moment. 

Example: Diamagnetic materials.  

 

2. Magnetic materials having permanent magnetic moment. 

Examples:  

 

(a) Paramagnetic materials.  

 

(b) Ferromagnetic materials.  



 

(c) Antiferromagnetic materials.  

 

(d) Ferrimagnetic materials.  

 

Let us now discuss brie y the  ve types of magnetic materials mentioned above. 

 

Diamagnetic materials 

 

These materials when placed in an external magnetic eld get feebly magnetised in a 

direction opposite to the external eld. Because of this, when a diamagnetic material is 

suspended in a uniform magnetic led, they at once turns in a direction perpendicular to the 

direction of external eld (Resultant of external and internal elds is in perpendicular 

direction). 

 

Explanation 

 

An electron moving round the nucleus produces a magnetic moment. Due to differ-ent 

orientations of various orbits in an atom, the net magnetic moment of a diamag-netic 

material is zero. When an external magnetic eld is applied on these materials, there is a 

change produced in the motion (speed of electrons) in the orbits which produces an induced 

magnetic moment in a direction opposite to the external eld. That is why a suspended 

diamagnetic material turns perpendicular to external eld. 

 

Properties 

 

1.  Direction of alignment: (turning) 

 

In a uniform external magnetic eld: When a diamagnetic material is suspended in a 

uniform magnetic eld, it at once turns perpendicular to the direction of external eld. 

 

In a non uniform eld: It turns from a stronger eld region to a weaker eld re-gion. 

 

 



2.  Effect on the magnetic lines of force 

 

Diamagnetic materials repel the magnetic lines of force. Hence when they are brought near 

an electromagnet, they are repelled. 
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 B=0 

 

 

 

Fig. 1 Magnetic lines are passing away from the diamagnetic material 

 

3.  Magnetic moment 

 

There are no permanent dipoles. Hence the magnetic effects are small. 

 

 

4.  Magnetisation 

 

Magnetisation in a diamagnetic material is directed opposite to the direction of ex-ternal 

magnetic eld. 

 

5.  Susceptibility (  ) 

 

Diamagnetic materials have negative susceptibility. The absolute value of suscepti-bility is 

of the order of 10 
6
. 

 

Eg: For Bismuth = 16:6 10 
5
 For Lead 

= 1:8 10 
5 



 

6.  Dependence of susceptibility on temperature 

 

The magnetic susceptibility of diamagnetic materials is independent of temperature. 

 

 

7.  Dependence of susceptibility on applied  eld 

 

The susceptibility of diamagnetic materials is independent of strength of the applied eld. 

(Susceptibility value is a constant for a particular diamagnetic material and will not vary 

with temperature and strength of the applied eld). 

 

8.  Relative permeability (  r ) 

 

Relative permeability of diamagnetic materials is less than unity (  r  < 1). 

 

 

a.  The magnetisation in weak magnetic Field 

The magnetisation of diamagnetic material is a linear function of the magnetic eld, when 

the eld is not so strong. 
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Examples of diamagnetic substances 

 

Sb, Bi, Zn, Ag, Au, Pb, Al2O3 

 

Paramagnetic materials 

 

These materials when placed in a uniform external magnetic eld, they get mag-netised in 

the direction of the external eld. Because of this, when a paramagnetic material is 

suspended in an external eld, they at once turns in the same direction of the applied eld. 

 



Explanation: 

 

Paramagnetic materials possess permanent magnetic moments. This magnetic mo-ments in 

a single atom of the material is due to (a) orbital motion of electrons around the nucleus 

producing orbital magnetic moment and (b) spin motion of electrons producing spin 

magnetic moment. 

 

The orbital magnetic moments disappear due to the electric eld of neighbouring charges 

but spin magnetic moments remain unaltered due to this eld. 

 

In the absence of external eld, because of random orientation of magnetic mo-ments 

under thermal uctuations, the net magnetic moment in the material is zero. When the 

external eld is applied, the magnetic moments tend to line up with the external eld. Since 

the magnetisation produced in the materials is in the same di-rection of external eld, they 

set themselves in the direction of applied eld. 

 

Properties 

 

1.  Direction of alignment in external magnetic  eld 

 

When a paramagnetic substance is suspended in a uniform magnetic eld, it at once turns 

along the direction of the external eld. 

 

In a non uniform eld, it turns from a weaker eld region to a stronger eld region. 

 

 

 

2.  Effect on the magnetic lines of force 

 

 

 

 B=0 

 



 

 

Fig. 2 Magnetic lines are pulled towards the paramagnetic material 

 

 

 

The paramagnetic materials attracts the magnetic lines of force. Hence when they 

brought near an electromagnet, the lines of forces due to electromagnet are pulled towards 

the paramagnetic materials. 

