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2 ELECTRICAL TECHNOLOGY: ELECTRONICS (EC/SEPTEMBER 2018)

INSTRUCTIONS TO THE MARKERS

1. All questions with multiple answers imply that any relevant, acceptable answer
should be considered.

2. Calculations:

2.1 All calculations must show the formulae.

2.2 Substitution of values must be done correctly.
2.3 All answers MUST contain the correct unit to be considered.

2.4  Alternative methods must be considered, provided that the correct
answer is obtained.

2.5 Where an incorrect answer could be carried over to the next step, the
first answer will be deemed incorrect. However, should the incorrect
answer be carried over correctly, the marker has to recalculate the
values, using the incorrect answer from the first calculation. If correctly
used, the candidate should receive the full marks for subsequent
calculations.

2.6  Markers should consider that candidates' answers may deviate slightly
from the marking guidelines, depending on how and where in the
calculation rounding off was used.

3. This marking guideline is only a guide with model answers. Alternative

interpretations must be considered and marked on merit. However, this principle
should be applied consistently.
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(EC/SEPTEMBER 2018) ELECTRICAL TECHNOLOGY: ELECTRONICS

QUESTION 1: OCCUPATIONAL HEALTH AND SAFETY

1.1 The purpose of the Occupational Health and Safety Act is: to provide for the
health and safety of persons at work and the health and safety of persons in
connection with the use of plant and machinery; v the protection of persons
other than persons at work against hazards to health and safety arising out of
or in connection with the activities of persons at work. v/

1.2 Alternating current (AC) such as from the main supply, causes the muscles in
the body to contract v and if the current is high enough one would not be able
to ‘let go’ of the live wire causing the electric shock. v Typical ‘let go’ current
is about 0,007 ampere (7 milli-amp).

1.3 Faulty tools or equipment v/

Poor ventilation

Poor or missing guards

Excessive noise

Lack of knowledge of emergency procedures

(Any relevant answer) v/

14 Horseplayv

Running in the workshop

Throwing things around

Leaving bags, stools or material in walkway
Spilling a liquid or oil without cleaning

(Any relevant answer) v’

1.5 Keep the person lying down

Cover the person to maintain body heatv’

Don’t move the person in case of neck or spine injuries

If unconscious, put them on their side (recovery position)

Keep a close watch on the patient’s colour, raising the head or legs to
manage blood flow into the paler areas

(Any TWO relevant answers) v’

QUESTION 2: RLC

21 211 Z=JR?+ (X, — X)2 ¥
=122 + (24— 18)%2 v
=13, 42Qv

212 | =1,
%

13,42
= 2,24AY

(2)

(2)
[8]
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4 ELECTRICAL TECHNOLOGY: ELECTRONICS (EC/SEPTEMBER 2018)

213 Vy=I;XR

=224x12V

= 26,88V v

V, =1 XX,

=2,24x%x24V

= 53,76V v

Ve =Ip X X

=2,24x18 "V

= 40,32V v (6)

cosfO =

N| =

_1R
6 = cos™ 1=
z

_ 12
0 = cos ! —v
13,42

0 = 26,60V (3)

215 vr = JVE¥ (V, - Vo)V
= /26,882 + (53,76 — 40,32)2V
=30V v )

A v
40,32\?' (5)

22 221 |t =12+ (I, — I.)2V
= /152 + (15 — 10)2v
=15.81 AV (3)

222 x ="ty

Iy,

24
— 240,
15

= 16 Qv (3)
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ELECTRICAL TECHNOLOGY: ELECTRONICS

223

23 2.3.1

232

24 2.4.1

242
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X, =2nfL

L= Xy
2nf

16

= v
2mX50

L = 0,05H or 50 mHY

Resonance in an RLC circuit is a condition at a specific frequency
where XL = Xc.v" This results in the current and voltage to be in phase
therefore a phase angle of 0°. v

Q-factor in a parallel circuit is the relationship between the resistancev’
and the reactance of the circuit.v’

_ 1
2nfXc

v

1
2mX50X157

C = 20,27 uFv’ (3)
XL,

R

157

—v
4

Q = 39,25V (3)

[42]
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(EC/SEPTEMBER 2018)

QUESTION 3: SEMICONDUCTORS

3.1

3.2

3.3

3.4

3.5

A FET is a voltage controlled device v

3.2.1 D,
G
v
N-CHANNEL
JFET 3
3.2.2 o,

e
G
N-CHANNEL
DEPLETION Vs
MOSFET
3

The main advantage of a FET over BJT is that it has significantly lower levels
of power loss making it more efficient. v'v/

