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UNIT I 

Chapter 1 : Breakdown in Gases 1-1 to 1-27

Syllabus : Ionization process in gas, Townsend’s Theory, Current 

growth equation in presence of primary and secondary ionization 

processes, Townsend’s breakdown criterion, Primary and 

secondary ionization coefficients, Limitations of Townsend’s 

theory, Streamer mechanism of breakdown, Paschen’s Law and its 

Limitations, Corona discharges for point plane electrode 

combination with positive and negative pulse application, Time lag 

for and factors on which time lag depends. (Numerical on 

Townsend’s theory and Paschen’s law). 

1.1 Gases as Insulating Medium ........................................ 1-1 
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1.2.3(B)  Electron Emission due to Photons ............................... 1-4 

1.2.3(C) Electron Emission due to Metastable  

and Neutral Atoms ........................................................ 1-4 

1.2.4 Electron Attachment Process (Dec. 2013) ................... 1-4 
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1.3.1 Primary Ionisation (April 2017) .................................... 1-5 

� Syllabus Topic : Primary Ionisation Coefficient .......... 1-5 

1.3.2 Townsend’s Primary Ionisation Coefficient () 

(Dec. 2012, May 2013, Dec. 2016. April 2018)........... 1-5 

1.3.3 Avalanche (Dec. 2013) ................................................. 1-5 

1.3.4 Secondary Ionisation .................................................... 1-5 

� Syllabus Topic : Secondary Ionisation Coefficient ..... 1-5 
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(Dec. 2012, May 2013, Dec. 2016, April 2018) ........... 1-5 

� Syllabus Topic : Townsend’s Theory, Limitations of
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1.4 Townsend’s Theory for Ionisation 

  (May 2012, May 2013) ................................................ 1-6 

1.4.1 Townsend's Current Growth Equation (May 2017) ...... 1-6 

� Syllabus Topic : Current Growth Equation in

Presence of Primary and Secondary Ionisation

Processes ..................................................................... 1-7 

1.5 Townsend’s Current Growth Equation (Considering 

Primary and  Secondary Ionisation Both) 

(Dec. 2014, May 2015, May 2017) ............................... 1-7 

� Syllabus Topic : Numericals on

Townsend’s Theory....................................................... 1-8 

1.5.1 Solved Examples .......................................................... 1-8 

� Syllabus Topic : Townsend’s Breakdown Criterion .... 1-9 

1.6  Townsend’s Criterion for  Breakdown 

(Dec. 2012, May 2013, May 2014, Dec. 2014,  

May 2016, Dec. 2016, April 2017, April 2018) ............ 1-9 

1.6.1 Limitations or Drawbacks of Townsend’s Theory of 

Breakdown (May 2012, May 2014) ............................ 1-10 

1.6.2 Remedies .................................................................... 1-10 

1.7 Various Factors Influencing the  Breakdown in Gases 

(Dec. 2013, Dec. 2016, April 2017) ........................... 1-10 

1.7.1 Distance between Electrodes ..................................... 1-11 

1.7.2 Shape of Electrode ..................................................... 1-11 

1.7.3 Size of Electrode ......................................................... 1-11 

1.7.4 Material of Electrode  (Cu, Brass, Steel) .................... 1-11 

1.7.5 Material between the Electrodes (Solid, Liquid, Gas) . 1-12 

1.7.6 Temperature ............................................................... 1-12 
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High Voltage Engineering (SPPU-Sem 8- Electrical) 2 Table of Contents 

1.7.11 Dust ............................................................................ 1-12 

1.7.12 Irradiation .................................................................... 1-12 

1.7.13 Nearby Earthed Objects ............................................. 1-12 

1.7.14 Miscellaneous ............................................................. 1-12 

� Syllabus Topic : Time Lag and Factors on

which Time Lag Depends ........................................... 1-12 

1.8 Time Lags for Breakdown  

(May 2012, May 2014, May 2015, May 2016, April 2018)
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1.8.1 Factor Affecting on Statistical Time (ts) 

(May 2012, May 2014, May 2016, April 2018) .......... 1-13 

1.8.2 Factors Affecting on Time of Formation (tf) 

(May 2012, May 2014, May 2016, April 2018) .......... 1-14 

� Syllabus Topic : Paschen’s Law

and its Limitations ....................................................... 1-14 

1.9  Paschen’s Law  

(Dec. 2012, Dec. 2014, Dec. 2017, May 2018) ......... 1-14 

1.9.1 Limitations of Paschen's Law  

(May 2014, Dec. 2017) .............................................. 1-15 
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1.10.1 Non-Self Sustaining Discharge .................................. 1-16 

1.10.1(A) Glow Discharge or   Decay Discharge ....................... 1-16 

1.10.1(B) Spark Discharge ......................................................... 1-16 

1.10.1(C) Arc Discharge ............................................................. 1-16 

