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Multiple Integrals

Since Matlab does integrals so well thisis easy, we just nest the integrals. For example consider the fol-
lowing. Read it carefully fromtheinnermosti nt outwards. Remember that whenwedoi nt (f, x, a, b)
weintegratef with respect to x froma to b. Herea and b may also contain other variables.

clear all;
syns x y z;
int(int(int(x"2*y+z,z, x+y,x),vy,0,2*x),x,-1,2)

ans =

-81/2

Plotting Surfaces - Continued

In section 14.9 we learned how to parametrize surfaces as vector-valued functions of two variables. This
is perfect for theezsur f command we have seen.

For example consider the portion of the cylinder x* 2+y”*2=4 between z=0 and z=5. In class we param-
etrized this (or something like this) usingr (t het a, z) and so we can do the same thing easily here:

clear all;

syns theta z;

rbar = [2*cos(theta), 2*si n(theta), z];
ezsurf(rbar(1l),rbar(2),rbar(3),[0,2*pi,0,5])
view([10 10 10])
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A few thingsto note;

» We haveto givethe ezsur f the three components separately. We do this by givingitr (1), r(2)

andr (3).

5] meansthatt het a goesfrom 0 to 2* pi

01

e Therestrictionsarein aphabetical order so[ 0, 2* pi

and z goesfrom 0 to 5.

=1

=x<

sqrt (x"2+y”~2) having - 3<

Here are some other examples. First the portion of the cone z

and - 2<

=x<=1.

all;

cl ear

[X,y,sqrt(x"2+y"2)];

SYyns X ;

r bar

ezsurf(rbar(1l),rbar(2),rbar(3),[-3,1,-2,1])

view([10 10 10])
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Here is the portion of the sphere of radius 2 inside the cone phi =pi / 6:

clear all;

syms phi theta;

rbar = [2*si n(phi)*cos(theta), 2*si n(phi)*sin(theta), 2*cos(phi)]
ezsurf(rbar(l),rbar(2),rbar(3),[0,pi/6,0,2*pi])

view([10 10 10])

rbar =

[ 2*cos(theta)*sin(phi), 2*sin(phi)*sin(theta), 2*cos(phi)]
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Here is something really cool, a spiral!

all;
syms theta z;

cl ear

[theta*cos(theta),theta*sin(theta), z];

r bar

. 2])

0

[0, 6*pi

, rbar(3),

, I'bar (2)

ezsurf(rbar (1)
view([10 10 10])




The Justin Guide to Mat-
lab for MATH 241 Part 3.

*=H8cos@), Yy =0sinA),z=2

il
WA
VJ%(I

.
.

L
L.

L

Vector Fields

Matlab can plot vector fieldsusing the qui ver command, which basically draws abunch of arrows. This
is not completely obvious though. First we have to set up agrid of pointsfor which to plot arrows. In other
words we have to tell it for which x and y to actually draw the vector field.

Suppose we want our grid to have x going from - 5 to 5 in steps of 1 and the same for y. We first do
the following:

clear all;
[ x,y]=meshgrid(-5:1:5,-5:1:5);

Now suppose we wish to plot the vector field F( x, y) =(y/ 5) i - (x/ 5) ] . To do thiswe type

qui ver (Xx,y,y/5,-x/5,0);
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A window will pop up with the vector field on it. The O at the end just ensures that Matlab does not do
any tricky rescaling of the vectors, something it usually does to make thingsfit nicely.

Just so you know the first two entries x, y indicate that vectors should be placed at x, y. The second two
entries form the vector itself.

A note of caution. Suppose we want the vector field F(x, y) =(y/5)i-(x/y)j.Sncex andy are
collections of numbers, to divide them we cannot use/ , we must use . / instead. Thisis a Matlab quirk
since we are not working with individual numbers. Thus we would need

quiver(x,y,y./5,-x.1y,0)
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Note that thisis a pretty ugly vector field. Try it!

Vector Fields in 3D

For 3D vector fields we use qui ver 3. Here is an example. It's the only one we'll do because they can
be pretty overwhelming.

[X,y,z] =meshgrid(-5:2:5,-5:2:5,-5:2:5);
quiver3(Xx,y,z,-y./sqrt(x."2+y."2),x./sqrt(x."2+y."2),z./5,0)
view([10 10 10])
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Line Integrals of Functions.

