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equations with the Coriolis force in variable exponent Fourier-Besov spaces. Using the Fourier
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1. Introduction

In this paper, we consider the three-dimensional Boussinesq equations with the Coriolis force:

Ou—vAu+ Qez X u+ (u-Vyu+ VP = gbes, in R’ x (0, ),

0,0 — uAG + (u- V)8 =0, in R?x (0, ),

divu = 0, in R?x (0, ), 1.1y
u(x,0) = uy, 6(x,0) =6, in R3,

where u = (uj,us,u3) denotes the velocity field of the fluid, 6 is the fluctuation, P is the the
pressure. The positive constants v, u and g are the kinetic viscosity, the thermal diffusivity and the
gravity, respectively. Q € R is the Coriolis parameter, which denotes twice the speed of rotation
around the vertical unit vector e3 = (0,0,1). The term gfe; represents buoyancy force using the
Boussinesq approximation, which consists in neglecting the density dependence in all the terms but
the one involving the gravity. The parameters v and u do not play any important role and we set
v = u = 1 throughout the rest of this paper. Sun, Liu and Yang [31] proved that the three-dimensional
Boussinesq equations with Coriolis force possessed a unique global solution in Besov space. Koba,
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Mahalov and Yoneda [37] obtained the global well-posedness to the rotating Boussinesq equations for
(o, 6o) € H2(R*)N H'(R?) when the the Prandtl number P = 1. Charve and Ngo [10] proved the global
well-posedness to the rotating Boussinesq equations with the fading, anisotropic viscosities. For more
detailed explanation, we refer to [6,9,12,27,30,32].

When Q = 0, (1.1) reduces to the classical Boussinesq equations. The global well-posedness
result for three-dimensional Navier-Stokes-Boussinesq system with axisymmetric initial data has been
studied by many researchers, which can be referred to [2] and [20]. We also refer to [13, 14,23,29] for
details on these results.

When Q # 0, but 6 = 0, (1.1) reduces to the Navier-Stokes equations with the Coriolis force. Fang,
Han and Hieber [16] proved the uniqueness of the global mild solution to the rotating Navier-Stokes

23
equations with only horizontal dissipation in Fourier-Besov space TB;,F (R3) for p € [2,00],7 €
[1,00). Hieber and Shibata [19] proved that the well-posedness of the Navier-Stokes equations with
the Coriolis force. In addition, they also obtained the Navier-Stokes equations possess a unique global

mild solution for arbitrary speed of rotation provided that the initial data u, is small enough in Hé R).
We refer to [4-7,17,21,22,24,25,33,35] for details.

When Q = 0, and 6 = 0, (1.1) reduces to the classical Navier-Stokes equations. Sun and Liu [34]
demonstrated uniqueness of the weak solution to the fractional anisotropic Navier-Stokes system with
only horizontal dissipation. Bourgain and Pavlovic [8] proved the three-dimensional Navier-Stokes
equations is ill-posed in B3 “(R?). Ru and Abidin [28] obtained the global well-posedness for the

3
fractional Navier-Stokes equations in variable exponent Fourier-Besov spaces ¥ B:)ZZ_W(R3). There
are many studies on the classical Navier-Stokes equations, which we can refer to [1,26,36] and the
references therein.

There are many differences between variable exponent Fourier-Besov spaces and Fourier-Besov
Spaces. Some classical theories such as Young’s inequality and the multiplier theorem do not hold in
variable exponent Fourier-Besov spaces. Because of this, it is difficult to consider the well-posedness
of equations on such spaces. In this paper, we mainly use the properties introduced in Sections 2 and 3,
and combine with the Banach’s contraction mapping principle to consider the global well-posedness of
the Boussinesq equations with the Coriolis force in variable exponent frequency spaces TB;((’.)M(R%.
The major results are as follows.

Theorem 1.1. Let p(-) € Cioo(R) N Py(R?), 2 < p(-) < 6, 1 < g,p < oo, and there exist a sufficiently
small € > 0, such that

lloll o5 +1160ll -2 <€
.(B () .(B PC)
P().q P().q

for Q € R. Then problem (1.1) has a unique global solution

3
2=50

—_ . ~ L2410 ~ .1
(u,0) € L™(0,00;F B, /) N L(0,00; 85 *) N L7(0,00;B; ).
Moreover, let p(-) € Ciog(R) NPH(R?), 51(-) € Ciop(R?), and s,(-) = 72)"'2_ 1%()

¢ > 0 such that 2 < pi(-) < ¢ < p(-), then the above solution is still satisfied

if there exist a constant

u,0) € C0, 00, FB 7Y A (0, 00; FEO) .

