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Define the following:
1) Analog signal
(i)  Digital signal
(4 marks)

For the waveform displayed in the oscilloscope in Figure Q1(b), determine the
following:

@) The number of cycles displayed

(i)  the period, frequency and peak to peak voltage of the input signal

(iii)  the duty cycle

(6 marks)

A number is simply written as 1101, what is its values in decimal using bases
2, 8,10 and 16?

(4 marks)

Perform the following arithmetic operations. Show all steps.

)] Unsigned numbers 1011110, divide by 4.

(i) 37 -28 using 2’s complement

(i)  Signed numbers 1010011 + 0101010. Give answer in decimal.

(5 marks)

The following is a string of ASCII characters whose bit pattern have been
converted into hexadecimal for compactness:

4A 52 32 AD BS
The leftmost bit of the 8-bit in each pair of digits is the parity bit. The
remaining bits are the 7-bit ASCII code.
Convert to bit form and decode them. The ASCII table is given in Table

Ql(e).

(6 marks)
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For the logic circuit in Figure Q2(a),

() Write the output expression for X, Y and F.
(3 marks)

(i)  Obtain the truth table showing all inputs and outputs X, Y and F.

(5 marks)
Figure Q2(b) shows the input and output patterns of a logic circuit. The inputs
are ABCD and the output is W.
(1) Construct the truth table for this logic circuit.

(5 marks)
(ii) Write the output expression in sum of minterms.

(3 marks)

(iii)  Simplify the output expression using k-map and implement this circuit
using logic gates.

(9 marks)

State 5 single variable theorems and illustrate each with basic logic gates.

(5 marks)

Simplify F using Boolean algebra laws and DeMorgan’s theorem for the
following function:

F = AB(CD+EF)(AB+cCD)

(3 marks)

For the circuit in Figure Q3(c):

@) Write the expression for output F
(i)  Implement this logic circuit using NAND gates only.
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(iii)  Prove that the output F for both circuit are the same.

(8 marks)

Table Q3(d) shows the truth table of a combinational logic circuit.

i) Write the output expression of the circuit in SOP form
(ii) Simplify the output expression and implement it with NOR gates only

(9 marks)
Represent each function below as a sum of minterms:
D F(ABC)=AB+C(C
i) FXY.Z)= XY +YZ + xvZ

(6 marks)

Using a Karnaugh map, simplify the following equation. Obtain the minimum
sum of product (SOP) expression and implement it using basic logic gates.

f(4,B,C,D)=3%m (2,3,4,6,9,11,12) + d(1,14,15)

(8 marks)

Design a 4-bit prime number detector circuit. The 4-bit input allow the binary
numbers for 0 to 15 to be applied to the circuit. The output should be high
only if prime numbers (1 »2,3,5,7,11,13) are being input to the detector circuit.

(i) Obtain the truth table of the circuit.

(3 marks)
(i)  Simplify the output function.

(5 marks)
(iii) Implement the simplified function using basic gates.

(3 marks)
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Implement a full adder using two half adders:
(1) Produce a truth table

(4 marks)
(ii) Write the output expression for Sum and Carry

(3 marks)
(iii) Simplify the output expression for Sum and Carry

(4 marks)
(iv) Draw the logic circuit for the full adder.

(4 marks)

Figure Q5(b) shows a two 4-bit parallel binary adders with a correction circuit.
Explain the operation of the adder and why the need of a correction circuit.

(10 marks)

() What is a decoder?
(i1)  How is it different from an encoder?

(4 marks)
Given the following function: F= AB+BC+ AC
() Represent F in sum of minterms. ( Hint: use K-maps or truth table).

(4 marks)
(i)  Implement F using a 3 x 8 decoder with Active Low output.

(4 marks)
(iii) Implement F using a 8 x 1 multiplexer.

(3 marks)

The two inputs (A, B) of Figure Q6(c) are hexadecimal numbers 9;¢ (4 input)
and Ei¢ (B input). What is the output (SUM) in binary if:

@) Adder | Subtractor is low?
(i1) Adder | Subtractor is high?

Show all steps and give a brief explanation.

(10 marks)
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Table Q3(d
INPUTS OouUTPUT
S A B Y
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1
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