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DEPARTMENT OF PHYSICS 
 

                                      QUESTION BANK 
 

SUBJECT:    PH8253 - PHYSICS FOR ELECTRONICS ENGINEERING 

SEM/YEAR:     II SEM/AY-2017-2018 

                              UNIT I  -       ELECTRICAL PROPERTIES OF MATERIALS            
Classical  free electron theory ‐ Expression for electrical conductivity – Thermal conductivity, expression ‐ 
Wiedemann‐Franz law – Success  and failures ‐ electrons in metals – Particle in a three dimensional box – 
degenerate states – Fermi‐ Dirac statistics – Density of energy states – Electron in periodic potential: Bloch thorem – 
metals and insulators ‐ Energy bands in solids– tight binding approximation ‐Electron effective mass– concept of 
hole. 

PART - A 
          
S.No 

  
                                          Questions 

 
Level 

 
Comp
etence 

1. What are the sources of resistance in metals? BTL1 Reme
mber  

2. Define drift velocity. How is it different from thermal velocity of an 
electron? 

BTL4  Analys
e 

3. Find the drift velocity of electrons copper wire whose cross sectional 
area is 1 mm2. When the wire carries a current of 10 A. Assume that 
each copper atom contributes one electron of the electron gas.  Given n 
= 8.5x1028 /m3. 

BTL3  Apply 

4. Define the terms relaxation time, collision time and mean free path of 
an electron. 

BTL4  Analys
e 

5. What is meant by a free electron? BTL1  Reme
mber

6. What are the merits of classical free electron theory of metals? BTL1  Reme
mber 

7. Differentiate between electrical conductivity and thermal conductivity. BTL4  Analys
e 

8. What is meant by degenerate and non-degenerate states? BTL1  Reme
mber 

9. Define density of energy states. BTL4  Analys
e 

10. Define Fermi level and Fermi energy with its importance. BTL4  Analys
e 

11. What do you understand by Fermi-Dirac statistics? BTL1  Reme
mber 

12. The Fermi energy of copper at 0 K is 7.04 eV.  Calculate the Fermi 
energy at 300 K. 

BTL3  Apply 
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13. Calculate the Fermi energy of copper at 0 K if the concentration of 
electrons is 8.5x1028 m-3. 

BTL3  Apply 

14. What is a periodic potential? BTL1  Reme
mber 

15. What are forbidden bands? BTL1  Analys
e 

16. Compare free electron approximation and tight binding approximation. BTL4  Analys
e 

17. What is meant by effective mass approximation? BTL1  Reme
mber 

18. Will the effective mass of the electron be negative? Justify your 
answer. 

BTL6  Creatin
g 

19. Explain the concept of hole and give its advantages. BTL2  Unders
tand 

20. What is the phenomenon that explains the concept of hole? BTL1  Reme
mber 

 

  

S.No  Questions Level Competence
1. i) Give the postulates of free electron theory. Derive an expression for 

electrical conductivity of a metal by using classical free electron theory. (3+7) 
BTL1  Remember 

  ii) Calculate the electrical and thermal conductivities for a metal with a 
relaxation time 10-14 second at 300 K. Also calculate Lorentz number using 
the above result.  (Density of electrons = 6x1028 m-3). (3) 

BTL3  Apply 

2.  Deduce mathematical expression for electrical conductivity and thermal 
conductivity of a conducting material and hence obtain Wiedemann-Franz 
law. (13) 

BTL2  Understand 

3.  State and prove Wiedemann-Franz law. Why does the Lorentz number 
determined experimentally does not agree with the value calculated from the 
classical theory?  (10+3) 

BTL1  Remember 

4.  (i) Derive the one dimensional box and calculate the energy values and wave 
function. (10) 

BTL2  Understand 

 (ii) An electron is confined to a one dimensional box of side 10-10m.  Obtain 

the first four Eigen values of the electrons. (3)  

BTL3  Apply 

5.  Obtain Eigen values and Eigen functions of an electron enclosed in a 3-D 
potential box. (13) 

BTL2  Understand 

6.  Derive an expression for the density of states and based on that calculate the 
carrier concentration in metals. (13) 

BTL2  Understand 

7.  i) Starting with the density of energy states obtain the expression for the 

Fermi energy of    an electron at 0 K and hence obtain the expression for the 

average energy of an electron. (10) 

