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4.2 Null Spaces and Column Spaces ?' X —

Recall: (t, X )

A subspace H of a vector space V' is a set of vectors in V' which is closed under addition and scalar
multiplication.

Example 4.2.1. Is the set of solutions to the matrix equation Ax = 0 for » € " a vector space?

Solution: zero vector? Yes, = 0 s a solution to the eguation.

Closed(

v are solutions to Ar =
—_

What about w+ 1
- == w = O
Alu+v) = Au + Av

—0+0 4'\}—"_/ O

Therefore closed.

The set of solutions to the equation Az = 0 is a subspace of B" called the null space of matrix A

Definition 4.4. The null space of a matrix A (Nul A) is the span of the vectors obtained

by solving Azx = 0.
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Nul A ={x: zisin B" and Az = 0}

Example 4.2.2. Suppose the reduced echelon form for a matrix A is

solution set of the equation Ar = 0. (ie. Find Nul A)
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E le 4.2.3. Consider the linear transf 1@ @1 [1?_1 ‘
Kample onsider the linear transformation =\ar where A = |, - .
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1. Is the vector @ = |:l}
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1. Is the vector @ = |:'}:| in Nul A7

2. Find a description of Nul A. @ I 0 k‘L Xu )(L X} /

Vo2 I
2700

1 ZR\ l —1 Rl LQ-L l O — S O X, -’5_)(3::.0
O { 2 o ¢L+2>(5:u

St
o o : . | = ‘}/bd o
Definition 4.5. The column space of a matrix 4 = [a; a3 ---a,] (Col A} is the span of
e et ]

the columns of A.
Col A = Span {a5. ag, ....a,} C/O ( S

Col A= {b: b= Azx for some r € B"}

Example 4.2.4. Consider the matrix A = [; f l] _ | Z
1. What is Col A? [] ﬁ Z' C/@ / 4 - [2’ Sd
/

2. What is the smallest representation of Col A7
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Smallest reproGshet v oS Col 4 5 thuw pivet columns
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Example 4.2.5. A is an m x n matrix. Mark each statement TRUL or FALSEL
. The null space of A is the solution set of the equation Az = (). 7 o, L. Qgn \3‘
|
. The null space of an m x n matrix is in B™ \AM FQG& ‘_V” al‘zl ! \

. The columm space of A is the range of the mapping »—r. “m I

= L2 o

. Col A is the set of all vectors that can be written as Ax for some r.

3. A null space is a vector space.

1 f=

. The columm space of an m x n matrix is in B™,

{ :
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Tlu reduced echelon form of A is g
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Example 4.2.6. Let

s wse pivot ColvomyS TN
Find Nul A, LA4A, Row A and the 1 ¢ ed echelon form of A i Z‘l—/& M’Q'L
O 1 0 K\ f3K1 —XL/ ‘“87(5 =0

3 -2y Xy = O
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