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Abstract: In this paper, an efficient generalized of cosh(&) expansion method is proposed to seek traveling
wave solutions of the derivative Schrédinger equation. The traveling wave solutions are expressed in terms of the
hyperbolic and trigonometric functions. It is shown that the method is straightforward and effective for solving
nonlinear evolution equations in mathematical physics.
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I.  Introduction
Nonlinear evolution equations (NLEES) are widely used as models to describe many important complex
physical phenomena in various fields of science, such as plasma physics, nonlinear optics, solid state physics,
chemical kinematics, fluid mechanics, chemistry, biology and so on. Thus, establishing exact traveling wave
solutions of NLEEs is very important to better understand nonlinear phenomenas as well as other real-life
applications.
In the recent years, a wide range of methods have been developed to generate analytical solutions of

nonlinear partial differential equations. Among these methods are the (%) expansion method [1,2], the (%%)
expansion method [3], the exp(—(p(f)) expansion method [4,5], the generalized of exp(—rp(f)) expansion
method [6,7], the Jacobi elliptic function expansion method [8], the generalized Riccati equation method [9,10]
the Sine-Cosine Method [11], the F —expansion method [12], and various other methods [13-16].

This paper presents an efficient generalized of cosh(&) expansion method for obtaining novel and more
general exact traveling wave solutions for the derivative Schrddinger equation. The remaining of the paper is
organized as follows. Section 2 explains the cosh(&)expansion method. Section 3 applies this method for solving
derivative Schrodinger equation and presents some special solutions, which are shown graphically in Section 4.
Section 5 concludes the paper.

Il.  The Generalized of cosh(¥) expansion method
Suppose that we have a nonlinear PDE in the following form from the Introduction
F (U, Ug, Uy, Uppy Ugpy Ungs Uy -+ ) = 0 (2.1)
where, u = u(x,t) isanunknown function, F isapolynomial in u = u(x,t) and its partial derivatives, in which
the highest order derivatives and nonlinear terms are involved.The main steps of this method are as follows:
Step 1: Use the traveling wave transformation:
u(x, t) = u(d), E=kix + kyt(2.2)

where kq, k, are a constants to be determined latter, permits us reducing (2.1) to an ODE for u = u(¢) in the
form

P(u, klu', kzu’, klkzu”,....) = 0(23)

where P isa polynomial of u = u(§) and its total derivatives.

Step 2:Balancing the highest derivative term with the nonlinear terms in (2.3),we find the value of the positive
integer (m).

Step 3:Suppose that the solution of (2.3) can be expressed as follows:

3 = A;sech(&) + A,cosh(E) + Ascosh?(E) + A, i
u® = a0+ Zo: <Blsech(&) + B,cosh(&) + Bscosh?(E) + B4> @4)

where «,, 4;, B;(i = 1,2,3,4) are constants to be determined later.

Step 4: Substituting (2.4) into Eqg. (2.3) and then setting all the coefficients of (cosh(f))i of the resulting
systems to zero, yields a system of algebraic equations for ki, k,, 4;, B;(i = 1,2,3,4) and «.
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Step 5: Suppose that the value of the constants kq, k,, A;, B;(i = 1,2,3,4) and a, can be found by solving the
algebraic equations which are obtained in step 4. Since the general solutions of (2.3) have been well known for us,
substituting kq, ko, A;, B;(i = 1,2,3,4) and «a into (2.4), we have the exact solutions of the nonlinear PDEs
(2.2).

I11.  The Exact Solutions of Derivative Schrodinger Equation

In this section, we will apply the the proposed method to find the exact solutions of the derivative Schroédinger
equation. Let us consider the derivative Schrodinger equation:

W, = (— %) Wy, + (ikIW[*W), ;o W =W(xt)(3.1)

we make the following transformation

W(x,t) = e @OpE), &=x—vt; S,veER

h:R? > R; h(€)>0 (3.2

Substituting (3.2) into Eq.(3.1) and making the real part and imaginary part equal to zero, we have

26h(8) + 2vh()Y'(§) + h'(§) — (P () + 2kh*(©)P'(§) = 0,(3.3)

h(OP'(§) + 2R (P '(§) — 2vh'(§) — 6kh*(R'(§) = 0,(3.4)