BTL2  Understand 

 ii) The Fermi energy of silver is 5.51 eV. What is the average energy of a free  

electron at 0 K? (3) 

BTL3  Apply 

8.  (i)Write an expression for the Fermi energy distribution function F (E) and 
discuss its behaviour    with change in temperature.  Plot F (E) versus E for  

BTL2  Understand 
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T= 0 K, and T > 0 K. (7) 
   ii) Use the Fermi distribution function to obtain the value of F (E) for the 

level   just    0.01eV   above the Fermi level at 200 K. (3) 
BTL3  Apply 

  iii) Evaluate the Fermi function of energy KBT above the Fermi energy. (3) BTL6  Creating 
9.  (i) Define Fermi energy. Obtain a general expression for the Fermi energy of 

electrons in solids at zero degree Kelvin.  Show that at the same temperature, 
the average energy of the electron is (3/5)th. (10) 

BTL2  Understand 

 (ii) The density of silver is 10.5x103 kg/m3.  The atomic weight of silver is 
107.9.  Each silver atom provides one conduction electron. The conductivity 
of silver at 20 °C is 6.8 x107 Ω-1m-1. Calculate the density of electron and also 
the mobility of electrons in silver. (3) 

BTL3  Apply 

10. Explain the energy band theory of solids. (13) BTL2  Understand 
11. Write notes on     

 (i) Energy levels  (7) BTL2  Understand 
 (ii) Energy bands (3) BTL2  Understand 
 (iii) Bound and free electrons (3) BTL2  Understand 

12. i) State and explain Bloch theorem. (7) BTL2  Understand 

 (ii) Explain free electron approximation and tight binding approximation with 
suitable diagrams. (6) 

BTL2  Understand 

13.  (i) Explain the formation of tight binding approximation. (6) BTL2  Understand 
  (ii) Discuss the concept of holes formation.(7) BTL2  Understand

14.  (i) Write a short note on effective mass of an electron.   (5) BTL2  Understand
 (ii) Deduce an expression for the effective mass.              (4) BTL2  Understand
 (iii) Draw E-K curve and explain the concept of hole.     (4) BTL3  Apply 
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UNIT II           SEMICONDUCTOR PHYSICS
Intrinsic Semiconductors – Energy band diagram – direct and indirect semiconductors – Carrier concentration in 
intrinsic semiconductors – extrinsic   semiconductors ‐ Carrier concentration in Ntype & P‐type semiconductors 
– Carrier transport: Velocity‐electric field relations – drift and diffusion transport ‐ Einstein’s relation – Hall 
effect and devices – Zener and avalanche breakdown in p‐n junctions ‐ Ohmic  contacts – Tunnel diode ‐ 
Schottky diode – MOS capacitor ‐ Power transistor.  

PART - A 
          
S.No 

  
                                                      Questions 

 
Level 

 
Compete
nce

1.  Define semiconductor and mention its properties. BTL1 Remembe
r 

2. Define the term mobility of a semiconductor. BTL1  Remembe
r 

3. What are n-type and p-type semiconductors? Give examples. BTL1  Remembe
r 

4. Why compound semiconductors are called direct band gap semiconductors? 
Give its application. 

BTL3 
 

Apply 

5. What is meant by donor and acceptor level? BTL1  Remembe
r 

6. Find the resistance of an intrinsic Ge rod 1 cm long,1 mm wide, and 0.5mm  
thick at  300 K.  For Ge, ni= 2.5 x 1019/m3, µe= 0.39 m2V-1 s-1 and 
 µh= 0.19 m2V-1 s-1 at 300 K. 

BTL3  Apply 

7. With increase of temperature the conductivity of semiconductor increases while 
that of metals decreases. Give reasons.

BTL6  Creating 

8. What is meant by carrier transport in semiconductor? BTL1  Remembe
r 

9. Differentiate between drift and diffusion transport. BTL4 Analyse 
10. Write the Einstein relation. BTL2  Understa

nd 
11. What is Hall Voltage? BTL1  Remembe

r 
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12. The Hall Co-efficient of a specimen of doped silicon is found to be  
3.66x10-4 m-3/C. The resistivity of specimen is 8.93x10-3 Ω m. 
 Find the mobility and density of charge carriers.     