 

3.  Magnetic moment 

 

Paramagnetic materials possess permanent magnetic dipole moment. 

 

 

4.  Magnetisation 

 

Magnetisation in a paramagnetic material is directed along the direction of external 

magnetic eld. 

 

5.  Susceptibility (  ) 

 

Paramagnetic materials have a positive magnetic susceptibility (very low). The sus-

ceptibility is of the order of 10 
6
. 

 

Examples: for Al = 2:2    10  
5
. 

 

6.  Dependence of susceptibility on temperature 

 

Susceptibility of paramag-       
 

netic substance greatly de- 
      

 

      
 

pends on temperature.  As       
 

the  temperature increases,   = C / T    
 



 
     

 

susceptibility decreases. ac- 
      

      
 

cording to Curie law       
 

 

1 
       

 

/ 

  

T   

 

T  

   
 

          

T   (a)    (b) 
 

= 

C    Fig. 3 
 

 T        
 

 

where C is Curie's constant. 

 

T is Temperature in kelvin. 

 

At low temperature, Curie-Weiss law can be used. 

 

The relation is 

 

C 

=
 T 

 

where = A is a constant known as permagnetic Curie temperature. Graph 

(Fig.3) gives the relation between and T as per Curie law. 

 

 

7.  Dependence of susceptibility on applied  eld 

 

Paramagnetic susceptibility is independent of applied magnetic eld and it will not vary with 

applied eld. 

 

8.  Relative permeability (  r ) 

 

Relative permeability of paramagnetic materials is slightly greater than unity (1) ( r > 1). 

The lines of forces due to external eld are attracted towards the mate-rial and penetrate 



through it. 

 

Eg:   r for Al = 1.00002. 

 

Since   r  = 1 +    where  has a value 0:00002 = 2    10  
5
. 

 

 

9.  Variation of magnetisation under weak external magnetic  eld 

 

The magnetisation is a linear function of the external eld (H), when the eld is not so strong. 

 

Examples: Pt, Al, Cr, Mn, CuSo4, liquid oxygen and solutions of salt of iron and nickel. 

 

Ferromagnetic materials 

 

These materials when placed in a uniform external magnetic eld, they get strongly 

magnetised in the direction of the applied eld. Because of this, when a ferromag-netic 

material is suspended in an external eld, they quickly turns along the direction of the 

applied eld. 

 

Explanation 

 

A ferromagnetic material has a spontaneous magnetic moment naturally even in the absence of 

external eld that is the net magnetic moments due to the atoms in the material is not zero. This 

net intrinsic magnetic dipole moment which is primarily due to the spin of the electrons. There 

is a strong interaction between the neighbour-ing atomic magnetic dipoles. It is known as spin 

exchange interaction and this exchange interaction align the neighbouring magnetic dipoles 

parallel to each other and this spread over a very small region (1 - 0.1 mm across) called 

domain. The domains are oriented in different directions and there is a net magnetic moment in 

the material which is the vector sum of the magnetic moment of domains. 

 

In the absence of external eld, the magnetic moment of domains are not aligned. When the 

external eld is applied, the domains that are aligned in the direction of eld, increase in size at the 

expense of other. In a very strong magnetic eld, all the domains are lined up providing highly 



observed magnetism. Since the magnetisa-tion produced inside the material is in the 

direction of external eld, the material quickly turns along the direction of applied eld. 

 

Properties 

 

1.  Direction of alignment in external magnetic  eld 

 

When a ferromagnetic material is suspended in a uniform magnetic eld, it quickly turns 

along the direction of the external eld. 

 

In a non-uniform eld, it turns from a weaker eld region to a stronger eld region quickly. 

 

2.  Effect on the magnetic lines of force 

 

Ferromagnetic material strongly attracts the magnetic lines of force. The eld lines are 

crowded in to the material, as shown in Fig.4. 

 

 

N    S 

 
Outer ring is made up of 

ferromagnetic material 

 
Lines of forces are rowded into the 

ferromagnetic material 

 

Fig. 4 

 

3.  Magnetic moment 

 

Ferromagnetic materials have permanent dipole moment. Hence they attract eld strongly. 

 

4.  Magnetisation 

 

They exhibit magnetisation even in the absence of external magnetic eld. This prop-erty is 

known as spontaneous magnetisation. 



 

In the external eld, the magnetisation produced is directed along the applied eld. 

 

5.  Susceptibility (  ) 

 

Ferromagnetic materials have positive magnetic susceptibility. The value of suscep-tibility 

is very high and is of the order of 10
6
. 

 

Eg: for pure Fe = 2    10
5         


