EE3550 - Communications Systems Analysis
Laboratory Exercise 1b - Harmonics
You may work in teams of up to three people for this lab. Your team should turn in a single combined report. 
Please review the laboratory report guidelines in the course syllabus (under Assignments) before completing this laboratory exercise.

Preparation

All periodic waveforms can be formed by summing an infinite number of sinusoidal waves of varying frequencies. In previous courses, you should have examined Fourier series and gained a basic understanding of this. You should be familiar with the terms “time domain” and “frequency domain”. If you are not familiar with any of this material, please see the instructor for assistance. 

In this laboratory exercise, you will explore the time- and frequency-domain views of sinusoidal, square and triangular waves. To familiarize yourself with these views, please use the Fourier series tool available at http://www.falstad.com/fourier/index.html. The tool shows a time-domain waveform at the top, and frequency-domain components (sine and cosine waves) below. Click on “Square” to define a square wave – you’ll see it’s not perfect because it has a finite number of harmonics. Adjust the “Number of Terms” slider back and forth to see how using a greater or smaller number of terms changes the waveform. Note that reducing the bandwidth available to a signal is similar to reducing the number of harmonics available to create the waveform. 
Play with this virtual tool for a little to get a feel for how sine waves can be summed to create various waveforms. Note that for a square wave, all of the even harmonics are zero.
A spectrum analyzer can show us the same information, but in the opposite way. The visualization allows us to construct a time-domain waveform out of sine waves. A spectrum analyzer allows us to deconstruct a time-domain waveform into its sinusoidal components. In the experiments below, you will create some simple waveforms and view them in the frequency domain using a spectrum analyzer. First, make some predictions. Sketch what you expect a 10KHz square wave to look like in the frequency domain. Use a graph with frequency on the x-axis and voltage on the y-axis. Draw the fundamental (at 10kHz) with a voltage of 1.0Vpeak-to-peak and draw in the first five harmonics at the appropriate frequencies and levels, using the visualization tool as a guide. Repeat this for a triangle wave and a sine wave at 10kHz. 
Reporting:

C level: Show some rough sketches

B level: Show greater detail in your sketches 

A level: Greater detail in sketches and descriptive comments
Harmonics
Purpose – Use a spectrum analyzer to explore frequency domain view of common waveforms. 
Setup

Connect a function generator to an oscilloscope and spectrum analyzer using cables with a BNC tee connector. 

WARNING 1 – This is a direct connection to the oscilloscope, so the probe setting must be 1X, not 10X. Use the channel menu button for the channel you are using to select this. 
WARNING 2 – The spectrum analyzer is a very sensitive piece of equipment and may be damaged by signals that are too strong. The input has an absolute maximum of 1W, which corresponds to about 7 V since the input impedance is 50 ohms. Do not exceed this in any case. In general, limit signals to no more than 1V peak-to-peak. 
Experiment 1
First, unplug the cable from the input of the spectrum analyzer, so you can set up your signal without risking damage to the equipment.

Set the function generator to make a 500mV peak-to-peak square wave at 10kHz. Use the scope to confirm the settings. You may need to use the -20dB attenuation button or knob (depending on what type of function generator you’re using) to get this level.
Reconnect the signal to the spectrum analyzer through a BNC tee, turn on the spectrum analyzer and reset it (shift-preset). Now set it for the range 5-105 kHz. (Press FREQ, START, 5, kHz, STOP, 105, kHz.) You may notice that when you turn on the spectrum analyzer, the magnitude of the waveform on the scope drops by one-half. This is because the spectrum analyzer is placing a load on the line, and is expected. 
You should see a large peak at the first harmonic for your signal (10kHz). Measure the signal level in dBm at each of the first five harmonics (10, 20, 30, 40, and 50 kHz) – report “undetectable” if needed. Hint – you can try using the MULTI MKR feature for this. Theoretically, a square wave has harmonics that span an infinite bandwidth. See how far out you can detect the harmonics of the 10kHz square wave. Set the span to 100KHz (press SPAN, 100, kHz). Adjust the center frequency to 1MHz (press FREQ, CENTER, 1, MHz). Increase by 1MHz at a time until you can’t distinguish the harmonics from the noise. Record the frequency (to the nearest 1MHz) of the highest visible harmonic. 
Reporting
C Level: Answer the questions below
B Level: Give a 1-2 sentence description of this part of the lab. Answer the questions below and include sketches/photos.

A level: As above plus additional discussion and observations. 

1.1. Record the levels (in dBm) of the first five harmonics.

1.2. Record the frequency and number of the highest-frequency harmonic you can distinguish. 

1.3. Does the frequency domain display match your prediction? What differences do you see? Hint: Press the “Level” button and then switch to a linear scale. Does this look better? Make sure to switch back to a dB scale. 

1.4. Adjust the frequency of the waveform and observe the differences in both the time and frequency domains. Comment on this.

1.5. Having observed the size and number of higher-order harmonics that comprise a square wave, what would you expect to see if you send a square wave through a channel with a finite bandwidth?

Experiment 2

Repeat experiment 1 for triangle and sine waves. 


Reporting
C Level: Answer the questions below

B Level: Give a 1-2 sentence description of this part of the lab. Answer the questions below and include sketches/photos.

A level: As above plus additional discussion and observations and compare the sine, triangle and square waves to each other.


Answer questions 1.1 – 1.2, but renumber them as 2.1 – 2.2 and 3.1-3.2. 


