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Nonlinear Physical Science focuses on recent advances of fundamental theories and
principles, analytical and symbolic approaches, as well as computational techniques
in nonlinear physical science and nonlinear mathematics with engineering applica-
tions.

Topics of interest in Nonlinear Physical Science include but are not limited to:

- New findings and discoveries in nonlinear physics and mathematics

- Nonlinearity, complexity and mathematical structures in nonlinear physics

- Nonlinear phenomena and observations in nature and engineering

- Computational methods and theories in complex systems

- Lie group analysis, new theories and principles in mathematical modeling

- Stability, bifurcation, chaos and fractals in physical science and engineering

- Nonlinear chemical and biological physics

- Discontinuity, synchronization and natural complexity in the physical sciences
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1.1 ERIERHE
TERGEHTHE R SRREMEZ AT, B S B I R REA

EX 1.1 FE—DHREEMS P :x, — xpp 2 XEBEN RS,
RGPS S 87

Xp1 = Axpg + B, k€2, xp= (T, Tok, -, Tnk). €R", (1.1)

Hed A Hnxn %l B REEHMERE. & B =0, 4 (1.1) I
SMEERARSEFTIRE. AR (1.1) "5

Xpr1 = Axg, KEZ, xi € R™. (1.2)

# B # 0, PR (1.1) HRIERIEE IS /) R R AR K.

ZEME PY) x, — Xpyj, HHP PU) = popU-1 H pO -1 i
R (1.2), PY) BEBRZRE xpy; ATH TG H

Xpyj = AXpyj1 = = Adxy. (1.3)



2 BB RERBRESREE
X (1.1), B PO BBREARTS xpy; N
Xk4j = Axk+j_1 +B
= A(Axk+j_2 A B) + B
=A%+ A™B. (1.4)

#detI—A)#0,H

1

Z;U A"I-A)=1I-Al=> ZZ:O A™=(I1-A)I-A)"'. (L5)
ik, PO BIERZARE xpq; TR N
Xpj = Alxg + (I - A7) (I - A)"'B. (1.6)

EX 1.2 FE—THEHBS P x, — xep1 € XEREE S
A8, H x4 = Ax + B (W3 (1.1). #F %1 = xke = x5, WFR x5 K
MR AR AT S (BUPRE -1 A%

x; = Ax} + B. (1.7)

STBLES PO) @ xp — Xpqj, 7 Xiy = Xk = X5, AR x; i FUHE
J -5 f#
X;,1 = Ax; + B,

* — =
Xpyo = AXpyy + B,

(1.8)

Xy = Axpy o +B=x5.

RIELL B X, 2R (1.7) RS S HE—ff
xf=I-A)"'B, # det(I-A)#0. (1.9)

EX C=(1-A,B), & r(I-A) fl r(C), —HEZILFTLAGHINT.
(i) # B #£0 H det(I—A) =0 fl r(I— A) = r(C) = n, MR (1.9) #

FIARBh A xt JRME—).

(i) & B#0Hdet(I—A) =0 rI-A) =r < (C), MIABE x;
TCf.

(iii) & B#0 H det(I—A)=0 M r(I - A) =7(C) =7 < n, MARBhH x;
A TCG5 2 U it

(iv) # B =0 H det(I— A) # 0, MIARBh & x; = 0 EME—FiF.
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(v) #B =0 Hdet(I-A) =0 r(I-A) =7 <n, WFEEERSNE
x; # 0 ATLUHEMN n —r MM TCRMARIIR, I HILH A EE—R).
M= (1.6) AR xpy; = xi = x3, ATHI

x;=1—-A)"'B, # det(I-A7)#0. (1.10)

RIS IE AT AT

1.2 EFERFHIEMLAMEERRS

AT BA BRI A2 P B BUR SE A

EX 1.3 XX (1.2) LT EBRE xe1 = Axp, HHF A =
diag[Ai, Aa, -, An) BXTARE, WIFRZ RGO NFREMA B BORR RS, 4
SERIRIRE xo F. ARG IfR 2

xi, = diag[A¥, A5, -, Ak]xo. (1.11)

EE 1.1 FEX (1.2) PHIHIHRREAEMEHEEBRR xcn = Axy.
#r nxn HFFE A BFESSEREER A, A, An, IRAFTHT AR —4H
L ) & {Vil),v,(cQ), e ,v,(cn)}:

