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INSTRUCTIONS AND INFORMATION

1.

2.

10.

11.

This question paper consists of SIX questions.

Answer ALL the questions.

Answer the following questions on the attached ANSWER SHEETS:
QUESTION 4.3.4 and 4.5.2

QUESTION 5.1.6, 5.5.2 and 5.6.2

QUESTION 6.3.3

Write your centre number and examination number on every ANSWER
SHEET and hand them in with your ANSWER BOOK, whether you have used
them or not.

Sketches and diagrams must be large, neat and FULLY LABELLED.

Show ALL calculations and round off answers correctly to TWO decimal
places.

Number the answers correctly according to the numbering system used in this
question paper.

You may use a non-programmable calculator.

Calculations must include:

9.1 Formulae and manipulations where needed

9.2 Correct replacement of values

9.3 Correct answer and relevant units where applicable
A formula sheet is attached at the end of this question paper.

Write neatly and legibly.
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS

Various options are provided as possible answers to the following questions. Choose
the answer and write only the letter (A—D) next to the question numbers (1.1 to 1.15) in
the ANSWER BOOK, e.g. 1.16 E.

1.1 Choose the correct example of an unsafe condition that is likely to cause
damage to property or an injury:

A Running in the workshop
B Spilling liquid or oil without cleaning it up
C  Faulty tools or equipment

D  Overloading electrical outlets when connecting many appliances (1)
1.2 An RLC series circuit is predominantly inductive when ...

A Xc> XL

B XL > Xc

C X|_ = Xc

D Ve>Vi (1)
1.3 The phase angle of a predominantly capacitive RLC series circuit is ...

A leading.

B  lagging.

C inphase.

D zero. (1)
1.4 The ... of a resonant circuit is the measure of how well it responds to a range

of frequencies.

A conductance

B  dissipation factor

C resonant frequency

D selectivity (1)

1.5 A bipolar junction transistor (BJT) is regarded as a/an ... device.

A voltage-controlled

B drain-current (Ip)

C insulation-gate type (IGBT)

D  current-controlled (1)

1.6 The advantage of a field-effect transistor over a bipolar junction transistor is
that it has a/an ...

extremely high input resistance.

high input current.

extremely low input resistance.

low amplification factor. (1)

o0 m>
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1.7

1.8

1.9

1.10

1.1

1.12
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The N-channel JFET will operate correctly when the ...

A
B
C
D

gate-to-source pn-junction is forward biased.
gate-to-source pn-junction is reverse biased.
drain is connected to ground.

gate is connected to the source.

An astable multivibrator generates ...

DBE/November 2021

A one pulse cycle of high and low when a trigger pulse is applied.

B  a continuous train of pulses without the need of a trigger pulse to be
applied.

C one stable state without the trigger pulse being applied to its input.

D asequence of triangular waveforms at the output.

When applying a triangular waveform to the input of a differentiator, the output

will be ...

A aDC waveform.

B aninverted triangular waveform.

C asquare waveform.

D the first harmonic of the triangular waveform.

When the input voltage to a non-inverting Schmitt trigger is smaller than the
reference voltage, the output is driven into ...

A
B
C
D

positive saturation.

negative saturation.

both negative and positive saturation
zero saturation.

When a square wave is applied to the input of an op-amp integrator circuit,
the output will be a ...

A
B
C
D

Choose the correct biasing method for a transistor amplifier:

sine waveform.
constant DC voltage.
triangular waveform.
square waveform.

The base-emitter junction is ...

A

B
C
D

reverse biased and the collector-base junction is forward biased.
forward biased and the collector-base junction is reverse biased.
forward biased and the collector-base junction is forward biased.
reverse biased and the collector-base junction is reverse biased.

““ESTERR CAFE

Please turn over



Electrical Technology: Electronics 5 DBE/November 2021
NSC

1.13 The frequency range that occurs between the lower and upper frequencies in
the frequency response curve of amplifiers is called the ...

A  critical frequency.

B  midrange frequency.

C distortion frequency.

