CHAPTER ONE:
INTRODUCTION

1.1 Background of the Study

Communication is a fundamental part of human existence and plays a critical role in the exchange of information across distances. In engineering terms, communication refers to the transfer of data, voice, or video from a source (transmitter) to a destination (receiver) through a communication channel. Modern communication systems are broadly classified into wired and wireless systems. Wireless communication is particularly important because it eliminates the need for physical connections, allowing mobility and flexibility in information transfer.

Wireless communication relies on electromagnetic waves to carry information through space. One of the most widely used methods of wireless audio transmission is radio communication. Radio communication systems operate within a wide range of frequencies known as the radio spectrum, typically from 3 kHz to 300 GHz.

Among radio communication techniques, Frequency Modulation (FM) is one of the most important due to its high resistance to noise and better sound quality compared to Amplitude Modulation (AM). FM works by varying the frequency of a carrier wave in proportion to the amplitude of the input audio signal while maintaining constant amplitude.

The development of FM technology is credited to Edwin Howard Armstrong in the early 1930s. His invention significantly improved audio broadcasting by reducing noise interference, which was a major limitation in AM systems (Haykin, 2001).

Today, FM transmitters are widely used in radio broadcasting stations, communication systems, and educational laboratories. However, commercial FM transmitters are often complex and expensive, making them unsuitable for student-level practical learning. Therefore, designing and constructing a simple low-power FM transmitter provides an effective way to bridge the gap between theoretical knowledge and practical application in electronics engineering.

1.2 Statement of the Problem

Despite the importance of FM communication in modern electronics, many students in technical institutions face challenges in understanding its practical implementation. This is due to the unavailability of simple and affordable experimental models of FM transmitters.

Most commercial FM transmitters are complex, require advanced integrated circuits, and are not suitable for beginners in electronics. As a result, students often find it difficult to relate theoretical concepts such as oscillation, modulation, and resonance to real-world applications.

Therefore, there is a need to design and construct a low-cost, simple, and functional FM transmitter that can be used for educational purposes in electronics laboratories.

1.3 Aim and Objectives of the Study

Aim
The aim of this project is to design and construct a low power FM transmitter for short-range audio transmission.

Objectives

The specific objectives of this project are to:

· Study the principles of frequency modulation and radio communication.

· Design a simple FM transmitter circuit using basic electronic components.

· Construct a functional prototype of the transmitter.

· Test the performance of the system using an FM receiver.

· Analyze the efficiency, range, and clarity of the transmitted signal.

1.4 Significance of the Study

This project is significant in several ways:

· It enhances understanding of wireless communication principles.

· It provides practical exposure to RF circuit design and construction.

· It bridges the gap between theoretical knowledge and practical engineering application.

· It serves as a foundation for advanced studies in telecommunications and electronics engineering.

· It demonstrates how basic components can be used to achieve real-world communication systems.

1.5 Scope of the Study

The scope of this project is limited to the design and construction of a low power FM transmitter operating within the frequency range of 88 MHz to 108 MHz. The system is designed for short-range communication and educational demonstration purposes only.

The project does not cover high-power broadcasting systems, digital modulation techniques, or commercial transmission standards. It focuses primarily on analog FM transmission using discrete electronic components.

1.6 Limitations of the Study

The limitations encountered in this project include:

· Limited transmission range due to low power output.

· Frequency instability caused by simple oscillator design.

· Susceptibility to interference from nearby FM stations.

· Dependence on environmental conditions such as obstacles and distance.

· Lack of advanced filtering and stabilization circuits.

· Despite these limitations, the system remains effective for basic demonstration and learning purposes.

1.7 Definition of Terms

Frequency Modulation (FM): A modulation technique where the frequency of a carrier wave is varied in accordance with the input signal.

· Carrier Wave: A high-frequency signal used to carry information.

· Oscillator: An electronic circuit that generates a periodic waveform.

· LC Circuit: A circuit consisting of an inductor (L) and capacitor (C) used to determine resonant frequency.

· Antenna: A device used to transmit or receive electromagnetic waves.

· RF (Radio Frequency): The portion of the electromagnetic spectrum used for wireless communication.

CHAPTER TWO

 LITERATURE REVIEW

2.1 Introduction

This chapter reviews relevant literature related to the design and construction of a low power FM transmitter. It covers fundamental concepts of communication systems, frequency modulation theory, electromagnetic wave propagation, oscillator principles, and previous related works. These concepts provide the theoretical foundation required for the development of the system.

