
MA TH 132, Spring 2006

Computer Lab #3

Slop e Fields

DUE D A TE: F rida y , Ma y 5th, 5:00 pm

The goal for this lab pro ject is to further y our understanding of the geometric and analytic concepts

utilized in the study of di�eren tial equations. Since most di�eren tial equations cannot b e explicitly

solv ed, this is an imp ortan t asp ect of the �eld. Y ou will use Maple to obtain slop e �elds for di�eren tial

equations and graph solution curv es. Ultimately , y ou will gain a b etter understanding of the relation

b et w een the function de�ning a di�eren tial equation and the geometry of the solutions to that equation.

This is often describ ed as qualitative analysis to researc hers who use di�eren tial equations.

It is required that y ou w ork in a group of t w o or three p eople. An y help y ou receiv e from a source

other than y our lab partner(s) should b e ac kno wledged in y our rep ort. F or example, a textb o ok, w eb

site, another studen t, etc. should all b e appropriately referenced. Please turn in one t yp ed rep ort

p er group, listing the names of the groups mem b ers at the top of y our rep ort. Be sure to answ er all

questions carefully and neatly , writing in complete sen tences. Y ou should turn in y our answ ers and

graphs on separate sheets of pap er.

Slop e Fields

In class w e ha v e discussed one geometric tec hnique of understanding a di�eren tial equation, namely

the slop e �eld . Giv en a di�eren tial equation

dy

dx

= f ( x; y )

w e can plot a tin y slop e segmen t at eac h p oin t ( x; y ) in the plane whose slop e is giv en b y the function

v alue at that p oin t, m = f ( x; y ). Using a computer, w e can obtain a picture of the solution curv es for

the di�eren tial equation b y plotting h undreds of slop e marks on the xy -plane, obtaining the slop e �eld

whic h solutions m uc h follo w. Eac h solution curv e m ust b e tangen t to the slop e �eld at ev ery p oin t.

Maple can dra w slop e �elds using the DEplot command from the DEtools pac k age. F or example,

to plot the slop e �eld for the equation

dy

dx

= x + y

y ou t yp e the follo wing:

with(DEtools):

deq := diff(y(x),x) = x + y(x);

DEplot(deq, y(x), x=-2..2, y=-3..3);

The �rst command loads the DEtools pac k age (y ou only need to run this once p er Maple session).

The second command ab o v e de�nes the di�eren tial equation. NOTE: Whenev er the dep enden t v ari-

able is en tered on the righ t-hand side, it m ust b e en tered as y(x) rather than just plain y . If w e w an ted

sin y for example, w e w ould ha v e to t yp e sin(y(x)) . The DEplot command is used to actually dra w

the slop e �eld where the x-range is determined b y x=-2..2 and the y-range is determined b y y=-3..3

as usual. (Y ou ma y w an t to c hange these dep ending on the di�eren tial equation.)
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There are some other commands whic h ma y b e useful to y ou. If y ou w an t to dra w a solution curv e

sup erimp osed on to the slop e �eld, t yp e the follo wing:

ic := [ [0,1], [0,-1] ];

DEplot(deq,y(x),x=-3..3,y =-3. .3, ic,d irgr id=[ 30, 30], step size =0.0 1,l inec olor =[bl ue, blac k]);

This should giv e the slop e �eld for dy =dx = x + y and t w o solution curv es (the �rst in blue, the

second in blac k) through the p oin ts y (0) = 1 and y (0) = � 1. Wh y do es the blac k solution curv e

app ear to b e a straigh t line?

The �rst command ab o v e lists the initial conditions for y our di�eren tial equation, in the form

[ x

0

; y

0

]. These m ust b e included as a list, with brac k ets around the en tire list. In the second com-

mand are some additional options y ou migh t lik e to use. Placing ic in to the DEplot command tells

Maple to dra w solution curv es on top of the slop e �eld. The dirgrid=[30,30] option is an arra y of

t w o in teger v alues, sp ecifying the n um b er of horizon tal and v ertical mesh p oin ts to use for arro ws.

(So in this case w e w ould ha v e roughly 900 little slop e segmen ts.) F or this command, [2,2] is the

minim um, and [20,20] is the default v alue. The stepsize=0.01 option tells Maple to tak e steps of

length stepsize=0.01 b et w een stored p oin ts. The lo w er the stepsize, the b etter appro ximation to the

solution Maple obtains, but the longer it tak es to create it. (Be careful not to crash y our computer!)

Finally , the linecolor=[blue,black] option tells Maple to dra w y our t w o solution curv es in blue and

blac k resp ectiv ely . This mak es the curv es dark enough to b e visible up on prin ting. If there w ere three

initial conditions and th us, three curv es, y ou w ould need to sp ecify three colors, etc. Pla y around with

the v alues of these options so y ou can learn ho w they e�ect the �gure generated b y Maple.

Be forew arned that the solutions Maple dra ws ma y not alw a ys b e correct or ev en useful. It is not

hard to in tro duce n umerical error when appro ximating the solution to a di�eren tial equation. If y ou

w ould lik e to learn more ab out the DEplot command and its options, y ou can t yp e ?DEplot and follo w

Maple's built-in help windo w.

Exercises:

F or eac h of the follo wing di�eren tial equations (1-4):

a. Use Maple to dra w the slop e �eld (y ou c ho ose an appropriate range). Y ou do NOT need to turn

in y our plot.

b. Sk etc h the solution curv es corresp onding to the initial conditions y (0) = 1 ; y (1) = 0 ; y (0) = � 1 on

y our slop e �eld. Use Maple if p ossible. Otherwise sk etc h them on y our prin tout b y hand. What

t yp e of curv es are the solutions tracing out? T urn in a prin tout with the the slop e �eld and

solution curv es on the same plot.

c. Describ e the long-term b eha vior of eac h of the three solution curv es from part b. . F or example,

do es a solution curv e approac h a particular v alue as x ! 1 ? Do es it oscillate? Do es it tend to

+ 1 or �1 ? Be as sp eci�c as p ossible.

d. Using an y of the ideas or tec hniques discussed in class, �nd an expression for the general solution

(simplify as b est as p ossible). This is imp ossible for equation 3. Wh y?
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1.

dy

dx

= x

2

y

2

2.

dy

dx

= y ( y � 1)

3.

dy

dx

= cos( x

2

� 2)

4.

dy

dx

= x sin y

5. Guess the slop e �eld. Giv en the follo wing slop e �elds, �nd the function f ( x; y ) for the righ t-hand

side of the di�eren tial equation

dy

dx

= f ( x; y )

whic h yields the giv en slop e �eld. All y ou need to do for eac h slop e �eld is to state the function

f ( x; y ). Hint: First lo ok for the ob vious indicators, suc h as equilibrium p oin ts. Second, consider

the geometric shap e in the �gure for whic h the slop e marks app ear to b e constan t. Chec k y our

answ ers using Maple.
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Figure 1: Slop e �elds a. and b. Guess the righ t-hand side f ( x; y ) of the di�eren tial equation dy =dx =

f ( x; y ) whic h yields the giv en slop e �eld.
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Figure 2: Slop e �elds c. and d. Guess the righ t-hand side f ( x; y ) of the di�eren tial equation dy =dx =

f ( x; y ) whic h yields the giv en slop e �eld.
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