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Abstract:- This project deals with the design and implementation of a simple amplitude modulation transmitter using colpitts oscillator principle 

to transmit a low power AM transmitter, typically used as short range linkage between a microphones and the audio amplifier modules. The 

project will also enable other listeners and other correspondents to tune and receive the same information via all sorts AM receivers at the same 

oscillation frequency of the oscillator. 

__________________________________________________*****_________________________________________________ 

1. INTRODUCTION 

Generally in communication and information processors, 

Amplitude Modulation (AM) is a technique used in 

electronic communication, most commonly for transmitting 

information via a radio carrier wave (Newkirk et al., 2004; 

Karl et al., 2004; Quist et al., 2004). AM works by varying 

the strength (amplitude) of the carrier in proportion to the 

waveform being sent. That waveform may, for instance, 

correspond to the sounds to be reproduced by a loudspeaker. 

This contrasts with frequency modulation, in which the 

frequency of the carrier signal is varied, and phase 

modulation, in which its phase is varied, by the modulating 

signal. In amplitude modulation, the amplitude or "strength" 

of the carrier oscillations is what is varied. For example, in 

AM radio communication, a continuous wave radio-

frequency signal (a sinusoidal carrier wave) has its 

amplitude modulated by an audio waveform before 

transmission. The audio waveform modifies the amplitude 

of the carrier wave and determines the envelope of the 

waveform. In the frequency domain, amplitude modulation 

produces a signal with power concentrated at the carrier 

frequency and two adjacent sidebands. Each sideband is 

equal in bandwidth to that of the modulating signal, and is a 

mirror image of the other. Standard AM is thus sometimes 

called "double-sideband amplitude modulation" (DSB-AM) 

to distinguish it from more sophisticated modulation 

methods also based on AM (Newkirk and Rick 2004). 

AM radio technology is simpler than frequency modulated 

(FM) radio, Digital Audio Broadcasting (DAB) and satellite 

radio. An AM receiver detects amplitude variations in the 

radio waves at a particular frequency. It then amplifies 

changes in the signal voltage to drive a loudspeaker or 

earphones. The earliest crystal radio receivers used a crystal 

diode detector with no amplification, and required no power 

source other than the radio signal itself. AM radio signals 

can be severely disrupted in large urban centers by metal 

structures, tall buildings and sources of radio frequency 

interference (RFI) and electrical noise, such as electrical 

motors, fluorescent lights, or lightning. As a result, AM 

radio in many countries has lost its dominance as a music 

broadcasting service, and in many cities is now relegated to 

news, sports, religious and talk radio stations. Some musical 

genres – particularly country, oldies, nostalgia and ethnic 

music – survive on AM, especially in areas where FM 

frequencies are in short supply or in thinly populated or 

mountainous areas where FM coverage is poor. The early 

experiments in AM transmission, conducted by Fessenden, 

ValdemarPoulsen, Ernst Ruhmer, QuirinoMajorana, Charles 

Herrold, and Lee De Forest, were hampered by the lack of a 

technology for amplification. The first practical continuous 

wave AM transmitters were based on versions of the 

Poulsen arc transmitter invented in 1903, and the huge, 

expensive Alexanderson alternator, developed between 

1906-1910. The modifications necessary to transmit AM 

were clumsy and resulted in very low audio quality. 

Modulation was usually accomplished by a carbon 

microphone inserted directly in the antenna wire. The 

limited power handling ability of the microphone severely 

limited the power of the first radiotelephones. At the 

receiving end, the unamplified crystal radio receivers then in 

use could not drive loudspeakers, only earphones, so only 

one member of a family could listen at a time (Wiki, 2010). 

This project will explain firstly the AM radio transmitter 

experiment, involving the explanation of the aim and 

objectives of what the experiment entails. Then the report 

will go on to discuss the equipment used for this experiment 

and also the method which was used to construct both parts 

of the experiment. Finally the report will conclude with the 

results which were obtained and then an explanation of the 

results to conclude the experiment. The report will then lead 

on to discuss the AM transmission demonstration in which 

the aim, objectives, equipment, method and results will also 

be explained for this experiment. The report will then 
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conclude with a conclusion which will involve a discussion 

to how both experiments went on. The structure of the report 

will be as said above allowing both experiments to be 

explained in details. 

2. EXPERIMENTAL 

In this experimentation, I will describe the methods used to 

apply voice signals to a carrier wave by the process of 

amplitude modulation transmitter. Therefore, according to 

this project an AM transmitter can be divided into two major 

sections based on the frequencies at which it operates: 

Radio-frequency (RF) and Audio-frequency (AF) units. The 

RF unit is the section of the transmitter used to generate the 

RF carrier wave while the AF unit is the section of the 

transmitter used to generate AF carrier wave.   

