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UNIT – I 

CONDUCTING MATERIALS 
1. What are the merits of classical free electron theory?  
  
     (i) It is used to verify Ohm‟s law. 

     (ii) It is used to explain electrical and thermal conductivities of metals. 

     (iii) It is used to derive Wiedemann – Franz law. 

     (iv) It is used to explain the optical properties of metal.  

2. What are the drawbacks of classical free electron theory?  
 

(i) Classical theory states that all free electrons will absorb the energy,  quantum theory states that 

only a few electrons will absorb the energy. 

(ii) Electrical conductivity of semiconductors and insulators could not be explained by this theory. 

(iii) Photo – electric effect, Compton effect and black body radiation could not be explained by this 

theory. 

3. Define mean free path.   
                                                              
 The average distance traveled by a free electron between any two successive collisions in the 

presence of an applied field is known as mean free path. It is the product of drift velocity of the electron 

(vd) and collision time (η) 

λ = vd ×τc 

4. Define relaxation time of an electron. 
 
 The average time taken by a free electron to reach its equilibrium position from its disturbed 

position due to application of an external electrical field is called relaxation time. 
5. Define drift velocity of electron. How is it different from the thermal velocity of an electron? 
 
 The average velocity acquired by a free electron in a particular direction due to the application of 

an electrical field is called drift velocity. It is denoted as vd.. 

6. Define mobility of electrons. 
 The magnitude of the drift velocity per unit electric field is defined as the mobility of electrons 

(μ)                                                   i.e., μ = vd / E 
Where vd→ drift velocity of electrons 

            E→ Electrical field. 

7. Define electrical conductivity. 
 
 The amount of electricity flowing per unit area per unit time maintained at unit potential gradient.  

σ = ne2τ/m         Ω-1K-1 
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8. State Wiedemann – Franz law. 
 
 It states that the ratio of thermal conductivity (K) to electrical conductivity (ζ) of a metal is 

directly proportional to absolute temperature (T).            K/ σ ∞ T                i.e., K/ σ = LT 
 

Where L is a constant and it is known as Lorentz number. L = 2.44 x10-8W Ω K-2 

 
9. Define Fermi distribution function. 
 
 The probability F (E) of an electron occupying a given energy level at temperature T is known as 

Fermi distribution function. It is given by 

F (E) = 1/(1+e (E-E
F
)/KT) 

E
F → Fermi level 

 K → Boltzmann‟s constant 

 T → Absolute temperature  

E → Energy of the level whose occupancy is being considered. 

10. Define density of states. What is its use? 
 
 It is defined as the number of available energy states per unit volume in an energy interval E and 

E+dE. It is denoted by Z (E). It is used to determine Fermi energy at any temperature. 

11. How does the Fermi junction varies with temperature? 
 
 At 0K,  All the energy states below EF0 are filled  
                         and above EF0 are empty. 
 At TK,  the electron takes an energy KBT  
                         and hence the Fermi function falls to zero. 
 

 
UNIT – II 

SEMICONDUCTING MATERIALS 
 

1. What are the properties of semiconductors? 
 (i) They are formed by covalent bond. 

 (ii) They have empty conduction band. 

 (iii) They have almost filled valance band. 

 (iv) These materials have narrow energy gap. 

2. Mention any four advantages of semiconducting materials. 
 (i) It can behave as insulators at 0K and as conductors at high temperature. 

 (ii) It possesses some properties of both conductors and insulators. 

 (iii) On doping we can produce both N and P-type Semiconductors. 

 (iv) It possess many applications in electronic field such as manufacturing of diodes,  
                   transistors, LED‟s, IC etc. 
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3. What are the differences between elemental semiconductors and compound semiconductors? 

4. Define Hall-effect and Hall voltage. 
 When a conductor  carrying a current  is placed in a transverse magnetic field, a voltage 

difference  is produced inside the conductor in a direction normal to the directions of both the current and 

magnetic field. 

This phenomenon is known as Hall-effect and the generated voltage is called Hall-voltage. 

5.  Mention the applications of Hall Effect. 
 It is used to, 

i. Find type of semiconductor. 

ii. Measure carrier concentration. 

iii. Find mobility of charge carrier. 

iv. Measure the magnetic flux density. 

6. What is a semiconductor? 
 Semiconductor behaves like an insulator at 0 K and behaves like a conductor above 0 K. Its 

resistivity lies in between a conductor and an insulator. 

7. What is meant by intrinsic semiconductor and extrinsic semiconductor? What are the differences 
between intrinsic and extrinsic semiconductor 

S.No Intrinsic Semiconductor Extrinsic Semiconductor 

1. Semiconductor in a pure form is called 
intrinsic semiconductor.  

Semiconductor which are doped with impurity is called 
extrinsic semiconductor 

2. Here the charge carriers are produced 
only due to thermal agitation. 

Here the charge carriers are produced due to impurities 
and may also be produced due to thermal agitation. 

