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ABSTRACT 

In this paper we determine a slightly detailed the solution formula of the incompressible fluid flows by using Fourier 

transform in N-dimensional Euclidean space (N≥ 2) for the linearized equations. For further research, from this result 

we can estimate the boundedness of the operator families. This research is based on Shibata and Shimizu article.  
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1. INTRODUCTION  

The Let 𝐮 is the velocity and θ  is the density. We 

consider the solution of the Stokes equation system 

which describes the motion of incompressible fluid in 

bounded domain in half-space. We define ℝ+
𝑛  and ℝ0

𝑛 be 

the half-space and its boundary, respectively by 

ℝ+
𝑛 = {𝐱 = (x1, x2, … , xn) ∈ ℝ

n ∣ x𝑛 > 0},  
and 

ℝ0
𝑛 = {𝐱 = (x1, x2, … , xn) ∈ ℝ

n ∣ x𝑛 = 0}.  (1)                          

The resolvent problem of Stokes equations are being 

described by the set of equations,  

{

λ𝐮 − Div S(𝐮, θ) = 𝐟           in   ℝ+
𝑛

div 𝐮 = 0                                in   ℝ+
𝑛

S(𝐮, θ)𝐧 = 𝐡                         on  ℝ0
𝑛
              (2)                                       

where 𝐟 = (𝑓1, … , 𝑓𝑛) , 𝐡 = (ℎ1, … , ℎ𝑛)   and S(𝐮, θ)  is 

the stress tensor which defined by  

𝐒(𝐮, θ) = −𝜃𝐈 + 𝜇𝐃(𝐮),                     (3) 

and 𝐧 = (0,0, … , −1) stands for the unit outer normal.  

The doubled deformation 𝐃(𝐮)  tensor whose (𝑖, 𝑗) 
components are 𝐃𝒊𝒋(𝐮) = Di𝑢𝑗 + D𝑗𝑢𝑖  (D𝑖 = 𝜕/𝜕𝑥𝑖), 𝐈 

the 𝑛 × 𝑛 identity matrix, and also div 𝐮 = ∑ 𝜕𝑗𝑢𝑗
𝑛
𝑗=1 .  

 

Before stating our main results precisely, in this part 

we shall explain the notation which used in whole of the 

paper. For row vector valued functions are denoted by 

bold-face letter which is corresponding to the velocity 

filed. ℕ,ℝ and ℂ denote the set of all natural numbers, 

real numbers and complex numbers, respectively, and we 

set ℕ0 = ℕ ∪ {0} . For the differentiations of scale 

functions 𝑓 and 𝑁- vector functions 𝐠 = (𝑔1, … , 𝑔𝑛), we 

use the following symbols: 

∇𝑓 = (𝜕1𝑓,… , 𝜕𝑁𝑓),                   ∇
2𝑓

= (𝜕𝑖𝜕𝑗𝑓 ∣∣ 𝑖, 𝑗 = 1,… , 𝑁 ), 

∇𝐠 = (𝜕𝑖𝑔𝑗 ∣ 𝑖, 𝑗 = 1,… , 𝑁),                   ∇2𝐠 =

( 𝜕𝑖𝜕𝑗𝑔𝑘 ∣∣ 𝑖, 𝑗, 𝑘 = 1,… , 𝑁 ). 

 

Let ℱx = ℱ  and ℱξ
−1 = ℱ−1  denote the Fourier 

transform and the Fourier inverse transform, 

respectively, which are defined by [1], [2] 

𝑓 (𝜉) = ℱ𝑥[𝑓] (𝜉) = 𝑢̂ (𝑥) =

∫ 𝑒−𝑖𝑥⋅𝜉
ℝ𝑁

𝑓(𝑥)𝑑𝑥,      ℱ𝜉
−1[𝑔](𝑥) =

1

(2𝜋)𝑁 
∫ 𝑒𝑖𝑥⋅𝜉
ℝ𝑁

𝑔(𝜉)𝑑𝜉. 

