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Abstract: L" estimates for the Poisson equation and heat equation are the most basic regularity estimates.

In this paper, we mainly study a new class of regularity estimates, weighted L° estimates, for the Poisson
equation and heat equation.

Keywords: Regularity Estimates; Weighted; L Estimates; Sobolev; Poisson Equation; Heat Equation

Poisson FIES#ASHEAMR LP &

w4k

BEREEERCE R, L
Email: 464492636@qqg.com

Wk E . 2013 4E 2 H 27 H; &EEH: 201343 H 21 H; AHHEH: 20134E4 H 2 H

& . Poisson TR HE ST LP iR EFEAR IE MR . ASCIRATEZHTFE Poisson 7 e
5% TN — ISR IE PRS- AL LP At

XA ENMEA TR AL LPAdit; Sobolev: Poisson JifE: #uk iR

1. 58l§

IR S I T RE ) LPAS TR TR AR R B B A AR R EERMER, QIR ZEETZH
W5t. 2003 4, FU7E Caffarelli Fl Peral ™3 fits R FHM KRS, BJ7ik. Vitali B 55 5| B I545 H T Poisson
T RERATT FER L A Al T LA IE B 79250 3E—25, FHSSUREYY Byun i EBZEASH (1 [X 38 (Reifenberg
Lipschitz [X384) rF3 5] 1 %28 i BUE B L MR R S04 R 7 R0 40/ LP 4t . A3, Mengesha Al Phuc®®!
NS EAR 7 ERI FT T B0 RN AR I e A5 P oA LP Akt o

AR SC T B AT 3 H T L i R ARE AR 45 44 7 R (Poisson 5 # % S5 RR) AL LP At

Au(x)=f(x), xeB,cR" (1.1)

A
u —Au(x,t)=f(xt), (xt)eQ, cR"x(0,%), (1.2)

TEIME R EK KR4 (11001165)

Copyright © 2013 Hanspub 207



%% | Poisson J5 25 #E SRR IIAL LP {11

KHB ={yeR":|y|<r} RR" LN >0, BONFEMMER, B, (x)=B, +x. LIh, Qq =By x(-R*,R?*),
Fgh, Fdilic

|D2u|:( > D, U 2]2
i,j=1,-,n
H
”D u LP(R") _i,j;,---,n Dxixiu LP(R")
XHEp>1H
Xixju Lp(Rn) :(IR” XIXJ de
A FEH KRR E(1.1) 5 Q.2 u B T
J, o[ @ m<c( dg +Cf, [P @(x)dx . AHERH p>2 (1.3)
F
P
J, o2l o m<c(2 )2+cj|ﬂp 2)dz, WALEM p>2 (1.4)

EHEFEHC AT uM f o F b, WRo=1, B LBRMEFATRANZIE L AT
BUAEBATE Se /v 20— T B IR — S S (L [8-11]).-
EXLL Big>1. RAOMBER we A, MR oel, (R"), o>0 LTk, HifL i Holder 4355

o]

A=UA

1<q<o

2y

YHER R FER B, . FATid

w(Q):IQw(x)dx .
GYAh, ARSI IIALES 1A LY () 2 i A TR AR ) AR B K h 4R
1q
I 0y = ( [l a)(x)dx) <o,
FE1.2
1) #Lk, BATAIRHA, cA,, XhHl<q <qg, <o,
2) W o(x)eA,, W4,

g(x)|" @(x)dx

a)({Xe R”:Mg(x)>y})£%]}{n
3) R g(x)ell, Wi, MWEEMg>a,, H

208 Copyright © 2013 Hanspub



%% | Poisson J5 25 #E SRR IIAL LP {1t

gl® w(x)dx}dy .

x)dx =q[ 4o ({x € R":|g| > u})du = (a-0,) [} 4" {LKWanq

4) mRq>q >1, Mol (Q)c Lt (Q).

