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Report from The Organizing Committee

Itis indeed my great pleasure and honor to welcome you all to Soedirman’s International
Conference on Mathematics and Applied Sciences (SICOMAS) 2019. The conference
running this year is the first SICOMAS series hosted by Faculty of Mathematics and
Natural Sciences Jenderal Soedirman University. As the development of technology and
management of world resources for our future based on the innovation in Mathematics
and Sciences, this conference takes issue “Innovation in Mathematics and Applied
Sciences for better future”.

SICoMAS 2019 aims to provide a platform for researchers, lecturers, teachers, students,
practitioners, and industrial professionals to share knowledge, exchange ideas,
collaborate, and present research results in the fields of Mathematics, Chemistry, Physics,
and their applications. Hence, my sincere gratitude goes to our four keynote speakers
(Prof. Dr. Hadi Nur from University Teknologi Malaysia, Prof. Dr. Hirokazu Saito from
Tokyo University of Science, Dr. Devi Putra , ST, M.Sc. from Pertamina Research and
Tecnology, and Uyi Sulaeman, Ph.D. from Jenderal Soedirman University), and our six
invited speakers (Prof. Dr. Youtoh Imai from Nishogakusha University, Prof. Riyanto,
Ph.D. from Universitas Islam Indonesia, Dr. Moh. Adhib Ulil Absor from Gadjah Mada
University, Bambang Hendriya Guswanto, Ph.D, Dadan Hermawan, Ph.D. and Dr. Eng.
Mukhtar Effendi, M. Eng. from Jenderal Soedirman University) for sharing their expertise
in this conference. My deepest appreciation also goes to our 80 presenters and 7 non
presenters for their commitment to participate in this conference.

As the output of this conference, some selected papers in the field of chemistry will be
published in Jurnal Molekul which is accredited Sinta 1; and other selected papers in the
fields of Mathematics, Physics, Physical Chemistry, and Innovative Chemistry Education
will be published in IOP Conference Series Journal. So, I greatly thank Jenderal Soedirman
University, all our contributors, and all the members of the committee for the invaluable
support that makes this conference a reality.

Finally, I would like to apologize for any short comings found in this conference; and
hopefully this two-day conference will be engraved in your memory.

The chair of SICOMAS 2019
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Abstract. In this paper, we consider a half-space model problem for a compressible fluid
model of Korteweg type with slip boundary condition and prove the existence of R-bounded
solution operator families for the model problem.

1. Introduction
In this paper, we consider a half-space model problem for a compressible fluid model of Korteweg
type with slip boundary condition as follows:

()\p—f—divu:d ian,

Au— pAu—vVdivu—kVAp=f in Riv,

n-Vp=gyg on R, (1.1)
ONuj + Ojun = h; onRY, j=1,...,N—1,

uN:hN OnRéV,

where Rf and Rév , N > 2, are respectively the upper half-space and its boundary, that is,

Rf ={z=(2",zn) |2 = (z1,...,2ny_1) € RV L 2n > 0},
R) ={r= " 2n) |2 = (21,...,ony_1) € RN} zy =0},
and also n = (0,...,0,—1)7% is the outward unit normal vector on Rév.
Here A is the resolvent parameter varying in Cy = {z € C | Rz > 0}, while p = p(z) and
u=u(z) = (ui(z),...,un(x))’ are respectively the fluid density and the fluid velocity that are

unknown functions. The right-hand sides d = d(x), f = f(z) = (fi(z),..., fzv(2))T, g = g(2),
hj = hj(x), and hy = hy(x) are given functions. For a scalar-valued function u = u(x) and a

4 supported by BLU UNSOED research scheme International Research Collaboration (IRC) contract number
P/253/UN23/PN/2019.
5 M7 denotes the transpose of M.
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vector-valued function v = v(z) = (vi(z),...,vn(z))T, we set for 9, = 3/0zy (k=1,...,N)
Vu = (Owu,...,onuw)T, Au= fo:l 8,311, Av = (Avy, ..., Avy)T,

divv =N dp, Vv={dwv |kil=1,...,N},
VQV :{8k81vm\k,l,m:1,...,N}.