Let
Y'(§) = A+ Bh*(§)(3.5)

Substituting (3.5) into Eq. (3.4) and equating the coefficients of these terms h'(£)h%(&),h'(§) to zero, we get
3k
A=v,B= (7) . Therefore, when
, 3ky .,
YO =v+(5)ROGES)
Eq. (3.4) is identical to zero.
Substituting (3.6) into Eq. (3.3) we get the following equation:

3k? .
(26 + vHh(E) + @R () + (T) RS(E) +1'(©) = 0,3.7)
In order to solve Eq. (3.7), we make the following transformation

h($) = Vu($)(3.8)

Then, u(é) satisfies
4026 + v>)u? + 8vku® + 3k*u* + 2uu’ —u? = 0,(3.9)

By balancing the term (u?) with the term (u*) in (3.9), gives(m = 1).Therefore, the cosh(&) expansion
method allows us to use the solution in the following form:

Aysech(&) + A,cosh(§) + Ascosh?(§) + A,
B;sech(§) + Bycosh(¢) + Bscosh?(¢) + B,

u() =ag + < >(3.10)

Substituting (3.10) into (3.9), the left-hand side is converted into polynomials in (cosh(f))],(j =
0,1,2,..... We collect each coefficient of these resulted polynomials to zero, yields a set of simultaneous algebraic
equations (for simplicity,which are not presented) for Ay, A,, A3, A4, B, By, B3, By, 8, v and oq. Solving these
algebraic equations with the help of algebraic software Maple, we obtain the following results:
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Case 1:
1
ao—ao,v——l,é‘—g,Alz Az,Az—Az,A:;—Az(aok—l)
1 1 (3.11)
A4 = ——A3,B]_ = O,Bz = 0,B3 = —kAz,B4_ = _kAZ
Substituting (3.11) into (3.10), we have :
cosh(é) — 1
=—— (3.12
WO = oam G12)

where E=x+t
Substituting (3.12) into (3.8) and (3.6) yields

B ’cosh(f) -1
h@) = kcosh(&)

V) = (—1 +(3) (%)) d (3.13)
3 3 tanh (i) +1 &
= (E kay—1)¢&+ = > (kay + Din (W) — 3arctan (tanh (E))

Consequently, the exact solution of the derivative Schrodinger equation (3.1) with the help of Eq. (3.13) and Eq.
(3.2) are obtained in the following form:

’cosh(f) -1
W(x,t) = ( m) exp

E=x+t

3
(Zka'o - 1

3

+2 (kg + Din <—

./ \.
| |
k sarctan 1anh 5)) - )

(3.14)

In particular setting  ay =0,k = 6 we find :

( 3 tanh (g) +1 \|
—&+=-In| ———
Wi (o t) = cosh(§) —1 | ; 2\ tanh G) -1 |
W= Tecosne )P A 1|61
k —3arctan (tanh (—)) - §t )
E=x+t
See Figure (3.1)
Case 2:
1 Bi(4—aok) . 2B;(agk —2)

a0=a0,v=—2,5=§,A1= k y Ay = k ,(316)
A3 = 0,A4 = O,Bl = BllBZ = —231,33 = 0,B4 = 0

Substituting (3.16) into(3.10), we have :
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B 4(sech($) - cosh({))
h k(sech({) — ZCosh(f))
where E=x+2t

Substituting (3.17) into (3.8) and (3.6) yields

|4y ( sech(§) — cosh(§)
h(§) = \/(E) <sech(€) - Zcosh(€)>
sech(&) — cosh(§) d
sech(&) — 2605h(5)) d

) ( (Gaok—2)¢ + (Saok —3)m (%)Yam)

u($)

(3.17)

Y = (—2 + 6(

2
B i1 1
|\+3arctan (%) + 3arctan <t3;+(21)> /l

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eq. (3.18) and Eq.
(3.2) are obtained in the following form:

(\/(f) ( sech(¢) — cosh(§) )) y
k) \sech(&) — 2cosh(§)
o T

exp | | tanh (g) +1

|
[
tanh G) tanh G) 1
+3arctan | ——== | + 3arctan| ——= | — =t
V2+1 VZ-1 ] 2
In particular setting ay =0,k = 4 we find :

sech(&) — cosh(¢)
<sech(§) - 2605h(f)) 8
i3 ¢
Wy(x, t) = —3in % + 3arctan tanh (5)
tanh (E) +1 VZ+1