Let ℒ  and ℒ−1 the denote the Laplace 

transform and the Laplace inverse transform, which 

defined by 

ℒ[𝑓](𝜆) = ∫ 𝑒−𝜆𝑡
∞

−∞
𝑓(𝑡) 𝑑𝑡 = ℱ𝑡[𝑒

−𝛾𝑡𝑓(𝑡)](𝜏), 

 

ℒ−1[𝑔](𝑡) =
1

2𝜋
∫ 𝑒𝜆𝑡
∞

−∞

𝑔(𝜏) 𝑑𝜏 = 𝑒𝛾𝑡ℱ𝑡
−1[𝑔(𝜏)](𝑡), 

 

with 𝜆 = 𝛾 + 𝑖 𝜏 ∈ ℂ, respectively. Set  

 

Ŵq
m(Ω) ≔ {θ ∈ Lq,loc(Ω) ∣ ∇θ ∈ Lq(Ω)

𝑛}, 

and  

 

Σϵ,γ0 = {λ ∈ ℂ ∖ {0} ∣ |arg 𝜆| ≤ π − ϵ, |λ| ≥ γ0}. 
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Before we state the main result, first of all we 

introduce the definition of Sobolev space Wq
m(Ω). 

 

Definition 1.1 (Adams and Fournier, [4])  

Let k ∈ ℕ ∪ {0} and p ∈ [1,∞) then the Sobolev Space 

Wq
m(Ω) is defined by  

Wq
m(Ω) ≔ {𝐮 ∈ Lq(Ω) ∣ D

α𝐮 ∈ Lq(Ω), ∀ α with |α|

≤ m} 

 
Next, we state the main theorem of this paper. 

Theorem 1.2 Let 𝑁 < 𝑞 < ∞, 2 < 𝑝 < ∞ and 𝜆 ∈ 𝛴𝜖,𝛾0  

, 𝛾0 ≥ 1 depending on 𝜖 such that problem (2) admits a 

unique solution (𝒖, 𝜃) ∈ 𝑊𝑞
2(ℝ+

𝑛) × 𝑊̂𝑞
1(ℝ+

𝑛), with  

            𝑢𝑗(𝑥) = −ℱ𝜉′
−1 [

2𝑖𝜉𝑗𝐴

𝜇𝐷(𝐴. 𝐵)
𝑀(𝐴, 𝐵, 𝑥𝑛)(𝑖𝜉

′ ⋅ ℎ̂′

− 𝐵ℎ̂𝑛)] (𝑥
′) 

                            −ℱ𝜉′
−1 [

𝜉𝑗(𝐵 − 𝐴)𝑒
−𝐵𝑥𝑛

𝜇𝐵𝐷(𝐴. 𝐵)
𝜉′ ⋅ ℎ̂′] (𝑥′) 

               +ℱ𝜉′
−1 [

𝑖𝜉𝑗𝑒
−𝐴𝑥𝑛

𝜇𝐷(𝐴.𝐵)
(2𝑖𝜉′ ⋅ ℎ̂′ − (𝐵 − 𝐴)ℎ̂𝑛)] (𝑥

′) +

ℱ𝜉′
−1 [

𝑒−𝐵𝑥𝑛

𝜇𝐵
ℎ̂𝑗  ] (𝑥

′),                                   

            𝑢𝑛(𝑥) = ℱ𝜉′
−1 [

𝐴

𝜇𝐷(𝐴. 𝐵)
𝑀(𝐴, 𝐵, 𝑥𝑛)(2𝐵𝑖𝜉

′ ⋅ ℎ̂′

− (𝐴2 + 𝐵2)ℎ̂𝑛)] (𝑥
′) 

 +ℱ𝜉′
−1 [

𝑒−𝐵𝑥𝑛

𝜇𝐷(𝐴.𝐵)
((𝐵 − 𝐴)𝑖𝜉′ ⋅ ℎ̂′ + 𝐴(𝐴 +

𝐵)ℎ̂𝑛)] (𝑥
′),                                                                                                                  

             𝜃(𝑥) = −ℱ𝜉′
−1 [

(𝐴+𝐵)𝑒−𝐴𝑥𝑛

𝐷(𝐴.𝐵)
[2𝐵𝑖𝜉′ ⋅ ℎ̂′ −

(𝐴2 + 𝐵2)ℎ̂𝑛]] (𝑥
′).                                                                             

 

for  𝑗 = 1,… , 𝑛 − 1. With    𝐴2 = |𝜉′|2 , 𝐵2 =
λ

𝜇
+ |𝜉′|2 

and  𝐷(𝐴. 𝐵) = 𝐵3 + 𝐴𝐵2 + 3𝐴2𝐵 − 𝐴3. 
 