BTL3  Apply 

13. Mention the applications of Hall Effect. BTL1  Remembe
r 

14. What is the breakdown mechanism adopted in zener and avalanche breakdown?  BTL1  Remembe
r 

15. Mention some of the difference between zener and avalanche breakdown. BTL1  Remembe
r 

16. Mention the uses of Ohmic contact.  BTL1  Remembe
r 

17. Distinguish between Ohmic contact and Schottky diode.  BTL4 Analyse 
18. What is principle of operation in tunnel diode? BTL1  Remembe

r 
19. Name few applications of Schottky diode. BTL1  Remembe

r 
20. Why are vertical structures preferred for a power transistor?  BTL3 

 
Apply 

 

 

 

 

 

 

 

 

S.No  Questions Level Competence
1. Derive an expression for density of electrons in the conduction band and 

density of holes in the valence band of an intrinsic semiconductor. (13) 

BTL2 Understand 

2. Derive the intrinsic carrier concentration for intrinsic semiconductor. (13) BTL2  Understand 

3. Obtain an expression for the carrier concentration of electrons in the 

conduction band of n-type semiconductor. (13) 

BTL2  Understand 

4. Explain extrinsic semiconductors and derive the expression for carrier 

concentration for n-type and p-type semiconductor. (13) 

BTL2  Understand 

5. (i) Derive an expression with necessary theory for the concentration of 

carriers in p-type semiconductors. (10) 

BTL2  Understand 

 (ii) In a p-type germanium, ni = 2.1x 1019m-3, density of boron=4.5x1023 
atoms m-3.The electrons and hole mobility are 0.4 and 0.2 m2/volt.sec 

BTL3  Apply 
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respectively.  What is its conductivity before and after the addition of boron 
atoms? (3) 

6. (i) What is carrier transport? Explain its types. (7) BTL1  Remember 
  (ii) Derive the expression of velocity – electric field relations. (6) BTL2  Understand 
7. Explain the following     
                 (i) Drift transport    (5) BTL2  Understand
                 (ii) Diffusion transport (5) BTL2  Understand
                 (iii) Einstein relation (3) BTL2  Understand 
8. (i) State and explain Hall effect (3) BTL1  Remember 
 (ii) With necessary theory and diagram, derive the Hall coefficient. (10) BTL2  Understand 
9.  (i) Explain any two Hall devices. (10) BTL2  Understand 
 (ii) The Hall co-efficient of certain silicon was found to be - 7.35x10-5 m3C-1 

from 100 to 400 K. Determine the nature of the semiconductor. If the 

conductivity was found to be 200 m-1 Ω-1, calculate the density and mobility 

of the charge carriers. (3) 

BTL3  Apply 

10. Detail the occurrence of zener and avalanche breakdown in p-n – junction. 
(13) 

BTL1  Remember 

11. (i) Describe the principle, theory and V-I characteristics of Tunnel diode. (10) BTL2  Understand 
  (ii) Give its advantages and applications of tunnel diode in engineering field. 

(3) 
BTL3  Apply 

12.  (i) With a neat sketch, describe the principle, construction and working of a 
Schottky diode. (10) 

BTL2  Understand 

  (ii) Compare the V-I characteristics of Schottky diode. (3) BTL4  Analyse 
13. Explain in detail the operation of MOS capacitor under various gate voltages. 

(13) 
BTL1  Remember 

14. Explain the fabrication of the power transistor with applications. (13) BTL2  Understand 
 

                            UNIT III         MAGNETIC AND DIELECTRIC PROPERTIES OF MATERIALS                                                 
Magnetism in materials – magnetic field and induction – magnetization ‐magnetic permeability and 
susceptibility–types of magnetic materials – microscopic classification of magnetic materials Ferromagnetism: 
origin and exchange interaction‐ saturation magnetization and Curie temperature – Domain Theory. Dielectric 
materials: Polarization processes – dielectric loss – internal field – Clausius‐Mosotti relation‐ dielectric breakdown 
– high‐k dielectrics. 