(3.19)

|
)_

E=x+72t

)

exp| i
tanh G) 1
+3arctan -2 —=t
V2 -1 £73
E =x+2t
See Figure (3.2)
Case 3:
14 3alk® (alk*+ D(Belk?-1)
=, V= 6= — A =A,A, =44, =0
G =l ="k ° 3207k 1T AR = A f
atk?—1)4, A+ 1)+ A(alkr -1 alk?+1)A,
A = A,B, =( : ) =B, = o )+ Ax(a ),5-3 :( 2 ) £(321)
2a, 2a, 2a,
A -1 + A @i+ D)
‘o 20,
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Substituting (3.21) into(3.10), we have :

u(®) = )(322)

(adk? + 1)cosh(§) + (adk? + 1)
<(a§k2 + 1D)cosh(§) + (alk? — 1)

_ 1+3a5k2)
where E=x+ ( ook

Substituting (3.22) into (3.8) and (3.6) yields

h(&) = (adk? + Dcosh(€) + (afk? + 1)
©) = <(0(§k2 + 1cosh(é) + (alk? — 1))

_ 3kay\ ((afk? + 1)cosh(§) + (alk? + 1)
Ve = (U + ( 2 )<(aok2 + 1)cosh(é) + (ak? — )>> d§(3.23)

Qa2
=\z% 4a0k§ arctan ok

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eg. (3.23) and Eqg.
(3.2) are obtained in the following form:

(alk? + 1)cosh(§) + (afk? + 1)
%o <(a0k2 T Dcosh() + (a2k? — 1)) X
W(x,t) = tan (%
{ / (k= o)+ 3‘”““"( a SCZ))\I\ (3.24)
expl i 0 0 |
k (adk? + 1) (Badk? — 1) )
| ()

- 1+ 3adk? .
§=x 4ayk

In particular setting  ay =1,k =1 we find:

Ws(x,t) = ( /%) exp (i (%f + 3arctan (tan (%)) - %t>>(3.25)

E=x+t
See Figure (3.3)

Case 4:
‘r;-" _B, (2evk—9) 4
gy =g, V=18 =—|=+— —— A, = 0,A; = -y By
2 3kvdvr? +9 3 (3.26)
A B,,B EEB“ B __%p.B. =58, |
= — ' 7 — I -
4 0~4 1 3\[‘ 416& F 9 3 & 4
Substituting (3.26) into(3.10), we have :
9sech(§)
u($) = 27)

(2vk)sech(é) — (4k\/4v2 )cosh2 @&+ (3k\/4v2 )

where E=x—vt
Substituting (3.27) into (3.8) and (3.6) yields
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hee) = 9sech(§)
)= (2vk)sech(§) — (4kVAvZ + 9)cosh2(§) + (3kV4vZ +9)

0@ =|ve (%)( 9sech (&) ) de
B 2/ \(2vk)sech(¥) — (4kv4v2 + 9)cosh2 @&+ (3k\/4v2 + 9) (3.28)

vE + (27k) Z < (* = 2¢? + 1)in (tanh (%) - ¢) )‘

6(S; + S, — S1)e5 + 4(3S, + 3S, — S3)e3 + 2(3S, — 35, — S3)e

S, = (2vk),S, = — (4k 4v7 + 9),53 = (3k 407 + 9)
0=(S, +5S;5—5)&®+ (3S; +3S, —S3)e* + (35S, —3S; — S3)e? +(S; + S, +53)

Consequently,the exact solution of the derivative Schrddinger equation (3.1) with the help of Eqg. (3.28) and Eqg.
(3.2) are obtained in the following form:

W(x,t) = e<§+§)” el (@) 9sech(§)
(2vk)sech(§) — (4kVa7 + 9)cosh? (§) + (3kvav? + 9)(3:29)

E=x—vt

In particular setting ay =0,v =0,k = —1 we find :

