Hindawi Publishing Corporation
Journal of Applied Mathematics

Volume 2012, Article ID 427479, 30 pages
doi:10.1155/2012 /427479

Research Article

The Modified Rational Jacobi Elliptic
Functions Method for Nonlinear Differential
Difference Equations

Khaled A. Gepreel, > Taher A. Nofal,>3 and Ali A. Al-Thobaiti®

! Mathematics Department, Faculty of Science, Zagazig University, Zagazig, Eqypt
2 Mathematics Department, Faculty of Science, Taif University, Saudi Arabia
3 Mathematics Department, Faculty of Science, EI-Minia University, EI-Minia, Egypt

Correspondence should be addressed to Ali A. Al-Thobaiti, ali22c@hotmail.com
Received 21 March 2012; Accepted 30 May 2012
Academic Editor: Jianke Yang

Copyright © 2012 Khaled A. Gepreel et al. This is an open access article distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

We modified the rational Jacobi elliptic functions method to construct some new exact solutions
for nonlinear differential difference equations in mathematical physics via the lattice equation,
the discrete nonlinear Schrodinger equation with a saturable nonlinearity, the discrete nonlinear
Klein-Gordon equation, and the quintic discrete nonlinear Schrodinger equation. Some new types
of the Jacobi elliptic solutions are obtained for some nonlinear differential difference equations in
mathematical physics. The proposed method is more effective and powerful to obtain the exact
solutions for nonlinear differential difference equations.

1. Introduction

In recent years, the study of difference equations has acquired a new significance, due in
large part to their use in the formulation and analysis of discrete-time systems, the numerical
integration of differential equation by finite-difference schemes and the study of deterministic
chaos.

Since the work of Fermi et al. in the 1960s [1], DDEs have been the focus of many
nonlinear studies. On the other hand, a considerable number of well-known analytic methods
are successfully extended to nonlinear DDEs by researchers [2-17]. However, no method
obeys the strength and the flexibility for finding all solutions to all types of nonlinear DDEs.
Zhang et al. [18] and Aslan [19] used the (G'/G)-expansion function method to some
physically important nonlinear DDEs. Qiong and Bin [12] constructed the Jacobi elliptic
solutions for nonlinear DDEs. Recently, Zhang [20] and Gepreel [21] and Gepreel and
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Shehata [22] have used the Jacobi elliptic function method for constructing new and more
general Jacobi elliptic function solutions of the nonlinear differential difference equations.
The main objective of this paper is to modify the rational Jacobi elliptic functions method to
obtain the exact wave solutions for nonlinear DDEs. We use this method to calculate the exact
wave solutions for some nonlinear DDEs in mathematical physics via the lattice equation, the
discrete nonlinear Schrodinger equation with a saturable nonlinearity, the discrete nonlinear
Klein-Gordon equation, and the quintic discrete nonlinear Schrodinger equation.

2. Description of the Modified Rational Jacobi Elliptic
Functions Method

In this section, we would like to outline an algorithm for using the modified rational Jacobi
elliptic functions method to solve nonlinear DDEs. For a given nonlinear DDEs,

A <un+,,,1 (X), .- Unap, (X), u’mp1 (x),..., u’mpk (x),..., ui,i)pl (x),..., ui,i)pk (x),
2.1)

Opapy (%), -+, Onapy (%), Oy (%), 4+, Opy (X, ,U,(L,)pl (x),... ,vf,i)pk (x),... ) =0,

where A = (Ay,...,Ag), x = (x1,X2,..., Xm), n = (n1,...,ng), and g, m,Q, p1, ..., px are integers,
ulm, vi(r) denotes the set of all rth order derivatives of u;, v; with respect to x.

The main steps of the algorithm for the modified rational Jacobi elliptic functions
method to nonlinear DDEs are outlined as follows.

Step 1. We seek the traveling wave solutions of the following form:

Up(x) =U(n),  vn(x)=V(),..., (2.2)
where
Q m
én = Z din; + Z cjxj + o, (2.3)
i=1 i=1

whered; (i=1,...,Q),¢; (j =1,...,m) and the phase ¢, are constants to be determined later.
The transformations (2.2) are reduced (2.1) to the following ordinary differential difference
equations:

QUi )+ U Gp) U G )+ U Guip )= U G ), U ),

V@uipn )V @) V' G )V o)1 Vi G )+ Vi, G )--) = 0,
(2.4)

where Q = (Q1,...,Q,).
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Step 2. We suppose the modified rational Jacobi elliptic functions solutions of (2.4) in the
following form:

)=o) - 2 (Fe)-

ver- S0 () S (£ -

=1

(2.5)

where a;, p; (i=1,2,...,K),yj, A; (j =1,2,..., L) are constants to be determined later while
F(¢,) satisfies a discrete Jacobi elliptic differential equation:

F?(&,) = e + e1F2(&) + e2F* (8n), (2.6)

and ey, ej, e; are arbitrary constants.

Step 3. Since the general solution of the proposed equation (2.6) is difficult to obtain and so
the iteration relations corresponding to the general exact solutions we discuss the solutions
of the proposed discrete Jacobi elliptic differential equation (2.6) at some special cases to e,
e1, and ey, to cover all the Jacobi elliptic functions as follows.

Type 1. If eg = 1, e1 = —(1 + m?), e; = m?. In this case, (2.6) has the solution F(¢,) = sn(¢,, m),
where sn(¢,, m) is the Jacobi elliptic sine function, and m is the modulus. In this case from
using the properties of Jacobi elliptic functions (see [22]), the series expansion solutions (2.5)
take the following form:

K n, da 1y i K ns
) = S (i m) +Zlﬂf<cn(§:,?$d$§n,m>>’

o 511G, M)

< feny,mydn(E,m)\ | & S11(&n, 1)
V@")‘Z”i< sn(,, m) )*Z)‘l<cn<§n,m>dn<gn,m>>

i=0 i=1

(2.7)

Further using the properties of Jacobi elliptic functions, the iterative relations can be written
in the following form:

-3 G5

Ve Sn(EEm) S (FeY.

(2.8)
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where
Zé;:::; - Mil {:tcn(d,m)cn(gm m)dn(&,, m)dn(d, m) + m*sn(d, m)sn(&,, m)

F2m*sn(d, m)sn®(&,, m) F 2m?sn>(d, m)sn(&,, m) + m*sn>(d, m)sn>(&,, m)
+ sn(d, m)sn(&,, m) = m*sn®(d, m)sn®(&,, m)
Fm?sn*(d, m)sn®(&,, m)dn(é,, m)dn(d, m)cn(d, m)cn(&,, m) },
M, = —cn(p, m)dn(¢p, m)sn(é,, m) F sn($p, m)dn(é,, m)(P)cn(é,, m)
+m?sn’ (&, m)sn® (¢, m)cn(p, m)dn(p, m)
+ m?sn (¢, m)sn® (¢, m)cn (&, m)dn(&,, m),
(2.9)
d = padi + psady + - + psgdg, ps;j is the jth component of shift vector ps.

