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n(x) determined by the solution of equation (21) (n;=1>



404 T HNSEEZERBEER 10 %

u(o, §)=E(w) =E[+N () —ct], _ (20)
(dB/AE)E = + (kq/n)dw.
YR —A 4, RINH BB A IETL-Gordon 3, R MM W A0 18N

{n(m) =1+mkx; N(z)=o+1/2nk2%

‘D=2gin’ %’ d®/du= +siny,
w(z, 8 = B(w) = B[ £ N () —of] (21)
= *2arctan exp (k./m)w,
X mE 1 s, '
.83.2 HEEMEM TR
HTREFHR6) K3 K n(z) ﬂF‘%ﬁﬁ%ﬁﬁ‘Jﬁ, 545!
u(a, £)=H(z)=H[M(z)~dt], (22)
HEBIAEARGTBA)MBEERN )
B (2) [M'(8)" =n(@)*] +H' () M"(2) = B ST (23)
iR (23), ﬁﬁ]"&%ﬂ'ﬁﬁﬁf% n(e) BRI AR AL BT I, ?ﬁﬁ]‘iﬁﬁﬁﬂa
, () = [1+ (nkow)*] /%, (24)
HEBITIIXERR
- M(z) = +1/2nk2?, (25a)
B (z) =k ' (2) = — 2 92U, (25b)

MRIER(25D), LA e ¢(EDER H =), ¥, HATHE He) BB S(H). X, RN
HWRCOBEITHERSH U TH-MT X

@ (u) = (cosu—1) — 4n(oos—-—1)==—sm Y+ 8ysinz ¥ 7

2
{u(w, i) = H (z) =4 arctan exp k2. (26)

8.8 Floquet R Rr3EF ik

T3 B — R 7 e 28 LT ) AR o Hill 1 Mathien 5 i Floquet b B J7 0%, X
MO S HRBHHSETARBARAS). pHRAREBEBERERIATATEERS
¥ R, B

(o, §) = H@) Qo) = H [M () ~ Be) - G(2), (27)
R o= M (2) — Bot, M'(2)>0, HBX—RBULAFE(16), ABA LR
G- (M- + B¢ (e + B - L u-H-@).  (29)
R 6 ) BBRN |
@ (u) =£Do+—;% w'”u“—l—ﬁi—u"”', r>2, (29)

Rfﬂ—f D& 8) MR XE, ﬁ
—B8n®=0,G", (30)



6% —HIEH IR PR IUT 405

. E‘i_ (M'G°) = Ok GH, - (1)
@' -G =0:kG". (32)
BTN (28) B H () S AR

O.H" + 0.k, H'+03k”H b k”H' (33)

ﬁ% M@ =1, f—HE AR (30) ~(33), TR HBRA '
g Q'=a’ sz+03k’G' (32)
=G , (34)
n= 13—1((;-4_01@'-1)1/2, ‘ (35)
H"=—(0s/01) F}H + (b/O) K H", - (36)
SR (B2 HE8) MM, RiNAEXE 2 Fﬂtﬂ%ﬁﬁ}% * 37 ﬁ}fﬁzﬁm—-%ﬁ, BEABTIHHE

. (@) A BAZE LIS 0L
. 8.4 ZARNER

A REAPEN B PO MTHRERLY TN RSP RSB SR M E—A
W, IR RNFAN—FHEUTFTRER THIY SR P ELHE Klein-Gordon
TR RE RN —FOTE AR BE LR 1 B, %EEH%&H@ Hp

x(2) <1,
{z(@ — 3 sexp @2hi), K- =1, @
R ke R RBEBRE, ERYINRTERGN M, BNFERE JORERNM
7=t 3. (38)
Hi % (38) 7T 78
3 (V)2 +@B () =P, (30)

RATBE T @) 7 (bous—b()] =0 IHA BB 2ZHES, B T <I<Js, HETH
HERE o(Prar) FEI T(DPnax) Ht2

T (Bone) = e = L) — (2/00) [ (20— B}, (40)
P (@) =2 [ {2 Bue— O} 2dT =a? [ (1)1 (41)
Kb RERBASRNBARY T (RS, RH T @) ThERHREERY
T =3 J(r)explire(@a)t]. (42)
N THE RS R, RITEE T UFEL,
u(x, ) =J )+ Lz, b), (43)
SR, B 4 SR S 0
L(z, §) = :zlL(s, £ oxp (is2k50). - (44)

ML AL TAER L(s, ) BARE:



400 AN EEXREER 10 %

)+ [sd+of 22T L1cs, 1) —xor 22U, (45
2
2L, O+ [0l ~ (7/I)] -LGs, ) = —£()J", (46)
b onmchy HMAMAE. TGRSR |
o(~g T L +E 7L ). 1)
WHR WD AT RRR @), T
TL D) 1 4 o tof gﬁ ©+0! T2 0)-71)]-Ls, 9
=1(8) «cw? -d_J__ 0)-J(3). (48)

J=0MHIH_BRA=ZMIFEHFATRELMNARSH S J=0H=ZHIEHT. X%
FRT, RUDRRT L(s, HWEHIRXEMS TR, NENEREYIKENL TEN
iR — A BT 5 E 3 3 i 3

Q(s) = [mg 8P (0)+4s mﬂ]m (49)
AR B TR
k(s) =2sks, (60)
MTF /=0 H=HIHATEHNER, IR KNERN

