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Linear Equations

» Any straight line in xy-plane can be
represented algebraically by an equation
of the form: ax+ by=—c

» General form: define a linear equation in
the nvariables x,X,,...,X

ax+ax+..+ax =b

» Where 5 g .. a6 andbarereal constants.
el L 1 . .
- The variables in a linear equation are sometimes

called unknowns.




Example 1
Linear Equations

1
+3y=7,y=—X+3z+1,
* Thsgayztions - 2

and
are linear.

» Observe that a linear equation does not involve any
products or roots of variables. All variables occur
only to the first power and do not appear as
arguments for trigonometric, logarithmigc, o
exponential functions.

» The equations sin x +cos x =1, log x = 2
are not linear.




Example 2
Finding a Solution Set

» Find the solution of(a) 4x-2y=1

» Solution(a)
we can assign an arbitrary value to x and solve
fory, or choose an arbitrary value for y and solve
for x .If we follow the first approach and assign x

an arbitrary value we obtain 1 1 1
1, Y= 2t —E or X:§t2+z, y:t2

- arbitrary numberst t, are called parameter.
- for example

t, = 3yieldsthesolution x =3, y:1—21 o t, =t



Solution

- A solution of a linear equation is a sequence of n numbers

S, S5 ..., S, such that the equation is satisfied. The set of
all solutions of the equation is called its solution set or
general solution of the equation




Example
Finding a Solution Set

» Find the solution ofb) x, —4x, + 7x, =5.

» Solution(b)

we can assign arbitrary values to any two
variables and solve for the third variable.

- for example

xh=5+4s—7t, =S, Xy =1
o where s, Tt are ari)ltrary values




Linear Systems

» A finite set of linear equatlons

in the variable B
is called a sys?%m oFImear QX+ 8% e+ X, =

equations or a linear system . g x +a,X, +... +a, X, = b,

» A sequence of numbers M M M M
is called a _

58,800, Rf the system. B X+ 8%+ A X, =0,

» A system has no solution is 1 An arbitrary system of m

said to be inconsistent ; if linear equations in n unknowns

there is at least one solutlon
of the system, it is called
consistent.




Y.

Linear Systems A\

v Every system of linear equations has (@) Mo Salies
either no solutions, exactly one
solution, or infinitely many solutions. p ’\ "
» A general system of two linear -
equations: (Figurel.1.1) \
ax+by=c (a,b not both zero)
= b) One solution
> Two lines arﬁ)z(;\;/r %é/ peﬁzaﬁ?élbz—ngt rtl)(())th 2ero) )
solution - ¥ A
- Two lines may intersect at only one point
—-> one solution ;

- Two lines may coincide
—> infinitely many solution

(¢) Infinitely many solutions

Figure 1.1.1



Augmented Matrices

The location of the +’s,
the x’s, and the =‘s can
be abbreviated by writing
only the rectangular array
of numbers.

This is called the
for the 1th column

system. = '

Note: must be written In

the same order in each

equation as the unknowns

and the constants must be
..on the right.




Elementary Row Operations

» The basic method for solving a system of linear equations
is to replace the given system by a new system that has
the same solution set but which is easier to solve.

» Since the rows of an augmented matrix correspond to the
equations in the associated system. new systems is
generally obtained in a series of steps by applying the
following three types of operations to eliminate unknowns
systematically. These are called

1. Multiply an equation through by an nonzero constant.
2. Interchange two equation.

3. Add a multiple of one equation to another.



Example 3
Using Elementary row Operations

X+ Y+ 27=9 add Y2¥ mes add -3times
theffir& equation thefirst equation
2X+4y—-3z=1 to'the secorid N to the third
3X+6y—-5z=0
(11 2 9 tar(]jgf-erS;[II’rT;evi 1 1 2 9 | add -3 times
_ _ _ the first row
2 4 -3 1 tothe second o 0 2 —-r -l to the third
3 6 -5 0




Example 3
Using Elementary row Operations

X+ y+ 2z= 9 mtjll*ibfyzzthefecond add -3times
y-32=-% the second equation
2y— 7z=-17 SQUaomby X to thethirdeq
3y-11z=-27
2 9] mutilytesecond [1 1 2 9 | s44-3times

7 17 thesecond row
01 -2 -x

row by} ;
2 2 to thethird




Example 3
Using Elementary row Operations

— X+ Y+ 22= Add -1times the
X+y+2z 9 Muljiply- tlgethlrd second equation
_ 15— _17_ equationby-2 to the first

Y=322=77% >

2 9 Multily the third 2 9|  Add-1times the

2 to the first

1

1 -1 _1u second row
2

0

1 1 1
0O 1 - — row by -2 N 0
0 0 0




Example 3
Using Elementary row Operations

Add 1—21 times
X +idz= > the third equation
2 2
. o to thefirst and £ times
Y—5Z=—5 v théthirdequation
1o the second
Z= 3 >
Add -%ti mes
= ~ the third row
11 35 _ —
10 37 % tothefirstand% 1 0 0 1
O 1 -4 -—1r times the third row
00 12 32 to the second N 010 2
= . _O 0 1 3_

~Lhe solution x=1,y=2,z=3 Is now evident.