Type 2. If eg = 1 —m?, e; = 2m* — 1, and e, = —m?. In this case, (2.6) has the solution F(¢,) =
cn(¢,, m). From using the properties of Jacobi elliptic functions, the series expansion solutions
(2.5) take the following form:

e - iai<_sn<§n,m>dn<§n,m>>"+§:ﬁi<_ cn(é, m) )

i=0 Cn(é"’ m) i=1 Sn(énr m)dn(én/ m)
(2.10)

V(én)=gﬁ(_sn@n,m)dn(én,m))i+§L:)Li<_ cn (&, m) )

Cn(én/ m) i=1 Sn(én/ m)dn(én/ m)

Type 3. If eg = m?> =1, e; = 2 —m?, and e; = —1. In this case, (2.6) has the solution F(¢,) =
dn(¢,, m). From using the properties of Jacobi elliptic functions, the series expansion solutions
(2.5) take the following form:

& msnGment,m)\' &/ dng,m) i
U(én) = ;“’< dn(gn, m) > +§ﬁl< mzsn(gnrm)cn(énrm)> ’

& msnmen@um)\' &/ dn(é,m) i
V@")‘z;”( dn(E,m) > +§A’< g o)

From the properties of the Jacobi elliptic functions, we can deduce the iterative relation to the
above kind of solutions from Types 2 and 3 as we show in Type 1.

(2.11)

Step 4. Determining the degree K, L, ... of (2.5) by balancing the nonlinear term(s) and the
highest order derivatives of U (¢,), V(¢n), - . . in (2.4). It should be noted that the leading terms
U (¢nsp), V(Ensp), - - -, p#0 will not affect the balance because we are interested in balancing
the terms of F'(¢,)/F(én)-
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Step 5. Substituting U (¢,), V (&), ... in each type form (2.1)—(2.4) and the given values of
K,L,...into (2.4). Cleaning the denominator and collecting all terms with the same degree
of sn(¢,, m), cn(é,, m), dn(¢,, m) together, the left-hand side of (2.4) is converted into a
polynomial in sn(¢,, m), cn(é,, m), dn(é,, m). Setting each coefficient of this polynomial to
zero, we derive a set of algebraic equations for a;, f;, d;, yi, Ai, and ¢;.

Step 6. Solving the over determined system of nonlinear algebraic equations by using Maple
or Mathematica. We end up with explicit expressions for a;, fi, d;, yi, Ai, and c;.

Step 7. Substituting a;, B;, d;, 13, Ai, and ¢; into U (¢,), V (&n), - . . in the corresponding type from
(2.1)-(2.4), we can finally obtain exact solutions for (2.1).

3. Applications

In this section, we use the proposed method to construct the rational Jacobi elliptic wave
solutions for the nonlinear DDEs via the lattice equation, the discrete nonlinear Schrodinger
equation with a saturable nonlinearity, the discrete nonlinear Klein-Gordon equation, and the
quintic discrete nonlinear Schrodinger equation, which are very important in mathematical
physics and have been paid attention to by many researchers.

3.1. Example 1. The Lattice Equation

In this section, we study the lattice equation which takes the following form [23-26]:

Aty ()
dt

(a + Pun + yu, >(un71 — Uns1), (3.1)

where a, ff, and y are nonzero constants. This equation contains hybrid lattice equation,
mKdV lattice equation, modified Volterra lattice equation, and Langmuir chain equation for
some special values of a, f, y. According to the above steps, to seek traveling wave solutions
of (3.1), we construct the transformation

un(t) = U(n), én=dn+cit+ g, (3.2)

where d, c1, and & are constants. The transformation (3.2) permits us converting equation
(3.1) into the following form:

' (&) = [+ BUE) + YU ()| [U (& - d) - UG + )], (3:3)

where'’ = d/d¢,. Considering the homogeneous balance between the highest order derivative
and the nonlinear term in (3.3), we get K = 1. Thus, the solution of (3.3) has the following
form:

- (59) o (E63).
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where ay, a1, and p; are constants to be determined later and F(¢,) satisfies a discrete Jacobi
elliptic ordinary differential equation (2.6). When we discuss the solutions of (2.6), we get the
following types.

Type 1. lf eg = 1,1 = =(1 + m?), and e, = m?. In this case, the series expansion solution of
(3.3) has the form:
_ alcn(énrm)dn(énrm) ﬁlsn(én/m)
U(on) = a0 + sn(&,, m) cn (&, m)ydn(é,, m)’ (3:5)

With the help of Maple, we substitute (3.5) and (2.8) into (3.3). Cleaning the denominator
and collecting all terms with the same degree of sn(¢,, m), cn(é,, m), dn(é,, m) together, the
left-hand side of (3.3) is converted into polynomial in sn(¢,, m), cn(é,, m), dn(¢,, m). Setting
each coefficient of this polynomial to be zero, we derive a set of algebraic equations for ay, a1,
d, p1, v, B, a, and c;. Solving the set of algebraic equations by using Maple or Mathematica
software package, we have the following.

Family 1.

22 a2 2
w2 By = <m2 ~ 1>a1, o= 2yas [cn®(d, m) — sn*(d, m)dn®(d, m)] ,
2y sn(d, m)cn(d, m)dn(d, m)

(3.6)
B ady[-mtsn®(d, m) + 4m?sn®(d, m) — (4 + 2m?)sn*(d, m) + 4sn*(d, m) — 1]

Tyt s (d, m)cn? (d, m)dn?(d, m) ’

where a1, d, y, B, and m are arbitrary constants.
From (3.5) and (3.6), the solution of (3.3) takes the following form:

B aicn(é,, m)dn(E,, m) N ar(m? - 1)sn(¢,, m)

T e (e ) dn(Gn,m) 3.7

where ¢, = dn + (2yai[en®(d,m) — sn*(d, m)dn*(d, m)]/sn(d, m)cn(d, m)dn(d, m))t + &.
Figure 1 illustrates the behavior of the exact solution (3.7).

Family 2.

~ ~ ) _ 2yai[dn*(d,m) — m?sn*(d, m)cn®(d, m)]
=5 Pr=-(r-)m,  a= sn(d, m)cn(d, m)dn(d, m) ’

_ P ajy[-m*sn®(d, m) + dm*sn®(d, m) - (4m* + 2m*)sn*(d, m) + 4m>sn’(d, m) - 1]
*= 4y i sn?(d, m)cn?(d, m)dn?(d, m) ’

(3.8)

where a1, d, y, B, and m are arbitrary constants.
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Figure 1: (a) represents the Jacobi elliptic solution (3.7) when f =m =05,y =1,y =1.5,d =03, n = 2.
(b) represents the Jacobi elliptic solution (3.7) when p=m =05,y =1, a; =1.5,d=03,t = 2.

From (3.5) and (3.8), the solution of (3.3) has the following form:

P, aen(Gymydn(G,m) (m? —1)sn(&n, m)

U, = "2y sn(&,, m) cn(&,, m)dn(é,, m) ’

(3.9)

where ¢, = dn + (2ya3[dn*(d, m) — m*sn®(d, m)cn*(d, m)]/sn(d, m)cn(d, m)dn(d, m))t + &.

Type 2. If eg = 1 —m?, e; = 2m? — 1, and e, = —m?. In this case, the solution of (3.3) has the
form:

sn(gn, m)dn(&,, m) _ ﬁ cn(é,, m)

Hlen) = a0 === ") "sn(&a, m)dn(&n,m)’

(3.10)

With the help of Maple, we substitute (3.10) into (3.3). Cleaning the denominator and
collecting all terms with the same degree of sn(¢,, m), cn(¢,, m), dn(é,, m) together, the left-
hand side of (3.3) is converted into polynomial in sn(¢,, m), cn(é,, m), dn(é,, m). Setting each
coefficient of this polynomial to zero, we derive a set of algebraic equations in ay, a1, d, 1, v,
p, a, and c;. Solving the set of algebraic equations by using Maple or Mathematica software
package, we get the following.

