each vector is rotated
by the angle




each vector extended lay




Another example

For analR | consider the mappmg/ — V defined by

a(u)=alu

[ each vector is extended hy }

We have
a(u+v)=alu+v)=ai+alv=a(u)+a(v)

a(bw) =allblu)=abli=balli=b{al)=bla(u)




Let VandW be vector spaces. A mappii:V - W alked a
linear transformation d¥ into W if the following axioms are

satisfied:
o  g(u+v)=g(u)+a(v)

e ¢(al)=alp(u)



@® ¢ preserves linear combinations of vectors.

@® ¢ also maps the zero vectorVto the zero vector Aiv.

@ a linear transformation that maps a vector spaocatself is
sometimes called |anear operator .




To define a linear transformation it is sufficieatshow how it
transforms the basis




Let us, for example, consider a linear opergton V;:
basis{bl,bz,b?,} ¢(b.t) :t11b1+t1p2+t1p3
\ ¢(b2) =t,b, +1,p,+1,b.
¢(b3) :t31b1+t3p2+t 3? K

u=ub +ub,+up s @(u)=ub, +ub,+ub.

¢(u) = Ul(t11b1+t1}32+t1?9+

+u2(t21b1+t2p2+t2 (bl)¢(bl)¢(bl)
+u3(t31b1+t \ l j
_(u1t11+u2tm+u ( A
t11 t21 t31
(u1t12+uztzz+u§ T =IIt i [
12 || t22| ‘32
(u1t13+u2tz3+u;33)b3 t13 1:23 t33}




If we write the coordinates of vectors as one-colunatrices, the
previous example transformation may be writtenodisws:

u2 = t12 t22 1:32 u2

\U:Ia/ Lzt T5)(Ug)




Eachm by n matrix represents a linear transformation of an
m-dimensional vector spagéinto ann-dimensional vector
spaceaw.
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