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CHAPTER ONE 
 

1.0 Introduction 

A self-amplified loudspeaker is a transducer, which converts an electrical audio signal into a 

corresponding sound with a higher power. It is made up of majorly the audio power amplifier 

and the output speaker. 

1.1 Background 

A loudspeaker is an electroacoustic transducer, which converts an electrical audio signal into a 

corresponding sound. Loudspeakers were introduced during the development of telephone 

systems in the late 1800. In 1972, the use of vacuum tubes for electronic amplification began, 

here electrical audio signals are sent to the speaker using vacuum tubes (Alton, F. 2000). 

Loudspeakers are typically housed in an enclosure, which is often rectangular or square box 

made of wood or something plastic, and the enclosure plays an important role in the in the 

quality of sound. Where high fidelity reproduction of sound is required, multiple loudspeaker 

transducers are often mounted in one enclosure, each producing a part of the audio frequency 

range. In this case, the individual speakers are referred to as drivers and the entire system is 

called a loudspeaker. (Wasiams, Trinklein and Metcalfe, 1984). 

The audio power amplifier, which is also known as the audio amplifier, is a kind of electronic 

amplifiers that amplify low-power audio signals ( the frequencies of the low-power signals are 

always between 20Hz to 20KHz,which is the range of human hearing) to a level that can be 

suitable for driving the loudspeakers. Nowadays all types of electronics that could make sounds 

are widely using the audio power amplifier, such as mobile phones, MP4 players, laptops, 

television, audio equipment, etc. The audio power amplifier plays a quite important role in the 

sound reinforcement, and the speakers cannot play a good role in amplification without the audio 

power amplifiers. In town centers, loudspeakers are used for advertising. This is done by playing 

music that attracts the attention from public, or playing recorded sounds of adverts of the 

business. 

In the early 1960s, Jack Kilby developed a new member in audio technology, i.e. integrated 

circuits. Up to early 1970s, the integrated circuits became recognized by the audio industry for 
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its cheap price, small size and more functions. So far, thick film audio integrated circuits, 

operational amplifier integrated circuits are widely used in audio circuits [2]. 

The fact that small devices like phones, computers, and television sets cannot produce such loud 

sounds calls for the use of loudspeakers for amplifying the sound they produce. 

1.2 Project tittle 

The design and construction of a self-amplified loudspeaker 

 1.3 Problem statement 

Some systems like phones, computers, and television sets produce low sound. This affects audio 

abilities of these systems. In order to mitigate the effect of low audio ability of these systems, 

there is need to construct a self-amplified loudspeaker to boost the sound.      

1.4 Objectives 

Main objective 

To design and construct a simple self-amplified loudspeaker 

Specific objectives 

To achieve the above objective, the project was guided by the following specific objectives: 

1. Designing of a simple self-amplified loudspeaker. 

2. Construction of a simple self-amplified loudspeaker 

3. Testing of the simple self-amplified loudspeaker. 

1.5 Significance of the study 

The outcome of the project was to; 

• Improve the audibility of systems with low sound output. 

• Provide skills used in the manufacture of amplifiers for sell, hence generating income for 

those involved and solving the unemployment problem in the country. 

  



3 
 

CHAPTER TWO 

2.0 THEORY AND LITERATURE REVIEW 

Audio power amplifier is a key part in stereo system. It mainly consists of three units: pre-

amplifier unit, tonality control unit and power amplifier unit. The simple block diagram is shown 

below 

 

 

 

 

 

 

 

 

 

 

  Figure 1 

2.1 Pre-amplifier unit  

A pre-amplifier is required to amplify a signal, when the source level is too low and has to be 

pre-amplified in order to be able for further processing, control or any other use [3].  

The function of audio power amplifier is to amplify the input signal from the audio source, and 

then drive it to the speaker. The audio sources are various: for example, microphone, record 

player, CD player etc. More importantly, different voltage is provided for different audio source, 

from some millivolt to hundreds of millivolt, but the input sensitivity of the power amplifier is 

constant. If different kinds of audio source input directly into the power amplifier, problems will 

arise. For the low input signal, the output power is low, and the power amplifier cannot use full 

capacity. For the high input signal, the output signal of the power amplifier will suffer overload 

and distortion seriously, so the power amplifier will lose the function of clean audio 

amplification. Therefore, a qualified and functional audio power amplifier must contain a pre-

amplifier, which makes the input signal adequate to be sent to the power amplifier.  

