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Internal Assessment Test 1 – SEPTEMBER 2016 

Note: Answer any five full questions. Sketch figures wherever necessary. 

 

1. a. Explain the necessity of transmitting electrical power at high voltages. 

Reduces volume of conductor material: 

We know that I = P/(√3 * V*Cos Ф) 

But R = L / a 

Where = resistivity of transmission line 

L = length of transmission line in meters 

A = area of cross section of conductor material 

Hence Total Power Loss, 

W = 3 I2 * R 

= 3 (P/(√3 * V*Cos Ф)) 2 * L / a 

A = P2 L / (W V2 Cos2 Ф) 

Therefore Total Volume of conductor = 3 * area * length 

= 3 * P2 L2 / (W V2Cos2 Ф) 

From the above equation, the volume of conductor material is inversely proportional to 

the square of the transmission voltage. In otherwords, the greater the transmission 

voltage , lesser is the conductor material required. 

Increases Transmission effiency: 

Input power = P + total losses 

= P + P2 L / ( V2 Cos2 Ф a) 

Let J be the current density, therefore a = I/ J 

Then input power = P + P2 L J / (V2 Cos2 Ф) * 1/I 

Transmission efficiency = Output Power / Input Power 

= P / (P [ 1+√3 J L/ V cos Ф]) 

Since J, ,L are constants, therefore transmissions efficiency increases when line 

voltage is increased. 

Decrease percentage line drop: 

Line drop = IR = I * L / a 

= I * L * J/I = L J 

% line drop = J L / V * 100 

As J, and L are constants, therefore percentage line drop decreases when the 

transmission voltage increases. 

 

[6M] 

 b. What is meant by time lag of breakdown? Explain statistical and formative time lag. 
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2. a. Describe the various components of electrostatic precipitator (ESP) and its principle of 

working. 
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 b. If the breakdown occurs in a certain gas when the gap distance was 0.9cm, determine the 

value of 𝛾. Assume 𝛼 = 7.676/𝑐𝑚 

 

𝛾 =
1

𝑒𝛼𝑑
 

𝛾 =
1

𝑒(7.676×0.9)
= 9.93 × 10−4 
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3. a. Write a short note on electrostatic painting. [5M] 



 

 

 

 



 

 



 
 

 b. What will be the breakdown voltage of a spark gap in a gas at 𝑝 = 760 𝑡𝑜𝑟𝑟 at 25𝑜𝐶 if =

15/𝑐𝑚, 𝐵 = 360/𝑐𝑚, 𝑑 = 1𝑚𝑚 and 𝛾 = 1.5 × 10−4? 
 

[5M] 

 

𝑉 =
𝐵𝑝𝑑

𝑙𝑛 [
𝐴𝑝𝑑

𝑙𝑛 (1 +
1
𝛾)

]

 

𝑉 =
360 × 760 × 0.1

𝑙𝑛 [
15 × 760 × 0.1

𝑙𝑛 (1 +
1

1.5 × 10−4)
]

= 5.2 𝑘𝑉 

 
4)  Derive the expressions for Townsend’s current growth due to both primary and secondary 

process. Also obtain the condition for spark formation. 
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5)  What are the limitations of Townsend’s Theory? Explain Streamer’s Theory. 
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6) a) State and explain Paschen’s Law.          
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 b) In an experiment in a certain gas it was found that the steady state current is  

5.5×10−8𝐴, at 8𝑘𝑉 at a distance of 0.4 𝑐𝑚 between the plane electrodes. Keeping the field 

constant and distance as 0.1 𝑐𝑚 results in a current of 5.5 × 10−9𝐴. Calculate Townsend’s 

primary ionization coefficient 𝛼. 

 

[4M] 

𝐼 = 𝐼0𝑒𝛼𝑑 
𝐼1

𝐼2
=

𝑒𝑎𝛼

𝑒𝛼𝑑2
= 𝑒𝛼(𝑑1−𝑑2) 

5.5 × 10−8

5.5 × 10−9
= 𝑒𝛼(0.4−0.1) 

10 = 𝑒0.3𝛼 
0.3𝛼 = ln(10) 

𝛼 =
2.3025

0.3
= 7.657/𝑐𝑚 


