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Note that the Maple command sin(x) "2 is evaluated as (sin(x))~2 and
not as sin((x)~2). Here Maple follows the standard rules of precedence
in evaluating functions before applying other mathematical operations. If
you are in any doubt, insert additional parentheses to avoid possible errors.

> # Assign (x+1)°3 to C
> C:=(x+1)"3;

C:=(z+1)3
> # Assign (x-1)°3 to C1

> Cl:=(x-1)"3;
Cl:=(zx -—-l)3
> C-C1;

(e+1) = (z-1)°

> # Simplify the previous result
> simplify(%);

622+ 2

1.5.2.4 normal()

The normal() function is used to write expressions in normalised form;
that is, a numerator over a common denominator:

> # Normalise 1/x + 1/(x-1)
> mnormal(l/x + 1/(x-1));

2z -1
z(x-1)
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> # Normalise 1/(x-1) + x/(x-1)"2
> mnormal(l/(x-1) + x/(x-1)"2);

2z —1
(z-1)2

1.5.2.5 collect()

The collect() function is used to collect coefficients of like powers of a
specified variable; this variable must be indicated, otherwise Maple does
not know what to collect. In the following example, the final expression
has been collected into coefficients of the variable z:

> # Define f as (x+(x-y)~2)"2
> fi=(x+(x-y)"2)"2;

2
f=(@+(z-y)?
> expand(f);
:cz+2m3—4x2y+2a:y2+x4—4x3y+63:2y2—4acy3+y4
> collect(%,x);

g+ (2-4y)2® + (—4y+1+6y%) 2’ + (207 49 )z + ¢!

1.5.2.6 sort()

The sort() function is used to sort the terms of an expression into de-
scending order of power of a specified variable.

> # Assign x"5-3x73+x77 to f
> f:=x"5-3*%x"3+x"7;

f:=x5——3w3+x7

> sort(f,x);
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7+ 2% - 323

> # Assign x"3y+x 4y 4+x"2+x"6y"2 to g
> gr=xXT3ky+x ARy T 44X T2+X 6%y 2;

g:=x2y+atyt + 2% + 2842
> sort(g,y);

syt + 28 + 2By + 22

1.5.2.7 combine()

The combine command reduces a given expression into a single term, if
possible, or transforms it into a more compact form. Sometimes, similarly
as with simplify, it leaves the original expression unchanged, leaving the
user with the option to try another command. The following examples
illustrate the use of combine.

> combine(sqrt(12)*sqrt(3));
6
> combine(sqrt(3+sqrt(5))*sqrt(3-sqrt(5)));

1 1 1 1
> expand(%);
2

> combine({cos(x)) 2-(sin(x))"2);

cos(2x)

The combine command reduces integer powers of sin and cos into linear
expressions in terms of sin and cos of multiple arguments. The result is
often more extensive than the original expression.

> combine(cos(x)"~5);
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1 5 5
— cos(5 2 2
T: cos(5z) + 16 cos(3z) + 3 cos(z)

> combine(cos(x)~2+sin(x)"3);

1 1 1 3
1 os(2 1 1. 3 .
2 cos(2x) + 5~ 1 sin(3x) + 1 sin(z)

1.5.2.8  subs()

The subs command makes a substitution, it can be used to substitute a
value or an expression. It does not simplify the result, it leaves it to the
user to choose an appropriate command for further processing.

> subs(x=1,sqrt(x"2+11*x+24));
V36

>  simplify(%);

>  subs(x=t-3,x"2+6xx+1);
(t-3)2+6t—17
> expand(%);
2 -8

combine(), expand (), factor(), simplify(),
normal (), collect(), sort() and subs()
are all useful for manipulating mathematical expressions.

1.6 Examples of the use of Maple

Example 1.1 (simplify; rationalize; factor) Maple can simplify
some quite complicated expressions

> simplify(sqrt(2*sqrt(221)+30));

VI3 + V17
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On some similar occasions Maple does not simplify, the reason being that
there is another command more appropriate: for example, rationalize is one
such command.

> simplify(1/(2+sqrt(3)));
1
2443

> rationalize(});

2 —

P

Another example of the same kind is:

>  simplify(2*a”2+5*%a*b+2+b~2);

202+ 5ab+2b°
> factor(%);

(2a +b) (a +2b)

Example 1.2 (solve) Maple can solve equations for you. The basic com-
mand is solve. We shall learn more about solving equations and the command
solve in Chapter 8, but here is a simple example.

> eq:=1/(x+1)+1/(x-1)=1;

1 N 1
r+1 zxz-1

eq =
> solve(eq);

1-v2,1+2

We trust that the readers do not need Maple to solve such simple equations,
the next example is more sophisticated. We use Maple to solve a Diophantine
equation, this means that the solution must be in integers.

Example 1.3 (Diophantine equation) An example of a Diophantine
equation is

1234567 — 7654321y = 1357924680.

The command for solving a Diophantine equation is isolve.
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> isolve(1234567*x-7654321*y=1357924680) ;

{z = 4484627 + 7654321 _N1, y = 723149 + 1234567 _N1}

The entry _N1 indicates an arbitrary integer, there are infinitely many so-
lutions. The amount of work with pencil and paper to find this solution would
be considerable. Maple's answer is instantaneous. It is easy to see that the
Diophantine equation 3z — 2y = n, where n is a given integer, has a solution
(among infinitely many others) = n, y = n. Maple's answer is not very
helpful:

> isolve(3*x-2*y=n);

{x =_N1,n=3_N1-2_N2,y=_N2}

This means that if we choose x arbitrarily and y also then
n=3x — 2y, which is correct but not helpful. What can we do with
1234567 x + 7654321 y = n? As we might expect, blind use of isolve will
not help.

