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Instructions: Answer four questions



@ @) Describe in your own words the fundamental difference between a

digital and an analogue electronic circuit. {2 marks]

(ii) List the seven basic digital logic gates and give the truth table for each gate.

[7 marks]

®) The circuit of figure 1 below shows a combinational logic circuit.

@) Determine the Boolean expression describing this system. [3 marks]

(ii) Write down the truth table for this circuit. [3 marks]
(iii) Using the laws of Boolean algebra determine a simplified expression for the

system. ' [5 marks]
(iv) Proceed to give an implementation of this expression using NAND gates

only. [5 marks]
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Figure 1.



(@)

®)

©

Using the laws of Boolean Algebra minmise the following expressions:

®  F=[4B(C+BD)+4Bk [4 marks]
) F=AB+AC+ABC [4 marks]
@) F=ABC(BD+CDE)+AC [4 marks]

Use Karnaugh mapping to minimise each of the following expressions:

@  F=A4BC+4BC+ ABC+ ABC [4 marks]
(i)
F = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

[4 marks]

Determine the Boolean logic expression described by the Karnaugh map below and

give a circuit implementation of the expression:

vy |CD|CD|cD | CD

AB 0 1 1 0

[5 marks]
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Convert the following numbers to decimal clearly showing the conversion technique

used in each case.

(i) ~ 101100.10101, ‘ {3 marks]
(ii) 5C26 [2 marks]
(iii) 77655 . [3 marks]

Convert each of the following numbers to hexadecimal format showing clearly the

conversion technique used in each case.

@ 100110000010, ' [2 marks]
(ii) 4780 . " [3 marks]
Gi) 4707 [5 marks]

Convert the following numbers to binary and perform the given arithmetic. Use 2’s
complement notation to perform the subtraction.
(FDy6 +2105) - 1164 [7 marks]



4, (a) @ The diagram of figure 4.1 shows a sequential logic circuit which can act as a
single bit memory element. Complete the truth table for this circuit,
indicating all possible outputs Qy+; for all possible combinations of inputs
and previous outputs Q. [4 marks]

A - Q
B _{>o_
Figure 4.1
(i) State which inputs Set and Reset the memory element. [2 marks]
(iif) State for which input combination is the device acting as a single bit
memory. [2 marks]
®) @ Draw a circuit diagram for a Gated D Latch. [4 marks]
@) If the waveforms shown in figure 4.2 below are applied to the D and EN
inputs of the gated D latch proceed to draw the corresponding output
waveform Q. [6 marks]
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Figure 4.2

© Show how two S-R flip-flops can be connected together with any extra circuitry can

be used to form a master-slave J-K flip-flop. ~ [8 marks]
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Draw a circuit diagram for a 3 bit asynchronous counter based on negative
edge triggered JK flip-flops. ‘ [5 marks]
Explain why the counter is termed asynchronous. [2 marks]
Draw a timing diagram showing 8 complete clock cycles and all the

corresponding flip-flop outputs. [5 marks]

Design a synchronous binary counter to count in the following sequence:

0,1,2,3,4,5,6,7,0...

Your design should include truth table, state transition table, minimisation and logic

circuit implementation.

[13 marks]

Answer any TWO parts.
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You are required to design a circuit that will cause the appropriate LEDs of a seven
segment display to light based on a 4 bit BCD input WXYZ as shown in figure 6.

Draw the truth table for the circuit and give minimal Boolean expressions for the

segments a, b, ¢, and g. Proceed to give a circuit implementation for segment a only.
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vFigure 6

Explain the function of the following digital logic components:
Multiplexer, Demultiplexer [3 marks]

Give a logic circuit diagram for 4 — 1 data selector. [4 marks]

Show how it is possible to implement the following logic function using an
/
8 input multiplexer: Y = A, A4, + A, A Ay + A, A A, + A, A, A,
[5.5 marks]

Draw the truth table for a full adder which will add two single bit numbers X and Y a
and a input carry bit C, to give sum and carry outputs S and C,,. Write down

Boolean expressions for the two outputs and proceed to express them in minimal

form. Give a circuit implementation for the adder based on the minimal expressions.

[12.5 marks]