P()q P1().q
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23
Remark 1.1. The Fourier-Besov space ¥ Bf’(.)’j (; is critical for Eq (1.1). In fact, if u(t, x) is the solution
of Eq (1.1), then
uy(t, x) = A(%t, Ax)

is also a solution of the same equation and

o0, DIl 55 ~ lua(0, Ol 5.

T8y pa
Remark 1.2. From the structure of variable exponent Fourier-Besov space, we can find that this kind of
space is quite different from variable exponent Besov space. Comparing with variable exponent Besov
space, this kind of space is more favorable for us to consider the boundedness of semigroup operators
and the estimation of nonlinear terms. This kind of space has been applied to dynamic systems, image
processing and partial differential equations. However, due to the special structure of this kind of

space, it is limited in the local and global well-posedness of some equations.

In Section 1, we mainly introduce some backgrounds and major results. We recall the known
basic facts about Littlewood-Paley theory and function spaces in Section 2. In Section 3, we establish
the linear estimates of the semigroup {T(?)}~0 and we are devoted to the proof of Theorem 1.1 in
Section 4.

2. Function spaces

S(R"™) denotes the space of smooth rapidly decreasing functions on R". S’(R") denotes the
topological dual space of the S(R"), also be called temperate distribution. For any f € X, there exists a
constant ¢ > 0 such that ||f]|, < c||f]|», then it is written as ||-||, < ||-]l,. We first recall the homogeneous
Littlewood-Paley decomposition [18].

Let (v, ¢) be a couple of smooth functions with values in [0, 1], y is supported in the ball B(0, %) =
{€ € RIIE] < 2}, ¢ is supported in the shell C(0, 2, %) = {¢ € R¥|2 < |¢] < §). We use ¢;(£) to denote
®(27/¢) and

Do =1,  VECRN\O).
JEZ

The localization operators are defined by

At = o (Dyu = 2 f V- ydy,  VjeZ,
R3

Sju=x@ D=2 [ h@yutr-yy  Vjez,
R3

where y = F 'pand h = Fly.
From the definition above there hold that

AAju =0, if |-kl >2,
Ae(S joiuhuy =0, if |j—kl > 5.
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If u € S, there holds that
Sjl/t = Z A,u
i<l

Let Py(R") be the set of all measure functions p(-) : R" — (0, o] such that p_ = essinf,cr» p(x),
P+ = esssup, g p(x). For p € Py(R"), let LPO(R") be the set of all measurable functions f on R” such
that for some 1 > 0,

fllLro :=1inf{d > 0 : 0, (f/2) < 1}

(x)
:inf{/l>0:f(|f(x)|)p dxsl}.
w2

We postulate the following standard conditions to ensure that the Hardy-Maximal operator M is
bounded on LPO(R"):

1) pis said to satisfy the Locally log-Holder’s continuous condition if there exists a positive constant
C]og(P)

Ciog(p) such that [p(x) — pO)| < oo (forall x,y € R*, x # y).
2) p is said to satisfy the Globally log-Holder’s continuous condition if there exists a positive
constant Ci,e(p) and pe., such that |p(x) — pe| < Clog () (for all x € R").

— log(e+lx)’

We use Cio(R") as the set of all real valued functions p : R" — R satisfying 1) and 2).
Let p(-), q(-) € Po(R"), we use [4(LPY) to denote the space consisting of all sequences {f;} ez of
measurable functions on R” such that

. /i
”{‘fj}jeZ”[q(J(Lp(-)) = inf ou > 0, Qa0 (LrO) ({_] < 1 < 00,
H) jez

. P(x)
ouowroy({ filjez) = Z inf {/1 >0: f (Ifj(xN) dx < 1}.
RV!

1
ez A4

where

Since we assume that g, < ©0, ooy fi}jez) = X jez ||| ‘fjlq(.)”L% holds.
s

Definition 2.1. /3] Let p(-),q(-) € Cioe(R") N Po(R") and s(-) € Ciog(R"). The homogeneous Besov

space with variable exponents B;(()) 0 is the collection of f € S’ (R") such that

5s() _ ’ .
Bp(~),q(-) = {f €S ”f”g;(())q() < oo},

”f”B;((g,q(» = |szsoAjf}jEZl|9/q('>(LP('>) <
where S’ denote the dual of S(R") = {f € S(R") : (D*£)(0) = 0, Ya}.