D decibel. (1)

1.14 In a class B amplifier, the collector current flows for ...
A  the whole of the input cycle.
B  180° of the input cycle.
C  more than 180° but less than 360°.
D less than one half of the input cycle. (1)

1.15 An oscillator differs from an amplifier because the oscillator ...

A has reduced gain.

B  has a gain of 1 (unity).

C  requires no DC supply.

D always has a changing output amplitude. (1)
[15]

QUESTION 2: OCCUPATIONAL HEALTH AND SAFETY

21 State TWO functions of a health and safety representative. (2)
2.2 Give TWO examples of human rights in the workplace. (2)
2.3 Differentiate between an unsafe act and an unsafe condition. (2)
24 Risk analysis can be divided into different categories. Name ONE category. (1)
2.5 Define danger with reference to the Occupational Health and Safety Act, 1993

(Act 85 of 1993). (2)
2.6 Name ONE personal protective item you would use when etching a printed

circuit board (PCB). (1)

[10]
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QUESTION 3: RLC CIRCUITS
3.1 Define capacitive reactance with reference to RLC circuits. (2)

3.2  State the phase relationship between the current and voltage in a pure inductive
AC circuit. (1)

3.3  Refer to FIGURE 3.3 below and answer the questions that follow.

X =150 Q x.=1200Q

R=60 Q [YYY] ||
| |

110 V/60 Hz
FIGURE 3.3: RLC SERIES CIRCUIT

Given:

R = 60Q

Xe = 120Q

XL = 150Q

Vr = 110V

f = 60Hz

3.3.1  Calculate the inductance of the inductor. (3)
3.3.2  Calculate the impedance of the circuit. (3)
3.3.3  Calculate the power factor. (3)

3.3.4  State THREE conditions that will occur if the power factor is at unity in a
RLC series circuit. (3)
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wrESTERR CAaPE



Electrical Technology: Electronics 7 DBE/November 2021

NSC

3.4  Referto FIGURE 3.4 A and FIGURE 3.4 B below to answer the questions that
follow.

|
1l
@)

rc O }L HR

3.41

3.4.2

3.4.3

3.4.4

Copyright reserved

FIGURE 3.4 A: PARALLEL RESONANT CIRCUIT

f XL Xc IxL Ixc
(Hz) (Q) (Q) pA pA
200 250 4 000 2,0 0,125
400 500 2 000 1,0 0,25
600 750 1333 0,66 0,33
800 1 000 1 000 0,5 0,5
1 000 1250 800 0,4 0,625
1200 1 500 666 0,33 0,75
1 600 2 000 500 0,25 1,00

FIGURE 3.4 B: DATA OF THE RLC PARALLEL CIRCUIT
Determine the resonant frequency in FIGURE 3.4 B.

Compare the values of the

inductive reactance and capacitive

reactance when the frequency increases from 200 Hz to 1 600 Hz.

Calculate the voltage drop across the inductor when the frequency is

600 Hz.

Calculate the value of the capacitor using the reactance value at

600 Hz.
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3.5 Refer to

NSC
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FIGURE 3.5 below and answer the questions that follow.

X|_= 50 Q

R=2oom XC=|TOQ

)
)

220V AC

3.5.1
3.5.2
3.5.3

3.54

Copyright reserved

FIGURE 3.5: RLC SERIES CIRCUIT
Calculate the total current flow through the circuit.
Calculate the voltage drop across the inductor.

Calculate the Q-factor of the circuit.

Explain why the phase angle of the circuit in FIGURE 3.5 would be

Zero.
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QUESTION 4: SEMICONDUCTOR DEVICES

4.1 Name ONE mode of operation of the metal-oxide-semiconductor field-effect
transistor (MOSFET).

4.2 Refer to FIGURE 4.2 below and answer the questions that follow.

Drain
0o

)

o
Source

FIGURE 4.2: SEMICONDUCTOR SYMBOL

T+ T

Gate

4.2.1 Identify the semiconductor symbol in FIGURE 4.2.

422 Explain how the metal-oxide-semiconductor field-effect transistor
(MOSFET) differs from the junction field-effect transistor (JFET) with
reference to its construction.

