| Hereisatranscript of aMaple calculation of an example not completed in lecture. To describe the
| curveit sufficesto give x and y as expressionsin t.

(> X:=t"3-3*t"2;y: =t *3-3*t;

x:=t -3t

i y = t* -3t

| Thisiswhat the curve lookslike. The interval was chosen to include a little more than the points,

| which will be calculated below, where there are horizontal or vertical tangents.
> plot([x,y,t=-1.1..2.1]);

ﬁ We introduce expressions for the derivatives with respect to t.
(> xLl:=diff(x,t);yl:=diff(y,t);

x1:=3t*-6t
| yl:=3t*-3
> solve(x1,t);#vertical tangents at these t
L 0,2
> solve(yl,t); #horizontal tangents at these t
1,-1

Page 1



| Thisliststhe[x,y] valuesatt =-1,0,1,2 -- all of which are interesting because of the two previous
L lines.

> seq([x,y],t=-1..2);

L ['4!2]![0!0]!['21'2]![_4’2]

| You should check that these points look right in your picture.

[ > dA: =expand(y*x1); #y dx/dt

dA:=3t°-6t"-9t°+18¢
Thisisthe integrand when the usual areaintegral is expressed in terms of t. It should be integrated left
to right on the top and right to left along the bottom. The sum of these will be area as explained in
lecture. A singleintegral from t=-1to t=2 givesthisresult. For no good reason the indefinite integral
and its values at the endpoint are shown. Y ou can use this to check your calculation of the integral.

We then give the single command for finding the integal.
> A =int(dAt);#indefinite integral

1 6 9
=-tP-—t--t"+61°

| 2
[ > subs(t=2, A); #at upper endpoi nt

28
C > subs(t=-1, A); #at | ower endpoi nt

-131
L 20
r>""-";#di fference

243
| 20
> Area:=int(dA t=-1..2);#shortcut to the answer, letting the program

do all the work.

243
Area:=——
20

> eval f (Area); #nunerical form as a deci nal
12.15000000

This says that the loop occupies alittle more than 3/4 of the square-4 <x <0, -2<y < 2. That looks
reasonable.
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