Linear Equations

Variables      x1 , x2 , x3 ,  ...  , xn 

Constants     a1 , a2 , a3 ,  ...  , an , b

Linerar equation      a1 x1  +  a2x2 + a3x3 + ... + anxn = b

                                n





( aixi = b
                               i=1

s1 , s2 , s3 ,  ...  , sn     is called a solution of the linear equation if


a1 s1  +  a2s2 + a3s3 + ... + ansn = b

Example:     1, 1  is a solution to   3x+2y = 5   (or 3x1 + 2x2 = 5)

Solving:        x = 5/3 - 2/3 y

Parametric form of the solution  (general solution)



   x =  5/3 - 2/3 t

                   y = t   

      specific solutions    (t=1)     x =1        y = 1

                                      (t=2)     x = 1/3    y = 2
Example 

2 x1  -  5x2 + x3  -  4x4 = 6      (or   x1  =  3 +  5/2 x2  - x3/2  + 2x4 )

  Solution         x1  =  3 +  5/2 s  - t/2  + 2u




x2  =  s



x3  =  t




x4  =  u

System of Linear equations  -   finite set of linear equations

A solution to the system must satisfy all the equations.

It is the intersection of the solution sets of each equation.

Example:    2 equations in 2 unknowns.   Solution is the  intersection of 2 straight lines in the plane

 


Consistent (one solution)                   Consistent (infinite solutions)  


                                  Inconsistent   (no solutions)

General System of Linear Equations

a11 x1  +  a12x2 + a13x3 + ... + a1nxn = b1
a21 x1  +  a22x2 + a23x3 + ... + a2nxn = b2
.

.

am1 x1  +  am2x2 + am3x3 + ... + amnxn = bm
aij      ith   row     jth   column
Augmented Matrix   (shorthand)


    a11    a12    a13     ...         a1n   b1
    a21    a22    a23     ...         a2n   b2
    am1    am2    am3     ...       amn   bm


What is the augmented matrix for the following?  

x1  -  2x2  +  3x3  = 5

2 x1  +   x2  - 7x3   = 6

To solve systems of equations we manipulate these matrices.

Elementary Row Operations

Three operations can be used to change equations (augmented matrices) and not change the solution set.

1)  Multiply a equation (row) by a non-zero constant

2)  Interchange 2 equations (rows).

3)  Add a multiple of an equation (row) to another.

Example:

x1  + 2x2  = 3

3 x1  -  x2  = -5


1    2     3


3   -1    -5    

-3I+II                            1    2     3


 0   -7   -14


-1/7 II                           1    2     3


 0    1    2


-2II + I   
 1     0   -1 


 0     1    2


Solution
x1          = -1


       x2    = 2






