goooboooogn

0 6920 1989 %%—31

Scﬁ\rb‘o{fngar Evolution Group o Lavariant Dowmain

¥ Swmoothing Effect
2% BKY i?}—’?%ﬂ AN 3%7 f8K (Tohru Ozawa)

H=Hot\V £ Hilberr 20 [2= 2R, nelN,
W3 Schrddinger EAZYT3. 11T H, = -2/
& free Hamiltonan \/ (s RAEABPAEC = 53 Tﬁfg fER %
© Hy-BRE <1 =73 Kato-Rellicw o Z5R 1z 51,
Ha ®F% DU =DHy) #t - BTKRMFRZ %3

T To B9, weighted Sobolev space H »m/s (m,3¢(R)

HW\/Q — ‘)L\Pé ¥ / ’ an‘W‘IS: “('(H"\Z)S/Q(/{"A>M/Q‘{/ HLZ<OO?

(=t % Sc&r’o‘d{ngef evolution droup i@f{{:“,’ te RS »
M+ A4 L e 62, VT Ix 330140 mf%\éf 4% /N

ThH % .
€1. ZIavariant Qu‘pSpaces (1273,

me NU{oy ci5C o =H"O A f%™ v Hoo
noren W4l = (I4IE o+ 1915, )72 « Hilbert 253

1



23

3R, wmeNUiot 292 w33 ot
(e  DUAM2 = g®

4IRET 3. Tars

, 7\ TR VP —itH ~7 I e |
4 Ko BN H R O S S R P E

geR e e = W, e THTO)

@ (£, P)> e 5 Ry U5 Ko A R
Rx H™C 8 H™® A0 B30T %
(3) A Cw) >0 #7 5T

|€ G, o< Co i, o, (téreRxH™
Né”*%%uomﬂs CLW)(”¢UWWj—HJW”¢UMﬂ9/(ﬂ4we{RxﬂWH
% (-

el < Clow> AN M, ) Rx T

© [l B3ER N we(Nvion”  &a" 4iFo
peflm ttC Rot ™Moz !

gg(e'wxd a’f‘wqb) = = N (L4 (UD€ g



24

ZR2. () WTIN T 23 (HL<ABYfobartT3,
coa L% | .

D (o & d)cRxs sl , & Peer iy
Rt Mg @ a0

) RxF> (t,d)rs & Hhpey (sFH

#RA(3) 2 2%R 0@ & [t| 0 BAKCH LT
RECLs PR,

ZHA3. welN, deH,. e¥3. el

~itH _
77 el = | (A /g
t > too A HQ CHID " -H( ) 49\)‘} ‘

{

T32 1,2 (x/fﬁi N ZRFR o) regu(ah’fy y decdy 4
1855w RFRoRERE R L 1o 3 Y LA L T 03,
(B0 compact gapport L1 TS )fifr%?%}ﬂ&’ ¥ ot
0 veetor LTty :3tR L » [430910117,

RIRA, 2 5 M2 2B [120USD 9T o th5E
Y7807 3. F5R 2 [ifﬁ‘fi?&fﬁ% (£ L33 t£53.

e gy D= N DOEHYY L2

Yl e

Huanziker [77 n3A 3t w3 %2778 RIR2 933w

5



25

71%’%51)& §¢§’(t wi
(M BRI —oa 5%l

74 meN 3. m»3 2ty o, [£Ro {< w2
e féoz\/, AV HJ-HOH/O PN L2 Aaﬁ%f%)ﬁ%fﬁﬁ
JRET 2. a2 DOHI™2) = ™0 pokyt o

ERA4 (3 UL ol
SO Grnoathing Effects [141
AT v 2w ity 7;;957£95* class > .. t%j@“éy

7h R b EREME W S, cRTice
TH OO<N<A v (>0 #hsT
IWHI, o < CIIE 07, de i

HAZHBEBTT 2 et v ). TEhim22 crd O \W A
S BT e " 0<Ad v (>0 #5 T

Wi, < g 1, e Heo



26

G3ZF@ixfr T 22 vy

94, O<hcd vya W e FHEMA A £ 33,
(W2 5o HYO 48 12 aa BRGARAS o WeS,
W HMN? 43 2PAaARIFRE 5087 Wes,

4&‘)2, P24, Ponje GSc&” LPW\'{CZL
Ponfen, mze s (Fap S, it

-

LPLLV\{{ :

= qwe Ll (RY, Wil , = sue [ Twefag) et
wa{ R x4 <4

LP’\' LOO ; LP\,mi-f, <753 L2 ‘/‘iggﬁijg

2o 88 2o BRY (R 2o (S). = ;\qgg,}{z\%ﬁ u{\t\_,\;% Ly

5%

(Dumth, (e tF0 130 & @ U s g™ ™
BRI £ 7

<CE (RTDNg1, - o,

5



27

(O)u-(@ [R5 x {05 (1, ¢y > e e ™
#3855 |
(). -8 [£Fa deH™" 5L

(fon t‘VVL ~{tH -0
T to | ,\ H © C}’Hmrm

T m=f2 vF3 /= [+ () TV i
\762(/\/\ b/)&%’\_‘;/'s N Z? CS)(M ﬁ'\»ﬁ(/ .1—27,

\/é 3,1 /\-2/2 ‘{“:"‘(7 7 (% (S)W\ (‘MZg) 78\“(;‘/1”;’7 v 4
BB o 2" \oo=~(n-1)/ax , d0=0 ",

