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SECTION 2: Algebra

In the first section we saw that Maple could be used as a simple calculator to add, subtract, multiply,
divide, take powers etc. and more. In this section we will explore Maple’ s ability to solve equations
and manipulate algebraic expressions.

2.1 ALGEBRAIC EXPRESSIONS AND SUBSTITUTION

PARTIAL FRACTIONS

Maple can work out a partial fraction decomposition of a given polynomial quotient for you using the
following form of ‘convert'.

[ > # Deconpose the follow ng:

> q:=(x"2 + 1)/ (x"3 - 7*X + 6);

x> +1
q:=

x3-T7x+6
> convert(q, parfrac, x);
1 1 1
- + +
2(x—-1) x-2 2(x+3)
> # In the conmand the final entry tells Maple the variable in the
problem (in this case 'x’).

THE SUBSCOMMAND

The command subs(x=a,expr) substitutes the value a in place of x in expression ‘expr’. For example:
> # Eval uate x"2-4*x+3 when x=2.5 usi ng subs
> subs(x=2.5, x"2-4*x+3) ;
-0.75
> # To substitute nore than one variable in an expression place
curly brackets around the itens to be substituted.
> # Substitute x=r*cos(theta) and y=r*sin(theta) into x"2+y*2, and
sinmplify
> subs({x=r*cos(theta), y=r*sin(theta)}, x"2+y"2);
r? cogB)® +r? sin(0)?
> simplify(9;

r2

subs can a'so be used to double check that Maple has correctly identified the solution to a problem.
> # Find the solutions of the quadratic equation x"2-5*x+6=0, and
confirmthe solutions by substitution

> yl: =x"2-5*x+6; sol s:=sol ve(yl, x);

yl::x2—5x+6

sols:=3, 2
> subs(x=sol s[1],y1);



I 0

[ > subs(x=sol s[2],yl);

L 0

[ > # Thus x=3 and x=2 are indeed both solutions of the problem

2.2 SOLVING EQUATIONS AND SYSTEMS OF EQUATIONS

We saw in section 1 how to use solveto find the solution to polynomial equations. We can also use

| solvefor dealing with more general algebraic equations.

> # Gven that 2/a -3/b =4 solve for b in ternms of a. Then use subs
to determne the specific solution for b when a=4

> sl:=solve(2/a-3/b=4,b); # It is clear fromthis exanple why we
nmust identify the variable we are solving for in the solve
comand!

3a

= A+ 2a)

[ > subs(a=4,sl);

6
7

> # Exanpl e: solve x"2+x=y”"2-y for x in ternms of y. Show there is
only one distinct solution when y=1/2.
> sol s: =sol ve(x"2+x=y"2-y, X);

L sols:=-y, -1+y
[ > subs(y=1/2,sols[1]); subs(y=1/2,sols[2]);
A
2
A
L 2
[> # so the two solutions are identical when y=1/2.

r >
| We can also use solvewith a system of equations. In this case we should enclose all of the equationsin
L curly brackets, and all of the variablesin another set of curly brackets. For example:
> # Find the solution of the set of the sinmultaneous equations
| X+2*y=3, 4*Xx-7*y=2
[ > sol ve({x+2*y=3, 4*x-7*y=2},{Xx,Vy});
2 5
ly=3x=3}
> # Find the solution of the set of equations 4*u-2*v+w=1l, 3*wt2*u=v
. and u+v+w=100
> eql: =4*u- 2*v+w=1; eqg2: = 3*w2*u=v; eq3: =u+v+w=100; # Easier to
assign the equations first in this case
eql:=4u-2v+w=1
eg2:=3w+2u=v




1T

eg3:=u+v+w=100
> sol ve({eql, eq2, eq3},{u,v,w});

USING FSOLVE FOR FINDING APPROXIMATE SOLUTIONS OF EQUATIONS

In many cases we cannot find an exact solution for an algebraic equation. However we can
numerically approximate the solution using the Maple command fsolve- this command does not
always find all solutions without a little help. Y ou should always use a plot to ensure all solutions have
been found!!

> # Find the solutions of sin(x)-x/2=0

> sol ve(sin(x)-x/2=0, x);

RootOf(—= Z+2sin(_2))
> # Maple is just restating the problem This indicates that solve
is not going to give us a solution. Plot the function and try
fsol ve instead
> plot(sin(x)-x/2,x=-3*Pi..3*Pi);

> # Fromthe plot we see there are three solutions
> fsol ve(sin(x)-x/2=0,Xx);

0

| Herefsolvehas only found one of the solutions (the easiest, x=0). We must help Maple to locate the

others by including the intervals in which the roots lie.
> fsolve(sin(x)-x/2=0,x,-3..-1); # Only look for a solution in the
interval (-3,-1).