There are many researcher who concern studying 

fluid dynamic not only for incompressible case but also 

compressible case. As we know that fluid dynamic 

motion described by Navier Stokes equations. And 

Stokes equations known as linearized of the Navier 

Stokes equations. In 2016, Maryani [5] studied the model 

of the fluid flows for polymer which known as Oldroyd-

B with free boundary problems. She investigated local 

well-posedness of the model problem for bounded and 

unbounded problems. For PDE model problems, 

investigating local well-posedness and also globall well-

posedness are the important point. Since, we can know 

whether the solution exist, unique and have some 

behaviour in small data.  

The physical geometry of the model problem that in 

the bounded domain which occupied by a compressible 

fluid such as water. In this paper, we consider the model 

problem of (2) in half-space case which is defined in (1).  

The research methodology of this article is literature 

review of the article [3]. We give more detail how to find 

the solution formula of the model problems by using 

partial Fourier transform in half-space without surface 

tension. Using this transformation, we get new equation 

system then the solution formula is furnished. As we 

known that the fluid motion was formed by conservation 

of mass and conservation of momentum. These 

conservations guarantee the boundary condition of the 

model problem. First of all, we elaborate the model 

problem (2) by definition (3) in half-space, then we have 

the following section which we called reduce system.    

2. REDUCE SYSTEM 

In this section, we formulated the model problem (2) 

and state our main result. Let ℝ+
𝑛  and ℝ0

𝑛 as defined in (1). 

We consider for 𝜆 ≠ 0, then we have  

   

{
 
 

 
 λ𝐮 − μΔ𝐮 + ∇θ = 𝟎            in   ℝ+

𝑛

div 𝐮 = 0                                in   ℝ+
𝑛

μ(Dnuj + Djun) = −hj       on  ℝ0
𝑛

2𝜇Dnun − θ =  −hn            on  ℝ0
𝑛

            (4)                                               

 

for 𝑗 = 1,… , 𝑛 − 1 . 

 

Moreover, we derive a solution formula of (4). For this 

purpose, applying the partial Fourier transform to (4) i.e  

𝑢̂ = 𝑢̂(𝑥𝑛) = 𝑢̂(𝜉
′, 𝑥𝑛) = ∫ 𝑒−𝑖𝑥′⋅𝜉′

ℝ𝑛−1

𝑢(𝑥′, 𝑥𝑛) 𝑑𝑥′ 

 

ℱ𝜉
−1[𝑢̂(𝜉′, 𝑥𝑛)](𝑥′) =

1

(2𝜋)𝑛−1
∫ 𝑒𝑖𝑥′⋅𝜉′𝑢̂(𝜉′, 𝑥𝑛)𝑑𝜉′

ℝ𝑛−1

, 

where 𝜉′ = (𝜉1, … , 𝜉𝑛−1 ) ∈ ℝ
𝑛−1, we have  

 

{
  
 

  
 

     

  

𝜆𝑢̂𝑗 + 𝜇𝑢̂𝑗|𝜉
′|2 − 𝜇𝐷𝑛

2𝑢̂𝑗 + 𝑖𝜉𝑗𝜃̂  = 0       (𝑥𝑛 > 0)

𝜆𝑢̂𝑛 + 𝜇𝑢̂𝑛|𝜉
′|2 − 𝜇𝐷𝑛

2𝑢̂𝑛 + 𝐷𝑛𝜃̂  = 0     (𝑥𝑛 > 0)
                                                           

∑ 𝑖𝜉𝑗
𝑛−1
𝑗=1 𝑢̂𝑗 + 𝐷𝑛𝑢̂𝑛 = 0                              (𝑥𝑛 > 0)

𝜇(𝐷𝑛𝑢̂𝑗 + 𝑖𝜉𝑗𝑢̂𝑛) = −ℎ𝑗̂(𝜉
′, 0) 

2𝜇𝐷𝑛𝑢̂𝑛 − 𝜃̂ = −ℎ̂𝑛(𝜉
′, 0) 

  ,                             

(5) 

  

for 𝑗 = 1,… , 𝑛 − 1. 

