
This is a Maple worksheet; you can open it using Maple. Some of this is written in Text mode, some in 
Math mode. You can switch between the two modes by clicking on the respective buttons up above. 
Maple commands (in italics) can be executed by putting the curser at the end of the line, right after the last 
symbol (the command line should light up),, and hitting "return". The first such line is the one that says: 
"with(LInearAlgebra)". You may complete the project right inside this worksheet if you like.

Solving Systems of Linear Equations, Matrix Operations, and Vector 
Spaces

Suppose you would like to solve the following linear system:

17 xC 42 yK 36 z = 213
13 xC 45 yK 34 z = 226
12 xC 47 yK 35 z = 197

Maple can do this for you in a number of ways. In each case, you should first enter the coefficient matrix 
and the vector on the right hand side. First load the Linear Algebra Package:

with LinearAlgebra

You may also want to check out the Overview of the LinearAlgebra Package from the Maple Help menu.
Then enter a matrix. You can use the "Matrix" palette to the left. This allows you to choose the size, then 
enter the coefficients. There are also the options of entering the identity matrix of a certain size, the zero 
matrix, or have Maple generate a matrix with random entries. You may also enter a matrix using the 
following syntax:

Ad Matrix 17, 42,K36 , 13, 45,K34 , 12, 47,K35

Or the augmented matrix:
Aaugd Matrix 17, 42,K36, 213 , 13, 45,K34, 226 , 12, 47,K35, 197

Then use Gauss-Jordan elimination to compute the reduced row echelon form:

ReducedRowEchelonForm Aaug

This is one of three (or more) ways to use Maple to solve the system.

You can also enter the column vector from the RHS:

bd Vector 213, 226, 197

Then ask Maple to solve the system Ax=b:



LinearSolve A, b

In the case that the matrix A is invertible, you can also invert it, then solve the system by computing AK1b 
(for matrix multiplication, use the period (.) rather than the asterisk (*):

Ainvd MatrixInverse A

Ainv.b

or simply:

MatrixInverse A .b

Problem 1: Solve Problem #8 on page 201 of our textbook using Maple.

Recall that the set of all solutions of a homogeneous system of linear equations in n unkowns is a subspace
of Rn. To describe that space, we can find a basis of the space. We did this by finding the reduced row 
echelon form of the coefficient matrix, then assigning parameters to the free variables, and (by hand) 
expressing the leading variables in terms of the parameters.

For example, in one of your homework problems, you had to find a basis of the solution space of the 
equation Ax=0, where

A=

1 K4 1 K4

1 2 1 8

1 1 1 6

We can use Maple to calculate the reduced row echelon form:

Ad

1 K4 1 K4

1 2 1 8

1 1 1 6

ReducedRowEchelonForm A

Then let x3 = s, x4 = t, x1 =KsK 4 t, x2 =K2 t. So we get solution space {s(-1,0,1,0)+t(-4,-2,0,1)}.
What we computed is the "null space" of the matrix. There is an easier way using Maple:

NullSpace A

This command gives you a basis of the null space directly.



Now suppose you want to find the solutions to the matrix equation Ax=b, where A is the same matrix as 
before, and b=[1,-2,1]. 

Problem 2: Use Maple to solve this equation.

You may have noticed that there is no solution. We'll come back to that question.

A related space is the "range space" of a matrix: This is the set of vectors b such that Ax=b has a solution. 
You can think of plugging in all values for x, and seeing what you get for Ax.
This set is a subspace of Rr, where r denotes the number of rows of A. The column vectors of A will span 
this space. But are they a basis? They may not be linearly independent, so you may have to remove some 
of the vectors to get a basis. Recall that the elementary row operations do not change the span of the rows 
of a matrix. So we can change columns into rows, then perform elementary row operations to our 
transposed matrix to get a new spanning set - this time the rows:

ReducedRowEchelonForm Transpose A

So the range space of our matrix A has basis {(1,0 1/6),(0,1,5/6)}.
Of course, there is a command that does everything for you directly:

ColumnSpace A

Problem 2 (continued):: With this new information, choose a value r such that if b=[1,-2,r] then the 
matrix equation Ax=b has a solution. Then find all solutions to the equation with this new choice of vector
b. Are you getting a subspace? How is this set related to the null space of A?

Here are some more useful Maple commands for vector and matrix calculations:

Bd RandomMatrix 3, 3
Cd RandomMatrix 3, 3
Determinant B
Transpose C
BKC
4 B
B.CKC.B

Problem 3: Create your own 3x3 random matrices B,C, and E, and compute the following:
(a) (BC)E
(b) B(CE)

(c) B C
T

(d) BTCT

(e) CTBT

What do you conclude?



Problem 4: Consider the vectors u=(1,2,0,-3), v=(2,2,0,2), w=(-1,5,3,8), and q=(0,1,-1,1).
Use Maple and what you know from class to answer the following questions:
(a) Are u, v, w, and q linearly independent?
(b) Which of the vectors x=(2,2,2,2) and y=(-1,7,3,0) is a linear combination of u, v, and  w? For the one 
that is, find the coefficients.
(c) Do u, v, q, and x span R4?


