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Q1. Figure Q1 shows the experimental set-up for studying the Townsend 

discharge. The experiment is conducted by measuring the current I at the 

different gap distance, d. Table Q1 gives the set of observation obtained when 

studying the conduction and breakdown in a gas. 

 

a) Determine the initial current, Io.  

b) Calculate the values of the Townsend’s primary and secondary ionization 

coefficients. 

 

 Table Q1 

Gap 

distance, 

d (mm) 

1 2 3 4 5 6 8 10 12 14 16 

Current 

I (pA) 
19 21 26 32 40 45 80 106 152 255 430 

 

 

 

 

Figure Q1 



Q2. In a certain non-attaching gas, the primary ionization coefficient (cm-1) is; 
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 where p is the pressure in torr and E is the electric field strength in V/cm. In 

a uniform-field gap of length 2 cm in this gas, at a pressure of 760 torr, the 

secondary ionization coefficient is 10-5. 

 

 For a voltage 2 percent below the breakdown value, determine the average 

number of electrons in an electron avalanche. 

 

 

Q3. In a certain electronegative gas, the effective ionization coefficient is; 

 

α = 29 E – 2.4 p 

 

where α is in cm-1, E is the electric field strength in kVcm-1 and p is the gas 

pressure in torr. It is suggested that, in this gas, breakdown in a uniform 

electric field takes place by a streamer mechanism when the average number 

of electrons in the avalanche is 3 x 107. 

 

For a uniform-field gap in this gas, derive an expression for the breakdown 

voltage in terms of the gap length d and the gas pressure p. 

 

 

Q4. The ionization coefficient of the certain non-attaching gas is given by the 

equation 

 

 α = 100 exp(-0.35p/E) 

 

where E is a electric field strength in kV/cm and p is a pressure in torr. 

 



For a uniform field gap of length 2cm situated in this gas at a pressure of 

3000 torr, estimate; 

 

a) the breakdown voltage if the secondary ionization coefficient has a value of 

10-5. 

b) The mean statistical time lag to breakdown if 104 electrons per second are 

released at the cathode and the voltage applied to the gap is 1% higher 

than the value calculated in (a). 

 

 

Q5. Paschen’s Law can be described by the equation; 
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 where B and C are constants and ρ is relative gas density. The following data 

were obtained from experiments: 

 

T 

(°C) 

p 

(mbar) 

d 

(cm) 

Vs 

(kV) 

25 1009 2 58.9 

28 1015 2 88.0 

 

 Calculate the breakdown voltage at T = 30 °C, p = 1020 mbar and d = 2 cm. 

 

 

Q6. In SF6, the effective ionization coefficient is given by; 

 

   2460 7.27 −=
p

E

p

α
 

 

where α is the effective ionization coefficient in cm-1, E is the electric field 

strength in kV/cm and p is the pressure (referred to 20 °C) in bar. Breakdown 

may be predicted using the streamer criterion, 
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where d is the gap length in cm. Estimate the length of a uniform-field gap 

that will just hold off a steady voltage of 100 kV in SF6 at 4 bar and 60°C. 

 

 

Q7. In an experiment to measure α for a given gas, it was found that the steady-

state current is 2.7 x 10-8 A at a voltage of 10 kV and a spacing of 0.005 m 

between the plane electrodes. With the spacing increased to 0.01 m, the 

current increases to 2.7 x 10-7 A for the same electric field between the 

electrodes. 

 

a) Calculate α.  

b) Calculate the number of electrons emitted from the cathode per second. 

c) At the same conditions, determine the electrode spacing that would result 

in an electron multiplication of 109. 

 

 

Q8. In a non-uniform field near a cathode, α is expressed as 

   xBA −=α  

 

where A = 4 x 104, B = 15 x 105, and x is measured from the cathode surface 

in meters. If an electron starts its motion at the cathode, calculate the size of 

the developed avalanche at a distance of 0.0005m. 

 

 

Q9. If an electron starts at a distance of 0.001 m from a cathode in a field where  

α = A – Bx  m-1,  

 

a) find the distance from the cathode it must travel to produce an avalanche 

of 109 electrons.  



b) determine the minimum distance measured from the cathode at which an 

electron may start an avalanche having a size of 1019. 

(Use the A and B values given in question Q8). 

 

 

Q10. The following observations were made in an experiment for determination of 

dielectric strength of transformer oil. Determine the power law equation. 

 

Gap spacing (mm) 4 6 8 10 

Breakdown 

voltage (kV) 
88 135 165 212 

 

Assume the relationship between gap spacing and breakdown voltage be given 

as;  Vb = K*dn. 

 

 

Q11. Three measurements of the current between two parallel plates were 1.22, 

1.82 and 2.22 of the initiating photocurrent Io at distances 0.005, 0.01504 

and 0.019 m, respectively. E/p and p were maintained constant during the 

measurements. Calculate: 

 

a) the first ionization coefficient. 

b) the secondary ionization coefficient. 
 

 

Keeping E/p and p constant at 12,000 V/m-kPa and 0.133 kPa respectively, 

determine the distance and voltage at which transition to a self-sustained 

discharge takes place. 


