
(1.4)(1.4)

(1.2)(1.2)

(1.1)(1.1)

(1.6)(1.6)

(1.3)(1.3)

(1.5)(1.5)

Solve, RootOf, fsolve, isolve

Maple is capable of solving a huge class of equations:

(the solution  tells us that  can be arbitrary).

One may extract the solutions using the "[ ]" notation (we will learn more about "[ ]" in the 
programming part of the lecture):

(Note the use of ";" to separate statements. We will be seeing that again when we discuss 
programming. Also note that the order in which the solutions are returned is not fixed, it may vary 
between different Maple sessions.)

If we do not specify a right hand side for the equation, then Maple will assume that we are asking 
about the roots of our expression:

Sometimes it is convenient to write the left hand side of our equation as a function.



(1.13)(1.13)

(1.8)(1.8)

(1.9)(1.9)

(1.11)(1.11)

(1.12)(1.12)

(1.7)(1.7)

(1.10)(1.10)

0

0

Instead of single equations, we can also specify sets of equations:

(In addition to sets, Maple also accepts lists here. We will discuss lists later in the lecture.)

In addition to equations, also inequalities can be given:

If Maple cannot find a solution, it simply returns nothing:

Optionally, we can specify the set of variables which respect to which Maple computes the solution 
(the default being to compute the solution with respect to all variables occuring in the expression):



(1.15)(1.15)

(1.14)(1.14)

(1.16)(1.16)

(1.17)(1.17)

(1.18)(1.18)

We must be careful as Maple does not necessarily returns all possible solutions: With

we only obtain two solutions although there are clearly more:

(the notation  means that  is an integer).

Here, we have to supply the  option to Maple in order to obtain all solutions:

As we have learned, the tilde indicates assumptions on the variables. We can use the "about" 
command to obtain information about the precise nature of these assumptions:

Or ig i na l l y  _Z1 ,  r enamed  _Z1~ :
  i s  a s s u m e d  t o  b e :  i n t e g e r

Or i g i na l l y  _Z2 ,  r enamed  _Z2~ :
  i s  a s s u m e d  t o  b e :  i n t e g e r

For all possible options of "solve" see:

Sometimes, Maple cannot represent the solutions in a nice form. In that case, they will be 
represented as "RootOf" expressions:

It might be possible to convert this expressions to other forms. In order to convert the solutions here 
to radical expressions, use 



(1.20)(1.20)

(1.21)(1.21)

(1.19)(1.19)

We might also want to convert it to a floating point number. For this, we could use

1.380277569

or simply

1.380277569



(1.22)(1.22)

(1.26)(1.26)

(1.25)(1.25)

(1.24)(1.24)

(1.19)(1.19)

(1.23)(1.23)

We can obtain numerical solutions directly by using "fsolve" ("solve for a floating point value"):

1.000000000

Be aware, that "fsolve" applied to real polynomial will only return its real roots:

We can alter this by specifying the "complex" option:

Sometimes, "fsolve" fails to detect all possible roots:

Here, "fsolve" finds only one root:

0.7212556642

However, the plot shows that there is at least one more root between 2 and 3 (more about plotting 
commands later):



(1.28)(1.28)

(1.27)(1.27)

(1.29)(1.29)

(1.19)(1.19)

We can find this root by specifying a range for "fsolve":

2.348593977

Another special version of "solve" is "isolve" which looks for integer solutions:

It uses " " (or ") for (non-negative) integer parameters in the solution.

If there are no integers solutions (or Maple cannot find them), it returns nothing:



(2.3)(2.3)

(2.1)(2.1)

(2.2)(2.2)

(1.30)(1.30)

(2.4)(2.4)

(1.19)(1.19)

Or ig i na l l y  _Z2 ,  r enamed  _Z2~ :
  i s  a s s u m e d  t o  b e :  i n t e g e r

More on RootOf, evala

"RootOf" expressions do not necessarily consist only of algebraic equations:

0.7390851332

We can enter "RootOf" expressions ourselves:

We can use the "allvalues" command to obtain all values



(2.7)(2.7)

(2.5)(2.5)

(2.8)(2.8)

(1.19)(1.19)

(2.9)(2.9)

(2.6)(2.6)

(2.10)(2.10)

(2.11)(2.11)

We can use "RootOf" expressions to calculate with algebraic numbers: First, we define an 
abbreviation for a root of :

The difference between an "alias" and an assignment is that Maple does use the alias for printing:

By default, Maple does not do any simplifications:

In order to compute with , we use the "evala" ("evaluate algebraic expression") command:

0

We can use  in more complicated expressions, too:

(Note that we have to use unevaluated ("inert") forms of the usual commands here.)

dsolve

Maple can integrate differential equations using the "dsolve" ("differential equation solve") command:



(3.7)(3.7)

(3.2)(3.2)

(3.6)(3.6)

(3.1)(3.1)

(3.4)(3.4)

(3.5)(3.5)

(3.3)(3.3)

(1.19)(1.19)

Here, the variables " " and " " denote arbitrary constants.

We can give initial conditions to Maple:

For more complicated equations, it is often easier to assign the components to variables:

We can obtain a floating point approximation using "evalf":

We can also test the solution using "odetest":

0

It is also possible to compute series solutions for ODEs:



(3.9)(3.9)

(3.15)(3.15)

(3.10)(3.10)

(1.19)(1.19)

(3.11)(3.11)

(3.8)(3.8)

(3.14)(3.14)

(3.12)(3.12)

(3.1)(3.1)

(3.13)(3.13)

The order of the solution is determined by the global "Order" variable. We can change it to receive 
more coefficients:

We can also solve systems of ODE's:

Here, the notation  refers to the derivative with respect to . It is entered via the palette or with "y 
Control+Shift+2 .".

