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1. Introduction

In Ref. [1], Zhang et al. researched the (2 + 1)-dimensional variable coefficient Broer-Kaup (VCBK) system:
Uye — €(E) (Unxy — 2(Ully), — 20x) = 0, (1a)
Ut + (b)) (v + 2(vu),) =0, (1b)

where the coefficient c(t) is a bounded or integrable functions on R,. If the problem is considered in random environment,
we can get a random (2 + 1)-dimensional Broer-Kaup system. In order to obtain their exact solutions, we only consider this
problem in white noise environment.

In this paper, we will consider a (2 + 1)-dimensional Wick-type stochastic generalized Broer-Kaup (WSGBK) system in
the following form:

Uy — C(£) & (Ung — 2(U & Uy), — 2Vi)) = 0, (2a)
Vi+C(t) O (Vi +2(V O U),) =0, (2b)

where “{” is the Wick product on the Hida distribution space (S(R)*), C(t) is a white noise function. Eq. (2) can be seen as the
perturbation of the coefficient c(t) of the variable coefficient Broer-Kaup system Eq. (1) by white noise function.

In Ref. [2], Huang and Zhang investigated a invariable coefficient Broer-Kaup system by means of a variable-coefficient
projective Riccati equation mapping method. Soon, the method was further improved by Liu et al. [3] and the improved ap-
proach called modified variable-coefficient projective Riccati equation mapping method was used to solve same equation in
Ref. [2]. In this paper, we shall research WSGBK Eq. (2) by the aid of above improved method.

In Ref. [4], Wadati has studied for the first time the stochastic partial differential KdV equation. Recently, many authors,
e.g., [4-23] and so on, have investigated more intensively the stochastic partial differential equation (SPDE). And many
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methods, e.g., the homogenous balance method [13,14], the homogenous balance principle and F-expansion method [15,16],
the elliptic equation mapping method [17,18], the Riccati equation mapping method [19,20], the elliptic function expansion
method [21], the modified mapping method [22,23] and the like, have been continuously proposed in the investigation of the
SPDEs.

In Ref. [24], Holden et al. researched stochastic partial differential equations in Wick versions on the basis of the theory of
white noise function. With the help of their ideas and a modified variable-coefficient projective Riccati equation mapping
method [3], we derive a series of exact solutions to the WSGBK Eq. (2).

2. Some concepts on “Wick-type” and the modified variable-coefficient projective Riccati equation mapping method

Here we outline some concepts on “Wick-type”. For more details about the exchange between the Wick-type stochastic
equation and the common partial differential equation, we suggest readers to see the remarkable achievement by Holden
et al. [24] and the second section of Ref. [13].

The Wick product X ¢ Y of two elements X = 3, a,H,, Y =3 b,H, € (S)"; with a,, b, € R" is defined by

XOY=> (a,by)Hyp.

o,fp

For X =" a,H, € (S)", with a, € R", the Hermite transformation of X, denoted by 7 (X) or X(z), is defined by
#H(X)=X(z) = Z a,z* € C" (when convergent),
o
where z = (z1,2,,...) € C" (the set of all sequences of complex numbers) and z* = z{'z3? - - - z% - - - for o= (0ot1,0t2,...) € 3.
For X, Y € (S)",, by this definition we have
X0Y@) =X Y@,

for all z such that X (z) and Y (z) exist. The product on the right-hand side of the above formula is the complex bilinear prod-

uct between two elements of CV defined by (z},...,2}) - (23,...,2%) = >_p_,ziz2, where Z, € C.
The main steps by which we get exact solutions for Wick-type stochastic equation are outlined as follows.
Step 1: Let the operators 9; = %, Vi= (2,2, ,ai> when x = (X1,X3,. . .,Xg). With the help of the Hermite transforma-
Xl XZ Xd

tion, we transform Wick-type equation

A%(t,x,0;,Vy, U ) =0, 3)
into an ordinary products equation as follows

A(t,x,0,,Vx, U,21,23,...) = 0, (4)

which is a variable coefficient partial differential equation.
__ Step 2: Reduce the partial differential equation (4) to ordinary differential equation by considering the transformation
U(t,x,z) = u(t,x,z) = u(¢). The equation that is reduced reads

