
Learning objectives 
By the end of this chapter you will: 

■ understand and be able to define the functions of AND, OR, NOT, NAND, NOR and XOR logic gates 
■ understand the binary output produced by the logic gates when two inputs are given (only one input will be given 

in a NOT gate) 
■ be able to produce a truth table from a logic gate 
■ be able to determine a logic gate from a truth table 
■ be able to produce a logic circuit to solve a given problem 
■ be able to produce a logic circuit for a given logic statement. 
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4.01 Types of logic gate 
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A logic gate is a basic foundation of a digital circuit. Data and instructions are both stored 
and transmitted by digital computers as the binary digits 0 and 1. (To learn more about 
binary digits see Chapter 1.) 

Various tasks are performed in a computer by switching on a high voltage or a low voltage 
through a digital circuit called a logic gate. High voltage is represented by the binary digit 1 
and low voltage is represented by the binary digit 0. Some circuits may only have a few logic 
gates, others, such as a microprocessor, could have thousands. Each logic gate controls the 
flow of electronic signals in a predetermined way. 

Each logic gate that we will look at, except a NOT logic gate, will have two inputs and one 
output. A NOT logic gate will only have one input and one output. We can work out what the 
output of a logic gate will be from different inputs, using the rules of each different logic gate. 

Logic gate - the basic foundation of a digital circuit that controls the flow of electronic signals. 

Digital circuit - a circuit where electronic signals are one of two values, high voltage (1) or low 

voltage (0). 

Voltage - the potential difference across an electrical component needed to make electricity flow 

through it. 

Microprocessor - an integrated circuit that provides the same functions of a CPU. 

Truth table - a way of showing every outcome of a logic gate. 

Understand and define the functions of NOT, AND, OR, NANO, NOR and XOR (EOR) gates, 
including the binary output produced from all the possible binary inputs (all gates, except the 
NOT gate, will have 2 inputs only). 
Recognise and use standard symbols to represent logic gates: NOT, AND, OR, NANO, NOR and 
XOR. 

The AND gate 
When using an AND logic gate the output (X) will only be high voltage if both inputs (A and B) 

are high voltage. This means that X can only be 1 if A and Bare 1. 

We can write logic statements to represent a logic gate or logic circuit. Logic statements are 
also known as 'Boolean statements' or 'Boolean logic'. A logic statement for an AND gate is: 

X=AANDB or X = A.B 

A dot(.) can be used to represent the word AND in a logic statement. 

The AND logic gate is represented by the symbol shown in Figure 4.01. 

� 

Figure 4.01 AND logic gate symbol 
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This logic gate has the labels A and B for the inputs and X as the output. The logic of this 
circuit is that if A AND Bare 1 then X will be 1. If either A or Bare O then X will be 0. 

Truth tables 

SYLLABUS CHECK 

Draw truth tables and recognise a logic gate from its truth table. 

A truth table is a way of showing every outcome of a logic gate. The value of each input is 
shown along with the value that will be output as a result of these inputs. We can represent 
the logic of the AND gate in a truth table as shown in Figure 4.02. 

Input 

A B 

0 0 

0 1 

1 0 

1 1 

Output 

X 

0 

0 

0 

1 

Reading a truth table 

If A= 0 and B = 0 then X = 0 

--� If A= 0 and B = 1 then X = 0 

If A = 1 and B = 0 then X = 0 

If A= 1 and B = 1 then X = 1 

Figure 4.02 Logic of the AND gate in a truth table 

With two inputs to the AND gate, there are four combinations and two possible outcomes. 

The OR gate 
When using an OR logic gate the output X will be high voltage if input A or input Bis high 
voltage. This means that X will be 1 if A or Bis 1. 

As a logic statement we could write this as: 

X = AOR B or X = A+B 

A cross sign (+) can be used to represent the word OR in a logic statement. 

The logic gate OR is represented by the symbol shown in Figure 4.03. 

Figure 4.03 OR logic gate symbol 

The logic of this circuit is that if A or Bare 1 then X will be 1. If A and Bare O then X will be 0. 

We can represent the logic of this gate in a truth table. 
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Table 4.01 

Input Output 

A B X 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

With two inputs to the OR gate, there are four possible outcomes. 

The NOT gate 
When using a NOT logic gate there is only one input and one output. The output X will be high 

voltage only if the input is low voltage. This means that X will only be 1 if A is 0. 