4.3 Refer to FIGURE 4.3 below and answer the questions that follow.

+V

B,

ov L
R R; |/ ‘/ ‘/ ‘/
E B>

B

Capacitor
voltage

ov

FIGURE 4.3: UJT PULSE GENERATOR
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4.3.1

43.2

4.3.3

434

NSC

|dentify pulses B..

Explain the term saturation region with reference to the operation of
the UJT.

Describe how the UJT is driven into the CUT-OFF mode.

Draw the output voltage waveform across R, on the ANSWER
SHEET for QUESTION 4.3 .4.

4.4 Refer to FIGURE 4.4 below and answer the questions that follow.

+Vcc
R1 RC
- A
1 1 C
| L+ B
Input I E/I:
E
Output
 / oV

441

442

443

4.4.4

Copyright reserved

FIGURE 4.4: CIRCUIT DIAGRAM
|dentify the circuit diagram in FIGURE 4 4.

Describe how the transistors are biased and fully turned ON by
referring to the required voltages.

State TWO advantages of the circuit in FIGURE 4.4.

Explain why the transistor in FIGURE 4.4 is preferred over a single
transistor when used as a switch.
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4.5 FIGURE 4.5 below shows an operational amplifier. Answer the questions that

follow.

+ Vcc
A . - TK
6
Input %7 ) 4
Vbho____ R,
B Vcc
Vout
Rin[]
A J
=
FIGURE 4.5: OPERATIONAL AMPLIFIER
4.5.1 Identify the type of operational amplifier in FIGURE 4.5.
45.2 Draw the output voltage waveform on the ANSWER SHEET for
QUESTION 4.5.2.
453 Explain why operational amplifiers are known as differential voltage
amplifiers.
454 Give TWO reasons why negative feedback is important when the

Copyright reserved

op amp is used as a linear amplifier.
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4.6 Refer to FIGURE 4.6 below and answer the questions that follow.

+VCC
Ground [ 1 - - H s Supply
5kQ 5kQ 5kQ

D)
L

Trigger Iz

Z' Discharge

"
Output E]— X\R 0 E Threshold
Q

Output Q
driver

Reset [ 1 5 Control
voltage

4.6.1

4.6.2

4.6.3

46.4

4.6.5

FIGURE 4.6: INTERNAL LAYOUT OF 555 TIMER IC
Explain the function of the RS flip-flop.
State the typical operating voltage range of the 555 IC.
Explain the function of the three 5 kQ resistors inside the 555 IC.
Name TWO modes of operation for the 555 IC.

Explain the function of the threshold input on Pin 6 of a 555 IC.

4.7 Refer to FIGURE 4.7 below and explain why the output is zero volts.

+V

+V, +V
o

-V

v output
R+

-V -V

\Y

Copyright reserved

FIGURE 4.7: 741 OP AMP
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4.8 Refer to FIGURE 4.8 below and answer the questions that follow.

+V
V|N = 2,5 mV _|_
VOUT
— R,
-V 110 kQ
T
1
RIN
2,2kQ
L ov
FIGURE 4.8: OP AMP
Given
V|N = 2,5 mV
R|N = 2,2 kQ
Re = 110kQ
4.8.1 Calculate the output voltage. (3)
4.8.2 Explain the effect on the output when the value of the feedback
resistor is equal to that of the input resistor. (2)
[45]
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QUESTION 5: SWITCHING CIRCUITS
5.1 Refer to FIGURE 5.1 below and answer the questions that follow.
? 49V
IRl
8 4 R,
7 555 s—{ |}
Bounce 6
il € 2,
Input "" 5
S 4 LED ¥
| t _Iu C.= _ CZ h
Ver V-I T 10nF
! y L
FIGURE 5.1: MONOSTABLE MULTIVIBRATOR
51.1 State the function of resistor Ry.
5.1.2 Write down the voltage across Pin 2 when switch S is pressed.
51.3 State whether the LED will be ON or OFF when switch S is pressed.
514 Determine the typical threshold voltage of the circuit.
5.1.5 Explain why the switch bounce does not affect the output of the
circuit.