In addition, for N-vectors a = (ay,...,ay)? and b = (by,...,bx)7,

N
a-b= Z akbk.
k=1

Especially, n - Vp = —0dnxp. Throughout this paper, the coefficients u, v, and k are positive
constants and satisfy the following condition:

2
(M;;V> —%750 and K # pv. (1.2)

System (1.1) arises from the study of compressible viscous fluids of Korteweg type with slip
boundary condition, see e.g. [3]. Korteweg-type models are employed to describe a two-phase
mixture model of liquid-gas flow.

To introduce our main result, we introduce the notation.

The set of all natural numbers is denoted by N and Ny = N U {0}. For g € [1,00], Ly(RY)
and H, ;”(Rf ), m € N, denote respectively the Lebesgue spaces on Rﬂf and the Sobolev spaces
on RY. We set HJ(RY) = Ly(RY) and write the norm of Hy(RY), n € No, by || - | gp(may)-
Let X and Y be Banach spaces. Then X™, m € N, denotes the m-product space of X, while
the norm of X™ is usually denoted by || - ||x instead of || - ||xm for short. The set of all bounded
linear operators from X to Y is denoted by £(X,Y), and £(X) is the abbreviation of £(X, X).
For a domain U in C, Hol(U,L(X,Y)) stands for the set of all £L(X,Y)-valued holomorphic
functions defined on U.

For the right member (d,f, g, h1,...,hn_1,hN), We set

X (RY) = HYRY) x LRY)Y x HI(RY) x HIRY)N ' x H2(RY).
In addition, for solutions of (1.1), we set

Ag(RY) = LyRY)VHNANHL 5y = (W3, AI/2V2p, AV, N¥/2p);
By (RY) = Ly(RY)NHN* N, Tau = (V2u, A2V, Mu).

Let F = (d,f,9,h1,... ., hn-1,hn) € Xy(RY) and Ryf = (Vf, A2 f). Then we define X,(RY)
and F) as follows:

X,RY) = LyRYV)N,  FF = (Rad, £, 709, Rah, - .., Rahn—1, Tahn) € X4(RY),
N=(N+1)+ N+ (N?*+N+1)+(N—-1)(N+1)+(N?+N+1).

At this point, we introduce the definition of the R-boundedness. Let sign(a) be the sign function
of a. Then the definition is given by

Definition 1.1. Let X and Y be Banach spaces, and let rj(u) be the Rademacher functions on
[0,1]. i.e.

rj(u) = signsin(2/7u) (j € N,0<u<1).
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A family of operators T C L(X,Y) is called R-bounded on L(X,Y), if there exist constants
p € [1,00) and C > 0 such that the following assertion holds: For each m € N, {T;}]L; C T,
and {f;}jL, C X, there holds

m 1/p m
([1Emwmsfn) <cf [[Snwa],m)

The smallest such C'is called R-bound of T on L(X,Y) and denoted by Ry x,y)(T).

Remark 1.2. (1) The constant C' in Definition 1.1 may depend on p.

(2) It is known that 7 is R-bounded for any p € [1,00), provided that 7 is R-bounded for
some p € [1,00). This fact follows from Kahane’s inequality, see [4, Theorem 2.4].

1/p

Now we state the main result of this paper.

Theorem 1.3. Let g € (1,00) and assume that p, v, and K are positive constants satisfying 1.2.
Then, for any X\ € C, there exist operators A(N) and B(\), with

A(N) € Hol(Cq, L(X4(RY), HERY))),
B(\) € Hol(Cy, L(X,(RN), HYRN)N)),

such that, for any ¥ = (d,f,g,h1,...,hn—1,hN) € Xq(Rf),
(p,u) = (AN FAF, B(A) FAF)
is a unique solution to (1.1). In addition, for n =0,1,

d n
Ry (mY) 2, (RYY) ({ (AdA> <5AA(*)>' A€ C+}) =G,

d n
Re((x,®RY)B,RY)) <{ (AdA> (TAB()‘))' A€ C+}) <C,

where C = C(N,q, p,v, k) s a positive constant.

