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Iz k - T =EEFEBR (Sin-Ei Takahasi)
RikAK-I B ## (Hirokazu Oka)
ek - I =M & (Takeshi Miura)

% Banach 255l E & 10, 11 xE 25 E ~OHEGEREE ¢t x) RUEROHM
@b,c,d) %5, BT f(t,x) 135 2 EBUCBI L T Lipschitz #ifg L RE L. £D
Lipschitz E¥% L, T&KT, ZOLEROLIRBIEHE H=#:a,b,¢,d):

u"(t) = f(t,u(r)) 0<t<1), au'(0) + bu(0) =0 and cu'(1) +du(1)=0
BEZBND, ZOREOWMESE S;=S(a,b,c,d) TRY. T THRES S, X
LR BREWTEE «eC(0, 1), E) OHEA T, maximum norm DA -7
Banach Z2ff] C(10, 1), E) ORI EELEZX D,

®BADOHINL. E OEBROMES C It LT, C L& S, LBRAHEERDE5%
f BEETDH, (EETBIETEEAR [ BERERKCTON LW HE
AERTBILTHD, BEE#:0,1,0,1) i Direchlet FifE & FREN TS, ZD
LEX, bL Li<n® THIREAOREIZ1I THL I LBHONTNSA, 2]
IZHB T Herzog & Lemmert i, E OEROBALSE C 12 SA0,1,0,1) AFEHEL R
5E5788% f BAEEL. LIS FO Lipschitz % L, A a2 iIZWL 5 THES
J5ZemTEEZ EEmLI

#A1Z%ET 121 DR THVY ORI BBABOFEEZIEA LT, ROKRERT.

Theorem 1. Suppose a*+ b>=0 and ¢+ d* = 0. Then given any closed subset C of E,
there is a continuous function f:10, 1] x E— E which is Lipschitz continuous in its second

variable such that S, is homeomorphic to C.

Remark 1. If either a=b=0 or ¢=d=0 and abcd =0, then S, is homeomorphic to
E for any continuous function f:[0, 1] x E— E which is Lipschitz continuous in its
second variable. Moreover if a=b=c=d =0, then S, is homeomorphicto E® E for

any continuous function f: [0, 1] x E — E which is Lipschitz continuous in its second
variable.

FiaokERIX. E OFERORAEA C LT, C & Sfa, b,c,d) LHFEHELZR

557 f OFERZRBRRIZODTHBEMB, FTDLH5K f BEDLIHWHBDH,
¥ 7~ Lipschitz E8IZ EF DL HBUVVNEL TEBZDONTIIE R L TWRW, FEBEE, X
DO (@, b, ¢, d) R—REDBPEIX. TNEREDDHZLITEHE L. LI LRHLRFHERR

r—RARZH LTI, HEIBERETHIILENTEDS, ROERIIZOZ L2k
HDTHB,
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Theorem 2. Let C be an arbitrary closed subset of E and £€>0.

(i) There are many continuous functions f: 0, 1] x £ — E with L <€ such that
S«1,0,1,0) is homeomorphic to C.

(ii) There are many continuous functions f: 10, 1] x E— E with L=< —Z—- + £ such that
S/1,0,0,1) is homeomorph'ic to C. Similarily for S/0, 1, 1, 0)

(iii) (Herzog-Lemmert |2]) There are many continuous functions f: {0, 1] x E — E with

L,<m*+ ¢ suchthat SK0, 1,0, 1) is homeomorphicto C.

EEDIEHD & -
Let x€E. Let P,=Pfx;a,b,c,d) be ainitial condition of u"(H=f(t,u(®)) O<st<l)

'dependmg on X,a,b,c and d. Then there exists a unique solution u € C*([0, 1], E), say

,,,,,

cases, we define P, and N,:
(1)a¢0;Pf%[u(0)=x and u'(O)=-Qx| N/={x€E'cv'(1)+d1}.(1)=0}.
2a=0,c=0: P/ |u(1) =x and u(l)--—x] N,= {x EE:bv(0)=0}.
B3)a=c=0, b=0,d=0: :Pr=u(0) = =0 and «'(0) = x] N,= {xEE v (1) =0}.
@a=c=b= Od;:O P;=[u(1)=0 and u(l)——-—xl Nf—

(5)a=c=d=0,b=0:P; =[u(0)=0 and w(0)=-Fx], N,=E.

Set »
(D/(x) =v, (xEE).

®, X E »5 C(0,11,E) ~DOBAKTH D0, ZDLE, :
*) ®N)=S, and m||x vH “Qf(x) CDI(y)ﬂsM"x vﬂ O<m,M: constants)
BER Y Tz LA B, T a®+b%=0 and > +d*=0 ERET D, ZDLE,
we can choose A, u €ER, §€C(lO, 11, R) and ¢EC2([O, 1],‘R) such that A=0, u=0,
" =ENe) Ost<l), @0)=-Aiaq, ¢'(0)=Ab, ¢(1)=uc and @) =-pd. & Xo %
E ®normone Dt T3, & C=F DFHIZOWTIX. * ‘
ft, ) =EDOx+ @H)x, O=<t=<]1, xEE),
LB L. f IR0 1XE 2B E ~0 |L|=|€] a&ﬁt#éﬁ@@ﬁt J)ia%A
S;=0 BRTZENTES., RIZ C=D OHEHTOVTIE. |
f@t, x) = E(Ox + &= h(t, )@p(x, 0<t<1, xEE)
[l

LB, HL €>0, At x)= inf M

CANE

X 10, X E 9285 E ~OD L;<|g|+e %‘:yﬁﬁ_*@‘@ﬁﬁgﬁf C=N, &mRTT L
T3, oTHMPLEEIBREIND, o

