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Local boundedness

We study the local boundedness of minimizers of a nonuniformly energy integral
of the form fn f(z, Dv) dz under p, g-growth conditions of the type

M)IEP < f(z,8) < plz) (1 + [€]7)

for some exponents ¢ > p > 1 and with nonnegative functions A, u satisfying some
summability conditions. We use here the original notation introduced in 1971 by
Trudinger [26], where A(z) and p(z) had the role of the minimum and the maximum
eigenvalues of an n X n symmetric matrix (a;; (z)) and

n

f@,6) = ay (@) &

i,j=1

was the energy integrand associated to a linear nonuniformly elliptic equation in
divergence form. In this paper we consider a class of energy integrals, associated
to nonlinear nonuniformly elliptic equations and systems, with integrands f(z,¢)
satisfying the general growth conditions above.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

In the recent mathematical literature a large interest received the energy integral
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where 1 <p<q,a>0, 2isanopenset in R", n>2 0¢€ 2, u: 2 — R™ m>1, and Du is the gradient
of u. See for instance [1,3,4,14,15,16,24,27]. To explain the point of view of this research, we denote as £ the
gradient variable and

f@, &) = & + |=["[¢]

then f: 2 xR™*"™ — R is a convex function with respect to & € R™*™ which satisfies the growth conditions

€7 < f(z,6) <c(14+ €% (1.2)

and also

2§17 < f(2,6) < c(L+[¢]7) (1.3)

for some positive constant ¢ and for every & € R™*™, With respect to the condition (1.2) we can say that
f(x,€) enters in the p, g-growth regularity theory and, by the recent results in [6,8,10], we know that any
local minimizer of the energy integral in (1.1) is locally bounded in {2 if p < n and

np
n—p

q<p‘=

(with ¢ < p* if m = 1). However for the model integral (1.1) our point of view here is to take under
consideration also condition (1.3). With the symbols described more in details below, we have that, if « < g,
then A\™! == |z|™* € L], .(£2) for some 7 such that 7 <r < . This allows us to apply Theorem 1.1 and to
obtain that every local minimizer of the energy integral (1.1) is locally bounded.

Let us summarize the discussion above: any local minimizer of the energy integral (1.1) is locally bounded
in 2 if either the integrand f(z, &) satisfies the p, g-growth in (1.2) and ¢ < p*, or if f(x,¢) is nonuniformly
elliptic as in (1.3) and « < ¢. Of course here it would be interesting to unify the two cases and to give a sole
condition. This is one of our aims in what we propose below.

In this paper we consider the general case of nonuniformly elliptic energy integrals of p, g-growth of the
type

Flo; 2) = /Q f(w, Do) de (1.4)

with
{/\( 2)[€]” < f(@,6) < p() (€7 +1) (L5)

€ LlOC('Q)7 2 € Ligoc(“Q)

for 1 < p < ¢, for some exponents r € [1,00], s € (1,00] and for every £ in R™*™. The integrand f(z,£) also
satisfies the condition

f(x, &) = g(z, [€]) , (1.6)

where g : 2 x [0,00) — [0,00) is a convex Ay function of class C! with respect to the last variable, with
g9(z,0) = g:(x,0) = 0.

Theorem 1.1. Let us consider the energy integral (1.4) under the assumptions (1.5), (1.6), with r € [1, o0],
s € (1,00] (if p <2 then we also require r > pfl) and

1 1 1 1 1
—f— o< —; (1.7)
pr g5 p q n

then every local minimizer of the energy integral (1.4) is locally bounded.

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
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We observe that in the relevant case r = s = oo then condition (1.7) can be equivalently written in the
form g < p*. We also point out the connection of our result with the pioneering and celebrated paper by
Trudinger [26], where it is studied the linear case of nonuniformly elliptic second order equations (of course
with p = ¢ = 2). Indeed, if p = ¢, then (1.7) becomes

1 1 »p

- - )

r S n

which is exactly the assumption on the summability exponents appearing in [26] in the particular case
p=q=2

We refer to the next Section 2 for more details. There we also fix the notation and we give the complete
statement of our main result, see Theorem 2.1, including a precise estimate for the L> norm. In Section 3
we give some preliminary results, while Section 4 is devoted to the proof of Theorem 2.1.

For completeness, the regularity theory under p, g-growth conditions have been considered nowadays by
many authors. See for instance [1-4,11,14,15,17,18,20] and recently [12] with geometric constraints under
p, g-growth conditions; see also the survey [23] on regularity under non standard growth.

Our research collaboration on regularity in the calculus of variations under p, g-growth conditions was
originated in 2009 and focused in particular on the local boundedness of local minimizers [6-10]. A
comparison with the previous papers and in particular with the most recent [10] shows that here we consider
the vector-valued case (with respect to the scalar one in [10]) and we assume here quite weaker summability
conditions on the coefficients.