A(u,ug, g, ...) = 0. (3)

Step 3: Seek the solutions of Eq. (5). We assume that Eq. (5) possesses the solution in the form:
n .
u(@) =ao+»_ f(O)(af (&) +big(¢)), (6)
i=1

where ag = ag(x,y,t), a; = ai(x,z,t), b;=bi(x,z,t), (i=1,2,...,n), ¢ = &(x,zt) are functions to be determined later, and f(¢), g(¢)
satisfy

f1(&)=-f(O8(d), &&)=1-g%¢) —1f(©), (73)
£ =R-27(0)+ 10, R0 e= 21, (7)
where R is an arbitrary constant and ' denotes £. We have known that Eq. (7) possesses the following solutions:
when €= -1, ‘
£ = 4R g = VR(5 sinh(VR¢) +3 cosh(VR¢)) ’ (8)
5 cosh(v/R¢) + 3 sinh(VR¢) + 4r 5 cosh(v/R¢) + 3 sinh(VR¢) + 4r
RO = o o B0 = SR, )
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R VResR
sinh(VRE) 41’ & ~ sinh(VRE) +1°

Step 4: Determine the parameter n by balancing the highest derivative term with the nonlinear terms in Eq. (5).

Step 5: Substituting Eq. (6) into Eq. (5) along with Eq. (7) and then setting all coefficients of fig/ (i=0,1,2,3,...,j=0,1) of
the resulting equation to zero, we get an over-determined system of algebraic equations with respect to aq, a;, b;
(i=1,2,...,n)and &.

Step 6: Solving the over-determined system of algebraic equations, we would end up with the explicit expressions for ag,
a;, b; and ¢.

Step 7: Substituting ay, a;, b;, & obtained in Step 6 into Eq. (6) along with Egs. (8)-(10), we can deduce the solutions of Eq. (5).

Step 8: Taking the inverse Hermite transformation of u(t,x,z) obtained in Step 7, i.e., U(t,x) = #(u(t,x,z)), we deduce
U(t,x) which is the solutions of the Wick-type stochastic Eq. (3).

[ = (10)

3. Exact solutions for stochastic Broer-Kaup system

Taking the Hermite transformation of Eq. (2), we can get the following equations:
Uy — C(t,2)(Uny — 2(UU), — 2V,) = 0, (11a)
Ve + C(t,2) (Ve + 2(VU),) = 0, (11b)
where z = (z1,2,,...) € (CV), is a vector parameter. N B _
For the sake of simplicity, we denote u(t,x,y,z) = U(t,x,y,z), v(t,x,y,z) = V(t,x,y,z) and C(t,z) = C(t,2).
We take the following Biacklund transformations of Eq. (11)
fe fo Sy
u="= = _Xy 12
i TE (12)
which can be obtained from the standard Painlevé truncation expansion with Hy(x,t), an arbitrary function of {x,t}.
It is easy to derive from Eq. (12) that

V=1U. (13)

Substituting Eq. (13) into Eq. (11), and integrating two sides of Eq. (11a) with respect to y, we can reduce Eq. (11) to a single
differential equation:

U; + Cly + 2Cuu, = Q(x,z, 1), (14)

where Q(x,z,t) is an arbitrary function of the indicated variables. In what follows, we only consider Q(x,z,t) = Q(t).
Suppose u have the solution in the following form:

ux,y,z,t) = P1(y.2) + P2(t) + Ay, Of (£(x,y. 2, 1)) + B(y,2)g(S(x,y, 2, 1)), (15)
where ag(x,y,z,t) = P1(y,z) + Py(t), a1(x,y,z,t) = A(y,z), bi(x,y,z,t) = B(y,Az), &(x,y,z,t) = L(y,z)x + K(y,z,t).
Substituting Eq. (15) into Eq. (14) and letting the coefficients of f¢/ (i=0,1,2,3,...,j =0,1) of the resulting equation to zero

yields an over-determined system of algebraic equations with respect to P;(y,z), P»(t), A(y,z), C(t,z), B(y,z), L(y,z), Q(t) and
K(y,z,t), namely:

+H0(X7t)7 v

2(r% + €)ACL(L — 2B) = 0, (16a)
2(r% + €)BCL(L — B) — 2RACL = 0, (16b)
3RrACL(2B — L) — (% + €)B2CL(P; + P,) + K) = 0, (16¢)
— R(rBCL(L — 2B)) + A(2CL(P; + P3) + K;) = 0, (16d)
R(RACL(L — 2B)) + rBQ2CL(P; + P;) + K) = 0, (16e)
R(Py —Q) =0. (16f)

We choose A(y,z) (#0), Fi(y,z) (=—L(y,z)P1(y,z) — C1), F>(y,z) and Q(t) as arbitrary functions, C; as arbitrary constant. Solving
Eq. (16), we obtain
Case 1:

P0) = [ Qo)+ Cr. A2 =AD.2). BOLZ) = ~A.2)\ o7y

L2 = 2402 Pi02) = ghe D [P, (17)

K(y,z,t) = 4A(y,z)1/r271j_6 / C(s,2) / ‘Qr)deds + 2Fy (y,2) / C(s,2)ds + F2(y, 2).
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Case 2:

0= [Qeds+Ci. Ap2) =AY.2). BY.2) = AVDY o
L(y,z) = 2A( ,z),/%, Py( ,z):—;‘%’z)) rzlje—cl, (18)

K(y,z,t) = —4A(y,z ’/r2+e/ sz/Q drds+2F1(yz/Cszds+F2y,

Substituting Eqgs. (17) and (18) into Egs. (15) and (13), and using Egs. (8)-(10), we obtain some families of exact solutions of
Eq. (11):
Family 1:

1. Whene=-1,7-1>0,R>0,

Fi.2) 1 RA(y.2) (4 — /(5 sinh(VR?) + 3 cosh(vR?)))
tu(%.5:,2) / U+ 54y.2) \/ * 5 cosh(vVRE) + 3 sinh(VRE) + 4r ’
_Fy(y,.2A,2) - F1(y,2A)(v.2) [r* -1 4RA,(y,2)
rn(x.y.t2) = 2A%(y,2) R 75 cosh(VR¢) + 3 sinh(VRE) + 4r

R\/;(Ay( ,2)(5 sinh(VRE) + 3 cosh(VRE)) + A(y, 2)VRE, (5 cosh(vVRE) + 3 sinh(vVR¢)))
5 cosh(VR¢) + 3 sinh(VRE) + 4r

AW, 2)RVRE (5 sinh(VRE) + 3 cosh(VRE)) (1/2(5 sinh(VR) + 3 cosh(vR¢)) - 4)

" (5 cosh(vR¢) + 3 sinh(VR¢) 4 4r)? ' (19)
( 7 ) -1 RA( ,Z) (1 — \/%smh(\/ﬁf))
watn 2= [ S R cosh(VRO +7
RN N
R(A,(v,2) = \/5(A,(7,2) sinh(VRE) + A(y, )¢, cosh(VR)))
* cosh(VRE) +r1
+A(y,z)R\/Rij sinh(VRE) (/L jinh(\/ﬁé) -1) | 20
(cosh(vR¢) + 1)
where
6——2/\(}/2)1/ x+4Ay7 \/ /Csz/Q Ydtds + 2F1(y,2) /Cszds+F2y,
2. Whene=-1,”—-1<0,R>0,
Fiy.z) 71 RAW.2)(4—iy/75(5 sinh(VR?) + 3 cosh(vRe)))
(%), 6.2) / Qs +15 2A(y.z) " 5 cosh(VR¢) + 3 sinh(VR¢) + 4r ’
Fy.2AY.2) - F1(y,2A(.2) [1? ~1 4RA) (Y, 2)
T30y, t,2) = 2A%(y,2) —R 5 cosh(vVR¢) + 3 sinh(VR¢) + 4r
) iR\/%(Ay( ,2)(5 sinh(VRE) + 3 cosh(VRE)) + A(y,2)VRE, (5 cosh(VRe) + 3 sinh(VRe)))
5 cosh(VR¢) + 3 sinh(VR¢) + 4r
AW, 2)RVRE (5 sinh(vVR?) + 3 cosh(VRE)) (iy/z4(5 sinh(VRE) + 3 cosh(vVRE)) - 4)
+ (21)