This paper is organized as follows: The next section introduces a reduced system for (1.1)
and shows that Theorem 1.3 follows from the main result for the reduced system. In Section
3, we calculate representation formulas for solutions of the reduced system by using the partial
Fourier transform with respect to 2’ = (x1,...,2x_1) and its inverse transform. Section 4 proves
our main theorem for the reduced system by results obtained in Section 3.

2. Reduced system
Set uj =v; (j=1,...,N —1) and uy = vy + hy in (1.1). Then v = (vy,...,vy)7 satisfies

Ap+divv=d in RY,
AV — pAv — vVdiv v — kVAp =f in RY,
n-Vp=g on R, (2.1)
Onvj + djon = Iy on Ry, j=1...,N-1
vy =0 on R,
where
d =d—dyhy,
f =f—(—v0Oxnhn,...,—vON_10xhy, \Nhy — pAhy — vO3hy)T,

hj =h;—0jhy.
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Furthermore, similarly to the last part of [2, Section 2|, we can reduce (2.1) to the following
system:

Ap+divu=0 in RY,

Au— pAu —vVdivu—kVAp=0 in Rf,

n-Vp=g on RYY, (2.2)
Onuj + Ojun = h;j On]:_{év7 j=1,...,N—1,

uny =0 on RY

Let us define function spaces for (2.2). Set YV (RY) = HZ(RY) x H}(RY)N~! and let
G =(g,h1,....,hn_1) € Vo(RY). Then ,(RY) and G are defined as follows:

Dy (RY) = LyRIM,  G\G = (Thg, Raha, ..., Rahn-1) € Dy(RY),
M= (N?4+N+1)+(N-1)(N+1).

As is discussed in [2, Section 2], it suffices to prove the following theorem in order to complete
the proof of Theorem 1.3.
Theorem 2.1. Let g € (1,00) and assume that u, v, and K are positive constants satisfying 1.2.
Then, for any A € C4, there exist operators A(X) and B(X), with
AQA) € Hol(Cu, L(Dy(RY), H}RY))),
B(\) € Hol(Cy, L(Y,(RY), H RY)Y)),

such that, for any G = (g,h1,...,hn_1) € yq(Rf),

(p,u) = (AN)GA\G, B(N)GrG)
s a unique solution to 2.2. In addition, forn =0,1,

d\" /. ~
R L@ RY)2,(RY)) <{ (AdQ (‘SAA(A))’AE@}) <G,

d\" /=~
Re(qRY)2,(RY)) <{ (AdA> (TAB(A))’AGQ}) <,

where C = C(N,q, p, v, k) s a positive constant.

Remark 2.2. The following sections are devoted to the proof of the existence of R-bounded
solution operator families stated in Theorem 2.1. The uniqueness of solutions follows from the
existence of solutions for the dual problem.

3. Representation formulas for solutions

In this section, following [2, Subsection 3.1], we compute representation formulas for solutions
of (2.2). To this end, let us define the partial Fourier transform @ of u = u(2/, xy) with respect
to ' = (x1,...,2y) and its inverse transform as follows:

— an) = A on) = fanr e Cula, 2y o',
Fa' (e an)] () = getver fwvos €0 ) €'

where & = (&,...,&v_1) € RV 7L,
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Let ¢ = div u. Applying the partial Fourier transform to 2.2 yields the following ordinary
differential equations:

A+ =0, zy>0, (3.1)
Nt — (0% — €' 1) — vig;@ — kig; (0% — 1€')p =0, an >0, (3.2)
Nin — (0% — [€'PYin — vOnG — wdn (0% — 1€'))p =0, an >0, (3.3)
with the boundary conditions:
Inp(0) =—9(0),
onu;(0) +i&un(0) = hi(0), j=1,...,N—1, .

un(0) =0. (3.6)

We then see from (3.1)-(3.3) that

P\(On)p =0,

(8]2V_w§\)P)\(aN)aJ :07 J = 17 7N7 ( 8)

where we have set

Pa(t) = A2 = Ap+ )8 = [€P) + w82 = [€2)2, wy = /I + 2

Here we have chosen a brunch cut along the negative real axis and a branch of the square root
so that Ry/z > 0 for z € C\ (—0o0,0].

