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In this paper, we generalize the extended tanh-function approach, which used to find
new exact travelling wave solutions of nonlinear partial differential equations (NPDES)
or coupled nonlinear partial differential equations, to nonlinear differential-difference
equations (NDDES). As illustration, we discuss some Toda lattice equations, and soli-
tary wave and periodic wave solutions of these Toda lattice equations are obtained by
means of the extended tanh-function approach.
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1. INTRODUCTION

Since the work of Fermi, Pasta, and Ulam in the 1950s (Fermi et al., 1965),
dynamical properties of the nonlinear differential-difference equations (NDDES)
attract a growing interest due to their rich applicability in different physical prob-
lems such as particle vibrations in lattices, currents in electrical networks, pulses in
biological chains, arrays of coupled Josephson’s junctions, nonlinear fiber arrays,
nonlinear charge and excitation transport in biological macromolecules, elastic
energy transfer in anharmonic crystals, DNA molecule chains, etc. (Hickman and
Hereman, 2003; Teschl, 2000). Unlike difference equations which are fully dis-
cretized, NDDES are semi-discretized with some (or all) of their spatial variables
discretized while time is usually kept continuous.

Recently, there has been some interest in exactly soluble discretized non-
linear problem, and the inverse scattering method has been extended to a wide
class of such problems (Ablowitz, 1978). More recently, with the development of
symbolic computation, many direct and effective methods are presented to solve
NDDES. For instance, Qian et al. (2003, 2004) have successfully extended the
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multilinear variable separation approach to special differential-difference equa-
tions. D. Baldwin et al. (2004) derived the kink-type solutions of many spatially
discrete nonlinear models in terms of tanh function. Dai et al. (2004) obtained the
kink-type solutions of the discrete sine-Gordon equation by means of the hyper-
bolic function approach. Zhu (2005) extended the tanh-function approach to solve
(2 + 1)-dimensional Toda lattice equation and the discretized nonlinear mKdV
lattice equation. Moreover, the Jacobian elliptic function method is generalized to
solve differential-difference equations (Dai and Zhang, 2006).

However, these methods (Baldwin et al., 2004; Dai et al., 2004; Zhu, 2005;
Dai and Zhang, 2006) with much complicated calculations can not give us an
unified formulation to construct exact solutions. As an direct and simple methods,
the extended tanh-function approach is extensively and successfully applied in
many nonlinear partial differential equations to obtain exact solutions in a uniform
way (Fan, 2000). Recently, Zheng et al. (2005) realized variable separation for
dispersive long wave (DLW) equation via the extended tanh-function approach.
Nevertheless, generalizing this method to solve differential-difference equations
is quite hard because of the difficulty to search iterative relations between lattice
indices, for example, the relations from indices n to n ± 1. Fortunately, by careful
analysis, we present the extended tanh-function method for differential-difference
equations and successfully find the iterative relations between lattice indices. The
virtue of this proposed method is that, without much complicated calculations,
we circumvent integration to directly get many exact solutions in a uniform way.
Another feature of this method is that it provides us a guideline to classify the
various types of the solution according to the parameter δ. Applying this method,
we investigate some Toda lattice equations and obtain some solitary wave and
periodic wave solutions.

Our paper is organized as follows. In Section 2, the detailed extended tanh-
function method for NDDES is given. In Section 3, we study some Toda lattice
equations to illustrate the method. The last Section contains a short summary and
discussion.

2. EXTENDED TANH-FUNCTION METHOD FOR NDDES

In this section, we would like to outline the extended tanh-function method
for NDDES step by step.

Consider a system of M polynomial NDDES

�(un+p1 (x), . . . , un+pk (x), . . . , u′
n+p1

(x), . . . , u′
n+pk

(x), . . . , u(r)
n+p1

(x), . . . ,

u(r)
n+pk

(x)) = 0, (1)

where the dependent variable un has M components ui,n, the continuous variable
x has N components xi , the discrete variable n has Q components nj , the k shift
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vectors pi ∈ ZQ, and u(r)(x) denotes the collection of mixed derivative terms of
order r .

The main steps of the extended tanh-function method for NDDES are outlined
as follows.