(5 cosh(vR¢) + 3 sinh(vVR¢) + 4r)° ’

o .2 Po1 RA(y,z)(1—i\/%sinh(\/Rg))
uM(X’y’t’Z)_/Q(S)dSHZA(J’?Z) R cosh(VRE) +r

)



ra(x,y,t,z) =

where
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Fu.2A0.2) - F10,24/(.2) 71
24%(y, 2) —R
R(Ay(y,2) - i\/g(f\y(y,z) sinh(VR¢) + A(y, 2)&, cosh(vR¢)))
cosh(vVRE) +r
A(y,2)RVR, sinh(vVR?) (z\/Z] sinh(VR¢) — 1)
(cosh(VR¢) +1)°

+

—+

)

5:—i2A(y,Z)\/%x+i4A(y,z)\/% / C(s,2) / "Q(0)drds + 2F: (y,2) / C(s,2)ds + Fa(y,2).

3. Whene=1,R>0,

Uis(x,y,t,2) =

vis(x,y,t,2) =

where

/IQ(S)dS *3hy 7 W A (1- |/ cosh(VR)) |

2A(y,2) sinh(vR¢) +r
Fiy(y,2)AW,2) — F1(y,2)A/(y,2) [ +1
24%(y,2) R
R(A/(7,2) - /7(A) (7. 2) cosh(VRE) + A(y, 2)¢, sinh(VRE)))
sinh(VR¢) 41
A(y,z)RVRE, cosh(VR¢) <\/% cosh(VR¢) — 1)
(sinh(VR¢) +1)° ’

Jr

_|_

£ = —2A(.2)4 /%x +4A(y,2), /% / ‘Cs.2) / "Q(r)deds + 2F (y.2) / C(s.2)ds + Fa(y.2).

Family 2:

1. Whene¢=-1,”7-1>0,R>0,

Uz (XJ” tvz) =

V1 (X,y,t,2) =

U (X,y,t,2) =

U2 (X,y, t, Z) =

where

/tQ(S)dS Fiy.2) -1 RAW.2) <4 + \/E(S sinh(VR¢) + 3 cosh(\/fzg))>

"2y R T 5 cosh(v/R¢) + 3 sinh(VR¢) + 4r
_Fly(}/az)A(%Z)_Fl(y7Z)Ay(y7z) r2_1+ 4RAy(Y7Z)
2A%(y,2) R 5 cosh(VR¢) + 3 sinh(VR¢) + 4r

R\/%(Ay(y,z)(s sinh(VR?) + 3 cosh(VRE)) + A(y,2)VRE, (5 cosh(vRE) + 3 sinh(vVRE)))
_|_

5 cosh(VR¢) + 3 sinh(VR¢) + 4r
AW, 2RVRE(5 sinh(VR?) +3 COShWE@)(\/Z@ sinh(v/R¢) + 3 cosh(vR¢)) + 4)
(5 cosh(VR¢) + 3 sinh(VR¢E) + 4r)? ;
f Fi(y,z) [r2—1 RA(y,Z)(l + \/%sinh(\/ﬁg“»
/ Q(s)ds — iy R T

7F1y(y,Z)A(y,Z)*F](y,Z)Ay(y,Z) TZ*]
2A%(y,2) R

R(Ay(y,2) + /z5(Ay (v,2) sinh(VRE) + A(y, 2)¢, cosh(VR?)))
cosh(vVR¢) +r
A(y.2)RVRE, sinh(VR?) (\/2171 sinh(VR¢) + 1)
B (cosh(VRE) +)° ’

)

—+

633

(23)
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e=28y.20 - 425 [ €0 [(awdeds 2R 0.2 [ Cs.2ds + oty

2. Whene¢=-1,% -1<0,R>0,

Fiy.2) [F—1 RAY.2) (4 + i\/%(S sinh(VR¢) + 3 cosh(\/Rf))>
24,2V R © 5 cosh(vVR¢) + 3 sinh(VR¢) + 4r