Family 1.

P

2ya2[cn(d, m) - sn?(d, m)dn®(d, m)]
ap = 2}// ﬁ1=—0€1, c1 =

sn(d, m)en(d, m)dn(d, m) ’

(3.11)

a

P ajy[-mPsn®(d, m) + 4mPsn®(d, m) — (4 +2m?)sn*(d, m) + 4sn*(d, m) - 1]
Tyt sn2(d, mycr(d, m)dn(d, m) /

where a1, d, y, B, and m are arbitrary constants.
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In this case, the solution of (3.3) takes the following form:

B aisn(éy, m)dn(§n, m) arcn(é,, m)
2y cn(én, m) s11(én, m)dn(én, m)’

U(én) = -

(3.12)

where ¢, = dn + (2yai[cn*(d, m) — sn*(d, m)dn*(d, m)]/sn(d, m)cn(d, m)dn(d, m))t + &.
The Jacobi elliptic functions could be generated into the hyperbolic functions when
m tends to one in the other hand, they are generated into trigonometrical functions when m

tends to zero.

When m = 0, the trigonometrical solution (3.12) takes the following form:

uge,) = _Z’L}f +2ajcot(28,), where &, = dn + 4yaicot(2d)t + &.

Also if m = 1, the hyperbolic solution (3.12) takes the following form:

__p 2m B 4ya?
Hlen) = =20 * Ginh(zgyy: Where o =4n+ Grngayt o
Family 2.
- —2ya?[m?sn*(d, m) - 1
lxo=2—ﬁ, pr=a, €= rail (d,m) ],
Y sn(d, m)cn(d, m)dn(d, m)
P a2y [-m*sn®(d, m) + 2m*sn*(d, m) - 1]

T T s me(@dmydni(d,m)

where a1, d, y, B, and m are arbitrary constants.
In this case, the solution of (3.3) takes the following form:

U~ P _ @ mdn@um) _ aen(g,m)
" ZY Cn(érl/ m) Sn(én/ m)dn(én/ m) ’

where ¢, = dn — (2ya3[m*sn*(d, m) - 1]/sn(d, m)cn(d, m)dn(d, m))t + &.

When m = 0, the trigonometrical solution (3.16) takes the following form:

p 204 dya;

Un) = =5 ~ Gy’ Wheresn=dnt g5

i’+§0.

When m = 1, the hyperbolic solution (3.16) takes the following form:

Uug,) = —2% —2ay coth(2¢,), where ¢, =dn+ 4y0c% coth(2d)t + &.

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)
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Type 3. If ey = m?—1,e; =2—-m? and e, = —1. In this case, the series expansion solution of
(3.3) has the form:

_ mPagsn(§y,m)cn(gy,m)  prdn(éy,m)

U(én) = a0 dn(&,, m) m2sn (&, m)cn (&, m)’

(3.19)

Consequently, using the Maple or Mathematica we get the following results.

Family 1.

-p 5 2yas[dn*(d, m) — m*sn®(d, m)cn*(d, m)]
a=5-, pr=-ma, = ’
2y sn(d, m)cn(d, m)dn(d, m)

a

B ady[-mtsn®(d, m) + 4m*sn®(d, m) — (4m* + 2m?)sn*(d, m) + 4m?sn*(d, m) — 1]
- ,

4y sn?(d, m)cn?(d, m)dn?(d, m)
(3.20)
where a1, d, y, B, and m are arbitrary constants.
In this case, the solution of (3.3) takes the following form:
P amPsn(é,, m)cn (&, m) aydn(gn, m)
n) = —o— — , 3.21
) =y dnm) s, men(,m) 420

where ¢, = dn + (2yai[dn*(d, m) — m*sn®(d, m)cn*(d, m)]/sn(d, m)cn(d, m)dn(d, m))t + &.

Family 2.
B vl [m2sn(d, m) — 1
ag = —ﬂ, pr = 111"12, c1 = L [m sl m) ] ’
2y sn(d, m)cn(d, m)dn(d, m) (3:22)
B ady[-m*sn®(d, m) + 2m*sn*(d, m) — 1] .
=—+
" sn2(d, mycn®(d, mydn2(d, m)
where a1, d, v, B, and m are arbitrary constants.
In this case, the solution of (3.3) takes the following form:
B aym?sn(¢,, m)cn(E,, m) adn(g,, m)
n) = —— — — y .2
U =~ an(g,, m) 1, m)cn (e, ) (329

where ¢, = dn — (2ya3[m*sn*(d, m) - 1]/ sn(d, m)cn(d, m)dn(d, m))t + &.

3.2. Example 2. The Discrete Nonlinear Schrodinger Equation

The discrete nonlinear Schrodinger equation (DNSE) is one of the most fundamental
nonlinear lattice models [8]. Its arise in nonlinear optics as a model of infinite wave guide
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arrays [27] and has been recently implemented to describe Bose-Einstein condensates in
optical lattices. The class of DNSE model with saturable nonlinearity is also of particular
interest in their own right, due to a feature first unveiled in [28]. In this section, we study the
DNSE with a saturable nonlinearity [29, 30] form:

V]|’

¢ =0, (3.24)
1+ p| g

.0y
la—qft + (a1 + o1 — 205,) +

which describes optical pulse propagations in various doped fibers, ¢, is a complex valued
wave function at sites n while v and y are real parameters. We make the transformation:

Yo = PEn)e” P, E =an+p, (3.25)

where 0, p, a, and f are arbitrary constants. The transformation (3.25) permits us converting
equation (3.24) into the following nonlinear difference equation:

(0= 2)p(En) + P(En + ) + pEn — ) + % _o. (3.26)

We assume that (3.26) has a solution of the form:

P(én) = a1 < [:g:)) ) + B (11:,((%;)) > +ap, (3.27)

where ay, a1, and p; are constants to be determined later and F(¢,) satisfies a discrete Jacobi
elliptic differential equation (2.6). When we discuss the solutions of (3.26), we have the
following types.