� Syllabus Topic : Corona Discharge for Point Plane

Electrode Combination with Positive and Negative

Pulse Application ........................................................ 1-16 

1.10.1(D) Corona Discharge  

(Dec. 2012, May 2013, May 2016) ............................ 1-16 

1.10.2 Self Sustaining Discharge .......................................... 1-17 

1.10.3 Comparison Between Uniform and Non-uniform Field 

(Dec. 2012, May 2013) .............................................. 1-17 

1.10.4 Comparison between Positive and  Negative Corona  

(May 2012, May 2016) ............................................... 1-18 

� Syllabus Topic : Streamer Mechanism of

Breakdown .................................................................. 1-19 

1.11 Streamer Theory or Kanal Theory  

(May 2013, Dec. 2014, May 2015, April 2017).......... 1-19 

1.11.1 Principle of Streamers Theory  

(May 2017, May 2018) ............................................... 1-19 

1.11.2 Comparison between Townsend's Theory  

and Streamer’s Theory  

(Dec. 2012, May 2017, April 2018) ............................ 1-21 

1.11.3 Breakdown in Electronegative Gases 

(Dec. 2014, May 2015) ............................................... 1-21 

1.12 Breakdown in Vacuum ................................................ 1-22 

1.12.1 What is Vacuum ? ....................................................... 1-22 
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1.13 Exam Pack (Review and University Questions) ......... 1-24 
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UNIT II 

Chapter 2 :  Breakdown in Liquids and Solid Dielectrics 

2-1 to 2-27

Syllabus :  

1. Breakdown in Liquid Dielectrics : Pure and commercial liquids,

Different breakdown theories: Breakdown in Pure liquid and

breakdown in commercial liquids: Suspended Particle theory,

Cavitations and bubble theory, Thermal mechanism of

breakdown and Stressed Oil volume theory.

2. Breakdown in Solid Dielectrics : Intrinsic breakdown :

electronic breakdown, avalanche or streamer breakdown,

electromechanical breakdown, thermal breakdown, treeing

and tracking phenomenon, Chemical and electrochemical

breakdown, Partial discharge (Internal discharge),Composite

dielectric material, Properties of composite dielectrics,

breakdown in composite dielectrics.

(Numerical on theories of liquid and solid dielectric materials).
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Breakdown Theories : Breakdown in Pure Liquid  and
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� Syllabus Topic : Suspended Particle Theory ............. 2-3 

2.3.1 Suspended Particle Theory 

(Dec. 2012, May 2013, May 2014, Dec. 2014, 

 May 2015, May 2016, April 2017, Dec. 2017) ........... 2-3 

� Syllabus Topic : Cavitations and Bubble Theory ........ 2-4 

2.3.2 Cavitation and Bubble Theory / Cavity Breakdown 

(Dec. 2012, May 2013, May 2015,  Dec. 2017,  

April 2018, May 2018) ................................................. 2-4 

� Syllabus Topic : Stressed Oil Volume Theory ............ 2-4 

2.3.3 Stressed Oil Volume Theory  

(Dec. 2012, May 2013, Dec. 2016) .............................. 2-4 

� Syllabus Topic : Thermal Mechanism of

Breakdown .................................................................... 2-5 

2.4 Thermal Mechanism of Breakdown .............................. 2-5 
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2.6 Applications of Transformer Oil (May 2015) ................. 2-6 

2.7  Agents which Contaminate Transformer Oil / Impurities  

in Liquid Dielectric Material / Impurities 

(May 2013, April 2017, April 2018) ............................. 2-6 

2.7.1 Filtering Process of Transformer Oil OR Purification  

of Liquid Dielectric Material (April 2018) ...................... 2-7 

2.8 Measurement of Dielectric Strength of Oil .................... 2-9 

2.8.1 Objectives ..................................................................... 2-9 

2.8.2 Transformer Oil Testing Procedure as  

per IS 1698-1972 .......................................................... 2-9 

� Syllabus Topic : Numericals on Theories of Liquid

Dielectric Materials........................................................ 2-9 

2.8.3 Solved Examples .......................................................... 2-9 

2.9 Other Tests on Transformer Oil .................................. 2-11 
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Breakdown .................................................................. 2-14 
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May 2016, Dec. 2016, Dec. 2017) ............................. 2-14 
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Breakdown .................................................................. 2-16 
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� Syllabus Topic : Numericals on Breakdown of Solid
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2.12.1 Composite Dielectrics 
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UNIT III 

Chapter 3 : Generation of High Voltages and Current 

3-1 to 3-32

Syllabus :  

a) Generation of high ac voltages - Cascading of transformers,

series and parallel resonance system, Tesla coil.

b) Generation of impulse voltages and current - Impulse voltage

definition, wave front and wave tail time, Multistage impulse

generator, Modified Marx circuit, Tripping and control of

impulse generators, Generation of high impulse current.

� Syllabus Topic : Generation of High AC Voltages ...... 3-1 

3.1  Generation of High Alternating  Voltages 

(May 2016) .................................................................... 3-1 

� Syllabus Topic : Cascading Transformers .................. 3-1 
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(May 2012, May 2016, May 2017, Dec. 2017, 

 May 2018) .................................................................... 3-1 
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UNIT IV 

Chapter 4 :  Measurement of High Voltage and High  

Currents 4-1 to 4-30
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cathode ray oscilloscope for impulse voltage and current 

measurement, measurement of dielectric constant and loss factor, 
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