                                                                     PART - A 

S.No  Questions Level Competence
1. What is Bohr Magnetron? Write its value. BTL1 Remember 
2. A magnetic field of 2000 A/m is applied to a material which has a 

susceptibility of 1000. Calculate the (i) Intensity of Magnetisation and  
(ii) Flux density.   

BTL3  Apply 

3. Define magnetic susceptibility and permeability. BTL1  Remember 
4. A magnetic field of 1800 ampere/metre produces a magnetic flux of 3x10-5 

weber in an iron bar of cross sectional area 0.2 cm2. Calculate permeability. 
BTL3  Apply 

5. What are diamagnetic materials? Give some examples. BTL1  Remember 
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6. What are paramagnetic materials? Give some examples. BTL1  Remember 
7. What are magnetic domains and domain walls? BTL1  Remember  
 
8. What are Dielectrics? 

BTL1  Remember  

9. Define electric polarization and electric susceptibility.  BTL1  Remember 
10. Define dielectric constant. BTL1  Remember 
11. Define dielectric loss and loss tangent.  BTL1  Remember 
12. Define dielectric strength. BTL1  Remember 
13. What are the requirements of good insulating materials? BTL1  Remember 
14. Calculate the polarization produced in a dielectric medium of dielectric 

constant 6 and it is subjected to an electric field of 100 V/m. Given  
ε0 = 8.85 x 10-12F/m. 

BTL3  Apply 

15. What are the factors affecting dielectric loss? BTL1  Remember 
16. The dielectric constant of a He gas at NTP is 1.0000684. Calculate the 

electronic polarizability of He atoms if the gas contains 2.7 x 1025 atoms/m3 
and hence evaluate the radius of the He atoms. Given ε0 = 8.85 x 10-12F/m. 

BTL3  Apply 

17. What are the ways in which the dielectric breakdown can be minimised? BTL1  Remember 
18. Calculate the maximum potential gradient to which 0.5mm thick mica sheet 

can be subjected.  The dielectric strength for mica is 100 x (106V/m).  Justify 
your answer.   

BTL3  Apply 

19. What is meant by high-k-dielectrics? Give examples. BTL1  Remember 
20. List out some of the applications of high –k-dielecrics. BTL1  Remember 
 

 

 

 

 

 

          
S.No 

 Questions Level Competence

1. i) State the origin of magnetic moment. (3) BTL2  Understand 

 ii) How are magnetic materials classified based on magnetic moments?  

Compare their   properties. Give also their characteristics and examples. (10) 

BTL3  Apply 

2. i) Explain in detail the different classifications of magnetic materials. (10) BTL2  Understand 

 ii) A given material has a susceptibility of 900. Determine the relative 

permeability of the    material.  (3) 

BTL3  Apply 

3. (i) Explain about the origin of ferromagnetism and exchange interaction in BTL2  Understand 
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ferromagnetic materials. (6) 

 (ii) Discuss about saturation magnetisation and Curie temperature. (7) BTL2  Understand 

4. Explain ferromagnetic domain theory. Briefly explain different types of energy 

involved in domain growth. (13) 

BTL2  Understand 

5. Write in detail the origin of magnetic domains, domain wall motion and effect 

of anisotropy in crystallinity on domains.  (13)   

BTL2  Understand 

6.  (i) Discuss electronic and ionic polarizations with examples in detail.   (10) BTL2  Understand 
 (ii) A solid contains 5x1028 identical atoms /m3, each with a polarizability of 

2x10-40 Fm2. Assuming that internal field is given by the Lorentz relation, 

calculate the ratio of internal field to the applied field. (ε0 = 8.85 x 10-12F/m). 

(3)                   

BTL3  Apply 

7. (i) Explain the different types of polarization mechanisms involved in a 

dielectric material. (10) 

(ii) Explain its frequency and temperature dependence. (3) 

BTL2  Understand 

8. Write a note on  

(i) Dielectric loss  (3) 

(ii) Clausius-Mosotti relation  (5) 

(iii) Different types of breakdown in a dielectric 

medium. (5) 

BTL2 
 
 

Understand 

9. What is dielectric loss? Derive the expression for dielectric power loss. (13) BTL1  Remember 
10. What is meant by local field in a dielectric and how it is calculated for a cubic 

structure? Deduce the Clausius – Mosotti relation. (13) 