Lineintegralsof functionsarereally easy - wejust tell Matlab exactly what to do, step by step. For example
here is example 1 from page 1006 of the text.

cl ear

syns t Xy z;

rbar=[t,-3*t, 2*t];

f=x+yn2-2*z;

nyl engt h=@u) sqrt(u*transpose(u));
mag=si npl i fy(nyl ength(diff(rbar,t)));
sub=subs(f,[X,y, z],rbar);

i nt (sub*mag,t, 0, 1)

ans =
(3*147(1/2))12
Read this carefully to see how it works! Especially note the line nyl engt h=. . . which creates a new
length function for vectors. The Matlab nor mcommand only works on numerical vectors and not on

vectorswith variablesin them. Our new nry| engt h function will do the job. Evenif you don't understand
it for now just useit - all it does is finds the norm of a vector even if that vector contains variables.
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Line Integrals of Vector Fields.

Just like line integrals of functions these are easy, we just tell Matlab exactly what we want it to do. Here's
example 6 from page 1011 of thetext. Again read carefully and understand!

clear all

syms t X y z;
rbar=[t,t"2,t"3];

F=[ x*y, 3*z*x, - 5*x"2*y* 7] ;
sub=subs(F, [x,y, z],rbar);

i nt (dot(sub,diff(rbar,t)),0,1)

ans =

-1/4

Surface Integrals of Functions

The nice thing about having asurfacein Matlab like thisis that now we can do thingswith it. For example
we know that if we want to integrate a real-valued function over a surface we need the magnitude of the
cross products of the derivatives of r . Here is how we do just that bit:

clear all;

synms phi theta;

rbar =[ 2*si n(phi ) *cos(theta), 2*si n(phi ) *si n(theta), 2*cos(phi)];
nyl engt h=@u) sqrt(u*transpose(u));

sinplify(nyl ength(cross(diff(rbar,phi),diff(rbar,theta))))

ans =

2%27(1/2)*(1 - cos(2*phi))~(1/2)

So now here'sthereally nicething. Supposewewant to integratethefunctionf ( x, y, z) =x"2+y”~2 over
that surface. Thisinvolves plugging thei ,[j|,|k|] componentsin for x, y, z, multiplying by that magnitude
and integrate over the appropriate limits. Here it is all together:

clear all

synms phi theta x vy z;

rbar =[ 2*si n(phi ) *cos(theta), 2*si n(phi)*si n(theta), 2*cos(phi)];
f=x"2+y"2;

nyl engt h=@u) sqrt(u*transpose(u));

mag=si npl i fy(myl engt h(cross(diff(rbar, phi),diff(rbar,theta))));
sub=subs(f,[x,y, z],rbar);

i nt (int(sub*mag, phi, 0,pi/2),theta, 0,3*pi/2)

ans =

int(int(2*2~(1/2)*(4*cos(theta)”2*sin(phi)”2 + 4*sin(phi)”~2*sin(theta)”2)*
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Make sureyou read this carefully (after thecl ear al | ) to seewhat each line does. Thefirst line setsthe
symbolic variables. The second line is the parametrization of the surface. The third line is the function to
integrate. The fourth line creates alength function we'll need later. Thefifth line find the magnitude of the
cross product of the derivatives. The sixth line substitutes the components from the parametrization into
the real-valued function we want to integrate. The seventh and final line doesthe double integral required.

Surface Integrals of Vector Fields.

Similarly we can take the surface integral of avector field. We only need to be careful in that Matlab can't
take care of orientation so we'll need to do that and instead of needing the magnitude of the cross product
we just need the cross product. Here is problem 6 from the 15.6 exercises.

cl ear

syns theta x y z;

rbar=[cos(theta),y,sin(theta)];

F=[x,y, z];
kross=simplify(cross(diff(rbar,theta),diff(rbar,y)));
sub=subs(F, [X,y, z],rbar);

i nt(int(dot(sub,kross),y,-2,1),theta, 0, 2*pi)

ans =

-6*pi
Again read this carefully. After the cl ear thefirst line sets the symbolic variables. The second sets the
parametrization and the third sets the vector field. The fourth finds the cross product of the derivatives.

Thefifth substitutes the parametrization into the vector field. The sixth does the double integral of the dot
product as required for the surface integral of avector field.
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