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INSTRUCTIONS AND INFORMATION

1. Answer ALL the questions.

2. Read ALL the questions carefully.

3. Number the answers according to t m used in this question
paper.

4. Write neatly and legibly.

ole depend on Digital electronics. Digital electronics
ng people to death. Digital electronics signalling systems
ofliding. Digital electronics keeps people safe in aircraft and in
units. Your work your programmmg and designs, must be
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QUESTION 1

1.1 Refer to the DIAGRAM on the DIAGRAM SHEET (attached). Take the first

design step in order to replace the human operator with an automatic, closed-
loop, sense-and-control system.

Draw a large neat fully-labelled block diagram showing the basic functions in
that new closed-loop control system. Replace the human. operator with
function and process blocks which will duplicate the functlons V
performed by the human operator.

You need not show the following:

Square -root extrac’ucn

& @ 9 e

Anaiogue -to- dlgltal conversion (ADC)
Digital-to analogue conversion (DAC)

human operator in the DIAGRAM,# ~ (10)

sually EPROM) which contains
RAM in Harvard Architecture

Neumann Architecture where'
mstructaons This necessﬁ” {

ck diagram of a control unit integrated with a RAM
). ALL the gates and the mterconnectuons between

st be shown. (10)
[20]
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QUESTION 2

2.1 Write in the ANSWER BOOK the text (including spaces and line feeds) which
is printed as a result of the following BASIC program. The numeric ASCII
values are stored to construct English words. These cannot be changed or

translated. Your answer MUST reflect the ASCIl values which the program
selects for printout.

10 REM Dollar sign addresses (“variables”) store ASCII character
20 REM string of ASCII characters can be described as "TEXT’
30 REM Carefully analyse the conditional GOTO statementsm this
40 REM program. Then write in your answer book the text prir

50 REM result of this program.

60 LET TEXTYO1$ = “NEAT PRESENTATION
70 LET TEXTY02$ = “COUNTS”

80 LET TEXTY03$ = "WHEN YOU WRIT
90 A
100 LET TEXTYO5$ = "MESSY UNPRO

110 LET TEXTY06$% = “SHOWS”.
120 LET TEXTY07$ = "A”

130 LET TEXTY08$ = "DONT RE
LET TEXTY09$ = "EI}%G INEER

T KW’$£?@RSUHSJES”
ET TEXTY17$= “AND IN”

"HOSPITAL”

205 = “THE WORKPLACE”

21% = “ARE”

=T TEXTY22$ = "IMPORTANT”

ET TEXTY23$ = "LIVES DEPEND ON”

LET TEXTY24$ = “THE WORK”

LET TEXTY25$ = "OF”

LET TEXTY26$ = "TECHNICIANS AND ENGINEERS”
LET TEXTY28$ = "WHEN”

LET TEXTY29$ = "THEY ARE PLANNING”

LET TEXTY30% = "AND”

LET TEXTY31$ = "IMPLEMENTING”

LET TEXTY32$ = "HARDWARE AND SOFTWARE”
LET TEXTY33$ = “SOLUTIONS”

LET TEXTY34$ = “TO MAKE”

LET TEXTY35$ = "TRAFFIC LIGHTS”

LET TEXTY36$ = "LIFTS”

LET TEXTY37% ="JETS”

LET TEXTY38% = "AND”

LET TEXTY39% = “INTENSIVE CARE UNITS”
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440 LET TEXTY40$ = "WORK PROPERLY”

441 LET TEXTY41$=" °

442 LET TEXTY42$ = “DEPEND ON”

443 LET TEXTY43$ = “THE NECESSITY TO PLAN AND PRESENT”
444 LET TEXTY44$ = "PROFESSIONAL WORK

445 LET TEXTY45$ = °*IN DIPLOMA LEVEL EXAMINATIONS”

450 REM Note carefully what ASCII has been entered into which
460 REM SEQUENCERS variables. This will decide which of the.,
470 REM conditional GOTO’s are activated and what text s pri
480 LET SEQUENCER11$ ="FIRST"”
490 LET SEQUENCER11$ = "SECOND *
500 LET SEQUENCER118 = “FIRST"
510 LET SEQUENCER22$ = "FIRST *
520 LET SEQUENCER22$ = “SECOND”
530 LET SEQUENCER25% = "THIRD °
540 REM Now here below are the con
550 REM  the PRINT statements to se
560 REM  what order that text is .
561 REM printed.

