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Abstract

In this paper, we focus on the conditions under which the eigenvalues of complex Hamiltonian
matrices are symmetric with respect to the real and imaginary axis, and the sufficient conditions
that the eigenvalues of complex Hamiltonian matrices are the real or the pure imaginary number
are obtained. In the end, a class of complex Hamiltonian matrices whose eigenvalues are symme-
tric with respect to the real and the imaginary axis are obtained.

Keywords

Eigenvalue, Eigenvector, Hamilton Matrix

& Hamilton%E P& BY4FAIE {8 (0] @

w3/, ERE, B |, REL

SESLPNS (E i R
Email: wudeyu2585@163.com

Weks H i 201442 H27H; &RIHH: 20144E3H29H; A HM: 201444 H9H

W E
A, BATEEH A E Hamilton 5 R HARFAEE O T L300 iB #h X AR ¥, DA R R HamiltonE 4 H0%ks
EIEE .


http://www.hanspub.org/journal/aam
http://dx.doi.org/10.12677/aam.2014.32012
http://www.hanspub.org
mailto:wudeyu2585@163.com
http://creativecommons.org/licenses/by/4.0/
mailto:wudeyu2585@163.com

& Hamilton %5 (FIRFAEAE 7] &

fEER LSBT &M B, BITIEAES R — KR EE R ST S A B3 X #R ) 2 Hamilton
5RE.

KA

RHE(E, HFMEME, HamiltonfEfE:

1. 518
KT Hamilton HE R (R1REAF (L iA) BEEE R0 K ) “#I0AR 22 05 T A SN A, it i) o 53 LR AR SR i1
AT A2 E A5, TRAFE T2 #H I 2R, WSCHR[1]-[3]. BEAh. 51EEESRN A48 & [ AH
Riccati /7 F42:
C+AV +VA-VBV =0
Hir AB,CeM, (C), WA LHEIZTBEIEY e M, (R) HAXFREEFF[4] [5].
A M, (C)FEmnxn N EHFE, M, (R)FR nxnBrsckife, %

c w
H: *
C -A
(¥ 2nx 2n B4 RE B Hamilton 4R (6], Frh4ERE A B,C e M, (C), B =B, C"=C Hr A RRHEFE A 1Y

%%%Eom%iimXMME@J:{O

I Ry Y - S AY
| ﬁ,E*h%n%%ﬁﬁﬁ,MHMMmﬁ%E%WE%
#

n

(JH) =JH.

CLZANIE, 55 Hamilton 56 B RFIEAE ¢ T Sl A G S e AR [7] [8], Bt Aeo(H), WR
Re(A)HIIm(A) BIAANE, M2, -4, —4 WB&1% Hamilton A FE AGRFAEE o (H 2 X A% 5% T 5 Hamilton
FEFEAS—EMOL. B, 4 Hamilton 554y

i 010

0 i 01
H =

01 i O

100 i

W H FIRHEE A 0, 20, #£1+i, FEAGTIM PR, JAVEE, M2tk — AR RER], H, 18655 ]
rhH 2] Hamilton B RFAIEAE 58 T SR e el PRIZ — 1R B, 28 SR FURR AR 2 Se Bl R 4L
B HAE S elRE Bl o DRIE, RSO, JRATIE e E Hamilton JE KA SEARR AR B R Ry Ak 2 ) 78 73
SFAF, ERAG T —RRFIRAOE Hamilton FEFF, HARFAEAE IR A — 2 78 Sl slme il b, (H & 50 T Sl Rl g il
FEXS R o

I

E$i¢,ﬁ%me£%%n%ﬂﬁ%oJ%%EWL? ﬁoR,mﬁCﬁ%%ﬁiﬁ,%

n

EHOAIH. A JORRENE A MSEHIRE T, AT FORMERE A MIFE L, Re(2) A Im(2) 9136 55 2 195
WA, o (A) R A B, B AR R

2. F&mEH
B, BAIZIALLF ],



2 Hamilton F R FIHRFAEAE (A

BH#21: WH= {é _BA} J& 5 Hamilton %5F%, M

1) H FRFEAE D& T R o s
2) % A=0_ WHo(H)=c(H)=o(-H), BIH FHRFEMLE TSl A X .
B 1) Wdeo(H), XZXMT A KFHERE, RIS HX = AX . 4% i UL iess 2
X'H =AX"
MH =JH), RN EREXTIHI =AX", REEAWILATIX , 4530 =-1,, , 535
X JIHX = -1 X"IX ,
B
X"J(H+Z)X =0,
#5518 2.2, fFI(H+2)X =0, X I, #ifiiH -2 eo(H). WHBMET.

v A [0 B
2) M A=01H, H—[C 0}, BT

H=J,(-H)J, H=J,(H")J,.

