
Observe

Ex:

Matrix
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Echelon Form of a Matrix
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The left-most non-zero entry in a each row of a matrix in echelon or rref 
is called a pivot position. 

The number of leading 1's / pivot positions is called the rank of A.
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Method 1 - the row method

Method 2 - the column method

Computing Ax
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Question: What is the dimension of col(A)? When will col(A) equal all of Rm?

Answer: The size of col(A) is equal to rank(A) or the number of pivots in an echelon 
form of A. col(A) equals Rm when rank(A)=m.

The matrix A as function
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Column Space

Row Space

Null Space

Example

Subspaces induced by a matrix
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Every vector in row(A) is orthogonal to every vector in nul(A) 
and vice versa.

The Big Picture
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Subspaces of R^1

Dim=1 subspaces of R^1

Dim=0 subspaces of R^1

Subspaces of R^2

Dim=1 subspaces of R^2

Dim=0 subspaces of R^2

Dim=2 subspaces of R^2

Subspaces of R^3

Dim=1 subspaces of R^3

Dim=0 subspaces of R^3

Dim=2 subspaces of R^3

Dim=3 subspaces of R^3

Subspaces of R^n
Dim=0 subspaces of R^n

Subspaces of R^n
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Note that:

(i) The span of any set of vectors is a subspace.

(ii) Any subspace is the span of some set of vectors (it has a basis).

So this is a comprehensive list all subspaces.

Dim = q where q = 1, 2, … , n-1 subspaces of R^n

Dim=n subspaces of R^n
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Dimension of subspace Symmetric 2x2 matrices
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Question 1

Question 2

Question 3

The following 3 questions are equivalent:

Answer to Question 1,2,3:

Question 4

3 Questions, Projection
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Picture

Answer to Question 4

Since c is not in W=col(A), we can then ask: What is the vector 
in W=col(A) closest to c? That is the projection of c onto W.

Before projecting onto a 2-dimensional subspace we need to 
project onto a 1-dimesional line.

Question
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Projection onto a line

Projection onto a plane

Before projection onto a plane, we need to find an orthogonal basis for the plane W 
and then use the theorem: 

Our given v1 and v2 are NOT orthogonal since their dot product is not zero. To 
create an orthogonal basis that spans W, use the Gram-Schmidt process.

Exercise: Use the Gram-Schmidt process and compute the 
projection of c onto W.

Gram-Schmidt procedure

Projections
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