5.1: Eigenvectors and Eigenvalues
Math 220: Linear Algebra
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O] , W= [ 1] , andv = [1] Calculate Au and Av.

What do you notice about either of them?
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Definition

An eigenvector of an n x n matrix A is a nonzero vector x such that Ax = Ax for
some scalar A. A scalar X is called an eigenvalue of A if there is a nontrivial solution x

of Ax = Ax; such an x is called an eigenvector corresponding to A.

Ex 2: ISB] an eigenvector of{ 0 ﬂ? If so, find the eigenvalue.
LL‘O@C—L—" [ID ][ } = Y Ij% ] Ye s qpa‘ A=Y,
2 .
Is[ﬂ an eigenvector of Pf ___g}? If so, find the eigenvalue.
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5.1: Eigenvectors and Eigenvalues

Ex 3: Show that 5 is an eigenvalue of the matrix Lll ﬂ, and find the corresponding

eigenvector. | N - A
> [a-sais] p2oaf ]

sl ve Ax = 5%

S AX-S% =0 = [‘q * D] The ioperdector
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> 4 - STYK <o - .
wa. peed vhe pul spoce of A-SI.

The eigenvector must be Hop,zern , butaneigenvalue maybe 2o |

So Aisan eigenvalue of an nX#n matrix, if and only if

(4=AI)x=0

What would another name for the solutions to this equation be?
The solvttoms are  +he mullspace of (A - AL

But we already know thatany  ~v /) spacd. is a I~vlﬂf-'parce of R”,
so we call it the e.q‘%,g_,.) spaco of A.
4 2 3
Ex 4: Find a basis for the eigenspacegiven A= |—-1 1 —-3|,A=3
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5.1: Eigenvectors and Eigenvalues

Theorem 1
The eigenvalues of a triangular matrix are the entries on its main diagonail.

Ex 5: Find the eigenvalues of

SO W
S O W
o =

Nz 6,2,7%

What does it mean for a matrix A to have an eigenvalue of 0?
A‘B’(’ = O‘f = “E Haare oe o - +vuvia)
colvhors o +he horoopesvs
equatior’. AR =B.

This means that O is an eigenvalue of Aifand only if Ais o4 odesh ble, |
This will be added to our __i~vérii ble Moty x Heseem  in5.2.
Theorem 2

Ifvy,..., vr are eigenvectors that correspond to distinct eigenvalues Ay,..., A, of
ann X n matrix A, then the set {v1,..., v;} is linearly independent.

Proof: ( by comtrad ction)

Svppose v Vo o ’:‘,/ea,rfb &M;Jegf. oy A7L= /XL A

! P

- —
D Pere s o \/‘P“: c_‘“\?,*,_,*.g})v‘_\ wf et al) c..u_,,,c.P

= AVP” =AYy o C.PV‘PB
- = -~
= : v
e /Ar,?/r*r Ly AV L L AV
- _ ~ -
= />\f"” V‘P‘n_‘ < Ih' Vi e CPQPVP
pre) 'af«n Vit =4 o‘p«r:?rl + .4 —a D ,_\7P bﬂ M‘”:" P"H“”ﬁ a-gvason (=)
[ e . bta —-Q‘”' a
. _ )
wow bt GJJ C o= c”'(a’—AP-NBVJ *... + C‘P(/)‘P"O‘P'H) '\7P
— frree——
*o +o
T__ Sivee N Jistwet iy
. - A Page 3 of 4
SiWce e, Vo ate UL shig fuphes R O =mex

L4 e — . ; .
o Vi, Ve ate Jivesnly  ivdepemdeny



5.1: Eigenvectors and Eigenvalues

Practice Problems

6 -3 1
1.l1s 5aneigenvalueof A= |3 0 5|7

2 26
solve (A - STYX =0
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2. If x is an eigenvector of A corresponding to A, what is A3x?
A% = DX
5 A% = Alx) = AT = A AR = A%

A% = ALAZRY = ALSTRY = 5% 4x = AR

J

4. If Aisann X n matrix and A is an eigenvalue of A, show that 2)\ is an
eigenvalue of 2A.

5«2,9?092‘ A has 33‘?@#\;&‘*0“ ? w/ e_fje;)\/a,]ue. 9\
= Ax = 4%
D (1A% = 2(4%) =23 = (22)x
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