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{—Au = f(u) inQ,
u =0 on JQ. Q)
DFRIZKRET DR E R X BEHREEZ B 2 5.
ZIT, UIRPOAFREZMAEHEEE T D, F
7o, VERFESf:HI(Q) - L?(Q),I% Fréchet #1557
AlReZe A CIRIERFECTH D & T 5.
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Zilcdfiu € X ZROLHMEEZHZ 2 5. AL
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Theorem 1 (Newton-Kantorovich)
Assuming that the Fréchet derivative F'[@] is
nonsingular and satisfies
IF' [l F@llx < @
for a certain positive a. Let B(@l,2a) = {v €
X:|lv—1llx <2a} be a closed ball and
D > B(#i, 2a)be an open ball. We assume that the
following holds for a certain positive w,

KA HE—
Hily 7 HRAPET  NH BE
IF'[2] 71 (F'[w] = F'[mDllxx < wllw—mlly,
where Vw,m € D. If aw < 1/2 holds, then there
exists a solution u € X of F(u) = 0 satisfying
1-Vi-2aw
w
Furthermore, the solution wu is unique in D.
ZOFEHAFIHT D72 DITIROFZRT .
Corollary 1
To apply Theorem 1, we will calculate three
constants C;,C,p and Cz. These satisfy the
following inequalities
IF [a]~Hlyx < Cy
IF@Ily < Con
IF'w] = F'[m]llxy < Csllw —mllx
If CZC,,C5 < 1/2 holds, then there is a solution
u € X of F(u) = 0 satisfying

1- /1—2c12c2,hc3

€G3

llu—allx <

llu—1dllx <

Furthermore, the solution = is unique in
B(©,2¢,Cop) = v e X:|lv—1lly £ 2C,Cyp} ©

o

T ZT, BHC, Cop, C3 & KROIUTR.
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LP(Q),p € [1,o) X Lebesgu p I I FE %) Al hE
MBEKERET D p=21220 T, NiE
W)z = [yu@v(x)dx & L, AR HFES
o //I/.ZA%Y”“LZ = 1/(',')Lz ETH.EDHD
FHLSIT OV THS (Q)1EsPE D L2-SobolevZEfi &
T 5. B3 % ZE M HI(Q) = {u€eH(Q):u=
Oon 00} & 3%, ZORKZEMHI(Q)EXET
5. 0L XBEBEMEQICED X SR v
LEBAT LA EDOEERHTHD. A
WA TR O X 9 72 NE % BIEZE T HE (Q) 12
BAT 5!

Numerical verification method for solutions to PDE’s using weighted norm
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g =V ) +a()z+ (f'[A] )2
L35, L, olFA+ o+ f[]NERE Ot
BAERRBICRD X OITRET D, £, B%zE

ElHs Q) D/ v BiZ | lga = [Cdga & T 5.

H1(Q) % HY(Q) © %% 22/ & 5 % .
T € H1(Q) L u € HE(QIZ AW T, (T, u)le £ -
THEXZEHRT. £/, TEH QD / V1%
— (Tw)l
”T'”H_1 — Sup ”T”H(l)
ET5. 20X D REMZEREI(Q)EY E LT,
Newton-Kantorovich® E#H A&z 5.

4 FrEH
u € HH(Q)IZOWTHIEIERFEAHI(Q) -
H™1(Q) L IERIAEREN: HE () » H1(Q)
(Au, w) := (Vu, Vw) 2
(Nw), w) = (f(w),w),2.
LT 5. F T, IIGAERISEF: H () » HH(Q)
%
F(u):= Au— N(u)
L9 25 &, HEAQDOUIZHOWTF W) = 047
eI R L. £, IERIIERFEF (W)
® 4 € HY(Q)IZH1F D Fréchetiirr %
F'[i]:= A — N'[1]
LT 5.
Theorem 2
Ifo =0,then C; = 1.
Proof
H Lo =070 XF [a)lEHY Q) EH1(Q) T
LRG0,

lullgg = IIF'[@]ully-2, Yu € Hg ()

MDD, 2O BT, FallZiEfZHE £
‘6)

IF' (@]~ ullyz = llully-1, vu € H71(Q)
HAKY LD, CLDEFRKLY

) P[] ull g
F" (] -1 g = sup——r—2

el
_ up el

el
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L5,

S oDWENE

olIEFR L VIEREA + o + f'[0)Df/NEAH
R ETHIUEE V. K-> TROEFIERE %
Bz 5D

Find u € X,2 € Rs.t. (w,v)yz = M, v) 2

Z DORRTL BRI E AR OFAf 7 15 & L
TRIZRT L9 A OB- KA DERP B AL
Tna:

Theorem 3 (£~ A7)

Let {4;} be an eigenvalue satisfying an eigenvalue
problem

Find ue€e X,1 € Rs.t. (u, v)H& = Ay, v) 2.

Let {A"} be an eigenvalue satisfying the finite
dimensional eigenvalue problem: Find u; €
Xh,/lh € R such that

(un, Uh)Hg = A" (up, vp) 2.

Let C; be areal constant satisfying

llu — Prullz < Cpllu — Pyullyz, Yu € Hg (Q).
Then, we have the verified lower bound of each A;:

A
v < 4.

Bl-ROOEBREHANDZ LT, A40+
fIA)DEMEER Y, /e 72 D0 PRETE 5.
b, o = 072 51X Theorem 270> B -H-IAE
M 8k o 77 R oD 4 BE PRAEAT & BURFIRA
EATOBOREEDO—>ThH HERC, =T 7V
F VT, BOoREEZFHETE 5.
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