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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 numbéﬁng Systemi usedm this question
paper. v
4. Write neatly and legibly.
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QUESTION 1
1.1 The field coil of a motor has a resistance of 300 Q at 75 °C.

Calculate the final resistance if the temperature is 200 °C. Take the
temperature coefficient of resistance as 0,004 °C at 75 °C.

1.2 Distinguish between a positive and a negative temperature Coefflc:lent of
resistance.
1.3 A coil having 1 500 turns of conductor with a combined cross-séctional area

of 300 mm?2 and a mean length per turn of 400 mm, has an ;induct’a}nce of 3 H:

Calculate the following:

1.3.1 The resistance of the winding if the resrst;vxty (specmc resus’tance)
of the conductor is 4 uQ.m V 5

1.3.2 The average value of the EMF mduced m the cort when a current of
60 A reversed in 15 seconds ' =

1.4 Two capacitors connected in series have vc!tage readmgs of 40 Vand 10 V
respectively. The total charge equals 400 pC

Calculate the following:

1.4.1 The total capacitance
1.4.2 The vaiue of each capacntor
QUESTION 2.

24 Explain Kirchhoff's first law.

2.2 B ;Two‘ 'batteries ;‘bf EMF 65 V and 50 V and internal resistance of 0,3 Q and

. 06 Q respectxvely, are connected in parallel to supply a load resistance of
| 2 80,

Use Klrchhoff s laws and calculate the following:
2.2.1 The current supplied by each battery

2.2.2 The voltage across the load

2.3 Define a farad.
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2.4 A resistor of unknown value R is connected in parallel with a resistance of
180 Q. This combination is connected in series with a resistance of 25 Q.
The circuit is then connected across a 280-V DC-supply.

Calculate the following:

2.4.1 The value of the resistor R when a 4-A current is drawn from the
supply

2.4.2 The power dissipated in the circuit

GUESTION 3

3.1 The open-circuit characteristics of a shunt-excited Démotér%are as follow:

Terminal voltage (V) | 200|400 500|580 ]610_]620
Field current (A) 10|20 |80 50 |66 |75

Using the above values, plot a graph and detyermihé“?the following:

3.1.1 The voltage which the motor ‘Wiii‘ _exci:tﬁe on no-load when shunt
connected if the total field resistance is 10 Q.
3.1.2 The critical .re‘,‘sﬁi(stance
3.2 A long-shunt compound-wound DC motor has an armature resistance of

0,3 Q, a series-field resistance of 0,1 Q and a shunt-field resistance of 48 Q.
The motor draws.a current of 210 A from a 480-V DC supply.

Calculate the EMFgéneraté\'d in the armature.
3.3 What is the purpose of a pole shoe in a DC motor?

3.4 Name anyTHREE types of capacitors.
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QUESTION 4
4.1 What can be done to improve the power factor in a circuit?

4.2 A 50 Hz sinusoidal voltage has an RMS value of 424,2 V.

Calculate the following:

4.2.1 The time for the voltage to reach a value of 300 V from zero for the
first time
422 Draw a phasor diagram and show the waveform of thisfvoltage
4.3 A coil with a resistance of 200 Q and an inductance of 0,3183 H s connected

in series with a 10,61-uf capacitor. This c:rcwt is connected across a
565/-685 V, 50 Hz supply. .

Calculate the voltage drop across the following:

4.3.1 The coil

()

(2)

(7)

432 The capacitor (1)
4.3.3 Draw the phasor: dxagram to represent the distribution of the

voltage and the current in ’che circuit. : éga
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QUESTION 5
5.1 The value of a resistor is measured by the voltmeter-ammeter method.

5.2

5.3

5.4

5.5

The internal resistance of the voltmeter is 800 Q. When the voltmeter is
connected directly across the resistor to be measured, the ammeter reads
1,25 A and the voltmeter 200 V.

