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INSTRUCTIONS AND INFORMATION
1. Answer ALL the questions.
2. Read ALL the questions carefully.
3. Number the answers according to the numbenngsystemusedmthls question
paper.
4, Write neatly and legibly.
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QUESTION 1

1.1 An aluminium conductor 500 m long is connected in parallel with a copper
conductor of the same length. When a current of 150 A is passed through the
combination, it is found that the current through the copper conductor is 50 A.
The diameter of the aluminium conductor is 25 mm.

Determine the following:

1.1.1 The diameter of the copper conductor, if the resistivity of copper is
0,017 micro-ohm metre and that of aluminium is 0,027 mlcro-ohm:,‘
metre : ¥ i
1.1.2 The voltage drop across the conductors B (2 x 4) (8)
i.2 A resistance of 6 ohms is connected in parallel with a resxstance of 30 ohms.

The combination is connected in series with a third: reSIStance of 3 ohms. If
the whole circuit is connected across a battery havm ] an EMF of 27 V and an
internal resistance of 1 ohm,

Determine the following:

1.2.1 The terminal vo!tage of the battery

1.2.2 The current through each resrstor \4
(2 x 3) (6)
1.3 Define temperaz‘ure coeff:c;ent of res:stance ato °C. (3)
1.4 A conductor of eﬁ‘ectzve length of 600 mm moves with a velocity of 15 m/s

perpendacular toa magnenc field of uniform flux density of 2 T.

Determme the foliowmg

1.4.1 " The EWIF induced in the conductor

71 4 T e force acting on the conductor when it carries a current of 15 A

43 The power required to move the conductor
3x1) (3
[20]

QUESTION 2

2.1 Two capacitors each having a potential difference (PD) of 200 V and 50 V
respectively are connected in series across a DC supply.

Determine the total capacitance and the capacitance across each capacitor if
a charge of 800 micro coulomb is measured across the capacitors. (4)
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2.2 The field coils of a motor have a resistance of 200 ohms at 75 °C. After a run

at full load, the resistance increases to 300 ohms.

Determine the temperature of the coils if the temperature coefficient of
resistance is 0,004 per °C at 75 °C. (4)

2.3 A battery having an EMF of 54 volts and an internal resistance of 0,6 ohm is
connected in parallel with a direct-current generator of EMF 67 volts and
internal resistance of 0,5 ohm. The combination is used to supply a load
having a resistance of 3,8 ohms.

Use Kirchhoff ’s laws to determine the following:

2.3.1 The value and direction of the current through. the battery

2.3.2 The value and direction of the current through the generator

(9)

(3)
[20]

2.3.3 The potential difference across the klgad

2.4 Define the ampere.

QUESTION 3

3.1 Calculate the speed of a four poie senes ‘generator having a wave-wound
armature with 315 conductors and resistance of 0, 6 ohm supplying a load of
50 kW at 1 000 V. The resistance of the field-winding brush contact resistance
is 0,4 ohm. The ﬁeld sets up a flux per pole of 0,1 Whb. (5)
3.2 What type of wmdmg would be used for the following:
321 A hlgh-voltage low current

3.2.2 A hlgh-current low-voltage DC machine.

(@)

The cji:ie:;jl-circuit characteristics of a shunt-excited DC machine are as follows:

Tei‘mina! voltage (V) | 80 160 1240 (320 |340 360
| Field current (A) 4 8 12 20 24 30

Plot a graph and determine the open-circuit voltage if the field circuit
resistance is 12 ohms. (8)

3.4 A short-shunt compound generator supplies a load current of 100 A. It has a
shunt-field resistance of 20 ohms, an armature resistance of 0, 3 ohm and a
field resistance of 0, 2 ohm.

Determine the armature EMF if the terminal voltage is 180 V. (5)
[20]
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QUESTION 4

4.1 A sinusoidal alternating current supply has a maximum value of 396,04 V and
a periodic time of 50 milliseconds.

Determine the following:
4.1.1 The RMS value of the voltage
41.2 The average value of the voltage

41.3 The frequency

4.1.4 The instantaneous value two milliseconds after the commence-
ment of the cycle B
(4)
4.2 A 48 kVA 4 800/48 V, 50 Hz single-phase transformer has 3 OOO turns on the
primary winding.
Determine the following:
421 The turns ratio
422 The number of secondary tums
423 The secondary fuii loay ,current
4.2.4 The maxmum’ fvaiue of ihe core flux
4.3 In a certain cxrcu:t havmg TWO parallel branches the instantaneous branch
circuits are represeﬂted by:
I »ISSz;z(vszr+—~)
=45Sin(wt -2
Dl 1
431 Determine the total current and write it in this form:
i = pain(wr+6) (5)
4.3.2 Represent these currents by drawing a phasor diagram. (3)
[20]
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QUESTION 5
5.1 At what speed must a six-pole alternator be driven to produce an EMF having

a frequency of 60 Hz? (2)
5.2 What motor is superior in efficiency and the most extensively used of all types

of electric motors? (2)
5.3 An impedance of 15 £45 ohms and an impedance of 15 £—45 ohms are

connected in parallel to a 150 volt, 50 Hz supply.
Determine the following:

