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Question 1. [20 marks]
Select and write down the choice you think is the most appropriate response to the following.

(a) The relative permeability of vacuum is
A.4mx 107 H/m B. 1 H/m C. 1 D. 1/4n E. None of these.

[4 marks]
(b) A capacitor that stores a charge of 0.5 C at 10 V has a capacitance in Farads of
A.S B. 20 C. 10 D. 0.05 E. None of these.

[4 marks]
(c) If dielectric slab of thickness 5 mm and ¢, = 5 is inserted between the plates of an air

capacitor increasing the plate separation from 1 mm to 5 mm, its capacitance is

A. Halved B. Doubled C. Tripled D. The Same E. None of these.

[4 marks]
(d) Which one of the following will not affect the iron loss of an iron-cored inductor?
A. Applied voltage B. Current in coil C. Frequency D. Magnetic flux density E.
No correct answer.

[4 marks]
(e) Which one of the following best describes the phase relationship between the applied

voltage phasor V and the magnetising flux phasor @ in a coil-excited magnetic circuit?

A. Vleads ® by90°  B. Vlags ® by90° C.Vand & are in phase D. Depends on
the phase angle of the coil current E. None of these.
[4 marks]
-- --- --- -- --- ---Solutions T oo
@C (b)D (¢)D (@B (A

Question 2. [20 marks]

1 ) ) ) .
—for a concentric cable, where the variables have their usual meaning,

(a) Given E =
n|r

discuss the conditions for maximum electric field, E,,,. Develop the conditions for reaching
the minimum value of E,,.
[8 marks]
(b) The radius of the copper core of a single-core rubber-insulated cable is 2.25 mm. The rubber
insulation has a relative permittivity of 4 and breakdown field strength of 18 x 10° V/m. A
voltage of 10 kV may be safely applied between the core and the earthed lead sheath with a
safety factor of 3. Calculate, the

(i) radius of the lead sheath which covers the rubber insulation;

[6 marks]
(11) cable capacitance per metre.

[6 marks]
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Solutions

(a)
v |11 . . ..
E = pull with V, r;, & r; fixed, E,,,, occurs when r is minimum. Thus r =r;,
2 \r
In p
g L1
In2 |1

i

To determine minimum E,,,,, find minima or maxima:

dE _ _
max = 0= in 24 n (12
dn r22 r1 n
(’”ﬂnn)
m2-1=0-2—-,
i ]
H=2
(b)

r =225mm, & =4, Epg =18 x 10° V/m, V= 10kV, SF = 3;

Viare = SF XV =3x(10x10°) =30x10° V
(1)
3
Enax = 4 —In2= v = 30;(10 G =0.7407
qln2 TonEmax (2.25x107)x(18x10°)
n
2 290975 1, =2.0975%2.25=4.72 mm
n 4.72 mm
(i1)

2me  2rmEe & _27[><4><8.85><10_12
In2 In(2.0975) 0.7407

Ul

=3x107'% F/m = 30 nF/m

[2 marks]

[6 marks]

[2 marks]

[6 marks]

[4 marks]
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Question 3. [20 marks]

(a) From first principles, derive the expression for the energy stored in an electric field.
[10 marks]
(b) Calculate the change in the stored energy of a parallel-plate capacitor if a dielectric slab of
relative permittivity 5 is introduced between its two plates and the plates have been
disconnected from the voltage source.
(¢) [10 marks]

e --- --- e --- Solutions-------- --- e R
(a)
Parallel plate capacitor:

A = plate area

] l = plate separation

— i = charging current

Vv = Plate voltage

C = capacitance of arrangement

= C q = charge between plates
v

E = Electric field intensity

D = Electric flux density
—_
Charge: ¢ =Cv
Charging current: i = C%

t
Power: P=vi= Cvﬂ
dt
v v 1
Energy: W =det = jcvdv =C—=—¢qV
0 2 2
1
RS qV

Energy per unit volume: w=-2— = 1a¥V = lDE

Al 2A1 2

[10 marks]
(b)