As a logic statement we could write this as: 

X = NOT A or X=A 

A line, called a vinculum, over an input label can be used to represent the word NOT in a logic 

statement. 

The logic gate NOT is represented by the symbol shown in Figure 4.04. 

� 

Figure 4.04 NOT logic gate symbol 

We can represent the logic of the NOT gate in a truth table: 

Table 4.02 

Input Output 

A X 

0 1 

1 0 

With one input to the NOT gate, there are two possible outcomes. In a NOT gate, the output is 

always the opposite of the input. 

As well as producing a truth table for a logic gate it is important that we can recognise a logic 

gate from a truth table. To do this we need to look at the output of the logic circuit and at the 

inputs that go into it. We need to recall the rules of each logic gate and see which set of rules 

are being applied to the inputs to achieve each output. For example, if we can see that the 

output is only 1 when both inputs are 1, from the rules we know this is an AND gate. 

Logic gates can be combined. When certain types of logic gates are combined they create 

another type of logic gate. 
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The NAN D gate 

The NAND logic gate is a combination of an AND gate followed by a NOT gate. The output X 
will be high voltage unless both inputs are high voltage. If both inputs are high voltage the 
output will be low voltage. This means that X will always be 1 unless A and Bare 1. 

As a logic statement we could write this as: 

X = NOT (AAND B) or X = A.B 

The logic gate NAND is represented by the symbol shown in Figure 4.05. 

Figure 4.05 NAND logic gate symbol 

Broken down into the two original logic gates before they are combined, it would be as 
shown in Figure 4.06. 

Figure 4.06 Logic gates NOT and NAND before they are combined 

We can represent the logic of the NAND gate in a truth table. To understand this logic gate 
more easily we will refer to the interim output/input in Table 4.3 as C, as shown in Figure 4.06: 

Table4.03 

Input Interim Output 

A B C X 

0 0 0 1 

1 0 0 1 

0 1 0 1 

1 1 1 0 

We would complete a truth table like this by setting each of the starting inputs to either 1 
or 0, writing down what that will give as an interim value, then taking that interim value and 
writing down what that would give as a final output. 

For example, the first line of the truth table states that both inputs A and Bare 0. We know 
that if either input A or Bin an AND gate are 0, then the output will always be 0. Therefore, we 
write down O as the interim value. 

We then use this interim value as the input for the next logic gate. We know that if the input to 
a NOT gate is 0, the output will always be the opposite, so 1. Therefore we write down 1 as the 
output for X. With two inputs to the NAND gate there are four possible outcomes. 

We need to make sure that for the input values we have covered every combination of 0 and 
1 that could occur. As we can see with the AND gate above, we could have 0 and 0, 1 and 0, 0 
and 1, 1 and 1 as combinations. 
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The NOR gate 
The NOR logic gate is a combination of an OR gate followed by a NOT gate. The output X will 
be high voltage unless both inputs are high voltage. If either input is high voltage the output 
will be low voltage. This means that X will always be O unless A and Bare 0. 

As a logic statement we could write this as: 

X = NOT (AOR B) or X = A+B 

The logic gate NOR is represented by the symbol shown in Figure 4.07. 

Figure 4.07 NOR logic gate symbol 

Broken down into the two original logic gates before they are combined, it would be as 
shown in Figure 4.08. 

A 

B 

Figure 4.08 Logic gates NOT and OR before they are combined 

To understand this logic gate more easily we will refer to the interim output/input as C in the 
truth table: 

Table 4.04 

Input Interim Output 

A B C X 

0 0 0 1 

1 0 1 0 

0 1 1 0 

1 1 1 0 

With two inputs to the NOR gate, there are four possible outcomes. 

The XOR {EOR) gate 
An XOR or Exclusive OR gate has a slightly changed logic from an OR gate. Similar to an OR 
gate, the output X will be high voltage if either of the inputs are high voltage. However in an 
XOR gate, if both inputs are high voltage, the output will be low voltage. This means that X will 
always be 1 if inputs A and Bare different. 

As a logic statement we could write this as: 

X = ( NOT AAND B) + (AAND NOT B) or X = AEBB 



The logic gate XOR is represented by the symbol shown in Figure 4.09. 

Figure 4.09 XOR logic gate symbol 

We can represent the logic of the XOR gate in a truth table: 

Table 4.05 

Input Output 

A B X 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

With two inputs to the XOR gate, there are four possible outcomes. 

When we start to combine a series of logic gates, working out the output value can be very 

challenging. 