2.2 Communication Systems Overview

A communication system is an arrangement that enables the transfer of information from one location to another through a transmission medium. The basic components of a communication system include the transmitter, communication channel, and receiver.

Transmitter: Converts information into a signal suitable for transmission.

Channel: The medium through which the signal travels (air in wireless systems).

Receiver: Extracts the original information from the received signal.

Communication systems may be analog or digital. Analog systems transmit continuously varying signals, while digital systems transmit binary data. FM broadcasting is an example of analog communication.

According to Haykin (2001), communication systems are designed to ensure efficient, reliable, and noise-resistant transmission of information.

2.3 History of Radio Communication

Radio communication began with the theoretical work of James Clerk Maxwell, who predicted the existence of electromagnetic waves. Heinrich Hertz later confirmed this experimentally in the late 19th century.

Guglielmo Marconi developed the first practical wireless telegraph system, enabling long-distance radio communication. Early radio systems used Amplitude Modulation (AM), which was simple but highly susceptible to noise.

In the 1930s, Edwin Howard Armstrong introduced Frequency Modulation (FM), which significantly improved signal quality and reduced noise interference. FM became widely adopted in radio broadcasting due to its superior performance (Floyd, 2012).

2.4 Electromagnetic Waves

Electromagnetic waves are waves composed of oscillating electric and magnetic fields that propagate through space at the speed of light. They do not require a physical medium for transmission.

Radio waves are a type of electromagnetic wave used in wireless communication. FM transmission typically operates in the Very High Frequency (VHF) band ranging from 88 MHz to 108 MHz.

The relationship between wavelength and frequency is given by:

λ = c / f

Where:

λ = wavelength

c = speed of light

f = frequency

Higher frequencies correspond to shorter wavelengths, which is why FM antennas are relatively short.

2.5 Frequency Modulation (FM) Theory

Frequency Modulation is a technique in which the frequency of a carrier wave is varied in proportion to the amplitude of the input signal while the amplitude remains constant.

FM provides several advantages:

· High resistance to noise

· Better sound quality

· Improved signal clarity

· Less distortion compared to AM

The mathematical representation of FM is:

s(t) = Ac cos(2πfct + kf ∫ m(t) dt)

Where:

Ac = carrier amplitude

fc = carrier frequency

m(t) = message signal

kf = frequency sensitivity

According to Lathi (2009), FM systems provide better fidelity and are widely used in broadcasting applications.

2.6 Comparison Between AM and FM

Feature

AM (Amplitude Modulation)

FM (Frequency Modulation)

Parameter varied

Amplitude

Frequency

Noise resistance

Low

High

Bandwidth

Narrow

Wide

Sound quality

Lower

Higher

Complexity

Simple

Moderate

FM is preferred in modern broadcasting due to its superior noise immunity.

2.7 FM Broadcasting System

An FM broadcasting system consists of:

Audio input stage

Modulation stage

RF transmission stage

Receiving stage

The transmitter generates a frequency-modulated signal which is radiated through an antenna. The receiver demodulates the signal back into audio.

FM broadcasting operates within the VHF band (88–108 MHz), which provides a good balance between coverage and signal quality.

2.8 Oscillator Theory

An oscillator is an electronic circuit that generates a continuous periodic waveform without external input. In FM transmitters, oscillators generate the carrier frequency.

Types of oscillators include:

LC oscillator

Crystal oscillator

RC oscillator

The LC oscillator is commonly used in FM transmitters due to its ability to operate at high frequencies.

The LC tank circuit determines the resonant frequency:

f = 1 / (2π√LC)

(Sedra & Smith, 2015)

2.9 LC Tank Circuit

The LC tank circuit consists of an inductor (L) and capacitor (C) connected together to produce resonance. At resonance, energy oscillates between the magnetic field of the inductor and the electric field of the capacitor.

The resonant frequency is crucial in FM transmitter design because it determines the carrier frequency.

Proper selection of L and C allows tuning within the FM broadcast band.

2.10 Review of Related Works

Several researchers have studied FM transmitter design using discrete components.

Boylestad (2015) explained transistor-based oscillators used in RF circuits.

Floyd (2012) described practical electronic devices used in modulation systems.

Sedra and Smith (2015) emphasized the importance of LC circuits in frequency generation.

These studies confirm that simple transistor-based FM transmitters are effective for educational purposes and basic wireless communication experiment
CHAPTER THREE

SYSTEM DESIGN AND METHODOLOGY

3.1 Introduction

This chapter presents the detailed design and methodology used in the development of the low power FM transmitter. It explains the system block diagram, circuit operation, component selection, design calculations, antenna design, and power supply requirements. The design is based on the principles of frequency modulation and LC resonance used in RF communication systems.