BATE— B4 — 28 A BURTER -

51813 MR we A (q>1) HB B, cR", MAKNA
w(Bg) R\™
o sc[?j :

534k, BATEA T HIEE & Holder A4,

51H 14 MR we A, (a>1), BLEATH

1

1+€ l+e
et st ot
ST R HHIER B,
51# 15 M we A, (4>1) BB < By <R", IafifE—AH4 o > 01413

o(B, r\"
ﬁsc[ﬁj :
IAE AR EE R A S E A .
EH 16 fiitwe A H fel)(B,). @R uikiLPoisson Jife, HAFMTRIAHIAL L® Ati1H(2.3).
TR L7 Ritwe A H fel)(Q,). MR uMEHRMEIII, MATATATFFINAL LP fliit(1.4).
18 AT FEEIEA-E S A KIE EH 1.6, SZhr b, NAHEERMITERANT 5% S
B HIER .
1.9 XAl E(L.3) A i B — I, R A Holder ANSEZURT 51 BE 1.4 JRATA 15

209 Vi 1
x)dx = [ c de (IB a)(x)lﬁ dx)“‘ < CUE |D2u
ARt BATTERE 2(1+6)/e<p. B4,

2. EELILHYIER

AN ERAMNE R EELS L. 8 1.6 MUE .. @ AR WE T2 (S I [12-14]), FATA Wi &
|D?U € L. (B, ) - FRATHER AL i BAKAE I 1 245 16

2(1+¢)

T
€ dx] IB w(x)dx

ulel? .

PAEFRA IR
2_ 1 ; 2
A (Bz) dx+§a)(Bz)-[Bz|f| o(x)dx (2.1)
XH 5e(0,1) & —MARS/DIFELEFH. £
f,=1/(4A) (2.2)
H
1 s |2
JJB]:WMD u,| a)(x)dx+Wj |, o(x)dx, (2.3)

Copyright © 2013 Hanspub 209



%% | Poisson J5 25 #E SRR IIAL LP {1t

FHERE 2 > 0 UL R R SHOIKI B . 534h, FAHEACTHEE, (1) 58 X
E, (l):a)({Xe B, :| D%, | >1}) .
T, BRAMSEATEE, (L)
317 2.0 (B 4> (C207) 4. MR o(x)e A, BAFE—HEAMEZHR(B, (x) &K

neE () Ha-p(x)e (0],

i>1

3,[B,(x)]=1 3,[B,(x)]<1 X{EiEp> P, (2.4)

E, (1) cUB;, (x)UZILE (2.5)

i>1

WEBH: [E xeB, . M4, HT(21), (22)F5H 1.3, Xﬂi%ﬂ’ﬂpe[%,l} X CIES]

o8) [ 1 ;. 1L e Bl )% i
JA[BP(X)]SW(BP(X)) a)(Bz)-[BzDuA w(x)dx+5w(82).[82|fl| w(x)dx}gc[“ap(x)d ><C,20 e
4> (C20m) " 4y, HeE BRI
J,[B,(x)]<1.
Firbh, FATH
sup sup J,[B,(x)]<1. (2.6)

xeR" 1
el —,1
? [10 }

FEN, RTUFALAER x e B, (1), HHFEAHI B 3RAT AT 45
lim J, [B,(x)]>1-
MITAFATERA p > 0 3 2
J,[B,(x)]>1.
R, H12.6)FATTILEI p, e [oﬂ 45

3,[B,, ()]=1. 3,[B,(x)]<1XHEE p> p, .

Ui BRI, RELTAAEH x € E, (1) IAAPAED FAGIEI — KRB, (x). S5, FIF Vitali B 515, B4
ATHRE IR HAARSZHIR (B, (x )] | Fli(2.4)f1(25). #, LEibfHE!
SIE 2.2 R R G| B 2.1 FIRERSR PR, W AAT— A

2
a)(BPn (Xi )) < Zj{xeBﬂ(xi ):D2u12>1/4}|D2U1|2 a)(x)dx—i_g."{xeBpi(xi ):\f1\2>§/4}| fﬂ|2w(x)dx (27)
UEWA 1 (2.3)F1(2.4), BATAT %0
w(Bp. (% )) - J.spi(xi)

2 1
D2u1| a)(x)dx+gJ'Bm(Xi)| fl|2 w(x)dx .

210 Copyright © 2013 Hanspub



%% | Poisson J5 25 #E SRR IIAL LP {11

Ha, RIS BRI ASY, RATTE
“’(Bﬂi(Xi))sf{xesm<x.):\azul\2>y4}|D u.] o(x)dx+o(B, (x))/4

2
+EJ‘{XEBM(X”:“&‘Z>§/4}|f4| 0] dX+[0 /4
R, BATTRERLERQ2.7).

