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Example

|(霊）Let ThenbyC-Hwehave
IAI二§､匙－2．2 6＝

A二 A2-7A+6/2=Oフ

Weassociatetheeigen-polynomial toAby

"u)=f-"+6=(入－1)(入－6).

Thefactorizationabovetellsusthatl+6=7and1.6=6.Thus

theequationdeducedfromC-Hiswrittenby

.I2_
vごrA2-(1+6)A+｣

q■■■

whichcanbeinterpreted intwowaysby

A(A－h)=6(A－h), A(A-6/2)=(A-6b),

Nobuyuk!TOSE I TheoranofCayleyandHamiltml
↓

A2－A= 6A- 6r2
Ⅷ

A[A－r、）

6 A-T"1
一
一

A2－6A= A- 612－3 A(A～6r,）=A－6rL，

(2)Example

WetrytofindAn(A-/b)andAn(A-6/2).

A2(A－h)=A.A(A-/2)=A6(A-/2)=6･A(A-/2)

=56(A-/2)=62(A-/2)

A3(A－ﾉb)=A,A2(A-/2)=A.62(A-/2)=6ZA(A－と）

=626(A_/2)=63 (A-~r,,~)

A"(A－ら)=6"(A－ﾉ2)

Wefindthat

A"(A-/2)=6"(A-6/2)

Wecanfindmoreeasi ly

An(A-6/2)=(A-6/2)

’ NobuyuklTOSE I TheOrano｢CWleyandHamiltoU，



Example(3)

|nthepreviousslideswehaveshown

①f､An(A－h)=6"(A-/2), An(A-6h)=(A-

which isviewsas

An+1-A"

An+'-6An
6n(A－h）

(A-6/i)

ｊ
ｌ
ｌ
２
ｉ
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2三三

:＝＝

Final ly(1)-(2) is

5A"=6"(A-h)-(A-6'2) '｡*"､(A-I2)-;(A-6'b)｡
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’ Theorem
Cf-eA

）Cta一

〆一・

｢Theorem
ゴ

可
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LetA4M2(R)bea2×2matrixandassumeitseigenpolynomial
hastwosimplerootS

｡A(入)=A2_(a+dM+(ad-bC)==d-

＝(入一α)(入一③) with α≠β
（3ThenAn is inthefbrm

A"=Q'"Xb+6"Xi

withXb,X1EM2(R) independentofn

NobuyukiTOSE Thmr臼no｢C可IeyandHamlltm



Polynomialsofmatrices

Wecanfbrmpolynomials inthematrixAEM2(R)

｢Definition
可

l

Foranypolynomial

Q,elRf(入)=anX'+…+al入+30
j

wedefine

f(A) :=aoA"+…+a,A+ao/2

BasicpropertieSofthisoperation isgiven inthefbl lowingtheorem.

『Theorem __ |Theorem l

Forf,gpolynomials inA,wehave 1，'IU-ILTIP上哩」r,へ
急ズア ，､卿延叩〕(f+g)(A)=f(A)+g(A), (fOg)(A)=f(A)

k. ,v!,4_jしや'､FLc'gl!唇八一
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Application

IAI二 【､3－ 【 ､<~')=(十
ThenwehavebyTheoremofC-H -X

fA心）二入2－午入十〈ナ
迄

(H)metA=

＝（入A2-4A+4/2=02 /.e (A-2/2)2=O2 －2）

WedivideA"by(入－2)2Thenthereexistapolynomialq(A)and
a,bERsatisfying

An=q(A)(入－2)2+"+b

Wegetthederivativeofthisequationtoget

n入"-1=q'u)(入－2)2+9("(-2jz+a

2い－23

(1)

(2)

NobmyuklTOSE I TheoranofC"leyandHamilton

Application

“

ら＝2 －2． レ’ 2$へ－1

（3）

Wesubstitute2fbrMn(1)toget

2n=2a+6

and in(2)toget
n2n-1=a (4)

Thusweget

a="2"-', b=(1-n)2"

Accordinglywehave

M=q(A)(入－2)2+"2n-M+(1-n)2"

WeSubStituteAfbrAtoderive

(5)

An=q(A)(A-2/2)2+"2"~'A+(1-n)2nlb=n2"~'A+(1-")2"/2
－－一

且
可
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MatricesandtheiroperationsNo｡ 2
m×nMatrices
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NobuyukiTOSEI MatricesandtheiroperationsNo.2

m×"Matrices

I 1m×nmatriceS:Howtomakethem

all ・ ・ ・ aU aln■ □ ■

I:1A=(3, . . .J,)= a/1 ． ． ． a〃 a/n
:＝＝

十(へ八〈J,へ歩一I

am' ･ ･ ･ lam/ l･ ･ ･ amn

j+I,､c｡l|owingwaysAm×nmatrixisgiven inthefb

o(i)Combiningncolumnvecto(i)Combiningncolumnvect

u吟一・

ors3,,...,3nERm

o(ii)Combiningmrowvectorsa,,...,am

｡(i ii)Givingm×"components.

NBal/ iSusedfbrthecomponentoftheithrowandofthejth
column, andsometimescal led(/,ﾉ)component.

－
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Multipl ication:Matrix×ColumnVector

’ ’Multiplicationof"-dim. col｡ vectorstom×nmatrices

/x,1 /a,)ri

AIx' |=x'3'+"･+呼司+-･+xn3n=| aR|| ERm

!x"ノ (a"ヌノ

Hereweusemultipl icationofrowvectorsandcolumnvectros

I:1(QI, . . . QIn) =(I1xl+･ ･ ･+(Mnxn
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Multiplication:Matrix×Matrix

r

Multiplication:Matrix×Matrix

~rakeanothermatrixoftypen×2
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