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Abstract Linear A\gebra - Part 31

j: V%\A/ linear , v:\"/ ﬂ:— vector spaces (finite-dimensional) .

For Ee\n/: [(xlt—_—l:/ solutions XCV

matrix YePreSehTaﬁon\
' ) system of
ltej} : = linear equations

Definition: Ker( 1) := {xe\/ | [(X) = O’g kernel of the linear map 1

Ran( f) := {Wéw | there is x€V with /(X) = W} range of b4
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Ker( /) solutions of L Ran( 4)

uhiqueness of solutions f(x) = b GP existence of solutions



ProPosition: 1: v%\/\/ linear V,\,/ ﬂ:——vec’for SPaces , L€\c\/
The solution set S:: {_xe\/ ‘ f(x = LE

is either empty or an affine subspace: |51 = ¢ or

S = X, + Ker(£) with xeV)

Proof:  Assume )((,6,51 (f(xo) = l:)

Take any veY and look at Xy +V L
linear ma?p /l
w+v eSS & L(x+)=b & L(x)+ Mv) =1L
& Iv) =0 <& veker( () 0

Rank-nullity theorem: j: v%\/\/ linear | V, \W/ ﬂ:—- vector spaces (finite-dimensional)

dim (Ran(f)) + dim(Ker(£)) = dim(V)

with matrix || »art 28729 || H
representations

~—> c:(im(Ran(J(te:B )) + dim(Ker(fC% )) — n