Step 1: When we seek the travelling wave solutions of Eq. (1), the
first step is to introduce the wave transformation un+ps (x) = Un+ps (ξn), ξn =
∑Q

i=1 dini + ∑N
j=1 cjxj + ζ for any s(s = 1, . . . , k), where the coefficients

c1, c2, . . . , cN , d1, d2, . . . , dQ and the phase ζ are all constants. In this way,
Eq. (1) becomes

�(Un+p1 (ξn), . . . , Un+pk (ξn), . . . , U′
n+p1

(ξn), . . . , U′
n+pk

(ξn), . . . ,

U(r)
n+p1

(ξn), . . . , U(r)
n+pk

(ξn)) = 0. (2)

Step 2: We propose the following series expansion as a solution of Eq. (2):

Un(ξn) =
l∑

j=−l

ajφ
j (ξn), (3)

where φ(ξn) satisfies the following Ricatti equation:

dφ(ξn)

dξn
= δ + φ2(ξn), (4)

where δ is an arbitrary constant.
It is known that Eq. (4) possesses the solutions

φ(ξn) =
{−√−δ tanh(

√−δξn), −√−δ coth(
√−δξn), δ < 0,

√
δ tan(

√
δξn), −√

δ cot(
√

δξn). δ > 0.
(5)

At present, one should note the identities

tanh(x + y) = tanh(x) + tanh(y)

1 + tanh(x) tanh(y)
, coth(x + y) = coth(x) + tanh(y)

1 + coth(x) tanh(y)
, (6)

and

tan(x + y) = tan(x) + tan(y)

1 − tan(x) tan(y)
, cot(x + y) = cot(x) − tan(y)

1 + cot(x) tan(y)
. (7)

One can obviously rewrite the expressions (6) and (7) in an uniform formula
by using of the expression (5)

φ(ξn + y) = φ(ξn) + µ
√

µδf (
√

µδy)

1 − 1√
µδ

φ(ξn)f (
√

µδy)
, (8)
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where µ = ±1 and

f (
√

µδy) =
{

tanh(
√−δy), µ = −1,

tan(
√

δy), µ = 1.
(9)

Thus

Un(ξn+ps ) = a0 +
l∑

j=−l

aj

[
φ(ξn) + µ

√
µδf (

√
µδϕs)

1 − 1√
µδ

φ(ξn)f (
√

µδϕs)

]j

, (10)

where

ϕs = ps1d1 + ps2d2 + · · · + psQdQ, (11)

and psj is the j -th component of shift vector ps .
Step 3: Determine the degree l of the polynomial solutions (3) and (10). We

are interested in balancing term φ(ξn), then the leading terms of Un(ξn+ps ), (ps �=
0) will not effect the balance since Un(ξn+ps ) can be interpreted as being of degree
zero in φ(ξn). So we can easily get the degree l in the ansatzs (3) and (10) by
balancing the highest nonlinear terms and the highest-order derivative term in
Un(ξn) as in the continuous case.

Step 4: Substituting the ansatzs (3) and (10) into Eq. (2), then setting the
coefficients of all independent terms in φ(ξn) to zero, we will get a series of al-
gebraic equations, from which the constants a0, aj (j = 1, 2, . . . , l) are explicitly
determined by using of Maple and Wu elimination method.

Step 5: Substitute the values solved in Step 4 with Eq. (5) into expression
(3), and one can find the solutions of Eq. (1). To assure the correctness of the
solutions, it is necessary to substitute them into the original equation.

3. EXACT SOLUTIONS OF SOME TODA LATTICE EQUATIONS

In this section, we apply the method developed in the preceding section to
some Toda lattice equations.

3.1. (2 + 1)-Dimensional Toda Lattice Equation

Consider the (2 + 1)-dimensional Toda lattice equation (Kajiwara and
Satsuma, 1991)

∂2yn

∂x∂t
= exp(yn−1 − yn) − exp(yn − yn+1), (12)

where yn(x, t) is the displacement from equilibrium of the n-th unit mass under
an exponential decaying interaction force between nearest neighbors. With the
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change of variables ∂un

∂t
= exp(yn−1 − yn) − 1, lattice (12) can be written as

∂2un

∂x∂t
=

(
∂un

∂t
+ 1

)

(un−1 − 2un + un+1). (13)

In this case, u = u, x = {x1, x2} = {t, x}, n = n1 = n and p1 = p1 = −1, p2 =
p2 = 0, p3 = p3 = 1, d1 = d, c1 = c, c2 = k.

