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[bookmark: _Toc134755844]Introduction
Modern electronics and computing equipment are built on logic circuits and digital systems. Everything in computing—from elementary mathematical operations to intricate algorithms—is based on digital circuits that handle and process binary data. For those interested in electronics and computer engineering, understanding digital systems and logic circuits becomes a need. Logic gates, Boolean algebra, and synchronous counters are a few of the basic ideas connected to logic circuits that author have addressed in this Q&A. The author have also included step-by-step instructions for creating and simulating digital circuits using software programs like Porteus.
[bookmark: _Toc134755845]Task 1: Logic Symbols and Truth Tables
	Logic Gates
	Symbol

	AND
	∧

	OR
	+

	XOR
	⊕

	NAND
	.( ‾‾ )

	NOR
	( + )’


Table 1: Logic Gate Symbols.
Truth Table 
	A
	B
	AND
	OR
	XOR
	NAND
	NOR

	0
	0
	0
	0
	0
	1
	1

	0
	1
	0
	1
	1
	1
	0

	1
	0
	0
	1
	1
	1
	0

	1
	1
	1
	1
	0
	0
	0


Table 2: Truth Tables of Logic Gates.

[bookmark: _Toc134755846]

Task 2: Digital Logic Design
a) Equation:
a) 	
Digital Logic Circuit for the equation:
[image: ]
Figure 1: Logic Circuit of the provided equation.


 
Digital Logic Circuit for the equation:
[image: ]
Figure 2: Logic Circuit of the provided equation.


[bookmark: _Toc134755847]Task 3: Boolean Expression Detection
The given circuit implements the following Boolean expression:
	Y = ((A XOR B) AND (B XOR C)) OR ((A XOR B) AND (B XOR D))
To simplify the Boolean expression, we can observe that the term (A XOR B) appears in both the ORed terms. We can factor out this term to obtain:
	Y = (A XOR B) AND ((B XOR C) OR (B XOR D))
This is a simplified form of the original Boolean expression.
The circuit for the simplified expression can be designed as follows using the software:
1. Implement the XOR gate for the term (A XOR B) using a 2-input XOR gate.
2. Implement the two XOR gates for the terms (B XOR C) and (B XOR D) using 2-input XOR gates.
3. Implement the OR gate for the expression ((B XOR C) OR (B XOR D)) using a 2-input OR gate.
4. Connect the output of the XOR gate for the term (A XOR B) to the inputs of the AND gate.
5. Connect the output of the OR gate to the other input of the AND gate.
The truth table for the simplified expression and the corresponding circuit is as follows:
	A
	B
	C
	D
	(A XOR B)
	(B XOR C)
	(B XOR D)
	((B XOR C) OR (B XOR D))
	Y

	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	1
	0
	0
	1
	1
	0

	0
	1
	0
	0
	0
	1
	0
	1
	0

	0
	0
	1
	1
	0
	1
	1
	1
	1

	0
	0
	1
	0
	1
	1
	1
	1
	1

	0
	1
	0
	1
	1
	1
	0
	1
	1

	0
	1
	0
	0
	1
	0
	1
	1
	1

	0
	1
	1
	1
	1
	0
	0
	0
	0

	1
	0
	0
	0
	1
	0
	0
	0
	0

	1
	0
	0
	1
	1
	1
	1
	1
	1

	1
	0
	1
	0
	1
	1
	0
	1
	1

	1
	0
	1
	1
	1
	0
	1
	1
	1

	1
	1
	0
	0
	0
	
	
	
	


