
 

Systems with Many solutions
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Observation For every value of Z can solve
for a y

II or I II HE
This is the parametric form of the solution
z is the free namable parameter

Implicit vs Parameterized Form xhty.es
The system of equations LeosAsano
2x t y t 122 1 octopod
x 2g t 9z I

am implicit equations of a line in LR The
parametric form

III ti it
is a parametric equation for the same line

allows you to produce all points on the
line by plugging on values for z



Def A phot column of a matrix is a column
with a pivot

Def A free variable in a system of equations
is a variable whose column on the coeffmatrix
13 aet a pivot column

I f I I I x g not free
2 is free

y z

Procedure Parametor Form
To find the parametric form of the solutions
of Ax b
b Pat Alb into RR EF

Stop if inconsistent zero solas
2 Write out the corresponding equations
3 Move free variables to the right hand side

All solutions can be obtained by substituting
any values for the free variables
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Eg x tytz 1 us I l l l l
X y Z

xtytz 1 tfreed

us x L y Z parameterized a plane99
parameters with Z parameters

NB if there is a free variable
as solutions substitute any value

Them The equation Ax b has
1 Zero solutions if Alb has a pivot in
the lastcolumn inconsistent
I Exactly one solution if every ad of CAlb
except the last one has a pivot

3 as solutions if the last cot of LAIb
some other ad has no pivot

I 173 HI 1315
137 g I E I I z is free

The existence of a free variable only depends on
A not b



Def A matrix has full column rank if it has a
pivot in every column

Thon If A hag fall ad rank then Ax b has
zero or are solutions for any b
Otherwise Ax b has 0 on a solns for

every b

full ad rank not fall col rank
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The Column Picture 1
So far we have considered all sat Ax b xEIR

called the new picture rows equations
Nowwe'll try to draw all b St Ax b has a solar

called the column picture better now

Def A vector equation is an equation involving a
linear combination of vectors w unknown coefficients

I t X IL f e geometry

Igebra



Column defn of matrix multiplications
algebra

It f Ax b

Four Ways to Write a System of Equations
1 Linear system 2 Matrix equation
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G AugmentedMatrix
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4 Vector Equation
x E t x I

Important observation

E t x has akinB'ineints

Yg is a LC of E EI
In this case the solution is the rector of
coefficients Hz

on

This example I 9ft Eg Yankee

solution is Eh
If we take b E us no solution



not an purple plane