Now we assume that Eq. (13) has the solutions as ansatz (3). Then the
balance procedure admit us to give the following formal travelling wave solutions
of Eq. (13)

un = a0 + a1φ(ξn) + a−1

φ(ξn)
,

un+1 = a0 + a1
φ(ξn) + µ

√
µδf (

√
µδd)

1 − 1√
µδ

φ(ξn)f (
√

µδd)
+ a−1

1 − 1√
µδ

φ(ξn)f (
√

µδd)

φ(ξn) + µ
√

µδf (
√

µδd)
,

un−1 = a0 + a1
φ(ξn) − µ

√
µδf (

√
µδd)

1 + 1√
µδ

φ(ξn)f (
√

µδd)
+ a−1

1 + 1√
µδ

φ(ξn)f (
√

µδd)

φ(ξn) − µ
√

µδf (
√

µδd)
, (14)

with

ξn = dn + kx + ct + ζ, (15)

where a0, a1, a−1, d, k and c are constants to be determined later. Inserting the
expression (14) along with (4) into Eq. (13); Clearing the denominator and elimi-
nating the coefficients of independent terms in φ(ξn), yields

−2 ca1(a1 + k)(f (
√

µδd))2 = 0, (16)

2 ca1µ(δ a1µ
2 + µ2kδ + b1)(f (

√
µδd))4 − 2 a1(a1cδ + a1cµ

2δ

+ ckδ + 1 − ca−1)(f (
√

µδd))2 + 2 cka1µδ = 0, (17)

2 µ
(
ca2

1δ
2µ4 + ca2

1µ
2δ2 + δ a1µ

2 + µ2cka1δ
2 + a−1 − ca2

−1

+ ca−1a1δ
)

(f (
√

µδd))4 − 2 δ
(
δ µ2ca2

1 + δ cka1µ
4 + cka−1 + µ2a1

− ca1a−1
)

(f (
√

µδd))2 + 2 cka1µδ2 = 0, (18)

2 µδ
(
ca2

1δ
2µ4 + δ a1µ

4 − δ µ4ca1a−1 + δ cka−1µ
2 − µ2ca2

−1

+ a−1µ
2 − ca2

−1

)
(f (

√
µδd))4 − 2 δ (cka1µ

4δ2 + cka−1δ + δ µ4ca1a−1

− µ2ca2
−1 + a−1µ

2)(f (
√

µδd))2 + 2 ckb1µδ2 = 0, (19)
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2 ca−1µ
3δ2(−δ a1µ

2 + δ k − a−1)(f (
√

µδd))4 − 2 δ2µ2a−1(ckµ2δ + a1cµ
2δ

− µ2ca−1 + µ2 − ca−1(f (
√

µδd))2 + 2 cka−1µδ3 = 0, (20)

− 2 cµ4δ3a−1(δ k − a−1)(f (
√

µδd))2 = 0. (21)

We solve the above system (16)–(21) by using the symbolic computation
software Maple 10 and Wu’s method, and obtain solutions of Eq. (13), namely,

un = a0 −
√−δ sinh2(

√−δd)

c
tanh

[√−δ

(

dn − sinh2(
√−δd)

c
x + ct + ζ

)]

,

(22)

un = a0 −
√−δ sinh2(

√−δd)

c
coth

[√−δ

(

dn − sinh2(
√−δd)

c
x + ct + ζ

)]

,

(23)

un = a0 −
√−δ sinh2(

√−δd) cosh2(
√−δd)

cδ

{

tanh

[√−δ

(

dn

− sinh2(
√−δd) cosh2(

√−δd)

c
x + ct + ζ

)]

− δ coth

[√−δ

(

dn − sinh2(
√−δd) cosh2(

√−δd)

c
x + ct + ζ

)]}

,

(24)

un = a0 −
√

δ sin2(
√

δd)

δc
tan

[√
δ

(

dn + sin2(
√

δd)

δc
x + ct + ζ

)]

, (25)

un = a0 +
√

δ sin2(
√

δd)

δc
cot

[√
δ

(

dn + sin2(
√

δd)

δc
x + ct + ζ

)]

, (26)

un = a0 −
√

δ sin2(
√

δd) cos2(
√

δd)

cδ

×
{

tan

[√
δ

(

dn + sin2(
√

δd) cos2(
√

δd)

c
x + ct + ζ

)]

− δ cot

[√
δ

(

dn + sin2(
√

δd) cos2(
√

δd)

c
x + ct + ζ

)]}

, (27)
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where a0, d, c and ζ are arbitrary constants. Especially, when δ = −1, the solution
(22) degenerates as the solution in Ref. (Baldwin et al., 2004).

