
Daye
Learning Goals

:

° define echelon and reduced
echelon form

°

every system
has a unique reduced

•

etherton form (algorithm )
describe solution sets from
reduced echelon form .

✓
leave out the

"

augmentation
"

!
Defy A matrix is in echelon form when

a) all rows of just O 's are at the bottom
(2) thr pivot of each nonzero row

is strictly to the right of the pivot#the previous rowfirst nonzero
term in the row

;

aka leading coefficient
e.gg I ta te te t

4. ÷ : : :) it:÷
Ihop We can put any matrix in echelon form



via row operations of type M and 131

Tf Ky algorithm ycampl
"l Interchange rows to get leftmost pivot in top
row

us use row
op 131 to get O 's below this pivot

131 Repeat the previous steps with the matrix
obtained by deleting first row a cot .

e.g System : 2x, t 6×4 = O

X
,
t 2x

z
t X, t3×4 = 1

2x, t4×2 +3×3+9×4 t Xs = 5

Augmented matrix :
O O 2 6 O O
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fo ; ; Toyo ) now in echelon
O O O O l 3 form ?

Defy A matrix is in reduced echelon form

when it is in echelon form
,
each photos 1 ,

and the column above and below the photos all o 's .

Thin Every matrix is equivalent (via row ops)

to a unique matrix in reduced echelon

form .

Nts Equivalence of matrices is an equivalence
relation

, so its equivalence classes partition
the set of mxn matrices

. The theorem
tells us two things about this :
"l Rew ops generate equivalence of
matrices .

(2) Each equivalence class has a

unique representative in reduced
echelon form .



• = matrices not in REF~ reduced
• = REF representative echelon

① = equivalence class
form

Fffhm To produce a REF representative,
pass to echelon form via the proposition ,
then scale rows by tp; where pi is the

pivot of the i - throw .

Then use row op
b) to clear the column above the pivot.

Uniqueness is more subtle and requires an
inductive argument. See Hefferon
One
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e.ge Continuing the previous example ,
we got echelon form

c
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pivot columns

Pivots to pivot variables , xp , x, , xs in this case
other variables are free variables

,

Xz
, Xy in this case .

Solution set :{ la . . . . . *Jets / E 's:3'¥g÷ :o)
Solve for pivots : x

,
e I - 2x

,

X
,
= -3Xy

Xs =3

Can write the solution strictly in terms of
free variables :



{ ( I-2×2 , a, -3×4 , Xu , 3) I Xz , Xy EF }
This is the parametric solution set .

( Sol 'us parametrized by free variables . )
Alternatively , may write solutions in
vector form :

µ tog) t xo) t heo) / Xuxa EF }
,

Here
using column vectors and , e.g. ,

* t. I .

Addition is componentwise t combining everything
recovers parametric form written as a

column vector )
.



e.ge Find all parabolas fix)
= ar'thate

passing through 11,4 ) and 13,61 .

Sole To pass through 1h41 need
4 = a. I

'
t b . I t c

⇒ 4 = a th te .

To pass through 13,61 , need
6 = a. B

'
t b - 3 t c

5--2 6 = 9a + B b t c .

Solve by Gauss - Jordan reduction :
,
Ef

Ci :
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so the original system is equivalent to
a

- Iz c e - I
b t 4g c I 5



and has solution set

{ ( - I t 's c , s- Ye , c ) / cet f
= ( ( Io ) t c (a

"

} ) / c eFf
.

The parabolas have coins

fly = ( - I t '

z
e ) xh t (5- tf e) x t c

and
you can

check th ) i 4
, f-131=6 .

( see Sage notebook
. )