2. The main results

Let us consider the functional
F(v; 2) = / f(z, Dv)dz, (2.1)
7]

with 2 C R™, n > 2, open set, and f : 2 x R™*"™ — R, m > 1, a Carathéodory function. We assume that
there exist measurable functions A, p : 2 — [0, 00) such that

A@)EP < fz,8) <pul@) (€7 +1), 1<p<g, (2.2)
for a.e. x € 2 and every £ € R™*" where
AT ! € Lloc(“Q)v IS Llsoc(“Q)v

for some exponents r € [1,00] and s € (1, o0].
With simple computations (see Proposition 3.1), for every open set 2’ compactly contained in {2 we
deduce that

X 10017 < [ D0 o < il 1D
(Q/ Rmxn)

+ ||MHL1(Q') J (2.3)

1
HLT(.Q/ (Q/ Ran

and therefore we have
W (5 R™) > WHE(QR™) S WHEET (25R™),
where W17 (£2'; R™) denotes the set of maps u of finiteness of the integral; i.e.,

WL () R™) = {u € WH(Q2;R™) : F(u; 2) < o0},

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
https://doi.org/10.1016/j.na.2018.03.018.
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It is clear that if we fix appropriate conditions at the boundary of a fixed {2/, then from standard direct
methods of the calculus of variations we derive existence of minimizers in W1 (£2/; R™); at this stage we
need the condition 25 > 1.

Of course any minimizer belongs also to W17 (£/; R™).

In the vector-valued case, as suggested by well known counterexamples by De Giorgi [13], Giusti—
Miranda [19], Sverék—Yan [25], generally some structure conditions are required for everywhere regularity.

Thus, as usual in this theory, we assume that f is a radial function with respect to the gradient variable &.

Precisely:
there exists g : £2 x [0,00) — [0, 00) such that, for a.e. x € §2,

f(x,€) = g(x,|€]) is a convex and C! function with respect to & € R™*™, (2.4)

We also assume the so-called As-condition holds:
there exists v > 1 such that

[z, t8) <7 f(z,€) (2.5)

for every t > 1, for a.e. x and every ¢. This condition implies that W7 (£2/;R™) is a vector space.
1,-Br
We study the regularity of local minimizers of F. We recall that a function u € VVIOCTJrl (£2;R™) is a local
minimizer of F if

Fluy 2') < Flu+ ¢; 2')

for every open set 2’ compactly contained in 2 and for all p € W7 (2;R™) with supp ¢ € 2'.
Before stating our regularity result, we recall that, given a real number ¢ > 1, £* is its Sobolev exponent,
ie.
nt

0* = n—/7
any number > /¢ if{>n

if £ <mn,

and ¢’ is the conjugate exponent of /, i.e., % + zl’ = 1. Moreover, as usual, é has to be read as 0.

Theorem 2.1. Let us assume that (2.2), (2.4) and (2.5) hold under the summability conditions
ATHE L), e Lie(9),

for some r € [1,00], s € (1, 00] such that

1 1

1 1 1
-——-< . (2.6)
pr o gqs p g n
Lﬂ .
If p <2 we also require r > p%l Then, every local minimizer u € W, " (2;R™) of F is locally bounded
and there exists a positive constant ¢, depending on p,q,n,m,~y, such that

— _ U1 [V
Il (3 toremy < R IN r g Wl o mmgy o Il 41 (20)

for every xg € 2 and Bgr,(x9) € 2,0 < Ry <1, where 0 .= 2= (0 :=p if r = c0) and
0 r+1

o* q(o* —ps')
= —2 9y =0T~ P7)
LT oplor —gs) 27 plo* —gs)

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
https://doi.org/10.1016/j.na.2018.03.018.
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Remark 2.2. If r = s = oo inequality (2.6) reduces to ¢ < p*, see e.g. [7,8,10]. Moreover, we observe that
the assumption on the summability exponent of 1 can be written as

((;*)/ < s < oo, (2.8)

and that, if p = ¢, then it becomes
1 1 »p

s r o n
Remark 2.3. Trudinger [26] considered nonuniformly elliptic second order differential equations, with
p = q = 2, under the following assumptions on A and g
1 1 2
el (), N e Ly (12 -+ o< X
loc( ) H loc( ) s + r n
His condition on p is slightly stronger than ours; in fact in our context A(x) < 2u(z) a.e. in 2 (by (2.2);
also in [26] A(z) < p(z)) and thus

A2 € Lino(2) = p € Liyo(2).

3. Preliminary results

We start this section with a precise statement and proof of (2.3).

loc loc

Proposition 3.1. Assume that (2.2) holds, where \™* € L}, (), u € L{ (£2) for some exponents r € [1, 0]
pr

1,-20
and s € (1,00] (if p < 2 then we also require r > p%l) Then for every v € W7 (£2;R™) and every open
' € N the inequalities (2.3) hold; i.e.,

-1
XY IDo||P </ x,Dv)dx < scon |Dv]|? g + ’” -
P Z i 1P oy S L TP < Wl 1P e Wil

pr
Proof. Consider r € [1,00), v € W, (£2;R™) and an open set 2’ € 2. By Holder inequality with

loc
exponents % and r+ 1,

T 1

T r r r r+1 r+1
/ |Dv|%dx:/ Am|Dv|f+1Ar+1dx§(/ >\|Dv|pdx) (/ (Al)rd:v> .
0/ Q' Q! Q'

Therefore, using the left inequality in (2.2)

ﬂ
f(anv)de/ ADof? da > (/ | Do) 75T dm) (/ (A_I)T'dx>
ol 0’ (oZ tol

and the left inequality in (2.3) follows.

