CE317 : Computer Methods in Civil Engineering

Lecture 10(: Linear Algebraic Equations-Gauss Elimination-Cont.

Method 2 for determining the determinant of a matrix:

By applying a series of transformations on the rows until an upper-triangular matrix is obtained:

Example: Determine the determinant of the following matrix
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Our objective is to transform the matrix into an upper triangular matrix (or a lower triangular matrix). This can be obtained using the following procedure:

Step 1
In order to have zeros in the first column (a21 & a31), multiply the 1st row by ¾ and add to the 2nd row. The result is the new 2nd row.  Similarly, multiply the 1st row by ¼ and subtract from the 3rd row. The result is the new 3rd row:
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Step 2
In order to have a zero in the 2nd column (a32), multiply the 2nd row by 1/5 and subtract from the 3rd row. The result is the new 3rd row:
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Step 3

Calculate the determinant by finding the product of the diagonal  elements:

= 
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Gauss Elimination
Consider the following general equations
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The procedure of Gauss elimination is similar to the procedure used for the obtaining the determinant as given above, i.e. we try to transform the above system into an upper triangular system. The final system of equations looks like:
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where the stared values are obtained after the transformation calculations. The following example illustrates the procedure:

Example1:

Solve the following equations:

  4 x1 –2x2 + x3 = 15

 -3 x1  – x2 +4x3 = 8

     x1   –x2  +3x3 = 13

Step 1

Re-write the equations in the following matrix form:


[image: image10.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

-

-

13

8

15

3

1

1

4

1

3

1

2

4


Step 2

Multiply the 1st row by ¾ and add to the 2nd row to get the new 2nd row.  Similarly, multiply the 1st row by ¼ and subtract from the 3rd row to get the new 3rd row The result is
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Step 3
In order to have a zero in the 2nd column (a32), multiply the 2nd row by 1/5 and subtract from the 3rd row. The result is the new 3rd row:
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Step 4
Use the last row to solve for x3:
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From the 2nd row:
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From the 1st row:
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Example2:

Solve the following equations:

 
2x2 + 3x3 = 5

   4x1 +6x2 +7x3 = 13

    2x1 +x2  +6x3 = 18

Step1

To avoid the division by zero (the coefficient of x1 in the first row = 0), let us re-arrange the equations, i.e.:

4x1 +6x2 +7x3 = 13

2x1 +x2  +6x3 = 18

      2x2 + 3x3 = 5

Step 2

Re-write the equations in the following matrix form:
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Step3: To get zeros in the 1st column (a21 & a31):

Multiply the 1st row by 2/4 and subtract the 2nd row - 1st row to get the new 2nd row. The 3rd row does not need any operation because a31 = 0. The result is  
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Step4: To make a32 = 0:

Add the 3rd and the 2nd rows to get the new 3rd row:
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From the 3rd row: x3 = 3 and from the 2nd then the 1st row, we get x2 = -2 and x1 = 1.

( 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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