
Project 20 Matrices and Linear Algebra

Objectives: Learn the higher-level commands in MATLAB to work with vectors and matrices.
Outcome:

• Functions or scripts that perform linear algebra calculations.

1. Back to MATLAB

1. Start up MATLAB. Remember to set your directory to My Documents

2. Brief Background

1. Hopefully everyone knows what matrices are and how they are related to linear systems of equations.

2. In MATLAB we’ve worked with arrays, e.g. x = [1 2 3 ]. These can also be thought of as row-vectors. We can also build
column-vectors and matrices.

3. Recall arrays are built starting with [ and ending with ]. Also the elements are separated (in a row) by either a space or a
comma. To build an array with columns we separate the rows by either the ; or a return. For example this has 3 rows:

v = [1 ; 2 ; 3]

To build a matrix you enter the rows separated by returns or ;. For example

A = [1 2 3; 4 5 6; 7 8 9];

makes a 3× 3 matrix (3 columns and 3 rows).

4. Arithmetic. If it makes sense, MATLAB will perform the required action with the elements being matrices or vectors. To see
how it works, try this:

A = [1 2 3; 4 5 6; 7 8 9]; % 3 x 3 matrix
B = [1; 2; 4]; % 3x1 matrix or column vector
C = [2; 3; 5]; % ditto
A*B
A*C
B+C
A+B

All work, but the last as they all make sense in matrix algebra.

5. Higher level. Typically matrices are involved when you have a linear system of equations to solve and you end up writing it in
matrix form as Ax = b where A is a n× n matrix and x and b are n× 1 vectors. We can solve this by algebra to get x = A−1b
where A−1 is the inverse of A. We can execute this in MATLAB as x = inv(A)*b or as x = A\ b (backslash means multiply by
inverse on left). If the matrix has no inverse an error message will be given.
When solving such by hand and in related problems, the main technique is to produce the row reduced version of the system. In
MATLAB you can do that by forming the augmented matrix aug = [A b] and then reducing it rref(aug).
Another useful function is the determinant. In MATLAB for square matrices you can compute the determinant via det(A).

3. To Do and Turn In

1. Write a script that does the following calculations. If a specific matrix or vector is given, use it. If not, you can either pick one
of your own or use a random one. To create a random matrix with N rows and M columns, use A = rand(N,M). If you don’t
know matrix algebra, ask for help from me, Erin or a knowledgeable classmate.

(a) Construct a 3× 3 matrix A and 3× 1 vector b and solve Ax = b for x. Check that A ∗ x− b is zero (or close). (A must have
an inverse).

(b) Construct 3 4× 4 matrices and compute various sums, differences, products, and combinations of these operations. Answer
this: is matrix multiplication commutative?

(c) With the same matrices, take determinants of various combinations. Answer this: does the determinant of a product equal
the product of the determinants?

(d) Construct a matrix P whose determinant is between 0 and 1. Compute Pn and det(Pn) for larger and larger values of n.
Answer this: if det(Pn) goes to zero as n gets large, does Pn go to the zero matrix (matrix of all zeros)?

(e) Construct 5 5 × 1 vectors and determine if they are linearly independent or not. Hint: this involves an augmented matrix
and either reduction or determinant.

2. Run your script and capture the results in a diary file.

3. Submit your script and your diary file. Put your answers to the three questions in the comments.

4. As always, when you are done, please fill out the survey.
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