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Augmented Matrix

1 0 2|3
X1 +2x3 =3 The augmented matrix for this system of equation is lO -1 1|1 ]
g =] 0 6 11-2
6x; + x3 = -2

Can perform a series of elementary row operations to reduce system and solve it:

b ™ : \e [
(1) Interchange rows: R; « R; T&kl't\a axbove moe\-f‘\): ad an eXxamQ
(2) Add/subtract rows: R; — R; + R;

: i (o TR i LN
(3) Multiply by constants: R; — sR; F) ‘3 |Zl ?]%Rgﬂ,ﬁz [:) -1 1 ? Now Ws

Row-Echelon form ° 6 6 o1y F -Fur'm
(1) Rows with all zero entries appear below rows with any nonzero entries

(2) When comparing two nonzero rows, the first nonzero entry (called the leading entry or pivot) in the upper. row is to
the left of thT leadini;ntry in the lower row.

NOte:_'[hsﬁou is cronle  3eroS bolow the loading enw tn each rew ,
. 8 J b

Example 1: Reduce to R-E form

-

V3 2 qReofRe-28 3 2 Ra> R33R 1 3 2

i;;]v:gﬂz[l,lq ~—" 0o-5 0 ~~ ‘ © -5 0

3 -1 6 3"1le 3 6 .
R3"7ﬂ3‘74(:_ | 3 7.
~—~ D-S (2}
0O oo

Gauss Method with Back Substitution
- Reduce augmented matrix to R-E form and solve

Example 2: 2 -1 1% R RI-SRI [2 | \ 9]
2x—-y=8 -
aug W},G;—%,y=3z [(" =S \32'] R et &

Thl's;\:;w "‘saufs 1 2x-y=8 which weans Y= -3 - ¥ us=-

2
-2y=8 Sub inle Siesd- eqnt  2x- t-N=]
s
Reduced-Row-Echelon form (RREF) '

(1) Just like R-E form, except, all pivots are reduced to 1
(2) All entries above and below any pivots are zeros
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Example 3: Reduce to RREF and solve
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11 0[1 _ |
[0 1 1 2] R3—9R3 R{ o
12 1l-2l TV )
Thiz says X=Xy ==\

?]é] Ri> R -Ra [r o -1 |-
s silicen o =
1473) gasRs-Ra o ! _5]

0O o
o= -5 & C,Keour'w s s ':m?oss'l\o\e.

ce Then ‘o\rc no velues of %, e, Xq Mot can
So\'h‘sgq all  Hiree cquw"n\on .
PART II ;- No s¢ \W\‘\‘On

Consistent/Inconsistent Solutions

A Sttsjﬂzm \rwwhxs o sdulions is  lncomsistent
A S\{S‘\'Em thet Vos ob least owe souton is (nns;sﬁl;gi
3 of pivetS = rank of metrix, K (eneted rank (AY]

Free variables

L> Need. free vortables when columnls) doles) nst bave  pivet.

Example 4: Describe all solutions

exalyre and
102 01 . ,
011 3—2] Is this is R-E form? _Yes' We ean ool of Yhe pavets and, obtam
-8 & ol o Sowion et

1550, we have iwo pho{'s_, e n column 1, and ont in D 2- Tis
meons X, ond X, are “basic varioldes' .

At
I> Ue have W0 Pivols in columns 3 oed lj. So, X3 and Xy ort Sree
variables”, asot kroun as gqromu\v.rs .
our sys. of eqne S X *Lxg=1l (@
el ity ,grek.

- =Y
Sine Yoy ove Sree wriolles, ek X5=3, Xy
Sub into (0 ard @: X +25:=)
X945+ 3r=-2
Solve for X, ond Yo ¥,= |-2s
k-,_:-?_-s-—?;\’




?V’I our  Solution Vecteo r s |-24 €©))
X = |- 7——;—-& Tutorial 5 ~ MATH114 [TA: Maliha Amed]
" | ] ¥
X = 3 ~2 (0]
- ’ o
o + S + 3 r ) .S“(' 6\2 )
] (o]
ol [, !

Determini -
rmining whether vector is in span of other multiple vectors

Example 5: 1s b in span(vy, 3, v3)?

’ l‘neo
7 : 0 1 o
e s -3 S
()5 ()s- [l 4 H
| * 2 58 > A > So, really, we have o Tystene o
Recall, b is in span of these vectors if b=r W v TN ¥ \E.,V} eT“S

We \*’°“'\' Yo check i€ s S\icS‘l'cm s ¢ Py =5
=

Consisteat or Y\b"t Consus*tw\ B i3 ‘5?(\"‘3 ) '-[fl - 2L+ STa=3
o | 2 4y -~ 5
2 Lf _-I ~ |©® | -3 |3 This 5 now 1y
/\/ e o
-2 g ’X © o0 93 n3 R-E {oron -

ancq_ we ‘\OVL a C'DH.S[‘S‘I'Qh‘} J‘{J‘I”Er‘"‘, WwWe can Ccmclmole ‘H«a."_

-

b is In sp(ﬁ,ﬂ_‘\?}ﬁ,

Homogenous System

A system of linear equations is homogenous if the right-hand-side of all the eqﬁatic;ns is zero, For exarﬁple,
2x—y =0
6x—5y=0

Linear Independence

Vectors are iinearly independent if, when you Dd’ iato o ma{'r\“x all cnILerlJ haue aﬂ;VD‘I".

-ﬁ\e columns  with o\\/o#s ror'l‘p.SOovlot J'n Vf’d‘dfs ‘H‘f_a} are l\nldl‘lﬂ

] ; ngle n ol ent . )
Basis fi luti t éx. v, s ] PC .
asis for solution se ; [ll U}.] . A [0 ll;] & colamaz ‘mvi, pwo*‘ R

""h ‘\R

w\AQ? .

Tne.S% \uj\\‘nn Jectors Eor Hhe solution 59{“ ‘For‘m a_ basis .
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Example 6: s this set linearly independent? [(—

L2y | 2 3 2 n
33¢]~ L 4
31 O -1 -% |

Can Ser herdls o ?\vo* e eadh w\um\'\
- M\ vectoes " e set are Nia. “‘A‘?

Example 7: Consider

x1+2x2+x3+ZX4=0

X, — xZ+ZX3—2.X4=0
a) Find the RREF of the matrix

b) How many pivots are there? What is rank(A)?
¢) How many parameters are there?

d) Find a vector equation for the solution space.
€) Find a basis for the solution space.

q)[muz]m[ -] ["05/3-%]
‘=2 0 -3 ""i D)i"Ya Y
b) There are 2 pivoi's ~tonk (R) =2

0) Theﬂ. are 2 ?lu VGNGB\(S (\.e 2Parame+ﬂ$)
since there ore Yo lumns without Pivots.

d) Since Xy 'Xq ave Leee vcmab\es,
lek X3=5s y M =T s3reR

Yl'.' —_g_s+ ..S-k > '-%S'l'%": | ’-‘373"' &

nX= 33 |
Xy = ‘!3'8 - %e hs-4ptl . B lsel |t
S I o
t | Lod |
~th %5 | steR
e) Basis = g Yy ~4(3
L A