)

sy, t.2) = [ Qs)ds - i

Fi,(v,2A(,2) — F1(y,2A,(y,2) [r? -1 4RA, (¥, 2)
t.z) = —
vy, t,2) = 24%(y.2) "R "5 cosh(VRE) + 3 sinh(vVRE) + 4

.R\/%(Ay(y, 2)(5 sinh(VRE) + 3 cosh(VRE)) + A(y,2) VRE, (5 cosh(vVRE) + 3 sinh(vVRE)))
o 5 cosh(VR¢) + 3 sinh(VR¢) + 4r

AW, 2)RVR(5 sinh(VRE) + 3 cosh(VRE)) (iy /=15(5 sinh(VRE) + 3 cosh(VR?)) +4)

- (5 cosh(vVRE) + 3 sinh(VRE) + 4r)? ’ (26)
o Fiy.2) [F=1 RAW2)(1+i)/=sinh(VRY))
Upa(X,y,t,2) = / Q(s)ds — lZA(y,Z) — cosh(VRD) 7 ,
V(Y. t.2) l.Fly(%Z)A(y,zizzyF;)(y,Z)Ay ,2) rz:R 1
R(A(y,2) + iy /z25(Ay (v, 2) sinh(VRE) + A(y, )¢, cosh(VRY)))
+
cosh(VRE) +r
A(y, 2)RVRE, sinh(VRE)(iy /L sinh(VRE) +1) .
B (cosh(VR¢) +1)° ' (27)
where
£ = DAY, 2)y /%x — i4A(y,2)\ /% / ‘s.2) / Q()drds + 2F1 (y,2) / C(s.2)ds + F>(y,2).
3. Whene=1,R>0,
o Fiy,z) P+1 RAY.2) (1 + \/%cosh(\/}_?é))
st )= [ Q0 R T R
Das(X.9.£.2) = _Fly(y7Z)A(y,zizzyF;)(y,Z)Ay(yz) r’ ;1
R(Ay(¥,2) + \/75(Ay(,2) cosh(VRE) + A(y,2)¢, sinh(VRE)))
- :
sinh(VR¢) +r
A(y,2)RVRE, cosh(VRE) (\/%cosh(\/}_?é) + 1) 25
- (sinh(VR¢) + 1)’ ’ (28)
where

&= 2A(y,z),/7r2§_ ]X—M(y,z),/irzi 1/ C(s,z)/sQ(T)d‘EdS+2F1(y72)/ C(s,2)ds + F2(y,2).

Suppose h(t) be integrable function on R_ and
C(t) = h(t) + bW(p),

where W(t) is a Gaussian white noise and B(t) is a Brownian motion, we know W(t) = B(t). Considering the Hermite trans-
formation of C(t), we have

C(t,z) = h(t) + bW(t,2),
where W(t,z) = S5, fa ni(s)dszk.
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Since epr(B(t)) =exp(B(t) —1t?) (see Lemma 2.6.16 in Ref. [24]), set ¢(t)= ['C(s) [fQ(r)dTds, y(t) =
J ‘h(s)ds + bB(t) — bt . Taking the inverse Hermite transformation of Egs. (18), (20)-(28), respectively, we can obtain the exact
solutions of (2 + 1) dimensional WSGBK Eq. (2) as follows:

Family 1:

1. Whene=-1,7-1>0,R>0,

/ Q(s)ds + \/—1 RAW) © (4 - \/;(5 sinh(VR¢) + 3 cosh(ﬁg)))

5 cosh(VR¢) + 3 sinh(VR¢) + 4r

Fiy(y) ¢ AWY )— Fiy) 0 AW) 2 -1 4RAy(¥)
eyt = 2472 (y) R 5 cosh(vR?) + 3 sinh(vVRZ) + 4r

R\/=5(Ay(v) ¢ (5 sinh(VRE) + 3 cosh(VRE)) + VRE, ¢ Ay) ¢ (5 cosh(VRE) + 3 sinh(vR¢)))
- 5 cosh(vR¢) + 3 sinh(vVRE) + 4r

RJRA( ) & & & (5 sinh(VRE) + 3 cosh(vRE)) ¢ (\/%(5 sinh(VR¢) + 3 cosh(vR¢)) - 4)
(5 cosh(v/R¢) + 3 sinh(VR¢) + 4r)%?

