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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 numbermg system used in this question
paper. Ay, Y

4. Where applicable, answers must be. in accordance WI’th the SABS (SANS)
Code of Practice SANS 10142-1: 2003 for the Wnrmg of Premises.

5. Sketches must be neat, labeiled and large enough to show the required detail.

6. Answers must be given to TWO decsmal places

7. Write neatly and Ieglbly_,; ‘
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QUESTION 1: DOMESTIC APPLIANCES

1.1 Draw a neat, fully labelled sketch of a bi-metal thermostat that is used to
regulate the temperature of a laundry iron. (5)

1.2 Figure 1.1 shows an immersion type thermostat that is used to regulate the
temperature of water in a geyser. ldentify parts A, B, C,Dand E

Heating Elemen{‘f;_‘ N
crew Termmals :
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Joined
mechanically

(5)
[10]

FIGURE 1.1: IMMERSION TYPE THERMOSTAT
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QUESTION 2: PROTECTION

2.1

2.2

-4 T470(E)(M30)T

Draw a neat, labelled sketch that shows how earthing is achieved from a supply
point in a domestic installation to the general mass of the earth.

Your sketch must include the following labels:

¢ e & © ©

Distribution board

Earth electrode

Earth bar

Earth lead e,

Earth continuity conductor - (Bx1) (5)

Explain the operation of the thermal-magnetic-type circuit breaker on: -

2.2.1

2.2.2  Short circuit , | (2)

QUESTION 3:

3.1

Overload iy e o (3)

[10]
ILLUMINATION

Indicate whether the following statements are. TRUE or FALSE. Choose the
answer and write only ‘true’ or ‘false’ next to the questlon number (3.1.1-3.1.5) in

the ANSWER BOOK.

3.1.1 A fluorescent laﬁwp mrcuit ‘v’\\/asls‘té:i;ted. Removing the glow starter at
this point wxll sthch the Iamp off.

3.1.2 A choke wnll hm;t ‘\th‘e current in a D.C. supply lamp circuit.

3.1.3 A glow starter actua,ﬂy starts the lamp by opening its contacts.

3.1.4 Cold cathade neon lamps emit a white glow.

-Vaperzsedfmercury emits a blue-green light.

(5x1)  (3)
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3.2 Study the circuit in FIGURE 3.1. State why this type of circuit is used and explain
its operation.

Capacitor
N —
== Flourescent Tubes <
Supply 220V /50Hz = . My I -
N R T,
FIGURE 3.1: FLOURESCENT LIGHT CIRCUIT (3)
3.3 Name TWO types of lamps that are |deal for street hghtmg (2)
. s, %, [10]
QUESTION 4: ALTERNATENG CURRENT THEORY
A voltage waveform is represented by e= 381 srn(628 321) volts
NOTE: The angle isiin radrans |
Calculate the followsng
4.1 Average va!ue (3)
4.2 Frequency of the wave (4)
43 :_’!nstanta’n\eous voltage 10 ms aftert=0s (3)
o
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QUESTION 5: SERIES RLC CIRCUITS

5.1 The series RLC circuit in FIGURE 5.1 has a lagging power factor of 0,8. The
component values for R, L and C are 5Q, 0.02H and 1 258uF respectively. The
circuit is supplied with 220 V at 50 Hz.

0,02 H 1.258uF

1
o i

10 C

AC

©
220V / 50Hz

FIGURE 5.1: RLC CIRCUIT
Calculate the: £
5.1.1 Inductive reactance
5.1.2 The circuit impedance

5.2 Draw the phasor diagram.

QUESTION 6: THREE-PHASE AC SYSTEMS
6.1 List TWO advantages of three—phase distnbu’uon over smgle phase distribution.