3.2 System Block Diagram

The FM transmitter is divided into functional blocks that work together to achieve wireless audio transmission:

Block Diagram:

Microphone → Audio Amplifier → RF Oscillator (Modulator) → Buffer/Driver Stage → Antenna

Each block performs a specific function in the signal processing chain.

3.3 Description of System Operation

The system operates by converting sound energy into electrical signals using a microphone. These signals are amplified and used to modulate a high-frequency carrier generated by an LC oscillator.

The oscillator produces a stable RF signal in the FM broadcast band (88–108 MHz). The audio signal causes slight variations in the oscillator frequency, resulting in frequency modulation. The modulated signal is then transmitted through an antenna as electromagnetic waves.

A nearby FM receiver tuned to the same frequency demodulates the signal back into audio output.

3.4 Circuit Design of the FM Transmitter

The circuit used in this project is a simple transistor-based FM transmitter consisting of:

Main Components

NPN transistor (BC547 / 2N3904)

Electret microphone

Resistors (biasing network)

Capacitors (coupling and tuning)

Inductor coil (LC tank circuit)

Variable capacitor (frequency tuning)

9V battery (power supply)

Copper wire antenna

3.5 Function of Circuit Stages

3.5.1 Microphone Stage

The electret microphone converts sound waves into weak electrical signals.

3.5.2 Amplifier Stage

The weak audio signal is amplified to a usable level using transistor biasing.

3.5.3 Oscillator Stage

The LC tank circuit generates the carrier frequency. The transistor provides feedback to sustain oscillations.

3.5.4 Modulation Stage

The audio signal varies the capacitance of the transistor junction, causing frequency variation in the carrier wave (FM modulation).

3.5.5 Output Stage

The modulated RF signal is sent to the antenna for transmission.

3.6 Design Calculations

The resonant frequency of the LC oscillator is given by:

f = 1 / (2π√LC)

Where:

f = frequency (Hz)

L = inductance (Henry)

C = capacitance (Farad)

Example Design Values

Assume:

L = 0.1 µH = 0.1 × 10⁻⁶ H

C = 10 pF = 10 × 10⁻¹² F

Substituting:

f = 1 / (2π√(0.1 × 10⁻⁶ × 10 × 10⁻¹²))

This gives a frequency within approximately 90–110 MHz depending on tuning adjustments.

3.7 Frequency Tuning

Frequency tuning is achieved by:

Adjusting the variable capacitor

Modifying coil spacing or turns

Slight changes in circuit capacitance

This allows the transmitter to operate within an unused section of the FM band to avoid interference.

3.8 Antenna Design

The antenna is responsible for radiating the RF signal into space. A simple quarter-wave monopole antenna is used.

The antenna length is given by:

L = 300 / (4f)

For f = 100 MHz:

L = 300 / (4 × 100) = 0.75 m

Therefore, the antenna length is approximately 75 cm.

A straight copper wire is sufficient for low-power transmission.

3.9 Power Supply Unit

The circuit is powered using a 9V battery. A stable DC supply is essential for proper oscillator performance.

Advantages of battery supply:

Portable design

Low noise output

Simple implementation

However, voltage variation may affect frequency stability.

3.10 Component List

BC547 transistor

Electret microphone

Resistors (1kΩ–100kΩ range)

Capacitors (pF and µF range)

Inductor coil (hand-wound)

Variable capacitor

9V battery

Copper wire antenna

3.11 Summary of Design

The FM transmitter is based on a simple LC oscillator circuit using a transistor as the active element. The design is cost-effective, easy to construct, and suitable for educational demonstration of frequency modulation principles.

CHAPTER FOUR

 CONSTRUCTION, TESTING AND RESULTS

4.1 Introduction

This chapter explains the practical implementation of the low power FM transmitter. It covers the construction process, tools and materials used, testing procedure, and evaluation of system performance. The aim is to verify that the designed circuit functions properly and is capable of transmitting audio signals over a short distance within the FM broadcast band.

4.2 Tools and Materials Used

4.2.1 Tools

Soldering iron

Multimeter

Wire cutter/stripper

Breadboard

Vero board

Soldering lead

Tweezers

4.2.2 Materials

BC547 transistor (or 2N3904)

Electret microphone

Resistors (1 kΩ, 10 kΩ, 47 kΩ, etc.)