BTL1  Remember 

11. Derive an expression for internal field in a cubic structure. Deduce the 

Clausius – Mosotti relation.(13) 

BTL2  Understand 

12. What are the different types of dielectric break down in dielectric medium? 

Discuss in detail the various types of dielectric breakdown.(13) 

BTL1  Remember 

13. Detail the theory, properties and applications of high-k-dielectrics with 

examples. (13) 

BTL2  Understand  

14. Explain the theory of high-k-dielectrics and give a brief note on its properties 

and applications. (13) 

BTL1  Remember 
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                                               UNIT IV              OPTICAL PROPERTIES OF MATERIALS    
Classification of optical materials – carrier generation and recombination processes ‐ Absorption emission and 
scattering of light in metals, insulators and Semiconductors (concepts only) ‐ photo current in a P‐ N diode – solar 
cell –photo detectors ‐ LED – Organic LED – Laser diodes – excitons, quantum confined Stark effect –quantum dot 
laser.  

                                                                     PART - A 

     
S.No 

 Questions Level Competence

1. What are optical materials?  Give its types. BTL1 Remember 
2. Define carrier generation and recombination. BTL1  Remember 
3. What are the types of carrier generation?   BTL1  Remember 
4. What is the principle used in PIN photodiode? BTL2  Understand 
5. Give any four applications of photodiode. BTL1  Remember 
6. Write the principle of operation in a solar cell. BTL1  Remember 
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7. List out any four applications of solar cell. BTL1  Remember 
8. What is meant by photo detector? BTL1  Remember 
9. Mention the properties of photo detectors used in fibre-optic 

communication. 
BTL1  Remember  

10. What are the main requirements for a suitable LED material? BTL1  Remember 
11. Why group III and group V elements alone should be chosen for 

manufacturing LED’s?  
BTL3  Apply 

12. Why the shape of the LED is made as hemispherical? BTL3  Apply
13. Mention any four advantages of LED in electronic display BTL1  Remember 
14. What are the properties of LED? BTL1  Remember 
15. List out the recent applications of OLED. BTL1  Remember 
16. What is the principle of laser diode? BTL1  Remember 
17. Calculate the long wavelength limit of a extrinsic semiconductor if the 

ionisation energy is 0.02 eV. 
BTL3  Apply 

18. What are excitons? Give its types. BTL1  Remember 
19. What do you understand by quantum confined stark effect? BTL2  Understand
20. What is the principle used in quantum dot laser? BTL1  Remember 
 

 

 

 

 

 

 

 

 

 

 

S.No  Questions Level Competence
1 (i) Explain the salient features of optical materials. (3) 

(ii)   Explain the different phenomenon that take place as an electromagnetic 
radiation is incident on a given optical material. (10) 

BTL2  Understand 

2. Describe the optical absorption in metals, dielectrics (insulators) and 
semiconductors. (13) 

BTL2  Understand 

3. Describe the principle, construction and working of a photodiode. (13) BTL2  Understand
4.  (i) Describe the construction and working of a solar cell. (10) BTL2  Understand
  (ii) Give the advantages, disadvantages of a solar cell. (3) BTL1  Remember 
5. Describe the construction and working of a photodetector. (13) BTL2  Understand
6. Explain the theory and working of LED. (13) BTL2  Understand
7.  Explain how p-n junction diode acts as light emitting diode. (13) BTL2  Understand
8. (i) What are the differences between LED and OLED? (7) BTL4  Analyse
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 (ii) Compare photodiode and laser diode. (6) BTL4  Analyse
9.  (i) What is meant OLED? (3) BTL1  Remember 
 (ii) Describe in detail, the construction and working of OLED. (10) BTL2  Understand 
10. (i)  Describe the principle, construction and working of a GaAlAs diode laser. 