Calculate the value of the unknown resistor as follows:

511 Approximately

51.2 Accurately

51.3 The percentage error in the value of the re3|stor

The no-load current of a 3 000/150-V single- phase transformer IS 25 A ata
power factor of 0,3. The primary wmdmg has 150 tums and the supply
frequency is 60 Hz. ; : : ,

Calculate the following:

5.2.1 The maximum value of the flﬁszmzthe Cfoéj‘“

5.2.2 The power loss on no-load

5.2.3 The value of the ‘:magné{icsing current

Name THREE typéé~,~ of pdwer statiia‘hs used to generate electricity.
Why is the rotor bars of an mductlon motor skewed?

Name the THREE mam parts of an induction motor.

TOTAL:
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ELECTROTECHNICS N4
FORMULA SHEET
Any applicable formula may also be used.

1. Principles of electricity

E=V+1Ir Q=VC
V=IR
R, =R +Ry+..R,

1
P 1 1 C C2 oy

=
>
]

=

R 1+ea,T

R, l+a,0, 4 2. Dii'iecytk-gurfenz‘motors

| a7 M
2 . W
P=VI=I’R= % F ¢=2a

Egon =V +1, R,

iy
. s E,.=V—-I,R,

(V-E)
Rstart = "T—— -
a

R

a

S
IN

3. Alternating-current motors

E, =27BANn
e=E, sin (2af. t X 57,3)°

5 o— LA I Eave = 0’637 Eﬂl

ALH Erms = 0’707 Em
Al =1
f
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_Np
! 650
w =27
Z, =R+ joL
1
2. =R—-j—
‘ JwC
. R
=CcosP = —
pf ¢ ~
S=Vl

P=V.Icosp=I’R
Q=V.Ising

4. Transformers

E=444 f ®, N
M _Nh_hL

1V2 Vz l 1

1

5. Measuring instruments =~

im Ry

Ry = —”"‘ml

sh
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QUESTION 1
1.1 Re =Ryl +ag(t-0)]
=300[1+0,004(200-75°)]
=300[1+0,004(125°)]
=300(1,5)
=450 Q (4)
1.2 s Positive temperature coefficient of resistance refers to materials whose
resistance rises when the temperature increases. \
e Negative temperature coefficient of resistance refers to materialsV
whose resistance falls when the temperature increases. \ (3)
1.3 1.3.1 L=1500x0,4=600m~"
2 = ——~——px L \N
A
_4x10°%x 600
300x1006 W
=8Q (5)
1.3.2 E= %x 2+
_ 3x60 %2
i5
=24V 2
1.4 1.4.1 C = Q/V = 400/40 & = 400/10
= 10uF W & = 40 uF W 2)
1.4.2 i
Cs= T 1 SuF W
10 40 (4)
[20]
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(JUESTION 2
2.1 The sum of the currents flowing towards a junction is equal to the sum of the
currents flowing away from that junction v (2)
2.2 A I B 1,-1, C
» ; %\
7
65V _ | . 50V | + |
<> ~—~ 0,6 Ohm % 2.8 Ohm
~ 0,3 0hm ; §
: |
| |
| | |
F E D N
2.2.1 Consider loop/Vanaf lus:ABEFA :loop/lus:ACDFA
SE-3IR=0 SE-YIR=0
(El - Ez) - (IlRl + Isz) =0 (E1 - (I1R1 + R3(I1 - Iz) =1
(65-50)-(0,31,+0,61,)=0 ¥ 65-(0,31,+2,81,-2,8I,
15-0,3L,-0,6I,=0.ccccenee (1) 65-3,11,+2,81,=0......
Eq./Verg. (1)x4,667 = 70-1,41; -2,81,=0
............... (3)V
Eq./Verg.(2) + (3) = 135-4,51,= 0V
Thus/Dus: I,=135/45=30A
Substitute/Vervang I,= 30 A into/in Eq./Verg. (1)
15-0,3(30) =0,61,
I,=15-9/0,6=-6/0,6=10A
I,-1,=30-10=20A
Current across 65-V Battery = 30 A V
Current across 50-V Battery = 10 A (7)
222 Voltage across the load = IR =20 x 2,8 = 56 V (2)
2.3 One farad is that capacitance which will accumulate a charge of 1 coulomb
when connected across a voltage of 1 volt YW (3)
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2.4 2.4.1 Vg = IRg= 4 x25 =100 VN