P, miﬁﬁﬁ%lfiﬁaﬂ]THTLE’Jémm
l@z3%ukmﬁ2ﬂ14qmﬂ Ay o ABATHTE

1 o B
|Bp(xi) Bp(xi)|f/1| dX<C§ Xj"fflu»ﬂ/]p>pi

ﬁJ‘Bp(XiJDZU’IP dx <C XEEM p> p, o
p

WERR: FATX HEIGE S, B AR AR, A 2.1, RATEEH

1
S f x)dx < & MAERH p> p
a)(Bp(X,))J. | |

4N, 1 Holder A2 FAT] R
1
S — f|™d
|Bp(xiNI%4nJ A| ox

1 LY P
o G ol 7 007 0= 0
2 i

< C{Mﬁhp(xi)' A ~w(x)dx]

2 o|B, Xi)) 2 2
(eatapheliton] (Tt ) (g

R, B (2.8)F1E X (1.1)RT %1

MEER p>p . BAA, A Ao BATTERIEY.

Wa, BATK R EL R 1.6 FIEY.

ER: [E 21, BIERATSIA v N TR SRR RIf#E
{—AV:O, xeBy, (%)
Vv

X
=u,, x € By, (%)o

Copyright © 2013 Hanspub

(2.8)

211



%% | Poisson J5 25 #E SRR IIAL LP {1t

Lo=u,-v. BA, oiit-Ao="1, xeBy, (x)MUFFMFw=0, xedBy, (). MBa, FHER
KL Al 551 # 2.3 A5

|BlOp.1(Xi ) J.Bm”‘(xi) D2w|pl dx<c |BlOpi1(Xi) -[Bmpi(xi)| f/1|pl dx < C5% <Co, (2.9)
W, H(.9)n1E
m‘[%m(xi) DZV|pl dx < 2Pt |Blopil(Xi) L‘mpi(xﬁ) |32w|"l dX+|Bm:(Xi) J-Bmpi(x) D2U1|p1 al<c
K AW TE TP R A 1
Bf;(ei) D2V| <N (2.10)

KHEN, >1. Wu=214, Ba, FHE?2), (2.9)F#(2.10), FATA45

Hx €B,, (% ):|D2u| > 2N1y}

={xeBs, (xi):|D2ul|>2Nl}

IA

+‘{X€ Bs,, (xi):|D2v|> Nl}

< ! D’w ™ dx

Nlpl BSm (Xi)

!
‘{x €B, (xi):|Dza)| > Nl}
!

xeB,, (xi):|D2a)|> Nl}

< stpi(xi)| f,|™ dx < co? |Bpi (% )|
W, HEFGIH 15, Afg
o({xe By, (x):|D%[> 2N,u}) < Cﬁ%a)(Bpl (x))-
#t—0, FIHGIH 2.2 f1(2.2), A1
cs?

o{x<8y, (x):[D%[> ZNw})STU{xesﬁ<xi>:ozf>w4}

2 1 2
D2u| o(x)dx +EJ{XeBpi(xi):\f\2>u25/4}| fl a)(x)dx] o

HIEFIRI (B, ()} LM S

UBs, (x)UZl S E, (1) = {x<B:[Du,|>1} ,

i1

HOM R0 4 > (C,207) 4y, BRATAT A

a)({x € B, :|D2u| > 2le})£ ga)({Xe Bs,, (xi):|D2u| > 2N1,u})

po (2.11)
Cs 2

< T(J{XE BZ:‘DZU‘Z >y2/4}

M2, FIHVE 1.2 FAHHEAT

2 1 2
D2U| dX+EJ.{XEB2:‘f‘2>/125/4}|f| dXJ

212 Copyright © 2013 Hanspub



%% | Poisson J5 25 #E SRR IIAL LP {11

J,|p? u[" o(x)dx=p|” ° a)({XEB :|p* U|>2le})d[2Nlﬂ]
= p{ ;0 + :) },up’la)({Xe B, :|D2u|>2N1,u})d[2Nl,u]
=J,+J,

J BIftTE. H1 3, HIE S FATAAS
JlsCa)(Bl)ﬂopSC(_[BZ|DZU|2a)(x)dx+_[82|f|2a)(x)dx) o[, [0 o dx) +Cf [ o(x)dx .

