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Introduction

The Navier-Stokes equations  with the Coriolis force

@—Au+Qe3><u+(u-V)u+Vp:0 in R® x (0, ),

ot
u(x, 0) = Uo(X) in R®,

where
u = u(x t) = (u'(x, 1), B3(x, t), u*(x, 1)) : velocity filed
p = p(x,t) : pressure
Up = Up(X) = (Uug(X), ud(x), u3(x)) : initial velocity field
Q € R : the Coriolis parameter
e;:=(0,0,1)
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Known Results (Global existence)

The global solvability for large |Q]

@ Chemin-Desjardins-Gallagher-Grenier (2002, 2006)
Yup € LA(R)? + HZ(R®)® with divup = 0
dQg = Qo(Uo) > 0s.t.
Q] > Qo = 31u: global sol. for (NSC)

Uniform global solvability for small  up € X

36 > 0 : independent of Q € R s.t.
YUy € X with ||ugllx < 6, 31u € C([0, 0); X ) : sol. to (NSC)

@ Giga-Inui-Mahalov-Saal (2008) : X = FM;*(R?)
@ Hieber-Shibata (2010) : X = HZ(R3)
. 2.3
@ Konieczny-Yoneda (2011) : X = FB?,,O;’ (R%, 1<p< o
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Known Results (Local existence)

Uniform local solvability for large
@ Giga-Inui-Mahalov-Matsui (2005)
YU € FMp(R®)® with divug = 0,
AT = T(||uollem,) > O : independent of Q € R
s.t. 31u e C([0, T]; FMo(R®))3 : sol. to (NSC)

Local solvability of (NSC)
@ Giga-Inui-Mahalov-Matsui (2006)
Yup € LT,(R%) € LY(R®), YQ €R,
aT = T(||Uo|||_;<3a,Q) > 0s.t.
J1u € C,([0, T]; L (R?)) : sol. to (NSC)
Furthermore

TA+QT)%% > V6 >0

[1UollZ
o,a
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Mild solutions for (NSC)

Mild solution for (NSC)

u(t) = To(t)up — fot To(t—7)P[(u- V)u] (r)dr t>0

where
P = (6;; + RRj)1<i j<3: Helmholtz projection

Tao®)f = [cos( Iifl )e EPE (&) + sm( f; )e il tR(g)f(g)]
1 0 53 _';’:2
R&YV=5| 4 0 & | fe R*\ {0}
& 6 0
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Main Result

. 1 5
Assumption (A) . > <S< 2

Assumption (B) .
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Main Result

The Figure of (p, q) satisfying Assumption (B)




Main Result

Y(s, p, 0,01, 6,) : Assumptions (A), (B) and (C)
AC =C(s p.q,61,62) >0

S.t.
VQ e R\ {0} & Yug € HS(R®)® with divug = 0
AT =T(s P, q, 61, 62,1, [[Ug|lys) > O

s.t. Jlu € X7 : mild sol. to (NSC), where

Xr = {u e C([0, T]; HX®)? | lullx, < Cliugllss. divu = O}
with

Ul := sup [lu(®)llxs + |Q|"l (Z_Tp_?)llullm(m LP(RS))

O<t<T

1
+ 1907 5 VUl oLy
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Main Result

Theorem (Main Theorem)

Furthermore 3C’ = C'(s p,q,61,6,) > 0 s.t.
a4d43)  Zliad)
T > C'min it ?Tpfl , bl qugz
T _3_1 1
IIUoIITZTH1 IIUoIIHs2q K

Assumption (C) .
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Main Result

Remarks
@ In the case Q = 0, it is known that

. 1

T> —  for up € H3(R®)® with s> .

s-1/2 2

[lUoll s
@ In the case
1 3 3 s 1 5 3 s
6, 4 2p 2 6, 4 2q 2
our theorem holds for all Q € R, and
ali-%3 S i-%3
(o) Thn Q] 2t C
T > C'min —, - =
o ER llu ||51/2
lluoll, s P IIUOIIHSq 2 0
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Linear Estimates

The operator ¥%.(7) (r € R) of oscillatory integral type

LR = 7 [ H 20|00 = s [ e Tl

(2n)°

Decomposition of the semigroup  Tq(t)

€]
= %%(Qt) EREFAUE: %%_(Qt) e*(1 - )1

Ta(t)f [cos( §3 )e EF (&) + sm( if' )e il tR(g)f(g)]

where

0 R R
Z = R 0 Ri [, Rj:the Riesz transform
R -R O
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Linear Estimates

Dispersive estimate for ¥.(7)

Lemma (Dispersive estimate)

2<Vp< oo, AC =C(p) > s.t.

-
N <C{Iog(e+|r|)} P ”
pa 1+ |7

. 5+3(1-2
for Vr € R,VSER, 1< Vg < oo,V f € B o P (RY).

| ()L F]

f ||Bs+3(1-%)
p'.q

[ Idea of the proof ]
@ L!- L~ estimates = stationary phase method
@ L%>-L? estimates < the Plancherel theorem
© the Riesz-Thorin real interpolation theorem
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Linear Estimates

Estimate of the Strichartz type for  Tq(t)

Assumption (L1) . 0<s< 3/2.
Assumption (L2) .

max 1_230 <E<—3_28 §—i—§<}<min }1—E—§
6 ° p 6 S0 2’7 p

Lemma (Estimate of the Strichartz type)

Y(s p,6) : Assumptions (L1) and (L2)
AC =C(s p,b) > 0s.t.

_[1_(3_3_s
o) Fll oo rzey < CIRITFEE-Dh £,

for VQ e R\ {0} & Vf € HSRS)®.
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Linear Estimates

Lemma (Estimate of the Strichartz type)

Y(s p,6) : Assumptions (L1) and (L2)
AC =C(s p,o) > 0s.t.

_[1_(3_3_s
o) flluoeomay < CIQITHEE-8 ) £ )14

for VQ e R\ {0} & Vf e HR®)®.

Remark

HS admissible pair of the Strichartz estimates for €'* :

1€ [l ge,isy < ClIF s
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