§3.5 Subspace and four fundamental subspaces
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Remark 5.1: A subspace 
[image: image9.wmf]W

 of 
[image: image10.wmf]n

R

 is a hyperplane passing through origin.

[image: image11.png]


[image: image12.png]



Given a 
[image: image13.wmf]n

m

´

 matrix 
[image: image14.wmf]A

, we shall define the following important subspaces

(i) 
[image: image15.wmf]}

0

:

{

)

(

=

Î

=

Ax

R

x

A

N

n

 is called null space of 
[image: image16.wmf]A

 or Kernel of 
[image: image17.wmf]A

, Ker
[image: image18.wmf]A

.

(ii) 
[image: image19.wmf])

(

A

Â

={
[image: image20.wmf]Ax

y

R

y

m

=

Î

:

 for some 
[image: image21.wmf]n

R

x

Î

} is the column space of 
[image: image22.wmf]A

 since


[image: image23.wmf]n

n

a

x

a

x

Ax

y

+

+

=

=

L

1

1










(iii) 
[image: image24.wmf]}

0

:

{

)

(

=

Î

=

y

A

R

y

A

N

T

m

T

, the null space of 
[image: image25.wmf]T

A


(iv) 
[image: image26.wmf])

(

T

A

Â

={
[image: image27.wmf]y

A

x

R

x

T

n

=

Î

:

, for some 
[image: image28.wmf]m

R

y

Î

}, the row space of 
[image: image29.wmf]A

.

Theorem 5.1: (Fundamental Theorem of Linear Algebra, Part I)
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Example: Find the dimension and a basis of 
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The basis of 
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Hence the basis of 
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Definition 5.2: Given a subspace 
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Theorem 5.2: (Fundamental Theorem of Linear Algebra, Part 2)
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Theorem 5.3: (Fredholm Alternative)
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