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Answer Five questions only All questions carry equal marks.

Technical Information

Permeability of free space J..I.o = 4 7rX 10-7 Him
Permittivity of free space Eo = 8.854 x 10-12 F/m
Velocity of light in free space = 2.998 x 108 m/s
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Question 1

a) Describe:
I. With aid of suitable diagrams; explain the basic parameters of voltage surge. Give the

specifications for standard impulse wave. [ 15 marks]
II. Explain different mechanisms of vacuum breakdown. [ 15 marks]
III. Define the Townsend's first and second ionization coefficients and explain how the

condition for breakdown is obtained in Townsend's discharge. [15 marks]
IV. Type tests, sample tests and routine tests performed on HV equipments, [15 marks]

b) Describe with the aid of suitable diagrams how the dielectric loss in a lossy capacitor is
measured in comparison with a standard lossless capacitor using the x-y mode in the
oscilloscope. Show that the area of the ellipse displayed is proportional to the loss.

[40 marks]

Question 2

a) Define surge impedance of transmission line. [10 marks]
b) Following figure shows a substation J where 4 transmission lines AJ, BJ, CJ and DJ are

connected. If a surge of magnitude 200 kV arrives along AJ, determine the surge
transmitted to JC and the surge reflected back on JA. [30 marks]
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c) An overhead transmission line AB (Zo = 550 n, 100 km) is connected to a cable BC
(Zo=750 n, 50 km). A load (Zo=1350 n) is connected to the end C of the cable. A
triangular wave of vertical front of 100 kV and duration of 300 us originates in the
overhead line AB and travels towards the junction B. Draw the Bewley Lattice diagram
and obtain the voltage at B for the first 300 ps after the original surge arrives at B.
Neglect attenuation. [60 marks]

Question 3

a) By deriving from first principles, show that the electric stress in a single core cable is not
uniform. [20 marks]

b) By deriving the basis for sketching, sketch the field pattern in a three core belted type
cable by considering a particular instant oftime. [25 marks]

c) Show from first principles that the thermal resistance of a buried cable is given by

S=~ln 2h
37L r

where the symbols have their usual meanings. [25 marks]
d) A high voltage cable is to be made with a conductor of radius 25 mm with the outermost

diameter being 135 mm. Three materials A, Band C are available with following
properties.

Material ~max(kV/cm) E r

A 90 4.0
B 120 2.4
C 105 3.0

Determine the optimum thickness of the materials and the order In which they should be
laid, to obtain the maximum operating voltage for the cable. [30 marks]

Question 4

a) Explain with the phasor diagram, how a tuned Capacitor Voltage transformer can be used
for high voltage measurement in power system. [25 marks]

b) Compare the measurement of high voltages using potential divider and standard sphere
gaps. [15 marks]

c) What is meant by "Co-efficient of Earthing" of a power system. Explain its implication
on the design of insulation of a system and connected equipment. [20 marks]

d) A surge arrester is required to protect a 35 MV A, 132/33 kV, 3-phase transformer
(effectively earthed, BIL = 550 kV, Z; = 1600 Q). With appropriate calculations, select
the required discharge current rating for the arrester to protect it from 950 kV surges
arriving on a transmission line (Z, = 400 n). (Clealy state any assumption you made
during the calculations) [40 marks]

Discharge current (kA)
Discharge Voltage (kV)
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Question 5

a) With aid of a suitable diagram, explain the principle of operation, advantages, Iim itations
and applications of Van de Graff generator. [20 marks]

b) Explain the advantages and disadvantages of cascaded transformer method used in high
voltage generation. [20 marks]

c) Derive the criterion for breakdown in electronegative gases. [20 marks]
d) Following figure shows a circuit diagram of a high voltage Schering Bridge, with the

values at the balance condition. If the dielectric has a cross-section area of 0.01 m2 and
the spacing of 2 ern, determine the relative permittivity and the resistivity of the material.

[40 marks]

2~
tan 8 = 0.001

Supply
200 kV,50 Hz

Question 6

a) With aid of a suitable diagram, explain the mechanism of generating high DC voltages
using n-stage Cockroft-Walton circuit. Derive an expression for the ripple current in the
output wave form. [30 marks]

b) A 100 kVA, 50 Hz, 230/50 kV testing transformer has a 10% leakage reactance and a 2%
winding resistance. A cable of capacitance 100 IlF is to be tested at 300 kV using this
transformer as part of the resonance circuit. Determine the value of the inductance (with a
Q-factor of20) required tu obtain resonance and the value of the input voltage required to
obtain the required voltage. [40 marks]

c) Explain why it is necessary to generate high voltage impulses. [10 marks]
d) An impulse generator has 10 stages with capacitors rated 0.15 IlF and ISO kV per stage.

The load capacitor is 1000 pF. Find the front and tail resistance to produce impulse of 1.2
Ils/50 us. l40 marks J

---------End of Paper---------
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