4.02 Logic circuits 

SYLLABUS CHECK 

Use logic gates to create electronic circuits. 

Produce truth tables for given logic circuits. 

A logic circuit is an electronic circuit that combines a number of logic gates. The gates in the 

logic circuit will control the flow of electricity through the circuit. 

Creating a truth table for a logic circuit 
A logic circuit using an AND, an OR and an XOR logic gate is shown in Figure 4.10. 

Figure 4.10 Logic circuit using an AND, OR and XOR logic gate 

We have added interim values to this logic circuit to help us work out the output. In the truth 

table we will refer to these as work space as they are needed to work out the output. A truth 

table for this would look like Table 4.06. 
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Table 4.06 

Input Work space Output 

A B C D E F X 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

0 1 0 0 0 0 0 

1 1 0 0 1 0 1 
0 0 1 0 0 1 1 
1 0 1 0 0 1 1 
0 1 1 0 0 1 1 
1 1 1 0 1 1 0 

0 0 0 1 0 1 1 
1 0 0 1 0 1 1 
0 1 0 1 0 1 1 
1 1 0 1 1 1 0 

0 0 1 1 0 1 1 
1 0 1 1 0 1 1 

0 1 1 1 0 1 1 

1 1 1 1 1 1 0 

We would complete this truth table by starting at the top left of the circuit. It is often a good 

place to start by setting all the input values in the first gates to 0. Therefore, we would write 

down that input A and Bare both 0. 

We know that if either input into an AND gate is 0, the output will be 0. Therefore, we would 

write down the output from this gate, which we have labelled as E, is 0. 

We would then look at the logic gate below the AND gate, which is an OR gate. We again can 

start by setting both input values to 0. We know that if both input values are O in an OR gate, 

the output will be 0. Therefore we would write down the output from this gate, which we have 

labelled as F, as 0. 

We then move to the next logic gate that outputs E and F go to, which is an XOR gate. E and 

F now become the inputs for this gate. We know that if both inputs for an XOR gate are 0, the 

output will be 0. Therefore we can write down that output X is 0. 

As there are more inputs into this logic circuit, there are more combinations that can occur. 

We need to make sure that we have covered all combination that could occur across the four 

initial inputs, for example 0000, 1000, 0100, etc. When we have four inputs into a logic circuit 

it creates 16 possible combinations. 

Figure 4.11 shows a logic circuit using a NAND, a NOR and an OR gate: 

Figure 4.11 Logic circuit using a NANO, NOR and OR gate 



We again have added extra labels to this logic circuit to help us work out the output. In 

the truth table we will refer to these as work space. A truth table for this would look like 

Table 4.07: 

Table 4.07 

Input Work space 

A B C A B C 

0 0 0 0 1 1 

1 0 0 0 1 1 

0 1 0 0 1 1 

1 1 0 0 0 1 

0 0 1 0 1 0 

1 0 1 0 1 0 

0 1 1 0 1 0 

1 1 1 0 0 0 

0 0 0 1 1 0 

1 0 0 1 1 0 

0 1 0 1 1 0 

1 1 0 1 0 0 

0 0 1 1 1 0 

1 0 1 1 1 0 

0 1 1 1 1 0 

1 1 1 1 0 0 

Creating a circuit diagram from a logic statement 

SYLLABUS CHECK 

Produce a logic circuit to solve a given problem or to implement a given written logic 
statement. 

Output 

A 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

A logic circuit can also be written in the form of a logic statement. From this logic statement 

we can produce a logic circuit diagram. 

Let us look at the following logic statement: 

X = NOT(A OR B) 

From looking at this statement we can see that we will need to use the logic gates NOT and 

OR. We can see the output X will come from a NOT gate. 

Figure 4.12 NOT logic gate 
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The interim input into this NOT gate comes from the output of an OR gate. This OR gate has 

two inputs, A and B. Figure 4.13 shows the logic circuit for the statement X = NOT(A ORB). 

Figure 4.13 Logic circuit for the statement X = NOT (A OR B) 

TEST YOURSELF 

1 What name is given to the combination of the two gates in Figure 4.13? 

2 Draw the logic circuit for the logic statement X = A AND (BAND C). 

Let us look at another logic statement: 

X = (NOT C )  AND (A ORB) 

From looking at this statement we can see that we will need to use the logic gates AND, NOT 

and OR. We can see the output X will be determined by NOT C and A OR B. Therefore, it is the 

AND gate that output X will come from. The AND gate will link the NOT and the OR gates. 