a, = Yo 280 gy
T

V, = 180V~
i 1, 1. 1 1,1 1
Re Ry R R, Ry R, 45 180
%—:O,MG? Rx =60Q
. (5)
2.4.2 P=VI1=280x4=1120 W+ (1)
[20]
3.1
Viine/lyn=IR = 60x10= 600 \Y %f
g%g\\{/v’: / ///}Xw«/":
580V T /
enE 500V T ”7"/
IN /
VOLTS/ ya
EMK vy R crthty Vil =400120 = 20.8hrms ¥ Marks/Punte.
VOLTS Gr'aph/Graﬁek =3
300V 7 ngzggyskriﬂe -:- 12
Ans/Antw =2
, Rritfkit =2
200V &2 L 210
100V +
0
5A 10A 15A 20A 25A 30A 35A 40A 45A 50A 55A 60A 65A 70A 75A
CURRENT IN AMPERES / STROOM IN AMPERE 1V (10)
3.2 v
Isn=— 3
RSH I = IL - ISH E - V - IaRa + IERSE
a
_480 .0 q0 y =480-[(200x0,3)+(200x0,1)]
48 oA = 480- (60+20)
=10A =400V (5)

Copyright reserved Please turn over



MARKING GUIDELINE -5

- T490(E)(A13)T
ELECTROTECHNICS N4
3.3 To hold the field windings in place and to increase the cross-sectional area Vv (2)
3.4 o Airy
o Papery
e MicaV
e Ceramic
e Polycarbonate
e Electrolytic (Any 3x 1) (3)
[20]
QUESTION 4
4.1 Making the circuit more capacitive \ To run a synchronous motor with little or
no load with rotor over-excited by a high direct currenty By use of suitable
corrective apparatus (machines) v (Any 2 x 1) (2)
‘f% 7 42? Vrms/wgk =0,707Vm
424,2=0.707Vp, J
_ 424,2
™M~ 0,707
=600V
Vv =VpSin2rftx 1?[0
300=600S%in2 750t 1?)
250 AR
——=8in18 000 t
500
1 8000t=Sin"10,5
30
=1soo0p 87 ms (4)
42.2 /\V
360
180 | }
Time \//
v
N v
(2)
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4.3 4.3.1
43.2
4.3.3
QUESTION 5
51 5.1.1
51.2
5.1.3
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Xy =27fL=2750 x 0,3183 =100 Q V
1 1

XC = =
2:fC  2:50x1,061x10~

=300 Qv

Zeon =R2 + X2 =12002 +1002 =223, 607 Q.

2=R2 + (X2 - X2,) =+/2002 + (300-100)2 =282, 843 0.
| = V/IZ =565,685/282,843 =2 A

-iR -1 200
®©=C —=Cos * — " =45°+
°s 7 282,843

Veor =1Zcon =2 x 223,607 = 447,214 VA (7)

Vc=IXc=2x300=600V~

AV, 1200V

V. 11V, [ 400V Vi L1565,69V

(4)
[20]

R,=800Q V=200V l=125A
V200
R, =—=——=1604
PP 11,25
IV:-_—Y—:—%-QQ:O,ZSA\/
R, 800 (1)
R, = L4 20 _ 2000

I-1, 1,25-0,25 (3)

Ry —Rapp  200-160
R, 200

% Error =

=20%
2)
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52 521 E, =4,440 N,

@ _ =E,/4,44fN, = 3 000/4,44 x 60 x 150 = 0,075075 = 75,075
mWbvy

5.2.2 Powerloss =V, I,Cosd, = 3000x25x0,3 = 22,5Kw \V

52.3 _ Coreloss 22500

I, = =7,5A
14 3000

P
I, =\/120 -2, =\/252—-7,52 = 23,4844
(3x2)

5.3 » Coal-fired power station
¢ Hydro-electric power station
e Nuclear power station

To reduce magnetic noise and to eliminate variation in starting torque at
different positions of the rotor

5.5 e Rotor
e Stator
e End plates

TOTAL:
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