
Introduction to Fourier Transform 

Tutorial 2: Fourier Transform 

F. M. Romano, Virginia Tech 

 

Part I ― Fourier Series Simulation 

1. This Tutorial will use a GNU Radio flowgraph to demonstrate several aspects of the 

Fourier Transform.  

a. Open GNU Radio Companion by clicking on the GRC icon at the top of the 

screen or through the menu: Applications > Programming > GRC. 

b. Open the file “FourierTransform.grc” located in the “2 - Fourier Transform” folder 

of the “3614 Tutorials” folder on the Desktop. 

c. Execute the flowgraph by clicking the green play icon, by pressing F6, or through 

the menu: Run > Execute. 

2. The flowgraph generates an interface similar to that of the previous tutorial, but with a 

new tab labelled “Frequency Domain”.  

3. Again, the default signal when starting the flowgraph is a square wave. Click the 

“Frequency Domain” tab to see the Fourier Transform of the square wave we are 

generating. 

a. Note that you can adjust the scale of the plot by using the “+” and “-” buttons 

under Axis Options. 

4. The Frequency Domain plot consists of spikes or impulses at particular frequencies, as it 

should since the signal consists entirely of sine waves.  

a. Note the current value of the Fundamental Frequency (located at the bottom of 

the flowgraph). Calculate the frequencies of the nonzero harmonics of our signal. 

Then check that they correspond with the impulses displayed in the plot. 

b. Try increasing/decreasing the fundamental frequency to several different values. 

You can see the impulses shift in frequency accordingly as they remain multiples 

of the fundamental frequency. 

5. Set the Fundamental Frequency to about 1000 Hz so that it is easy to distinguish the 

impulses from one another. Then change the value of the 3rd Harmonic to zero. The 

second impulse from the left should disappear 

6. Now set the 3rd Harmonic to a value of about 167, which is about half its original value. 

The impulse returns, but it is not half of its original height. Why? 

7. Try adjusting the other harmonics to see how they affect the frequency domain 

representation of the signal. Then, see how the triangle wave and the half-wave rectified 

sine wave are represented in the frequency domain by setting the harmonics 

accordingly: 

a. Triangle Wave 

i. Set all Frequency Component Magnitude sliders to zero. 

ii. Set the Fundamental Cosine slider to 1000. 

iii. Set the 3rd Cosine Harmonic to 111 and note the signal becoming more 

triangular. 

iv. Continue with the remaining Cosine harmonics: 

5th: 40; 7th: 20; 9th: 12; 11th: 8 



b. Half-Wave Rectified Sine Wave 

i. Set all Frequency Component Magnitude sliders to zero. 

ii. Set the Fundamental Sine slider to 500. 

iii. Set the Zero Frequency to a magnitude of 318. 

iv. Set the following Cosine Harmonics: 

2nd: -212; 4th: -42; 6th: -18; 8th: -10; 10th: -6 

 

 

Part II ― Fourier Transform of FM Signals 

This part of the tutorial has two options.  

● Option A is for those who can connect an RTL-SDR to the computer and receive 

live FM signals from over-the-air. In addition to having the RTL-SDR you would 

need to also be in an area with at least one strong FM broadcast signal. For 

Option A, begin with Step 1. 

● Option B demonstrates the same flowgraph as Option A but uses a pre-recorded 

sample of an FM broadcast rather than a live signal. For Option B, begin with 

step 6. 

 

Option A 

1. Connect the RTL to the computer and then be sure the RTL is connected to an antenna.  

2. This Tutorial will use a GNU Radio flowgraph to demonstrate several aspects of the 

Fourier Transform.  

a. Open GNU Radio Companion by clicking on the GRC icon at the top of the 

screen or through the menu: Applications > Programming > GRC. 

b. Open the file “FourierTransformFMSignalsLive.grc” located in the “2 - Fourier 

Transform” folder of the “3614 Tutorials” folder on the Desktop. 

c. Execute the flowgraph by clicking the green play icon, by pressing F6, or through 

the menu: Run > Execute. 

3. The flowgraph generates a window with several tabs as well as a Frequency slider and a 

Volume slider. The flowgraph contains an FM receiver which demodulates to FM signal 

to convert it to audio. 

4. First, set the Frequency slider to a nearby FM station with a strong signal. Then, 

gradually increase the Volume slider until you can hear the station. If you can’t hear 

anything other than static, then you may need to try another FM station or use option B.  

5. Once you are receiving a signal, skip to step 9. 

 

Option B 

6. This Tutorial will use a GNU Radio flowgraph to demonstrate several aspects of the 

Fourier Transform.  

a. Open GNU Radio Companion by clicking on the GRC icon at the top of the 

screen or through the menu: Applications > Programming > GRC. 

b. Open the file “FourierTransformFMSignalsRec.grc” located in the “2 - Fourier 

Transform” folder of the “3614 Tutorials” folder on the Desktop. 



c. Execute the flowgraph by clicking the green play icon, by pressing F6, or through 

the menu: Build > Execute. 

7. The flowgraph generates a window with several tabs as well as a Volume slider. It uses 

a pre-recorded file containing the raw samples of an FM broadcast which were captured 

using an RTL-SDR. The flowgraph contains an FM receiver which demodulates to FM 

signal to convert it to audio. 

8. Gradually increase the Volume slider until you can hear the broadcast.  

 

9. The flowgraph has four tabs, each of which gives a different perspective of the signal.  

a. The first is the Radio Signal tab 

i. The RTL-SDR automatically downconverts the broadcast bandpass 

signal to a baseband signal. Since this process also converts the signal 

from a real one to a complex one, each received sample has a real part 

and an imaginary part.  

ii. The Radio Signal tab displays the real and imaginary parts of the 

broadcast as though it was input to an oscilloscope. Ch1 is the real part 

while Ch2 is the imaginary part. 

iii. Just as with an oscilloscopes, the controls can be used to manipulate the 

display of the signal.  

b. The second tab is the Radio Signal: Frequency Domain tab. 

i. This tab displays the Fourier Transform of the signal at baseband.  

ii. Note the ‘hill’ in the center which represents the majority of the energy of 

the signal.  

iii. The receiving radio is tuned to a fixed frequency, but to broadcast an FM 

signal, the transmitter rapidly shifts, or modulates, the frequency it 

transmits on according the audio signal it is transmitting. We can see the 

center of the ‘hill’ shift to different places as the FFT captures the signal at 

moments when the transmitter has offset the frequency. 

c. The third tab is the Audio Signal tab.  

i. This display demonstrates the demodulated audio signal as though it 

were input directly into an oscilloscope.  

ii. Audio signals occur at baseband naturally so the signal is already real 

and there is only one channel to display. 

d. The fourth tab is a Frequency Domain view of the audio signal. 

i. This tab displays the Fourier Transform of the audio signal and allows you 

to see what frequencies the audio signal dominates. The characteristics 

of the signal may be easier to see by enabling the Average option under 

Trace Options.  

ii. You may note an impulse at 19kHz which is generally too high to be 

audible. This pilot tone frequency is transmitted to indicate that the FM 

broadcast has stereo sound and a receiver can use the pilot in order to 

decode and play each audio channel separately.  