 

Let 𝐮̂ = (𝑢̂1, … , 𝑢̂𝑛)  and 𝜃̂  have general 

formula in the following 

 

𝑢̂ℓ = 𝛼ℓ𝑒
−𝐴𝑥𝑛 + 𝛽ℓ𝑒

−𝐵𝑥𝑛 ,                    (6)                                         

𝜃̂ = 𝛾𝑒−𝐴𝑥𝑛 ,                                        (7) 

 

then we get 

𝐷𝑛𝑢̂𝑛 = −𝐴𝛼𝑛𝑒
−𝐴𝑥𝑛 − 𝐵𝛽𝑛𝑒

−𝐵𝑥𝑛 ,   (8)                                    

𝐷𝑛
2𝑢̂𝑛 = 𝐴

2𝛼𝑛𝑒
−𝐴𝑥𝑛+𝐵2𝛽𝑛𝑒

−𝐵𝑥𝑛 ,    (9)                                   
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   𝐷𝑛𝜃̂ = −𝐴𝛾𝑒−𝐴𝑥𝑛 .                         (10)                                                   

 

Applying div to first equation of (4) we have  
(λ − μΔ)div 𝐮 + ∆θ = 0.                    (11)                                              

Since div 𝐮 = 0, we have 

∆θ = 0.                                  (12)                                                                

Multiplying first equation of (4) by  Δ then using (12), we 

have  

∆(λ − μ∆)𝐮 = 𝟎.                          (13)                                                       

Multiplying (13) by  
1

𝜇
 , we have 

∆ (
λ

𝜇
− ∆)𝐮 = 𝟎.                          (14)                                                     

Applying Fourier transform to (14), we have formula  

   𝐴2 = |𝜉′|2 and 𝐵2 =
λ

𝜇
+ |𝜉′|2.               (15)                                            

  

Substituting (6), (7), (8), (9), (10) and (15) to equation 

system of (5) and equating the coefficients of 𝑒−𝐴𝑥𝑛  and  

𝑒−𝐵𝑥𝑛 , we have new equation system 

 

{
 
 
 

 
 
 

𝜆𝛼𝑗(𝐵
2 − 𝐴2) + 𝑖𝜉𝑗𝛾 = 0      

𝜆𝛼𝑛(𝐵
2 − 𝐴2) − 𝐴𝛾 = 0    

                                                           
∑ 𝑖𝜉𝑘
𝑛−1
𝑘=1 𝛼𝑘 − 𝐴𝛼𝑛 = 0

∑ 𝑖𝜉𝑘
𝑛−1
𝑘=1 𝛽𝑘 − 𝐵𝛽𝑛 = 0

𝜇 (𝐴𝛼𝑗 + 𝐵𝛽𝑗 − 𝑖𝜉𝑗(𝛼𝑛 + 𝛽𝑛)) = ℎ𝑗̂(𝜉
′, 0) 

2𝜇(𝐴𝛼𝑛 + 𝐵𝛽𝑛) + 𝛾 = ℎ̂𝑛(𝜉
′, 0)  ,

                                 

(16) 

 

and then from first, second, third, and fourth equation of 

(16), we get the formula  

𝛼𝑗 =
−𝑖𝜉𝑗𝛾

𝜇(𝐵2−𝐴2)
 ,                          (17)                                                     

𝛼𝑛 =
𝐴𝛾

𝜇(𝐵2−𝐴2)
 ,                          (18)                                                               

𝛾 =
𝛼𝑛𝜇(𝐵

2−𝐴2)

𝐴
 ,                      (19)                                                              

𝐴𝛼𝑛 = ∑ 𝑖𝜉𝑘
𝑛−1
𝑘=1 𝛼𝑘 ,                    (20) 

and                                                   

𝐵𝛽𝑛 = ∑ 𝑖𝜉𝑘
𝑛−1
𝑘=1 𝛽𝑘 .                    (21)                                                           

 

Substituting (19) to equation (17), we have 

𝛼𝑗 = −
𝛼𝑛𝑖𝜉𝑗

𝐴
 ,                           (22)                                                                  

multiplying fifth equation of (16) by 𝑖𝜉𝑗 then summing 

from 𝑗 = 1 to 𝑗 = 𝑛 − 1 and inserting (20) and (21), we 

have 

∑ 𝑖𝜉𝑘
𝑛−1
𝑘=1 ℎ̂𝑘 = 𝜇(2𝐴

2𝛼𝑛 + (𝐴
2 + 𝐵2)𝛽𝑛).       (23)                                     

Eliminating (23) and sixth equation of (16) then inserting 

(18), we have formula 

𝛾 = −
𝐴+𝐵

𝐷(𝐴.𝐵)
[2𝐵 ∑ 𝑖𝜉𝑘

𝑛−1
𝑘=1 ℎ̂𝑘 − (𝐴

2 + 𝐵2)ℎ̂𝑛],  (24)                              

where 𝐷(𝐴. 𝐵) = 𝐵3 + 𝐴𝐵2 + 3𝐴2𝐵 − 𝐴3. 
 