With "dsolve" we can solve piecewise defined equations:



(4.3)(4.3)

(4.5)(4.5)

(3.8)(3.8)

(4.2)(4.2)

(3.1)(3.1)

(4.1)(4.1)

(4.4)(4.4)

(4.6)(4.6)

(1.19)(1.19)

There is a graphical  tool for ODE solving available via "Tools Assistants ODE Analyzer..." in the 
menu bar. This allows also the classification of ODEs. 

For an extensive list of "dsolve"'s options, see the help pages

msolve, rsolve

With "msolve" we can solve modular equations:

We are not restricted to linear equations here:

We can use "rsolve" to solve recurrence equations: The following command yields an explicit 
expression for the famous Fibonacci series.

The Taylor series expansion around 0 of this function have the Fibonacci series as coefficients:



(5.2)(5.2)

(5.5)(5.5)

(5.4)(5.4)

(1.19)(1.19)

(3.8)(3.8)

(5.1)(5.1)

(5.3)(5.3)

(4.7)(4.7)

(3.1)(3.1)

Another example is:

Note, that here we used polynomial coefficients in our equation and that we did not specify an initial 
value of .

Packages

So far we have been considering only common functions. Maple offers many other functions which 
are specialised for certain problem domains. These are organised in in so-called packages. Maple 
offers two ways of accessing commands in packages: The first is the long form which uses the "[ ]" 
notation. For example, in order to access the "odeadvisor" command in the "DEtools" package, we 
can write:

Some of the newer packages are implemented as modules (we will probably discuss that concept in 
the programming part of the course). In that case, we can use either the "[ ]" notation or the ":-" 
notation.

If we tell Maple in advance which packages we are going to use via the "with" command, then we 
may just use the command's name. This is refered to as the short form. 



(5.7)(5.7)

(5.5)(5.5)

(1.19)(1.19)

(3.8)(3.8)

(3.1)(3.1)

(5.6)(5.6)

By default, when we import a package, Maple will print a list of the commands newly available. We 
can suppress this by adding a colon ":" after the command:

In fact, colons can be used with any command. They are useful for programming.

Maple will forget about importet packages after a restart.

Matrices

Matrices and vectors in Maple can be entered via
the palette,
using the "Matrix" or "Vector" command, or
using the "< >" notation.



(6.4)(6.4)

(6.2)(6.2)

(3.8)(3.8)

(6.5)(6.5)

(5.5)(5.5)

(3.1)(3.1)

(6.3)(6.3)

(6.1)(6.1)

(1.19)(1.19)

The "Matrix" and "Vector" commands can be used as follows:

For "Vector" we do not need to input the length:

This is also possible for matrices if we use nested lists:

The "Matrix" and "Vector" command have a number of options with which the shape and layout of 
the data can be controlled. For example, 



(6.11)(6.11)

(6.10)(6.10)

(3.8)(3.8)

(6.6)(6.6)

(6.7)(6.7)

(5.5)(5.5)

(3.1)(3.1)

(6.8)(6.8)

(6.9)(6.9)

(1.19)(1.19)

Another way of entering matrices is to use the "< >" notation:

Here, vertical bars separate columns while commata separate rows. 

With the "< >" notation, matrices can be nested:



(6.19)(6.19)

(6.17)(6.17)

(6.14)(6.14)

(6.12)(6.12)

(5.5)(5.5)

(6.13)(6.13)

(6.18)(6.18)

(1.19)(1.19)

(3.8)(3.8)

(6.6)(6.6)

(3.1)(3.1)

(6.15)(6.15)

(6.16)(6.16)

A short hand version of matrix input uses semicolons ";" instead of the vertical bar.

Matrices and vectors can be multiplied using the "." operator:

Scalar multiplication uses the usual " " operator (type "*") while addition and subtraction work as 
usual.

Linear equations



(6.12)(6.12)

(5.5)(5.5)

(7.4)(7.4)

(7.1)(7.1)

(1.19)(1.19)

(3.8)(3.8)

(6.6)(6.6)

(7.3)(7.3)

(7.2)(7.2)

(7.5)(7.5)

(3.1)(3.1)

The "LinearAlgebra" packages contains many tools for linear equations. The most important function
here is "LinearSolve".

Maple uses " " or similar names for the free parameters.

Instead of a matrix and a vector, we can also use the extended matrix :

"LinearSolve" understands many options. For example, we can specify the shape and storage 
options of the output, or we can specify the method used for the solution.



(8.3)(8.3)

(6.12)(6.12)

(5.5)(5.5)

(8.2)(8.2)

(1.19)(1.19)

(3.8)(3.8)

(6.6)(6.6)

(8.1)(8.1)

(3.1)(3.1)

The "LinearAlgebra" package contains related functions like "LeastSquares" for least squares 
approximation or functions for solving modulo an integer. It also contains functions to compute 
characteristic polynomials, eigenvectors and eigenvalues as well as various matrix normal forms.

minimize,maximize

Maple can compute minima and maxima:

We can give ranges to Maple

Indeed, we see that Maple was correct (we will discuss plots in more detail later):



(3.8)(3.8)

(6.6)(6.6)

(6.12)(6.12)

(5.5)(5.5)

(3.1)(3.1)

(8.4)(8.4)

(8.5)(8.5)

(1.19)(1.19)

Maple can also tell us, where the maximum is achieved with the "location" option:

Maple can also deal with more than one variable:



(3.8)(3.8)

(6.6)(6.6)

(6.12)(6.12)

(5.5)(5.5)

(3.1)(3.1)

(1.19)(1.19)

(We have to put the ranges in a list if we use the "location" option.)

The "Optimization" package contains a range of other functions which allow to compute minima and 
maxima. However, it does all of its computations numerically.


