
Chapter 5 

Operational Amplifiers 

5.1 Introduction  

An operational amplifier is designed so that it performs some mathematical 
operations when external components, such as resistors and capacitors, are 
connected to its terminals. Thus, 

 

The op amp is an electronic device consisting of a complex arrangement of 
resistors, transistors, capacitors, and diodes. 

Op amps are commercially available in integrated circuit packages in several 
forms. A typical one is the eight-pin dual in-line package (or DIP), shown in Fig. 
5.2(a). Pin or terminal 8 is unused, and terminals 1 and 5 are of little concern to us. 
The five important terminals are: 

1. The inverting input, pin 2.  

2. The noninverting input, pin 3.  

3. The output, pin 6. 

4. The positive power supply V+, pin 7.  

5. The negative power supply V−, pin 4. 

The circuit symbol for the op amp is the triangle in Fig. 5.2(b); as shown, the op 
amp has two inputs and one output. The inputs are marked with minus (−) and plus 
(+) to specify inverting and noninverting inputs, respectively. An input applied to 
the noninverting terminal will appear with the same polarity at the output, while an 
input applied to the inverting terminal will appear inverted at the output. 

 



 

5.2 Ideal OP AMP 

To facilitate the understanding of op amp circuits, we will assume ideal op amps. 
An op amp is ideal if it has the following characteristics:  

1. Infinite open-loop gain, A ≈ ∞.  

2. Infinite input resistance, Ri ≈ ∞.  

3. Zero output resistance, Ro ≈ 0. 

5.3 Inverting Amplifier 

In this and the following sections, we consider some useful op amp circuits that 
often serve as modules for designing more complex circuits. The first of such op 
amp circuits is the inverting amplifier shown in Fig.5.10. In this circuit, the 
noninverting input is grounded, vi is connected to the inverting input through R1, 
and the feedback resistor Rf is connected between the inverting input and output. 
Our goal is to obtain the relationship between the input voltage vi and the output 
voltage vo. Applying KCL at node 1, 

 



 

 

Example 1:  

 

 

 

 



Example 2: 

 

5.4 Noninverting Amplifier 

 



 

Example 3:  

 

 



 

5.5 Summing Amplifier 

 

 

 

 

 

 



Example 4: 

 

 

5.6 Differential Amplifier 

 



 

 

Example 5: 

 



 

 


