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2.1 Introduction  

    The individual memory cells used in computers are 

bistable in operation (pendulous between 1 and 0) and 

capable of storing a single binary bit. Therefore, it is 

most practical to use the binary number system that 

uses only two basic symbols 0 and 1 to represent 

numbers. 

Binary logic is used to describe, in mathematical way, 

the manipulation and processing of binary information. 

Binary logic consists of binary variables and logic 

operations. The binary variables are letters of the 

alphabet such as X, A, D . . . etc. Each variable has 

two possible values, 0 or 1. The basic logic operations 

are the three operations OR, AND, and NOT. 

2.2 Gates  

 A gate is simply an electronic circuit which operates 

on one or more input signals to perform the logic 

operation and produce an output signal. There are 

many types of gates such as: OR, AND, NOT, NOR, 

NAND gates. Each gate has its block diagram symbol. 
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The lines connected to each symbol are the inputs on 

the left and the output on the right of it.  

2.3 Truth table 

   A truth table is a two-dimensional array where there 

is one column for each input and one column for each 

output (a circuit may have more than one output).   

Since we are dealing with binary values, each input 

can be either 0 or 1.The number of truth table 

possibilities are 2
n
, where n is the number of input 

variable. For example, if n=3 the number of 

possibilities are 2
3
=8. 

 The values in the output column are determined from 

applying the corresponding input values to the 

functional operator. For example, in the following 

truth table: 

Input Output 

X      Y F 

0      0 0 

0      1 1 

1      0 0 

1      1 1 
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There are 2 input variables, X and Y, and one output 

variable, F. So there are 2
2
=4 combinations.  

The output F = 1 when either X and Y are both 1 or 

X=0 and Y =1, while the value of F is 0 for the other 

possibilities. Using truth tables is one method to 

formally describe the operation of a circuit or function. 

 

2.4 Pulse waveform 

Pulses are very important in digital circuits and 

systems because voltage level are normally changing 

back and front between High (logic 1) and Low (logic 

0) states.  

    

Pulses can be classified as either periodic or non 

periodic, as shown in fig (2-1).  

 

(a) Periodic waveform 
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(b) Non- periodic waveform 

Fig (2-1) 

A timing diagram is a graphical method of showing 

the exact output behavior of a logic circuit for every 

possible of input condition.  It is used to describe the 

operation of digital devices because its visual 

characteristics are much easier to understand than 

explanation using words. 
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AND, OR, and NOT gates 

Object 

    To study the logical functions AND, OR and NOT 

gates, and to be familiar with its applications. 

Basic gates 

AND gate:  The AND-gate is a device whose output is 

logic (1) if both of the inputs are logic (1). It performs 

logical multiplication. It composed of two or more 

inputs and single output. The logical AND function of 

two variables is represented either by writing dot 

between the two variables or by writing the adjacent 

letters without dot. For example, X . Y = Z or XY = Z 

is read "X AND Y is equal to Z". This AND gate 

symbol and its truth table are shown in figure (2-2-a) 

and (2-2-b) respectively, with two inputs marked A 

and B and one output marked X.  
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       X=A.B                                     Truth table    

           (a)                                              (b) 

Fig (2-2) AND gate 

 

2.5  OR gate : 

 It is one of the simplest and most common used. It is a 

device whose output is logic ‘1’ if either or both of its 

inputs are ‘1’. The OR gate composed of two or more 

inputs and single output. It performs logical addition. 

The OR operation is represented by a plus sign, +. For 

example, X + Y = Z is read " X OR Y is equal to Z". 

The standard logic symbol for the OR gate is shown in 

fig (2-3-a) and the truth table of combinations for the 

inputs and outputs for it's is shown in fig (2-3-b). 

A B X 

0 0 0 

0 1 0 

1 0 0 

1 1 1 
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    Block diagram   (X=A+B)               Truth table  

(a)                                         (b) 

                           Fig (2-3): OR gate 

 

2.6 NOT gate (inverter)  

   The NOT gate (called inverter) perform a basic logic 

function called inversion or complementation. It has a 

single input and one output. The purpose of the NOT 

gate   is to change one logic level to the opposite level. 

