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Understanding Radio Waves

I. Maxwell’s Equations

In order to derive the equations of electromagnetic waves, we must first understand their
origins. James Clark Maxwell derived the equation of electromagnetic waves by studying and
modifying the equations of Gauss, Faraday, and Ampere.

Figure 1: Maxwell’s Equations

II. Electromagnetic Waves

Combining the equations in Figure 1, we can derive the electromagnetic waves equation. The
result is an equation that can interchange the electric field and the magnetic field as seen in
Figure 2. An electromagnetic wave is an oscillating electric field and magnetic field which
are perpendicular to each other but propagate in phase. Electromagnetic waves are also
self-propagating and move at the same speed of light c = 299, 792, 458m/s.

Figure 2: Electromagnetic Waves Equations

III. FM vs. AM

Amplitude modulation varies the amplitude of a wave in order to transmit the input signal.
AM was commonly used in the 1870’s as a way to broadcast audio over long distances.
The signal of the wave varies based on the amplitude of the input signal, while keeping the
frequency constant. Frequency modulation, on the other hand, varies the frequency of the
wave to transmit. FM is more modern, and has a better audio quality than AM, but a much
shorter range.

1



Building an FM Transmitter

I. Steps to Transmit

In order to build a transmitter, I needed to know the process taken in order to propagate
and transmit a radio wave. An input signal must be amplified and oscillated in order to be
transmitted through an antenna.

II. The Circuit

I wanted to incorporate building a PCB, printed circuit board, for this project, but I did not
have enough experience to create my own FM transmitter circuit. As a result, I resorted to
copying an open circuit board of an FM transmitter.

Figure 3: Online Circuit

III. The Steps

I began by designing the circuit board as an EAGLE schematic in order to start designing
the PCB. This step was rather easy as I just had to layout the components. However, getting
the correct layout of this schematic was arduous and time consuming, so I resorted to using
the PCB layout provided with the online circuit.

I then gathered the components listed in the circuit guide and printed the PCB using the
CNC machine. The first PCB I made came out flawed due to the usage of the wrong drill bit
during the procedure.

After re-printing the PCB while using the correct PCB, I soldered the components to the PCB
and began testing for FM waves using an oscilloscope. Initially, the oscilloscope displayed
only the input signal due to some soldering issues. However, after fixing these issues, I got
clear FM transmissions that were displayed on the oscilloscope.

I unfortunately did not have time to buy a FM radio in order to hear the transmissions.
This was due to the very long time spent on trying to design the PCB layout myself. I did,
however, use a phone with an FM radio app to try and test this. I was able to hear the
transmission, however, it was very faint and full of static sounds. My guess as to why this
happened is because I was using a very cheap trimmer capacitor, and a DIY coil.
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https://www.elprocus.com/testing-fm-transmitter/
https://www.instructables.com/id/The-Ultimate-FM-Transmitter/


Figure 4: Personal EAGLE Schematic and Board Design
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Figure 5: Failed PCB
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Figure 6: Components

Figure 7: Complete Board
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Figure 8: Oscilloscope Readings
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