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1Introduction

equation
-

S
17 U(t) = F(Tr) ; (t)ERX1&-

U (0 ,x)= f(x) i < -IR &

U+ 10 , x) = g()) : <FIR &

f)

U = E'(t)f+ E(t)g + So ECt-1) F(A)dA
where EC)=, E'(t) = cost



-trichartsestimate with F = 0 . g=0

IInabes
FD G r22 Uta E

1999 I
" +**, where 6=

· [apcondition + X



Pem· It is fundamental in nonlinear analysis

Strichartz est. > Energy est.
it contains more information

· Schrodinger eq . has similar estimate

El = eith
=>

llECtIGI Ellie :
=

digeradmissilea + 12
,

0
, 1

Y

· Schroderiger admissile



Entstion Does Stricharts estimate hold for general
hyperbolic equations ?

-
matrix#Stem Lind

order

a
/UC = 0

Elastic wave equation (n = 3)-

3x3 - Az(Dor) = (Az](Doc)) : Anj(Do = * CpqDpDoca
Pige

Gizpq = Cirq = Gigp = (pqiy



System(Ise order

(Dt -A . Clob) UCt .2 =0

Eaxwellequations

6x6
& "curl)A

, (D) = -Lucas o

3 = (2) ,

m
= ()
-inglehigherorderaHill =0&

P(De, Donl = De-M (D) ---- (De-Nm/Docs]
- --

real symbol



(In an ideal situation
These equations are reduced to single 1-se order eq:

ware . (D)UCti)
=0 118300 ,

U(0 ,x) = f(x homgodageno
N5l =1) of order 1

#
Ulti = Elt)f

, ECt) = ClitX (Did
-

Chem Stricharts estimate for Wave equation

-#E(t)fllG Il fl XIE : I



-
·(r) isreadmissible

S
o

FD G r22 Uta

↑

-

6

+ , where 6-

Eapcondition +

Answer to
--Question

a

different & depending
on a geometry of

Eh3(x()= 13



=-
>Reduction to >P - 1* estimates

let ECt)= eitX(Dor

↳extimatePS
defof

for 2 = + (P)( (2d-P)(t -j))
=> Strichartz

(Scalling # TT*)
estimate with 6:2



↓

known results (e .g . x(21=13)=5)
↓

DP = d- 1 when Gaussian curvature ofI
iseem

never vanishes (Brenner 1975)-..

② p = min rank"(5) (Brenner 1917)&O

(Note -x = p= d+1)

③ -when is conve (S
. 1994)-

↓(2) : maximal order of contact to its
tangent hyper plane

(Note : -> U(R)=2)



example
X (5)= (SN + -. + 32N)N N = 1

,
2
,

-

=
· P = minrankP"(3) = (d+ (NE(NI2S
·

p= better result

2 N

Note: This example attains the optimal case in $

· is convex
-



#Mainresulta the case when I is non-convert
-

In this case
,
I depends on the geometry ofI

more delicately

⑪ Assume d= 3. Let I have alocal coordinate-

-& (2 . 211) EID1 I= 14132) -E : ahd of 10. 01
.

3-
near 10 . 0 , h(0)) =E

L



Assume also &"10. 07 + 0
Rem Gaussian curvature of I to-

=> deth 1001 to& = rank &" 10 , 07 + 0#

For simplicity , we assumeh10 + 0
h 141

, Yr) 1-

~
ridge"When we see I in the direction pararel to

#a), 22 . 90 1723] 152203
-

↑Fri
21

where

&hi (a , (12),Bl=0,

2
. -aXis

Co(z) = h (G, (2) ·Yr)
·

O



Let m := smallest=2 st Got/0) to
n : = smallest E22s. t @t10) to

X EC" (IR"10) : home of order O

BetterBrenner'sDresult 1t Suppx< small conic mbid of 10, 0 , 210, 01)
↓

In (S . - I . Ikromov) 2=3. /SPE2 , 1= +-

1) (D** (Dr)EC1 // p+ 21 222(P
where

↓ (P) = (5-3 ((p - z) 2m2nI I 15-m) ( - 1)V(6-)(-)- for 2man.puzo(

↳
(5 -in) (t -2) 6 (t -2) - t for 2man (m = 2)

↓