FEEAIAE T

p-2

P
([, 11 @ dx) (j82|f|2w(x)iw(x)lidszs ([, 11 @()ax)(J, @(x)ax) * <cf, [1] @(x)ax-
J, ftite MA(2.11), It

Po 2 ® 2
Jz S .[O /up73 {J'{XEBZ:DZUZ>#2/4}|DZU| dx}d[¢(2N1'u):|+C.[o 'up73 {I{xeBzifz>/¢25/A}|f| dx}d[¢(2N1’u):|

’

s6252 |7 @(x)dx+C, [, ] @(x)dx

KHC,=C,(n) HC,=C4(n,6) . BB, 455 3, 1, Kftiit, FATA

J [0 e(x)ex=c(f, dx) +Cf, [ o X)dx+Cy5 ? | J,, [o[ o(x)dx .

e, WHEIE E’Jc’>‘>0(w~iEC52 <12, RIEFMEARIERGI (S I[15], % 2 T5h 5] P 4.1 5¢[16],

%3 gl B 2.1), Wl A s A S =Ry, AT AT A3

|D u| dx<C(

dx) +CI |f|p dx

H PSSR HIIER

BEH (References)

(1]
[2
(31
[4]
[5]
[6]
(71
(8]
[9]
[10]
[11]
[12]
[13]

[14]

L. Wang. A geometric approach to the Calderon-Zygmund estimates. Acta Mathematica Sinica (English Series), 2003, 19(2): 381-396.

L. A. Caffarelli, I. Peral. On W** estimates for elliptic equations in divergence form. Communications on Pure and Applied Mathematics,
1998, 51(1): 1-21.

S. Byun, L. Wang. Elliptic equations with BMO coefficients in Reifenberg domains. Communications on Pure and Applied Mathematics, 2004,
57(10): 1283-1310.

S. Byun, L. Wang. L’ estimates for parabolic equations in Reifenberg domains. Journal of Functional Analysis, 2005, 223(1): 44-85.

S. Byun, L. Wang. Parabolic equations in Reifenberg domains. Archive for Rational Mechanics and Analysis, 2005, 176: 271-301.

S. Byun, L. Wang. Parabolic equations in time dependent Reifenberg domains. Advances in Mathematics, 2007, 212(2): 797-818.

S. Byun, L.Wang. Quasilinear elliptic equations with BMO coefficients in Lipschitz domains. Transactions of the American Mathematical
Society, 2007, 359(12): 5899-5913.

T. Mengesha, N. Phuc. Weighted and regularity estimates for nonlinear equations on Reifenberg flat domains. Journal of Differential Equations,
2011, 250(5): 2485-2507.

T. Mengesha, N. Phuc. Global estimates for quasilinear elliptic equations on Reifenberg flat domains. Archive for Rational Mechanics and
Analysis, 2012, 203(1): 189-216.

E. M. Stein. Harmonic analysis. Princeton: Princeton University Press, 1993.

JAIR R, AT (AR E)[M]. dbat: dERTR S H R+, 2003.

E. Acerbi, G. Mingione. Gradient estimates for a class of parabolic systems. Duke Mathematical Journal, 2007, 136: 285-320.

S. Byun, F. Yao and S. Zhou. Gradient estimates in Orlicz space for nonlinear elliptic equations. Journal of Functional Analysis, 2008, 255(8):
1581-1873.

L. Wang, F. Yao, S. Zhou and H. Jia. Optimal regularity for the Poisson equation. Proceedings of the American Mathematical Society, 2009,

Copyright © 2013 Hanspub 213



Hitk | Poisson J5 FE5 #viE U REMIANAL L At

137(6): 2037-2047.
[15] Y. Chen, L. Wu. Second order elliptic partial differential equations and elliptic systems. Providence: American Mathematical Society, 1998.
[16] M. Giquinta. Multiple integrals in the calculus of variations and nonlinear elliptic systems. Princeton: Princeton University Press, 1983.

214 Copyright © 2013 Hanspub



