Key Terms and Concepts for Chapter 6

Vector Space — 10 A real vector space is a set of elements V together with two operations & and
. I g P
properties (@ satisfying the following properties:
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Closure () If w and v are any elements of V, thenu & v is in V (ie., V is closed

Linear Combinations
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Linearly Dependent
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under the operation &).

(a) udgv=vagu.foruand vin V.

by ug(vdw) =g Ev)$Hw, foru, v,and win V.
{c) There is an element 0 in V such that

ufgld=0fFu=u, foralluinV.
(d) Foreachuin V, there is an element —u in V such that
ugE —u=»1.

If u is any element of V' and ¢ is any real number, thenc @ uisin V (i.e.,

V' is closed under the operation ©).

) c@uEv)=c@ud&Ec v, for all real numbers ¢ and all v and v
inV.

() (c+d)Qu=cudd O u, for all real numbers ¢ and 4, and all u
inV,

(g) ¢ @ (d ©u) = (cd) @ u, for all real numbers ¢ and d and all win V.

(h) 1@u=u,foralluin V.

The elements of V' are called vectors: the real numbers are called scalars.

The operation & is called vector addition: the operation © is called scalar

multiphcation.

Properties shared by all vector spaces: If V is a vector space, then:

e A “zero” element or additive identity,
denoted by 0; WARNING: for certain

(a) Ou =0, foreveryuinV.

definitions of addition & scalar (b) 0 =0, for every scalar c.
multiplication the “zero” element may (¢) Ifcu=0, thenc =0oru=0.
not involve numerical zeros (d) (=l)u= —u, foreveryuinV.

e Subspace

Particular subspaces: Zero subspace, Row space of matrix A denoted by row(A),

Column space of matrix A denoted by col(A), null space or solution space of matrix A

denoted by ns(A)

e Basis for a vector space

Natural basis for certain vector spaces

Rank of a matrix
Orthogonal sets in R"
Orthonormal sets in R"

Dimension of a vector space or a subspace