Jl{ln 0} JZ{O h]
0 -I, I, 0
H3,=9%3,=0;" WOEFEH 5 HAI-H AL il o(H)=0(H )=o(-H). FH%EH
O'(H)*=O'(H*),
BIAS H BRFAEAE ¢ T Sl A0 K8 s A o
X B AeM, (C) RXFRIFE, WERXHMTREAIFR X =[x, %, %, ] » #H X AX 20 iz, WFK
A AR R
GIE 2.2: W ARAEGFIERE, W XgAX, =04 HAU4 AX, =0.
EB: FEr R ARROT, ATHFEM LB . FIH Schwarz A%, RASIEH FIAZER

b
+

(Re(x*AY))2 < X*AXY'AY
IFFARR A X =X, X, % ] 0 Y = (Vo Yorros Yo | BBRAL. BARTIAY =X, 5 X = AX,, WA
((Axo)* AXO)Z :(Re(ngY))2 < XIAX,-Y'AY =0,
WA AX, =0, Lk
3. FEHR
EE31: WH :L’; _i*}%ﬁ Hamilton AiF%, 405465 B FF60 i, FL(BPA) =B7A, WA F

T4 16
1) S H HORFE (A SRR aE 4, B o (H ) < RUIR
2) Aco(H)MHMY-2eo(H), 0 H BFFEET R AT,



& Hamilton %5 (FIRFAEAE 7] &

EH: RAeo(H). [F G EXFT A MEEAEME, BT
c e
AL l=2
C -A||G G

AF +BG = AF
CF-A'G=4G

BTG

T B 2&n i), bl
G=AB'F-B'AF
A*B'F-ABAF =CF - AA'BF + A'B'AF

e
(B7A) =B7A,
A
A’F'B'F =F'CF +(AF) BAF.

Y5 2.2: %X F'B'F=0, MB'F=0,fBIEAn, MNiHFF=0, MG=0, BRFE. &
F'BF #0, M

, F'CF+(AF) BAF
AC = — €
F'B'F

Blo(H)cRUIR.
BFR, RANEW o(H) RXETEAGHKRIG. & Aco(H), ME[F G AXF A MK E, X
U =[-F ABF+BIAF], MU =0H

(H+2)u =0
MITAHI -Aeo(H).

WY -Aeo(H)R, K, WTLHER Aeo(H).
Kipdh, e 3.1 WAlE L.
#Ep 3.2: WH ={é _BA}ZE#:E Hamilton 56R%, 158 C J2& Ik &7 i ks, E(C'lA*)*:C'lA*, il

1) JEFEH ERFEE 2 LB Al SL Bl o(H) < RUIR

2) Aeo(H)MHM M -Aeo(H), BIH RRFEMR T 5 SOk,

YE: EF 3.1 R 3.2 KM, 7EBTABCTAEX A FERI AT, & Hamilton FEREH IR P24
F5 Hamilton iR, BRI Hamilton [ R (AR DG S5 R R Sl X BR o

‘ A B _ . \ D
‘:}’E%S.S:T&H:[C A*}%’EHamnton%EB?;EBw,czO(EJzB<o,c$0)ﬂ(B1A)=BlA,

Mo(H)cR
iEBH: ¥B>0, C>0, #B<0, C<ONf



= Hamilton %5 FIRFAEAE 7] &

, F'CF+(AF) BAF
A% = >0
F'B'F

N\ﬁ’ﬁG(H)cRo
it 3.4: V)%H{é i,ﬁ}%ﬁ Hamilton 45f%, #B>0, C<0. HXMEEMAEX, Y,

Re(X"AY)=0 (#(B<0, C=>0HRe(X"AY)<0), Mo(H)ciR.
UEB: ARk, AUIBBB<0, C20, HXMERMFIEX, Y, HRe(X"AY)<0, M
JH >0
4 Aeo(H), URNRLA MEMERE, A HU =AU, WH
U*JHU = AU"JU >0
NHT U eiR, N EAE
Re(4)=0
Blo(H)ciR. iEMsEEE.
FeALhtty, AT LAAS N TR HE IR
T&%&a.s:iﬁH{é _i*}%EHamilton%EKio%Bzo,C>O (BSO,C<O),H(C’1A")*:C’1A*,
M4 o(H)CR.
DL S50 UL B 7E BL e e I 261, & Hamilton K B 1485 A0 B 5% T S A0 R il e A
B 36: WH {é _i*}%ﬁ Hamilton FiF%E. iR AR— AR Ao EUERE, B, C2&XHHa

YeREHE, W5/ H AR A 25 T Sc i P B
ﬁ%:%A%ﬂwﬁﬁ&ﬁ@,B,C%Wﬁmﬁmw,xﬁéA{o “] &{% s]

A 0
C, 0
C:Lfc}'ﬁeam)’ﬂéﬁ%U=m.a G, G, RIXIRL A HIRFAE IR, B
2
HU =AU
LS g

AF, +BG, = 1iF,
AF +B,G, =1F,,
C1|:1_A;Gz :le
CZFZ—A;Glz/lGZ.
AV =[FR -F, -G, G,|', ATFEKALLEH
lFl_AiFZ_Blel
B,G, + A\F - 1F,

(H+2)V = ; -0,
C,F, - AG, -G,

_C,F, + A'G,+ G,
MIfifE, Aeo(H)HHE-Aeo(H).



