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1a.
Augmented matrix is  EQ \B( \A \ac \co4\vs8\hs8(1,-1,3,2,3,-3,1,-1,1,1,0,3) ) 
Row interchanges is necessary since there’s a zero term. By performing Gaussian Elimination,

  EQ \B( \A \ac \co4\vs8\hs8(1,-1,3,2,3,-3,1,-1,1,1,0,3) )  → (R2 – R1), (R3 – 3R1)  EQ \B( \A \ac \co4\vs8\hs8(1,-1,3,2,0,2,-3,1,0,0,-8,-7) ) 

Solving: x1 =  EQ \F(19,16) , x2 =  EQ \F(29,16) , x3 =  EQ \F(7,8) 
1b.
Augmented matrix is  EQ \B( \A \ac \co4\vs8\hs8(2,-1.5,3,1,-1,0,2,3,4,-4.5,5,1) ) 
By performing Gaussian Elimination,

 EQ \B( \A \ac \co4\vs8\hs8(2,-1.5,3,1,-1,0,2,3,4,-4.5,5,1) )  → (2R2 + R1), (R3 – 2R1)  EQ \B( \A \ac \co4\vs8\hs8(2,-1.5,3,1,0,-1.5,7,7,0,-1.5,-1,-1) ) 
       →        (R3 – R2)              EQ \B( \A \ac \co4\vs8\hs8(2,-1.5,3,1,0,-1.5,7,7,0,0,8,-8) ) 

Solving: x1 = -1, x2 = 0, x3 = 1

1c.
Augmented matrix is  EQ \B( \A \ac \co5\vs8\hs8(2,0,0,0,3,1,1.5,0,0,4.5,0,-3,0.5,0,-6.6,2,-2,1,3,0.8) ) 
Gaussian Elimination is not necessary.

Solving: x1 = 1.5, x2 = 2, x3 = -1.2,  x4 = 3

1d.
Augmented matrix is  EQ \B( \A \ac \co5\vs8\hs8(1,-0.5,1,0,4,2,-1,-1,1,5,1,1,0,0,2,1,-0.5,1,1,5) ) 
By performing Gaussian Elimination,

 EQ \B( \A \ac \co5\vs8\hs8(1,-0.5,1,0,4,2,-1,-1,1,5,1,1,0,0,2,1,-0.5,1,1,5) )  → (R2 - 2R1), (R3 – R1), (R4 – R1)  EQ \B( \A \ac \co5\vs8\hs8(1,-0.5,1,0,4,0,0,-3,1,-3,0,1.5,-1,0,-2,0,0,0,1,1) ) 
            →             (R2  ↔ R3)                   EQ \B( \A \ac \co5\vs8\hs8(1,-0.5,1,0,4,0,1.5,-1,0,-2, 0,0,-3,1,-3,0,0,0,1,1) ) 

Solving: x1 =  EQ \F(22,9) , x2 =  EQ \F(-4,9) , x3 =  EQ \F(4,3) , x4 = 1

1e.
Augmented matrix is  EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,2,1,-1,1,1,4,-1,-2,2,0,3,-1,-1,2,-3) ) 
By performing Gaussian Elimination,

 EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,2,1,-1,1,1,4,-1,-2,2,0,3,-1,-1,2,-3) )  → -(R2 - 2R1), -(R3 – 4R1), -(R4 – 3R1)  EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,0,1,1,1,3,0,5,2,2,8,0,4,1,1,9) ) 
            →        (R3 – 5R1), (R4 – 4R2)         EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,0,1,1,1,3,0,0,-3,-3,-7,0,0,-3,-3,-3) ) 

Since 3x3 + 3x4 = 7 and 3x3 + 3x4 = 3, hence the matrix is unsolvable.

