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SECTION 1 - DC power supplies

Question 1

The block diagram below in Figure 1 represents a linear DC power supply.

The four separate stages are represented by the blocks A, B, C and D.

high voltage AC low voltage AC pulsating DC

low ripple DC

input |:> A |:> B |:> C

——>

Figure 1

Which stage, A, B, C or D, is the filter stage?

B.
C.
D

When functioning correctly the DC output stage should provide
A.

a constant DC voltage level when the load is variable.

a constant DC current level at selected output voltages.

a variable DC voltage with a large AC ripple voltage.

a large ripple voltage when providing low output currents.

output
D |:> to load

1 mark

1 mark

SECTION 1 - continued
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Question 2
A simple rectifier circuit is shown below in Figure 2.

240V
50 Hz

o>
(0N}

D1 D2

D3 D4

O——— < —»0)
om

w O

Figure 2
The circuit has the following parameters.
primary voltage, V b 240V, 50 Hz
secondary voltage, V=12V, 50 Hz
load resistance, R; = 1 kQ

voltage drop for each diode, V 1V

drop =

In questions where calculations are required, state the formula used and show substitution and correct units in
the answer.

a.  What is the name given to the configuration of the four diodes used in this circuit?

1 mark
b. What will be the ripple frequency at the load?
1 mark
¢.  Calculate the peak level voltage across the load.
3 marks

SECTION 1 — Question 2 — continued
TURN OVER
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Calculate the peak current through a conducting diode.

d.

3 marks

Graph 1 represents the AC voltage at the secondary of the transformer, as would be seen in Figure 2 at nodes

A and B.
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On graph 2 draw the voltage waveform at node E with respect to Ground.

.

2 marks

State the number of diodes that conduct during each half cycle of rectification.

f.

1 mark

SECTION 1 — Question 2 — continued
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Refer to Figure 2 on page 3 to answer parts g., h. and i.

A short circuit fault occurs across diode D1.

g.

h.

Explain the possible effects on the transformer.

2 marks

Suggest an additional component that could be used to protect the transformer against the short circuit
fault condition for diode D1.

1 mark
A capacitor can be added to the circuit to produce an unregulated DC voltage at the load.
i.  Where could the capacitor be placed?
A. Dbetween nodes A—B
B. between nodes C —D
C. between nodes E —F
D. It would not be placed in this part of the circuit at all.
1 mark

SECTION 1 - continued
TURN OVER
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Use the following information to answer Questions 3a. and 3b.

LM309 data sheet

General Description

The LM 1DE savias are complote 5Y reguisions fabdcaiad on
A Bingly sibcon chep, Thay are designed for local nagulakon
on digital loglc cards, sdminating the datnbuton probiems
association with snglepoint regulation. The devices are
Beakabla i bad Slandard ranssion packages. bn e sobd-
kowar TO-5 hapdor, it can delbver culpul cumants 0 excess
of 200 mA, if adequate heal sirking is provided. With tho
TO-3 power packags, the avallable outpul curment is groater
than 14

The reguiatons ane assentally biowout prool, Cuman! lmiting
s inchuded to Emil the poak cutput curmont 1o o safo valua. In
addition, tharmal shuldown is provided to e hae IC from
owdaaling. | inermal dissipalion Detcmas 160 greal, the
ragulabor will shul down 1o prevent axcessie haaling
Corsadorable aiforl wis expendad 10 maks hess densces
sasy b0 use and b miremize (he number of exlemal compo-
nerks, I is nol necessary 1o bypass the output, althouwgh this
does improve Transent responss Somewnal Inpul bypass-
g in nepdod, howovor, f B regulalor s bocalad vy

&an‘iunnl Semiconductor

LM109/LM309 5-Volt Regulator

tar from the filter capacitor of the powar supply. Stability is
also achigved by mathods thal provido vary good rajection
ol o o kng rangionts ae Ao usUally soan with TTL ke
Al hough designed primarily A 8 foed-vollage regalalar, s
aufpul of tha LM 106 sanas can ba sol to voltages. shove 5,
&f shown B S alko poddilbl (o uss tha crowls as he cone
ol alemant in precision regulaicrs. laking advaniags of ihe
good cumani-handing capabdty and tha thenmal cvariosd

PrOSeCTH,

Features

B Spacifad 1o ba compatibla, wors! cass, with TTL and
DTL

® Oufpdl curant in excess of 14
m Infarmal thaemal ovivioad protection
W PG Eodarmal COmponenis reduinid
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SECTION 1 - continued
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Question 3
A linear power supply using the LM309 regulator is shown in Figure 3.