Remark 3.1. Under Condition (1.2), the four roots of Py(t) are given by +t; and +t3, where

b= VIEP +seh (k=1,2)

for complex numbers s (kK = 1,2), depending only on p, v, and x, which satisfy Rsp > 0
(k=1,2) and

s1# 82, s1AP ", saFEuh

For more detail, we refer to [1, Section 3].

In what follows, j =1,...,N—1and J =1,...,N. In view of (3.7), (3.8), and Remark 3.1,

we look for solutions uy (J =1,...,N) and ¢ of the forms:
Uy = age XN 4 Br(e IN _ o TWAIN) 4y p(eTI2EIN g TWATNY) (3.9)
P =oe NIN 4 reThN, (3.10)

One then obtains from ¢ = div u and 3.1-3.3

i€ ol —ig' B =il A —wran +wrBn +wryy =0, (3.11)
Bj = _?jﬁNa v; = —=2N, (3.12)
1 to

_ <W> By, T=— (t%_w> s (3.13)

1 to
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where &' - a' = Z;V:_ll i&ja; for a € {a,B,~}. In addition, we insert (3.9) and (3.10) into
(3.4)-(3.6) together with (3.1) in order to obtain

(1 = €188 + (153 = [€' ) = Ng(0), (3.14)
—wxa + (—t +wa)Bj + (—t2 Fwa )y = hy(0), (3.15)
ay  =0. (3.16)

Let us insert (3.12) into (3.15) to see

1 ([~ ) &5
Q= —— {hj(O) + fj ( t1 —i-CU)\)B + &(—tQ —i-CU)\)")/N} . (3.17)
Wi t to
This relation furnishes
i / 1 PN ‘5/’2 ‘ /‘2
ig'-o == {ig 70 - SR sy - B apnd, (3.18)
Wi tq to

where i¢’ - h(0) = S-N"i¢;h(0). On the other hand, (3.12) yields

Ié’l2 €2
IN
to

igl'/gl 5 N> ifl'f)/:

Inserting these relations, (3.16), and (3.18) into (3.11), we have

BN + v = pA e - (0),

Where we have used the relation w3 — [¢/|* = p~'A. In addition, it follows from (3.14) and
— &2 = spA (k= 1,2) that

518N + s2ynv = g(0).

One solves the last two equations in order to obtain

By =t (00 + s lie - HO)),
W= (?(0) — s1pA e -H'(O)) : (3.19)

Thus we have together with (3.16)

Uy = By (eTHN — eTIN) oy (eTIIN — eTWATY),

In addition, we have by (3.12) and (3.17)

it\j =1 {/ﬁ](O) + 157( t1 + W)\)ﬁ]v + éh7( to + w)\)ny} eTWATN

WX

16]5 ( —tizN e—w)\:vN) o %’YN(e_th _ e—LU)\"EN)
2 M
while we have by 3.1, 3.13, and 2 — |¢'|* = Asy, (k= 1,2)

_1/\ _ 52 _
p= =N = DN + Ryetann,
2

Finally, setting p = .7:571[,’0\(5’, zn)](z") and uy = ]-"5_,1[@](5’, xN)](2'), we see that (p, u) solves
(2.2).
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4. Proof of Theorem 2.1
Throughout this section, we use the notation introduced in the previous section.

4.1. Solution operators
Let us define

e t2ZN _ p—tizN e UTN _ p—WwATN

Mo(zy) = P Mi(zn) = P— (1=1,2).

