MAT 342 Linear Algebra
                       COMPUTER LAB #5
             INSTRUCTOR:  S.K. SUSLOV

Vector Spaces, Independence, Basis, and Dimension

Reminder: Important Maple Notes  

Maple has a collection of matrix functions in a package called linalg. Bring these into your session by entering with(linalg); Now you can enter the matrix 
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by typing C:=matrix([[1,2],[3,4]]); or C:=matrix(2,2,[1,2,3,4]);
You can enter the vector (1,2,3) by typing b := vector( [1,2,3]); etc.

(To solve system of linear equations Ax=b, type linsolve(A,b);)
Also, matrix multiplication is different than ordinary multiplication, so Maple uses &* for matrix products. The &* is essential; neither A*B, nor AB is acceptable.

We must specifically request matrix evaluation with evalm, which is short for evaluate as a matrix. 

In order to find the inverse of matrix A, one can type inverse(A); or evalm(A^(-1));
Command det(A); will give you the value of the determinant of matrix A.

Maple’s syntax for the transpose of A is transpose(A); you can get the reduced echelon form of A using rref(A); 

Elementary row operations from the linalg package are:

mulrow(A, r, s); multiplies row r of matrix A by the number s.

addrow(A, i, j, s); adds s times row i of matrix A  to row j.

swaprow(A, i, j); swaps rows i  and j of matrix A.

Vector Spaces

For the definition of a general (abstract) vector space see our textbook.

A vector space has many spanning sets. A spanning set that is “minimal” in the sense that it does not contain unnecessary vectors is a basis. The number of vectors in a basis is called the dimension of the vector space.

Many problems concerning vector spaces can be reduced to questions about systems of linear equations, which Maple can help to solve.

Important Maple Note: We will need the function matsolve. After loading the linalg package, gefine:   matsolve:=eq -> solve(convert(evalm(lhs(eq)-rhs(eq)), set)); 
Example: 

Determine if the following vectors are linearly independent:

(1,4,6,8,7,2), (5,2,9,1,3,5), (3,6,8,1,4,7), (5,5,2,8,6,3).
Solution:  Enter the following vectors:

u:=vector([1,4,6,8,7,2]);
v:=vector([5,2,9,1,3,5]);

w:=vector([3,6,8,1,4,7]);

z:=vector([5,5,2,8,6,3]);

We want to determine whether there is a unique solution to au+bv+cw+dz=0. 

Recall that if Maple is asked to solve an expression that is not an equation, it sets the expression equal to zero before solving. However, our function matsolve expects an equation. Thus you must enter:

eq:=evalm(a*u+b*v+c*w+d*z)=0;  matsolve(eq);  
You can see that the only solution is a=b=c=d=0 and, therefore, our vectors are linearly independent. 

Example: 
Show that the set

S={(2,6,3,4,2), (3,1,5,8,3), (5,1,2,6,7), (8,4,3,2,6), (5,5,6,3,4)}

is a basis for R^5 and find the coordinates of (3,4,1,7,8) relative to the ordered basis S.

Solution:  There are several correct approaches to this problem but we will take the most efficient one. Define A to be the 5 by 6 matrix whose columns are the six given vectors. Now row-reduce this matrix using rref(A); This solve both problems at once. Why? 

Problems
Determine if the following sets are linearly independent. If they are linearly dependent write one element as a linear combination of others.

(a) {(2,5,6,8,3,1), (5,3,9,1,4,2), (4,4,1,2,7,4), (8,9,4,1,3,5)}

(b) {(4,2,3,4,6,7), (3,2,4,1,3,2), (2,1,1,3,1,2), (5,3,6,2,8,7)}

Show that the set

S={(3,1,3,2,6), (4,5,7,2,4), (3,2,1,5,4), (2,9,1,4,4), (3,3,6,6,7)}

is a basis for R^5 and find the coordinates of (2,4,1,2,3) relative to the ordered basis S.
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Determine if the following matrices are linearly independent:

If they are linearly dependent write one as a linear combination of others.
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