
MATH 132, Spring 2006Computer Lab #3Slope FieldsDUE DATE: Friday, May 5th, 5:00 pmThe goal for this lab projet is to further your understanding of the geometri and analyti oneptsutilized in the study of di�erential equations. Sine most di�erential equations annot be expliitlysolved, this is an important aspet of the �eld. You will use Maple to obtain slope �elds for di�erentialequations and graph solution urves. Ultimately, you will gain a better understanding of the relationbetween the funtion de�ning a di�erential equation and the geometry of the solutions to that equation.This is often desribed as qualitative analysis to researhers who use di�erential equations.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 typed reportper group, listing the names of the groups members at the top of your report. Be sure to answer allquestions arefully and neatly, writing in omplete sentenes. You should turn in your answers andgraphs on separate sheets of paper.Slope FieldsIn lass we have disussed one geometri tehnique of understanding a di�erential equation, namelythe slope �eld. Given a di�erential equationdydx = f(x; y)we an plot a tiny slope segment at eah point (x; y) in the plane whose slope is given by the funtionvalue at that point, m = f(x; y). Using a omputer, we an obtain a piture of the solution urves forthe di�erential equation by plotting hundreds of slope marks on the xy-plane, obtaining the slope �eldwhih solutions muh follow. Eah solution urve must be tangent to the slope �eld at every point.Maple an draw slope �elds using the DEplot ommand from the DEtools pakage. For example,to plot the slope �eld for the equation dydx = x + yyou type the following:with(DEtools):deq := diff(y(x),x) = x + y(x);DEplot(deq, y(x), x=-2..2, y=-3..3);The �rst ommand loads the DEtools pakage (you only need to run this one per Maple session).The seond ommand above de�nes the di�erential equation. NOTE: Whenever the dependent vari-able is entered on the right-hand side, it must be entered as y(x) rather than just plain y. If we wantedsin y for example, we would have to type sin(y(x)). The DEplot ommand is used to atually drawthe slope �eld where the x-range is determined by x=-2..2 and the y-range is determined by y=-3..3as usual. (You may want to hange these depending on the di�erential equation.)1



There are some other ommands whih may be useful to you. If you want to draw a solution urvesuperimposed onto the slope �eld, type the following:i := [ [0,1℄, [0,-1℄ ℄;DEplot(deq,y(x),x=-3..3,y=-3..3,i,dirgrid=[30,30℄,stepsize=0.01,lineolor=[blue,blak℄);This should give the slope �eld for dy=dx = x + y and two solution urves (the �rst in blue, theseond in blak) through the points y(0) = 1 and y(0) = �1. Why does the blak solution urveappear to be a straight line?The �rst ommand above lists the initial onditions for your di�erential equation, in the form[x0; y0℄. These must be inluded as a list, with brakets around the entire list. In the seond om-mand are some additional options you might like to use. Plaing i into the DEplot ommand tellsMaple to draw solution urves on top of the slope �eld. The dirgrid=[30,30℄ option is an array oftwo integer values, speifying the number of horizontal and vertial mesh points to use for arrows.(So in this ase we would have roughly 900 little slope segments.) For this ommand, [2,2℄ is theminimum, and [20,20℄ is the default value. The stepsize=0.01 option tells Maple to take steps oflength stepsize=0.01 between stored points. The lower the stepsize, the better approximation to thesolution Maple obtains, but the longer it takes to reate it. (Be areful not to rash your omputer!)Finally, the lineolor=[blue,blak℄ option tells Maple to draw your two solution urves in blue andblak respetively. This makes the urves dark enough to be visible upon printing. If there were threeinitial onditions and thus, three urves, you would need to speify three olors, et. Play around withthe values of these options so you an learn how they e�et the �gure generated by Maple.Be forewarned that the solutions Maple draws may not always be orret or even useful. It is nothard to introdue numerial error when approximating the solution to a di�erential equation. If youwould like to learn more about the DEplot ommand and its options, you an type ?DEplot and followMaple's built-in help window.Exerises:For eah of the following di�erential equations (1-4):a. Use Maple to draw the slope �eld (you hoose an appropriate range). You do NOT need to turnin your plot.b. Sketh the solution urves orresponding to the initial onditions y(0) = 1; y(1) = 0; y(0) = �1 onyour slope �eld. Use Maple if possible. Otherwise sketh them on your printout by hand. Whattype of urves are the solutions traing out? Turn in a printout with the the slope �eld andsolution urves on the same plot.. Desribe the long-term behavior of eah of the three solution urves from part b.. For example,does a solution urve approah a partiular value as x!1? Does it osillate? Does it tend to+1 or �1? Be as spei� as possible.d. Using any of the ideas or tehniques disussed in lass, �nd an expression for the general solution(simplify as best as possible). This is impossible for equation 3. Why?
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1. dydx = x2y22. dydx = y(y � 1)3. dydx = os(x2 � 2)4. dydx = x sin y5. Guess the slope �eld. Given the following slope �elds, �nd the funtion f(x; y) for the right-handside of the di�erential equation dydx = f(x; y)whih yields the given slope �eld. All you need to do for eah slope �eld is to state the funtionf(x; y). Hint: First look for the obvious indiators, suh as equilibrium points. Seond, onsiderthe geometri shape in the �gure for whih the slope marks appear to be onstant. Chek youranswers using Maple.
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Figure 1: Slope �elds a. and b. Guess the right-hand side f(x; y) of the di�erential equation dy=dx =f(x; y) whih yields the given slope �eld.
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Figure 2: Slope �elds . and d. Guess the right-hand side f(x; y) of the di�erential equation dy=dx =f(x; y) whih yields the given slope �eld.
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