Type 1. If eg = 1,1 = —(1 + m?), and e, = m?. In this case, the series expansion solution of

(3.26) has the form:

Gy m)dn o, m) y  snnm)
) (@, mydn (&, m)

P(én) = a1 + ag. (3.28)

With the help of Maple, we substitute (3.28) and (2.8) into (3.26), cleaning the denominator
and collecting all terms with the same order of sn(¢,, m), cn(é,, m), dn(¢,, m) together, the
left-hand side of (3.26) is converted into polynomial in sn(¢,, m), cn(é,, m), dn(é,, m). Setting
each coefficient of this polynomial to zero, we derive a set of algebraic equations for ay, a1, 0,
p1, p, a, and . Solving the set of algebraic equations by using Maple or Mathematica software
package, we obtain the following.
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Family 1.
o sn(a, m)cn(a, m)dn(a, m) by = (m?* —1)sn(a, m)cn(a, m)dn(a, m)
te ~H[m2sn*(a, m) — 2sn?(a,m) + 1]’ ' R [m2sn*(a, m) — 2sn%(a,m) + 1]’
u<o,
—2u[m*sn®(a, m) — 2m*sn®(a, m) + 2m?sn?(a, m) — 1] O

- misnd(a, m) — 4m2sn®(a, m) + (2m? + 4)sn*(a, m) — 4sn?(a,m) +1’

_ dsn®(a,m) [m*sn®(a,m) — (m* + 2m*)sn*(a, m) + (m> + 2)sn*(a, m) + m* - 2]

misn8(a, m) — 4m?sn®(a, m) + 2m? + 4)sn*(a, m) — 4sn?(a, m) + 1
(3.29)

In this case, the solution of (3.24) takes the following form:

_ [ sn(a,m)cn(a, m)dn(a, m)cn(&,, m)dn(,, m)
¥n = /—H[m2sn*(a, m) — 2sn?(a, m) + 1] sn(é,, m)

N (m?* —1)sn(a, m)cn(a, m)dn(a, m)sn(¢,, m) >

/—p[m2sn*(a, m) — 2sn?(a, m) + 1] cn(é,, m)dn(¢,, m)

w (Exol —i 4tsn?®(a, m)A .
P m*sn(a, m) —4m2sn®(a, m)+ (2m2+4)sn*(a, m) —4sn?(a, m)+1 p !

(3.30)

where 2 denotes [m*sn®(a, m)—(m*+2m?)sn*(a, m)+(m>+2)sn®(a, m)+m>-2] and ¢, = an+p.
Figure 2 illustrates the behavior exact solution (3.30).

Family 2.

a sn(a, m)cn(a, m)dn(a, m)
- =i [m2snt(a, m) — 2m2sn?(a, m) + 1]’

ai

~ (m? - 1)sn(a, m)cn(a, m)dn(a, m)

pr = R [m2snt(a, m) — 2m2sn?(a,m) + 1]’

n<o,

—2u[m*sn®(a, m) — 2m*sn®(a, m) + 2sn*(a, m) — 1]

"~ mtsnd(a, m) — dmisn®(a, m) + (2m? + 4m*)snt(a, m) — dm2sn?(a,m) + 1’

(X0=0,
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Figure 2: (a) and (b) represent the Jacobi elliptic solution (3.30) when m = 0.5, f = 1.5,a2 = 0.2, p = 04,
n = 2. (c) and (d) represent the Jacobi elliptic solution (3.30) whenm =0.5, =15, =02, p =04, t = 1.5.

_ dsn®(a, m) [m*sn®(a,m) — (2m* + m?)sn*(a, m) + (2m* + m*)sn®(a, m) — 2m> + 1]

misn®(a, m) — 4misn®(a, m) + (2m? + 4m*)sn*(a, m) — 4m?sn?(a, m) +1
(331)

In this case, the solution of (3.24) takes the following form:

a sn(a, m)cn(a, m)dn(a, m)cn(¢&,, m)dn(&,, m)
Y= Vi [m*sn*(a, m) - 2m2sn?(a, m) + 1] sn(¢,, m)

(m? - 1)sn(a, m)cn(a, m)dn(a, m)sn(&,, m)
- —p[m2sn*(a, m) — 2m?sn?(a, m) + 1] cn(¢,, m)dn(é,, m)

w (Expl—i 4tsn®(a, m)20 .
P m*sn®(a, m)—4m*sn®(a, m)+ (2m>+4m*) sn*(a, m)—4m?sn?(a, m)+1 Pl )
(3.32)

where 20 denotes [m*sn®(a, m) — 2m* + m?)sn*(a, m) + 2m* + m?)sn*(a, m) — 2m? + 1] and
&n=an+p.



Journal of Applied Mathematics 13

Type 2. If eg = 1 —m?, e; = 2m? — 1, and e, = —m?. In this case, the solution of (3.26) has the
form:

Sn(gnr m)dn(gn/ m) _ ﬁ Cn(én/ m)
cn(&y, m) Ysn(,, mydn(&,, m)

¢(§n) =0y — oy

(3.33)

Consequently, using Maple or Mathematica we get the following results.

Family 1.
p - sn(a, m)cn(a, m)dn(a, m) Br=— sn(a, m)cn(a, m)dn(a, m)
' p[m2snt(a,m) — 2sn?(a,m) + 1]’ ' H[m2sn*(a,m) — 2sn?(a,m) + 1]’
u<o,
—2u[m*sn®(a, m) — 2m*sn®(a, m) + 2m*sn?(a, m) — 1] 0
— oy =Y,

-~ mAsnd(a, m) — 4m2sn®(a, m) + 2m? + 4)sn*(a, m) — 4sn?(a,m) + 1’

_ Asn?(a,m) [m*sn®(a,m) — (m* + 2m*)sn*(a,m) + (m? + 2)sn*(a, m) + m* - 2]
B m*snd(a, m) — dm?2sn®(a, m) + 2m? + 4)sn*(a, m) — 4sn?(a, m) + 1

(3.34)

In this case, the solution of (3.24) takes the following form:

[ —sn(a,m)cn(a, m)dn(a, m)sn(&,, m)dn(é,, m)
¥n = /i [m?sn*(a, m) - 2sn?(a, m) + 1] cn(¢,, m)

sn(a, m)cn(a, m)dn(a, m)cn(¢,, m) >

" /—H[m2sn*(a, m) — 2sn?(a, m) + 1] sn(é,, m)dn(&,, m)

 (Exol =i 4tsn’*(a, m)A .
P m*snd(a, m)—4m?sn®(a, m)+(2m? + 4)sn*(a, m)—4sn?(a, m)+1 p !

(3.35)

where ¢, = an + f.
In the special case, when m = 0, the trigonometrical solution (3.35) takes the following
form:

_ tan(2a)cot(2¢,,)

e (Exp{—i[—Zt tan?(2a) + p] }), where ¢, = an + f. (3.36)

n

Also if m =1, the hyperbolic solution (3.35) takes the following form:

g = ( sinh( 2a )

J=jisinh( 2, )) (Exp{i[atsinh®(@) - p|}), where & = an+ p. (337)
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Family 2.
a sn(a, m)cn(a, m)dn(a, m) B = sn(a, m)cn(a, m)dn(a, m)
b R [m2snt(a,m) - 1] ' b p[m2snt(a,m) - 1]
2u[m*sn®(a, m) — 2(m* + m*)sn®(a, m) + 6m>sn*(a, m) — (2 + 2m*)sn*(a, m) + 1]

v =
mtsn®(a, m) — 2m2sn*(a, m) + 1 ’

u<o,

4sn?(a, m) [(m* + m*)sn*(a, m) — 4m*sn’(a, m) + m* + 1]
o=

, ap = 0.
m*snd(a, m) — 2m2sn*(a, m) + 1 0

(3.38)

In this case, the solution of (3.24) takes the following form:

_ [ —sn(a,m)cn(a, m)dn(a, m)sn(é,, m)dn(é,, m)
Y= i [m?sn*(a, m) - 1] cn(é,, m)

__sn(a,m)cn(a, m)dn(a, m)cn(g,, m) (3.39)
i [m?sn*(a, m) - 1] sn(é,, m)dn(&,, m) '

A Bl i 4tsn®(a, m)X .
P misnd(a, m) — 2m2sn*(a, m) + 1 p !