8V D1 Vout
—o0— LM309 o—
od
% ov IOut
O 2200 uF 16 uF
mains J = == load
50 Hz 8V |

Figure 3

In questions where calculations are required, state the formula used and show substitution and correct units in
the answer.

Refer to the LM309 data sheet on page 6 to answer parts a. and b.

a. Determine the output voltage across the load.

1 mark
b. Name the type of component identified as D4 on the data sheet (schematic diagram).
1 mark
c¢. Refer to Figure 3.
Calculate the peak level of voltage across the 2200 uF capacitor in Figure 3.
(Assume ideal diodes.)
2 marks

The voltage regulator was initially designed for low levels of output current.
d. Briefly explain how a heat sink on the LM309 can increase the available maximum current output in the
load.

2 marks

SECTION 1 - continued
TURN OVER
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Question 4
Switch mode power supplies (SMPS) are increasingly being used to provide DC power for electronic items.
Name one electronic item that uses a SMPS to provide DC power.

1 mark
Question 5
A DC power supply, designed for a simple analogue application, is shown in Figure 4.
The circuit has the following parameters.
Average level of voltage across the 1000 uF capacitor = 10.8 V
Output current, I, =200 mA
Output voltage, V| =6V
three Vout
terminal O
regulator Loyt
0O ’ 1000 4F 10 uF
T D1 D2 = = I{Ioa q
l D3 D4 J?_

Figure 4

In questions where calculations are required, state the formula used and show substitution and correct units in
the answer.

a. Calculate the power used by the load.

3 marks

b. Calculate the power dissipated by the three terminal regulator.

3 marks

A low value capacitor, 0.1 uF, is often placed at the input to the three terminal regulator when the 1000 uF
capacitor is several centimetres away from the regulator.

c.  Briefly explain why this low value capacitor is often used.

2 marks

Total 32 marks
END OF SECTION 1
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SECTION 2 — Analogue systems

Below is a block diagram of a radio receiver.

antenna Al Al
\ %WM% ll il il >/\/\

tuning circuit detector RF filter

earth
Figure 5

Question 1
a.  What type of RF modulation is being received?

1 mark
b. What do the letters RF stand for?
1 mark
¢. Briefly describe a function of the tuning circuit.
2 marks
d. A function of the detector section is to
A. maintain the volume level.
B. recover the original audio.
C. detect when the signal fades.
D. amplify the waveform.
1 mark
e. A function of the RF filter is to
A. passonly RFE.
B. reduce signal fade.
C. pass only audio signals.
D. increase receiver volume levels.
1 mark

SECTION 2 — continued
TURN OVER
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Question 2

A double-sided PCB design using CAD PCB design software is shown below in Figure 6.

The PCB shows two distinct areas, Section A and Section B.

Section A: An area on one side of the PCB where there is a large area of grounded copper.

Section B: This is where the 240 V AC power inputs are, shown by wide, well spaced tracks.

a.
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1 |
g p— e — = |_'—r -
oM i — e
F‘I'
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i

ii.

What do the letters CAD stand for?

Figure 6

Name one CAD software program.

1+ 1 =2 marks

SECTION 2 — Question 2 — continued
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In Section A of the PCB, there is a large area of ‘grounded copper’ on one side.
b.  What general function does it perform?

VCE VET ELECT EXAM

1 mark
In Section B of the PCB, the circuit board has wide tracks which are well spaced apart.
¢.  What are the reasons for the wide tracks and spacing?
wide tracks
spacing
2 marks
Question 3
Transducer devices are used to convert one form of energy into another form.
Place a tick beside the items that are commonly used as transducers.
LED 6 volt lamp
Disc capacitor 3 volt solar cell
BC548 transistor Link wire
Thermocouple LM741C (Op Amp)
4 marks

SECTION 2 — continued

TURN OVER
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Question 4

A dual LED flashing circuit is shown below in Figure 7. Refer to this circuit to answer the questions which
follow.
|

<

wiper

+
=
m
(W)
R2 —— VR1 |4
<
R4 |— VR2 |
—
m
O
N

Figure 7

Cl1 is listed as a 10 uF capacitor.
a. What specific type of capacitor is appropriate for this application?