Noting sg — 51 = A~1(t2 — t2), we can write (3.19) as
By = (222) 90) + D25 (5345 ) Tn(0), (4.1)
2 1
-~ N—-1 ( sip N
v = ()90 - X5 () R

One constructs from now on solution operators associated with p, u; (j =1,...,N —1), and
uy that are solutions of (2.2) obtained in the previous section. Let us start with p. Note that

p= Fg_’l [‘?,YN(GIEQ:):N _ ethEN):| (JI/) +f£_/1 [(Sl/BN + 52'7N> etlmN:| (x/)
2 131 t2
We have by (4.1)

%’YN (e—t2rN _ e—ter)

= HeAm IO Mo(en) — S s P (0) Mo(a ),

while we have by (3.19)

S1 59 R 1. ~
Sy P = gl (S 80) + g2 (- ) i tie B ).
Combining the last relation with

1 1_t2—t1_ )\(82—31)

t1 ta  tita  tita(ta +t1)

furnishes

2
S+ Sy = LA SIS er Gy
L BN N = (Z( 1) >g<0>+ i’ H(0).

~ 7y tita(ta + t1)

Summing up the above computations, we see that

p= so Tt [tz (t2+t1) MO(””N) (5/70)} () = 3132MZ]kV=_11 -7:_/1
tz(t2+t1)M0(xN)hk(§ 0)}( )+ EZ%:ﬂ Vs Fgt [1 e~"1TNg(¢',0)| (2')

+5152:u Zk 1 f_ [m 7t1xNhk(§/,0):| (ZC/)
= A(A)(g,hl,...,h]\r_l).
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Next we consider u; (j =1,...,N —1) and uy. They are respectively given by
uj = —Ft [Ee iy €.0)] (@)
ke S R SR e g€ 0)] ()
slszu Z Z ( ) sz—u*1 ]_—71 fjﬁk e—waN/ﬁ (5/ 0) (m/)
t s 2i=1 51 g L twa(titwa) kiS5
- Y (DT [ M€ 0)| (o)

—svsan Sp SR () FS [ Mu(en)hk(€0)] ()
= Bj()\)(g,hl,...,hjv_l)

and
uy = S (CD)'F @ Mian)gE0)] @)
—s1sap 0 S () S FS [ Mu(en)hi(€,0)| (o)
= BN(A)(Q, hl, ooy hN—l)-
This completes the construction of solution operators.
4.2. Classes of symbols
To construct R-bounded solution operator families from A(X), B;(A) (j = 1,...,N — 1), and

Bn(A) as above, we introduce two classes of symbols. Let m(&’, A) be a function, defined on
(RN=1\{0}) x C4, that is infinitely many times differentiable with respect to &’ = (&1,...,6n_1)

and holomorphic with respect to A. For any multi-index o/ = (aq,...,any_1) € Név_l, let us
define
0% o o/
= , |loj=a1+ -+ an-1.
¢ o '
If there exists a real number r such that for any multi-index o/ = (aq,...,an_1) € N(])V_1 and

(€',) € RYE\{0}) x C.

g ((7gg) mi€n)| < O+ =02

with some positive constant C' depending on at most N, r, o, u, v, and &, then m(&’, \) is called

a multiplier of order r with type 1. If there exists a real number r such that for any multi-index
/

o = (a1,...,an_1) € N)"Vand (¢,)) € RN\ {0}) x Cy

/ d " /
% ((AdA) m(fﬁA))]SC(M|1/2+|£’\>’"15’|“' (n=0,1)

with some positive constant C' depending on at most at most N, r, o/, u, v, and &, then m(&’, \)
is called a multiplier of order r with type 2.

Here and subsequently, we denote the set of all symbols of order r with type j on
(RV=1\ {0}) x C; by M, ;(C). For instance,

/1€l € Moa(Cy), & AY2eMy (Cy) (k=1,...,N 1),

and also [¢/[2, A\ € Ma1(Cy). One notes that M, ;(C4) are vector spaces on C and that the
following fundamental properties hold (cf. [5, Lemma 5.1]).
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Lemma 4.1. Let 1,79 € R.

(1) Givenl; € M, 1(Cy) (j = 1,2), we have l1lz € My 4, 1(C1).

(2) Given mj € M, ;(Cy) (j =1,2), we have mymgy € My, 11, 2(Cy).

(3) Given n; € M, o(Cy) (j = 1,2), we have ninaMy, 1, 2(Cy).
Finally, we have from [2, Lemma 2.5]

Lemma 4.2. Letr € R. Then

7107 g’wg’ (t2 + tl)T S MT71(0+)'

4.3. Proof of Theorem 2.1

Let us construct R-bounded solutions operator families associated with A(X), B;(A) (j =
1,...,N —1), and Byx(A) given in Subsection 4.1. To this end, we use [2, Lemmas 2.6 and 2.7]
for the terms with g, while we use the following two lemmas for the terms with hy,..., hy_1.

