M 171L Laboratory Exercise 1, revised 11/29/00
12

UNIVERSITY OF CALIFORNIA, LOS ANGELES

Department of Computer Science

M 171L Computer Communication Systems Laboratory

Student name ___________________

Laboratory Exercise 1:  Signals in Time and Frequency Domains

The purpose of this lab is to introduce you to the representation of digital signals in the time and frequency domains and to determine the frequency bandwidth of each signal under consideration.  In this lab you will use an oscilloscope to examine the time domain representation of the signals and a spectrum analyzer to see the components of the same signals in the frequency domain.  You will relate these to the formal mathematical expressions derived from theory.

Pre-Lab Assignment:  The theory section on the next several pages and the theoretical calculations for your results (the shaded boxes 
[image: image1.wmf] in the Results section) must be completed correctly before you will be allowed to start the laboratory exercise.  You must have your answers written in these sections before coming to the lab.  They will be checked by the TA before you begin the experiment.  Be prepared to answer questions about the material.

Exercise #1:  Theory
(Include with report)

A periodic signal satisfies the condition:  S ( t + T ) = S ( t ) ;   ‑( < t < +(.

The smallest constant value T that satisfies this equality is called the “period” of the signal.  A periodic signal S( t ) can be expressed by a Fourier-series if it is continuous and finite within the signal period.

A rectangular wave is a periodic signal where the signal has a value of +A for some continuous interval during the period (the “mark”), and has a value of ‑A for the remainder of the period (the “space”).  The “duty cycle” d of the rectangular wave is defined as the length of the positive interval divided by the period.

1)
Draw plots of amplitude versus time for the following rectangular signals with period T and amplitude A:


(a)
Duty cycle d = 50% (also called a “square wave”)


(b)
Duty cycle d = 25%
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2)
The Fourier series for the square wave signal in (a) is:


[image: image3.wmf]
Exercise #1:  Theory (continued)
(Include with report)

3)
The Fourier series for the rectangular signal in (b) (duty cycle d = 25%) is:


[image: image4.wmf]
The effective amplitude spectrum of a signal is built from the RMS voltages of each frequency represented in the Fourier series for that signal.

4)
If the amplitude of each signal is Amax  = 2V, draw the effective amplitude spectra (through the 8th harmonic) for functions (a) and (b) above.
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5)
How does the effective amplitude spectrum of a signal change when we add a time shift or a phase shift to the signal?


[image: image6.wmf]
Exercise #1:  Theory (continued)
(Include with report)

6)
What are the differences between the amplitude spectrum and the effective amplitude spectrum?


[image: image7.wmf]
The spectral power of a periodic signal is defined as the sum of the power of the sinusoidal components of its Fourier series (the square of their RMS voltages divided by the impedance of the load).  It is equal to the power of the signal in the time-domain minus the power of the signal’s DC offset.

7)
If the amplitude of the signals in (a) and (b) above is A = 2V, and each signal is sent to a 1 Ohm load, what is the spectral power of each signal?  Calculate the spectral power by subtracting the DC offset power from the time-domain power.


[image: image8.wmf]
8)
How do we define the effective bandwidth of a periodic signal?  If the period of each signal is 1 millisecond (fundamental frequency is 1 kHz), what are the effective bandwidths of the signals in (a) and (b) above?


[image: image9.wmf]
Exercise #1:  Theory (continued)
(Include with report)

9)
How do we define the absolute bandwidth of a periodic signal?  What are the absolute bandwidths of the signals in (a) and (b) above?  (Use the calculations in the lecture notes, and assume a fundamental frequency of 1 kHz.)


[image: image10.wmf]
10)
Write the Fourier series for a half-wave rectified sinusoidal signal with fundamental frequency f0  and amplitude from 0 V to A V.


[image: image11.wmf]
11)
Calculate the spectral power of the half-wave rectified sinusoidal signal if Amax  = 8V (it is constructed from a sinusoidal signal with amplitude of 8V).  What is the effective bandwidth of this signal if the fundamental frequency f0 is 1 kHz?  What is the absolute bandwidth?


[image: image12.wmf]
12)
Calculate theoretical predictions for Parts A, B, and C in the “Raw Data” section of this lab.  Put these values into the shaded boxes of the data sheets ( 
[image: image13.wmf] ).

Exercise #1:  Equipment Used

(Include with report)


Student name:
________________________

There will be six stations with the laboratory equipment.  Two groups can use the Macintosh Centris 650 with data acquisition board, and four groups can use the Dell PC’s with the GPIB connection to the digital oscilloscope for data acquisition.


ID #

________________
•
BK-Precision 4040 Wave Generator


________________
•
Phillips 5760 Pulse Generator, or HP 80110 Pulse Generator


________________
•
Tektronix TDS 420A Digital Oscilloscope


________________
•
Computer with LabView software



•
Diode-based half-wave rectifier



•
Various connectors and coaxial cables

Preparing the Equipment
Connect the output of the function generator to the oscilloscope and the spectrum analyzer using a T connector.