5.1.6 Draw the output on the ANSWER SHEET for QUESTION 5.1.6.

Copyright reserved
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5.2 Refer to FIGURE 5.2 below and answer the questions that follow.

C; v

Input I \

1

+/\/ R:
-V

| ] |
R

= T

ty t, t3 4

+V ' '
[

[

|

[

Input ’ ' .
I It

[ [

-V [ |

[ [

[ [

]
+Vsar

I
I
I
I
Output :
I
I
I

_VSAT

Output

5.2.1
5.2.2

5.2.3

524

5.2.5

Copyright reserved

FIGURE 5.2: MULTIVIBRATOR
Identify the multivibrator circuit in FIGURE 5.2.

State the function of resistor R,.

Determine the polarity of the voltage on the non-inverting input

during ty.

Explain the operation of the circuit when a positive pulse is applied to

the input.

Explain why the output remains positive even after the pulse at t4 is

applied.
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5.3 Refer to FIGURE 5.3 below and answer the questions that follow.

+12'V
i — N
" Vour
T
12V Re
-1V T
| | +12V .
Vour—‘ R4
12V T
=
FIGURE 5.3: INVERTING SCHMITT TRIGGER
5.3.1 |dentify the value of the trigger voltage levels. (2)
5.3.2 State how the trigger voltage level is determined. (1)
5.3.3 Explain whether the circuit uses open-loop or closed-loop gain. (2)
534 State TWO functions of the circuit. (2)
54 A summing amplifier consists of the following components:
COMPONENT DESCRIPTION
Dual supply +12V,0V,-12V
741 1C Package (DIP 8)
R4 10 kQ
Rz 10 kQ
Rs 10 kQ
Re 100 kQ
NOTE: R4, Rz and Rj are input resistors. Rg is a feedback resistor.
5.4.1 Draw the circuit diagram. (7)

542 Calculate output voltage if the following DC voltages are applied to
the input resistors:

Vy=+0,5V
V2 = -0,8 \Y
V3 =+0,2V (3)

54.3 Explain how the polarity of the output will be affected if the input
voltage V3 is increased to V3 = +0,4 V. (3)

Copyright reserved O O A Ploase tur over
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5.6
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Refer to FIGURE 5.5 below and answer the questions that follow.

+V

Ry +9V

ViN —

741 Vour

+V +

Input ~ 777 Veer 9V
0 T Re
ov
L

FIGURE 5.5: COMPARATOR
5.5.1 Name the components that determine the reference voltage.

55.2 Draw the output voltage on the ANSWER SHEET for
QUESTION 5.5.2.

Refer to FIGURE 5.6 below and answer the questions that follow.

+V —

Cin
neut 0 % Vin—> ” -
-V Iin X Vour
+V [T T 77 +
-V
Output O ' t R
oV

FIGURE 5.6: OP-AMP DIFFERENTIATOR

5.6.1 State TWO advantages of changing a passive differentiator to an

(2)

(3)

5.6.2

Copyright reserved

active differentiator. (2)

Draw the output voltage on the ANSWER SHEET for

QUESTION 5.6.2. 4)
[50]

O O A Please tum over
wrESTERR CAaPE



Electrical Technology: Electronics 18 DBE/November 2021

NSC
QUESTION 6: AMPLIFIERS
6.1 Explain the following classes of amplifiers:
6.1.1 AB
6.1.2 C
6.2 Define the term negative feedback with reference to amplifier circuits.

6.3 Refer to FIGURE 6.3 below and answer the questions that follow.

N

II . l\.Q1

C1=10pf +V

so =] t
Signal Rez Re — Cg

+ Vee

ov

FIGURE 6.3: RC-COUPLED AMPLIFIER
6.3.1 State ONE function of the collector resistor (Rc).