1 mark

b. i. What is the function of D1 in this circuit?

ii. How does it perform this function?

1+ 1 =2 marks

c.  If'the circuit was functioning normally and D1 was suddenly shorted out, what effect would this have on
the functioning of the circuit?

1 mark

d. What are components VR1 and VR2 commonly called?

1 mark

e. Ifthe frequency of the flashing was too fast, which direction would the wipers on VR1 and VR2 be moved
to slow the flashing?

A. The wipers would be moved up towards X.
B. The wipers would be moved down towards Y.
C. It would not matter where the wipers were moved, the frequency is set.

1 mark
SECTION 2 — Question 4 — continued
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Both LEDs in this circuit in Figure 7 are flashing at the same frequency.

The following waveform was observed on a Cathode Ray Oscilloscope (CRO) when the Ch 1 probes were
connected to the collector of Q1 and ground (0 volts).

Ch1

Ch2

* Time base set on 50 ms per cm
* Voltage set on 5 volts per cm
f.  Given the provided CRO settings

i. determine the frequency of the signal on Ch 1.

ii. determine the peak voltage of the signal on Ch 1.

2 +1 =3 marks
g. Ch 2 probes were connected to the collector of Q2 and Ground. Draw in the expected Ch 2 waveform on
the lower half of the screen.
Assume the CRO settings for the Ch 2 input are the same as for Ch 1, as given above.

2 marks

SECTION 2 — continued
TURN OVER
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Use the following information to answer Question 5.
LMS555 data sheet

Absolute Maximum Ratings LM 555 Data Sheot

I Miliary/ Aaroapace specilied devices are roquened, Storage Tempeahes Rangs =65 Cio + 16T
please conitect the Hational Semiconductor Seles Sobdeing Information
Offca/Distributars 10 aveilaniity 3nd specilsCations. Cuglin-Lina Packnge
Supply Voltaga + 1E Soidacng {10 Seconds) 26rc
P Dissipation [Moba 1) amall Cutlnd Packags
LIASEEH, LMBSECH TH0 mW Wapor Phasa (80 Saconds) 218
LRAGES. | BASEEDH 1180 mie Infranad (15 Seconds) FraigH
Oiperating Tampar tura Fanga Sem AN-45D “Surfeco Mounting Methods and Ther Effect
LIRSS 2 ot TG on Product Pallabiity’ for other mothods of soiderdng sur.
LG5S —EEAEn & 1950 lson moun! geniced.

Electrical Characteristics (1, = 25°C, Vee = + 5V o + 15V, unlmss othewiss specfad)

Limits
Frar Tl Coniitions LS55 LMSSSC Units.
Tyn [N ] Mir Tyo Max
Supply Voltago 45 1A 458 18 W
Suppty Curnand Ve = 8V, Ay = = 3 ] | L] ma,
Voo = 15V, Ry = = 1 12 0 15 A
(Live Siaa) (ot 2)
Teming Error, biondstabie
indtinl AccLrpcy 05 1 %%
i B ety T eimioeds i b Aa = 1h b2 100 kiL, a0 50 it ™
o= 01 pF, Mot 3)
Anturssy trvad Tamparare 1.5 1.5 b
Dt weith Supply 005 0.1 oY
Timéng Error, Astabha
Iritial Acturacy 1.5 226 %
Dt weiths Tarmoamting Ay, By = ko 100 kil G 158 pomu™C
G o= 1 @F, (Noiw 3)
Aotuemcy ovee Temparairs 25 3.0 .
Diritt with Supphy [ R L nan o
Thraahold Vellsge 05667 UBRT "EE_
Trgoor Volago Wer = 18 &8 5 52 5 W
Voo = 5y 1.45 LET 1.8 1.87 W
__Trigger Current 0.01 0.5 0.5 0.5 uh
Rass! Vitags 0.4 0.5 1 0.4 0.5 1 v
Rosad Cumrent i 0.4 a1 .4 mlk,
Thraahakd Curmon [Moitn 4} a.1 025 o1 Q.25 wh
Contral VoRknga Love Ve = 18V a8 10 104 ] e " v
Mee = 13 28 130 3.8 2.8 1.3 4 L
Pin 7 Leakege Oulput High 1 100 1 100 n&
Pin 7 Sal {Mote &)
Chatput Low Wor = 16V, = 15 mA 150 100 il
Ohtput Linw H’E = 45V, Iy = 4.5 mA [il) 100 B0 200 m

SECTION 2 — continued
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A flashing LED circuit, as shown in Figure 8 below, can be made using a LM555 timer.

