Linear Combination



Linear Combination

* Given a vector set {uq, Uy, -+, Uy}
* The linear combination of the vectors in the set
*V =CiUq + CUy + -+ Cr U

* Cq,Cy, **,Cy are scalars (coefficients of linear
combination)
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System of Linear Equations v.s.

Linear Combination
Ax =D
(A system of linear equations)

Column Aspect ' -

Ax =b Is b the linear

= xaq + x,a, + -+ x,a, combination of
columns of A4?

linear combination of
columns of 4



Example 1

3x, + 6x, = 3 Ax = b

2x1 +4x, =4
— a=l3 3 ==[2] o=

Has solution or not?

Is b the linear combination of columns of A?
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3x1 + 6x, =3
Example 1 25, + 4y = 4

* Vector set: {B] ’ [Z]}

* |s [i] a linear combination of{[g] , Lﬂ}? NO
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always on the dotted line. [6

Has solution or not?
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Example 2

2x, + 3x, =4 Ax = b

3x; +1x, = —1
a=[5 1] <=[a]v=["]

Has solution or not?

Is b the linear combination of columns of A?
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2x1 + 3x, =4
Example 2 3%, + 1o, = —1
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Has solution or not?




Example 2

* If uand v are any nonparallel vectors in R?, then every
vector in R2is a linear combination of u and v

* Nonparallel: u and v are nonzero vectors, and u # cv.

ul.xl _F-lez = by
: i Avi, =b;
v u and v are not parallel
?
Has solution

* If u, vand w are any nonparallel vectors in &3, then every
vector in R3 is a linear combination of u,vand w? NO



Example 3

2x1 + 6x, = —4 Ax = b

1x; +3x, = —2 B
a=[ 5 ==[] o=

Has solution or not?

Is b the linear combination of columns of A?
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2x1 + 6x, = —4
Example 3 L%y + 3%, = 2

* \Vector set: {m ’ [g]}

e Is [:;L] a linear combination of {[ﬂ , [g]}? Yes

Has solution or not?
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Summary

A:mXn x€R"™ beR™

Is b a linear combination | Is b in the span of the
of columns of A? columns of A7

NO YES
A

|

No The columns of A
solution are independent.

Rank A = n

A —
-

Nullity A=0

Unique solution

The columns of A
are dependent.

Rank A <n

-

Nullity A >0

Infinite solution