In addition to this, for the low input signal, the noise of the pre-amplifier input stage has a vital 

influence on signal-to-noise ratio of the whole system. As a result, the pre-amplifier unit must 

Input 

Power supply 

Tonality control  
 

Power 

amplifier  
 

Pre-amplifier  
 

Load 
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use low noise elements. If an integrated operational amplifier is put into use, low noise and low 

drift must be considered.  

Last but not least, another requirement of pre-amplifier is that its frequency band must be wide 

enough, so that amplification without distortion can be ensured. 

The pre-amplifier design process, the non-inverting amplifier equation is needed.  

 Non-inverting amplifier  

 

 

 

Figure 2 

vout = 1 +
R2

R1
vin ……………………………………………………………………………. (1) 

 

From equation above the voltage gain can be calculated. 

2.2 Power amplifier unit  

The power amplifiers are those amplifiers which are designed to take a signal from a source 

device and make it suitable for driving a loudspeaker. Ideally, the ONLY thing different between 

the input signal and the output signal is the strength of the signal. The main performance 

qualities of a power amplifier are distortion, frequency response, signal-to-noise ratio, power etc. 

When the load RL is constant, a good power amplifier should be designed for high output power, 

low distortion and noise, and bandwidth.  

At present, integrated power amplifiers are widely used due to low cost, stability, low distortion, 

small size etc. 
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2.3 Tonality control unit  

 Tone controls allow the frequency response of the audio system to be adjusted to compensate for 

the response of speakers and their enclosures or the listening room, or to simply provide a more 

pleasing sound [4].  

The most common of all modern tone control circuits was named after P.J. Baxandall who came 

up with the idea in 1950s [5]. It contains bass control and treble control, see Figure 4. In this type 

of control, the op-amp is often added to act as a buffer  

 

Figure 3 

This tone control network can be analyzed separately 

 

Bass control circuit [6] 
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Figure 4 

Treble control circuit [6] 

 2.4 The performance indices for amplifiers  

2.4.1 Output power  

The output power for amplifiers is usually regarded as maximum RMS-power output per 

channel, at a specified distortion level at a particular load, which is considered as the most 

meaningful measure of power 

The power can be calculated by the equation: 

 P =
v2

R
 

Where R is the impedance of the load and v is the highest RMS voltage at a specified distortion 

level across R.  

In general, a power amplifier for loudspeakers will be measured at 4 and 8 ohms  

2.4.2 Frequency response  

Frequency response is the term used to describe the range of tones that a stereo system can 

reproduce. 

There are two requirements for frequency response:  

One requirement is that the range of frequency response should be wide enough. The lower 

frequency should be as low as possible, and the upper frequency as high as possible. Typically, 

the specified frequency range for audio components is 20Hz to 20 KHz, which is the 

approximate range of human hearing.  
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The other requirement is that the frequency response should be flat. It means being linear. A 

well-designed amplifier is linear across the whole operating range, and its frequency response 

just varies a little between 20Hz to 20 KHz. 

2.4.3 Structure of a loud speaker 

  

Figure 5 

The loud speaker is composed of the following; 

i. Electric cables 

ii. Speaker cone 

iii. Coil 

iv. Magnet 

 

At the front of a loud speaker, there is fabric, plastic, paper or lightweight metal core sometimes 

called diaphragm. 

The outer part of the cone is fastened to the outer part of the loudspeakers circular metal ring. 

The inner part is fixed to an iron coil, sometimes called the voice coil that sits just in front of a 
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permanent magnet (field magnet). When you hook up the loudspeaker to a stereo, electrical 

signal are fed through the speaker cables into the coil. This turns the coil into a temporal magnet 

or electromagnet. As electricity flows back and forth in the cables, the electromagnet either 

attracts or repels the permanent magnet. This moves the coil back and forward, pulling and 

pushing the loudspeaker cone. Like a drum skin vibrating back and forth, the moving cone 

pumps sounds into the air. 

Speakers are typically housed in an enclosure which is often rectangular or square  box made of 

wood or sometimes plastic, and the enclosure plays an important role in the quality of sound. 

Where high fidelity reproduction of sound is required, multiple loudspeaker transducers are often 

mounted in the same enclosure, each producing a part of the audio frequency range. In this case 

the individual speakers are referred to as “drivers” and the entire unit is called a loudspeaker. 

Robert, E. (1998). 

Drivers meant for reproducing high audio frequencies are called tweeters, those for middle 

frequencies are called mid-range drivers, and those for low frequencies are called woofers. 