Ij:l RA
7 8 4
I:I:I RB
V
oV 6  Lms55 4 o out
— R
- -1 ‘
2 5 )
1 C2
p— RC
Figure 8
The frequency of oscillation is given by the equation
_ 1-44
Cl x (RA+2RB)
a.  Calculate the oscillation frequency at V_ , using the provided formula.
When: RA =22 kQ, RB =22 kQ and C1 =22 yF
Formula, substitution and correct units must be shown.
3 marks
b.  What would be the approximate peak-to-peak voltage at V_ ?
1 mark
c.  Refer to the data sheet on page 14 for a LMS555.
What is the operating voltage range of the LM555?
1 mark
Total 31 marks
END OF SECTION 2

TURN OVER
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SECTION 3 - Digital electronics 1 and Digital systems

CD4017B data sheet

with 10 Decoded QOutputs

with 8 Decoded Outputs

General Description

The CD401 TEMATDD THC i & S-slage divide-by-10 Jobkd-
o counler with 10 decoded outputs mnd & caury oul bl
Tha COLDZ2EM/CIM0ZZOC s & &-3lapn dhvide-by-8 John-
00 counlar with B decodad culpuls and & canny-out bit
Thirks counilies ard clikrod 15 (Fdi Tacd cound by & logeal
=1 g ihaa ragat ina, Thase counbers ae acvanced on e
posithl sl o tha clock sgnal whan (he clack mnabda 53
rid s in the bogical "0 siate,

Tha configuralion of the COMDITOM/COMATEC end
CO402200/COL02 20T parmits madium spaad oparation
g assures & harerd free counling sequance. Tha 1078
decodad oulputs ane nonmally in the logical 0™ staleé and go
o the kogical ™1™ slaie only &1 thai mepectee Uma slol
Each docoded oulput remains high for 1 full clock oycla.
Thir clamy-0il ignal complatas @ hull cycla lor evary 1078
clock input cyclos and iy usad as & ripple carry sipnal 1o any
puccnadng sagen.

&Hnrinnnl Semiconductor

CD4017BM/CD4017BC Decade Counter/Divider

CD4022BM/CD4022BC Divide-by-8 Counter/Divider

March 1888

Features

| | Wiﬁm‘mw 0 15 15%

B High noiss iramuriy 0.45 Yoo (e

W Lo pireenr Fan owt of 2 driving Tl
TTL compatbity or 1 deving T4LS

B Ml gpeed oparaicon 5.0 MHz (Byp)

wish 10 Vipg

W Liw pawar 10 uW (g

o Fuly static opsaton

Applications

B Ausomaobiva

B |ratnemanlation

8 Madical slecironics
B Alarm sysiems

W Inchisirisl eleclonicy

= Remote meterng

Connection Diagrams

DECODED OUTPUT “5"
DECODED OUTPUT “1*
DECODED OUTPUT """

DECODED QUTPUT “2"

Order Number CD4017B

Voo

RESET

CLOCK

CLOCK ENABLE

DECODED OUTPUT “6* CARRY-OUT
11
DECODED OUTPUT w = DECODED OUTPUT “9"
7 10
DECODED DUTPUT = 3" mef I== DECODED OUTPUT “4"
a g‘ - e
Vgs = —— [DECODED OUTPUT “§
=3
Top View

sindinQ paposaq g YuMm Japiala/iejunod g-Aq-epiaiQ 0EZZ00AD/WEZZ0PAD
sindinQ papo2ad 0 Yilm Japiaig/launod apedag 0841 0vad/NaLL0vaD

SECTION 3 — continued
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Question 1
Figure 9 below is an electronic dice circuit. This circuit utilises the LMS555 timer IC, as a clock for the
CD4017B IC.

L 4
é) D1
* PB1 1N2001
ES 16 3
15 2 +
ic2 T
v 9V
401787 .-+4(7;2,: ! battery
- ATHE G
"o ~16 VW

a. What two standard components could be changed in order to slow down the clock input?