563 PRINT “PROGRAM:
564 CLS |
565 PRINT “ALL THE BEST FORY
570 IF SEQUENCER11$ TLY* THEN GOTO 670

580 IF SEQUENCER LY THEN GOTO 690
IF SEQUEN@ Y THEN GOTO 710

PRINT TEXTY23$, TEXTY 418, TEXTY26$
GOTO 800
PRINT TEXTY35$, TEXTY 41$, TEXTY10$, TEXTY41$, TEXTY40$

GOTO 800

PRINT TEXTY42$, TEXTY 418, TEXTY44$

GOTO 800

PRINT TEXTY29%, TEXTY 41$, TEXTY32$

GOTO 800

PRINT TEXTY33$, TEXTY 418, TEXTY40$

END (10)
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2.2 Reactors (like the SYNTHOL reactors at SASOL Secunda) can be dangerous
because reactions generate their own energy. This means that even if all
inputs to a reactor are reduced to zero, the reaction can continue and perhaps
cause an explosion. For this reason, the control of the temperature of a
reactor is very important.

The temperature of a reaction in a reactor must be kept within the limits 1-150°
to 1 200 °C. The temperature is measured by two thermocouples. The
temperature of the reaction is controlled by varying the fo” of chemicals

will do the requnred tasks. Functions which are, prcs
controller must be shown as blocks on the block diag;a

ALL the interfacing and peripheral equip

You must show ALL signal directio (10)

[20]
QUESTION 3
nterchange) and PCM (Pulse Code
i Interfacing and Code
PACKET PACKET PACKET PACKET
0110111 0110111 0110111 0110111 (5)
3.2 Draw the block diagram of any INTEL microprocessor with which you are
familiar. Clearly give the name and model number. (10)

i reserved Please turn over
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3.3 The following program list is in machine code:
INSTRUCTION FIELD ADDRESS FIELD DESCRIPTION

0000 1001 Load Acc
0001 1010 Add
0010 1100

0011 1011

0100 1101

0101 XXXX

0110 XXXX

The data held at the above-mentioned store locatio

1001 = 30 000 decimal
1010 = 20 decimal
1011 = 24 decimal
1100 = 28 decimal
1101 = 32 decimal

Determine the output of this gram_ gment Befcre the program runs, the

imal. Represent the output in

(5)

[20]
QUESTION 4
4.1
“"'msi;jfﬁﬁcnom REPETOIRE
NEMONIC OP-CODE DESCRIPTION

LDA Load accumulator

ADD Add

SUB Subtract

STR Store

ouT Output

STP Stop (7)
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4.2 A five-bit D/A converter produces an output voltage of 0,625 V for a digital
input of 00001.

Calculate the full-scale analogue output voltage. What is the digital input
which corresponds to this output?

4.3 Use a sketch and explain what is meant by quantising error.
4.4 Draw a block diagram to show the most efficient manner of da
4.5 What is the advantage of loading digitised data from sensors mte RAM?

GUESTION 5

Indicate whether the following statements are T
and write only 'true' or 'false' next to the quest
BOOK, Give a brief explanation to justify th

LSE.»Choose the answer
: 10) in the ANSWER

5.1
52
ment.
5.3 When you travel T o another while using a cellular telephone, a
ication to the cell with the transmitter which
5.4 f 1g.(F K) is used to transmit tones on telephone lines.

5.5 Pufé‘:a C Modulation (PCM) can be used to transmit alpha-numeric data.

de'is an analogue correction code.

_Computer Numerical Control (CNC) uses X and Y co-ordinates for very
accurate machining of tempered steel dies for plastic injection moulding.

‘ field of digital electronics has expanded in recent years with
velopments like cellular telephone networks.

5.9 When a PLC (Programmable Logic Controller) is toggled so that the program

displayed as a DIAGRAM is now displayed in STATEMENT LIST, a parallel
network is displayed as 'AND".

5.10 When a PLC (Programmable Logic Controller) is toggled so that the program

displayed as a DIAGRAM is now displayed in STATEMENT LIST, a series
network is displayed as 'OR'.