where X denotes [(m* + m?)sn*(a, m) — 4m*sn*(a, m) + m* + 1] and ¢, = an + p.
If m = 0, the trigonometrical solution (3.39) takes the following form:

sin(2a)

(Exp{—i [4t sin?(a) + p] }), where ¢, = an + . (3.40)

Also if m =1, the hyperbolic solution (3.39) takes the following form:

_ tanh(2a) coth(2¢,)
o VH

<Exp{—i[2t tanh? (2a) + p] }), where ¢, = an + . (3.41)

Type 3. if ey = m?—1,e; =2 -m? and e, = —1. In this case, the series expansion solution of
(3.26) has the form:

_ m2a1 sn (g, m)cn(§,, m) _ ﬁldn(gn/ m)

dn(&,, m) s (E,, m)cn (&)’ (3.42)

¢(&n) = ao

Consequently, using Maple or Mathematica we get the following results.
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Family 1.

sn(a, m)cn(a, m)dn(a, m)
R [m2sn*(a, m) — 2m2sn?(a, m) + 1]’

ap=0, ap =

m?sn(a, m)cn(a, m)dn(a, m)
i [m2snt(a, m) — 2m2sn?(a,m) + 1]’

pr=- u<0,

—2u(m*sn®(a, m) - 2m?sn®(a, m) + 2sn*(a, m) — 1)

- misnd(a, m) — dmisn®(a, m) + (4m* + 2m2)snt(a, m) — dm2sn2(a, m) +1’

4sn?(a, m) [m*sn®(a, m) — (2m* + m?)sn*(a, m) + (2m* + m?)sn*(a, m) — 2m> + 1]
O =

m*snd(a, m) — 4m*sn®(a, m) + (4m* + 2m?)sn*(a, m) — 4m?sn?(a, m) + 1
(3.43)

In this case, the solution of (3.24) takes the following form:

_ [ m?sn(a,m)cn(a, m)dn(a, m)sn(&,, m)cn(é,, m)
¥n = /—H[m?sn*(a, m) - 2m2sn?(a, m) + 1] dn(&,, m)

. sn(a, m)cn(a, m)dn(a, m)dn(&,, m) >

i [m?sn*(a, m) - 2m2sn?(a, m) + 1] sn(&,, m)cn(&,, m)

w (Exo i 4tsn®(a, m)Q0 .\
P m*sn8(a, m)—4m*sn®(a, m)+ (4m*+2m?) sn*(a, m)—4m?sn?(a, m)+1 p

(3.44)

where ¢, = an + p.

Family 2.

_ sn(a,m)cn(a, m)dn(a, m)
o p[m2snt(a,m) —1]

_ m?sn(a, m)cn(a, m)dn(a, m)

pr= i [m?sn*(a, m) - 1]

2u[(m*sn®(a, m) — 2(m* + m*)sn®(a, m) + 6m?sn*(a, m) — (2 + 2m?*)sn*(a,m) +1)]

ap =0,

, u<q,

7

m*snd(a, m) — 2m2sn*(a, m) + 1

4sn?(a, m) [(m* + m*)sn*(a, m) — 4m*sn?(a, m) + m* + 1]
O =

mrsnd(a, m) — 2m2sn*(a, m) + 1
(3.45)
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In this case, the solution of (3.24) takes the following form:

o = <_mzsn(a,m)cn(a,m)dn((x,m)sn(én,m)cn(gn,m)

/i [m?sn*(a, m) — 1] dn(é,, m)

sn(a, m)cn(a, m)dn(a, m)dn(¢,, m) >
_ (3.46)
VoA[mEsn (@, m) — 1] sn(é, m)cn(é, m)

A Bl i 4tsn®(a, m)X .
P misnd(a, m) — 2m2sn*(a, m) + 1 p !

where ¢, = an + f.

3.3. Example 3. The Discrete Nonlinear Klein-Gordon Equation

In this section, we consider the following discrete nonlinear Klein-Gordon equation [31]:

d*u, (t
th( ) = g(un)(unﬂ + Uy_1 — 2SUy). (3.47)

The nonconstant (in contrast to the standard models of harmonic coupling and linear
dispersion [32]) function g(u,) ensures the presence of nonlinear dispersion, which is critical
for the existence of compactly supported solutions and s can take values in the interval
[-1,1]. Kevrekidis and Konotop [31] have obtained some exact compaction solutions and
claim that this DDE does not have the traveling compact solution.

If we set g(u,) = A+ Cu? where A and C are arbitrary constants and take the traveling
transformation:

u, (t) =U(,), o =dn+cat+ ¢, (3.48)

where d, ¢, and ¢y are constants. The transformation (3.48) permits us converting equation
(3.47) into the following form:

GU" (&) = [A+ CUP@)| UG + ) + UG - d) - 25U G0, (3.49)

where ' = d/d¢,. Considering the homogeneous balance between the highest-order

derivative and the nonlinear term in (3.49), we get K = 1. Thus, the solutions of (3.49) have
the following form:

- (5) o (E83).

where ay, a1, and p; are constants to be determined later and F(¢,) satisfies a discrete Jacobi
elliptic ordinary differential equation (2.6), we have the following types.
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Type 1. lf eg = 1,1 = =(1 + m?), and e, = m?. In this case, the series expansion solution of
(3.49) has the form:

arcn(é,, m)ydn(é,, m) sn(¢,, m)

51 (Zn, ) P ey, mydn(en,m)”

U(¢,) =ap+ (3.51)

With the help of Maple, we substitute (3.51) and (2.8) into (3.49). Cleaning the denominator
and collecting all terms with the same degree of sn(¢,, m), cn(¢,, m), dn(é,, m) together, the
left-hand side of (3.49) is converted into polynomial in sn(¢,, m), cn(é,, m), dn(é,, m). Setting
each coefficient of this polynomial to zero, we derive a set of algebraic equations for ay, a,
d, p1, A, C, s, and c;. Solving the set of algebraic equations by using Maple or Mathematica
software package, we have the following.

Family 1.
2 -1
pr= <m - 1>61L1, a=0, s=——, m=al,
CL]
(3.52)
A L2 [m*sn®(d, m) — 4m>sn®(d, m) + (2m? + 4)sn*(d, m) — 4sn*(d, m) + 1]
™ sn2(d, m)cn?(d, m)dn?(d, m) ’
where d, ¢, and C are arbitrary constants and
L= m*sn*(d, m)cn*(d, m) + dn*(d, m) (3.53)
' C[m*snd(d, m) — 2m*sn®(d, m) + 2m2sn®(d, m) - 1] '
In this case, the solution of (3.47) takes the following form:
2 - 1 L ns
u(én) — ClLlC”(énrm)dn(gn;m) 4 (m )Cl 1STl(§ m) (354)

sn(én, m) cn(én, m)dn(gn,m)

where ¢, = dn + ¢t + .
Figure 3 illustrates the behavior of the exact solution (3.54).