1f.
Augmented matrix is  EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,2,1,-1,1,1,-1,2,3,-1,4,3,-1,-1,2,-3) ) 
By performing Gaussian Elimination,

 EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,2,1,-1,1,1,-1,2,3,-1,4,3,-1,-1,2,-3) )  → (R2 - 2R1), (R3 + R1), (R4 – 3R1)  EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,0,-1,-1,-1,-3,0,3,3,0,6,0,-4,-1,-1,-9) ) 
             →        (R3 + 3R2), (R4 – 4R2)    EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,0,-1,-1,-1,-3,0,0,0,-3,-3,0,0,3,3,3) ) 
             →               (R3 ↔ R4)             EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,0,-1,-1,-1,-3, 0,0,3,3,3,0,0,0,-3,-3,) ) 

Solving: x1 = -1, x2 =2, x3 =0, x4 = 1

2. The Fortran program is used to solve the linear system Kx = P.

3a.
Augmented matrix is  EQ \B( \A \ac \co5\vs8\hs8(1,1,0,1,2,0,-1,-1,-1,-3, 0,0,3,3,3,0,0,0,-3,-3,) ) 
Hence the upper triangular matrix U is 


U  =  EQ \B( \A \ac \co4\vs8\hs8(1,1,0,1,0,-1,-1,-1, 0,0,3,3,0,0,0,-3) ) 
Multipliers mji are given by:

· From original Matrix A  EQ \B( \A \ac \co4\vs8\hs8(1,1,0,1,2,1,-1,1,3,-1,-1,2,-1,2,3,-1) ) 
where m21 =  EQ \F(a21,a11 )  =  E)  2, m31 =  EQ \F(a31,a11 ) = 3, m41 =  EQ \F(a41,a11 ) = -1

· From 1st round eliminated matrix

 EQ \B( \A \ac \co4\vs8\hs8(1,1,0,1,0,-1,-1,-1,0,-4,-1,-1,0,3,3,0) ) 
where m32 =  EQ \F(a32,a22 )  =  E)  4, m42 =  EQ \F(a42,a22 ) = -3

· From 2nd round eliminated matrix

 EQ \B( \A \ac \co4\vs8\hs8(1,1,0,1,0,-1,-1,-1,0,0,3,3,0,0,0,-3) ) 
where m43 =  EQ \F(a43,a33 ) = 0


Therefore, the lower triangular matrix L is



L =  EQ \B( \A \ac \co4\vs8\hs8(1,0,0,0,2,1,0,0,3,4,1,0,-1,-3,0,1) ) 
3b.
A = LU 


Ax = b ( LUx = b 

Given b = (3
2   -1   3)T
Let Ux = y, Ly = b (

y1                             = 3

y1 = 3


2y1 + y2                   = 2      (

y2 = -4


3y1 + 4y2 + y3         = -1

y3 = 6


-y1 – 3y2          + y4 = 3

y4 = -6

Ux = y


x1 + x2          +x4 = 3


x1 = 3


     - x2 – x3  – x4 = -4
       (

x2 = 2


            3x3 + 3x4 = 6


x3 = 0



       - 3x4 = -6


x4 = 2


4a.
Using Fortran, the LU method is used to solve 3a.

Solving the linear system Ax = b


 |   1.000     1.000      0.000     1.000   |  | X 1 |  =  |    2.000  |


 |   2.000     1.000    -1.000     1.000   |  | X 2 |  =  |    1.000  |

 |   3.000    -1.000    -1.000     2.000   |  | X 3 |  =  |   -3.000  |

 |  -1.000     2.000     3.000    -1.000   |  | X 4 |  =  |    4.000  |

 A = LU

 where L =

 |   1.000     0.000     0.000     0.000  |

 |   2.000     1.000     0.000     0.000  |

 |   3.000     4.000     1.000     0.000  |

 |  -1.000   -3.000     0.000     1.000  |

 and U =

 |   1.000     1.000     0.000     1.000  |

 |   0.000   -1.000    -1.000    -1.000  |

 |   0.000     0.000     3.000     3.000  |

 |   0.000     0.000     0.000    -3.000  |

 For Y 1 = 2.000

 For Y 2 = -3.000

 For Y 3 = 3.000

 For Y 4 = -3.000

 The 4 unknowns are

 For X 1 = -1.000

 For X 2 = 2.000

 For X 3 = 0.000

 For X 4 = 1.000

For Y 1 = 0.000


For Y 2 = 28.800


For Y 3 = 0.471


For Y 4 = -10.584


For Y 5 = -32.806


For Y 6 = 15.536


For Y 7 = 8.191


The 7 unknowns are


For X 1 = 0.001


For X 2 = 0.001


For X 3 = 0.006


For X 4 = -0.009

For X 5 = -0.002

For X 6 = 0.005

For X 7 = 0.003
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