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So far we have seen functions defined symbolically. Matlab also has functions which are defined as func-
tion handles. These are used for certain Matlab commands like quad and f zer 0 and are also used when
we need to pass functions to function m-files as arguments as we will do in the last chapter.

Function Handles

Function handles are defined using the @operator. Consider the following example:

f = @x) x"5-3*x

@ x) x"5-3*x

ThistellsMatlab to create afunction for which x isthevariable (thisiswhat the @ x) does) and for which
theruleisx”2- x. Here are some things we can do with function handles. We can plug things in:

f(3)

ans =

234

We can usef zer o to approximate a root:

fzero(f, 2)

ans =

1. 3161
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Differentiation and Integration

Differentiating is a bit obscure. We cannot simply do di f f (f) because di ff doesn't work as-is on
function handles. However if we define x as symbolic then Matlab will accept di f f . What's happening
hereisthat f isafunction handlebut f ( xX) issymbolic because symbolic x is plugged in:

clear all;

f = @x) x"5-3*x;
syns X;

di ff(f(x))

ans =

5¥x"4 - 3

and

di ff(f(x),2)

ans =

20*x"3

Also, strangely, provided x is symbolically defined then the following will work:
diff(f,x,2)

ans =
20*x"3

Integration works the same way inthat i nt (f) andint (f, 1, 2) will not work but provided x is

symboalic:

clear all;

f = @x) x"5-3*x;

Syms X;

int(f(x))

ans =

(x"2*(x"4 - 9))/6

and

int(f(x),1,2)
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ans =

will work fine, aswill:

int(f,x,1,2)

ans =

Numerical Integration of Function Handles

Now that we have function handleswe can usei nt egr al to do numerical integration. However there's
another caveat. TheMatlabi nt egr al command doesitswork with vectorsand consequently for reasons
we will not go into right now we must replace* and/ and~ with. * and./ and. ". For example:

clear all;
f = @x) exp(x.”"2);
integral (f,1,2)

ans =

14.9900

The mat | abFuncti on Command

If you're confused or frustrated thereisacommand, mat | abFunct i on (notice the weird capitalization)
which converts symbolic functions into function handles. The following might be prettier to you:

clear all;

syns f(x);

f(x) = exp(x"2);

i ntegral (matl abFunction(f(x)), 1, 2)

ans =

14. 9900
Lastly the function handle can just be plugged directly in, for example:
clear all;

integral (@x) sin(x."2),1,2)

ans =




Function Handles

0. 4945

Plotting Function Handles

Theezpl ot command however works fine other than awarning:

clear all;
f = @x) cos(x)"2;
ezplot(f,[-pi,pi])

Warni ng: Function failed to evaluate on array inputs; vectorizing the func

may
speed up its evaluation and avoid the need to | oop over array el enents.

cns(sz

The warning isjust acomment about theinternal functioning of Matlab. Y ou can eliminateit by replacing
A with . ~ or by using a symbolic function instaed.

More Complicated Calculations - IMPORTANT!

It'simportant to realizethat if f isafunction handleand x issymbolicthenf ( x) and consequently things
likedi ff (f (x)) aresymbolictoo. Thismeanswe need to use subs in places. For exampleif wewish
to find a second derivative of afunction handle and then plug in:

clear all;
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f = @x) 1/ x"3+l og(x-2);
syns Xx;
subs(diff(f(x),2),3)

ans =

- 0. 9506

Take amoment to understand what this does, keeping in mind the fact that x isnested insidef ( x) which
isinsidedi f f whichisinsidesubs.
Similarly suppose we wanted to start with a function handle, differentiate, divide by x and then plug in:
clear all;
f = @x) x"3+2/x;
syns X;
subs(di ff(f(x))/x,5)

ans =

14. 9840
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