Check that the spectrum analyzer application on the computer is set to “Baseband” before you measure the spectrum of your waveforms.

Initially set the wave generator controls as follows:


GATE RANGE 
2K


FUNCTION
Sine Wave


DUTY CYCLE
OFF


DC OFFSET
OFF


MODULATION
OFF

The TA will assist you in setting the controls of the pulse generator in part D.

Exercise #1:  Connection of the Equipment
Parts A, B, C:
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Part C:
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Part D:
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Exercise #1:  Error Analysis
(Include with report)

Notes on Error Analysis:

Calculate all theoretical predictions to the third decimal place (to 1/1000 of a Volt, or 1/1000 of a Watt).  All measurements should be made with the same precision.

Due to grounding differences, your measurements for DC Offset may have significant error.  You do not need to perform error analysis on the DC offset; simply discuss the effect of adding a DC offset to the effective amplitude spectrum of the square wave signal.

As you are performing this lab, you must quantify your error for every spectrum line measurement.  Then you must compare the quantified error to the theoretical predictions.  This comparison will tell you whether your results support the theory.

The systematic error is due to incorrect waveform amplitude.  This error can be expressed as a percentage of the amplitude on each spectrum line.  For each measurement, multiply the theoretical prediction by the amplitude error.  Round the error to the nearest 1/1000 of a volt.  This error only applies in the same direction as the power measurement; it is either + or -, but cannot be both.

The sampling error is due to the limited voltage accuracy of the received waveform.  The value obtained is discrete, and the sampling accuracy is half of the difference between adjacent measurement levels.  If you zoom in on the vertical scale of the waveform, you can observe the sampling accuracy directly.  For each spectrum line, the error allowance is the RMS voltage of this sampling accuracy.

Rounding error will also be present in your calculations.  It should be much less than the sampling error, so it can most often be ignored.  (If your measurement is within 0.001 of the error range, the difference may be attributed to rounding error.)

The equipment error of the TDS 420A oscilloscope is ( 0.02% for all measurements.  This error is also much less than the sampling error, so it is small enough to ignore.

For each spectrum line with a zero theoretical prediction, the systematic error (amplitude error) will be zero.  The error is therefore equal to the RMS sampling error.  If your error is greater than the RMS sampling error allowance, you should carefully examine the waveform shape.  If it is a rectangular waveform, use the digital oscilloscope to verify the duty cycle and adjust if necessary.  If it is impossible to eliminate the spectrum line, use the error analysis section to discuss why this spectrum line appeared.

In your error analysis, also explain any difference between the theoretical bandwidth and the measured bandwidth for these waveforms.

Exercise #1:  Method and Contents
(Include with report)

Part A:  Sine Wave

Set the output signal frequency of the function generator to 1 KHz, and set the amplitude to 2 Volts (the amplitude of the signal should change between -2 V and +2 V).  Create a sine waveform of 2 volts amplitude.  Record the signal power and DC offset, and measure the RMS voltage of all peaks on the spectrum analyzer.  Print the LabVIEW window containing the effective amplitude spectrum and the time-domain waveform.

Part B:  Periodic Rectangular Waveforms

Set the output signal frequency of the function generator to 1 KHz, and set the amplitude to 2 Volts (the amplitude of the signal should change between -2 V and +2 V).  Create the following wave forms:


1.
Rectangular wave, duty cycle 50 %.


2.
Rectangular wave, duty cycle 25 %.


3.
Rectangular wave (50 % duty cycle) with DC Offset of 2 Volts (the amplitude of the signal should change between 0 V and +4 V).

4.
Rectangular wave (50 % duty cycle) with amplitude of 1 Volt.

5.
Rectangular wave (50 % duty cycle) with fundamental frequency of 2 kHz.
For each wave form, do the following:


•
Check which harmonics are present.  Does this correspond to your theoretical expectation?  If not, you should adjust your waveform.


•
Determine the signal power (remember to exclude power from the DC offset in your theoretical calculations), the effective bandwidth, the absolute bandwidth (98% of signal power), and the DC offset for these signals.  If the power measurement differs greatly from the theory, adjust your waveform and run the Spectrum Analyzer again.


•
Measure all peaks up to 8 times the fundamental frequency.  Find the error versus the theoretical predictions and calculate the error allowance for that measurement.  If the error is greater than the error allowance, check the time-domain waveform and run the spectrum analysis again.


•
Print the LabVIEW window containing the effective amplitude spectrum and the time-domain waveform.

Exercise #1:  Method and Contents
(Include with report)

How does the effective amplitude spectrum of a rectangular waveform change if you vary:


•
Duty cycle?  Compare the spectra in sections 1 and 2.


•
DC Offset?  Compare the spectra in sections 1 and 3.


•
Amplitude?  Compare the spectra in sections 1 and 4.