6.2 A three-phase delta connected motor draws 250 A from a 380 V supply at a
lagging power factor of 0, 86

Calcutate the

6:2.1 ~!r}pu’t'pewe’r'

6.2.2. Et/:i‘\‘ebarent power

k 6 2.3 . Phase current of the motor winding
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QUESTION 7: TRANSFORMERS

7.1 Explain the operation of a transformer under the following headings:

7.1.1 Type of supply used with this device
7.1.2 Method of power transfer from primary to secondary
7.1.3 Method of reduction of eddy currents

(3X1) (3)

7.2 The three-phase step-down star-delta transformer in FIGURE 7. 1 has a pnmary line
voltage of 132 kV and a secondary line voltage of 11 kV.

L1e

VEp=132kV ; < = f\yLS:Ai qu ,i,,,,L1

[ o | 2

E

L3e

FiGURE 7 1 TRANSFORMER

Ignore losses and calcuiate the followmg

7.2.1 Magmtude of pnmary phase voltages. Show all manipulations of
” formulae (4)
722 The turns ratio (3)
[10]
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QUESTION 8: DC MACHINES

8.1 Indicate whether the following statements are TRUE or FALSE. Choose the
answer and write only ‘true’ or ‘false’ next to the question number (8.1.1-8.1.3)
in the ANSWER BOOK.
8.1.1 Circuit conductors shall have a current carrying capacity at least
equal to the full load rated current of the motor they suppiy.
8.1.2 For a motor carrying uniform loads, the rated current of the
overload protection must exceed the current carrymg capacxty of
the supply cables.
8.1.3 In addition to the over-current protection, a motor- mus’t have an
integral thermal protector with an accessxble reset button.
~ Bx1) (3
8.2 Draw a neat, fully labelled circuit diagram of a face—plate star’ter for a series DC
motor. ()
[10]
QUESTION 9: AC MACHINES |
9.1 Name TWO types of rotors found in AC motors (2)

9.2 State the main purpose of the foilowmg components of an induction motor:
9.2.1 Stator frame k"
9.2.2 Stator core

9.2.3 Stator coxls 7

9.3 | NaméTwo pfooerties that the starter circuit of a large 3-phase motor should
© . possess." . 2
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9.4 Study the diagram in FIGURE 9.1 of a starter circuit below and answer the following

questions:
1 L2 L3
NN\
I IR 1 1
O/
£
STATOR WINDINGS :
_ START
alo s ‘54-5“ ' a0 @
STOP - ‘ s Nucq "
| ‘ol,.c @
- MC2 -
,Om‘c:‘ : JR}: b @

FIGURE 9.1: MOTOR STARTER CIRCUIT
941 State how the relay of the mains contactor (MC) is energised.
9.4.2 State why the motor does not stop when you release the start button.
9.4.3 State how the simultaneous energising of the Star and Delta contactors
are prevented.

(3x1) (3)
[10]
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QUESTION 10: MEASURING INSTRUMENTS AND ELECTRONICS

10.1 Study the circuit in FIGURE 10.1. Redraw the circuit but add a wattmeter to the
diagram to measure the power consumed by one of the 20 Q loads. (Do not add

any calculations.)
L1
4
(%]
(o]
[en]
<
12 e (4)
@ 5 ‘ 3 ::E f
L3 el
FIGURE 10.1: DELTA CIRCUIT
10.2 Explain the following terms xn s’eﬁiicoh‘duc:‘te{ theory
10.2.1 Holes |
1022  Junction
10.2.3 Dépléﬁon iayer
10.2.4 tfsrward“bié;"s
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10.3 Study the circuit in FIGURE 10.2 of a common emitter amplifier using an NPN

transistor. Answer the following questions.

O : D O
+Vee
Ry Re
O
L
I
C
oV .