(10 x 2)

TOTAL.:

uyright reserved
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(2)
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QUESTION 1
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1.2 CONTROL UNIT
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[20]
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QUESTION 2
2.1 ALL THE BEST FOR YOUR EXAMINATIONS!
DEPEND ON PROFESSIONAL WORK (10)
2.2 REACTOR PROCESS CONTROL _
N Y N V + N
l Stepper
L________]REACTQR Motor
Sensors A
( JREAKTOR Stapper
Motor
v l
DEMUX
AMPL VERSTERKER
A&
Signal
A/D A/S FEEDBACK Di?ect—
LOOP/ -jons:
l TERUGVOER: ~ 1| Action
Note that signals T Loop
MUX flow TOWARDS
the micro-
v l processor.
MUX
8-bit/bisse
MIKROPROCESSOR
DEMUX MIKROVERWERKER
EPROM RAM
(10)
N \ N [20]
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QUESTION 3

3.1 GRAPHICAL FORMAT . NRZ PCM
+ y y \ A

PACKET | PACKET | PACKET | PACKET | PACKET
ASCII 0110001 | 0110010 | 0110011 | 0110100 | 0110101 | ASCli
VALUES 7 7 7 7 7 VALUES

uqu
NRZ PCM
UNIPOLAR
BINARY
FORMAT

IIQII;
Tt 1 111 1 1431 1 111 1 1

(5)

2 BLOCK DIAGRAM: MICROPROCESSOR: INTEL 8085A CPU

w
h
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Manufacturer: INTEL CORP. (10)
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3.3 Machine code computation:
30 000
20 +
28 +
- 24
- 32
+ 29 992
Contents of accumulator (REPRESENTED in BCD: Binary Coded Decimal) g
Akkumulatorinhoud: (VERTEENWOORDIG in BGD : Biner Gekodeerde N
Desimaal):
Xl | v v
0010 1001 1001 1001 0010 0
QUESTION 4
Calculate: Y= 2(2B +3A - 2C) = + 4B + 6A — 4C = B+B+B+B +A+A+A+A+A+A
-C-C-C-C
4.1 INSTRUCTION INSTRUCTION NWORD DESCRIPTION
LOCATION OP-CODE ADDRESS y
001 LDA 301 Load B
002 ADD 301 ADD B
003 ADD 301 ADD B
004 ADD 301 ADD B
005 ADD 300 ADD A
006 ADD 300 ADD A
007 ADD 300 ADD A
008 ADD 300 ADD A
009 ADD 300 ADD A
00A ADD 300 ADD A
00B SuUB 302 SuBC
00C SUB 302 SuBC
00D SuB 302 SuUBC
00E SuB 302 SUBC
OOF ouT Output
010 STP Stop (7)
N - N N
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4.2 DIGITAL TO ANALOGUE CONVERSION

TA10(E)YN19)T
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4.3

The reason is that the converter switches the output in discrete steps at the

-8

DIGITAL ELECTRONICS N6

half-way mark on each step.

T410(E)(N19)T

Quantizing error: As shown on the sketch below the quantizing error of a D/A
converter (an ideal D/A converter where other errors are assumed to be zero)
cannot be less than half the resolution (i.e. half the step-size of the converter).

4.4

Most efficient manner of data acquisition:

Autonomous load into RAM

ANLIOGT
P | ooy SAMPLE A/ D D B o
THRITS MU & IDLD CONVERTER R it
cLocK
&
TINING LOGIC
ADDRESS | ADDRESS
ADDRESS | CSELECT [ BUg
HUX &
CONTROL [ COHT,
BUS
H H
v A +
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DIGITAL ELECTRONICS N6

4.5 Once this is accomplished data can be accessed from RAM using a
programming instruction for obtaining data from memory. This is obviously
the simplest way to access the data: You just have to know how to program
and to use instructions like LOAD. /

QUESTION 5

5.1 FALSE
A parallel network will be an “OR” in Statement List

5.2 FALSE
A series network will be described as an “AND” in Statement List.

5.3 FALSE
The computer switches you to the cell with the STRONGEST signal.

5.4 TRUE
These frequencies are the TONES on the modem.

5.5 TRUE
PCM can transmit alphanumeric data: LETTERS AND NUMBERS

5.6 FALSE
Hamming code is a DIGITAL code.

5.7 TRUE
Working on tempered steel is a great advantage of CNC spark erosion
machining. The X and Y coordinates are accurate to within microns.

58 FALSE
ATM’s are DIGITALLY controlled by a computer.

59 FALSE
A feasibility study should not be highly technical or very detailed:
Accountants are not engineers and the report must be understandable to
them and to other decision makers whose backgrounds are not technical.

5.10 TRUE
Celiular telephone networks are run by digital computers.

(10x 2)
TOTAAL:
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