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INSTRUCTIONS TO CANDIDATES

1. Pleaseread the instructions given in the question paper CAREFULLY.
2. This question paper is printed on both sides of the paper.
3. Please write your answers on the answer booklet provided.

4. Answers should be written in blue or black ink except for sketching, graphic and
illustration.

5. This question paper consists of TWO (2) sections. Section A and B. Answer all
questions in Section A. For Section B, answer two (2) questions only.

6. Answer all questions in English.

THERE ARE 6 PAGES OF QUESTIONS, EXCLUDING THIS PAGE AND APPENDIX.
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SECTION A (Total: 60 marks)

INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.

Question 1

(@) Assuming that all numbers are 16 bit wide, complete the missing entries which are not
shaded in the Table 1.
(Fill-up the answer in Appendix 1 and submit the page with your answer booklet).

Table 1

Decimal Octal Hexadecimal Gray Code

BAE

1100 0100 1100

1000 0111 0111

(8 marks)

(b) Using 8-bit 2's complement arithmetic, perform the following arithmetic operations
where M = 56g and N = 6B;,. Verify your answers with decimals values. Indicate if
invalidity exists.

i. M+ N
i. M—N
(6 marks)
(© Perform addition of the following decimal numbers in BCD system. Verify your
answers with decimals.
i. 45,+16,,
i. 29,+69,,
(6 marks)
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Question 2

(@) Figure 1 shows a combinational logic circuit with three inputs a, b and ¢, and an
output, H.

i. Obtain the output expression for H(a, b, c).
Ii.  Simplify the expression using Boolean algebra and/or De Morgan theorem

iii. Draw the simplified circuit.

b — ‘ H
R
|

c

Figure 1
(20 marks)

(b) Simplify the following Boolean expressions using Boolean algebra and/or De Morgan
theorem.

P=AC+ACD+ABC+ABCD (4 marks)

(c) Simplify the following Boolean equation, in sum-of-products form, using Karnaugh map.

Y(a,b,c,d) = 2m (0,2,4,5,6,8,10), with ‘don’t care’ condition at D(9,12,13,14)

(6 marks)
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Question 3

(a) Consider the Boolean function f = AB + AC + ABC
Implement this function using one 4 X 1 multiplexer, with the restriction that the
variable C cannot be connected to a multiplexer select line.

(20 marks)

(b) For the circuit shown in Figure 2, determine the Boolean expressions for the logic

MLEX t ML

functions P and Q.

1 —— 0 1 0
[ Q— 0 —1
P
Q
1 — 2 0 —2
] 3 3
Figure 2

(4 marks)

(c) Table 2 shows the output transitions for a J-K flip-flop. Give the values of the inputs J
and K necessary to obtain these output transitions. Fill-up the answer in Table for
Question 3 (c) provided in the Appendix on page 7, and submit the page with your
answer booklet.

Table 2

Output J K Condition
transition

0->0

0->1

1->0

1->1

(6 marks)
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SECTION B (Total: 40 marks)

INSTRUCTION: Answer only TWO (2) questions

Please use the answer booklet provided.

Question 4

(@) Figure 4 shows a 3-bit synchronous counter using JK flip flop.

i. Derive the input equations for each flip-flop. (3 marks)
ii. Determine the MOD number of the counter. (3 marks)
iii. Draw the state table and state diagram for the circuit (6 marks)
A
AB
B
‘ 1
c J-e B J A J—e
CLK <0 CLK <] CLK<]
ctr K cLr < cir K9
o) o)
: DI —
C o— S I
Input
Figure 4
(b) How many FFs are required for the MOD-60 counter? (2 marks)
(c) Construct a MOD-10 counter that will count from 0000 through 1001 (6 marks)
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Question 5

A bottling system is shown in Figure 5. There are three (3) sensors A, B, and C which detect

the filling, capping and the labelling process of the bottles respectively. The procedure are:

(@)
(b)
(c)

(d)

At station 1, if the bottle is empty, sensor A will produce an input one (1) and the drift
actuator will feed the tablets into the bottle. Otherwise sensor A will produce a zero (0)
input and the bottles continues to the next section

At station 2, if there is no cap, sensor B will produce and input one (1) and send the
signal to the capping actuator to carry out the task. Otherwise, sensor B will produce a
zero (0) input and the bottle continues to the next section.

At station 3, if there is no label, sensor C will produce an input one (1) and send the
signal to the labelling actuator to carry out the task. Otherwise, sensor C will produce a
zero (0) input and the bottle continues moving.

The bottle will be rejected:

= [f it has no tablet but has a cap

= [f it has no tablet but has a cap and has a label

Determine the number of input(s) and output(s) this system has. (5 marks)

Derive the truth table for this system (5 marks)

Determine the simplified expression using a Karnaugh map technique

for the system output(s). (6 marks)

Draw the simplified circuit (4 marks)
Sensor A Sensor B Sensor C

(o] [¢] o]
Star_ting —_ |:| |:| |:| _— —> Nextline
points

Station 1 Station 2 Station 3 \
Tablet Filling . . Rejected
Drift Capping Labelling bottles
Figure 5
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Question 6

(@) Design a 3 x 8 decoder used for Binary to Octal conversion by showing the following

steps.

i. Truth Table (4 marks)
ii. Logic circuit (4 marks)
iii.  Output expressions (4 marks)

(b) Draw the block diagram of a Full-Adder and its truth table, and determine its output

expressions
(8 marks)

END OF QUESTION PAPER
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APPENDIX 1

(SUBMIT WITH ANSWER BOOKLET)

Boolean algebra and De Morgan’s theorems

1. Xe0=0 8 ¥+x=1 4.X+X¥=X
2. Xel=X 9. X+¥=V+X 15.X+XY=X+Y
3. XeX=X 10. XeY=YeX 16.X+Y=X7Y
4, XeX=0 1. X+(Y+Z)=(X+Y)+Z=X+Y+Z 17 XF =TT
5. X+0=X 12. X(¥Z)=(XY)Z = X¥Z 18T 4

6. Y+l=1 13a.X(Y+Z)=XY + XZ -

7. X+X=X 13b.(W+ X)(Y+Z)=WY + XY + WZ + XZ

Answer Table for Question 1(a)

Binary Octal Hexadecimal Gray Code

1100 0100 1100

Answer Table for Question 3(c)

Output J K Condition
transition

0->0

0~>1

120

121
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