FIGURE 10.2: Common Emmittor Amplifier

10.3.1 State the purpose of capaciibgpg conneétﬁéd"across resistor Re.

10.3.2 A voltage divider ciréuit can be{‘fijsed, to forward bias the base-emitter

region. ldentify 'the components in the diagram that serve this
purpose. , - =

2x1) (2
[10]

TOTAL: 100
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FORMULA SHEET/FORMULEBLAD

L scrvesakmewe = 1,Cost
I peacrvereaxnewe = 118 inf
X, =2rfL

1

Xe=5 70

Series [ Serie
Z=JR+(X,~X.)
2
6=Cos™ tiij
Y4
V,=I.R
VX,_ =1 X,
V, =LX,

-

V=V + V=V
P=1IR
S=VI

3— phasel3— fase
P= \/SVLI .Cosf
S=3V,I,
Delta
Vi=Vouse
I, zy\,[gf}"mf k
Ve =Wonr

I =1y,
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s N:f_ﬁq
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’ n—mn,
§ =
n

The next five formulae are-also - | -
true for voltage/Die volgende vyf

7 - L L,
o, Crmsiwgk AL T

formules geld oniyir\ spann;ngi;

i=1 mSin(a)I{)"‘i;ﬂ ,,
Lo =0,7070,

rmylwgks

avelgen:,

\Fgrifﬁ factor/Vormtaktor

. 4 _ RMS —value/ WGK — waarde

" AVE —value! GEM — waarde
Crest factor/Kruinfakior

_ MAX — value ! MAKS — waarde
RMS —value | WGK —waarde

Series/Serie
R, =R +R,+...R,

Parallel
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MARKING GUIDELINE

0.

T490(E)(M30)T

ELECTRICAL TRADE THEORY N3

QUESTION 1: DOMESTIC APPLIANCES

NOTE: There could be more than one answer/method/approach to the questions.
Examiners must use their discretion with regard to students’ answers.

Control Knobv__—»

Temperature Adjustment CAMY

Spring Steel

ol

— VWA

Heating Elementv’

1.1
Snap Action Contacisv’
i
\?{
i
Bi-Metal Stripy—""
1.2

Adjustment Screwv’

o N

Screw Terminals

Heating Element

(T
e =X L E AN e s Magnet for snap
N action switchingv’
I
N
N
NN AN < AN CARNAANS
INVAR Rod
able to extend Brass Tube Contactsv’
in length with different
inside Brass temperature
Tubev related
expansion
\ a coefficient
U than INVARY

Copyright reserved
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INVAR Rod and
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machanically
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MARKING GUIDELINE -3- T490(E)(M30)T
: ELECTRICAL TRADE THEORY N3

QUESTION 2: PROTECTION

2.1

Distribution Board ‘

|

Earth [
Continuity
Conductors|

Domesticj Instaliation

Earth Bar

Waterpipes
Bonding

Earth Rod Earth

// W / A A N/ /’//7 777
%é///// //é/ //, // // % % 7 // 77 / .
7

///V / %f//,;;:

\\

///// 7 ,»/ S
;;’;*;//ff,/{//// //&/%//, /;/ /,{;,// /ff// /%;
7

///// / // /// /// 77 // /// / // 5/7 /// /f f///,g

(One mark per label)(S X 1 (5)

2.2 2.2.1 The bi-metal is heated by the overload current. v' This bends the
bi-metal strip and the mechanical coupling opens the contacts. v

This breaks the circuit and current stops. v (3x1) (3)
2.2.2 The magnetic field becomes strong enough to attract the
mechanical coupling without the aid of the bi-metal bending. v This

breaks the circuit immediately and current stops. v’ (Any 2 x 1) (2)

[10]
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‘ ELECTRICAL TRADE THEORY N3
QUESTION 3: ILLUMINATION
3.1 3.1.1 False v/
3.1.2 False v
3.1.3 True v
3.14 False v/
3.1.5 Truev’
(5x1) (5)

3.2 REASON: To minimise the stroboscopic effect v/

EXPLANATION: The capacitor causes the current in the one lamp circuit to
lead the current in the other. v* The brightest moments of the two lamps

therefore occur at different times. v/ (3)
3.3 High-pressure mercury lampsv” and sodium vapour lamps v/ (2)
[10]