[ 3sech(§)
4cosh?(é) —3 %

W,(x,t) = / tanh @) tanh G) \
I arctan ﬂ — arctan m I (330)
exp| 3i [
& 3
+arctan | tanh <§) + <§>t
§ = x
See Figure (3 .4)
Case 5:
3k2(0(032 +A2)2 + 4322
aO aO'v 4sz(aoBz+A2) y 412 2,413 0' 4 0'
A = 4a,B3 _ (3k?(ayB, + Ay)? — 4B2)(k*(apB; + A,)? + 4B%) 331)
U7 k2(agB, + Ay)? + 4B2’ 32k2B2(atyB, + A;)? e
B = 4323 B,=B,,B;=0,B,=0
LT k2(agBy + Ap)2 +4B27 T T TH TR T AT
Substituting (3.31) into(3.10), we have :
aoB, + A)) (k% (ayB, + A,)? + 4B%)cosh
u(f) — ( 02 2)( ( 02 2) 2) (E) (332)

(—4B3)sech(§) + (k2B,(agB, + A,)% + 4B3)cosh(§)

_ 3k%(aoBy+A2)2+4B3
Where f =x+ ( 4kBy(agB2+A42) )
Substituting (3.32) into (3.8) and (3.6) yields
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(—4B3)sech(&) + (k?B,(ayB, + A3)? + 4B3)cosh(§)

3 3k (aoB; + Ay) (k% (ayB, + A)? + 4B2)cosh(§) 4
v =(v ( )(( 4B3)sech(?) + (k2By(agB, + A,)2 + 4B3 )cosh(s) d
|

/<3kL1) L, l VL3 + Lytanh? (—) - 2\/L_tanh( Ly + L,
n
| \4Ls/ Lz + Ly JLs + Lytanh? ( ) + 2\/—tanh( ) Ly + L,

3kL1) tanh(5)+1
2Ls tanh (g) -1

o) — \/ (@B, + A2) (K?(aB, + A;)? + 4B})cosh(€)

(3.33)

+vé + (
Ly = (aoB; + A)(k* (2B, + A)* + 4B3); L, = (—4B3); Ly = (k*By (B, + A;)* + 4B3)

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eg. (3.33) and Eqg.
(3.2) are obtained in the following form:

[ (@oB, + A,)(l? (ayB; + A,)* + 4BF)cosh(¢)
(—4B3)sech(&) + (k®B,(a,B, + A;)? + 4B3)cosh(¢)

(3.34)

h(£)+1 _
W(x,t) = (BkLl) (mn (2)+ )_((31"2[%Bz+ﬂz)2 483)(k2(a032+142)2+4322))t

|\ 2L tanh (%) -1 32k2B2(ayB, + A;)?
exp| i
+(3kL1) L, VL Ltani? (2) - 2 JTotann (£) + JITF L, -
4Lg L3+L2 3L3+L2tanh2 (E)+2\/_2tanh(5)+m

. 3k%(ayB, + A,)? + 4B?
4kB, (agB, + A,)

In particular setting ay =1,k =2,4, =2,B, =1 we find:

tanh (%)+1 3tan h
6ln W + 3arctan
tanh(z)—
W x,t) = < M) X ex i
5( ) \’ 10cosh(&é)—sech (&) p _3arctan (Btan h(§)> _ —f (3 35)

Ny
14
§=x+(3)
See Figure (3 .5)
Case 6
_ 3k*(agBs; +A3)* +4Bf _ (k*(agBs + A3)® + 4B3)(3k*(aB; + A3)* — 4B5)
VT T T 4kBy(aoBs +45)  ° 32k%(ayBs + A3)2B3 ‘
4aoB, B A3B; 4a,B3
M= Az =—p=ids = As Ay = @y = a(3.36
' k2(aoBs + A3)? + 432 2= B3 3 3404 k2(aoBs + A3)? + 43?3 ap = ao( )
—4B,B? 4B}
Bl= BZ =BZ,Bg=Bg,B4=

kz(a’oBg + A3)2 + 4332 ’ kz(aoBg + A3)2 + 43?3
Substituting (3.36) into(3.10), we have :

(agB; + A3)(k?(ayB; + A3)? + 4B2)cosh?(§)
(—4B3) + (k?B;3(aoBs + A3)? + 4B3)cosh? (&)

u(§) = (3:37)

