Digital Logic and Binary Addition Worksheet
Basic Logic Gates
Getting Started with Falstad
1. Open the Falstad Circuit Simulator in your web browser
2. The main toolbar is on the right side of the screen
3. To add components: 
· Right-click in the workspace and select from the menu, OR
· Use the toolbar on the right
4. To connect components: Click and drag between connection points
5. To run the simulation: The circuit runs automatically when complete

Build and Test a 2-Input AND Gate
Instructions:
1. Right-click in the workspace → Select "Logic Gates, Input and Output" → "AND Gate"
2. Add two "Input (High/Low)" switches from the same menu
3. Add an "LED" from the "Outputs and Labels" menu
4. Connect the switches to the AND gate inputs
5. Connect the AND gate output to the LED
6. Add a ground connection to the LED (right-click → "Ground")
Record your results:
	Switch A
	Switch B
	LED Output

	0 (Low)
	0 (Low)
	

	0 (Low)
	1 (High)
	

	1 (High)
	0 (Low)
	

	1 (High)
	1 (High)
	


Test procedure: Click on each switch to change between High (1) and Low (0). Record whether the LED is on or off. 
Test Other Logic Gates
Create new circuits for each gate below and complete the truth tables:
OR Gate
	Switch A
	Switch B
	LED Output

	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


XOR Gate (Exclusive OR)
	Switch A
	Switch B
	LED Output

	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


NAND Gate
	Switch A
	Switch B
	LED Output

	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


NOR Gate
	Switch A
	Switch B
	LED Output

	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


NOT Gate (Inverter)
Note: This gate has only one input
	Switch A
	LED Output

	0
	

	1
	




Building a Half-Adder
Understanding Binary Addition
When adding two binary bits, we need two outputs:
· Sum (S): The result bit
· Carry (C): The carry bit for the next position
Analyse the Half-Adder Truth Table
Complete this truth table by hand first, then we'll build it:
	Input A
	Input B
	Sum (S)
	Carry (C)

	0
	0
	
	

	0
	1
	
	

	1
	0
	
	

	1
	1
	
	


Question: Looking at your completed table:
· What logic gate produces the Sum output? ________________
· What logic gate produces the Carry output? ________________

Build the Half-Adder Circuit
Components needed:
· 2 Input switches (for A and B)
· 1 XOR gate
· 1 AND gate
· 2 LEDs (one for Sum, one for Carry)
· Ground connections
Circuit connections:
1. Connect both input switches to the XOR gate inputs
2. Connect both input switches to the AND gate inputs
3. Connect XOR output to Sum LED
4. Connect AND output to Carry LED
5. Add ground connections to both LEDs
Test your half-adder and verify it matches your truth table:
	Input A
	Input B
	Sum LED
	Carry LED

	0
	0
	
	

	0
	1
	
	

	1
	0
	
	

	1
	1
	
	






Building a Full-Adder
Why Do We Need a Full-Adder?
The half-adder can only add two bits. In multi-bit addition, we need to include the carry from the previous position.
Analyse the Full-Adder Truth Table
A full-adder has three inputs: A, B, and Carry-In (Cin)
	Input A
	Input B
	Carry-In
	Sum (S)
	Carry-Out

	0
	0
	0
	
	

	0
	0
	1
	
	

	0
	1
	0
	
	

	0
	1
	1
	
	

	1
	0
	0
	
	

	1
	0
	1
	
	

	1
	1
	0
	
	

	1
	1
	1
	
	


Build the Full-Adder Circuit
Method 1: Using Two Half-Adders
1. Build two half-adder circuits
2. Connect the first half-adder inputs to A and B
3. Connect the Sum output from the first half-adder to one input of the second half-adder
4. Connect Carry-In to the other input of the second half-adder
5. The Sum output comes from the second half-adder
6. The Carry-Out is the OR of both half-adder carry outputs
Components needed:
· 3 Input switches (A, B, Carry-In)
· 2 XOR gates
· 2 AND gates
· 1 OR gate
· 2 LEDs (Sum and Carry-Out)
Test your full-adder:
	Input A
	Input B
	Carry-In
	Sum LED
	Carry-Out LED

	0
	0
	0
	
	

	0
	0
	1
	
	

	0
	1
	0
	
	

	0
	1
	1
	
	

	1
	0
	0
	
	

	1
	0
	1
	
	

	1
	1
	0
	
	

	1
	1
	1
	
	





Multi-Bit Addition
Build a 2-Bit Adder
Create a circuit that can add two 2-bit binary numbers (A₁A₀ + B₁B₀).
You will need:
· 4 input switches (A₁, A₀, B₁, B₀)
· 1 half-adder (for the least significant bit)
· 1 full-adder (for the most significant bit)
· 3 output LEDs (Sum₁, Sum₀, Carry-Out)
Test with these examples:
1. 01 + 01 = ? (1 + 1 in decimal)
2. 10 + 01 = ? (2 + 1 in decimal)
3. 11 + 01 = ? (3 + 1 in decimal)
4. 11 + 11 = ? (3 + 3 in decimal)
Record your results:
	A₁
	A₀
	B₁
	B₀
	Carry
	Sum₁
	Sum₀
	Decimal Check

	0
	1
	0
	1
	
	
	
	1 + 1 = 2

	1
	0
	0
	1
	
	
	
	2 + 1 = 3

	1
	1
	0
	1
	
	
	
	3 + 1 = 4

	1
	1
	1
	1
	
	
	
	3 + 3 = 6







Reflection Questions
1. Why are XOR gates particularly useful in digital addition circuits?
2. How does the full-adder improve upon the half-adder for multi-bit arithmetic?
3. In a 4-bit adder, how many full-adders and half-adders would you need?
4. What would happen if you chained 8 full-adders together? What could you calculate?
5. Modern computers use 32-bit or 64-bit arithmetic. How many logic gates do you think are needed for a 64-bit adder?