For T > 0 and p € [1, ], we denote by L(0, T;B;((’.))J) the set of all tempered distribution u

satisfying
1
(Z H2’“'>Ajunzw]
=0

u s = < 00.
” ”l/”((),T;B;((_)),r)

P
LT
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The mixed L*(0, T; B;(('.))’r) is the set of all tempered distribution u satisfying
l

Ileell7, 018 127°OAulll, 0 | < 0.
( ) Ly

JEZ
For simplicity, we denote

= 1200, T; B%) ).

=10, T;8)),) and LB o

P @s()
LTB pC)r

pC)r”

By virtue of the Minkowski’s inequality, we have
”ullZP(O,T;B;((:))J) < ||u||U(0,T;B;%J) lf p < r,

To obtain the global well-posedness of the small initial data Cauchy problem for the three-
dimensional Boussinesq equations with the Coriolis force in variable exponent Fourier-Besov spaces,
we need to introduce the following spaces.

Definition 2.2. [28] [Homogeneous Fourier-Besov spaces with variable exponents] Let p(-),q(-) €
CiosR") NPo(R") and s(-) € Ciog(R"). The homogeneous Fourier-Besov space with variable exponents
?"B;(())q() is the collection of f € 8'(R") such that

0
FBingr =1f €S 1fllpgr < ool

I llpgeo =K (270 A=l < oo,

Similarly, we denote by L*(0, T; ¥ B

).) the set of all tempered distribution u satisfying

7750, = (Z||2JS()‘PJ“||U<>) <.

P
LT

The mixed L°(0, T; TB;(('?),r) is the set of all tempered distribution u satisfying

- KOMP

il = [Z 127 sojuuz;m.)] < oo,
’ JEZ

Definition 2.3. [I8] Letu,v € 8;2, the product uv has the homogeneous Bony decomposition as follows

wv =T+ Tu+Ru,v),

where
Tuv = ZSj_ll/tAjV, TVM = Z Sj_l\/Ajl/t,
JEZ JEZ
Ru,v) = Z Ajuljv, ljv = Z Apv.
jez lj—kI<1
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Lemma 2.1. The following inclusions hold for the variable exponent function spaces.

(1) (Holder inequality [11]) Given a measurable set A and exponent functions r(-),q(-) € Po(A)

define p(-) € Po(A) by
1 1 1

= + .
p(x)  q(x)  rx)
Then there exists a constant C such that for all f € LY9(A) and g € L'V(A), fg € L?Y(A) and

fgllpey < Cllfllgellglle)-

In particular, given A and p(-) € Py(A), for all f € LPO(A) and g € L” V(A), fg € L'(A) and

f F@2Cldx < ool Flloligln
A

where the function p’ is called the dual variable exponent of p and A.,A,, A« are disjoint sets,

ie.,
1 1 1 1
— + =1, Cyy=[——-—+1)Ixallo + llxa.llo + llralle-
P P - (p_ Ps ) ! ! !
(II) (Sobolev inequality [3]) Let po, p1,q € Po(R") and sy, s1 € L(R") N Cpo(R") with sy > 5. Ifé
and
n n
So—— =8 — —
Po P1

are locally log-Hélder continuous, then

550(+) 5s1(+)
B0 = Briaor

(II) ( [3]) Let po, p1,q0,q1 € Po(R") and sy, 51 € L¥(R") N Cjpy(R") with so > sy. Ifql_o’ % and

n n
so— — =51 — — +&x)
Po pPi

are locally log-Holder continuous and essinf ,gn £(x) > 0, then

550(+) A5s1(+)
B0 = Booaor

(IV) (Mollification inequality [15]) For p(-) € Cix(R") and ¢ € L'(R"), assume that P(x) =

sup |Y(y)| is integrable. Then
y¢B(0,]x])

ILf = Yellrogny < Cllfllpoen [Pl g
for all f € LPOR"), where yr, = ﬁtﬁ(é) and C depends only on n.

Lemma 2.2. [18] [Hausdorff-Young’s inequality] Let f € LP(R"), 1 < p < 2. Then f € L (R") with
Lyl —1and
PP

W < STz
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Lemma 2.3. [18] A constant C exists such that for all s € R,
nsn = s, < Clu, .