(3k2(a033+A3)2+43§)
4kB3(agB3+A3)
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Substituting (3.37) into (3.8) and (3.6) yields

(—4B3) + (k?B3(ayB; + A3)? + 4B3)cosh? (&)

3 3k\ [ (aBs + A3)(k%(ayBs + A3)? + 4B2)cosh?(§)
v = (” (_) ((—41323) + (k?B3(aoBs + A3)? + 4B3)cosh? (5))) %

Mo — J(aosg + A3) (K?(aoBs + As)? + 4B3)cosh? (§)

4T3\ T, + T5 T, + Tstanh? ( ) +2 thanh( ) T, + T;
| 3kT. tanh (—) +1
\+ ( 4T31) In (mnh (g) — |+

T, = (agB; + A3)(k?(ayB; + A3)? + 4B3),T, = (—4B3),
Ty = (k*B3(aoB; + A3)* + 4B3)

& ¢
( 3kT1\/T_2 )ln <,/T2 + Tytanh? (—) — 2,/ Tytanh (—) T, + T3> +\338)

SN—

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eqg. (3.38) and Eqg.
(3.2) are obtained in the following form:

[ [(ayBs + 43)(k2(aBs + A3)% + 4B2)cosh? (¢)
(—4B%) + (k?B;(@yB; + 4, + 4B3)cosi2 (2)

Wex,t) = (M)E VI Tstant (§) - 2 Totanh (§) + VBT
U= 4T3m mtanhz( )+2J_tanh() \/TTQ

A )+ (e A TG + 104,
. .
47\ tann (2) -1 32k?(aoB; + A3)* B

. 3k (ayB; + A;)% + 4B2
4kB,(agB; + A,)

(3.39)

In particular setting ay =0,k = 1,43 =3,B3 =3 we find:

/ tanh tanh
3arctan — 3arctan

We(x,t) = M xexp| l
5cosh?(&é) — 4 3 tanh ) 7

FRIn(——E—) — 7§+ (i)t
\ 2 tanh( ) 32

)
)(3-40)

See Figure (3. 6)

Case 7:
oy =,V = —kz(Al + ayBy)? — 4B} _ (k*(A; + aoBy)? + 4B})?
e 4kB,(A; + ayB;) 32k2BZ(A; + agB;)?
ay(k?(A; + ayB;)? + 4B?
A=A A, = (k74 41; ) 1),,43 = 0,4, =0, (3.41)
1
ag(k*(A; + ayB;)* + 4B?
B, =B, B, = — o(k“(Ay 4; 1) 1),33:0'34:0
1
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Substituting (3.41) into(3.10), we have :

4B, (ayB; + Ay)sech(§)
(4B%)sech(€) — (k2(ayB; + Ay)? + 4BZ)cosh(§)

u($) = (3.42)

_ kz(A1+aoBl)2—4-Blz
Where E =X+ ( 4kB1(A1+agB1) )
Substituting (3.42) into (3.8) and (3.6) yields

_ 4B, (ayB; + Ay)sech(§)
© = (4B?)sech(&) — (k%(aoB, + A1)% + 4B?)cosh(§)

B 3k 4B; (ayB; + Ay)sech(§)
Y() = (17 + (7) <(4Bf)sech(f) — (k%(atgBy + A2 + 4Bf)cosh(€))> a (3.43)
( 3Kp, ) VB2 + Bstanh? (£) + 2,/Bytanh (£) + B, + s
=vé + In
4BB: + Bs) \ B2+ Bstanh? (£) — 2,/Bytanh (£) + B, + Bs

B1 = 4By (aoB; + Ay), B, = (4B}), B3 = (k*(apB; + A1)* + 4B})

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eqg. (3.43) and Eqg.
(3.2) are obtained in the following form:

[ 4B, (ayB; + Ap)sech(§)
(4BD)sech(?) — (k2(agB; + A2 + 4BD)cosh(@) |

W t) = / < 3B, )z JBz + Bstani? () + 2/Bytanh (5) + VB 4 B \
E—— A ()
exp ' i 4\/,8_2,/,82 + B35 /By + Pstanh? (E) — 2\/,8_2tanh( ﬁz + ﬁ3 (3.44)
(k?(A; + aoBy)? + 4B})?
oS+ < 32k2BZ(A; + ayBy)? )