Un(x,9, ) / 0(s)ds + r RA(y) & (1 - \/T] sinh(\/l—eg))7

cosh(vR¢) +r
Via(x,y,t) = Fy(y )OA(Zl)qO—z(y])( )QAyO/)\/rT;‘l

R(A/(Y) — \/=55(Ay () & sinh(VRE) +A(y) & & & cosh(vRE))
- cosh(vRé) +r
RVRA() ¢ & ¢ sinh(VRE) ¢ (/1 sinh(VRe) ~ 1)
" (cosh(VR¢) + 1)

Un(x,y,t)

I

; (29)

, (30)

where

£ = 240 rgX + 4y A O 9(0) + 2R 0) 0 U(0) + Fa().

2. Whene=-1,»-1<0,R>0,

—1 RAW) ¢ (4 — /i75(5 sinh(VR¢) + 3 cosh(ﬁf)))
Uiz(x,y,t) / Q(s)ds +1 \/ = 5 cosh(VRZ) 1 3 sinh(vVRE) 1 4r

F1y( ) O Ay )— 1( ) O AYY) f2—1+ 4RA, (y)
2A%(y) —R 5 cosh(vR¢) + 3 sinh(vVR¢) + 4r

Ry/74(A/®) ¢ (5 sinh(vVRe) + 3 cosh(vVR)) + VRE, ¢ A(y) ¢ (5 cosh(VR) + 3 sinh(VRY)))
- 5 cosh(vVRE) + 3 sinh(VRE) + 4r
R\/RA( ) & & ¢ (5 sinh(VRE) + 3 cosh(VRE)) ¢ (i\/%(s sinh(vR¢) + 3 cosh(VR¢)) — 4)
(5 cosh(v/R¢) + 3 sinh(VR¢) + 4r)*?
-1 RAW) ¢ (1 -1,/ sinh(VRE)
Ut = [[atos - 15 T 000 (1t R0
v CAY) -F ) CAW) 21
24%(y) -R
R(A(y) i\ [75(A/(y) & sinh(VRE) + A(y) © & ¢ cosh(vR?))
cosh(vVR¢) +r
RVRA(y) ¢ &, ¢ sinh(VRE) ¢ (iy/zL sinh(VRE) — 1
* (cosh(v/R¢) 4(—r\)/; )’

)

Vis(x,y,t) =

: 31)

V14(X y, )

Jr

where
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£ = —i2A()| okt ) R A) 0 0(0) 4 2F10) 0 (0 + Fay)

3. Whene=1,R>0,

s g 0 T 900 = )

sinh(VRE) +r
Vi) = P O Z’Al;(y)“ A
R(A5) — \/zH(A/) & cosh(VRE) +AY) 0 & ¢ sinh(VRE)))
* sinh(VR¢) 41
RVRA(y) ¢ ¢ h(VR ;s cosh(vVRE) — 1
L BVRA) ©.& ¢ cosh(VRE) 0 (f cosh(VR¢) ) a3
(sinh(VR¢) +1)¢
where
= 280 e 4y A0 6 60+ 20.0) 0 w0 + F)
Family 2:
1. Whene=-1,>-1>0,R>0,
y 9 Fi(y) =1 RAW® (4 + \/%(5 sinh(VR¢) + 3 cosh(\/Ré)))
2%y, = /Q 572A(y) R 5 cosh(vVR¢) + 3 sinh(VR¢) + 4r ’
_ Fy) QAY) —Fi(y) CAW) [rP-1 4RA, (y)
Valxy.0) = 24 (y) R 5 cosh(VR¢) + 3 sinh(vVR¢) + 4r
R\/=5(Ay(y) ¢ (5 sinh(VRE) + 3 cosh(VRE)) + VRA(Y) ¢ &, & (5 cosh(VRE) + 3 sinh(vVR¢)))
* 5 cosh(vRE) + 3 sinh(VRE) + 4r
RVRA() & & ¢ (5 sinh(VRE) + 3 cosh(VRE)) ¢ (/z(5 sinh(VRE) + 3 cosh(vRE)) +4) s
- (5 cosh(vR¢) + 3 sinh(vVRE) + 4r)*2 ’ (34)
Fiy) [2=1 RAW)C (1 + \/T] Sinh(ﬁ?é))
Unx ) / U —oq VR * cosh(VRE) + 7 ’
bty FAOANE 041y [T
R(Ay(y) +\/z5 Ay ) © sinh(\/ﬁf) A(y) ¢ & ¢ cosh(vVRE)))
+ cosh(vR¢) +
RVRA(y) ¢ &, ¢ sinh(VR¢) v( - sinh( fi)—H)
_ 2 , (35)
(cosh(VRE) +1)°
where