Pl

pr<pr = lull o1, < Cllullg
B ()

p.r

Lemma 2.4. Let s > 0, 1 < p,r < o0, pi(-), pa(-) € Ciog(R") N Py(R"), and 1‘-, = #(_) + #(_). Then
lvlls, < llellgo | IWllay |+ Wil | leells -
Proof. According to Definition 2.3, for fixed j > 0, we have
Ay = Y ASicuAn) + D ASivA) + ) Aj(AwuAW)

k—jl<4 [k—jl<4 k>j-2
=: Il + 12 + 13.
We will estimate each of the three above. Using Young’s inequality and Holder’s inequality from

the Lemma 2.1, we have

127 A (S k1A < IS ker sl 127 Agvll 20

then
27l £ D IS ecrtllpoll2" Ao

k—jl<4
Similarly, for I, we have

27Dl £ IS ivllgno 27 Al
lk—jl<4

Now, it remains to estimates /3. Using Young’s inequality, we have

A (AuA)llzr < Ao Al Lo

Hence,
27 Blly £ ) IR27 Ao IAl s
k>j-2
i—k)s | ks A
- Z 2979125 At |y o AV 20
k>j-2

Taking the norm || - || on both side of above inequality, there holds that

wllps < [lullg V|| ps + 1Vll5 Ullgs .
vy, < el il + vl Dol
O
. . n n i1 .t 1 _ 1,1
Lemma2.5. Let s > 0, 1 < p,r,p < 00, pi(+), pa(+) € Ciog(R")NPH(R"), and =50 Ym0 s = o T o

Then

)T

itz sy, < ol gy WMz2gy o+ Iz Nlizng,

Proof. In the proof of the Lemma 2.4, replacing L”") with L LF®), we can get that the conclusion
holds. -
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3. Linear estimates

We establish the linear estimates of the semigroup {To(?)};»o in this section, and see the specific
introduction of the semigroup {T(#)},~0 in Section 4.

Lemma 3.1. Let p(-) € Cioo(R*) NPy(R?), 2 < p(1) £ 6,2 < pi(-) < c < p(-), s1(-) = 2 + 2~ p_(> and
1 <q,p < 0. Then

P10)q p(A){};‘)

IITQ(t)fII( w81 ) S IIfllﬂgz_3

forQeRand f € 7:8 0

p()g”
Proof. By Definition 2.2, we have

ITa g cirgs ) = {12796 T 1T Ml i)
T r10)q

jezlluzy

Since Tq(t)f is bounded Fourier multiplier, we estimate by a positive constant. Using Lemma 2.1,
we have

To(t s

ITaOfIl, ( "FB](()M)
- H{”2”1(')QDjT[TQ(t)f“|U’(O,o<>;L"1(’))}
< {2751V ‘e_tl'lzf”mo o110 }jezllinz)

{Zz —0,+1 sz(z_i)
S A z_f,

0
p()q

where the second norm in the second line above is estimated as follows

J€Zllja(z)

433 _ 22+
sz(p ¢ PO ¢j+le 12

cp1() }
LOLTN ) jezlly )

”2](‘;7 F_m)QD le—tlz(-/+[)

cp1()
LP(O 00;L¢P10))

= [/ e

= 2%Fe —r22<f*“||m0 ©, mf{/l >0: [, | “’f+l|z Tody < 1)

](c Pl(x) cpy(x)
inf{d>0: [, —“’f|t nodx < 1)
< 1nf{/l >0: fRS |‘pf*’ c—p1<x>2‘3fdx <1}
cp (@)
<inf{d>0: [ |&]=nedx < 1}
< C.
O
Lemma 3.2. Let p(-) € Cioo(R*) NPy(R?), 2 < p(1) £ 6,2 < pi(-) S c < p(-), s1(:) = 2 + 2 - m and

1 <q,p <co. Then
SIAL »s

: 0
O F B ) T804

f To(t —T)Pfdr
0

3
forQeRandeTB o

0N
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Proof. Using Lemmas 2.1 and 2.2 and Young’ inequality, we obtain
1
Hfo To(t - )RS dT”f/J(o,oofB;ll((‘_))yq)

