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Objectives 

• Few  real-world  examples  and  numericals 

 

 



Chapter 1: Introduction 
Q1. Calculate the line current in kA for a three-phase, star connected 650 MW synchronous 
generator that generates power for 21.5 kV at a power factor of 0.9. 
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Q1. Calculate the line current in kA for a three-phase, star connected 650 MW synchronous 
generator that generates power for 21.5 kV at a power factor of 0.9. 

 

Solution: In a three-phase system, the power is given by 
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Chapter 2: Electric Fields  
Q2. A single core, 500 kV, coaxial, lead-covered power cable insulated with XLPE insulation has 

the following construction details: 

(a) Copper conductor diameter of 30 mm. 

(b) Extruded semi-conductive layers on the conductor as well as on XLPE insulation are both of 2 

mm thick. 

(c) Extruded XLPE insulation thickness is 34 mm, having . 

(d) The thickness of the lead sheath over the outer semi-conductive layer is 4 mm. 

 

Answer the following: 

(a) Draw a neat sketch of the cross-section of the cable showing the dimensions. 

(b) Calculate the maximum and the minimum field intensities in the cable. 

(c) Calculate the Schwaiger factor. Classify the type of field existing in the dielectric. 

(d) What will be the capacitance per km length of the cable? 

(e) Estimate the charging current per km length of the cable at rated voltage. 

 

Make necessary assumptions. 
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• Solution_1:  
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Chapter 2: Electric Fields  
Q2. A single core, 500 kV, coaxial, lead-covered power cable insulated with XLPE insulation has the following 

construction details: 

(a) Copper conductor diameter of 30 mm. 

(b) Extruded semi-conductive layers on the conductor as well as on XLPE insulation are both of 2 mm thick. 

(c) Extruded XLPE insulation thickness is 34 mm, having . 

(d) The thickness of the lead sheath over the outer semi-conductive layer is 4 mm. 

• Solution_3:  

 



Chapter 3: Over Voltages 
Q3. Lightning strikes on the earth have some preferences. 

(a) The new 800kV, 450 km long transmission line from Annapara to Unnao has per phase line inductance of 

1.1 mH/km and capacitance of 11.68 nF/km. What is the ideal power transfer capability of this line in MW? 

(b) If a lightning strike on this line injects 100 kA of impulse current, calculate the magnitude of  overvoltage 

generated at this site. 
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Chapter 4: Breakdown in Gases 
Q4. What will be the breakdown strength of atmospheric air for small gaps (1 mm and 1 cm) and large 

gaps (20 cm) under uniform electric field conditions and standard atmospheric conditions. 

 



Chapter 4: Breakdown in Gases 
Q4. What will be the breakdown strength of atmospheric air for small gaps (1 mm and 1 cm) and large 

gaps (20 cm) under uniform electric field conditions and standard atmospheric conditions. 

 

Solution:  

The breakdown strength of atmospheric air under uniform field condition and standard atmospheric conditions is 

given by Paschen’s Law: 

 



Chapter 4: Breakdown in Gases 
Q5. The breakdown voltages of atmospheric air under normal temperature and pressure were measured for ac 

power frequency voltage between 2.5 cm diameter rod and plane with increasing gap distances. Simultaneous 

measurement of PD inception voltage revealed that stable PB could be measured only for a gap distance of 5.2 

cm and above. At this distance, the peak (Ui) measured was 45.0 kV. If the value of 𝜂lim for the atmospheric air 

is 0.25, answer the following:  

 

a) Draw a schematic of Ub and Ui with increasing gap distance showing the 𝜂lim and potential gradients at 

different stages. 

b) What could be the breakdown voltage (peak) for the gap distance of 1 cm? 

c) Estimate the maximum breakdown field intensity (peak) at the rod if the peak breakdown voltage of 42.5 

kV was measured at the gap distance of 5 cm. 

d) Which type of stable PB would occur at gap distance above 5.2 cm? 

e) Estimate the breakdown voltage of the gap from the schematic in (a) given above for a gap distance of 10 

cm. 
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Chapter 4: Breakdown in Gases 
Q6. A rod-plane electrode system with hemispherical rod of radius of curvature 5 cm has been chosen to 

investigate the breakdown characteristics in long gap distance in atmospheric air. Estimate the magnitude of the 

breakdown voltages with si of shape 60/2500 𝜇s of +ve as well as –ve polarities for: 

(a) A gap distance of 1 m 

(b) A gap distance of 5 m 

 

The smallest gaps lengths above which stable leader corona with these electrodes take place are 1.2 m for +ve 

polarity and 1.5 m for –ve polarity. 

 



Chapter 4: Breakdown in Gases 
Q6. A rod-plane electrode system with hemispherical rod of radius of curvature 5 cm has been chosen to 

investigate the breakdown characteristics in long gap distance in atmospheric air. Estimate the magnitude of the 

breakdown voltages with si of shape 60/2500 𝜇s of +ve as well as –ve polarities for: 

(a) A gap distance of 1 m 

(b) A gap distance of 5 m 

 

The smallest gaps lengths above which stable leader corona with these electrodes take place are 1.2 m for +ve 

polarity and 1.5 m for –ve polarity. 

