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Abstract-A generalized variable-coefficient coupled Hirota-
Maxwell-Bloch system is investigated, which can describe the
ultrashort optical pulse propagation in a variablecoefficient
nonlinear, dispersive fiber doped with two-level resonant atoms.
Based on the obtained Lax pair, N-fold Darboux transformation
(DT) of the system is constructed. One-, two- and three-soliton
solutions are derived by virtue of the obtained DT, and compiled
into the determinant forms
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l. INTRODUCTION

In recent years, the investigations of the nonlinear
dynamics of variable-coefficient systems have attracted certain
attention because those systems are considered to be more
realistic than their corresponding homogeneous counterparts
[1-4]. In this paper, accompany with the self-induced
transparency (SIT) effect, a generalized variable-coefficient
coupled Hirota-MB (H-MB) system is proposed [5, 6],
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where q(z, t) is the slowly varying envelope axial field, p(z, t)
is the measure of the polarization of the resonant medium, and
n(z, t) is the extent of the population inversion, the real
parameter o represents the frequency, and the asterisk denotes
the complex conjugate.

II.  DTFORSYSTEM (1)

The Lax pair corresponding to System (1) can be given as
[7-9]
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B 2
® = (¢,,9,)" is the vector eigenfunction, T denotes the

transpose of the vector, A is the spectral parameter, and the
matrices Vo, V1, V2 and V3
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The transformation
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can transform Lax Pair (2.1a, b) into
®, =00, U=(T +TUT* (231
®, =Vd V=(T,+TV)T* (2.3b)

From (2.3a) and (2.3b), one can get
U, -V +[0,V]=TU.-V, +[U, VDT (24)

Suppose
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w(k)z[wl(k),\yz (k)f are two basic solutions of Lax

(I<j<2N) (29)

where and

Pair (2.1a, b), A, and Yj(}\’kiy]' aSkij) are

parameters suitably chosen such that the determinant of
coefficients for Eq. (2.8) is non-zero, thus, Ax, Bk, Ck and Dy
are uniquely determined by Eqg. (2.8).

From Eq. (2.5), one can see that detT () is a 2N polynomial
of A, and

detT(xj) :A(Xf)D(k/‘)_B(M)C()‘/‘)
From Eq. (2.8),
A(r;)=-a,B(x;) C(,)=-a,B(2;) (2.10)
Therefore
detT(r;)=0
Thus, A, (1< j <2N) are 2N roots for the determinant
of matrix T(A), i.e.,

2N
detT()) =] [(r-2,) (@11)
j=1

Proposition 1. The matrix U defined by Eq. (2.3a) has the

same form as U
= ( 7‘~* quj (2.12)
_qu -\

where the transformation from the old potential g to new one
g is given by

2
_BN-I

1
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Proof. Let T =T*/detT and
N A A
Sa (X)) fn(R)
f11(}) and f22(A) are (2N + 1) th-order polynomials in A, and

fi2(A) and f21(}) are 2N th-order polynomials in A. It can be
obtained from Eqgs. (2.1a, b) and (2.9)
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o, = —Bq - 2ha; - quocf

It can be verified that all A (1< j <2N) are roots of
fii(V) (k,j =1, 2). Noting Eq. (2.11), we can prove that

det(T | f;(A) (k,1=12)

Therefore, together with Eq. (2.14), we have

(T, +TU)T = (detT)P(L) (2.16)

with
BYA+ B

P(\) =[ o

R ]
P+ P
Eqg. (2.16) can be written as
(T.+TU)=P(M)T (2.17)

Comparing the coefficients of AN*? and AN in Eq. (2.17), we
can obtain

Pl(ll) = _Pz(zl) =1, P1(20) = qu - 2BN—1 = qu
PP =P =0, B =-Pg +2Cy =P,

From Egs. (2.12) and (2.18), one can see that P(L) =U
the proof is completed.

(2.18)

Similarly, we can prove that the matrix V has the same
form as V under Transformations (2.2) and (2.13). In summary,
we arrive at the following theorem.

Theorem 1. The solutions (g, p, m) of System (1) are
mapped into their new solutions (g, P, 1) under DT(2.2).

IIl.  SOLUTIONS AND APPLICATIONS IN INHOMOGENEOUS
ERBIUM-DOPED OPTICAL BERS

In this section, we discuss the DT for System (1) and give
its explicit solutions. First, we take

O() =[6,01.0,(W], PA=[-10, (1) ()] T (3.1)
and parameters
Ay = _7";]‘71, Y2; = _y;{y 1<j<N (32
and
Oy =—05, 4, D,=—A4,, C,=B, 1<k<N-1 (33)
In this way, the solutions for Egs. (2.8) and (2.9) reduce to

N-1

k N
D (A +0y, 1B =0y, (34)
k=0
N-1
(=05, 44, + B )G, =—ay, A, 1< j<NB39)
k=0
with
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IV. CONCLUSIONS

In this paper, we have investigated a generalized
inhomogeneous coupled H-MB system, i.e., System (1), which
describes the ultrashort optical pulse propagation in an
inhomogeneous nonlinear, dispersive fiber doped with two-
level resonant atoms. Based on the obtained Lax Pair (2.1a, b),
we have constructed the N-fold DT for System (1) and
compiled the obtained solutions into the determinant forms.
Our analysis and results will be of certain value in realizing
soliton-type pulse propagation in an inhomogeneous erbium-
doped fiber with the higher-order effects.
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