. k2(A; + ayB,)? — 4B?
4kB; (A, + aoBy)

In particular setting ay =1,k =6,4; =1,B; =1 wefind:
( 35> £ + 3arct 6tanh (%)
arctan
Ws(x,0) ( J 8sech(§) I VAT +1
L (x,t) = exp| i |
4sech(§) — 148cosh(§) 6tanh (&
—3arctan i (2) + (1369)t (345)
V37 -1 288
- (35)
§=x+112

See Figure (3. 7)

Case 8:
3k?(A4 + agBy)®* + Bf . (3k?*(A4 + agBy)? — BY)(k* (A4 + aBy)* + BY)
4kB, (A4 + agBy) ' 32k2(A4 + aoB,) + B?
_ Ayk?(A4 + agBy)® + Bi (A4 + 2ayBy)
re k2(Ay + aoB,)? + B2
By (k?(A4 + ayB,)? — B)
k2(A4 + agB,)? + B?

0_’0 =a0,17=—

,A2 = O,A3 = O,A4 = A4 (346)

1= ,B, =0,B3 =0,B, =B,

DOI: 10.9790/5728-1205024154 www.iosrjournals.org 49 | Page



The Generalized of cosh(&¢) Expansion Method And ItsApplication To Derivative Schrodinger..

Substituting (3.46) into (3.10), we have :

(aBy + Ay)(BE + k*(agBy + Ay)?) (sech(§) + 1)
(k2By(agBy + Ay)? — B)sech(§) + (k?By(ayBy + Ay)? + B})

u(§) = (3.47)

_ 3k2(A4+(1()B4)2+B£
Where f =X+ ( 4kBy(Ag+agBs) )
Substituting (3.47) into (3.8) and (3.6) yields

h(E) = (aoBy + Ay)(BE + k?(agBy + Ay)?) (sech(§) + 1)
= (k2By(agBy + Ay)? — B})sech(§) + (k?By(ayBy + Ay)? + B})
3 3k (agBy + Ay) (B} + k?(ayBy + Ay)?)(sech(§) + 1)
V) = (v + (7) ((kZB4(aOB4 + A,)% — B3)sech(&) + (k2B4(aoBy + A))* + Bf))) d¢

(3.48)

¢ ¢
n <3kE1 (E; — E,) (E; — E3)tanh (5) (SkEl) , tanh (E) +1
= D\ _—
Es\JE} — E2 E;\JE? —EZ 2E; tanh G) -1
Ey = (aoBy + A (Bi + k*(agBy + A4)*); E; = (k*By(aBy + Ay)? — BP);
E5 = (k?By(aoBy + As)* + BY)

) arctan

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eq. (3.48) and Eq.
(3.2) are obtained in the following form:

J( (@pBy+4,)(BZ +k2(@gBy+4,)?)(sech(f)+1) )X

(128, (apBy+4,)2—B3 )sech(E)+(k2B,(apB,+4,)24B7)

- (5, ~E;tanh(%
W(x,t) = vE + M arctan L,lm
Es (57 —EF Bs (Bf—Ef (3.49)

exp| i
IKE. tanh
+ (—1)In
2By tanh
3k?(A,+agB, )% +B2
52 x +( sty 4)
4kB, (A, +ayB,)

In particular setting ay=0,k=1,4,=2,B, = —1 we find :

3
|/ /—3arctan M +(E)§\\|
W) = Jw ool 2 |
5(x, 3sech(é) +5 % _(i)t (3.50)

§)+ 1) _ ((3k2m4+a334]2—33 )(kZ(A4+aDB¢]2+E§)) "

2
22k 2 (A, +ao B, )+E]

Pl e
1y
Lk
|
A

+3in

1 128
tanh (2) +1
_ 13t
- f - x 8
See Figure (3. 8)
Case 9:
— — 6 — 1( 2 + 1)
ay =ayv=1v0= 2v 1)
4a0k2172 (A4 + 0!034) - ZkU(A4 + 20{034) + B4
A= ,A, = —apgk (A4 + agB)\ 1 + 4v2,4; = 0,(3.51
1 PN 2 ok (Ay oBs 3 (3.51)
217(21]]((144 + 0!034) - B4)
Ay, =A,4,B = — ,B, = k(A, + ayBy)\/1+4v%,B; =0,B, =B
4 4 D1 Newoes 2 4 0D 3 4 4