Smaller loudspeakers are found in devices such as radios, television, portable audio players, 

computers, and electronic musical instruments. Larger loud speaker systems se used for music, 

sound reinforcement in theatres and concerts, and in public address systems. 
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2.4.4. Parts of a loudspeaker and their functions 

 

 

 Figure 7 

1. Diaphragm (cone): Moves in and out to push air and make sound. 

2. Dust cap (dome): Protects the voice coil from dust and air. 

3. Surround: A piece of elastic rubber, foam, or textile that flexibly fastens the diaphragm 

to the basket (outer frame). 

4. Basket: The sturdy metal framework around which the speaker is build. 

5. Spider (suspension): A flexible, corrugated support that holds the voice coil in place, 

while allowing it to move freely. 

6. Magnet: Typically made from ferrite or powerful neodymium. 

7. Bottom plate: Made of soft iron. 

8. Pole piece: Concentrates the magnetic field produced by the voice coil. 

9. Voice coil: The coil that moves the diaphragm back and forth. 

10. Former: A cylinder of cardboard or other material onto which the coil is wound 
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11. Top plate: Also made of soft iron. 

12. Cables; Connect stereo amplifier unit to voice coil. 

2.4.5 How loudspeakers make sounds of different volume and frequency 

Loudspeakers will play loud when the cone vibrates a large amount or soft when it moves a 

small amount. To explain this, we think about drums. Banging a drum skin really hard makes the 

skin vibrate a greater distance and produce a louder sound. In the same way, sending a bigger 

pulse of electricity into a loudspeaker makes the cone move further and generates and loud noise. 

Quieter sounds are made by smaller pulses of electricity. 

We can reach the same conclusion by thinking about energy. The laws of Physics tell us that we 

cannot make energy out of thin air. So if we want to make a loud sound (one that carries lots of 

energy), we need to create a vibration with lots of energy in the first place (in other words hit 

something really hard). 

Some drums have pedals on them that make the skin tighter or looser. If the skin is tight, it 

vibrates more quickly when you bang the drum and produces a high-pitched sound; if the skin is 

loose, the opposite happens and you get a much lower note. A similar thing happens in a 

loudspeaker. Bigger speakers with large cones (known as woofers) move more slowly than 

smaller speakers with smaller cones (known as tweeters) so they are better for producing lower 

frequencies. Any speaker can produce a wide range of frequencies by moving back and forth 

quickly (for higher notes) or slowly (for lower notes). 

2.4.6 The audio jack 

3.5 mm stereo jack is found mostly in headphones. There are generally two types of 3.5 mm 

Audio Jacks, Tip Ring Sleeve (TRS) and Tip Ring Ring Sleeve (TRRS). These are shown in the 

figure below. 

 

Tip Ring Sleeve (TRS) and Tip Ring Ring Sleeve (TRRS) Audio Jacks 
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Figure 8 

In TRRS one extra terminal is generally for Microphone. 

For the TRS Audio Jack, two wires are soldered to it, one to ground (Sleeve) and other to Right 

audio (Ring).  
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CHAPTER THREE 

3.0 METHODS 

To build a complete circuit for the audio power amplifier, the following units need to be 

designed: pre-amplifier unit, tonality control and power amplifier unit. .  

The circuit is then built on the circuit board to do the measurements.  

3.1 Pre-amplifier unit design 

This part is designed as follows 

 

Figure 9 

After studying the working principle of the operational amplifier, the actual values of the 

resistors R1 and R2 is determined. R1=10kΩ and R2=30kΩ.  

• From equation (1), the voltage gain for the pre-amplifier is calculated: 

•  1 +
𝑅2

𝑅1
⁄ = 4. 
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3.2 Tonality control unit design  

 

Figure 10 

Because the tonality is needed to change 12dB up and down in the frequency range of 100Hz to 

10 kHz (which means that𝑓𝑙 = 100𝐻𝑧,𝑓𝐻 = 10𝑘𝐻𝑍, 𝑥 = 12𝑑𝐵;  

𝑓𝑙2 =
2𝑋𝑓𝑙

6
  

𝑓𝐻2 =
𝑓𝑙

2⁄

6
   

 𝑓𝑙2 = 400𝐻𝑧 

 𝑓𝐻2 = 2.5𝑘𝐻𝑧 

𝑓𝑙2 = 10𝑓𝑙1,  𝑓𝑙1 = 40𝐻𝑧 

𝑓𝐻2 = 10𝑓𝐻1 = 25𝑘𝐻𝑍;  

𝑓0 = 1𝑘𝐻𝑍  

When in the range of low frequency C3 can be seen open.  
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Figure 11 

The maximum low-frequency attenuation  

 

Figure 12 

𝐴(𝑗𝜔) =
𝑣𝑜

𝑣𝑖
 =

𝑅𝑝1

𝑅1
+

1+
(𝑗𝜔)

𝜔2⁄

1+
(𝑗𝜔)

𝜔1⁄
 

𝑓𝐿1 = 1
(2𝜋𝑅𝑃1𝐶1)𝑓𝑙1

⁄        

     

  𝑓𝑙2 =
(𝑅𝑝1 + 𝑅2)

(2𝜋 ∗ 𝑅𝑃1𝑅2𝐶2)⁄    

For  𝑓𝑙1 = 10𝑓𝑙2 

So 𝑅𝑃1 = 9𝑅2.  