(A - AV =o. (1.12)
BT Q C R i —g3Em . FREmER P = v v ...

v,(cn)} s, HA
P 'AP = diag[\1, M2, -+, Anl- (L.18)

ik, 24 x, MIRRESEE, X (1.2) PRLIEREE ) RSN

Xit1 = Pdiag[h1, A2, -+ , A]P 1%, = PEP 'y, (1.14)
Hepxi s E h
E = diag[A1, Az, , An). (1.15)
X (1.2) PRYLMER BN RG89 U N
xi, = Pdiag[\¥, Ak, - \F|P~1xg = PEFP1xq. (1.16)

iERA GERIZ DL Luo (2011). [



s B MRS SR
Rk A b —Fh . REFFIE M &
i = [1“)1 . (1.17)
MHEL (1.12), A

a1l — A bix(n—1) 1 _
o Avr A r(i) v; =0, (1.18)
(n—1)x1 11 it(n—1)x(n—1) k

Hrb Ay AHERE A BT, HR & 1 e SO

Cn—1)x1 = (ail)(nfl)xla 1=2,3,---,m,
Bixn—1) = (@17)ix(n—1)s J=2;3; ;1 (1.19)
A1 = (@) n-1)x(n-1)s 5J=2,3,""-,n

r = (A1 — Alin-1xtn-1)) " Cn_1)x1- (1.20)
A (1.2) PRILMERE S 1 RGAAE N
xppr =3 Codvil) = (v VP, v{VdiaglAs, e, An]C
— Pdiag[h1, Az, , A]C, (1.21)

/\":F’
C=(C1,Ca,+ ,Cn)". (1.22)

#r xpr1 = Xk, W diaghi, Aoy, dn] =1 TR
P 'x, =C. (1.23)
DRI, i AT LA A
Xpp1 = Pdiag[hi, Ag, -, AP % (1.24)
al UL, PR RS T AHTR) S R A

T 1.2 HERX (1.2) PRIIHIRESS E LR EB RS xpm = Axk.
Zon x 2n FEME A BUHSRERIEEN N = a; +i8: FT XN = a; — 16 (i =
172,'--,7?/Ei:F) ?Eﬁ%mwk =u+iv? 1wl = ul? —iv{?,
AR % N B 1) uk )R v. (i=1,2,---,n) HTFRXMHEH

(A—(cs +iB)D W +ivid)=0, | (A—(o —i8)DW? —ivi))=o0.
(1.25)



1.2 RAHRFEENRERBAS

BT T Q C R? i —g K mE. X FHE R B P = |
u§c2), (2)7 - ul(cn)’v](cn)] ¥, BA

P'AP = diag[B;,B,, - ,B,].

He

Bi=| % A 12 m
_61' (853

Hit, %€ xi, BPIERREE, R (1.2) PRLERHERLENE N
Xp41 = PEP 'xg,
Hx s E N
E = diag[E1,Es, -, E,],

COs 9,; sin 91'

. -] i=1,2,"‘,7l,
—sinf; cos6;

EizTiI:

)
+

Ty = \/CW, f; = arctan &7

Qg

a; =rjcosl;, [3; =r;sinb;.
3t (1.2) RGN
x; = PEFP 1xy = PE(k)P " 'xo,

Hrp
E(k) = E* = diag[E1(k), Ea2(k), -+ , En ()],

Ei(k) x| cos kO; sinkb;
i =T i
—sink#; coskb;

iERA JEBAZ UL Luo (2011).
FE BRI, BRIy

'b 1 i i i 1
()+1v C,E){ (i)} K u() 1v§€)—aC§c){_(i):|,
r, T,
BEH AR R E AN

i 1 i NG ~( 1 i e ar(i
c‘” =0 —iND) R T = (M +iND).
U(’) iv) & ) =ul -ivy.

5

1 1
ul®, v,

(1.26)

(1.27)

(1.28)

(1.29)

(1.30)

(1.31)

(1.32)

(1.33)



6 B2 AHEHRASSEEN
WiEL (1.25), A

ayl — o — iﬁz blx(n-l) 1 . Cl(cl) =0 (134)
Cln-1)x1 A = (@i +i0)In-1)x (n-1) ry)

T, i LG a)]

C(n—l)xl + ((All — aiI) — IIBZI)I‘S:) = 0, (135)
(L) = ((A11 — aI)? + G ((Aqr — ouT) + iBiI)epm_1)x1 = US) +- iVS).
(1.36)

=

UY = (A1 — ail)? + B2D) 71 (Ayy — asD)e(notyx1,
Vi = (An — aaI)? + B71) 7 Bic(noya.
= (1.2) i RGN R

=3 (O () +ivi?)(a +18:) + T (0 — ivi”) (s — 16)
e MO L .
=2 A4<)IJ(>4F]V-0‘, i [Cosit p¢@>lju> MOV |

n cosf; sinb; | | M ,El)
_Z (uk 7VA T .