Lemma 4.3. Let g € (1,00). Suppose that
k(€ A) € Moo1(Cy),  UELA) € Mo1;1(Cyp),

and set for x = (2',zn) € RY

Ko@) = Fg" k(g Nem v Flg',0)] (),

with A € Cy and f € H; (Riv) Then the following assertions hold.
(1) For j =0,1,2 and X\ € C, there exist operators f(j()\), with

K;()) € Hol(Cy, L(LyRI)NT, HYRL))),
such that for any f € H;(Rf)
KN f = KAV A2 ).
In addition, for j =0,1,2 andn=0,1,

d\" /. ~
R L(Ly(RY)N+1 21, (RY)) <{ <)\d)\> (S)\Kj()‘)>‘)‘ € C+}> <C,

with some positive constant C = C(N, q, u, v, k).
(2) For j =0,1,2 and X\ € C4, there exist operators zj(/\), with

Lj(\) € Hol(Co, L(Ly(RY)V*, HERY)),
such that for any [ € H;(Rf)
Li(Nf = LiN(V £ A2 ).
In addition, for j =0,1,2 and n =0,1,

d\" ~
RE(LQ(RQ)NH,Lq(Rf)N2+N+1) <{ (Ad)\> (T)\Lj()\)> ’ A€ C+}> <C,

with some positive constant C = C(N, q, u, v, K).
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Lemma 4.4. Let g € (1,00). Suppose that

mo(§',A) € Mo11(Cy),  ma(§,A),ma(€,A) € Mo (Cy),
and set for = (2, zn) € RY

~

(M (M) fl(z) = Fo* |ma (€', )My (an) f(€,0)] (2),
with A € Cy and f € H(} (Rf) Then the following assertions hold.
(1) For A € Cy, there exists an operator My()\), with
Mo(\) € Hol(Cy, LyRY)N ! HI(RY)),
such that for any f € H; (RY)

Mo(\) f = Mo(A\)(V £, A2 ).

In addition, for n=0,1,

d\" —~
RL(LyRY)N1,2,(RY)) ({ (Ad/\> (S)\MO()\)> ‘ Ac C+}> <C,

with some positive constant C = C(N,q, p, v, K).

(2) For j=1,2 and A € C,, there exists operators ]\/Zj()\), with
M(N) € Hol(Cy, £(Ly(RY)M*1, HE(RY))),
such that for any f € H(} (Rf)

M\ f = M;(\)(Vf,AV2 1),

In addition, for j =1,2 and n = 0,1,

d\" —
RL(Lq(Rf)NH7Lq(Rf)N2+N+1) ({ (Ad)\> <7j\M]()\)> ' AE C+}) <O,

with some positive constant C = C(N, q, u,v,K).

By Lemmas 4.1 and 4.2, we observe that the symbols appearing the solution operators satisfy
the following conditions: In the case of A()),

A

to(to + t1)

iy, 11

T /1 2\ ' € M— C )

ta(ta+t1) t1 o 11(C+)
&k,

tltg(tz-l-tl)

S M071(C+),

eM_o:(Cy);

10
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In the case of B;(\) (j=1,...,N —1),

L oeM_a(Cy), i€5(t = wy) i&;(t2 — w)

W t1wy towy
58k &€k

tiw(tr 4 wy) tawa(ta + wy)
15N i\

ti(ta +t1) ta(te +t1)
&5€k £k

ti(ta + t1)7 ta(ta +11)

€ Mo1(Cy),

S Mfl,l (C+),

S M171 (C+),

€ Mo,1(C+);

In the case of By (),

A &k
to +t1
Thus, applying [2, Lemmas 2.6 and 2.7] and Lemmas 4.3 and 4.4 to A(X), Bj(\) (j =

1,...,N—1), and Byx(\), we obtain the R-bounded solution operator families stated in Theorem
2.1. This completes the proof of Theorem 2.1

€ M(),l (C+)
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