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General amplifier systems

We will consider the basic operation of a simple amplifier 
system, such as might be used in a public address system, hi-fi 
or disco.

Introduction to waveforms

We are going to concern ourselves 
primarily with amplifier systems 
designed to amplify the human voice 
only. This is a complex wave as shown 
opposite.

Consider a simple waveform called a 
sine wave. It is shown opposite. We 
will use this waveform to study the 
operation of a basic amplifier system.

Amplitude of a wave

An AC signal contains both positive and negative voltages. 
This is the first time that we have come across this situation 
and may lead to confusion unless we adopt a consistent 
understanding of how to describe the waveform.

We define amplitude as:

It is sometimes referred to as peak value or maximum value. 
In electronics, it is usually measured in volts. The following 
diagram illustrates three waves with increasing amplitude.

Introduction to amplifiers

In general, the function of an amplifier is to produce an output 
which is an enlarged copy of the input.

‘the maximum ‘height’ of the positive part of a wave’.

Note: no device can give out more power than is put into it. The 
additional power provided by an amplifier comes from a power 
supply connected to the amplifier.

Classification of amplifiers

A wide variety of types of amplifier exist. They are usually 
described either by their intended use (e.g. voltage amplifier) or 
frequency response (e.g. audio frequency amplifier).

Voltage amplifier

A voltage amplifier increases the magnitude of the voltage 
signal presented at its input. The amplification produced is 
measured by dividing the amplitude of the output signal by the 
amplitude of the input signal.

Power amplifier

A power amplifier generates both a large output current and 
voltage. The input to a power amplifier should ideally be a large 
voltage signal and is usually taken from the output of a voltage 
amplifier (called a preamplifier in this application). The power 
amplification produced is calculated by multiplying the voltage 
amplification and current amplification together.

Gain of an amplifier 

The ratio of the amplitudes of the output signal to the input 
signal of an amplifier is called the gain of the amplifier. 

Audio frequency amplifiers

Audio frequency (AF) amplifiers amplify AC signals in the range 
20Hz to 20kHz. 

The frequency response of an amplifier is best described by a 
graph showing how the gain of an amplifier varies with different 
signal frequencies.

The typical voltage gain-frequency curve for an audio amplifier 
is shown below. 

The bandwidth of the amplifier is defined as the range of 
frequencies within which the voltage gain does not fall below    
1 (i.e. 0.7) of its maximum value, as shown in green above. 
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An amplifier system

A simple public address system (or PA system) is shown in the 
following block diagram. Sometimes each block is referred to 
as a ‘stage’.

Stage 1: The microphone converts sound waves into tiny 
electrical signals that can be processed by the rest of the 
system. It is important that the microphone creates a faithful 
reproduction of the sound wave as an electrical signal – no 
distortion! 

Stage 2: The pre-amplifier takes the small electrical signals 
from the microphone and increases the amplitude of the 
signal voltage. The pre-amplifier is covered in detail later in this 
chapter.

Stage 3: The power amplifier takes this enlarged voltage signal 
and boosts the current so that it is strong enough to drive the 
loudspeaker.

Stage 4: The loudspeaker is the final part of the system where 
the electrical signal is transformed back into a sound wave. If 
the system has carried out its function correctly, the emerging 
sound wave will be an undistorted but amplified version of the 
original sound wave.

A more sophisticated PA system would allow a number of 
inputs to be connected. For example, a band would have 
several microphone inputs and guitar pick-up inputs. These 
inputs would need to be faded in or out individually.

The mixer function adds together electrical signals from 
microphones or pick-ups from electric guitars or backing tracks 
from a CD player. 

Most music sources produce a much larger signal than a 
microphone and do not need a pre-amplifier. In a real system, 
each microphone would have its own pre-amplifier.

Op-amp voltage amplifiers

All of the amplifier circuits we are going to consider in this topic 
are built around the operational amplifier (or op-amp for short).

We have already considered an op-amp configured as a 
comparator previously. The circuit symbol for an op-amp, along 
with the labels of its five terminals, is shown below.