5.3.1 The total impedance

5.3.2 The current in each branch
5.3.3 The current flowing in the circuit
5.3.4 The overall power factorand

5.3.5 Draw the phasor diagram‘top;ese‘,ﬁtﬁt/he current in the circuit.

(10)
5.4 A milli-ammeter with a 5 ohms co:l ressstance ‘indlcates a full-scale deflection
when a current of 1 000 m A ﬂows through it.
Determine the value of the resnstances reqwred to enable the instrument to be
usedasa. ]
541 10V voltmeter 2)
542 1 5 A ammeter (2)
55 Why are c:aal ﬂred power stations normally built far away from the main load
points? . (2)
[20]
TOTAL: 100
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FORMULA SHEET
Any applicable formula may also be used.

1. Principles of electricity

E=V +1Ir Q=\VC ;
=IR 5
Y Qs =0,=01=05..=0,
Rse = Rl + Rz + ven Rn 1
1 Cye =
R =
p 1 1 1
e —
R, R R, 0 =
2p
=p P CP ._
R 1+, '

R, l1+a,T

R,=R9[1+(X9 (1"9)]

2

P=VI=]*R=-—
R

oommf _IN

S S

3. Alternating-current machines

e=FE, sin 27f.t x57,3)°

E,.=0637E,
LA
At Erms =0,707 Em
AD
I o N T= "1“'
A f
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FORMULA SHEET (Continued)

_Np
fﬂéo
w = 27f
1
Z. =R—j——
€ ]wC
. R
=COSQ = —
pf ¢ Z
S=Vi

P=V.Icos¢p=1’R
Q=V.Ising

4. Transformers

E=444 f®, N

Mo b

k=
TNy Vo

5. Measuring instruments
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QUESTION 1

1.1

1.2

mia  w(25%107)?
4

butl, =1, =1, =150-50=100 A +
_PxL, 0,027%x107 x500

Au =

R, = =0,275Q

A 4,909x107°

a

1.1.1 V, =LR

«a a

=100x0,0275=2,75V

=Y 27505504
"I 50
1.1.2 4Pclc
d=
IR,
_ [4%0,017x107° x 500
IT (0,055) VA
=14,027 mm
R, =R, + 1 I= £
_w_*__}_ R.+r
RI R’l
2
—-3+1 11 :_:.:7._
L 8+1
6 30
R 27
=3+ 92 =9
=3+5 =3 AN
=8Q
I,=34

1.2.1 but v, =IR, =3x5=15VY

1.2.2 Thus:
L=t =%5— =254
V1 15 W
I, = =—=05A
© R, 30
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(2% 4) (8)
=3x8
=24V
(2 x3) (6)
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1.3 The temperature coefficient of resistance of a material at 0 °C is the increase
in resistance of a sample having a resistance of one ohm at 0 °C, when its
temperature is raised by 1°C (or 1 K) Vv (3)

1.4 1.4.1 EMK=BLV=2x0,6x15=18 V¥

1.4.2 F=BLI=2x0,6x15=18 NV

1.4.3 P=VI =18x15=270 W+ (8x 1) (3)
[20]
QUESTION 2
2.1 C. = L _32uF
1,1
4 16

QT=Q1=Q2=V1C1=V2C2
C, =0, /V, =800/50=16uF \
C,=0, 1V, =800/200=4 uF

2.2 R, = Ry5[1+ a,5(t - 0)]
300 =200[1+ 0,004 (¢ — 75%)]
300
(50“6 -1
(t-75)=-200 VWA
0,004
r=22h s
0,004
=125+75
t=200°C @
) A I B 1.1, c
| I
IS L 7
67 VQ 54V -
| BE
T .i 0,6 Ohm §3,8 Ohn
20,5 Ohm }\ =
i
i ‘

F E D N
(E, - E,)-(IR +1,R,R,)=0 (B, = (LR, + Ry (I, - 1,)=0
(67 ~54) = (1,0.5+1,0,6) = 0V 67~10,51, +3,8(I, ~1,)]=0
13-1,0,5~1,0,6=0 67431, +381, =0
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Eq(1)x3.8/0,6  82333-3,167 1,-3,8 1,=0 ............... v
Eq.2)+(3)= 1493333 —7.46671,=0