Solution_1:  

 

 



Chapter 4: Breakdown in Gases 
Q6. A rod-plane electrode system with hemispherical rod of radius of curvature 5 cm has been chosen to 

investigate the breakdown characteristics in long gap distance in atmospheric air. Estimate the magnitude of the 

breakdown voltages with si of shape 60/2500 𝜇s of +ve as well as –ve polarities for: 

(a) A gap distance of 1 m 

(b) A gap distance of 5 m 

 

The smallest gaps lengths above which stable leader corona with these electrodes take place are 1.2 m for +ve 

polarity and 1.5 m for –ve polarity. 

 

Solution_2:  

 

 



Chapter 5: Lightening  
Q7. A 220 kV, three-phase line has a horizontal configuration of conductors 5 m apart. The ground clearances 

are 15 m. Design and find the position of the ground wire/wires for lightning protection. 

 

 



Chapter 5: Lightening  
Q7. A 220 kV, three-phase line has a horizontal configuration of conductors 5 m apart. The ground clearances 

are 15 m. Design and find the position of the ground wire/wires for lightning protection. 

 

Solution: Following the practice of stringent angle of protection of 30° for high-voltage line horizontal earth 

wire, this line can be protected either with (a) two earth wires or (b) single earth wire, as shown in Fig. 5.10. 

 

 



Chapter 6: Solid and Liquid Dielectrics  

Q8. Calculate the ac electric power loss (W/km) and charging current (A/km) of a 110 kV, XLPE insulated, 

single core coaxial cable having the following dimensions: 

(i) Cu wire stranded conductor diameter – 20 mm 

(ii) XLPE insulation thickness – 18 mm 

(iii) Outer lead sheath thickness – 3.5 mm 

The dielectric loss factor of XLPE can be taken to be 2 × 10−4 and its relative permittivity (𝜀r) to be 2.3. 
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Chapter 7: High Test Voltage Generation  

Q9. A Cockcroft−Walton type voltage doubler circuit DC generator having two circuits in series has 

capacitances C1 and C2 of 0.01 µF and 0.05 µF, respectively. The supply transformer secondary voltage is 125 

kV at a frequency of 50 Hz. If the load current to be supplied is 5 mA, find (a) the percentage ripple, (b) voltage 

drop, and (c) voltage regulation. 
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Chapter 7: High Test Voltage Generation  

Q10. A Cockcroft−Walton type voltage multiplier has six stages with capacitance all equal to 0.05 µF. The 

supply transformer secondary voltage is 100 kV at a frequency of 50 Hz. If the load current to be supplied is 5 

mA, find (a) the percentage ripple, (b) voltage drop, and (c) voltage regulation. 
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Q10. A Cockcroft−Walton type voltage multiplier has six stages with capacitance all equal to 0.05 µF. The 

supply transformer secondary voltage is 100 kV at a frequency of 50 Hz. If the load current to be supplied is 5 
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Chapter 8: High Test Voltage Measurement  

Q11. We have two spheres of 75 cm diameter in the laboratory. If the lower sphere is grounded and a gap 

of 100 mm is set between the spheres, find the correct value of positive lightning impulse magnitude 

applied when a flash takes place. The atmospheric pressure and temperature in the laboratory is 754 mmHg and 

25°C, respectively. The flashover voltage for the given sphere and the gap from the table for normal pressure 

and temperature is 265 kV. The air density correction factor table is given as following: 

 

Reflective air density          Correction    factor 

0.80                                      0.82 

0.85     0.86 

0.90     0.91 

0.95     0.95 

1.00     1.00 

1.05     1.05 

1.10    1.09 
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Chapter 8: High Test Voltage Measurement  

Q12. An electrostatic voltmeter consists of two parallel plates, one movable and one fixed. With 11 kV applied 

between the plates, it is found that the pull is 10 × 10−3 N on the movable plate. Determine the change in 

capacitance produced for a movement of movable plate by 1 mm. Diameter of movable plate is 150 mm. 
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Chapter 9: Non-destructive Testing  

Q13. A Schering Bridge was used to determine the loss tangent of a 10-mm thick Bakelite sheet at 50 Hz using a 

parallel-plate electrode configuration. The electrode effective area is 250 sq cm. At balance, the bridge arms are 

AB: test object Cx; BC: Std. capacitor, C2 or Cs= 10 pF; CD: variable capacitor in parallel with resistor, C4 

= 100 nF and R4= 350 Ω; DA: variable resistance, R3= 70 Ω. Determine the permittivity and loss tangent of the 

dielectric. 
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Chapter 9: Non-destructive Testing  

Q14. A high-voltage Schering Bridge has the following arms with their component ranges. Std. capacitor, C2 

: 100 pf ; variable resistor, R3: 1 to 10 kΩ (decade steps), C4: 1 nF to 1 µF, and R4: 100 Ω to 10.100 kΩ. 

Determine the maximum and minimum value of the capacitance and tan δ that can be measured at 50 Hz. 
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Thank You 
& 
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