Family 2.
-1
— 2 _ — e =
,61 = <11’l 1>C1L2, ay =0, S CL%I ay; = c1Ly,
A CI22 [m*sn®(d, m) — 4m*sn®(d, m) + (4m* + 2m*)sn*(d, m) — 4m*sn*(d, m) + 1]
=-Lhq

sn2(d, m)cn?(d, m)dn?(d, m) !
(3.55)
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Figure 3: (a) represents the Jacobi elliptic solution (3.54) when m = 0.5, ¢; = 04, C = -0.6,d =03, n = 2.
(b) represents the Jacobi elliptic solution (3.54) when m = 0.5,¢; =04, C=-0.6,d =0.3,¢t =1.5.

where d, ¢, and C are arbitrary constants and

L= sn*(d, m)dn*(d, m) + cn*(d, m) (3.56)
27 C[m*sn®(d, m) - 2m2sn®(d, m) + 2sn*(d,m) - 1] '
In this case, the solution of (3.47) takes the following form:
2 _
ue,) = c1lacn (&, mydn(é,, m) (m* —1)c1Losn(¢,, m) (357)

1 (Gu, 1) cn(n, m)dn(én,m)

where ¢, = dn + c1t + &.

Type 2. If eg = 1-m?, e; = 2m? — 1, and e, = —m?>. In this case, the series expansion solution of
(3.49) has the form:

sn (&, m)dn(é,, m) _ ﬂ cn(é,, m)

U(E,) = ag - . 3.58
G =t m) P nG mydn,m) 259
Consequently, using Maple or Mathematica we get the following results.
Family 1.
p aL ap=0 s ! a1 =ciL
1= —¢1Lha, 0=Y = =5 1 =1L,
cr2
(3.59)
A e _CL22 [m*sn®(d, m) — 4m>sn®(d, m) + (2m? + 4)sn*(d, m) — 4sn*(d, m) + 1]
= 161

sn2(d, m)cn?(d, m)dn?(d, m) ’

where d, ¢, and C are arbitrary constants.



Journal of Applied Mathematics 19

In this case, the solution of (3.47) takes the following form:

—c1Lysn(¢,, m)dn(¢,, m) c1Licen(é,, m)

cn(&n,m) S (G, 1) A, 1)’ (3.60)

U(&n) =

where ¢, = dn + ¢t + .
In the special case, when m = 0, the trigonometrical solution (3.60) takes the following
form:

_ 2cycot(2¢,)

U, = ¢ where ¢, = dn + c1t + &p. (3.61)

Also when m = 1, the hyperbolic solution (3.60) takes the following form:

[tanh4 (d) + 1]
U(¢&,) = 2c; coth(2¢,) where ¢, = dn + cit + &. (3.62)

C|tanh* () - 1] '

Family 2.

-1
p1 =ciLs, ay =0, s§=—, a1 =ciLs,
“hs (3.63)
[m*sn®(d, m) — 2m?sn*(d, m) + 1] '

A=-CL3?
3N 52 (d, myen?(d, mydn2(d, m)

where d, ¢, and C are arbitrary constants, while

L m*sn®(d, m)-2(m*+m?)sn®(d, m)+2(m*+m?+1)sn*(d, m)-2(m*+1)sn*(d, m)+1
"N\ -C [misn®(d, m) — 2(m* + m2)sn®(d, m) + 6m2sn*(d, m) — 2(m? + 1)sn2(d, m) + 1]

(3.64)
In this case, the solution of (3.47) takes the following form:
__calgsn(gn, mydn(gn,m)  cilsen(én, m)
Hien = en(Em) 71 (&, m)eAn Gy, ) (369

where ¢, = dn + c1t + §.
When m = 0, the trigonometrical solution (3.65) takes the following form:

_ 2¢; , [-sin?(2d) +2 -
U, = sin@z,) \| “2Ccos(2d)” where ¢, = dn + cit + &. (3.66)
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Also if m =1, the hyperbolic solution (3.65) takes the following form:

—2¢1 coth(2¢,)

u(én) = \/I ’

where ¢, = dn + c1f + &p. (3.67)

Type 3. If ey = m?—1,e; =2 —m? and e; = —1. In this case, the series expansion solution of
(3.49) has the form:

mPasn(Ey, m)cn(§e,m)  prdn(én, m)
dn(g,, m) m2sn(&,, m)cn(&,, m) '

U(én) = ap - (3.68)

Consequently, using Maple or Mathematica we get the following results.

Family 1.
-1
= —¢1Lym?, ay=0, s=—:, a1 =c1L,,
23} 1Ly 0 E 1=c1ls
A= _CL2e2 [m*sn®(d, m) — 4m*sn®(d, m) + (4m* + 2m?)sn*(d, m) — 4m*sn*(d, m) + 1]
B 2 sn2(d, m)cn?(d, m)dn2(d, m) !
(3.69)

where d, ¢, and C are arbitrary constants and

L - sn*(d, m)dn*(d, m) + cn*(d, m) (3.70)
27 C[m*snd(d, m) — 2m2sn®(d, m) + 2sn?(d, m) — 1] .

In this case, the solution of (3.47) takes the following form:

_C1L3m25n(§n/ m)cn (&, m) c1Lsdn(§,, m)
= 3.71
U(én) dn(&,, m) sn(é,, m)en(é,, m)’ ( )
where ¢, = dn + c1t + .
Family 2.
-1
— 2 — — —
pr=mciLs, ag =0, s= C_Lg' ay = c1L3,
(3.72)

[m*sn®(d, m) — 2m?sn*(d, m) + 1]
sn?(d, m)cn?(d, m)dn2(d,m)

A=-CLic}
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where d, ¢, and C are arbitrary constants and

L misn®(d, m)-2(m*+m?)sn®(d, m)+2(m*+m>+1)sn*(d, m)-2(m>+1)sn*(d, m)+1
T =C [m*snd(d, m) — 2(m* + m2)sn(d, m) + 6m2sn*(d, m) — 2(m? + 1)sn?(d, m) + 1] |

(3.73)
In this case, the solution of (3.47) takes the following form:
m?c1Lysn(&,, m)cn(é,, m) c1Lsdn(én, m)
= - 4 L - 4 3.74
uien dn (&, m) (G m)en(n, m)’ o7
where ¢, = dn + c1t + §.
3.4. Example 4. The Quintic Discrete Nonlinear Schrodinger Equation
We discuss the quintic discrete nonlinear Schrodinger (QDNLS) equation [33]:
idy, 2 2 4
—ar T =20+ gnt) + Plonl g+ y|gn] (gai +guar) +0gn] (gnr + gn1) =0,
(3.75)

which describes the propagation of discrete self-trapped beams in an array of weakly coupled
nonlinear optical waveguides. Equation (3.75) was presented for the first time in [33],
together with its localized solutions. We are looking for solutions of the form:

@n(t) = Pne ™, (3.76)

where ¢, is a real function with respect to the discrete variable n. Substitution of equation
(3.76) into (3.75) yields the corresponding symmetric equation as follows:

Ca - w)u— i,

ntl T Pn-1 = 3.77
Pt + fra a+yd:+ oy (3.77)

We take the traveling wave of transformation
Pu=U(), Gu=dn+k, (3.78)

where d and k are constants. The transformation (3.78) permits us converting equation (3.77)
into the following form:

20— W)U (&) - BUB (0
U (&, +d) + U (&, - d) = (a“+ Y“L’I)Z (;f)i 551 4((;5)). (3.79)
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We suppose that the solutions of (3.79) have the following form:

U (&) = ap + ay (%) + b (;(é’;)) > (3.80)

where ag, a1, and p; are constant to be determined later and F(¢,) satisfies a discrete Jacobi
elliptic ordinary differential equation (2.6), we have the following types.

