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Recall: Linear systems

● Goal: use a computer to numerically compute solutions of the equation 
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The inverse of a matrix and the solution to Ax=b

But is there a    ?
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When systems of linear equations don’t have a 
unique solution
● We usually expect n equations for n unknowns to have a solution. But consider:

● The problem here is that the system matrix is singular.
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The Determinant of a (square) matrix

● A scalar value that gives us information about a matrix. For 2x2 matrices:

● For 3x3 matrices:

● Let’s calculate the determinant of the matrix from the previous problem:
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The following statements are equivalent.

● There is a unique solution to the equation

● The matrix A is nonsingular

● The determinant of A is nonzero

● A is invertible, i.e., there exists A-1 
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Why does all this matter?

● We are interested in developing and using numerical methods to solve systems 

of equations of the form

● But before we do this, we must be sure that there is a solution for the computer 

to find.

7



ENGR 21 Fall 2025

Well-conditioned and ill-conditioned matrices

Sometimes, matrices are almost singular. What does this mean?
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calculate the determinant of the matrix
representing the system of equations

Y 3
A detA 0
B det B 0.00

smalldeterminant
almost singular 2x y 3

C det c 0.1
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Well-conditioned and ill-conditioned matrices

Sometimes, matrices are almost singular. What does this mean?
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Direct vs. Iterative methods of solving linear systems

Direct Methods

● e.g. Gaussian Elimination + 

Backward substitution

● Others:
○ LU Decomposition, 

○ Matrix Inversion

● After a certain number of steps, 

you arrive at the correct solution.
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Iterative Methods

● e.g. Gauss-Seidel method

● Others:
○ Method of steepest descent

● Each iteration improves your guess 

until your solution is good enough.
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The iterative process of solving Ax=b 
(for any iterative method)
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Improve the 
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Good?
Done!