NZ3 93¢ ijé (\ Ho/k <535 Q'{tHCF%Hn/Z-M'?
k70 |

FILL. M3 vT1 o< m-9 33 ER o ae (Nupon®
(xd L Bd\(}/é §2+\d\- L3 L/ V. (& H4+l°“,0 ALZ

Ao RBIERECER e T3 m A TE a3 3T
VeSS, 1B3x33 ot (S). mGYro



28

BT, JeS, v, Ta e e (NVgon)" rie
2V e S, 3\ € L, T 53vy3 Aaxd

/ - |
() 2% o dep%®= HUk  tHo, s

. LQ?/O ’ J

e-»(tHéi, € CON L% |
2) (IRANA0) xHU® 5 (1, b)) —>e T e Y B
L HY T A% teR v« LT (L FR % A3

() /2% 0 b H"® (o3¢l

(IRNA{os)XR" > (4,%) > (e”‘“@)(@ cC (%

’,%Ei@? (+ (370103 «7)3&]:5&\ [37 7% Coulomb & o \/{,\/z,
FH LT H 23 N AR s AL

f’ajgu = ~(4/2>Au *”\/4“‘* (\/Q*ng)u

N éweofﬂxfmg @,ﬁ[ec'(j ﬁkﬁi < %(L 1 vwi ko zii I:t‘ (29w T (&
[42057060 £ Bt v
je&’\S‘Qv‘ }:8:] ‘(i_ 3&\/ € Lm/ Sd’g W\/ ’{:Y)‘)’Z%
de O™ t20 0 i
~tH | o i n
e, < Coallel T+t (40, ,

7



ORI N A T Ol S é-fmas ﬁ% %mrwﬁ\”‘
lton 1™ [l | >0
t—>t0 i(HO,W H"“f““‘“)

y
HayfBet o2 23 LT3 |

o™t o smonthing offect t32d T 3 9 o 5 ik (x50 T
(¥ (2704630410 £ Bt

29



30

References

1.

10.

11.

M. Arai, Absolute continuity of Hamilton operators with repulsive
potentials, Publ. RIMS, Kyoto Umiv. 7 (1871, 621-635.

P. Constantin and J. C. Saut, Local smoothing properties of
dispersive equations, J. AMS 1 (1988>, 413-439.

N. Hayashi.and T. Ozawa, Smoothing effect for some Schrodinger
equations, J. Funet. Anal. (to appear)

N. Hayashi and T. Ozawa, Time decay for some Schrodinger
equations, Math. Z. (to appear) .

N. Hayashi anﬂ T. Ozawa,FScattering theory in the weighted Lz(Rn)
spaces for some Schrdodinger equations, Ann. Inmst. Henri Poincare
48 (1988), 17-37.

N. Hayashi and T. Ozawa, Time decay of solutions to the Cauchy
problem for time—~dependent Schrodinger-Hartree equations, Commun.

Math. Phys. 110 (1887), 467-478.

. W. Hunziker, On the space—time behavior of Schrodinger

wave functions, J..Math. Phys. 7 (1966>, 300-304.

A. Jensen, Commutator methods and a smoothing propert& of the
Schrodinger evolution group, Math. Z. 191 (1986), 53-58.

K. Masuda, A unique continuation theorem for solutions of the
Schrodinger equations, Proc. Japan Acad. 43'(1967),7361—364.

K. Nakamitsu, Smoothing effects for Schrodinger evolution groups,
Tokyo Denki Univ. Kivo 10 (1988), 49-52.

T. Ozawa, Remarks on the space—time behavior of scattering
solutions to the Schrodinger equafions; Publ. RIMS, Kyoto Univ.

23 (1987), 479-486.



12.

13.

14.

15.

16.

17.

31

T. Ozawa, New LP-estimates for solutions to the Schrodinger
equations and time asymptotic behavior of observables, Publ.
RIMS, Kyoto Umiv. (to appear)

T. Ozawa, Invariant subspaces for the Schrodinger evolution
group, preprint, Nagoya 19889,

T. Ozawa, Smoothing effects and dispersion of singularities fof
the Schrodinger evolution group, preprint, Nagoya 1989,

C. Radin and B.-Simon. Invariant domains for the time—dependent
Schrodinger equation, J. Differ. Equatioms 29 (1978), 289-296.
P. Sjolin, Regularity of solutions to the Schrodinger equation,
Duke. Math. J. 55 (1987), 698-715.

K. Yajima, Existence of golutions for Schrodinger evolution

equations, Commun. Math. Phys. 110 (1987), 415-426.

{0