 

 

3. DESIGN DISCRIPTION 

The circuit is divided into two parts in constructing the 

project viz: 

The oscillator: will provide the carrier signal, and is 

responsible of carrying the sound through the air to be 

received in any nearby receiver. This part includes transistor 

Q1, IC, resistors, inductor and capacitor. The capacitor will 

be used to change the frequency of the carrier signal. Both 

inductor and capacitor will mainly be used to make the 

oscillation. 

The amplifier: a Bipolar Junction Transistor (BJT) Common 

Emitter amplifier was used to amplify the sound signal. The 

input sound signal will be provided through the base, and 

the output will receive signal from the collector. The 

amplified signal will receive an input through the oscillator. 

This part is built around transistor Q2. 

COMPLETE CIRCUIT DESIGN FOR THE RESEARCH 

 

Figure showing circuit diagram used. 

 

3.1  PRINCIPLE OPERATIONS OF OSCILLATOR 

The oscillator C1 and C2 are used as a voltage divider which 

also serve as smoothening device. R2 which is connected 

from C3 to collector serve as a voltage limiter and voltage 

differentiator. Generally Q1 serves as a final amplifier in the 

oscillator because it burst the signal or amplifies the signal 

before sending it to the antenna for transmission.  

Inductor L1 function as a coupler because it couple or 

connect the antenna with the final amplifier which is Q1 but 

the main function of the induction is to increase the 

frequency of the oscillator at output. R1 and R3 also serve 

as a current differentiator. The 555 timer functions as a main 

oscillator in the circuit. 

CALCULATION 

The colpitts equation is used to determine the frequency of 

the oscillator as follows: 

                      𝐹 =
1

2𝜋√𝐿𝐶
 

Where C is the total capacitor and L is the inductor 

Data 

C1= 0.102µF 

C2= 0.103µF 

L1= 5µH 

By using capacitor in series we now have. C is given as: 

𝐶 =
𝐶1 ∗ 𝐶2

𝐶1 + 𝐶2
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𝐶 =
0.102 ∗ 0.103

0.102 + 0.103
 

C= 0.5125 × 10−6 

C= 5.125×10−7𝐹 

From the colpitts equation    

                      𝐹 =
1

2𝜋√𝐿𝐶
 

By substituting the values into the equation we now have; 

                      𝐹 =
1

2 ∗ 3.142√5µ𝐻 ∗ 5.125 × 10−7𝐹
 

The frequency of the oscillator is now     F= 99.40 kHz 

 

3.2  Potentiometer 

                        K 

 

 

 

The circuit potentiometer which is a variable resistor vary 

the loudness of the amplifier but the most function of it in 

this circuit is to help the oscillator or the transmitter to 

increase the signal of the frequency in the oscillator. This 

also comprise of some resistive element that are commonly 

used to control electrical devices such as volume or audio 

equipment, a sliding contact (wiper) that moves along the 

element, making good electrical contact with one part of it, 

electrical terminals at each end of the element, a mechanism 

that moves the wiper from one end to the other, and a 

housing containing the element and wiper for turning. 

3.3 AMPLIFIEROPERATIONS 

 C5 serves as a coupling capacitor that connect the audio 

input RF and the power amplifier. It also smooth the audio 

input R6 and R7 which serve as voltage divider. Q2 which is 

the amplifier that amplifies the audio coming in to it. It then 

amplifies then it gives a high audio sound at its output which 

is connected to the C3 while R4 serve as a blocking resistor 

because it protects the amplifier against positive feedback. It 

is connected to the collector so that it gives high impedance. 

It also serve as voltage divider. R5 is used to protect the 

circuit against negative feedback which is connected to the 

emitter of the transistor Q2. C4 it used to store current so 

that it gives a required current at the output. C3 functions as 

a coupling capacitor because it connect the amplifier to the 

oscillator.                  

 

3.4 ANTENNA 

3.4.1 Antenna 

 

  

 

 

 

 

The antenna is the transmitter. It transmits the signal or the 

frequency as IF at the sending end. Nevertheless, antenna in 

a communications system is specialized as a transducer 

thatconverts incoming electromagnetic fields into alternating 

electric currents havingthe same frequencies (receiving 

antenna), or converts an alternating current at aspecific 

frequency into an outgoing electromagnetic field at the same 

frequency(transmitting antenna). An antenna can be a 

simple wire or rod, or a complicatedstructure. Thousands of 

geometries and specifications are possible. The 

optimumantenna type for a given situation depends on the 

communications frequency, thedistance to be covered, 

3.4.2 Inductor 

 

       L1 

  

 

Inductor L1 functions as a coupler because it couple or 

connect the antenna with the final amplifier which is Q1 but 

the main function of the induction is to increase the 

frequency of the oscillator at it output. An inductor is also 

called a coil or reactor, with passive two-terminal electrical 

component which resists changes in electric current passing 

through it. It consists of a conductor such as a wire, usually 

wound into a coil. When a current flows through it, energy 

is stored temporarily in a magnetic field in the coil. When 

the current flowing through an inductor changes, the time-

varying magnetic field induces a voltage in the conductor. 