Type 1. lf eg = 1,1 = —(1 + m?), and e, = m?. In this case, the series expansion solution of
(3.79) has the form:

ajcn(é,, m)dn(é,, m) " ﬁ sn(é,, m)

U(én) = ap + sn(é,, m) 1cn(§n,m)dn(§n,m).

(3.81)

With the help of Maple, we substitute (3.81) and (2.8) into (3.79). Cleaning the denominator
and collecting all terms with the same degree of sn(¢,, m), cn(¢,, m), dn(¢,, m) together, the
left-hand side of (3.79) is converted into polynomial in sn(¢&,, m), cn(é,, m), dn(é,, m). Setting
each coefficient of this polynomial to be zero, we derive a set of algebraic equations for ay, ay,
d, b1, a, w, B, y, and 6. Solving the set of algebraic equations by using Maple or Mathematica
software package, we have the following.

Family 1.

H =a1<m2—1>, ap =0,

2607 [m*sn®(d, m) — 2m*sn®(d, m) + 2m*sn*(d, m) — 1]

b= sn2(d, m)cn?(d, m)dn?(d, m) ’ (3.82)
_ 411% [H16a% + Hoy] _ —a% [Hg(ﬁd% + Hyy]
sn?(d, m)cn?(d, m)dn*(d, m)’ sn*(d, m)cn*(d, m)dn*(d, m)’

where a1, 6, and d are arbitrary constants and

H; = m®sn'?(d, m) — 6m°sn'°(d, m) + (141114 + m6> sn®(d, m) - <16m2 + 4m4> sn®(d, m)
+ (8 -m* + 81112>sn4 (d,m) + <2m2 - 8) sn?(d, m) - m? +2,

H, = m®sn'®(d, m) - <m6 + 3m4> sn®(d, m) + <4m2 + 2m4>sn6(d,m)
+ <m4 -3m® - 2) snt(d, m) + <2 - m2>sn2(d,m),

H; = m®sn'®(d, m) — 8m®sn'*(d, m) + <4m6sn12 + 24m4>sn12(d,m)
- (321112 + 24m4>sn10(d,m) + <l6 +48m® + 6m4> sn®(d, m)

- (24m2 + 32> sn®(d, m) + <24 + 4m2>sn4(d,m) —8sn*(d, m) +1,
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Hy = m®sn'*(d, m) — <m6 + 5m4> sn'?(d, m) + (7m4 + 8m2>sn10(d, m)

- (141112 +2m* + 4> sn®(d, m) + <7m2 + 8> sn®(d, m) — <5 + m2>sn4(d,m) + sn*(d, m).

(3.83)
In this case, the solution of (3.75) takes the following form:
£ = aq [an(én/ m)dnz(gn/ m) + (m2 - 1)sn2(§n/ m)]
yalt) = 511(&, M) Cn1(8, 1) AN (&, )
(3.84)

sn?(d, m)cn?(d, m)dn*(d, m)

402 [H,6a% + H.
xExp{—i[ al[ 1oh * ZY] ]t},

where ¢, = dn + k.

Figure 4 illustrates the behavior of the exact solution (3.84).

Family 2.
—26a2[m*sn®(d, m) — 2m2sn®(d, m) + 2sn?(d, m) — 1
ﬁ1=—a1<m2—1>, ap =0, B= il (2 ) (d,m) (d,m) ],
sn?2(d, m)cn?(d, m)dn?(d, m)
_ 4a? [Hs6a3 + Hey] . —a3[H76a% + Hgy]
sn?(d, m)cn*(d, m)dn?(d, m)’ snt(d, m)cn*(d, m)dn*(d, m)’

(3.85)

where a1, 6, and d are arbitrary constants and

Hs = m®sn'?(d, m) — 6m°sn'®(d, m) + <14m6 + m4>sn8 (d,m) - <16m6 + 4m4>sn6 (d, m)
+ <8m4 -m?+ 8m6>sn4(d,m) + <2m2 - 8m4>sn2(d, m) +2m? -1,

He = m*sn'®(d, m) - <m2 + 3m4>sn8(d, m) + <2m2 + 4m4>sn6(d, m)
+ <1 -3m® - 2m4>sn4(d, m) + (2m2 - 1)sn2(d, m),

H; = m®sn'®(d, m) — 8mBsn'*(d, m) + <24m8 + 4m6>sn12(d, m) — (241716 + 32m8>sn10(d,m)
+ <6m4 +48m° + l6m8>sn8(d, m) — <24m4 + 32m6>sn6(d,m) + <24m4 + 4m2>sn4(d,m)

- 8m?*sn®(d,m) + 1,
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Figure 4: (a) and (b) represent the Jacobi elliptic solution (3.84) when m = 0.5, a; = 0.6, k = 0.2, 6 = 04,
y=01,d=03,n =2 (c) and (d) represent the Jacobi elliptic solution (3.84) when m = 0.5, a; = 0.6,
k=02,6=04,y=01,d=03t=15.
Hg = m®sn'*(d, m) — <5m6 + m4>sn12(d,m) + <7m4 + 8m6> sn'%(d, m)

- (14m4 +2m? + 4m6>sn8(d, m) + <8m4 + 7m2>sn6(d,m)

- <5m2 + 1>sn4(d,m) +sn®(d, m).

(3.86)
In this case, the solution of (3.75) takes the following form:
H=" [cn? (&, m)dn? (&, m) — (m* = 1)s1*(&n, m)]
s 51 (&, 1)1 (&, 10) A1 (Z, 1)
(3.87)

) 4a? [Hs6a3 + Hey]
x Exp{ —i| — £,
sn2(d, m)cn*(d, m)dn?(d, m)

where ¢, = dn + k.
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Type 2. If eg = 1 —m?, e; = 2m? — 1, and e, = —m?. In this case, the solution of (3.79) has the
form:

1 (G, m)dn(Gn, m) _ 5 cn(gu, m)

Ulen) = a0 === ) "sn(&n, m)dn (&, m)’

(3.88)

Consequently, using the Maple or Mathematica we get the following results.

Family 1.

—26a? [m*sn®(d, m) — 2m*sn®(d, m) + 2m*sn®(d, m) - 1]
sn2(d, m)cn?(d, m)dn?(d, m) ’

pr=-a, a=0, p=

~ 4a7 [H16a3 + Hay] B —a7 [Hz6a; + Hyy]

~ sn2(d,mycr(d, mydnt(d,m)’ " sni(d, m)crnd(d, m)dn*(d, m)’

(3.89)

where a1, 6, and d are arbitrary constants.
In this case, the solution of (3.75) takes the following form:

wnlt) = ai [cn? (&, m) — sn? (&, m)dn® (&, m)] . {_[ 4a2 [H16a? + Hoy] ] }’

Sn(gnr m)cn(gn, m)dn(gn/ m) sn? (d/ m)an(d, m)d?’l4(d, m)
(3.90)

where ¢, = dn + k.
In the special case, when m = 0, the trigonometrical solution (3.90) takes the following
form:

4

(t) = 2a1cot(2¢,)E i|32a%6 + 3206 +8a’y |t here &, = dn + k (3.91)
n(t) = 2aq1cot(2¢,)Exp | —i ay sin? (2d) ayy , Where ¢, =dn . .