3.2. Toda Lattice Equation

The Toda lattice equation (Toda, 1981) is of the form

d2un

dt2
=

(
dun

dt
+ 1

)

(un−1 − 2un + un+1). (28)

With the same procedure in Section 3.1, we have the solutions of Eq. (28)

un = a0 ± sinh(
√−δd) tanh

[√−δ

(

dn ±
√

−1

δ
sinh(

√−δd)t + ζ

)]

, (29)

un = a0 ± sinh(
√−δd) coth

[√−δ

(

dn ±
√

−1

δ
sinh(

√−δd)t + ζ

)]

, (30)

un = a0 ± sinh(
√−δd) cosh(

√−δd)

×
{

tanh

[√−δ(dn ±
√

−1

δ
sinh(

√−δd) cosh(
√−δd)t + ζ )

]

− δ coth

[√−δ

(

dn ±
√

−1

δ
sinh(

√−δd) cosh(
√−δd)t + ζ

)]}

, (31)

un = a0 ± sin(
√

δd) tan

[√
δ

(

dn ∓
√

1

δ
sin(

√
δd)t + ζ

)]

, (32)

un = a0 ± sin(
√

δd) cot

[√
δ

(

dn ±
√

1

δ
sin(

√
δd)t + ζ

)]

, (33)

un = a0 ± sin(
√

δd) cos(
√

δd)

{

tan

[√
δ(dn ∓

√
1

δ
sin(

√
δd) cos(

√
δd)t + ζ )

]

− δ cot

[√
δ

(

dn ∓
√

1

δ
sin(

√
δd) cos(

√
δd)t + ζ

)]}

, (34)

where a0, d and ζ are arbitrary constants. Especially, when δ = −1, the solution
(29) degenerates as the solution in Ref. (Baldwin et al., 2004).
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3.3. Another Toda Lattice Equation

Another Toda lattice equation (Suris, 1997) has the form

dun

dt
= un(vn − vn−1),

dvn

dt
= vn(un+1 − un). (35)

In this case, u = {u, v}, x = x1 = t, n = n1 = n and p1 = p1 = −1, p2 = p2 =
0, p3 = p3 = 1, d1 = d, c1 = c.

The balance procedure admit us to give the following formal travelling wave
solutions of Eq. (35)

un = a0 + a1φ(ξn) + a−1

φ(ξn)
, vn = b0 + b1φ(ξn) + b−1

φ(ξn)
,

un+1 = a0 + a1
φ(ξn) + µ

√
µδf (

√
µδd)

1 − 1√
µδ

φ(ξn)f (
√

µδd)
+ a−1

1 − 1√
µδ

φ(ξn)f (
√

µδd)

φ(ξn) + µ
√

µδf (
√

µδd)
,

vn+1 = b0 + b1
φ(ξn) + µ

√
µδf (

√
µδd)

1 − 1√
µδ

φ(ξn)f (
√

µδd)
+ b−1

1 − 1√
µδ

φ(ξn)f (
√

µδd)

φ(ξn) + µ
√

µδf (
√

µδd)
,

un−1 = a0 + a1
φ(ξn) − µ

√
µδf (

√
µδd)

1 + 1√
µδ

φ(ξn)f (
√

µδd)
+ a−1

1 + 1√
µδ

φ(ξn)f (
√

µδd)

φ(ξn) − µ
√

µδf (
√

µδd)
,

vn−1 = b0 + b1
φ(ξn) − µ

√
µδf (

√
µδd)

1 + 1√
µδ

φ(ξn)f (
√

µδd)
+ b−1

1 + 1√
µδ

φ(ξn)f (
√

µδd)

