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Definition

= A set of n vectors {a, a,, -, a,}is linear

dependent Find one mmmmp Obtain many
* If there exist scalars x4, x5, -+, x,,, not all zero,
such that

x},gll +x},§lz + ---+xy,§ln =0

* A set of n vectors {a, a,, -, a,}is linear
independent

xlal -+ x2a2 + -+ xnan — O

Onlyifx; = x, =+ = x,, = 0 | unique



» A set of n vectors {a, a,, -+, a,,} is linear dependent
* If there exist scalars x4, x5, **+, x,,, not all zero, such that
x1aq +xa, + -+ x,a, =0
* Asetof nvectors{ay,a,, -, a,}is linear independent
x1a1 + xa, + -+ x,a, =0
Onlyifx;=x,==x,=0
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» A set of n vectors {a, a,, -+, a,,} is linear dependent
* If there exist scalars x4, x5, **+, x,,, not all zero, such that
x1aq +xa, + -+ x,a, =0
* Asetof nvectors{ay,a,, -, a,}is linear independent
x1a1 + xa, + -+ x,a, =0
Onlyifx;=x,==x,=0

Dependent or Independent?

’
sl B3l Lol

o
o
p—
p—

@)
-
N




» A set of n vectors {aq, a,, -+, a,} is linear dependent

* If there exist scalars x4, x5, **+, x,,, not all zero, such that
X1A4 + XoA- + -+ XnAn = 0

* Asetof nvectors{ay,a,, -, a,}is linear independent

x1a1 + xa, + -+ x,a, =0

Onlyifx; =x,=--=x,=0
—_31 8 —_52- } Dependent or Independent?
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Any set contains zero vector would be linear dependent



Linear Dependent (forn > 2)

Given a vector set, {al, a,, ..., an}, there exists

scalars Xy Xy veey X, that are not all zero, such that
X, +x,a,+ 1+ Xa = 0.

X101 + X205 ... +[x;a;]+ -+ xpa, = 0
i AR B —IEA IR ofR 8 x; # 0

X1aq +x,Qp ...+ xX,Q, = —X;Q;

(N, (%, (), — .
x11 X5 2 xl_n i

Given a vector set, {a_, a_, ..., a }, if there exists any
. 0} 1 ° 2 ° n
a that is a linear combination of other vectors




Linear Dependent (forn > 2)

Given a vector set, {a_, a_, ..., a }, there exists

17 2 n
scalars Xy Xy veey X, that are not all zero, such that
X, +x,a,+ 1+ Xa = 0.

—C1aq — Co0A7 ... .. —cpa, =0
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Given a vector set, {a_, a_, ..., a }, if there exists any
. 0} 1 ° 2 ° n
a that is a linear combination of other vectors




Linear Dependent BERRA ORI - P 1

Given a vector set, {al, a,, ... an}, there exists

scalars Xy Xy voey X, that are not all zero, such that

x,a, tx,a,+ L]+ Xa = 0.

(forn = 2)

a f£ T2 fgE

Given a vector set,{a_,a., ..., a }, if there exists any
. . 1 ) 2 ° n
a that is a linear combination of other vectors
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Ax =D

Summary
A —
NO VES®

A —

N\
No
solution

Nullity A=0 Nullity A >0
Unique solution Infinite solution
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Dependent:

Once we have solution, we have

* Intuitive link between dependence and the number

Intuition
of solutions
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Proof

* Columns of A are dependent — If Ax=b have
solution, it will have Infinite solutions

 If Ax=b have Infinite solutions — Columns of A are
dependent



Homogeneous linear equations

Proof

Ax = 0 (always having x = 0 as solution)

* Columns of A are dependent — If Ax=0 have
solution, it will have Infinite solutions

A=[a; a; -+ au] dependentset
Ax = 0> X1Aq +x2a2 + '“+xnan =0

there exist scalars x4, x,, -+, x,,, not all zero

* If Ax=0 have Infinite solutions — Columns of A are
dependent
Ax = 0 have non-zero solutions X1, X, Xy
x1a4 + x,a, + -+ x,a, =0 not all zero



Proof

Ax=0 have infinite solutions

* Columns of A are dependent — If Ax=b have
solution, it will have Infinite solutions

We can find non-zero R y -
solution u such that Au =0 (u + v) —
S .
There exists v such that U+ v 15 apother
Av=b solution different to v

 I[f Ax=b have Infinite solutions — Columns of A are

dependent Ax=0 have infinite solutions
Au=>b
UFv Alu—v) =0
Av =Db

Non-zero



