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4.1: Span, Linear Independence, and Basis

● Linear combinations (linear dependence)
● Span: how far a vector space can go
● Linear independence (important for 

bases): set of vectors in V such that none 
of them can be written as a linear 
combination of each other except trivial 
solution

● Basis: set of vectors in V iff
● Vectors are linearly independent
● Vectors span the vector space
● Minimally spanning set: remove one vector from set and no longer 

spans *want this*



4.1: Standard Bases

● Every vector space has infinitely 
many bases, but there are some 
standard bases to recognize

● Every minimally spanning basis 
for a vector space has the same 
number of vectors in the basis
• A basis CANNOT have 

linearly dependent 
components

Some standard bases:

● Dimension: common number of vectors in the vector space 
V
• Dim (Pd) = d+1
• Dim (Rn) = n



4.1.1: Linear independence example
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4.2: Change of Basis



4.2: Rank and Nullity

• Row space
• vector space generated by rows of a matrix (rows in RREF)
• dimension of the row space: rank

• Column space
• vector space generated by columns of a matrix (original columns from RREF)
• dimension of the column space: rank

• Nullspace
• aka kernel
• vector space generated by all vectors such that Ax=0
• solve Ax=0 as described in week 2
• dimension of nullspace: nullity



4.2: Rank Nullity Theorem



4.2.1: Change of Basis Example 1



4.2.2: Change of Basis Example 2



4.2.2: Change of Basis Example 3



4.2.3: Rank/Nullity theorem Example



4.2 Worksheet questions