-1.895494267
> fsolve(sin(x)-x/2=0,x,1..3);
1.895494267
[># Find all solutions of cos(x)=3*x
> solve(cos(x)=3*x,x); # try solving exactly
RootOf (-3 _Z +coq_2))
[># can’t find an exact solution so plot the function and use fsolve
> plot({cos(x), 3*x},x=-2*Pi..2*Pi);

> # fromthe plot we see there is a single solution (where the two
L curves Cross).

> fsolve(cos(x)=3*x, X);

| 0.3167508288

[> # which is found directly by fsolve.

2.3 MATRICES AND LINEAR ALGEBRA

Maple has lots of built in commands for dealing with linear algebra - we will only get a chance to look
at afew of them here. For further information see the online help and books in the library.
IMPORTANT : For most of the commands in this section you need to load in the linear algebra
package by typing

with(linalg):

at the command prompt (using a semicolon instead of acolon lists al of the commands availablein
the linalg package).

"> with(linalg):
Warni ng, the protected nanes norm and trace have been redefined and unprotected

"> # Matrices are i nput using the matrix command. There are two ways
of entering a matrix, either by enclosing the entries of each row




. in a set of square brackets:
r> A=matrix([[1,2,3],[4,5 6]]);

1 2 3
A=
4 5 6

> # or telling Maple the dinensions of the matrix (nunber of rows
foll owed by nunmber of colums) and including all entries in a
L single set of square brackets:
> B =matrix(3,2,[3,0,4,6,2,1]);

3 0
B=n4 ©6
L 2 1
| MATRIX MULTIPLICATION isachieved using &* rather than just *.
> A&*B;
A&* B

[ > # Mapl e needs sone encouragenent to show the result, this can be
achi eved using the "evalm command (evaluate a matrix expression).

For exanpl e:
gj 15%
36

> eval m( A&* B) ;
[># Simlarly find the product of B tines A
> eval m(B& A);

3 6 9

8 38 48
L 6 9 12
> # Make sure your nmatrices have the correct dinensions for
L multiplying or you will get an error

> eval M A&*A) ;

Error, (in linalg[multiply]) non matching dinensions for vector/matrix product
[ >

[ MATRIX OPERATIONS: determinants, transpose, inverse

| Standard matrix operations can be carried out easily in Maple. For example
> A=matrix(3,3,[4,7,2,1,3,4,3,9,1]) # a square matrix

4 7 2
A=n1 3 4
3 9 1

[> # Find the transpose and determ nant of A
> At:=transpose(A);




> det (A);

> # the determnant is non-zero, so lets try to find the inverse of
A
> i nA =i nverse(A);

03 1 2
H 5 5 5 H
aHL 2 14
M=0s 55 55 H
1, 3 2
L N 11 11 O
> eval m(i nA&*A); # to convince ourselves this is the inverse
1 0 O
0O 1 0
0O 0 1

[ SOLVING LINEAR EQUATIONS

| There are several ways to solve equations of the form Ax=bwhere x and b are vectors

> # Use A from above and let b be the colum vector (1 2 3), find
.  the solution of Ax=b using the matrix inverse

(> b:=matrix(3,1,[1,2,3]);

1
b:= 2

r > x:=eval n(i nverse(A) &b);

x
I
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In many cases the command |insolve is better as it can still

ind a solution when the determ nant of the matrix is zero.

i nsol ve( A b);

\Y
— = 3
[

\
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> # The sane sol ution as above.

24 THE "ARROW NOTATION FOR DEFINING FUNCTIONS

We can use an arrow -> made up of aminus sign and a greater than symbol to represent afunction in
Maple. for example

fi=x->x"2

associatesf with the function that squares its argument - the variablex is adummy:

- > X:="X';y:=y ;z:=2z; # unassign x y and z before we start

X=X
y:=y
L z:=2
> fi=x->x"2;
L fi=x - X°
> f(5); f(-2.5); f(y); f(z); # evaluate the function with different
argunent s
25
6.25
y2
7

[ > # W can al so conpose functions:

[> g:=x->sqrt(x-1);
g:=xa\/x—1

x—=1

(> f(g(x));

(> g(f(x));

2
L 1/x -1
[> # clearly denonstrating that f(g(x)) is not the sane as g(f(x))