Let 𝑅1 = 𝑅2 = 𝑅4 then R1= R2= R4 = (1/9) RP1  

When in the range of high frequency, C1 and C2 can be seemed to be shortcut  

Maximum high-frequency attenuation  
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𝐴(𝑗𝜔) =
𝑣𝑜

𝑣𝑖
 =

𝑅𝑏

𝑅𝑎
∗

1+
(𝑗𝜔)

𝜔3⁄

1+
(𝑗𝜔)

𝜔4⁄
 

𝑅𝑎 = 9𝑅3  

For  𝑅𝑎 = 𝑅𝑏 = 𝑅𝑐 = 3𝑅1 = 3𝑅2 = 3𝑅3  

𝑅1 = 𝑅2 = 𝑅4 = 3𝑅3  

Consider about the actual condition,  

𝑅𝑃1 = 𝑅𝑃3 = 10Kω  

𝑅1 = 𝑅2 = 𝑅4 = 1.11 kΩ ≈ 1.2kΩ   

𝑅3 = 370 Ω ≈ 390Ω   

 𝐶3 = 17nF ≈ 22nF  

𝐶1 = 𝐶2 = 398nF ≈ 470nF   

Designed tonality control 

 

Figure 13 

3.3 Power amplifier design 

The power can be calculated by the equation:  
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𝑃 =
𝑣0

2

𝑅𝑙
⁄   

Where 𝑅𝑙 is the impedance of the load and 𝑣0 is the highest voltage 

𝑣𝑜 = (1 +
𝑅2

𝑅1
) ∗ 𝑣𝑖  

𝑣𝑖 Is the input voltage  

For, 𝑣𝑜 = 10.9𝑣 and𝑅𝑙 = 4ῼ the power was obtained as  

𝑃 =
10.92

4
= 29.7𝑊 ≈ 30𝑊  

LM386n-1 is a power amplifier that can be used in low voltage circuits. The voltage gain of 

it can change from 20 to 200, and its low distortion feature can make the total audio power 

amplifier better. In this part design, one of the typical applications on its datasheet is chosen, 

and its voltage gain is 20 

Power amplifier circuit  

 

Figure 14 
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A complete audio amplifier with tonality control  

 

Figure 15 
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The whole circuit is connected to an oscilloscope  

 

Figure 16 
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CHAPTER FOUR 

4.0 Results 

This section describes the results obtained through simulation with Multisim. By analyzing the 

figures of output waveform and frequency response got from the simulation, the designed audio 

power amplifier performance may be known.  
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Figure 17 

When the arms of potentiometers are set to the position 50%, change the value of R9, and the 

volume increases. The output amplitude changes from 3.247V to 3.921V.  
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Figure 18 

When is set R6 at 50%, and the frequency response changes with different R3 the plot below was 

obtained 

 

Figure 19 
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CHAPTER FIVE 

5.0 Discussion 

5.1 Methods discussion 

The method in this project work has the following advantages. 

In the pre-amplifier unit design, the operational amplifier is easy to be understood and build. 

In the power amplifier unit, LM386N-1 integrated low voltage power amplifier has the 

advantages of low distortion, battery operation and wide range of voltage gain, which makes it a 

good choice. 

Totally speaking, the method I chose seems good, offering a satisfactory result. 

5.1 Results discussion 

A good output wave was obtained by simulation. With the change of volume control R9, the 

satisfying change of output wave.  

The frequency response changes relatively, showing the good characteristics of the tonality 

control unit. 

A satisfying simulation offers the encouragement to build the circuit on the board 

5.2 CONCLUSION 

The self-amplified loud speaker was designed with three parts: pre-amplifier unit, tonality 

control unit and power amplifier unit. For the pre-amplifier unit, Tl071CP integrated operational 

amplifier is used to achieve the gain of 4; for the tonality control unit, a filter is designed to 

achieve different tone; for the power amplifier unit, LM386N-1 integrated low voltage power 

amplifier is applied.  

The self-amplified loud speaker was not constructed because the LM386N-1 integrated low 

voltage power amplifier is not available in market 
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