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1. Define impulse wave. Discuss how impulse wave is generated in laboratory with a neat 

diagram of Marx generator. 
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2. Define Townsend’s first and second ionization coefficients. Explain the Townsends 

criterion for a spark. Discuss the limitations of Townsend’s theory. 
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3. Explain the following methods of breakdown of liquid dielectrics, (i) suspended 

particle theory; (ii) stressed oil volume theory; (iii) Cavitation Theory. 
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iii) Cavitation and the Bubble Theory 

• experimentally observed that in many liquids, the breakdown strength 
depends strongly on the applied hydrostatic pressure. 

   



 • suggesting that a change of phase of the medium is involved in the 

breakdown process, which means kind of vapour bubble formed is 

responsible for breakdown. 
The following processes are responsible for formation of the vapour bubbles: 

• (a) Gas pockets at the surfaces of the electrodes; 

• (b) electrostatic repulsive forces between space charges which may be 

sufficient to overcome the surface tension; 

• (c) gaseous products due to the dissociation of liquid molecules by 

electron collisions 

• (d) vaporizations of the liquid by corona type discharge from sharp 

points and irregularities on the electrode surfaces . 

• Once a bubble is formed it will elo ngate in the direction of the electric field 

under the influence of electrostatic forces. 

• The volume of the bubble remains constant during elongation. 

•  Breakdown occurs when the voltage drop along the length of the bubble 
becomes equal to the minimum value on the Paschen's curve 

The breakdown field is given as 

 
• Where б is the surface tension of the liquid, 

• ε 1 is the permittivity of the liquid, 

• ε2 is the permittivity of the gas bubble, 

• r is the initial radius of the bubble assumed as a sphere 
• Vb is the voltage drop in the bubble (corresponding to minimum on the 

Paschen's curve). 

• From this equation, it can be seen that the breakdown strength depends on 

the initial size of the bubble which in turn is influenced by the hydrostatic 

pressure and temperature of the liquid. 

This theory does not take into account the production of the initial bubble and 

hence the results given by this theory do not agree well with the experimental 

results 

 

 
 

   

4. State and explain Paschen’s law. Derive the expression of minimum breakdown 

potential and corresponding pd(min). 
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5. Describe with a neat diagram the working of a three stage cascaded transformer. 

Label the power ratings of various stages of the transformer and explain why 
cascading more than three stages not practically possible. 
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6. Discuss the following breakdown methods in solid dielectric: 
(a) Thermal breakdown (b) Intrinsic breakdown 
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7. Write short notes on: a) Three electrode gap, b) Breakdown of eletronegative gases. 
 

• In the case of impulse current generators using three electrode gaps for tripping 
and control, a certain special design is needed. 

• The electrodes have to carry high current from the capacitor bank. 
• Secondly, the electrode has to switch large currents in a small duration of time 

(in about a microsecond). 
• Therefore, the switch should have very low inductance. 
• The erosion rate of the electrodes should be low. 
• For high current capacitor banks, a number of spark gap switches connected in 

parallel as shown in Fig. 6.25 are often used to meet the requirement. 
• Recently, trigatron gaps are being replaced by triggered vacuum gaps, 
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 • the advantage of the latter being fast switching at high currents (> 100 kA) in 
a few nanoseconds. 

• Triggering of the spark gaps by focused laser beams is also adopted since the 
performance is better than the conventional triggering methods. 

 

B) Breakdown In Electronegative gases 
• It has been recognized that one process that gives high breakdown strength to a 

gas is the electron attachment in which free electrons get attached to neutral 
atoms or molecules to form negative ions. 

• Since negative ions like positive ions are too massive to produce ionization due 
to collisions, attachment represents an effective way of removing electrons 
which otherwise would have led to current growth and breakdown at low 
voltages. 

• The gases in which attachment plays an active role are called electronegative 
gases. 

The most common attachment processes encountered in gases are 
(a) the direct attachment in which an electron directly attaches to form a 

negative ion, 

 

 

• In the case of impulse current generators using three electrode gaps for tripping 
and control, a certain special design is needed. 

• The electrodes have to carry high current from the capacitor bank. 
• Secondly, the electrode has to switch large currents in a small duration of time 

(in about a microsecond). 
• Therefore, the switch should have very low inductance. 
• The erosion rate of the electrodes should be low. 
• For high current capacitor banks, a number of spark gap switches connected in 

parallel as shown in Fig. 6.25 are often used to meet the requirement. 
• Recently, trigatron gaps are being replaced by triggered vacuum gaps, 
• the advantage of the latter being fast switching at high currents (> 100 kA) in 

a few nanoseconds. 
• Triggering of the spark gaps by focused laser beams is also adopted since the 

performance is better than the conventional triggering methods. 

 

 

(b) the dissociative attachment in which the gas molecules split into their 
constituent atoms and the electronegative atom forms a negative ion. 
These processes may be symbolically represented as: 

(a) Direct attachment 
(b) Dissociative attachment 

 

• A simple gas of this type is oxygen. Other gases are sulphur hexafluoride, 
freon, carbon dioxide, and fluorocarbons. 

• In these gases, 'A” is usual y sulphur or carbon atom, and 'B* is oxygen atom 
or one of the halogen atoms or molecules. 

• With such gases, the Townsend current growth equation is modified to include 
ionization and attachment 

• An attachment coefficient (η) is defined, as the number of attaching 
collisions made by one electron drifting one centimetre in the direction of 
the field. 

The Townsend breakdown criterion for attaching gases can also be deduced by 
equating the denominator to zero: 

   

 



     

8. Write short notes on impulse current generator. 
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• For producing impulse currents of large value, a bank of capacitors 

connected in parallel are charged to a specified value and are discharged 

through a series R-L circuit as shown in Fig. 6.20. 

•  C represents a bank of capacitors connected in parallel which are 

charged from a d.c. source to a voltage up to 200 kV. 

• R represents the dynamic resistance of the test object and the resistance 

of the circuit and the shunt. 

•  L is an air cored high current inductor, usually a spiral tube of a few 

turns 

If the capacitor is charged to a voltage V and discharged when the spark gap is 

triggered, the current im will be given by the equation 

 

The circuit is usually underdamped, so that 

 

 

 

   



 

 

 

   

 