OUESTION 4: ALTERNATING CURRENT THEORY

4.1 VAVG = O,637X VMAX‘/
VAVG = 0,637x 381 v
Vava = 242,7 Vv (3)

4.2 or = Eﬁf'/
and:w = 62832 - given

therefore
,u

4.3 e = 381sin(628,32 1) v
= 381x sin(628,32 x 0,01) v
= 381 x 0,000015

=(0,00559 Vv
=0,01V (3)
[10]
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ELECTRICAL TRADE THEORY N3

QUESTION 5: SERIES RLC CIRCUITS

|

51 511y o

ie

Z" =27 50 % 0.02+

L
2',»

= 528310+
512 coso=RZ v OR
Z =r/cos &V
=6,25 Qv
52
A._J
>

;@ 0.8 Laggmg\/
:
iz VRV

I\

QUESTION 6: THREE-PHASE AC-SYSTEMS

6.1 Less copper per MVA v
Two voltages available v/

6.2 6.2.1 P = V3.V I .cosd v

=v3x380x25x%0,86 v
=14,15 KW v

6.2.2 S= “‘*”%-VUL’/

S =V3x380x25v
S =16,45 KVA v

623  lp=Iv

Copyright reserved
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(3)
7= VR - X7 v
=-/5° (628 ~253)%,
=6,25 Qv -
(4)
[10]
(2)
@x1)
(3)
(3)
(2)
[10]
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GUESTION 7: TRANSFORMERS

Only alternating currentv’
Occurs magnetically through inductionv’

Iron core consists of laminated platesv’

= )

v, = V3IxV,
y

Vo =—=

4 w,z‘S:'/

. o 132000

B o

T.R=N1-:—N2=V1—Z~V2‘/
=76210+11000 v

=6,93:1 v

DC-MACHINES

True v
False v/
False v

ELECTRICAL TRADE THEORY N3

7.1
7.1.1
7.1.2
7.1.3
7.2
7.2.1
7.2.2
QUESTION 8:
8.1 8.1.1
8.1.2
8.1.3
8.2

Copyright reserved
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(3x 1)

(3)

[10]

(83x1)

v resistors
in series

v'contact
arm
removes
resistors
from
circuit

¥{ension
spring
returns
arm to
stant
position

(Sketch = 4 marks; Any 3 labels = 3 marks)
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ELECTRICAL TRADE THEORY N3

QUESTION 9: AC MACHINES

9.1 A squirrel cage induction motor. v/
A wound rotor induction motor. v/ (2)
9.2 9.2.1 Supports/protects the stator core v/
9.2.2 Has slots that house the insulated windings/provide metal path for
magnetic fieldv’
9.2.3 Produces the main magnetic field v/
(Bx1) 3)
9.3 Allows motor to start at a decreased supply current v/
Disconnects motor on overcurrent v/ (2)
9.4 9.4.1 When the start button is pressed, it energises the coil of the MC,
thus closing the contacts. v
942 The MC contactor has extra contacts called MC; and MCa. MCy is
bypassing the start button contacts. v/
9.4.3 The A contactor has extra normally closed contacts called Aq.
When the A contactor is energised, the star contactor de-energises
because A, is in series with it. v
(3x 1) (3)
[10]
Copyright reserved
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‘ ELECTRICAL TRADE THEORY N3

QUESTION 10: MEASURING INSTRUMENTS AND ELECTRONICS

10.1
Voliage
. Coilv
Current Coilv’
A Voltage Transformer v
= YV
L1
Current Transformer v/ 2
[9V]
3 200 200
<
. v
P VL /
W
& 200
L3 <

10.2 10.2.1 Holes are places where electrons can move to or places that the
electrons left behind. v

10.2.2 A junction is the surface where P-type and N-type material come
together. v

10.2.3 Depletion layer lacks holes and free electrons OR
Depletion layer is the area where ions have been formed. v

10.2.4 When a PN junction is forward-biased, current flows through the
semiconductor material OR
When a PN junction is forward-biased, there is a decreased
depletion region.v’

(4x1)
10.3 10.3.1 Ce is an AC bypass capacitor. v/
10.3.2 Ry and Ry are the voltage dividers. v
(2x1)
TOTAL:
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