>  isolve(1234567*x-7654321*y=n) ;
{z =_N1,y=_N2, n=1234567 _N1 — 7654321 _N2}

However we can solve the equation

> isolve(1234567*u-7654321*%v=1);

{v = 661375 4 1234567 _N1, u = 4100528 + 7654321 _N1}

and then clearly z = un and y = vn

4 Maple will even tell you how long it took to solve an equation or to execute another
command. See time in the Help file.
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We have seen that Maple can save a lot of tedious work. However, even
in a situation when Maple is unable to solve the problem directly, it can be
used with advantage.

At the beginning of this chapter we said that Maple can divide poly-
nomials: we mentioned dividing 2% + 1 by 22 + z + 1. There are two
commands, rem to give the remainder and quo to give the quotient. The
following Maple session shows how to use these commands. Note that three
entries in brackets are required in both commands.

> rem(x"6+1,x"2+x+1,x%);

> quo(x"6+1,x"2+x+1,x);

-z

The third argument in both commands is important as the next example
shows.

> rem(u~2+v~2,u-2%v,u);

> rem(u~2+v~2,u-2%v,Vv);

Maple can also find the remainder and quotient for division of integers.
The commands are irem and iquo.

> irem(987654,13);

> 1quo(987654,13) ;
75973
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So far all the commands we have used were available directly on the com-
mand line. These commands reside in the main part of Maple called the
kernel. More specialized or not very frequently used commands are grouped
in packages. This helps with efficiency and speed of Maple. The list of pack-
ages can be obtained by first clicking on Help (located in the upper right
corner of the screen) and choosing Topic Search from the menu which
opens. In the dialog window which then appears fill in packages and click
OK. Another window opens and there you can click on index,package.
There are literally dozens of packages. In this section we shall use only
two, the number theory package and the finance package. To obtain the
list of commands available in a package issue a command with(package).
For instance, if we issue a command with(geometry) Maple will produce
a long list of various commands relating to geometry, and make these com-
mands available. The first command in the list is Apollonius. Using Help
will tell us how to use this command to solve the problem of finding a circle
which is tangent to three given circles, a problem formulated and solved by
Apollonius from Perge in third century BC. In a similar fashion we can em-
ploy any command from the above list after the command with(geometry)
has been issued. If we know the name of the command and the package we
can use the command on the command line. For instance, we can find all
positive divisors of a number using the number theory package numtheory
and the command numtheory[divisors], or the number of positive divi-
sors using the command numtheory [tau] (note the use of [ and ]).

> numtheory[divisors] (144);

{1,2,3,4,6, 8,9, 12, 16, 18, 24, 36, 48, 72, 144}
> numtheory[tau] (144);

15

Alternatively, we can activate the command

> with(numtheory,divisors);

[divisors]

and then use the short form of the command thus

> divisors(144);
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{1,2,3,4,6, 8,9, 12, 16, 18, 24, 36, 48, 72, 144}

Mathematics for finance is contained in the finance package.

Example 1.4 (Mortgage) A 35 year-old man is confident that he can
save $12,000 a year. He wishes to buy a house and stop payments at 55, when
he plans to retire. The current interest rate is 6%. In order to find out how
much he can borrow he uses the command annuity from the finance package.
From a mathematical point of view, mortgage and annuity are the same. A
company advances the money for the mortgage and the consumer pays back
installments; in an annuity, in contrast, the individual makes a down payment
and receives regular income from a finance institution.

> with(finance,annuity);

[annuity]
> annuity(12000,0.06,20);

137639.0546

This amount seems insufficient for a house of the desired standard and
quality. The man decides to extend the life of the mortgage to see what
happens.

> annuity(12000,0.06,30);
165177.9738

This is a sufficient amount. However, paying the mortgage for ten more
years is not an attractive idea. To see by how much the installments must be
increased for a mortgage of $165,000, use the following commands.

> solve(annuity(x,.06,20)=165000);
14385.45190

Clearly, as long as it is affordable, it is far better to increase the cash
payments rather than to increase the life of the mortgage.

The Help file contains details of how to adapt the annuity for a more realistic
situation of monthly or fortnightly payments.
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Ezxercises

Exercise 1.6.1 The command time(X) will tell you how much time
(in seconds) was needed by Maple to execute X. Assign a, b, c to be
2100750 /3100550 and 10190, respectively. Solve the Diophantine equation
ax + by = ¢. Determine how much time was needed. [Hint: On the au-
thors’ machine using Maple 7 it was .039 sec].

Exercise 1.6.2  Use Maple to factorize z' + z% + 1.
Exercise 1.6.3  Find the quotient and remainder for

(1) 987654321, 123456789;
(2) 100000, 17.

Exercise 1.6.4  Find the quotient and the remainder for the polynomials

(1) 2°+52+7, 2 +1;
(2) 2% +1,2° + 22+ 7.

Exercise 1.6.5 What are the monthly installments for a mortgage of
$200,000 over a period of 40 years at interest rate of 6.5%?