Substituting (3.51) into (3.10), we have :
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u($)
(2agvB, + 2vA4 — By)sech(é) — (agB, + Ay)V1 + 4v2

B (2agv?B, — 2vB, + 4v2A,)sech(&) — (agB, + 4agv2B, + A, + 4v2A,)cosh(§) — ByV1 + 402

(3.52)

where E=x—vt
Substituting (3.52) into (3.8) and (3.6) yields

h(f) _ (260 VB4 +2vAy—By)sech(E)—(apBy+ Ay 11402 (3 53)
(200g U2 By —20B4 +4v2 Ay)sech(§)— (g By +dagvi Byt Ay +4v2 Ay) cosh(§)—Bay/1+40v2
W(E) = _— (31:)( (2egVBy+2vAs—By)sech(£)—(ag By +Ag )y 1+402 ) dz
2 (200V% By —2VB4 +4v2 Ay)sech(E)— (o By +40q V2 By + Ay +4V2 Ay ) cosh () — By 1+402

(AW
= (v +§kcx0) & 4+ 3arctan ((7215' +V1+ 4v2)ta‘nh (E)) + gkaoln (@Z)Sﬁl)

2 tann(%)+1

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eqg. (3.53) and Eq.
(3.2) are obtained in the following form:

| (ZapvBy+2vds—Fy)sechif) —(apBytdgh/1+4u?
_~J (2aovPBy— 208, +4v2 A, )sech (F) —(aoB, + 4ot T By + A4+ 4v2 A ) cosh () - By 1+402

Wix,t) =
{1.0 + % ka0}§ + 3arctan ((—2‘!." +4/1+ 41.02:}3971.?1(%)) (3:54)
exp | i

3 mr.h[%:l—l 1 L1
+;kﬂui?‘1 m +E(‘L‘"+;)t
\2/

F=x—-ut

In particular setting ay=1,v=1,k=2,4,=1,B, =1 wefind :

<\/§

2

(7V5)sech(§) — (20)
(14+5)sech (&) — (20v5)cosh(¢) — 5

exp

v Q1) oy,

tanh G) +1 8

| )
~ §
Wo(x,t) = ( 4& + 3arctan ((—2 + \/g)tanh (E)) \ (3.55)
[ i )l

E=x—-t

See Figure (3. 9)

Case 10:
_ _ SkZ(A3 + 0(033)2 + 933% _ 3(k4(A3 + aoB3)4 + 6B§k2(A3 + a033)2 - 27B§l
0= G0V = T T kB (A + agBy) O 32B2k2(A3 + agBs)? ’
A3k?(As + agB3)? + 9BZ (A3 + 2ayB3) 3
Ay =— A, = 0,A; = A3,4, = —-A 3.56
! 4k2?(A; + agB;)? + 36B2 z 3BT 4 (3:56)

B3 (k%(A3 + ayB3)? — 9B%) 3
B, = — ,B, =0,B; =B3,B, =—-B
! 4(k2(A; + agB3)? + 9B2) ' * 3T Ty 473

Substituting (3.56) into (3.10), we have :
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2 2 2
(_ Azk“(A3+agB3)“+9B3 (A3+20(()B3)) sech(f) +A3COSh2(E) _%AS

4k2(A3+aqB3)2+36B2
u(®) = ap + - Bl 00l ) sech() + Bycosh?(§) — 2B o
4(k?(A3+aoB3)?+9B3) oo o v
= x (B Usteons) 195])
where f—x+( 4kB3(A3+a(B3)

Substituting (3.57) into (3.8) and (3.6) yields

L

h(f)= |ﬂ-'n+ (
\

AgkZ(Ag+ayB)2+9B gl:.é g+2apBg)
akZ(Ag+ogBg)%+5eB3
Bg(k2(Ag+apBs)—2BE]

2 |sech(f) +Bgcosh? (£) -5
4[k*(Ag+ap Byl 2 +sBE) _.ll (£1+85 &2 P

b
|sech (E) + 4zcoshZ () —EA =
A

(3.58)