When m = 1, the hyperbolic solution (3.90) takes the following form:

2, [ 4a? [m6a? + hay]
n(t) = =———~<Expq{ —i te, 3.92
gn(®) sinh(2¢,) p{ I:tanhz(d)sech6(d) oo
where

hi = tanh'(d) — 6tanh'®(d) + 15tanh®(d) — 20tanh®(d) + 15tanh*(d) — 6tanh®(d) + 1,
(3.93)
hy = tanh'%(d) — 4tanh®(d) + 6tanh®(d) — 4tanh*(d) + tanh?(d),

and ¢, =dn + k.
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Family 2.
2603 [m*sn®(d, m) - 2(m* + m*)sn®(d, m) + 6m*sn*(d, m) - 2(m? + 1)sn*(d, m) +1]
p= sn2(d, m)cn?(d, m)dn?(d, m) ’
_ —40(% [Hgﬁa% + HlOY] _ —a% [H116LX% + le}’]
sn?(d, m)cn*(d, m)dn*(d, m)’ snt(d, m)cn*(d, m)dn*(d, m)’
pr=a1, ap =0,
(3.94)

where a1, 6, and d are arbitrary constants and

Hy = <m8 + m6>sn12(d,m) —4m®sn'’(d, m) - <m6 + m4>sn8(d,m) +8m*sn®(d, m)
- (m4 + mz>sn4 (d, m) — 4m*sn*(d, m) + m* + 1,
Hy = <m6 + m4>sn10(d, m) — (m6 +6m* + m2>sn8(d,m) + 6<m4 + mz>sn6 (d, m)
- <m4 +6m* + 1>sn4(d,m) + (m2 + 1>sn2(d,m), (3.95)
Hiy = m®sn'®(d, m) — 4m®sn'?(d, m) + 6m*sn®(d, m) — 4m?sn*(d, m) + 1,
Hi, = mbsn'*(d, m) - <m6 + m4)sn12(d,m) - m*sn'®(d, m) + 2<m4 + m2>sn8(d,m)

- m*sn®(d, m) - <m2 + 1>sn4(d,m) +sn(d, m).

In this case, the solution of (3.75) takes the following form:

o - 2l m) + s @ mdnt@um) (A [Hodat+ ] ],
L sn(é,, m)en(é,, m)dn(&,, m) X ! sn?(d, m)cn*(d, m)dn*(d,m) | |’
(3.96)
where ¢, = dn + k.
When m = 0, the trigonometrical solution (3.96) takes the following form:
2 [—4a2[6a2 + sin?(d)cos?(d)y]
n(t) = = E - te, .97
on) = Gnen Xp{ l[ sin2(d)cos*(d) (3.97)
where ¢, = dn + k.
When m = 1, the hyperbolic solution (3.96) takes the following form:
—40(2 [h950£2 + thY]
n(t) = —2a; coth(2¢,)Exp{ —i [ — ! tr, 3.98
2 ( ) 1 ( g ) p{ [ tanhz(d)sechs(d) ( )
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where

ho = 2tanh'?(d) — 4tanh'’(d) — 2tanh®(d) + 8tanh®(d) — 2tanh*(d) — 4tanh®(d) + 2,
(3.99)
hyo = 2tanh'®(d) — 8tanh®(d) + 12tanh®(d) — 8tanh*(d) + 2tanh?(d),

and ¢, =dn + k.

Type 3. If g = m*> — 1, e; = 2 — m?, and e, = —1. In this case, the series expansion solution of
(3.79) has the form:

m?aysn(&,, m)cn(&,, m) prdn(&,, m)
- dn(&,, m) - m2sn(g,, m)cn (g, m)’

U(n) = a0 (3.100)

Consequently, using the Maple or Mathematica we get the following results:

Family 1.
~ 5 0 _ —26a3[m*sn®(d, m) — 2m*sn®(d, m) + 2sn*(d, m) - 1]
fr=-am,  a=0 f= s2(d, m)en2(d, m)dn?(d, m) ’
~ 4a? [Hs6a3 + Hey] ~ —af [H76a; + Hgy]
~ sn2(d, m)cn*(d, m)dn?(d, m)’  snd(d, m)cn*(d, m)dn*(d, m)’
(3.101)

where a1, 6, and d are arbitrary constants.
In this case, the solution of (3.75) takes the following form:

(Ifn(t) =

ay [dn?(&,, m) — m*sn?(&,, m)cn® (&, m)] . , 4a7 [Hs6a3 + Hey] ,
518, 1) Cr1(G, m)AN (G, 1) | sE@myent @, mydnidm) ||
(3.102)

where ¢, = dn + k.

Family 2.

_ 2607 [m*sn®(d, m) — 2(m* + m*)sn®(d, m) + 6m*sn*(d, m) — 2(m?* + 1)sn*(d, m) + 1]

p

sn?(d, m)cn?(d, m)dn?(d, m) ’
_ —4“% [H96a% + H10Y] o= —LI% [H1161X% + le}f]
sn?(d, m)cn*(d, m)dn*(d, m)’ snt(d, m)cn*(d, m)dn*(d, m)’
p1 = mPay, ap =0,
(3.103)

where a1, 6, and d are arbitrary constants.
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Table 1: The relation between the Jacobi elliptic functions and the trigonometrical functions, hyperbolic
functions.

m sn (¢,m) cn (¢,m) dn (¢, m) ns (¢, m) cs (&,m) ds (¢, m)
0 sin (¢) cos (&) 1 csc (§) cot (¢) csc (¢)
1 tanh (¢) sech (&) sech (&) coth (¢) csch (&) csch (¢)

In this case, the solution of (3.75) takes the following form:

-0 [m2sn2 (&n m)cn2 (§n,m) + dn? (én, m)]
Sn(én/ m)CTl(én, m)dn(énr m)

. —4(1% [Hg(Sd% + HlOY]
x Exp{ —i| — ke,
sn?(d, m)cn*(d, m)dn*(d, m)

Pn (t) =
(3.104)

where ¢, = dn + k.

Remark 3.1. Wang and Ma [34] constructed the Jacobi elliptic function solution to some
nonlinear DDEs in terms of Jacobi elliptic functions sn or cn or dn. In Zhang [20], an
algorithm is devised to derive exact traveling wave solutions of nonlinear DDEs by means
of Jacobi elliptic functions. Gepreel and Shehata [22] put a direct method to construct the
rational Jacobi elliptic solution for nonlinear DDEs. In this paper, we modified the direct
method which was disscussed in [22]. When we are constructing the solutions of nonlinear
DDEs we neglected the case i = 0 because if f; = 0, we get the same solution which
was discussed by [22]. The Jacobi elliptic functions could be generated into the hyperbolic
functions when m tends to one in the other hand, they are generated into trigonometrical
functions when m tends to zero as shown in Table 1.

4. Conclusion

In this paper, we modified the rational Jacobi elliptic functions method to calculate some new
exact solutions for the nonlinear difference differential equations via the lattice equation, the
discrete nonlinear Schrodinger equation with a saturable nonlinearity, the discrete nonlinear
Klein-Gordon equation, and the quintic discrete nonlinear Schrodinger equation. As a result,
many new and more rational Jacobi elliptic solutions are obtained, from which hyperbolic
function solutions and trigonometric function solutions are derived when the modulim — 1
and m — 0.
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