O<r<l, er) BB, TDOLE. f
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FH 2 IzHoVWTiX. &F
A, ={EEC0, 1],R): I EC*(0, 1], R)

st @"(t) = EO@t) 0 <1< 1), @'(0) = @'(1) =0, p(0) =1},

A,={EEC(0,1},R): 9 EC*(10, 1}, R)
s.1. ") =ENe(1) 0=<t<1), ¢'0)= (1) =0, p(0)=1}
and
A,={EEC(0, 1], R) : Ap ECX|0, 1], R)
st @"()=E0p(") 0=t=< 1) <p(0) @(1) = 0}.

a:ro<° Hiz p;=inf {|E|: €A} (1=1,2,3) 2B, ZDLE, K >0 iTxt
 ROZEERTIENTES
(1) There are many functions § € C(|0, 1], R) and @ € C([0, 1], R) such that

0<|&]<e,p0=ENp) O<t<1),¢©O)=¢(1)=0 and PO)=1.

(ii) There are many functions & € C(|0, 1], R) and @ € C*([0, 1], R) such that

T |g]<Z e, g ()=EOPD Osts1), PO =g(1)=0 and @(0)=1.
(iii) There are many functions £ € C(|0, 1], R) and ¢ €EC" ([0, 1], R) such that
m<|E|<n?+e, ¢"O=EN@() (0st<1) and @(0)= (1) =0,
(iv) p1 =0, p2=%2 and p; =7
ZpZri. EH1OEHETHEDLONE f 2L<BEIT L. iﬂZiﬁﬁ*Bi’l}Eo “
ENRE S

RSEH, Let C be a closed subset of a Banach space E. Let X, be a norm one element of

E, EEC(0,1],R) and h: (0, 1] x E— E a continuous function which is Lipschitz
continuous in its second variable. Set

ft, x)=EBx+h(t, x)x, 0<t<1, xEE).
We ask a conditionon & and % suchthat N,=C.

H&, E Hibert Zf H 2%x25%. ¢0=0 or 1)=0 723 peEC'([0,1], H)

1 - 1 5 ~ S
LT, FER [ oo fas2[ |90 fa R0 . 0D, 4. K
fi10,1lxH—=H #%%. & ueC¥[0,1], H) iZx LT,
(@u)(H) = f ’ dt ' f(o,u(o))do -t f l f(r,u(t))dt O<t<l)
0 0 0
ERBL L. (Qu)(0)=(@u)(1)=0 MRk iLH. BIZEENTFELE LOARERI S,

4L
|ou- @] gy, = u_-j 1412400010

%ﬁéo ﬁEO—C‘ card Sf(O’ 1,1, 0)=Cal'd Sf(l, 0,0, I)S 1 whenever Lf<%2-
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BRIIRIZLTHEDTAL S, ETRADOPLONBEEZIRVIE->THD : ROE
L f EE f{,}éo .

E : a real Banach space |

f:10, 1] x E— E : a Lipschitz continuous function in its second variable

with Lipschitz constant L,

TDLEHIEME
u"(t) = f(t, u(®)) (0=<t<1), au'(0) + bu(0) =0 and cu'(1) + du(1) =0

MEZONDIN, ZOMRER%E S;=SAa,b,c,d) £TD, TDLE. E DERDHA
BECIT S, VRHERD LR [ DEETIPIEFELLLTSE. 20
15% f © L, OFBOMEIAN»? 2 OFBIZH LT, ab,c,d BNEhEThLas
ZF5TROPIRE->T1 680 DRFPEZIZHIPNDEB, ENENIZONWTAERTZLD
NTIETHB. ()~G)IZDNWTIiX Theorem 1 X > TEDL S f BEETDZ
LN PBEMN,. L; OFROEIZOWTIIRFRTH D, (6)~(12) T2 T,
Remark 1 IZ X VEED [ IZHOWT, SfEE F 7z Sf&E@E ROT., FADOEEIZ
WE2W, Fz13)~16) iITDNTiZ, RidY Theorem 1 iLX > TEDK SRR f X
FET DT LMY, Theorm 2, HREA UV 2] I > TEDTFRARES NS, B
L (15)~ (16) iz DU\ TiZ, E 3 Hilbert space DIFH L5302 TR,
()a=0,b=0,c=0,d=0:inf L, is unknown
(2a=0,b=0,c=0,d=0:inf L, is unknown
(3)a=0,b=0,c=0,d=0:inf L, is unknown

4) a=0,b6=0,c=0,d=0:inf L, is unknown

(5)a=0,b=-=0,c¢0,d==0:infL/ is unknown

6)a=0,b=0,c=0,d=0:S,=E forany f

(7)a=0,b=0,¢=0,d=0:S,=E forany f

8)a=0,b=0,c=0,d=0:S,=E forany f

(9)a=0,b=0,c=e0,d==0:szE for any f

(10)a=0,b=0,c=0,d=0:S,=E forany f

(11)a=0,b=0,c=0,d=0:S,=E forany f

(12)a=0,b=0,c=0,d=0:S,=E®@E forany f

(13)a=0,6=0,c%0,d=0:S,=C, inf L, =0 (Neumann problem)
(14)a=0,b%0,c=0,d=0:S,=C,inf L,= 7% (Direchlet problem)

2

(15)a=0,ban,Can,d:O:stC,info:%— if E is a Hilbert space

”

-

(16)a=0,b=0,c=0,d=0:S,=C, inf L, =~

y if E isa Hilbert space
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