& Hamilton %5 (FIRFAEAE 7] &

CHGIE 2.1 A, H BREE R T BRI AR, PRI H SRR 5% T Sl A RE oo PR LE R 58 B

N _ A B = - A _ O Ai _ Bl O
EH 3.7: ﬁH_{C _A*}EEHamllton%Ef@, 7A—{A2 O}’ B—{O Bjo

C 0 .
C{ol C},ﬁu%81>0, C, <0, Hxt TAERMITE X , Y, Re(X"AY)=0 (B, <0, C,>0,
2

HRe(X"AY)<0), 4 o(H)cRUIR.
EBH: BARH AL H =PH,P, Hrf

0 01, 0 0 0 C -A
p_|0 00 f0 0 A Bzz{o &}
I, 0 0 0 B A O 0] |S 0
0 0 I, A C, 0 0
BRI, JEFE H 556 Ho ML, WTTTH o(H)=o(H,). Ell Aea(H,), HAU=[F F, G G,]

FEXRE A FIRFAE R, DA
0 sslelle]
=4
0 S5 |G G
ﬁﬂnp{ﬂ, G:El} e
(ClBl"'A;A;)Fl"'(ClAi_A;Cz)Fz:/12F1

FZ 2

(A.B,~B,A')F+(AA +BC,)F, = A°F,

g —A ATk, Bk A, REHAMINGE
(BC,B,+ AAB +BAA —AB,A |,
+(BC,A + AAA -BAC, + AB,C, F, ()]
=2*(BF, +AF,)

Mg — A -A, B R, REmAHINE
(-A'C,B +C,AB - AAA ~C,B,A)F,
+(-AC,A +C,A A + AAC,+C,B,C, |F, (2)
=2*(-A'F,+C,F,)

J7RE(2) I B L BE A B AT 1
F'(-BCA +BAC, —~AAA -ABC,)
+F, (-A'C,A + AAC, +C,AA +C,B,C,) ©))
= 22 (-F'A +F,C,)

BITTRE)ERF, HITREQ)LEF, , RIaPAMns
Fl* (B1C181 +AAB + B1A;A1* - AiBZAi*)Fl + Fz* (_Al*ClAi + A:A;CZ +C2AzA1 +CZBZC2)F2
= 2°F (BF, + AF,)+ 2% (-F'A +F;C,)F,

REWE



= Hamilton %5 FIRFAEAE 7] &

Im(4%)(=F,'C,F, + B/, + 2Re(F AR, ) = 0.

W B, >0, C, <0, HH TAERMITE X , Y, Re(X"AY)=0(B, <0, C, >0 HRe(X AY)<0),

W -F,’C,F, + F'BF +2Re(F AR, )#0. MifiIm(2*)=0, #o(H)cRUIR, EW5 k.

mBEEE

[ 5K E AR SIS . 11101200), P52 H KERR AR A QI % I3 & (HILHE S . 2012128).

SEW#Ek (References)

(1]
(2]
(3]

(4]
(5]

(6]
[7]
(8]

Bunse-Gerstner, A., Byers, R. and Mehrmann, V. (1992) A chart of numerical methods for structured eigenvalue prob-
lems. SIAM Journal on Matrix Analysis and Applications, 13, 419-453.

Bunse-Gerstner, A. and Fabbender, H. (1997) A Jacobi-like method for solving algebraic Riccati equations on parallel
computers. IEEE Transactions on Automatic Control, 42, 1071-1084.

Mehrmann, V. (1991) The autonomous linear quadratic control problem: Theory and numerical solution, lecture notes
in control and information sciences. Vol. 163, Springer, Berlin.

Lancasyer, P. and Rodman, L. (1995) The algebraic Riccati equation. Oxford University Press, Oxford.

Rosen, I. and Wang, C. (1992) A multilevel technique for the approximate solution of operator Lyapunov and algebraic
Riccati equations. SIAM Journal on Matrix Analysis and Applications, 32, 514-541.

Benner, P., Byers, R., Mehrmann, V. and Xu, H. (2002) Numerical computation of deflating sub-spaces of embedded
Hamiltonian pencils. SIAM Journal on Matrix Analysis and Applications, 24, 160-190.

Wu, D.Y. and Chen, A. (2011) Invertibility of nonnegative Hamiltonian operator with unbounded entries. Journal of
Mathematical Analysis and Applications, 373, 410-413.

Wu, D.Y. and Chen, A. (2011) Spectral inclusion properties of the numerical range in a space with an indefinite metric.
Linear Algebra and Its Applications, 435, 1131-1136.



	The Eigenvalues Problem for Complex Hamilton Matrix
	Abstract
	Keywords
	复Hamilton矩阵的特征值问题
	摘  要
	关键词
	1. 引言
	2. 预备知识
	3. 主要结果
	项目基金
	参考文献 (References)