φ(ξn) − µ
√

µδf (
√

µδd)
,

(36)

with

ξn = dn + ct + ζ, (37)

where a0, a1, a−1, b0, b1, b−1, d and c are constants to be determined later. Insert-
ing the expression (36) along with (4) into Eq. (35); Clearing the denominator
and eliminating the coefficients of independent terms in φ(ξn), yields a series of
equations, from which we have the solutions of Eq. (35)

un = −c
√−δ coth(

√−δd) + c
√−δ tanh[

√−δ(dn + ct + ζ )],

vn = −c
√−δ coth(

√−δd) − c
√−δ tanh[

√−δ(dn + ct + ζ )], (38)

un = −c
√−δ coth(

√−δd) + c
√−δ coth[

√−δ(dn + ct + ζ )],

vn = −c
√−δ coth(

√−δd) − c
√−δ coth[

√−δ(dn + ct + ζ )], (39)



The Application of Extended tanh-Function Approach 1463

un = −c
√−δ[tanh(

√−δd) + coth(
√−δd)] + c

√−δ{tanh[
√−δ(dn + ct + ζ )]

− δ coth[
√−δ(dn + ct + ζ )]},

vn = −c
√−δ[tanh(

√−δd) + coth(
√−δd)] − c

√−δ{tanh[
√−δ(dn + ct + ζ )]

+ δ coth[
√−δ(dn + ct + ζ )]}, (40)

un = −c
√−δ cot(

√
δd) − c

√
δ tan[

√
δ(dn + ct + ζ )],

vn = −c
√

δ cot(
√

δd) + c
√

δ tan[
√−δ(dn + ct + ζ )], (41)

un = −c
√

δ cot(
√

δd) + c
√

δ cot[
√

δ(dn + ct + ζ )],

vn = −c
√

δ cot(
√

δd) − c
√

δ cot[
√

δ(dn + ct + ζ )], (42)

un = c
√

δ[tan(
√

δd) − cot(
√

δd)] − c
√

δ{tan[
√

δ(dn + ct + ζ )]

− δ cot[
√

δ(dn + ct + ζ )]},
vn = c

√
δ[tan(

√
δd) − cot(

√
δd)] + c

√
δ{tan[

√
δ(dn + ct + ζ )]

− δ cot[
√

δ(dn + ct + ζ )]}, (43)

where d, c and ζ are arbitrary constants. Especially, when δ = −1, the solution
(38) degenerates as the solution in Ref. (Baldwin et al., 2004).

3.4. Relativistic Toda Equation

Relativistic Toda equation (Suris, 1998) reads

dun

dt
= (1 + αun)(vn − vn−1),

dvn

dt
= vn(un+1 − un + αvn+1 − αvn−1). (44)

With the same procedure in Section 3.3, we have the solutions of Eq. (44), i.e.

un = − 1

α
− c

√−δ coth(
√−δd) + c

√−δ tanh[
√−δ(dn + ct + ζ )],

vn = c
√−δ

α
coth(

√−δd) − c
√−δ

α
tanh[

√−δ(dn + ct + ζ )], (45)

un = − 1

α
− c

√−δ coth(
√−δd) + c

√−δ coth[
√−δ(dn + ct + ζ )],

vn = c
√−δ

α
coth(

√−δd) − c
√−δ

α
coth[

√−δ(dn + ct + ζ )], (46)
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un = − 1

α
− c

√−δ[tanh(
√−δd) + coth(

√−δd)]

+ c
√−δ{tanh[

√−δ(dn + ct + ζ )] − δ coth[
√−δ(dn + ct + ζ )]},

vn = c
√−δ

α
[tanh(

√−δd) + coth(
√−δd)] − c

√−δ

α
{tanh[

√−δ(dn + ct + ζ )]

− δ coth[
√−δ(dn + ct + ζ )]}, (47)

un = − 1

α
− c

√
δ cot(

√
δd) − c

√
δ tan[

√
δ(dn + ct + ζ )],

vn = c
√

δ

α
cot(

√
δd) + c

√
δ

α
tan[

√
δ(dn + ct + ζ )], (48)

un = − 1

α
− c

√
δ cot(

√
δd) + c

√
δ cot[

√
δ(dn + ct + ζ )],

vn = c
√

δ

α
cot(

√
δd) − c

√
δ

α
cot[

√
δ(dn + ct + ζ )], (49)

un = − 1

α
+ c

√
δ[tan(

√
δd) − cot(

√
δd)] − c

√
δ{tan[

√
δ(dn + ct + ζ )]

− δ cot[
√

δ(dn + ct + ζ )]},

vn = −c
√

δ

α
[tan(

√
δd) − cot(

√
δd)] + c

√
δ

α
{tan[

√
δ(dn + ct + ζ )]

− δ cot[
√

δ(dn + ct + ζ )]}, (50)

where d, c and ζ are arbitrary constants. Especially, when δ = −1, the solution
(45) degenerates as the solution in Ref. (Baldwin et al., 2004).