Agk(Ag+apBs ) +sBE Ap+zopBg) 2een E
3k (_ ai?(Ag+opBg)t+36B2 }lssch(&'} tAgcoshi(E) 4z

1,'-"(6) =| v+ < oy + ( Bs(kz':~‘15+'xn35:'a‘93§:=\| cp B

T 4k Az+mpBL) T +5EE) }SSEMS +8gcosh?(f) e

as

_ [(v )+ (22)in (_fj_) - (®)s, f(y]]

tanh |_r—\|— 1
2

( (N Ne+ NNy —NoNg—Ny Nely® + 20N, Mg —No Mg ) ¥® 4+ Ny Ny + Ny Ne —Ng Ne—N2 Ne) | Enl:ranhl:i JE

fly) =

BNy —Ne =N ¥+ 4N —ENe— BN v 43 (Ng—INg+2Ng )y

N = (_ Agk® (Ag+apBs) *+ 957 (4st+2apBs)
: AKE (45 +oBs ) 426ET

): N; = 4,

3 B (k% (4z+apB:)®—0E2) 3
Ny=—"A4,N,=|-= 22 ), Ny = —- Ba.
4 4l K lag+apBz )2+ 985 ) 4

0=(N, —Ng— NgJye+ (Ng— 3N; — 3N p* + (N + 3N, — 3N y? — (N, + Ny + N,

Consequently,the exact solution of the derivative Schrodinger equation (3.1) with the help of Eq. (3.58) and Eq.
(3.2) are obtained in the following form:
_ Azk?(A3+aoB3)?+9B3 (A3 +2a0B3)

3
/ 3k 4k2(A3+agB3)2+36B3 )sech({) + Azcosh?(§) — 243 \

k vt <7> %o + <_ B3(k2(A3+a083)2—9832) } X

208y 3
+(- (A 0B 21950 ) sech(§&) + Bscosh?(§) 4B3

W, t) = (3.59)

_ 3(k*(As + agBs)* + 6B3k?(As + ayBs)? — 27BY)
exr l(lp(f)—( e it )t>

3k2(A3 + (X(]B3)2 + 9332
E=x+
4kBg(A3 + aoB3)
In particular setting ay =1,k =1,A;3 =4,B; =2 we find:
(— ;) sech(¢) + 4cosh?(¢) — 3
+
2cosh? (&) —%

X

Wio(x, t) = 3 3 tanh ({)
— =&+ 3arctan | tanh (—) + 3arctan | ——22 (3.60)
¢ 2 V3-2
exp| i |
tanh (g) tanh (g) +1 9
—3arctan| ——== | + 3Iln — |- (_) t
V3 +2 tanh (—) -1 8
2 |
E=x+3t

See Figure (3. 10)
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Figure (3.1)

The 3D plot of |W; (&)]
E=x+t
-5<x<5
—-5<t<5

Figure (3.4)

The 3D plot of [W,(&)|
E=x
-5<x<5
-5<t<5

Figure (3.7)
The 3D plot of |W,(&)]

Table Graphics

Figure (3.2)

The 3D plot of |W,(&)]
E=x+2t
-5<x<5
—-5<t<5

Figure (3.5)
The 3D plot of [W5(&)]

v ()

0<x<5
—-5<t<5

Figure (3.8)
The 3D plot of |Wg(&)|

B (13)t
é—X 8
0<x<2
0<t<?2

04 02 P 02 o3

Figure (3.3)

The 3D plot of [W5(&)|

E=x+t
—-05<x<05
—-05<t<05

Figure (3.6)

The 3D plot of W ()|

= +<7)t
é_X 4
-20<x<20

-20<t<20

Figure (3.9)

The 3D plot of |Wy(&)]

E=x—t

-5<x<5
—100 <t<100
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Figure(3.10)
The 3D plot of [W;,(8)]
E=x+3t
—-5<x<5
-10<t<10

V.  Conclusion
In this article, we propose new technique called The generalized of cosh(§) expansion method. this

method has been applied to find the exact traveling solutions of the Derivative Schrédinger Equation. these
solutions have rich local structures, It may be important to explain some physical phenomena . This work shows
that, the generalized of cosh(&) expansion method is direct, effective and can be used for many other NLPDESs in
mathematical physics.
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