VOLTAGE REGULATION UNITS 

As a result of the 9V requirement of the circuit components 

used, it is sufficient to use a 9V battery so that it can provide 

up to 1A load current and has in the circuit to prevent 

damage in the overheating/excess handling capacity of the 

chip, improving its working condition. The power supply 

unit +9V is tested for the output voltage under no-load and 

full-load conditions. 

Under no-load, the voltage of the +9V supply was measured 

to be 8.94V. At full-load, the voltages was measured as 

8.83V. 

 Voltage Regulation (V.R) is given as; 

   100. 



NL

FLNL

V

VV
RV % 

 Where, 

  NLV  No-load Voltage 

  FLV  Full-load Voltage   

 

  For the unit’s operating on +9V, 

 

 100
89.9

41.989.9
. 


RV % 03.4 % 
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S/N DISCRIPTION COMPONENT 

LABEL 

QUANTITY 

1 555 Timer IC 1 

2 NPN Transistor(2n3904) Q1 1 

3 NPN Transistor(BC547) Q2 1 

4 Capacitor 103uf  C2 & C3 2 

5 Capacitor 102uf C1 1 

6 Capacitor 100uf C4 1 

7 Capacitor 4.7uf C5 1 

8 Wires     

9 Resistor 1kΩ R1 & R3  2 

10 Resistor 10kΩ R2 1 

11 Resistor 4.7kΩ R4 & R7 2 

12 Resistor 100Ω R5 1 

13 Resistor 5.6kΩ R6 1 

14 Potentiometer 10kΩ VRI 1 

15 Male audio jack   1 

16 Receiver    1 

17 Antenna  Ant  1 

18 Inductor coil 5uH L1 1 

19 9volt battery   1 

 

3.5 TABLE OF COMPONENT USED 

 

3.6  COMPLETE OVER VIEW OF THE 

COMPONENT ARRENGEMENT AND CASEN 

 
Figure1. Showing component arrangement 

 

4. TESTING AND RESULT 

4.1 TESTING 

To test the AM radio transmitter, simply set the 

antenna next to your AM radio receiver (Alarm clock) tuned 

to approximately 600 KHz. Then play with the 

potentiometer until you can hear your music on your radio. 

If you hear weird sounds when you turn the potentiometer 

and do not hear the audio signal that means your audio 

signal is not on and your transmitter is working.  

Otherwise try these for troubleshooting: 

Is there power applied to the transmitter? 

Is the audio signal on? 

Then by turning the potentiometer signal will be received. 

This is called amplitude modulation transmitter 

4.2 THE SIGNAL WAVEFORM 

 

 

 

 

Figure1. Signal to be modulated e.g. speech or music  

 

 

 

 

 

 

Figure2. Carrie radio signal of high frequency        

                             

 

 

 

 

Figure3. Carrier wave amplitude modulated by speech or 

music information 

 

4.3 MAINTANANCE OF AMPLITUDE 

MODULATION TRANSMITTER 

PRECAUTIONS: 

i. The AM transmitter system is not waterproof. 

Avoid driving through puddles, rain, wet grass, or 
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mud. If water gets into the transmitter itcould 

damage it. 

ii. Do not operate the transmitter with low batteries or 

youcould lose control of it. After the battery power 

drops below acertain point, the transmitter will 

continue out of control. Indications of low 

batterypower include slow operation, sluggish. 

iii. If the transmitter is too close to the receiver (within 

3-feet), youmay experience erratic radio system 

operation. 

iv. Fluorescent lighting and steel building structures 

have beenknown to cause radio interference 

therefore avoid transmitting at the region of 

fluorescent light. 

 

5. RESULT 

The radio transmitter I made can only transmit at 

frequencies from 110 KHz to 480 KHz. The AM radio band 

is from 520 KHz to 1610 KHz. Harmonics is essential to be 

able to hear audio signals transmitted from my radio 

transmitter.                                                                     

6. CONCLUSION 

The aim of the project is to design and implement simple 

AM transmitter. Having realized the device and found 

working properly based on its design and relatively cheap 

components involved in its realization, the aim of the project 

can be said to be achieved. The project can be used as an 

effective linkage between offices, rooms, gates etc. for 

passing out information’s. 
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