3. They have low electrical conductivity. They have high electrical conductivity. 

4. They have low operating temperature. They have high operating temperature. 

5. 
At 0K, Fermi level exactly lies between 
conduction band and valence band. 

At 0K, Fermi level exactly lies closer to conduction band 
in “n” type semiconductor and lies near valence band in 
“p” type semiconductor. 

6. Examples: Si, Ge, etc. Examples:  Ge doped with  In, P, etc 

8. What is meant by doping and doping agent? 
 The technique of adding impurities to a pure semiconductor is known as doping and the added 

impurity is called doping agent. 

S.No Elemental Semiconductors Compound  Semiconductors 

1.  They are made of single element Eg: Ge,Si  They are made of compounds Eg: GaAs, GaP, MgO etc  

2.  They are called as indirect band gap 
semiconductors. 

They are called as direct band gap semiconductors.  

3. Heat is produced during recombination. Photons are emitted during recombination. 

4. They are used for the manufacture of diodes 
and transistors., etc. 

They are used for making LED‟s, laser diodes, IC‟s etc. 
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9. What is meant by donor energy level? 
 A pentavalent impurity when doped with an intrinsic semiconductor donates one electron which 

produces an energy level called donor energy level. 

10. What is meant by acceptor energy level? 
 A trivalent impurity when doped with an intrinsic semiconductor accepts one electron which 

produces an energy level called acceptor energy level. 

11. Compare n-type and p-type semiconductors. 

S.No N-type semiconductors P-type semiconductors 

1. N-type semiconductor is obtained by doping and 
intrinsic semiconductor with pentavalent impurity. 

P-type semiconductor is obtained by doping and 
intrinsic semiconductor with trivalent impurity. 

2. Here electrons are majority carriers and holes are 
minority carriers. 

Here holes are majority carriers and electrons are 
minority carriers 

3. It has donor energy levels very close to Conduction 
Band 

It has acceptor energy levels very close to Valence 
Band. 

4. 
When the temperature is increased, these 
semiconductors can easily donate an electron from 
donor energy level to the Conduction Band 

When the temperature is increased, these 
semiconductors can easily accept an electron from 
Valence Band to donor energy level . 

12. Show the variation of Fermi level with temperature in the case of n-type semiconductor for high 
and low doping levels. 
  

 

 

 

 

 

Ec  -  The lowest energy level of the conduction band. 

Ev  -  The highest energy level of the valence band. 

EF  -  The Fermi energy level 

Ed  -  The donor energy level 

Ei   -  The Fermi energy of an intrinsic semiconductor. 
13. Draw a neat sketch to represent the variation of Fermi level with temperature for a p-type 
semiconductor at high and low doping levels. 
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Ec  -  The lowest energy level of the conduction band. 

Ev  -  The highest energy level of the valence band. 

EF  -  The Fermi energy level 

Ea  -  The acceptor energy level 

Ei   -  The Fermi energy of an intrinsic semiconductor. 

14. Give the expression for Fermi energy of an intrinsic semiconductor and extrinsic 
semiconductors at 0K. 

 The Fermi energy of an Intrinsic Semiconductor is   EF  =  
𝐸𝑐  +𝐸𝑣

2
 

             The Fermi energy of an n-type Semiconductor is       EF  =  
𝐸𝑐  +𝐸𝑑

2
 

             The Fermi energy of an p-type Semiconductor is        EF  =  
𝐸𝑣  +𝐸𝑎

2
 

 
 

UNIT – III (A) 
MAGNETIC MATERIALS 

1. On the basic of spin how the materials are classified as para, ferro, antiferro and ferri   
   magnetic. 
(i) Paramagnetic materials have few unpaired electron spins of equal magnitudes. 

(ii) Ferro magnetic materials have many unpaired electron spins with equal magnitudes. 

(iii) Anti ferro magnetic materials have equal magnitude of spins but in antiparallel manner. 

(iv) Ferrimagnetic materials have spins in antiparallel manner but with unequal magnitudes. 

2. What is Bohr magneton? 
  The orbital magnetic moment and the spin magnetic moment of an electron in an atom can be 

expressed in terms of atomic unit of magnetic moment called Bohr magneton. 

3. What is ferromagnetism? 
   Certain materials like iron (Fe), Cobalt (Co), Nickel (Ni) have a small amount of magnetization 

even in the absence of an external magnetic field. This phenomenon is known as ferromagnetism. 