(10) 
BTL2  Understand 

 (ii) Calculate the wavelength of emission from GaAs semiconductor laser 
whose band gap energy is 1.44 eV.   (Planck’s Constant = 6.625 x 10-34 Js) 
and charge of an electron is 1.6 x 10-19 C). (3) 

BTL3  Apply 

11. Explain the construction and working of a semiconductor diode laser (laser 
diode) with diagram. (13) 

BTL2  Understand 

12. Discuss with theory, construction and working of homojunction and 
heterojunction semiconductor laser. (13) 

BTL2  Understand 

13. Write short notes on  
(i) Excitons   (6) 
(ii) Quantum confined Stark effect. (7) 
 

BTL2  Understand 

14.  (i) Explain the phenomenon of quantum Stark effect. (7) BTL2  Understand
   (ii)Explain the working and principle of a Quantum dot laser. (6) BTL2  Understand
 

 

 

 

 

                                               

 

 

 

               

                                               UNIT V     NANOELECTRONIC DEVICES 
Introduction ‐ electron density in bulk material – Size dependence of Fermi energy– quantum confinement – 
quantum structures ‐ Density of states in quantum well, quantum wire and quantum dot structures –Zener‐Bloch 
oscillations – resonant tunneling – quantum interference effects – Mesoscopic structures: Conductance 
fluctuations and coherent transport – Coulomb blockade effects ‐ Single electron phenomena and Single electron 
Transistor – magnetic semiconductors– spintronics  ‐Carbon nanotubes: Properties and applications 

                                                                     PART - A 

S.No  Questions Level Competence
1. What is meant by bulk materials? BTL1 Remember 
2. Write the equation for an electron density in a conductor at T = 0K. BTL1  Remember 
3. Whether Fermi energy varies on material’s size?  If yes or no, justify your 

statement. 
BTL6  Creating 

4. What will happen to the band gap when the volume is reduced from that of a 
solid to a nano material? 

BTL5  Evaluate 

5. What is meant by tunnelling? BTL1  Remember 
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6. What is meant by quantum confinement? BTL1  Remember 
7. What we will observe when we decreases the size of the particle to nano size? BTL5  Evaluate 
8. What is meant by quantum confined structure? BTL1  Remember 
9. Define the term quantum well, quantum wire and quantum dot. BTL2  Understand 
10. Write any two applications of quantum well, quantum wire and quantum dot. BTL1  Remember 
11. In quantum dot, how will be the nature of the material and band gap? BTL5  Evaluate 
12. What are Bloch oscillations? BTL1  Remember 
13. What are Zener-Bloch oscillations? BTL1  Remember 
14. Define resonant tunnelling. BTL2  Understand 
15. What is meant resonant tunnelling diode? BTL1  Remember 
16. Define mesoscopic. BTL2  Understand
17. Define Coulomb blockade effect. BTL2  Understand
18. How Coulomb blockade prevent unwanted tunnelling? BTL3  Apply 
19. What is spintronics? BTL1  Remember 
20. What is CNT?   BTL1  Remember 
 

 

 

 

 

 

 

 

 

 

 

 

  Questions Level Competence
1.  Explain the electron density in bulk material and size dependence of Fermi 

energy. (13) 
BTL2  Understand 

2.  Explain quantum confinement and quantum structures in nano materials. (13) BTL2  Understand 

3. Discuss density of states in quantum well, quantum wire and quantum dot. 
(13) 

BTL2  Understand 

4. Write note a Zener –Bloch oscillations, resonant tunnelling and quantum 
interference effect. (13) 

BTL1  Remember 

5. Explain mesoscopic structure of conductance fluctuations and coherent 
transport. (13) 

BTL2  Understand 

6. Describe Coulomb blockade effect and single electron phenomena. (13) BTL2  Understand
7. Explain the phenomena of single electron which is used in single electron BTL2  Understand
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transistor. (13) 
8. (i) Describe the construction and working of single electron transistor. (7) BTL2  Understand
 (ii) Explain Coulomb blockade effect. (6) BTL2  Understand
9. What are magnetic semiconductors? List out the properties and applications 

of magnetic semiconductors. (13) 
BTL1  Remember 

10. Explain the working of spintronics and its applications. (13) BTL2  Understand 
11. Discuss on spintronics and also on spin based Field Effect Transistor. BTL2 

 
Understand 

 
12. 
 
 

 
 Write a short note on (i) GMR (7) 
                                 (ii) Spin valve (6) 
 

 
BTL1 

 
Remember 

13. Describe the carbon nano tubes with their properties and applications. (13) BTL2  Understand 
14. (i) Write a note on magnetic semiconductor. (6) BTL1  Remember 
 (ii) Mention the physical properties and applications of CNT. (7)  BTL2  Understand 
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