1.1: Systems of Linear Equations
Math 220: Linear Algebra

Linear Equations

A \Tf-/ea/‘ ﬂw}«/a-?:o»/ of the variables X[5Xy5.--5 Xy, has the form
a.x, +a,x,+..+a,x,=b

Where b, a,. 4,. ..., ay, arereal or complex numbers.

Ex 1: Circle the linear equations, and state why the non-linear aren’t linear.

@3)61—)62:5361 b) 4x,+5=/x,
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v of armables
) x —4x, =x.x, @—2x1 +7x, —7Tx; = V2
A 5-L3 $3e M o Q ( 1224 .0 va?-}-:o-,a § isa

. . . . . 4
collection of one or more linear equations with the same variables. For example

3x1 —X, —4x3 =3

X —5x3 =-2

1

A Solvh on of a system is a list of numbers (Sl,Sz,...,Sn) that

make every equation of the system true, when each S, 1s substituted for X, -

3x,—x,—4x;= 3
Ex 2: Verify that (3,2,1) is a solution to the system .
X —5x; =—2
The set of all possible solutions is called the $olotom Sex

Ex 3: Find another solution to the system from Ex 2.

Page 10of 4



1.1: Systems of Linear Equations

Two systems are considered

é.ajflv;\/q\a*/fr

if they have the same

solution set.

From 2 dimensional systems of equations in algebra, we should remember that there

are 3 possibilities for the number of solutions to a system.

£y

A system of linear equations has
1. no solution, ar
2. exactly one solution, or

3. infinitely many solutions.

A system is called OV 54 Sre b

0 coms stept

Matrix Notation

-

- 3 3 } = NI 3 3 ' C
1 .\I - J.'

if it has at least one solution, and

if it has no solutions.

We will represent a system of equations by its coefficientsina ™ Aty X
X, _3x3 = 8 will be re-written as the
2x,+2x,+9x,= 7 cweicrertr i
Xy + 5%, =—2 N e -3
. 2 9
The 51%€  of a matrix tells a ) 5 2x 3

how many rows and o v pe

a matrix has.

An mXn matrix has
m rows and
» ol M5
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1.1: Systems of Linear Equations

Solving a Linear System — We are going to describe an algorithm for solving linear
systems, which replaces one system with an equivalent one that is easier to solve.
Since they are equivalent, they have the same solution set.

Ex 4: Solve the system Three Operations we can use:

- fe_place.meydt
X, —3x,= 8 ) ¢
wmie as aqp - G MF , rora
2x1+2x2+9x3= 7 - i rerche Y,

x2+5x3=—2 Mw?am’x. lx - Sc,a'h'#aﬂ

Greg: 8 e iae, | [V o o1 8] weeoe
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o ) § -2
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r; o -2 2]
XL*EXJZ*Z. 2 a5 -9 R, ey
Lo } 5 -1
5‘)-?—( s E'l’. <~ E}? -’ o -1 2 |
| Lrtercharas — . 1 P LRLY Bg T Ry
xl - BXJ: g ."o 2. s -9
O e | ; - r
LXyt 15x,= -9 o 4 s
S+e,ps -1TE, + E £ : © - 8 P13k, 2 8,
2 3 T L = 1 S | pa-5p R
feplacermenn * 37 2
o o ) -1
Xl *3)( = 8
3 19 ‘
, l o o whidh meq s
, _ o o 1 -1
] SX; '“_.S 5M E\""';E;"’V’El
5"“617' s &3 — 8-3 E,-58—= Ey
Scq] e {Q-P]QCQI ,
y’ = 3%y =8 Ky = 5
X3 = -1 Page 3 of 4 X3 = -
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1.1: Systems of Linear Equations
Elementary Row Operations
1. (Replacement} Replace one row by the sum of itself and a multiple of another row.
2. lInterchange} Interchange teo rows.
3. (Scaling) Multiply all entries in a row by a nonzero constant.

Two matrices are called __7~ow é.qyu 1 Ygles H if there are a
sequence of elementary row operations that transform one matrix into the other.

If two systems are row equivalent, they have the same s o lvHow set, .

Two Fundamental Questions About a Linear System
1. Is the system consistent; that is, does at least ane solution exist?

2. If a solution exists, is it the oy one; that is, is the solution unigue?

Ex 5: Determine whether the systems are consistent or inconsistent. Do not solve.

x9 + 4x3 = —5 Iy + 3z3 = 2
T+ 3z9 + By = —2 I —3zy= 3
3ri +Txa+ T3 = B — 230 4+ 2z3 4+ 224= 1
[_a , o -5 3z + Tzy = —5b
l % g - Ry 2 R, i a 2 o 1
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