4. SUMMARY AND DISCUSSION

In conclusion, we have utilized the extended tanh-function approach to con-
struct solitary wave and periodic wave solutions of some Toda lattice equations in
a uniform way without much complicated calculations. The polynomial solutions
of NDDES in tanh, coth, tan and cot have been derived. Although these solutions
are only a small part of the large variety of possible solutions for these equations
discussed here, they might serve as seeding solutions for a class of localized struc-
tures which exist in these systems. We hope that they will be useful in further
perturbative and numerical analysis of various solutions to these Toda equations.

This method presented in this paper is only an initial work, more work will
be done. The more applications of this method to other nonlinear differential-
difference systems deserve further investigation.
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In principle, we naturally present a more general ansatzs, which read

Un(ξn) =
l∑

j=−l

[ajφ
j (ξn) + bjφ

j−1(ξn)
√

δ + φ2(ξn)], (51)

Un(ξn+ps ) =
l∑

j=−l

{

aj

[
φ(ξn) + µ

√
µδf (

√
µδϕs)

1 − 1√
µδ

φ(ξn)f (
√

µδϕs)

]j

+ bj

[
φ(ξn) + µ

√
µδf (

√
µδϕs)

1 − 1√
µδ

φ(ξn)f (
√

µδϕs)

]j−1

×
√
√
√
√δ2 +

[
φ(ξn) + µ

√
µδf (

√
µδϕs)

1 − 1√
µδ

φ(ξn)f (
√

µδϕs)

]2}

, (52)

where φ(ξn) satisfies the Ricatti Eq. (4) and ϕs is given in Eq. (11), aj , bj (j =
−l, . . . , 1, 2, . . . , l) are constants which need to determining. The application
of this general ansatzs to nonlinear differential-difference systems will be also
studied further.
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Baldwin, D., Göktas, Ü., and Hereman, W. (2004). Computer Physics Communications 162, 203.
Dai, C. Q. and Zhang, J. F. (2006). Chaos, Solitons and Fractals 27, 1042.
Dai, C. Q., Yang, Q., and Zhang, J. F. (2004). Znaturforsch A 59, 635.
Fan, E. G. (2000). Physics Letters A 277, 212.
Fermi, E., Pasta, J., and Ulam, S. (1965). Collected Papers of Enrico Fermi II, University of Chicago

Press, Chicago.
Hickman, M. and Hereman, W. (2003). Proceedings of the Royal Society of London A 459, 2705.
Kajiwara, K. and Satsuma, J. (1991). Journal of Mathematical Physics 32, 506–514.
Qian, X. M., Lou, S. Y., and Hu, X. B. (2003). Journal of Physics A: Mathematical and General 37,

2401.
Qian, X. M., Lou, S. Y., and Hu, X. B. (2004). Znaturforsch A 59, 645.
Suris, Y. B. (1997). Journal of Physics A: Mathematical and General 30, 1745.
Suris, Y. B. (1998). Miura Transformations for Toda-Type Integrable Systems, with Applications

to the Problem of Integrable Discretizations, Preprint 367, Sfb 288, Fachbereich Mathematik,
Technische Universität, Berlin.

Teschl, G. (2000). Jacobi Operators and Completely Integrable Nonlinear Lattices (Rhode Island:
AMS Mathematical Surveys and Monographs 72, AMS, Providence).

Toda, M. (1981). Theory of Nonlinear Lattices, Springer-Verlag, Berlin.
Zheng, C. L., Fang, J. P., and Chen, L. Q. (2005). Chaos, Solitons and Fractals 23, 1741.
Zhu, J. M. (2005). Chinese Physics 14, 1290.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


