Lecture 13: Quick review from previous lecture

; €Y
o A(basis/ffor a vector space V' is agl;zlearly independent set of vectors tha
V.

e If V is any vector space that has a basis with(n yectors, then any other basis

must also hav@vectors.

Today we will discuss the Kernel.
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Example 2: The vector space P of polynomials of degree < n. What is its

dimension”? o .
[ %)
e sav P = YF”“"f'/X ;- X Z

To o e a1 {l/ X, -e, )CV\‘ s Wz LTVL{)/ Meo’{ o ¢how

(1, %, x>, ., x5 L wlopoet

/) -7
Co + X+ X' et C” =0
Thon Co 20 yoee s Cu= O, whzh wplies {1, 2, xR vlapen

Co Fl, %, o, XM B a bam of P

(n)
C(A\/\- /> = n -+ | e
(&)
(=)
Fact 3: The elements vq,...,v, form @ )f V if and only if every x € V

can be written uniquely as a linear combination of the basis elements:

X = Clvl _|_ . .Cnvn.

(_{)> We kuew (U ., Jlf S G basis J7Z k/—/
| gl 'f'luzM we aut To show X & \f

X = CGU +.-—+ Cc Jy 7S uw?Zm_

5(" d\\fi +‘~~T&ufu_

0= X=X = ((~A) 1+ .+ CG-au)Vy
g\/\(,@ [V — \JT/\S S A Larfs/ S Ui, - k/&/
s A ﬂw&f@mﬁé@ﬂ‘. Ths  leads t=
¢ -a = s s Cu— Qu zZO.
Th eu Ce = Qi
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Example 3: Determining if vi = ( 3 ) , Vo = ( 1 ) , V3= ( 1 ) form
1 0 0

a basis for R? (Té e?‘/v&hmlw‘( tw Aﬁ,t@/wMMg} e weatiX

A= [ v ] s aomstegular )
(./ ~ . A AQ'/\ C/ - o
Alg)=(z) < A s enmgeler. e () (0)

—=> [ U, v S N pdepencet

ST T (2]
[\ = | [ __/> oo —~ O —_— - O
(, > o/ O® [ O o %Y
30 )
@:)’{/C;) (c) - o ) &(—A :,-((3)(//)(”%}

o o Y S Y,
Thes, & 7 nowregalar, €0 [ o, v, ) o a ”‘?”‘”L
G

Example 4: Check if py(z) = 2* 4 3z, po(x) = 2 — 1, p3(x) = x form a basis for
P How can we do this?
Tvo o Vams ([, X, x'L} we caw assecicte FlL to

(%
Py = X* 43 X /4@(3)
/

bux)= X — | —9

:
— o
R(x)= X > (,)
o
(
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2.5 The Fundamental Matrix Subspaces
xi [R” A Yy = (EW\.

§ Kernel and Image
We can associate to a matrix A = A,,x, a subspace of R", called the kernel or
null space of A.

Definition: The kernel of A is the set of all solutions x to the homogeneous
equation Ax = 0. We denote the kernel of A by ker A:

ker A ={x e R": Ax = 0}.

Fact 1: ker A is a subspace of R™:

@o‘uml@/f/é\'

® ceR F, Frin kel Tosee
IR Ley A 7 Ay, = © Py = 0.
ACx, + Xy ) = A, + Ax, =0+0= o
So X, 4%, € ke A

o oex e ker A7
Alex) = cAx, = <0= O

X, & key A_
Let’s observe that if x; and xy are two solutions to the equation Ax = b, then

what can we say about their difference, x; — x57

AX\ = b ’ AX’Z = b
A(K(’%z) = A’%‘ - A%z = ]9—-' L: 0
Thuws X, — X, 3¢ La B
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