CE317 : Computer Methods in Civil Engineering

Lecture 9(: Linear Algebraic Equations-Gauss Elimination

Consider the general system of linear algebraic equations (n equations):

a11 x1 + a12 x2 + … + a1j + … + a1n = b1

(1)

a21 x1 + a22 x2 + … + a2j + … + a2n = b2

(2)

.
.





  .

.






  .

ai1 x1 + ai2 x2 + … + aij + … + ain = bi


(i)

.






 .

.






 .

an1 x1 + an2 x2 + … + anj + … + ann = bn

(n)

The above equations can be written in the following form:
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Special Types of Matrices:

1- Asymmetric matrix is a square matrix where aij = aji. For example:
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is a 3 by 3 symmetric matrix.

2- A diagonal matrix is a square matrix where all its off-diagonal elements are zero. For example:
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3- An identity matrix is a special case of a diagonal matrix in which every diagonal element = 1, i.e.  aii = 1. For example:
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4- An upper triangular matrix is a matrix with all elements below the diagonal being zero. For example:
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or
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5- A lower triangular matrix is a matrix with all elements above the diagonal being zero. For example:
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or
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6- A banded matrix is a matrix where all elements are zero except a band centered on the diagonal. For example:
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Simple Matrix Operations
Let 
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1- Addition & Subtraction:
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So that each element of c is given by
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Similarly:
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So that each element of D is given by
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2- Multiplication:
 E = A .B 
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So that each element of E is given by
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3- Transpose of a Matrix: The columns are replaced by the rows and vise versa. As an example the transpose of A is given by:  
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4- The determinant of a matrix

Method 1: By the addition of the products of each term in any row or column  by the determinant of its minor with alternating signs (+ and ). The minor of any term is defined as the matrix of lower order formed by striking out the row and column containing the term. As an example, the determinant of A is computed as follows:
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       = 3 ( 4+3) + (3-8) = 16


Similarly for B:
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    = 4 ( -3+4) +2(-9-4) + (3+1) = -18

Note: The determinant of an upper or lower triangular matrix is equal to the product of its diagonal elements.

Method 2: By applying a series of transformations on the rows until an upper-triangular matrix for which the determinant is obtained:
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( Important: This handout is only a summery of the lecture. The student  take detailed notes during the class and refer to the textbook for more examples and discussion.
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