Table 3: Truth table of the provided Boolean equation.
[bookmark: _Toc134755848]Task 4: 4-bit Synchronous Counter Circuit Using Porteous
Four J-K flip-flops are connected in a cascade fashion in this circuit. Each flip-flop has a clock (C) input connected to the clock input (CLK). The first flip-flop's J and K inputs are both connected to logic HIGH (1), which causes the output (Q0) to cycle on each clock pulse. The clock (C) input of the second flip-flop (FF1) is coupled with the output (Q0) of FF0. The K input of FF1 is linked to the output (Q0) of FF0, and the J input of FF1 is connected to logic HIGH (1). As long as Q0 is HIGH, the output of FF1 (Q1) will switch on every second clock pulse. The outputs of FF2 and FF3 will also switch on and off every fourth and eighth clock pulses, respectively.
	CLK
	J0
	K0
	J1
	K1
	J2
	K2
	J3
	K3
	Q3
	Q2
	Q1
	Q0

	0
	x
	x
	x
	x
	x
	x
	x
	x
	Q3
	Q2
	Q1
	Q0

	1
	1
	1
	0
	Q0
	0
	Q1
	0
	Q2
	Q3
	Q2
	Q1
	Q0

	0
	X
	x
	x
	x
	x
	x
	x
	X
	Q3
	Q2
	Q1
	Q0

	1
	1
	1
	0
	Q0
	0
	Q1
	0
	Q2
	Q3
	Q2
	Q1
	Q0

	0
	X
	X
	x
	x
	
	x
	X
	X
	Q3
	Q2
	Q1
	Q0

	1
	1
	1
	0
	Q0
	0
	Q1
	0
	Q2
	Q3
	Q2
	Q1
	Q0

	0
	x
	X
	x
	x
	x
	x
	X
	x
	Q3
	Q2
	Q1
	Q0

	1
	1
	1
	0
	Q0
	0
	Q1
	0
	Q2
	Q3
	Q2
	Q1
	Q0

	
	
	
	
	
	
	
	
	
	
	
	
	


Table 4: Truth Table for 4-bit Synchronous Counter Circuit.
In the truth table, CLK represents the clock input, J and K represent the inputs of the JK flip-flops, and Q3Q2Q1Q0 represent the output sequence of the counter.
[image: ]
[image: ]
[image: ]
[image: ]
Figures (3-6): Designing 4-bit Synchronous Counter Circuit using Proteus 8 Demonstration.
[bookmark: _Toc134755849]Task 5: Applications of Sequential Circuits.

A form of digital circuit known as a sequential circuit uses feedback to store and process data over time (Agarwal, 2022). Sequential circuits feature memory components that allow them to recall previous inputs and function based on their present state, in contrast to combinational circuits that perform a predefined function dependent on their inputs (Agarwal, 2022).
Sequential circuits can be divided into two categories: synchronous and asynchronous (WatElectronics, 2022). All memory elements update at the same time because synchronous circuits run on a clock signal (WatElectronics, 2022). Asynchronous circuits, on the other hand, do not synchronize to a clock and instead run according to the arrival of signals (WatElectronics, 2022).
Digital signal processors, memory systems, counters, and registers are all devices that use sequential circuits (WatElectronics, 2022). Electronic equipment including computers, smartphones, digital cameras, and televisions all make use of sequential circuits (WatElectronics, 2022).
One of the most popular uses for sequential circuits is in memory systems (Grout, 2008). In computers and other digital devices, they are used to store and retrieve data, including as user data and program instructions (WatElectronics, 2022). To keep track of occurrences and record data in a certain format, counters and registers are utilized (WatElectronics, 2022).
Digital signal processors (DSPs) are specialized sequential circuits that process digital signals mathematically by filtering and modulating. For instance, they are utilized in many different applications, such as control systems, telecommunications, and audio and video processing (WatElectronics, 2022).
[bookmark: _Toc134755850]Conclusion
In conclusion, logic circuits are the fundamental components of digital systems that provide us the ability to carry out sophisticated calculations and find solutions to practical issues. One can design and construct the electronic devices that run the modern world if one comprehends the underlying principles of digital systems. In addition to giving a firm foundation in digital circuits, the author anticipates that this Q&A has given you a taste of the fascinating fields of electronics and computer engineering. The ideas addressed in this Q&A will be a helpful reference for your future endeavours in digital systems, whether you're a hobbyist, student, or professional engineer.
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