£ = 209yt~ Ay AW 0 0(0) +2F1() O Y(0) + Fa(9).

2. Whene=-1,r —1<0,R>0,

Fiy) [T 1 RAWY) ¢ (4-+i\/15(5 sinh(VR?) + 3 cosh(vRe))
) " 5 cosh(VR¢) + 3 sinh(VRE) + 4r

)

Uxs(x,y,t) = /Q dsleA
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_ Py QAW -Fi) OAW) -1 4RA, (y)
V)= 2A%(y) . cosh(VR¢) + 3 sinh(VR¢E) + 4r

Ry/75(Ay(v) © (5 sinh(VRE) + 3 cosh(VRE)) + VRA(Y) ¢ & ¢ (5 cosh(VRE) + 3 sinh(VR?)))
i 5 cosh(VR¢) + 3 sinh(VR¢) + 4r
RVRA(Y) ¢ &, ¢ (5 sinh(VRE) + 3 cosh(vVR¢)) & (i\/%(5 sinh(VR¢) + 3 cosh(VR¢)) + 4)

(5 cosh(VR¢) + 3 sinh(vVR¢) + 4r)® » (36)
v) F=1 RAW) O (1+i /= sinh(VRe))
Una(®,, ) /Q s)ds i3 )H+ e |
Vau(x,y,t) = fiFl”(y) OA(;ZQZ(;) ) O AY) \/rz—_;:1
R(Ay(y) +1J:( y(¥) ¢ sinh(VRE) +A(y) ¢ & & cosh(VRE)))
! cosh(vRé) +r
_ RVRA) ¢ & ¢ sinh(VR?) 0 (\/r{TSlnh(\/_é)+1)7 .
(cosh(vR¢) +1)%?
where
£ = AY) | 5o~ i [ RAW) 6 9(0) + 21 9) O w(t) + Faly).
3. Whene=1,R>0,
1y 1 RAD) O <1 + Fcosh(ff))
Va2 0 /Q s - }’)\/er sinh(VR¢) +r ’
Vas(x,y,t) = _Fy0) OA(;,:M(J,])O’) OAY) ; 1
R(Ay(Y) + /75(Ay(Y) & cosh(VRE) +A(y) O &, & sinh(VR?)))
" sinh(VRé) +r1
) RVRAY) & &, & cos.h(\/ﬁg“) O <\/;cosh(\/—&) + 1) | o)
(sinh(VR¢) +1)%
where

£ =200 3%~ 4 iAW) O 6(0) + 2F19) O w(t) + Fa(9).

Remark. We have discussed the exact solutions of Eq. (2), when ¢ = —1, ?—-1>0,R>0,whene=-1,>-1<0,R>0, and
when ¢ =1, R > 0. For other cases, similar to the above, e.g. when&=—-1,1%> —1<0,R<0, whene=—-1,r2 —1>0,R<0, when
&=1, R<0, we can obtain the corresponding solutions.

4. Summary and discussion

We have discussed the solutions of SPDEs driven by Gaussian white noise. There is a unitary mapping between the Gauss-
ian white noise space and the Poisson white noise space. This connection was given by Benth and Gjerde [25]. We can see in
Section 4.9 of Ref. [24] as well. Hence, by the aid of the connection, we can derive some stochastic exact soliton solutions if
the coefficients ((t) are Poisson white noise functions in Eq. (2).
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