In term of bits, it change ‘1’ at its input to logic ‘0’ at 

the output , and a ‘0’ to a logic ‘1’. The NOT operation 

is represented by a prime or bar. The standard logic 

symbol for the NOT and its truth table are shown in fig 

(2-4-a) and fig (2-4-b) respectively.                         

A B X 

0 0 0 

0 1 1 

1 0 1 

1 1 1 
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    Block diagram X=A                  Truth table 

                 (a)                                         (b) 

Fig (2-4): NOT gate 

From the three basic logic gates (AND, OR, and NOT 

gates), the most powerful computer circuit can be 

made. Furthermore, these basic gates are built using 

transistors, the fundamental building blocks for all 

digital logic circuits. Transistors are just electronic 

binary switches that can be turned on or off. The on 

and off states of transistors are used to represent the 

two binary values 1 and 0. 

Example: Find the truth table for the following? 

       
Solution  

The number of inputs variables is 3, so the number of 

combinations are . The sequence of perform the 

operation as follow 

A X= A 

0 1 

1 0 
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The truth table is as following, the NOT is replaced with 

dash in this table. 

 
 

One can see the last column is equal the value of first 

column. The block diagram of the circuit that represent 

the expression is, figure 2-5: 

 

Fig (2-5) 
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Experiment No. (1) 

 Procedure: 

1. Connect the circuit as shown in fig (2-2 -a), using 

different states of input?   

2. Using different states of the input variables of this 

circuit, and find the truth table of it? 

3.  Connect the circuit shown in fig (2-3-a) and repeat 

step (2)? 

4.  Connect the circuit shown in fig (2-6) and find the 

truth table? 

 

Fig (2-6) 

Discussion 

1. If only 2 input OR gates are available, what is 

the minimum gates level possible to implement an 

8 input OR gate? Construct the circuit? 
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2. Construct the two level two input OR gate which 

implement the function F(A,B,C) = ((A+B).C)     or  

A+B.C? 

3. What are the differences between binary arithmetic 

addition and logical addition? 

4. Convert each of the following binary number to 

decimal number? 

           (a) 11011.11               (b) 101010.01  

           (c) 1000001.111        (d) 11111000.101      

   (e) 1011100.10101    (f) 1110001.0 

           (g) 1011010.1010      (h) 1111111.11111 
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 NAND, NOR, X-OR and XNOR gates 

Object 

     To study the logical functions and to be familiar 

with NAND, NOR, X-OR and XNOR gates. 

2.7 Theory 

NAND gate: The NAND gate is an inverse (negative) 

of AND functions. Its output is logic (0) if both inputs 

are logic (1). It is called NOT-AND gate but is 

abbreviated NAND gate. Symbolically the NAND gate    

is represented by the AND symbol followed by a small 

circle indicating an inversion of the output, as shown 

in  fig (2-7). Fig (2-8) shows the equivalent of NAND 

gate diagram using AND gate and NOT gate.  

 

           

 

 

 

       

        X = (A.B)                             Truth table    

Fig (2-7) NAND gate   

A B X 

0 0 1 

0 1 1 

1  0 1 

1 1 0 
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         X =(A.B)                             Truth table    

            (a)                                         (b)      

Fig (2-8):  Equivalent of NAND gate 

 

2.8 NOR gate: 

 The NOR gate (NOT–OR) is equivalent of an inverted 

OR function and will yield a low output (0) if either or 

both inputs are high (1). Symbolically the NOR gate is 

represented by the OR gate symbol followed by a 

bubble to represent the complemented output signal. 

  The NOR gate is a universal building block of a 

digital logic because it may be used to implement any 

logic function. 

The NOR gate can be represented by the symbol 

shown in fig (2-9-a). Its truth table is shown in fig (2-

A B X 

0 0 1 

0 1 1 

1  0 1 

1 1 0 
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9-b). Fig (2-10) shows the equivalent of NOR gate 

diagram using OR gate and NOT gate. 