Thus I, =149,333/7.467=20A

Substitude ;=20 A into Eq. (1)

13 -0,5(20) =0,61,
I,=13-10/0,6 =3/0,6 = 5 A
I -L,=15A

2.3.1 I,=5 A from pos. to neg.V

2.3.2 I,=20 A from pos. to neg.V
233 PD=IR=15x3,8=57 VY (3 x 3) (9)

2.4 The ampere is defined as the current which if maintained in two straight
parallel conductors of infinite length of negligible cross-sectional area, and
placed 1 metre apart in a vacuum, would produce between the conductors a

force of 2 x 1077 newton per metre of length. v\ [2(3}
QUESTION 3
3.1 Flux=0,1Wb P=2v C=2v Z=315

I,=1I,=P/V=50x10°/1000=350 A

E=V+I, (R, + R,) E=(2Z/C)NP/60)x®,,

=1000+ 50 (0,6 + 0.4) 1050 =(2x315/2)(N2/60)x0,1~
=1050V N=0105N
=1000 RPM

3.2 3.2.1 Wavey

3.2.2 LapV (2)
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3.3 Viineflyn = 1R = 30x 12 =360 V
\/ 1/M
360V t
340V T 1M \/
320V 1/M /
280V VT
240V + / /
EMF
IN
VOLTS! o0y &
EMK / Marks/Punte.
vo”:Ts 160V + 1/:: Graph/Grafiek =3
1/2\/ ngzzgysknfte ; ;
160V Ans/Antw =3
/ / TOT = 8
80V 2
/ .
40V /
0 T
2A 4A BA B8A 10A 12A 14A 1BA 18A 20A 22A 24V 28A 28A 30A
CURRENT IN AMPERES/STROOM IN AMPERE 1/2\/ (8)
3.4 [ VLR, E=V+I,R, +1,R I=1,+1,
S R, =180+ (110x0,3) + 100(0,2) =100 +10
_180+(100x02) ,, =180+33+20 =110 A
20 =233V
_ 200
20
104 (5)
[20]
QUESTION 4
4.1 4.1.1 E, =0,707E,, = 0,707 x 396,04 = 280 Vv
4.1.2 E,:=0,637E, = 0,637 x 396,04 = 252,28 V
4.1 -3 -3 .
£ =1/T=1/50 x 10 =20 HzV
414 e=E, Sin 2TTft x 180/T1
= 396,04 Sin(2I120 x 0,02 x 180/TT )V
= 396,04 Sinl4.4
=98.49 vV (1 x4) (4)
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. 2.1
4.2 4.2 j\\[]‘ =4 800/48 = 100 (100:1)
4.2.2
N, = N, = 3000x48 =30 Turns
Py, 4800
4.2.3 1225248000:100014 W

4.24 Core Flux = E/4,44{N = 4 800/4,44 x 50 x 3 000= 7.207 mWb\V

(2 x 4) (8)
4.3 4.3.1 i, =15 £45° =10,607 + j10,607 W
i, =45/-45"=3182 - j31.82
Total I =42,426 -j 21,213 = 47,434 £ -26,565°
I, = 47,434 Sin (wt - 26,565°)V (5)
4.3.2 Jy =15£45°
#34./26,565°
i, =45245°
(3)
[20]
QUESTION 5
5.1 . PN
I= 60
N =LX600_80X60 050 rpas vy
P (2)
5.2 AC motors (or) Induction motors v (2)
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5.3 Z, =15£45=10,607 + j10,607
Z, =154 -45=10,607 — j10,607
Z, +Z,=21213+j0 N

5.3.1 g o ZZ, _ 22540

T

=10,607£0° =10,607 QW

S Z,+Z, 2121340° 2)
5.3.2 50.£0°
1 =L 1029 45 —7.071- 7,071 44
Z, 15245
L=t = 1020 1) us —7.071- 707144
ATy @
5.3.3 L =1 +1,=14142+ j0=14,142£0" AV OR
I =r= 1020 40 00 14042+ 70 A=14142 AN
Z, 1060720 @
5.3.4 pf=Cos0=1V (2)
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5.3.5 v
10£45°
AN
N
} AN
1 AN
! N
) AN
; AN
| N
L/ 45 14,142.£0°
P\ 45° /e
i /
; /
I /
: Y
: /
| /
i /
4
- 10£-45°
A (2)
A4 4.1
S S Ry=T-R,=—2 ____5-50W
I, 1000x10°
(2)
5.4.2 I, =1, -1, =15-1000x10" =0,5 AV
-3
R, =Ry (1000X107X5 o
I 0,5 (2)
5.5 To be near the coalfields in order to reduce transport costy 2)
[20]
TOTAL: 100
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