Capacitors (ceramic and electrolytic)

Inductor coil (hand-wound copper wire)

Variable capacitor

9V battery

Copper wire (antenna)

4.3 Construction Procedure

The construction process was carried out in the following steps:

Step 1: Breadboard Assembly

The circuit was first assembled on a breadboard to allow easy testing and correction of errors.

Step 2: Component Placement

Each component was carefully placed according to the circuit design. Proper transistor pin identification (emitter, base, collector) was ensured.

Step 3: Testing on Breadboard

The circuit was powered using a 9V battery and preliminary testing was carried out using an FM radio receiver.

Step 4: Transfer to Vero Board

After successful testing, the circuit was transferred to a Vero board for permanent soldering.

Step 5: Antenna Connection

A 70–75 cm copper wire was connected as the transmitting antenna.

Step 6: Final Power Connection

The circuit was powered using a 9V battery to complete the system.

4.4 Testing Procedure

The system was tested using the following method:

The transmitter was powered using a 9V battery.

An FM radio receiver was tuned within 88–108 MHz band.

The variable capacitor was adjusted to locate the transmission frequency.

Audio signals were spoken into the microphone.

Output clarity and signal strength were observed.

4.5 Results

The system successfully transmitted audio signals over a short range.

Table 4.1: Performance Results
	Parameter


	Transmission Range


	Audio Quality


	Frequency Stability


	Power Consumption



	Observation


	10 – 30 meters


	Clear at short distance


	Moderate


	Low (9V battery)




4.6 Discussion of Results
The results obtained show that the FM transmitter functions effectively for short-range communication. The circuit was able to generate and transmit frequency-modulated signals successfully.

The transmission range was limited due to the low power design, which is expected for educational FM transmitters. The LC oscillator performed adequately, though slight frequency drift was observed due to temperature variations and lack of voltage regulation.

Despite these limitations, the system demonstrates the practical application of frequency modulation theory and RF circuit design principles.

4.7 Challenges Encountered

During construction and testing, the following challenges were encountered:

Difficulty in stabilizing frequency output

Interference from nearby FM stations

Sensitivity of LC circuit tuning

Limited transmission range

Need for precise component placement

These challenges were managed through careful tuning and repeated testing.

4.8 Summary

The construction and testing process confirmed that the FM transmitter operates effectively Haykin (2001)

. The system successfully converts audio signals into FM waves and transmits them over short distances, making it suitable for educational demonstrations.

CHAPTER FIVE

 SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Summary

This project focused on the design and construction of a low power FM transmitter for short-range wireless audio communication. The system was developed using basic electronic components such as a transistor, resistors, capacitors, an inductor coil, and an electret microphone.

The transmitter operates based on the principle of frequency modulation, where the frequency of a carrier wave is varied in accordance with the input audio signal while the amplitude remains constant. The LC tank circuit was used to generate the carrier frequency within the FM broadcast band (88–108 MHz).

The constructed system was tested successfully and was able to transmit audio signals over a short distance of approximately 10–30 meters. This confirms the effectiveness of the design for educational and experimental purposes.

5.2 Conclusion

The design and construction of the low power FM transmitter was successfully achieved. The system demonstrates the practical application of frequency modulation theory, oscillator design, and RF communication principles.

The project showed that simple electronic components can be used to build a functional wireless communication system. Although the transmitter has limitations such as low range and moderate frequency stability, it is highly effective for learning purposes and laboratory demonstrations.

Overall, the objectives of the project were fully achieved, and the system provides a strong foundation for understanding FM communication systems in electronics engineering.

5.3 Recommendations

Based on the outcome of this project, the following recommendations are made:

A regulated power supply should be used to improve frequency stability.

Printed Circuit Board (PCB) construction should replace Vero board for better performance.

A better antenna design should be used to increase transmission range.

Additional RF amplification stages can be added for stronger signal output.

Shielding techniques should be applied to reduce external interference.

More advanced oscillators such as PLL-based systems can be used for improved stability.

5.4 Challenges Encountered

The following challenges were encountered during the project:

Frequency drift due to simple LC oscillator design

Limited transmission range due to low power output

Interference from nearby FM stations

Sensitivity of tuning components

Environmental effects such as obstacles and distance

Despite these challenges, the system performed satisfactorily for its intended purpose.

5.5 Contribution to Knowledge

This project contributes to knowledge by demonstrating a simple and practical method of implementing FM transmission using discrete components. It also helps bridge the gap between theoretical concepts in communication systems and practical electronic circuit implementation.
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