4. What are ferromagnetic materials? 
 The materials which exhibit ferromagnetism are called as ferromagnetic materials. 

5. Mention the energies involved in origin of domains in ferromagnetic material. 
 (i) Magnetostatic energy  

 (ii) Crystallographic energy 

 (iii) Domain wall energy 

 (iv) Magnetostriction energy  
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6. Differentiate soft and hard magnetic materials. 
  
S.No Soft magnetic materials Hard magnetic materials 
1. Magnetic materials which can be easily 

magnetized and demagnetized 
Magnetic materials which cannot be easily 
magnetized and demagnetized 

2. They have high permeability They have low permeability 
3. Magnetic energy stored is not high Magnetic energy stored is high 

4. Low hysteresis losses due to small hysteresis 
loop area 

High hysteresis losses due to small hysteresis loop 
area 

 

Unit – III (B) 
 

SUPER CONDUCTING MATERIALS  
 

1. Define of super conductivity and super conductors. 
The phenomenon of losing the resistivity absolutely to zero, when cooled to sufficiently low          

temperature ie., below critical temperature (Tc)  is called superconductivity. 

The materials which exhibit superconductivity phenomena are called superconductors  

   or superconducting materials. 

2. What is transition temperature? 
       The temperature at which a normal material changes into a superconductor is called transition 

temperature (or) critical temperature (TC). 

3. What is Meissner effect? 
 When the super conducting material is placed in magnetic field, under the condition when T ≤ TC, 

and H ≤ HC the flux lines are excluded from the material. Thus the material exhibits perfect 

diamagnetism. This phenomenon is called Meissner effect. 

4. What are high TC superconductors? Give an example. 
 Any superconductor, if transition temperature is above 20 K is called high TC superconductor. 
Example. 
 YBa2Cu3O7   TC = 92K 

 La1.85Ba0.15CuO4  TC = 36K 

5. What are the properties of High TC superconductors? 

x They have high transition temperature.  

x They have modified pervoskite structure. 

x They are direction dependent. 

x They are oxides of copper in combination with other elements. 

6. What are the applications of superconductors? 

x Superconductors are used for the production of high magnetic field magnets. 
x By using superconducting materials, it is possible to manufacture electrical generators and 

transformers  
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x Superconducting materials are used in the construction of very sensitive electrical measuring 
instruments such as galvanometers. 

x Superconducting materials if used for power cables will enable transmission of power over very 
long distances without any power loss. 

7. Distinguish between type – I and II superconductors.     

S.No Type – I Superconductors Type – II Superconductors 

1. The material loses magnetization suddenly. The material loses magnetization gradually. 

2. They exhibit complete Meissner effect They do not exhibit complete Meissner effect. 

3. There is only one critical magnetic field (HC). There are two critical magnetic fields i.e., lower 
critical field (HC1) and upper critical field (HC2).  

4. No mixed state exists. Mixed state is present. 

8. Define cooper pairs? 
     The pair of electrons formed due to the electron-lattice-electron interaction, with equal and opposite 

momentum and spins having the wave vector k-q and k‟-q‟ are called Cooper pairs. 

9. Define coherent length. 
     It is defined as the distance over which two electrons combine to form a cooper pair. 

 
UNIT – IV 

 
  DIELECTRIC MATERIALS 

 
1. Define dielectric constant? 

        It is the ratio between the absolute permittivity of the medium (ε) and the permittivity of free 

space (ε0). 

    Dielectric constant εr =     Absolute permittivity (ε) 

                                            Permittivity of free space (ε0) 

2. Define polarization of a dielectric material. 
           The process of the producing electrical dipoles inside the dielectric when external electric field is 

applied is called polarization in dielectrics. 

            Induced dipole moment (µ) = αE 

E → Applied electrical field 

α   →  Polarizability 

3. Name the four polarisation mechanisms.                         
i. Electronic polarisation. 

ii. Ionic polarisation. 
iii. Orientational polarisation. 
iv. Space- charge polarisation. 

4. What is electronic polarisation? 

        Electronic polarisation occurs due to the displacement of positively charged nucleus an negatively 

charged electrons when an external electric field is applied and there by dipole moment is created. 
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5. What is ionic polarisation? 
         Ionic polarisation occurs due to the displacement of cation and anion when an external electric field 

is applied and there by dipole moment is created. 

6. What is orientation polarisation? 
Orientation polarisation occurs due to the polar molecules. When an external electric field is applied 

positive portion align along field direction and negative portion align along opposite to field direction. 

7. What is space- charge polarisation? 
           Space charge polarisation occurs due to diffusion of ions, when an external electric field is applied.  

8. Define dielectric loss and loss tangent. 
         When a dielectric material is subjected to electric field, the electrical energy is absorbed by the 

dielectric and certain amount of electrical energy is dissipated in the form of heat energy. This loss of 

energy in the form of heat is called dielectric loss. 

 The power loss PL α  tanδ , where tanδ  is called loss tangent and „δ‟  is called loss angle. 

