
MATH 131, Setions 02 and 04, Fall 2005Computer Lab #5Lissajous FiguresDUE DATE: Monday, Deember 5th, Start of lassThe goal for this lab projet is to further your understanding of parametri equations by exploringa speial type of urve alled a Lissajous �gure. Using Maple, you will draw and animate severaldi�erent �gures by varying ertain parameters in the de�ning equations. Based on your �ndings, youwill make some preditions and draw some onlusions about the e�et these parameters have on theorresponding Lissajous �gure. Through this exploration you should develop a better understandingof parameterized urves, in partiular, the onnetion between the two omponent funtions x(t) andy(t) and the path traed out by the partile in the xy-plane.It is required that you work in a group of two or three people. Any help you reeive from a soureother than your lab partner(s) should be aknowledged in your report. For example, a textbook, website, another student, et. should all be appropriately referened. Please turn in one report per group,listing the names of the groups members at the top of your report. Be sure to answer all questionsarefully and neatly, writing in omplete sentenes. You report should be TYPED. There are ONLYTWO Maple plots whih need to be turned in for this projet.Lissajous FiguresThe Frenh physiist Jules Antoine Lissajous (1822-1880) (pronouned Lee-suh-zhoo) was inter-ested in studying waves and vibrations. Attahing mirrors to two tuning forks whih were vibrating atdi�erent frequenies, he was able to projet light o� of the mirrors and onto one sreen to reate whatis today alled a Lissajous �gure. His setup was similar to the modern devie used to projet laserlight shows. Lissajous �gures were used in the old days to determine the frequenies of sounds or radiosignals. They found their way into popular ulture in many si-� movies and TV shows, inluding theopening footage for The Outer Limits TV series. (\Do not attempt to adjust your piture | we areontrolling the transmission.") [1,2℄.To reate Lissajous �gures, we will use the parameterizationx = os�2�a t�y = sin�2�b t�where a; b are always taken to be positive real numbers. The equations are hosen so that the periodof the horizontal omponent x is a and the period of the vertial omponent y is b. To begin, de�nethe parameterization by typingr := t -> (os(2*Pi*t/a),sin(2*Pi*t/b));exatly into Maple. Eah time you draw a Lissajous �gure, you will save a lot of time if you rede�nea and b as you go. For example, assuming you have de�ned r orretly, the ommandsa := 3: b := 1:plot([r(t),t=0..2℄); 1



should draw the Lissajous �gure with a = 3 and b = 1 over the time interval 0 � t � 2. Try plottinga few sample �gures with di�erent a and b values over di�erent time intervals.In addition to plotting a parametri equation, it is possible to animate a parametri urve usingthe Maple ommand animateurve. For example, exeutingwith(plots):animateurve([r(t),t=0..2℄,frames=30,numpoints=75);will provide a set of oordinate axis with no graph. However, liking on the graph with the mouse willthen give a DVD style play/pause ontrol panel at the top of the sreen. You an use this to animatethe urve. Try pressing play to see the urve animated. Note that you only need to load the pakageplots one in order to use the animateurve ommand. The frames=30 ommand gives the numberof frames viewed throughout the total animation. Inreasing this number will give more frames toyour \movie" but it will take longer to wath the entire proess unfold. The numpoints=75 ommandontrols the number of points plotted when produing the urve. Higher numbers yield more aurateplots but take longer to produe.Suggestion: When you want to produe a \nie" plot of a partiular Lissajous Figure, simply use theplot ommand. On the other hand, if you want to wath the urve being formed as time progresses,use the animateurve ommand.1. Begin by setting a = b = 1. What �gure do you obtain? Using the parameterization above,what is the period of this �gure? By period, we mean how long does it take until the trajetoryreturns to its starting position and diretion. What �gure will you obtain whenever a = b?Explain. No graphs need to be turned in for this part.2. Use Maple to plot the Lissajous �gure for a = 2 and b = 1. Print out your plot and label atleast 5 points on the �gure with their orresponding times. What is the period of this urve?3. Keeping b �xed at 1 while varying a to 3; 4; 5; : : :, use Maple to plot the orresponding Lissajousurves. What hanges do you see? Can you explain why they our? What is the period whenb = 1 and a = 3? What is the period when b = 1 and a = k, for any positive integer k?4. Use Maple to plot the Lissajous �gure for a = 1 and b = 2. How is this di�erent from the plot inQuestion 2? Explain. Would you say this urve is periodi? In other words, does it ever returnto its starting point and then retrae its path again? What is the period of this urve? Whatshape is this urve? Can you �nd an equation between x and y whih desribes this urve? Printout your plot and label at least 5 points on the �gure with their orresponding times.5. Keeping a �xed at 1 while varying b to 3; 4; 5; : : :, use Maple to plot the orresponding Lissajousurves. What hanges do you see? Can you explain why they our? What is the period whena = 1 and b = 3? What is the period when a = 1 and b = k, for any positive integer k? Doall the Lissajous urves obtained in this part lose up on themselves (omplete a yle)? Whihones lose up and whih ones don't? Can you explain why?6. By experimenting with di�erent integer values of a and b other than the ase a = b, what an youonlude about the orresponding Lissajous �gure? What role do a and b play? Try �xing one ofa or b onstant and varying the other to look for patterns in the �gures. (Muh of mathematialresearh begins with looking for patterns!) What is the period of the Lissajous �gure if a = 52
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Figure 1: Two typial Lissajous �gures. Can you �nd the partiular values of a and b used in eahase? and b = 3? What is the period of the Lissajous �gure if a = 4 and b = 6? Find an expressionfor the period given any two integer values for a and b.7. The two Lissajous �gures in Figure 1 were reated using the r(t) parameterization given above.Find the integer values of a and b used in eah ase. Explain how you obtained your answers.Note that the �gure on the left loses up on itself while the �gure on the right does not.8. All the examples above have used a and b as integers. What happens if you try a = 1 andb = p2? The syntax for the square root is sqrt(2). Is the urve periodi? What happens asyou plot the urve over longer and longer time intervals? Explain.Referenes1. Hobbs Ed., Lissajous Lab, website: \http://www.math.om/students/wonders/lissajous/ lis-sajous.html" maintained by Math.om.2. MaTutor History of Mathematis arhive, Jules Antoine Lissajous, website: \http://www-groups.ds.st-andrews.a.uk/history/Mathematiians/Lissajous.html" maintained by the Shoolof Mathematis and Statistis, University of St. Andrews, Sotland.
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