Substituting (24) to (17) and (18), we have formula 

𝛼𝑗 =
−𝑖𝜉𝑗

𝜇(𝐵−𝐴)𝐷(𝐴.𝐵)
[2𝐵 ∑ 𝑖𝜉𝑘

𝑛−1
𝑘=1 ℎ̂𝑘 − (𝐴

2 + 𝐵2)ℎ̂𝑛],                               

(25) 

𝛼𝑛 = −
𝐴

𝜇(𝐵−𝐴)𝐷(𝐴.𝐵)
[2𝐵 ∑ 𝑖𝜉𝑘

𝑛−1
𝑘=1 ℎ̂𝑘 − (𝐴

2 + 𝐵2)ℎ̂𝑛],                            

(26) 

respectively. 

Substituting (18) to sixth equation of (16), we have 

𝛽𝑛 =
(𝐵2−𝐴2)ℎ̂𝑛+(−𝐴

2−𝐵2)𝛾

2𝜇𝐵(𝐵2−𝐴2)
 ,                  (27)                                                 

and then substituting (24) to (27), we have formula 

𝛽𝑛 =
1

𝜇(𝐵−𝐴)𝐷(𝐴.𝐵)
[(𝐴2 + 𝐵2) ∑ 𝑖𝜉𝑘

𝑛−1
𝑘=1 ℎ̂𝑘 − 2𝐴

3ℎ̂𝑛].                             

(28) 

Substituting (18), (22), (27) to fifth equation of (16), we 

have 

𝛽𝑗 = 𝑖𝜉𝑗 (
4𝐴𝐵−(𝐴2+𝐵2)

2𝜇𝐵2(𝐵2−𝐴2)
𝛾 +

1

2𝜇𝐵2
ℎ̂𝑛) +

ℎ̂𝑗

𝜇𝐵
 ,      (29)                                     

and then substituting (24) to (29), we have formula 

𝛽𝑗 =
𝑖𝜉𝑗

𝜇𝐵(𝐵−𝐴)𝐷(𝐴.𝐵)
[(𝐴2 + 𝐵2 − 4𝐴𝐵)∑ 𝑖𝜉𝑘

𝑛−1
𝑘=1 ℎ̂𝑘 −

2𝐴𝐵2ℎ̂𝑛] +
ℎ̂𝑗

𝜇𝐵
 .                 (30) 

 

Substituting (24), (25), (26), (28), (30) to (6) and (7), we 

have 

𝑢̂𝑗 = −
2𝑖𝜉𝑗𝐴

𝜇𝐷(𝐴. 𝐵)
𝑀(𝐴, 𝐵, 𝑥𝑛)(𝑖𝜉

′ ⋅ ℎ̂′ − 𝐵ℎ̂𝑛)

−
𝜉𝑗(𝐵 − 𝐴)𝑒

−𝐵𝑥𝑛

𝜇𝐵𝐷(𝐴. 𝐵)
𝜉′ ⋅ ℎ̂′ 

+
𝑖𝜉𝑗𝑒

−𝐴𝑥𝑛

𝜇𝐷(𝐴.𝐵)
(2𝑖𝜉′ ⋅ ℎ̂′ − (𝐵 − 𝐴)ℎ̂𝑛) + 

𝑒−𝐵𝑥𝑛

𝜇𝐵
ℎ̂𝑗,                                                  

(31) 

                            𝑢̂𝑛

=
𝐴

𝜇𝐷(𝐴. 𝐵)
𝑀(𝐴, 𝐵, 𝑥𝑛)(2𝐵𝑖𝜉

′ ⋅ ℎ̂′

− (𝐴2 + 𝐵2)ℎ̂𝑛) 

+
𝑒−𝐵𝑥𝑛

𝜇𝐷(𝐴.𝐵)
((𝐵 − 𝐴)𝑖𝜉′ ⋅ ℎ̂′ + 𝐴(𝐴 + 𝐵)ℎ̂𝑛),                                                      

(32) 

𝜃̂ = −
(𝐴+𝐵)𝑒−𝐴𝑥𝑛

𝐷(𝐴.𝐵)
[2𝐵𝑖𝜉′ ⋅ ℎ̂′ − (𝐴2 + 𝐵2)ℎ̂𝑛],                                                        

(33) 

where  

𝜉′ = (𝜉1, 𝜉2, … , 𝜉𝑛−1),  ℎ̂
′ =

(ℎ̂1, ℎ̂2, … , ℎ̂𝑛−1), and 𝑀(𝐴, 𝐵, 𝑥𝑛) =
𝑒−𝐵𝑥𝑛−𝑒−𝐴𝑥𝑛

𝐵−𝐴
. 