Q =CV =constant , A and [ fixed, all the time:

W:lDEzlgE;ngé
2 2 l
Case 1: C;, Vy, E;,
2
1 2 1 Vl A
Wi=—¢€ &gEf =—&y| — | ; Ci=€y—
1 ) ric0*=1 ) O(lj 1 Ol

Case 1: Cy, V>, E5,
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2
1 7 1 \% A
Wo =-&60F; =2 €280 (sz > 2= €08

V
C1V1 = C2V2 — Eoévl = EFZEOAVZ e V2 =1
l l €0
2
1 Vi 1&g (VY _1 & (WY
W2=§ 28| | T |5 Ty T
8,,21 2 & [ 28,,2 [
1 1
Wy 11, W
VVI %) 5 —5

[10 marks]

Question 4. [20 marks]

(a) Derive the expression for the resistance R that subsists between two electrolyte-filled
concentric metal cylinders of diameters d; and d>. The electrolyte has resistivity p and fills

to a depth L.
[10 marks]
(b) A liquid resistor consists of two concentric metal cylinders of diameters d; = 20 and d, = 35
cm, respectively, and is filled with water of resistivity p = 8000 Q-cm between them. The
length of both cylinders is / = 60 cm.

(1) Calculate the resistance of the liquid resistor.

[6 marks]

(1) What is the heating power available when the cylinders are connected to a 240-V ac
supply?

[4 marks]

Solutions-------- e

= electric field intensity
= current density

(a)
electrode
I (heat supply) . general radius
7 = radius, inner metal cylinder
Z electrolyte _ ) ;
tonductor) 12 = radius, outer metal cylinder
[ = depth of electrolyte
: earth Vv = voltage between cylinder
1 = total conduction current
(o conductivity
P = resistivity
E
J
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With p = ! R=—= 11171
PG 1 Pom
[10 marks]
(b)
d;=20cm,d>, =35cm, [ =60 cm, p= 8000 Q.cm
€y
In’2 In33
R=p—1 =80x—20 =11.875Q
27l 2xx0.6 =
[6 marks]
(1)
2 2
P=V—: 240 =4850 W =4.85 kW
R 11875 —_—
[4 marks]

Question 5. [20 marks]

(a) From first principles, derive the expression for the permeance of a uniform magnetic circuit
composed of material of permeability £, length / and having a constant cross-sectional area
A.
[6 marks]
(b) A soft-iron ring with relative permeability 1000 has a mean circumference of 800 mm and a
cross-sectional area of 500 mm? and is wound with coil of 1000 turns. A radial air-gap of 1
mm is cut in the ring.

(i) Calculate the current in the coil required to produce an air-gap flux of 0.5 mWhb.
[10 marks]
(i) What is inductance presented by the coil?
[4 marks]

Solutions-------- e eee

= complete length of magnetic circuit
X-section area of magnetic circuit
reluctance of magnetic circuit

mmf of coil

magnetic flux

magnetic flux density

magnetic field intensity

= permeability of magnetic circuit

T TweS mLar~
1l

area, A
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Permeance: A=£=B—A=£é:,ué
F I HI /
s=1_ L
A UA
(b)

lre =800mm, /[, =1mm, y =1000,A =500 mm2, N = 1000;

I 800x107>
UrelloAr,  1000x47x1077 x500x107°

=1,273,239 A/Wb

G _ e 11072

8 UoApe  47x10~7 x500%1076

¢

=1,593,149 A/Wb

Sfe

r@ Sq

ST =SFpe+ S84 =1,273,239+1,591,549 = 2,864,788 A/Wb

F=¢S; = 0.5x107> x 2864788 =1432 A

NI =1432 A —>I=@=1.423 A
1000

(i)
2 2
p=N°_ 10007 s
S 2864788 ——

>

[6 marks]

[2 marks]

[2 marks]

[2 marks]

[2 marks]

[2 marks]

[4 marks]

DR A ZULU

-Page 6-