2 marks

b. Refer to the data sheet for the CD4017B on page 16.
i. Which logic device family does the CD4017B belong to?

ii. What standard precautions would you take in handling this type of IC?

1+ 1 =2 marks

A new game required the dice to count up to eight. Two more LEDs (LED 7 and 8) were added to the circuit
to allow the circuit to do this.
c¢.  Complete the table below for the pin CD4017B connections for LED 5, LED 6, LED 7 and LED 8.

CD4017B LED outputs

LED | LED 2 LED 3 LED 4 LED 5 LED 6 LED 7 LED 8
Count 1. Count 2. Count 3. Count 4. Count 5. Count 6. Count 7. Count 8.
Decoded | Decoded | Decoded | Decoded | Decoded | Decoded | Decoded | Decoded

Output Output Output Output Output Output Output Output

60’ ‘1’ 62’ 43’ ‘4’ 45’ (6’ L7’
Pin3 Pin 2 Pin 4 Pin 7 Pin Pin Pin Pin
2 marks

SECTION 3 — Question 1 — continued
TURN OVER
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d. There is now a total of 8 LEDs in the display.

i. What ‘Count’ would trigger the CD4017B to reset?

Connection changes need to be made to the circuit to allow the counter to reset.
ii. What existing pin connections on the IC would need to be removed?

ili. What new connections on the IC would allow it to reset?

Question 2

2 + 2+ 2 = 6 marks

Draw the equivalent gate type for each gate combination below and state its correct name.

The simplified equivalent gates may be determined by using any suitable method; for example, De Morgan’s

laws.

combination gate

equivalent gate (simplified)

symbol symbol

name

o

Y

S0

-

Sis/¥

10 marks

SECTION 3 — continued
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Question 3
A
2
B
3 Q
C
Figure 10
a. Identify the gate types in Figure 10.
gate number gate type
gate 1
gate 2
gate 3
3 marks
b. Complete the following truth table for the logic circuit in Figure 10 by
i. completing the Boolean expressions for gates 2 and 3
iil. completing the missing logic level outputs for gates 1, 2 and 3.
Outputs
Inputs
gate 1 gate 2 gate 3
C B A A -Q
0 0 0 1 0
0 0 1 0 0
0 1 0 0
0 1 1 0
1 0 0
1 0 1 0
1 1 0
1 1 1 0

2 + 14 = 16 marks

SECTION 3 — continued
TURN OVER
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Question 4

Complete the following number conversions.

a.
decimal binary BCD
1234
2 marks
b.
hexadecimal binary decimal
ABC
2 marks
Question 5
The ASCII code set is shown below.
Most significant hexadecimal digit
2 3 4 5 6 7
o sP 0 e P ) p
Least
significant 1 ! 1 A Q a q
hexadecimal
digit 2 = 2 B R b f
3 # a c S (= ]
4 (3 4 D T o t
5 % 5 E u @ u
B & ] F ') f ']
Fi 7 ] W g w
8 [ a8 H X h X
8 ) 8 I ¥ i ¥
A . J F.4 i z
B + K [ K {
c = L % I |
D N = M 1 m ]
E = M A n o
F ! 7 Q o] DEL

SECTION 3 — Question 5 — continued



a.  Using the table provided decode the hex ASCII code below.

21
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ASCII
HEX

45

6C

65

63

74

72

6F

6E 69

63

character

The ASCII HEX code is processed in the computer as a 7 bit binary number.

The first 3 numbers are shown below.
b. Covert the ASCII HEX to ASCII binary.

2 marks

ASCII
HEX

45

6C

65

ASCII Binary
7 bit

Question 6

3 marks

‘Set Top Boxes’ (example below), which are connected to conventional analogue televisions, have recently

been introduced.

Give a brief description of the basic function of the Set Top Box.

3 marks

SECTION 3 — continued
TURN OVER
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Question 7
The gate shown below allows data to be transferred when input conditions are correctly set.

UL

data
—————
A A1 A
a. Complete the following sentence.
The little circle shown on the input, A,, indicates that this input is an active input.

1 mark

b. Complete the table for inputs A, A, and A,, indicating the logic level (H or L) which will allow data to
be transferred via the gate.

inputs logic level

3 marks

Total 57 marks

END OF SECTION 3
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Formulas

Other specific formulas are provided within the paper.

END OF QUESTION AND ANSWER BOOK
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