[y

LP(0,00:L1 <->>} jez

1(z)
t A e
p 2510 gD dTH }
H{Hj(; i f LP(0,00;L710) ) ez 14(Z)
SIAL - 2,
Lr(0,00:B,  ~)
where the inner norm of the second line above is estimated as follows
f o e
J$10)p .o~
Hfo 2 9016 deHU’(O,OO;Lpl('))
< |y 127 Y g fliad
<o pje L% ¢iflizdr LP(0,00)
1 i1m i1 (- ~(t-7)-P
S | 12O D Y s 1A ”LZdT”U(o >
°(0,00
I E P SIS TR Y J10)
S | | 2 F PP gl s (18 fl2dT
L2-pC LP(0,00)
T j(3+3) ,—(1-1)2%
< fO 272 e ”Ajf”LZdT (0,00)
LP(0,00
(241 -12%
S |RENAA]|, e o
(241 ’
p 2j<p+2>||Ajf||L2HMOw).

4. Proof of Theorem 1.1

In order to solve the Boussinesq equations with Coriolis force, we consider the following linear
generalized problem

ou—Au+Qes;xu+VP =0, in R?x (0, ),
divu = 0, in R?x (0, ), 4.1)
U)o = Uo, in R3.

The solution of (4.1) can be given by the generalized Stokes-Coriolis semigroup T(#), which has
the following explicit expression

To(hu =F"! [cos (Qét) eI + sin (Q%t) e"'f'zR(cf)] * U

€]
=F! [cos (Qét) I + sin (Qét) R(f)] % (e u),
€] €]

where divergence free vector field u € S(R?), I is the unit matrix in M3,3(R) and R(¢) is skew-
symmetric matrix defined by

1 0 ‘f? _52
R() = 7 &3 0 & |, £eR\O)
& =& 0

AIMS Mathematics Volume 8, Issue 11, 27065-27079.
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Hence, the solution of the Eq (1.1) can be rewritten as
() = To(uo — [ Ta(t — DP[(u - Vuldr + [} To(t - )Pghesdr,
0(0) = ¢y — [ "2 [(u - V)6ldr.

For the derivation of explicit form of T(-), we refer to [4,17,19].

Proof of Theorem 1.1. Let M > 0, 6 > 0 to be determined. Set

= @Ol L S <M,
L=0.00:F 8B o0 ) Lw(O“TB()pq )
el 20 _ R N |/ | I SO T 1 <0¢,
Lﬂ(o,oo;ng 2 )mLm(o,oo;BZ{q) U?(o,oo;B;q 2 )ﬁL“’(O,oo;Biq)

which is equipped with the metric
d((u, 0), (w,v)) = [lu —wl|_
L(0,00; gfg "< )NLP(0,00; BP "3 YL (0,00; 32 B

2.1

+ 16 — vl 2 -
)ﬁU(O,oo;Biq 2 )an(o,oo;Bz%q)

P()

L=(0,00; TB}?( q

It is easy to see that (X, d) is a complete metric space. Next we consider the following mapping

d):(u,H)—>(TQ(t)uo,etA90)—( f To(t — TP[(u - V)uldr, f e(’_T)A[(u-V)G]dr)
0 0

!
+ ( f To(t — 7)Pglesdr, ()) ,
0

where P := I — V(-A)~! denotes the Helmholtz projection onto the divergence free vector fields
We shall prove there exist M, d > 0 such that ® : (X,d) — (X, d) is a strict contraction mapping.
First, we establish that the estimate of (Tq(*)uo, ¢6y). According to Lemma 3.1, it follows that

ITa(®uol|, ( ,}-B;ﬂ())q) S lluoll -5
P()q
and we have
tA
1€/ 00l s ) < 160l
P14 (g
when Q = 0.
Similarly we can obtain
ITa@uoll 2y < luoll o s,
A D008, ) B
el 2y <6l
L0087 (oY

It is easy to show that the estimate for Tq(f)uy and ™6, also hold for p = oo and p;(:) = p(-), i.e

< lluoll

ITa@uoll s, s
L> )
p()q P()q
ITa()uoll- 4 S lluoll 55
L=(0,00:8;) 0
A p()q
lle">6oll_ g Slboll - s
A L=(0,00:F" ()q ) P().q
le6oll oy Sl s
(000385 ) ooy

AIMS Mathematics
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Next we show that the estimate of the remaining terms. Using Lemmas 2.1-2.3 and 2.5, we can
show that

”fot To(t — 7)P[(u- V)u]dTHZp(o 780 )

2JS1<>¢ FL Talt - OP[(u - Vyuldr] H

LP(O,OO;LI’l(‘>)}jeZ 1(2)