—sinf; cos#,; N,Ei)

(1.37)

=PEC, (1.38)

L E

[uk- 3 (1)7 o u(k’n) ](cn)]a E= diag[E17E27 e 7En]7
1) n n
CZ(MIE 7N]£ )7"'3 4]& )aNl'ﬁ ))T’

_ (1.39)
St o B A B
W xp1 = xx FIRILEIRES, A E=1. T2
O =5 (1.40)
[, i Fik=Ch
Xpi1 = Pdiag[E1,Ey, - ,E,JP " !'x; = PEP ™ 'xy. (1.41)

A LR R A T AR R Rt R ek =K



12 HAHRRHEM A RPE SR S 7

EIE 1.3 HIENA (1.2) TAEPIRIRENEAE SRS x40 = Axp.
nxn B AMNESERFIEE N = +18 Al N = 0 —i8 (0 =
Lzupﬁi—ff MMﬁmwmkwﬂzﬂ’wAWwH:

“" - IVA . AN - 2p PNEHFIFFEE Aopi1. Aopra, o, A, W]
Jﬂ Falf SRR () (0= 1.2, . p) RERIAYERAE m by ul &%

(%)
vy,

(A= (0 +iB3)D(L +ivi)y =0, 3 (A - (0 —ig)D({) —ivl?) = 0.

(1.42
TR 4 {vPHD v I R SR |
(A —AIvi? =o0. (1.43)
REAIE ] T
P = [ul, vi" u v, uf v B B VY] (144
T Q C R 4L, H
P~ 'AP = diag[E1,Eo, -, Ep, Aopi1, Adopra, -+, Al (1.45)
Hixti=1,2-- .0, A
E, =1, {‘2;99 ::iﬂ .y =ricosl;, [ =risinb;. (1.46)
2 CUHNE xe BIRIIRIRAES, U (1.2) T REINE N
Xpr1 = Pdiag[E1, Ea, -+ , By, Aapi1, Aapira, o+, AP Ixp
= PEP 'x,. (1.47)

HEAOEAn i A

xi = Pdiag[E1 (k), Ea(k). - Ep(k), A5, 1. A5, 00 ARIP %o
= PE(k)P ', (1.48)

/_.H-

cos klO;  sin k0, )
. i=1,2.-- . p. (1.49)

E;(k) = rf
—sink®; coskb;

IERE EMIZ UL Luo (2011). [ |



. W RIERMAS SR
1.3 AEREEHEENLERRRS

AN HE BA ERHMER LN B RCR SRR, 5 ST B BSCFE
RS, #E TR RAENEREEMEL, &8 HIEFRE s
TI R G

EIE 1.4 HERX (1.2) PUHIRESHEMNEEER AL xp1 = Axk.
nxn 55 A BSEERAFE ,\I,AQ,-- A A m ERHEE N &
m&%mmg {v,ﬂ”,v,c vy MRT Q © R OBYEE. AL 1 R

= WOV V™) A SRR A, A REAT ISHE R
A=S+N, (1.50)
Hrp
P~ ISP = diag[\]nxn, (1.51)

HEN=A-S 2 m<nWEER (N™=0), H#i/£ SN = NS.

P 'AP = diag[\1, - , Ai-1, ngi)|7n><'mv L TTe—

[\, 0 0 - 0 0}
1 N O 0
. 0 1 N --- 0 0 (1.52)
B¥=| o -
N0
'i—Tler'm

TR, TR xier = xx BIRRE, 38 (1.2) R AR BUR G

xp11 = P(E+ P 'NP)P 'x, (1.53)
Hrp
E = dia’g[)\ly T 7)\i——13 )‘i, o 7A'59Ai+7719 e 7)\71}- (154)
(R

A4t (1.2) HAUE R
x; = P(E + P7!NP)*P~'x,. (1.55)

MERR  IERHZ: UL Luo (2011). [ |