•
Fundamental frequency?  Compare the spectra in sections 1 and 5.

Part C:  Half Wave Rectified Sinusoidal Signal
Using the diode, create a rectified sine wave which varies between 0 V and +8 V.  Generate an 8 V sine wave, and insert the half-wave rectifier on the coaxial cable which carries the wave generator signal to the oscilloscope.  Overlap the two signals on the oscilloscope display, and compare the rectifier output to the original sinusoidal signal.  Adjust the function generator’s DC offset so that the rectified signal has the correct shape and amplitude.

As in Part B, check which harmonics are present.  Does this correspond to your theoretical expectation?  If not, you should adjust your waveform.

Record the signal power, the effective bandwidth, the absolute bandwidth (98% of signal power), and the DC offset for this signal.  If the power measurement differs greatly from the theory, adjust your waveform and run the Spectrum Analyzer again.

Measure all peaks up to 6 times the fundamental frequency.  Find the error versus the theoretical predictions and calculate the error allowance for that measurement.  If the error is greater than the error allowance, check the time-domain waveform and run the spectrum analysis again.  Print the LabVIEW window containing the effective amplitude spectrum and the time-domain waveform.

Exercise #1:  Method and Contents
(Include with report)

Part D:  Single Pulse
Set the output voltage of the pulse generator to 4 Volts, the pulse duration to 500 microseconds, and the pulse interval to 20 milliseconds.  Use the Digital Oscilloscope to verify that this waveform has the correct parameters.  Open the Pulse Analyzer application on the LabView software, and set the trigger level to +2 Volts.

Based on the pulse width, where should we expect to see minima on an aperiodic signal spectrum?  Considering the sampling period of the Fourier Transform, what is the effective duty cycle of this pulse?  Based on this duty cycle, where should we expect to see minima on the effective amplitude spectrum?  Did you observe these minima on the effective amplitude spectrum?

What are the effective bandwidth and absolute bandwidth of this signal as a multiple of the inverse of the pulse width?

Part E:  Additional Questions

Answer the following additional questions in the discussion section of your report:


1.
In a rectangular waveform, what quantities affected the absolute bandwidth of the signal?  How do these quantities affect the positive duty width of the signal?  Considering the results of Part D, what in general can you say about the relationship of absolute bandwidth and pulse width in a rectangular signal?


2.
In a communication system, if you transported data using cosine pulses instead of rectangular pulses, would your signal occupy less bandwidth?  Refer to your results in Parts B and C in your answer.

Exercise #1:  Raw Data and Error Estimates

(Include with report)


Student name:
________________________


Starting the laboratory exercise allowed by:
________________________

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Note for Parts A, B, and C:  Theoretical values for these waveforms must be correctly completed before you will be allowed to start the laboratory exercise.

Part A:  Sine Wave


Signal Amplitude = 2 V


Fundamental Frequency:  ffund = 1000 Hz


DC Offset = 0 V
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Results of this part checked by:  ________________________

Exercise #1:  Raw Data and Error Estimates (continued)
Part B:  Periodic Rectangular Waveforms

(1)
Rectangular Wave, Duty Cycle = 50%


Duty Cycle = 50%


Signal Amplitude = 2 V


DC Offset = 0 V


Fundamental Frequency:  ffund = 1000 Hz
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Exercise #1:  Raw Data and Error Estimates (continued)
(2)
Rectangular Wave, Duty Cycle = 25%

Duty Cycle = 25%


Signal Amplitude = 2 V


DC Offset = 0 V


Fundamental Frequency:  ffund = 1000 Hz
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Exercise #1:  Raw Data and Error Estimates (continued)
(3)
Rectangular Wave, Duty Cycle = 50%, Amplitude = 1 V


Duty Cycle = 50%


Signal Amplitude = 1 V


DC Offset = 0 V


Fundamental Frequency:  ffund = 1000 Hz
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Exercise #1:  Raw Data and Error Estimates (continued)
(4)
Rectangular Wave, Duty Cycle = 50%, DC Offset = +2V


Duty Cycle = 50%


Signal Amplitude = 2 V


DC Offset = +2 V


Fundamental Frequency:  ffund = 1000 Hz
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Exercise #1:  Raw Data and Error Estimates (continued)
(5)
Rectangular Wave, Duty Cycle = 50%, Frequency = 2 kHz


Duty Cycle = 50%


Signal Amplitude = 2 V


DC Offset = 0 V


Fundamental Frequency:  ffund = 2000 Hz
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Results of this part checked by:  ________________________

Exercise #1:  Raw Data and Error Estimates (continued)
Part C:  Half Wave Rectified Sinusoidal Signal

Signal Amplitude = 8 V


Fundamental Frequency:  ffund = 1000 Hz
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Results of this part checked by:  ________________________

Exercise #1:  Raw Data and Error Estimates (continued)
Part D:  Solitary Pulse
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Results of this part checked by:  ________________________
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