We have noted that the output X will come from an AND gate: 

Figure 4.14 AND gate 

Into the AND gate will be a NOT logic gate with an input of C: 

Figure 4.15 NOT logic gate with an input of C into the AND gate 

Also into the AND gate will be an OR gate with the inputs A and B: 

A 

B 

Figure 4.16 OR gate with inputs A and B into the AND gate 

Figure 4.17 shows the full logic circuit for the logic statement X = (NOT C) AND (A ORB). 

A 

B 

Figure 4.17 Full logic circuit for the statement X = {NOT C) AND (A ORB) 
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TEST YOURSELF 

Produce a truth table for the logic c i rcu i t  i n  Figure 4.17? 

Creating a logic circuit to solve a problem 
We can a lso c reate a logic c ircu it  to solve a prob lem.  

In  a system there a re th ree buttons (A, B and  C) and a l amp (X). The la m p  on ly comes on if B 
or C are pressed, but  not if they a re pressed together. If A is pressed the l amp goes off even i f  
B or  C a re pressed . 

I f  we start to th i nk  a bout the logic of th is  problem we can  see that if NOT(A is pressed) AN D (B 
i s  pressed or C is p ressed, but not together) then X w i l l  l ight up .  

Therefore, as a logic statement t h is wou ld be X = (NOT A)  AND (B XOR C) . 

N ow we have a logic statement for ou r  problem we can  create o u r  logic c ircuit .  We can see 
from our  logic statem ent that the output will need to come from an AND gate. Go ing i nto th is 
AND gate wi l l  need to be a NOT gate with an  i npu t  of A a nd an  XOR gate with i n puts B and C .  

B 

C 

Figure 4.18 Full logic circuit using AND, NOT and XOR gates 

TEST YOURSELF 

Produce a truth table for the logic c i rcu i t  in Figu re 4. 18? 

• Various tasks a re performed in  a computer by switching on a high voltage or a low voltage through 
a d igita l c ircuit called a logic gate. Each logic gate controls the flow of electronic signals in a 
predetermined way. 

• When using an AND logic gate the output (X) wil l  only be high voltage if both inputs (A and B) are 
high voltage. 

• When using an OR logic gate the output X wil l  be high voltage if input A or input B is high voltage. 

• When using a NOT logic gate there is only one input and one output. The output X wil l  be high 
voltage only if the input is low voltage. 

• The NANO logic gate is a combination of an AND gate followed by a NOT gate. The output X will be 
high voltage un less both inputs a re high voltage. If  both i nputs a re h igh voltage the output will be 
low voltage. 

• The NOR logic gate is a combination of an OR gate followed by a NOT gate. The output X wi l l  be 
high voltage un less both inputs a re high voltage. If either input is h igh voltage the output wi l l  be 
low voltage. 
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• An XOR or Exclusive OR logic gate has a sl ightly changed logic from an OR gate. Simi lar to an OR 

gate, the output X w i l l  be  h igh voltage if either of the  inputs a re high voltage. However, in  an  XOR 

gate, i f  both i nputs a re high voltage, the output wil l be low voltage. 

• A truth table is a way of showing every outcome of a logic gate. 

• A logic circu it is an electronic c i rcuit that combines a number of logic gates. The gates in the logic 

circuit wil l control the flow of electricity through the circuit. 

Exam-style questions 

1 Describe the role of a logic gate in a logic circuit. 

2 Consider the following logic circuit: 

A 

a Write the logic statement to represent this logic gate. 

b When A = 0, B = 0 and C = 1, output X = .......... .. 

c When A = 1, B = 0 and C = 1, output X = .......... .. 

3 Draw the logic circuit for the logic statement X = (A OR B) AND C. 

4 The following truth table is for the logic statement X = A XOR (BAND C) 

Fill in the missing values to complete the truth table. 

Input Output 

A B C X 

0 0 0 
1 0 0 1 

0 0 0 
1 1 

0 1 0 
1 0 1 1 

0 1 1 

1 1 1 

(1 mark) 

(3 marks) 

(1 mark) 

(1 mark) 

(2 marks) 

(3 marks) 

s In a system there are three switches and an alarm. The alarm wi l l  sound only if switches A 

and Bare on. If switch C is turned on then the alarm will stop. 

a Write the logic statement for this problem. 

b Draw the logic circuit for this problem. 

c Create a truth table for this problem. 

(2 marks) 

(2 marks) 

(2 marks) 