L(z, &)= 2 z I ()2 ()0 gf (0) [Q°(8) — %0 (Praaz) ] 2+ 0xp £ [28F 52

+rw(DPuae)E] + =2_ (Lyexpi[2skpzr— Q(s)t] + Ly exp ¢ 2skpr+Q(s)t]).
(81)

R L(s, ¢) f1JG) WmE—F, B
Q(s)=rw(Pe:), r=1, 2, 3, 4, ---, s=0, 1, 3, 3, +++ (62)

KBRS SRR TR (8) RE MR, EXHEAT, LAF B (40) B J WK

4 FER5 4Rtk

TEHRMNHRERFHIFHE » A EPhEY IR LERFTREHME, LK
P B <Y AE £ Klein-Gordon J5f&

U — Oty = Wi () 22C) | (53)
R (53) R B () = 1, f— 5% (6) 5.5 th . ﬁ%
u(w, t)=H(z)=H[M(z)—Bct], 2= M (z) —Bet (54)

BRI (68), BEIR AKX
. H”[(MI)Q_B?] +H’M" k?,l-b gm (55)



6 34 — BB FRPRRTF 407

RNOIBUTAHBNE
M= -0k [(M')*—B7], (56)
p=—0,[(M")*—B"] = +(0:/01k,) M", (67)
__ 7 2 d@
H" =0k H'— 0ok} =, (B8)

XNITEGE) AT R N THEN u(@), RONTHRGO)MODANL M(2). HERIAT,
AT

(@) = o sech’ak .z, (69)
IR
M (w) = B(ah,) 1n cosh (& ko),
{ Oi=0a/B, Os=pu/B". (60)
FREOG8HiR H(z) i ¢(u) #a5E, XH¥, %
@(u)=-§—u“——§—u‘ (61)
RERE
H(z) =1+tanh(ak.z), (62)
HAE
wo=0a’, B=1/2, (63)
BE
u(w, 1) =G(2)+F(y), (64)

HRAGRG) A — BRI, R(6DH y=o180f, 3 H F R/, BX—B
B33

Gy P = B2y ‘M’ 2 (u- G+F)~k§,u, ;’g @)+ [u %-gi; @ )]-F. (65)
REFEE, RITER
pIL (H=-a, (66)
AP o BHEH, K (66) BIRH
G +a k2 __d‘zg;ggj = — [FF"+a2iF) =0, | (67)
MEERORE, Fly) RERYG ®
F(y) = Fosin(ayky—@r), (68)
Hor HHDL, B G(o) B O(uw) HiE. E
' @ (u) =yl (69)
HERT, B¥ G(z) hEwRGH, B
G" +r12?’kiG =0, (70)
G (z) =~ Gosin (Y alo—@g). (1)

MERMRARA R p)H
(@) = —r(r+1) ' G§ " gin?" (r"”ahw —@a). (72)



408 AN EEXREER 10 %

FRAR TR, r B EEHE o
{ r=28/2m+1, m=1, 2, 8, eerere, =1, 2, ¢« m, (73)

5 EREeI Mo

B, RIS —RATRE 6) EH IR K (o) ALY p()HETHME. W
BUF %4

n’(z) = cos”d +-sin? 3 cos® kw, (74)
(o) =potmsin® ko, (75)
TUHGER. AXBEET, RNK |
u(o, 1) =F(y)=F(z+pect), y=otpBdi, (76)
BEEBALER |
' P (1) =kt 202 (77)
B4R (T4), (76)5(717), T |
B=T1+ (uo/ p1)sin®§] 7/ (78)
B
F"' = (o-+pasin™ )1 92 (79)
ufx, )
n ) 9
207

101

Dy,

T mwer

keax \3

2 IYIFHE () KR (s, 1), HRIERS FIH, BEN k=5, e1>0
(61=1/3, b= =332, ny=1, t,=0)
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Fig. 3 Kink solitary wave u(z, ¢) for inhomogeneoﬁs refractive indeXx n(x) as listed in
Table 8 for the parameters: k=3, 01<0 (U1=—-1/2, b= —2a2, ny=1, £{,=0)
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Fig. 4 Boliton u(w, ) for periodic refractive index n(x) as listéd in Table 3 for the
parameters: k=38, O1>0 (01=0.1, a1=1.2, b= —2a%, np=1, 0=0)
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Fig. 5 Kink solitary wave u(z, t) for periodic refractive index n(x) as listed in Table
3 for the parameters: k=3, C1<0, (Ci= —1, @as=1.8, b= —a?, mp=1, t,=0)
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SOLITONS IN ONE-DIMENSIONAL INHOMOGENEOUS MEDIA

Frirz K. KNEUBUHL, FENG JIANHONG
(Infrared Physies Laboratory, FPhysics Department, ETH (Swiss Federal Institute of Technology),
CH-8093 Ziirdch, Switzeriand)

Solitons and solitary waves in inhomogeneous media are of interest in
relativistio quantum mechanics and quantum electronios, e. g. in research on
infrared solifon lasers. After a short introduction to solifon mathematics the authors
present a theoretical study on solitons and solitary waves in inhomogeneous one-
dimensional nonlinear media on the basis of nonlinear Klein-Gordon equations
modified by spatial variations of refractive index and anharmonio potential, Special
emphasis is on periodio modulations. Various approaches and approximations have
been applied to find solitary-wave and soliton solutions. Typical solutions are

illustrated in order to demonstrate their characteristio features.

Key words; solitons, solitary waves, inhomogeneous media.
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