 

 

 

 

 

 

Block diagram X=(A+B)              Truth table 

                      (a)                                    (b)  

Fig (2-9): NOR gate        

                  

                                              

                     

 

   

 

Block diagram X= (A+B)                Truth table 

             (a)                                              (b) 

Fig (2-10): Equivalent of NOR gate 

 

A B X 

0 0 1 

0 1 0 

1 0 0 

1 1 0 

A B X 

0 0 1 

0 1 0 

1 0 0 

1 1 0 
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2.9 Exclusive- OR gate: The Exclusive- OR gate is 

called the XOR gate. It gives logic (1) at the output 

when both inputs are different and logic (0) when both 

inputs are the same. The XOR of two variables is 

written by . The XOR gate symbol and its truth table 

are shown in fig (2-11). 

                

                          

                      

   

  

                      

               X=AB                     Truth table                           

                 (a)                                    (b)        

Fig (2-11):   XOR gate 

 

2.10 Exclusive NOR gate:  Exclusive NOR gate, is 

called XNOR, is just the inverse of the XOR gate. The 

XNOR uses the symbol , and it performs the 

following logic operation : 

X Y = X Y + X Y = (X ⊕ Y) 

A B X 

0 0 0 

0 1 1 

1  0 1 

1 1 0 
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 The graphic symbols and truth table of XOR is shown 

in Fig (2-12). The result is 1 when either both X or Y 

are 0’s or when both are 1’s.   

 

 

 

 

 

 
        X = A  B                       Truth table 

  (a)                                 (b) 
Fig (2-12): XNOR gate 

 

The truth tables clearly show that the exclusive-NOR 

operation is the complement of the Exclusive-OR. 

This can also be shown by algebraic manipulation as 

follows:  

(X ⊕ Y) = (X Y + X Y)  

 = (X Y)  (X Y)  = (X + Y) (X + Y)  

 = (X Y + X Y)  

 = X  Y 

A B X 

0 0 1 

0 1 0 

1  0 0 

1 1 1 
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Example: Show using Boolean algebra that XOR = 

XNOR for three inputs (A  B C= A B C)? 

Solution  

A  B  C =  (AB + AB)  C 

  = (AB + AB) C +  (A B + AB) C 

  = (A B) · (A B) C + A B C + A B C 

  = ((A + B) · (A + B)) C + A B C + A B C 

  = AAC + ABC + ABC + BBC + ABC + ABC 

  = (AB + AB) C + (AB + AB) C 

  = (AB + AB) C + (AB + AB) C 

  = (A B) C + (A B) C  = A B C 

 

2.11 Multiple input gates 

Gates are not limited to two input values. There are 

many variations in the number and types of inputs and 

outputs allowed for various gates. For example, one 

can represent the expression X + Y + Z using one OR 

gate with three inputs. Fig (2-13) illustrate the 

implementation of this expression using OR gates with 

two input and its equivalent by using three input OR 

gate.  
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Fig (2-13): Three inputs gates 

Multiple inputs of AND gates and multiple input of OR 

gates in one circuit are illustrates in fig (2-14). 

 

 

Fig (2-14) 
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Experiment No. (2) 

Procedure: 

1. Connect and find truth table 2-input NAND gates 

and 2-input NOR gates? 

2. Connect and find truth table XOR gates and XNOR 

gates? 

3. Connect the circuit shown in fig (2-15) and using 

different states of input find the truth table?  

4. Connect the circuit in fig (2-16) and find the values 

of L1, L2, and L3 for all states of input? 

5. Draw and implement the logic circuit for X = A B + 

AB using X-OR gate, and then find its truth table? 

6. Prove by using XOR and XNOR gates that  

 (A B) (C D) = ABCD? 

      Fig (2-15) 
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Discussion: 

1. Give two level two-input AND gate with A, B and 

C which are 1 (high), 0 (low) and high what will be 

the output? 

2. Prove, using truth table, that the circuit in fig (2-16) 

is equivalent to that in fig (2-17)? 

3. Draw and implement the logic circuit for X=AB  

(CD) and find its truth table? 

4. Show using truth table that X ⊕ Y ⊕ Z = 1, IFF (if 

and only if) the number of 1’s in the input 

combination is odd. 

5. Find the value of L1, L2, and L3in fig (2-18) for all 

inputs combination?  

 

  

Fig (2-16): X = (A.B.C) 
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Fig (2-17): X= (A.B.C) 

 

 

 

 

 

 

 

Fig (2-18) 

  

 

 

 

 

 

 

 