6.3.2 Explain why the coupling capacitors are purposely selected around
the 10 pf values in FIGURE 6.3.

6.3.3 Draw the waveforms that would be produced at point B and point C
on the ANSWER SHEET for QUESTION 6.3.3.

6.3.4 Describe the relationship between the collector current and the
collector-emitter voltage when the input signal becomes positive.

6.3.5 Calculate the power gain in decibels for FIGURE 6.3 if a 3-watt
signal enters the amplifier and produces 18 watts at the speaker.

Copyright reserved O O A Ploase tur over
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6.4 Refer to FIGURE 6.4 below and the answer the questions that follow.

Re; RF
choke
2
[ o,
[ N
L2
%h

ov

FIGURE 6.4: OSCILLATOR CIRCUIT DIAGRAM

+Vec

—

output

Given:
L+ = 300 mH
Ci= 250 puF

6.4.1 Identify the circuit diagram in FIGURE 6.4.

6.4.2 Identify the components that determine the oscillation frequency in
the circuit.

6.4.3 Explain the operation of the circuit diagram.
6.4.4 Calculate the oscillation frequency of the circuit in FIGURE 6.4 if the

tank circuit has a total inductance of 300 mH and capacitor Cz has a
capacitance of 250 pF.
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Refer to FIGURE 6.5 below and answer the questions that follow.

AC
input

+Vee

L S0 3

!YYV!

speaker

@ RZ[] RE1[] o R4[] Com= []RE2 = Cs

ov

6.5.1

6.5.2

6.5.3

6.5.4

FIGURE 6.5: CIRCUIT DIAGRAM
|dentify the circuit diagram in FIGURE 6.5.
State the function of transformer T4

Describe why transformer T4 in FIGURE 6.5 is more efficient than
using an RC stage for this amplifier.

State the effect when the output impedance of transformer T, is
NOT matched with the impedance of the speaker.
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6.6 Refer to FIGURE 6.6 below and answer the questions that follow.
+VCC
Rs Rc
A I
|
Il | Cc A
] i I
1 C. Cs
VOUT
R4 R, Rs
| \/

6.6.1

6.6.2

6.6.3

6.6.4

6.6.5

Copyright reserved

FIGURE 6.6: OSCILLATOR CIRCUIT
|dentify the type of oscillator in FIGURE 6.6.
State TWO requirements for oscillation to take place.

Explain why the oscillator circuit in FIGURE 6.6 requires positive
feedback to function.

State TWO functions of the RC-network.

Explain the term attenuation.

TOTAL.:
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RLC CIRCUITS
P =V xIxcos6

X, =27fL

Series

Vg =IR
V, =1 X,
V. =1 X,

L=YT  orR  l=l=l =l

Z:\/R2 +(XL _Xc)2

Vy = V2 +(V -V, )} OR V;=IZ

OR Cosezﬁ
VT

Q:ﬁzﬁzizﬁzl\/z
R R V, V., R\C

Cosez5
Z

7z Vo
IT
Cosezl—
Iy
g-R_R_L_l_1JL
X X I I RYVC

NSC
FORMULA SHEET
SEMICONDUCTOR DEVICES
Gain AV:M:—FF:—F A\,:l+|§—F
IN = IN IN
Vo =V x|~ £ |

R
Vo =V 1+ —F
ouT INX( R j

IN

SWITCHING CIRCUITS

Vo, =—| v, Re gy, Re oy Re
R1 R2 RN
Galn AV — VOUT _ VOUT

Ve (V,+V,+..V,)
Vour ==V, +V, +..V))

AMPLIFIERS
lc = Yo Ve =Vee +IeR¢
Re
Ve = Vge + Vre
A, = Vour
Vin
A2l
IN
Pour
A, = A=A xA,
P OR
A= [31 X Bz OR AV :AV1XAV2XAV3
Pn =1%x2Z, AND Pour =1*xZ oy
Oscillation frequency
1 1
f,=——=— OR f=———
2xTyLC 2xm/BRC

GAIN IN DECIBELS
A, =20log,, lour
I|N

A, =20log,, V\C/’UT

IN

A, =10log,, PISUT

IN
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