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Vector space

1.1 Definition A vector space (over R) consists of a set V along with two
operations ‘+’ and ‘-’ subject to the conditions that for all vectors v,w,u € V
and all scalars r,s € R:
(1) the set V is closed under vector addition, that is, V4+w € V
Ti). vector addition is commutative, V+ W = w + V
(3) vector addition is associative, (V+ W) + U =V + (W + 1)
V(4) there is a zero vector 0 € V such that v+ 0 =V for all v € V
(5) each v € V has an additive inverse w € V such that W +v =0
__(_@ the set V is closed under scalar multiplication, that is, r-v e V
(7) scalar multiplication distributes over scalar addition, (r+s)-V=1-V+s-V
(8) scalar multiplication distributes over vector addition, r-(V4+wW) = r-Vi+r1-w
(9) ordinary multiplication of scalars associates with scalar multiplication,
(rs)-V=r1-(s-V)
(10) multiplication by the scalar 1 is the identity operation, 1-v = V.



Vector space, contd.
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Vector space, contd.
Sulp spaces



Vector space, contd.

A subspace of a vector space V' is a subset H oﬂ that has three properties:

a. The zero vector of V isin H 2

b. H 1s closed under vector addition. That is, for each u and v in H, the sum
u-+visin H.

c. H is closed under multiplication by scalars. That is, for each u in A and each
scalar ¢, the vector cu is in H .
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- Vector space, contd.
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Vector space, contd.
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Vector space, contd.
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Vector space contd.
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Vector space, contd.



Linear Independence/Basis

DEFINITION Let H be a subspace of a vector space V. An indexed set of vectors
B =1{by,..., b,} in V is a basis for H if
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~ Linear Independence/Basis
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Linear Independence/Basis

The Spanning Set Theorem
Let S ={vi,...,v,ybeasetinV, andlet H = Span{vy,...,V,}.

a. If one of the vectors in § —say, vy —is a linear combination of the remaining
vectors in S, then the set formed from § by removing vy still spans H .

b. If H # {0}, some subset of S is a basis for H .
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~ Linear Independence/Basis
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