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SECTION A: ELECTRICAL POWER SYSTEMS
Ansvwer any THREE guestions from his seclion.
Explain why an actual surge 35 less severe than a theorstical one. {2 marks)

An overhead transmission line having an industance of 10.5 mH and & capacitance of
tLik 217 15 connected i series with a cable having an inductance of 2.4 i and a
capacitance of 1.6 4. If a surge voltage of 300 kV travels along the overhead
transmission line towards the junctior, determime the:

(1) vl e
(11} currenmt.
{6 marks)
{n State two assumptions made when analysing the perfommance of short
ransimssion lines.

i11) A throe phase. 11 kW, 50-Hz, 16 km long overhesd transmission line supplics
aload of 1006 kW at (L8 power factor lagging. If the line resistance and
inductance are 0.02 £ and 0.7 mH per phase per km respectively, determine
the:

i1 sending end voltage;
{II)  woltage regulation;
{1}  transmission efficiency.
{12 marks)

State three merits of synchronous phase modifier when used in overhead transmission
lines. {3 marks)

Bxplain how the following factors affect corona power loss:

(1} system village:
{n}  density of air;
(i}  conductor surface.
(6 marks)

(1) State three factors that determming the choice of span length of an overhead
ransmission line.

{11} An deerhead fransmission line af & river crossing is supported by two towers of
heiphts 45 m and 75 m above water level with a span lengih of 306 m. Ifthe
weight of the conductor 15 0.92kg/m and the working tension is 2040 ki,
determine the clearance between the conductor and water level mid way
between the towers.

(11 marks)
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State two types of:

(1) unsymmetrical fanlts that oceur on 3 power system:
(11}  symmeirical components.
{4 marks)

With the aid of phasor diagrams, show that the negative phase sequence component
of current for a three phase nnbalanced system is given by:

foz= %'iﬂh-l”-]{---— AL} where A is the operator and 17, I+ and I7 arc the currents
i the red, vellow and hlue phases. 17 marks)

The voltages across a three-phase unbalanced load are
Vo=150-00 1V, Vs =100 — B0V and Ve= 3002180°Y, Determine the sequence
components of voltages in the red phasze. (9 marks)

With reference to power system stability, define the following terms:

{1} transfer reactance;
(i) steady-state limit.
{2 marks)

Figure 1 shows a synchronous generator connected to a synchronous motor through
i serics impedance (R +jx) Ohms. Show that the maximum power delivered to the
synchronous motor is ziven by '

|l B | D3
P = I_,-'i'l ,where F. 95 The internal voltage of the motor, E, is the internal

voltage of the generator and X is the tolal Series reactance. (8 marks)

(RA+JX} Moor

C) : . @ E i

Bk, =¥

Fig. 1

A generator operating at 50 Hz delivers 1.0 p.u power to an infinite bos through a
rranisrission ling in which the tesistance s ignored. A fault takes place reducing the
amount of power transterable to 0,45 pu whereas before the fault this power was

1.85 p.u, and after clearance of the fault the poweris 1.15 p.a. Tse equal ares criterion
L detertnine the critical clearing angle. (10 marks)
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State three:

(1} requirements of line protection;
(i) factors o be comsidered when selecting a prolective system for o transformer.
(& marks)

With the aid of a Fabelled dagram, explan the operation of Merz-price circulating
current system as used in alermators. {f marks)

A three phase, 6.6 K'Y star connected alternator 1s profected by Merze-prce anculatmyg
current system, WWihe cement matio of the surrent cransformer is 3007 A the
synchronons reactance of the altemator 13 5.4 £ /phase, the minimum operating current
for the relay 15 0.5 A and the neutral pomt is carthed through a 2.0 & non-inductive
resistor, caloulate the:

(i) percentage of each stator winding which is profected agamst earth fanlt when
the machmeas operating at nommal voltage.

{8}  masmyem resistance to provide protection for 95%% of the stator winding,

(Emarks)
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SECTION B: FLECTROMAGNETIC FIELD THEORY LS en “-1 A ’“‘
Answer am' TH@questions from this section. - I?t;;q Lﬂ t‘_’_“;ﬂ_gf‘
(1) Prefine “dot-product” as-used in electramagnetic ficld theory. L Cﬁ&“ﬁm o
g‘“{-"'fr'j-am e

fit)  Three clectromagnetic field quantities are represented by:

N =20 —n,
N = B ta— 3 0
T —=2p.—3a.ta:

Determine N AT =M.
{5 marks)

Explain three conditions that must be'satsfied in the application of Coulomb’s law
it elecirostatics. {3 maatks)

1) State the divergence theorens,




(1} A vector field in cylindrcal co-ordinate system

A =300 T8 — 22 0. exists over the surface of the cylinder bounded by

=12 = — Dand z = 5. Evaluate both sides of the equation using divergence
theorenm.
(12 marks)
I L) Define the following terme as used m magnetic fields:
(1) magnehc fux densiy: Lylas [.:_-. ol
(1} magnetic ficld intensity: : et e . 2
b Lasethy = i EHL
ot AL . 2 marks)

(h) {i) List three current distribution confipurations in o magnttic ficld.

{n}  Wnite the cxpression for the boundary condition for the nirmzl companent of
magnetic fuy density B, between two different media of relative permeabilicies
frand g respectively in s magnetostatie field.

(i) Show that the constant of discontinuity of the normal component of magnetic
field sirength H across the boundary in'b (i) is given by

H — T
.|H,'-.'| l|!-I!r'_- ;
{7 marks)
{c} (1) Wrate Maxwell’s equations for time varving fields in free space.
(18] An clectronmapnetic field in free space has a magmetic fiux density
B =f, ofwsineg Using Maxwell’s equations, show that
; ks Mrfie
o el e e il AR
el T Comedis E=p {11 marks)
di vpion e ; : : :
i (i) (1] Wiile an expression 08 pure progressive wave.
I : = a°F . .
1 ﬁf%ﬁmm @p.{f;ll = Express the wave cquation V= = EIHI it three dimensions.
; {4 marks}
(7 i) Draw a labelled diagram of a transverse electromagnetic wave
{11} show that ina region where volume charge density
L= da.LEJ - E'_]E" e
i ¥ i 7. marks)

() A planc clectromagnetic wave having a frequeney of 10 MH# travels throngh a
lossless medium of relative pemmuttevity £ ) and permeability § e, ) of 3 imd 2
respectively. Determine the:

(1] veloeiy of propagation;
(i} waveleagth:
(iii)  intrinsic impedance of the medinm,
(Y mnarks)
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