(2)

A signal applied to the non-inverting terminal will appear at the output

terminal in the same direction as when it entered the op-amp. v

A signal applied to the inverting terminal will appear at the output terminal in
an inverted direction to when it entered the op-amp. v/

(2)

Ve

C v

I
A . Negative | v
Cut-off '\ resistance | Sfrl.tetérigaon
region redion

Ve = Vx_fB

UJT Characteristic

(3)
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(EC/SEPTEMBER 2018) ELECTRICAL TECHNOLOGY: ELECTRONICS 7
3.6
A
non-inverung
v
inverting
(3)
3.7 e Distortion of the output signal is reduced v/
e The amplifier circuit gain will be reduced v
e The amplifier becomes much more stabilised v/
e The rage of frequencies which can be amplified is increased (3)
3.8 3.8.1 Inverting op-amp v (1)
Rin
. 150 000
Ay =1+ 15 000 Y
Ay =11V (3)
3.10 e Astable mode
e Bistable mode
¢ Monostable mode (3)
3.1
g v Vee
Ground [=] [0 | v
Trigger a Discharge
555 Timer
Output [ | Threshold
Reset[E] =] Gontel
8-PIN DIP
Pin1to4 v v and pins 5t0 8 v'v 4)
3.12 = I
1 Th1~Tb2
_ 5000
1= 5000+2 000
n=0714v (3)
[34]
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8 ELECTRICAL TECHNOLOGY: ELECTRONICS (EC/SEPTEMBER 2018)

QUESTION 4: SWITCHING CIRCUITS

4.1 e Monostable multivibrator v/
e Bi-stable multivibrator v/
¢ Astable multivibrator v/ (3)

42 421 Bi-stable multivibrator v/ (1)

4.2.2 e This op amp operates as a comparator. v/

¢ Any difference between its two input causes its output to go into
either positive saturation (+Vsat) or negative saturation (-Vsar). v/

e The non-inverting input is fed by a fraction of the output voltage
fed-back from the voltage divider pair of R2 and Rs. v/

o |f the output voltage is high (+Vsar) then the non-inverting terminal
voltage will be a smaller positive voltage and if the output is low
(-Vsat) the non-inverting input terminal voltage will be a smaller
negative voltage. v (4)

4.3 e De-bouncing v

e Varying the time period v (2)
4.4
v v
in v
Vout
RE=9kQ
v
Ry =1kQ
ov — oV
= (3)

4.5 e |tis widely used in the first stages of many radio receivers, especially in
digital applications where it is used to clean up a signal which has been
distorted of which has had some noise added during its transmission
through the air. v

¢ |n digital circuitry noise is often introduced into a system via switch bounce
which can cause a number of unwanted voltage spikes to appear during
the switching-on period. v/

e Varying input waveforms, for example a sine wave can be changed into a
square or rectangular wave. v/

e A signal can be successfully recovered using a Schmitt trigger even after
having suffered severe distortion as the circuit will only sense a single level
change, so eliminating all other noise spikes. v (4)
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(EC/SEPTEMBER 2018) ELECTRICAL TECHNOLOGY: ELECTRONICS 9
4.6
] + 1Iu'rcc 5 V - 15 V
R, R2 v
8 4
7| 85
v g | Monostable 3 Output
1 ouTf————
w—— T
0 1 v
Qutput
Trigger I.lu c, L 5 0 uipu
inout |
inpu a v c, | : :
1 0,01pF
&
= (5)
4.7 +5Vto+15V
R1
v v
Discharge 8 4 Vout !_-_-
T v 3
R: v 555 Output Voltage
Threshold
Trigger 21 5
Capacitor Voltage
‘T ==C v
0,01 prF
= (6)
4.8 Vout = _(V1% +V, % + V3 %)\/
1 2 3
100 kQ 100 kQ 100 kQ
Vour = —(100 mV x 0 k0 + 200 mV X o k0 + 300 mV X s kQ)
Vour = =31 Vv (3)
49 491
v
v
Input
‘ v’
v J
Output (4)
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10 ELECTRICAL TECHNOLOGY: ELECTRONICS (EC/SEPTEMBER 2018)