The op-amp voltage amplifier requires a dual rail power supply. 
This provides both a positive and a negative voltage (e.g. 
±12V) to allow the AC signal to swing above and below 0V. The 
saturation voltage of an op-amp is usually one or two volts less 
than the power supply voltage. Typically, for a supply of ±9V, the 
saturation voltage would be ±8V.

Non-inverting amplifier

The properties of a non-inverting op-amp make it ideal to be 
used as a pre-amplifier. The circuit diagram for a non-inverting 
amplifier is shown below.

The voltage gain of this amplifier is given by the following 
formulae.

 
Important things to remember for this amplifier:

i. The voltage gain can be determined if both VOUT and VIN are 
known or if both RF and R1 are known.

ii. The gain is positive, so at any instant, if the input voltage is 
positive, the output will be also be positive, and vice versa.

iii. If you are designing an amplifier of this type, then all 
resistors chosen must be greater than 1kΩ, to reduce power 
dissipation.

Clipping distortion

If we try to amplify the signal too much, the system will not be 
able to provide the voltage required. This results in distortion of 
the output signal, called clipping distortion.

For example, if the power supply was ±15V, then the maximum 
output would be limited to around ±13V. If the same amplifier 
was then connected to a ±5V supply, without making any 
changes to the circuit, the maximum output would then be 
limited to just ±3V. We call this effect saturation. 

Consider an amplifier with a gain of +200. The output saturates 
at ±12V, when connected to a ±14V power supply. 

The output signal has been clipped at the saturation values of 
±12V, when the required output should be at ±20V. The result 
is distortion of the waveform. There are three ways in which 
clipping distortion can be avoided:

i. increase the power supply voltage 

ii. decrease the gain of the amplifier so that the maximum 
signal output is limited to a value just less than the saturation 
value

iii. decrease amplitude of input signal.

VOUT 

RF 

VIN R1 

0V 

Note: The power supply 
connections are usually left off 
the diagram of the amplifier to 
make the circuit easier to follow.
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Inverting amplifier

The main use of the inverting amplifier is as part of a mixer 
circuit. We will first consider the inverting amplifier on its own. 
The circuit diagram is shown below.

The voltage gain of this amplifier is given by the following 
formulae.

Important things to remember for this amplifier:

i. The voltage gain can be determined if both VOUT and VIN are 
known or if both RF and RIN are known.

ii. The ‘-’ sign in the formula indicates the inverting action of this 
amplifier, so at any moment, if the input voltage is positive, the 
output will be negative, and vice versa.

iii. If you are designing an amplifier of this type, then all 
resistors chosen must be greater than 1kΩ, to reduce power 
dissipation.

Summing amplifier

A summing amplifier is used to combine the signals from two 
separate inputs.

The basic building block of a summing amplifier is an inverting 
amplifier in which two or more inputs are used. 

Consider the following circuit diagram of a summing amplifier.

Remember, for an inverting amplifier:

In the summing amplifier above, each of the inputs contributes 
to producing the output as follows.

Combining these two equations gives the equations for the 
output of a summing amplifier:

Mixing signals

A mixer circuit is an important part of many audio systems. For 
example, DJ’s use a mixer to ‘voice over’ records. Recording 
studios use mixers to balance the sound from different voices 
and instruments.

A two-channel mixer

The summing amplifier provides the basis for a mixer circuit 
in which two or more input signals can be mixed together and 
faded in or out independently of one another. 

A two-channel mixer circuit is shown below.

• Potentiometers VR1 and VR2 are used at the input of each 
channel to independently control the fading in or out of each 
channel. For example, if you consider Signal 1, when the 
wiper is at the top of VR1, the whole of signal 1 passes into 
the summing amplifier. As the wiper moves towards 0V, less 
and less of signal 1 appears at V1, and the signal fades out 
progressively until the wiper reaches 0V.

• The remainder of the circuit in the blue box is just a summing 
amplifier as described previously. 
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