9. Define dielectric breakdown and dielectric strength. 
          Whenever the electrical field strength applied to a dielectric exceeds a critical value, very large 

current flows through it. The dielectric loses its insulating property and becomes conducting. This 

phenomenon is known as dielectric breakdown. 

 It is the minimum strength of electric field required per unit thickness of the dielectric material to 

produce dielectric breakdown. 

10. Mention the various breakdown mechanisms. 
i) Intrinsic breakdown and avalanche breakdown 

ii) Thermal breakdown 

iii) Chemical and Electrochemical breakdown 

iv) Discharge break down 

v) Defect breakdown 
11. What is intrinsic breakdown? 

 When a dielectric is subjected to electric field then the electrons in the valence band acquire 

sufficient energy and go to conduction band by crossing the energy gap and hence become conducting 

electrons. Therefore large current flows and is called intrinsic breakdown. 

12. What is thermal breakdown? 
                 When an electrical field is applied to a dielectric material, some amount of heat is produced.  

Due to excess of heat, the temperature inside the dielectric increases and may produce breakdown is 

called thermal break down. 

13. What is chemical and electrochemical breakdown? 
          Electro chemical breakdown is similar to thermal breakdown. When the temperature of a dielectric 

material increases, mobility of ions increases and hence dielectrics become conducting. This type of 

breakdown is called as chemical and electrochemical breakdown. 
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 14. What is discharge break down? 

           When this type of dielectric is subjected to electric field, the gases present in the material will 

easily ionize and thus produces large ionization current and is known as discharge breakdown. 

15. What is defect breakdown? 
 Some dielectrics have defects such as cracks, pores, blow holes etc. These vacant position may 

have moisture which leads to breakdown called as defect breakdown. 

16. What are ferro-electric materials?  Give examples. 
           Materials which exhibit electronic polarization even in the absence of the applied electrical field 

are known as ferro-electric materials. 

Example. 
Barium Titanate (BaTiO3) 

Potassium Dihydrogen Phosphate (KH2PO4) 

17. What are the differences between polar and non-polar molecules? 

S.No Polar molecule Non-polar molecules 

1. These molecules have permanent dipole moments 
even in the absence of an applied field. 

These molecules do not have permanent 
dipole moments 

2. The polarization of polar molecules is highly 
temperature dependent. 

The polarization of polar molecules is 
temperature independent. 

3. These molecules do not have symmetrical structure 
and they do not have centre of symmetry. 

These molecules have symmetrical structure 
and they have centre of symmetry. 

4. For this kind of molecules, there is absorption or 
emission in the infrared range. 

For these molecules, there is no absorption or 
emission in the infrared range. 

5. Examples: CHCl3,HCl Examples: CCl4, CO2 

18. What is meant by pyro-electricity? 
It means that, the creation of electronic polarization by thermal stress. 

19. What are the properties of ferro-electrics? 
(i) The dielectric constant of these materials do not vary with respect to temperature. 

(ii) The dielectric constant reaches maximum value only at a particular temperature called curie 

temperature. 

(iii) The polarisation does not varies linearly with respect to electric field. 

(iv) Ferro – electric materials exhibits hysteresis. 

20. List out the applications of ferro-electrics. 
(i) It is used to produce ultrasonics. 

(ii) They are used in the production of piezo-electric materials. 

(iii) Ferro-electric semiconductors are used to make positors. 

(iv) They are used as frequency stabilizers and crystal controlled oscillators. 
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UNIT – V 
MODERN ENGINEERING MATERIALS 

1. What is non-linear optics? 
The field of optics dealing with the non-linear behavior of optical materials is known as non-linear optics. 

2. Name few non-linear optical phenomena. 
 The few of the nonlinear phenomena observed are 

1. Second harmonic generation 

2. Optical mixing 

3. Optical phase conjugation 

4. Soliton  

3. What are non linear (optical) materials? 
The material in which, optical properties depend on the intensity of light and they behave 

nonlinearly are called non linear optical materials. 
Examples: KDP, ADP, BaTiO3 ,LiIO3 

4. What are biomaterials? 
The materials which are used for structural applications in the field of medicine are known as 

Biomaterials 

5. What are the types of biomaterials? Mention few biomaterials and their applications. 
Type of Biomaterials 
i.Metals and alloys biomaterials 

ii.Ceramics biomaterials. 

iii.Polymer biomaterials. 

iv.Composite biomaterials 

Bio materials 
i) Cobalt based alloys    ii) Titanium    iii) stainless steel. 

Applications: 
i) Stainless steel is a predominant alloy widely used in implant and orthopedic applications. 

ii) Proposal from cast alloy of Co – Cr – Mo is used to make stem and used for implant hip  

   endoprosthesis. 
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