 

Therefore, we have the solution formula of 𝐮 and 𝜃 

of the model problem (2) 

            𝑢𝑗(𝑥) = −ℱ𝜉′
−1 [

2𝑖𝜉𝑗𝐴

𝜇𝐷(𝐴. 𝐵)
𝑀(𝐴, 𝐵, 𝑥𝑛)(𝑖𝜉

′ ⋅ ℎ̂′

− 𝐵ℎ̂𝑛)] (𝑥
′) 

                            −ℱ𝜉′
−1 [

𝜉𝑗(𝐵 − 𝐴)𝑒
−𝐵𝑥𝑛

𝜇𝐵𝐷(𝐴. 𝐵)
𝜉′ ⋅ ℎ̂′] (𝑥′) 

               +ℱ𝜉′
−1 [

𝑖𝜉𝑗𝑒
−𝐴𝑥𝑛

𝜇𝐷(𝐴.𝐵)
(2𝑖𝜉′ ⋅ ℎ̂′ − (𝐵 − 𝐴)ℎ̂𝑛)] (𝑥

′) +

ℱ𝜉′
−1 [

𝑒−𝐵𝑥𝑛

𝜇𝐵
ℎ̂𝑗  ] (𝑥

′),         (34) 

            𝑢𝑛(𝑥) = ℱ𝜉′
−1 [

𝐴

𝜇𝐷(𝐴. 𝐵)
𝑀(𝐴, 𝐵, 𝑥𝑛)(2𝐵𝑖𝜉

′ ⋅ ℎ̂′

− (𝐴2 + 𝐵2)ℎ̂𝑛)] (𝑥
′) 

 +ℱ𝜉′
−1 [

𝑒−𝐵𝑥𝑛

𝜇𝐷(𝐴.𝐵)
((𝐵 − 𝐴)𝑖𝜉′ ⋅ ℎ̂′ + 𝐴(𝐴 + 𝐵)ℎ̂𝑛)] (𝑥

′),                                    

(35) 
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𝜃(𝑥) = −ℱ𝜉′
−1 [

(𝐴+𝐵)𝑒−𝐴𝑥𝑛

𝐷(𝐴.𝐵)
[2𝐵𝑖𝜉′ ⋅ ℎ̂′ − (𝐴2 +

𝐵2)ℎ̂𝑛]] (𝑥
′),                                               (36) 

For 𝑗 = 1,… , 𝑁 − 1  which completes the proof of 

Theorem 1.2. 

 

AUTHORS’ CONTRIBUTIONS 

All authors (MLBCD, SM, AW, and BHG) 

contributed equally to the WRITING of this article. All 

authors READ and APPROVED the final manuscript.  

ACKNOWLEDGMENTS 

The authors would like to thank Higher Education of 

Ministry of Education, Culture, Research and 

Technology and also Jenderal Soedirman University 

(UNSOED) for Fundamental Research scheme 2021 year 

for valuable support. 

REFERENCES 

[1] R. J. Beerends, H. G. Morsche, J. C. van den Berg, 

E. M. van de Vrie, Fourier and Laplace Transforms, 

United Kingdom, Cambridge University Press, 

2003. 

 

[2] H. Gunawan, Fourier dan Wavelet Analysis, 

Bandung: FMIPA ITB, 2017. 

 

[3] Y. Shibata, S. Shimizu, On the Maximal Lp-Lq 

Regularity of the Stokes Problem with First Order 

Boundary Condition: Model Problems. The 

Mathematical Society of Japan, vol. 64, 2012, pp. 

561-562 

 

[4] A. R. Adams, J. J. Fournier, Sobolev Space, 

Amsterdam: Academic Press, 2003. 

 

[5] S. Maryani, On the Free Boundary Problem for the 

Oldroyd-B Model in the Maximal Lp-Lq regularity 

class Nonlinear Anal. Theory Methods Appl, vol. 

141, 2016, pp. 109-129 

 

Advances in Physics Research, volume 5

43