{H [ 239100 e[ V)u]dTH

LP(0,00;L71 (‘))} jez

19(Z)
< ] 2,1 |27 0000
(OooB; ) L(0.00:B5 @
Sl 2y lull 1o
[PO00iB) %) L=(000:B7)
where the inner norm of the third line is estimated as follows
! . 2 —
25100 =DM (1 “
|20 |,
! i(s1()+1 —(—A\.I2 :
S T A PN ORI
L6-pP10) LP(0,00)
t nj(2+3) _(1—7)22 _3jm .
S || 27 e 2 o eill oo I8;@wll, gdr
Lr(0,00)
< f 2J( +3) e - 7)221”A (@ u| edTH o
< 2"(5+7)||A~(u®u)|| o )Ile"2 121 (0,00)
< |RSNA e wl
L8 LP(0,00
Similarly, we can obtain
t
To(t—1)P HedT” 2.1,
|6 7ot~ ogtesarl, o SO
!
(-DA[(u - V)6]d H 0
e u T(- S _ .
e R S L B

1()11

In addition, we can also get

|1 Tal = DRI Vyuldr| .,

LP(0,00; BP "2y AL (0,00; 32 )

= {|f Tatr - PLG - Vyutde] "

_ L
DO F By, L0005 B3 )

S llull_ o RN
LP(0,00 Bp NL2(0,003B7 ) L2(0.00:B7 )

”fo To(t — T)Pgé’egdr

< ||9||_ 2,1 ,
LP(0,00 B" 2)me(0<>oB )

|5 e - Ayrdr

2,

17(0,00 BZP )L°°(OooBz)

2.1
lP(OooBP 2)mL°°(oooBZ)

Sl 5 e
Lﬂ(o,oo;B;fq )me(o,oo;BZ{q) L®(0,00:B5 )

We finally prove that the existence and uniqueness.

AIMS Mathematics Volume 8, Issue 11, 27065-27079.
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3 — 241 ~ .1
Let Y = L°(0,00; F B, ")  LP(0, 003 B *) 1 L(0, 003 B} ), then

P()q
1D (ue, O)lly
= |[O@)lly + [1P@)lly
Slhuoll_ass + 0000y 4l oy el
PO TBp()q DpQ.00By 4 INL=(0,0038; ) 0.00:8,,)
el o pey oy MO O e
m(o,w;ng )an(o,oo;ng) L®(0,00 ) U(o,oo;ng )me(o,oo;Bz%q)

Denote 6 = M = 2(||u0|| a3t 16oll - = } < 2C,, if € is small enough, then we have
FB 7

Pr().q p( ) q

D, O)lly < =9,

l\-)lg'u
l\)l%

and 1
d(®(u, 9), D(w,v)) < Ed((u, 6), (w,v)).

It follows from the Banach’s contraction mapping principle that the rotating Boussinesq equation
has a unique global solution and satisfies
3 240 1
(u,0) € L*(0, co; TBP()”;)) N Lp(O,oo;Bg,qz) NL*(0,00;B; )
when € is small enough.
On the other hand, let

—~ A —~ L2411
2=D0.F B 0 PO, B,

3
N L™(0, co; 32 )mL°°(0 00; TBP()":

then we have

1D (u, D)7
= |P(w)llz + 1Oz
< lluoll v+ 6ol 5 s P (171 2,1 v lull 1
o) 0 50 0 T00 .00 B9 T2 VAT(0 00 B2 (0,002
TBP()q m?L-Bm(p)]q 7:Z;p()pq p1(l-)l<,q Lr©.00385 ) INL=(0,003B; ) L0.00:B5,)
+||u||~ 2.1 ||9|| 4T e~ 2.1 1
Lr(0,003B7 "2)AL® (0,00 L=(0.00:B7 ) Lp(0,00:B] , *)NL*(0,00:B7 )
Set 6 = M = 2| ||ugl| . a3t [16oll RS >3 | < 2C,, if € is small enough, then we
. X P
7:21;1!7(4)111 N 7:21;1!71( )lq TBP( )pq N TBP 1¢ )lq
have 5
lD(u, O)llz < E 5 =0,
and

d(®(u, 9), D(w,v)) < %d((u, 0), (w,v)).

According to the Banach’s contraction mapping principle, it follows that the rotating Boussinesq
equations has a unique global solution and satisfies

— - 3

(u,0) € I(0,00, F B} ) N L*(0,00,F B (;i;

when € is small enough. O
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