410 4.101 +10V
0
+10V
0
-10V (4)
4.11 e The op-amp’s inputs draw zero current so any input current is passed
through to the feedback circuit. v/
e The op-amp’s two inputs are viewed as both possessing the same
voltage at all times, v if the lower input is connected to ground, this
introduces the virtual earth concept. v
¢ When a constant current is fed to a capacitor, it will charge at a constant
fixed rate rather than exponential. (3)
412
v’
Vout
ov
(4)
413 4.13.1 Changing time = 0,693 (R; + R,) X CV
=0,693(470 X 103 +5x 103) x 1 x 107V
= 0,33 secv (3)
4.13.2 Discharging time = 0,693 X R, X C
=0,693x5x%x103%x1x107%
= 3,47milli secondsv (2)
4133 T=t;+t,v
= 0,33+ 3,47 x 1073V
= 0,33 secv (3)
4.13.4 f= 1_ 144
T (R1— 2Ry)XC
_ 1,44
T (470x103X+2x5x103)x1x106
= 3Hzv (3)
[58]
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(EC/SEPTEMBER 2018) ELECTRICAL TECHNOLOGY: ELECTRONICS 11

QUESTION 5: AMPLIFIERS

5.1  Amplifier is an electric device that is used to increasev” voltage, power or
current signal.v’ (2)

52 VCE = VCC
VCE == 12 VOltS‘/

— Yec
I = R v
=2y
800
= 15mAv
Ic (mA)
v
15 mA.
load line
104 v
54
L % v
3 5 g 12V ’[\}‘;CE
(8)
5.3 ls wa) iCmA -
0.3 ! \/ 20 et
ls =0.3puA
02 | la=02uA
0.1 ls = 0.1 uA
v s
v _ le=0 v
‘ es V,HO (Volts) : s h * Ve (voew
Input characteristics Output characteristics
(4)
5.4  To operate as an amplifier a transistor must be biased to operate only in its
active region. v’ (1)
5.5 These amplifiers are biased in such a way that each of the transistors only
engage with to amplify and conduct for one half of the input cycle. v’
Class B amplifiers conducts for 180° of the input signal.v’ (2)
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12 ELECTRICAL TECHNOLOGY: ELECTRONICS (EC/SEPTEMBER 2018)
5.6
) v
Vs v ?‘/ Vin h v Vi
B v
(5)
5.7 e Poor frequency response v’
e Increase cost v
¢ Gain is constant over only a small range of frequencies v’
¢ Low frequencies receive less amplification than high frequencies
(Any THREE) (3)
5.8 e RC communications v/
e Optimal fibre communications v/
e Public address system as pre-amplifier v/
e Radio/ TV receivers (3)
59 5.9.1 Transformer coupled amplifier v’ (1)
5.9.2 Matching the audio amplifier with a low impedance loudspeaker v (1)
5.9.3 It makes use of the inductive coupling properties of the transformer
to couple 2 stages together. v' It matches 2 different impedances
while at the same time separating the DC circuits v" and acts as a
buffer. v/ (3)
5.10 Both circuits use LC tank circuits: v' the Hartley oscillator uses a single

capacitor with two inductors with their centre point coupled to the emitter.v’
The Colpitts oscillator uses a single inductor with two capacitors, v* with
their centre point coupled to the emitter. v 4)
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(EC/SEPTEMBER 2018) ELECTRICAL TECHNOLOGY: ELECTRONICS 13
5.11 Given: C1 = 600nF,C2 = 20uF, Fr = 10KHz
_ C1 XCZ
Cr = Ci+ CZ‘/
_ 600x1079 x 20 x107°
" 600x107% + 20x10~6
= 582.5107°Fv
12y (L
L G *xG)
_ 2 _
- (2n10x103) (582.5>< 10-9 )
= 432,9uHv (5)
5.12 Given : C min= 100pF, Cmax =500pF, R = 20KQ
1
E”max - =
2mV6RC
_ 1
2m v/6 20 x103 x 500x10712
= 6,5kHzv
1
Frmin = —F——
2mV6RC
_ 1
2m+/6 20x 103 x100 x10~12
= 32,5kHzv (4)
513 5.13.1 Hartley LC tank circuit with two inductors v/
5.13.2 Collpitts LC tank with two capacitors v
513.3 RC Three RC phase shifting circuits v/ (3)
5.14 General entertainment v’
RF direction finding equipment v/
Communication system v/ (3)
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14
A |
2.15 Gain (dB) ow frequency mid frequency high frequenc
range v oI range ‘/y
- | - |' range
A S ! il
)
0,707 =f=-m-feaanil (L st
{or-3dB) bt

i
| I 2
‘ :‘_~ Bandw;dth
] : :
; ;
]

v

T
feoz

feor
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frequency (Hz)
Frequency response of an RC coupled Amplifier (6)
[58]
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