If r = oo, that is ;75 =1, consider v € Wli‘f((); R™). The left inequality in (2.3) follows by

1
T

/ |Dv|P do < ||)\71HL00(Q/)/ A Dv|? dx
ol fold

and the left inequality in (2.2).
Let us now prove the right inequality in (2.3).

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
https://doi.org/10.1016/j.na.2018.03.018.
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qs

Let us first consider s € (1,00). If v ¢ W"s=1(£’) the inequality trivially holds. Let us assume
qs
veWwhsT (£2'). By Holder inequality with exponents s and —*5, we obtain

/ w|Dv|? dx < (/ usdm)
o o

s—1
Using the right inequality in (2.2) we conclude.

(/ Dv|5qsldaﬁ> .
Q/

Let us now consider s = oo, that is 5 = 1. If v ¢ Wh4(£2") the inequality trivially holds. Let us assume
v € WHi(0'). We obtain

|

[ Dol s < lzeeqon) [ Dol da.
Q! Q!
Using the right inequality in (2.2) we conclude. O

The next lemma is about a Poincaré — Sobolev type inequality.

Lemma 3.2. Consider a bounded open set 2 C R™ and let p and r be such that p > 1 and r € [1, 0]
o

(if p < 2 then we also require 1 > -17). Let v € WOI’TH(Q;RW) (v e WyP(2;R™) if r = o0) and let

A 2 — [0,00) be a measurable function such that \=' € L"(§2). Then there exists a positive constant ¢

such that

P
{/ |v\0* dx}g < CH>\71||LT‘(Q)/ A Dv|? dx, (3.1)
Q Q

where 0 == 5 (0 :=pif r=0o0).

Proof. First, assume that r < co. By applying the Poincaré inequality and Holder inequality with exponents

r4+1

=, 7 + 1 we obtain

P

_b_ p
{/ |v|a* d:c}g < c{/ |Dv|” dz} < c{/ (/\er|Dv|”> N d:z:}
2 2 2
gc||x1||Lr(BR)/ ADul? da.
2

Let us now discuss the case r = 0o, that implies ¢ = p. We have

p

{/ w|” dm}a < c/ |Dv|” do < c/ AN Dw|P) dx
0 o Bp

< c||A—1||Loo(Q)/ Dol da.
2
This concludes the proof of (3.1). O

The following lemma deals with well known properties of the convex functions satisfying (2.2), (2.4) and
(2.5).

Lemma 3.3. Assume (2.2), (2.4), (2.5). Then

(i) f(z,t€) < max{1,t7}f(x,&) for every t > 0 and every £ € R™*™,

(i) f(z,&+n) <2771 (f(2,8) + fz,m)) for every §,n € R™*™,
(iii) ge(z, )t < vg(z,t) for every t > 0.

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
https://doi.org/10.1016/j.na.2018.03.018.
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We also remark that a Euler’s equation holds true.

Proposition 3.4. Assume (2.2), (2.4), (2.5) and let u be a local minimizer of (2.1). Then

n m 8
/Q Z Z % (z,Du) @5, dz =0 (3.2)

i=1 a=1

for all o € WHF(£2;R™), supp o € £2.
Proof. Let ¢ € W7 (2;R™), suppy € 2. By (2.4) also —¢p is in WHF(2;R™). By Lemma 3.3 we get
u+tp € WHF(02;R™) for every t € R. By the local minimality of u,

F(u) < Flu+tp) vVt € R.

To prove (3.2) it suffices to prove that

%]—"(u +typ) = /Q %f(x, Du(x) +tDy(z))|  du.

t=0

t=0
To prove this, we need to prove that

‘ZZ%(%,Du—i—th@)gog‘i < H(z) Vte (—1,1)
i=1a=1 >

with H € L*(supp ¢). By the convexity,

fla&) = fl@26 -9 < Y- Y ZL@&)E - (€)) < f2.8) - fa.o).

x), we have 2§y — & = Du(x) + (t — 1)Dp(z) and

N

1
If & = Du(x) +tDp(z), £ = Du(z) + (1 +t)Dyp

—~

f(z,Du+tDyp) — f(z,Du+ (t —1)Dyp) < Z Z %(x, Du+tDy)pg,

i=1 a=1
< f(z,Du+ (1 +t)Dy) — f(xz, Du+ tDy).
Therefore, since f is non-negative,

’ Z Z %(m, Du +tDp)ps.

i=1 a=1

< f(z,Du+ (1 +t)Dg) + f(z,Du+ (t — 1)Dy).

Using again the convexity and Lemma 3.3 we get
fx,Du+ (14+t)Dy) < tf(x,Du+2Dp) + (1 —t)f(x, Du+ Do)
f(@, Du+2Dyp) + f(x, Du+ Do) <27 (f(z, Du + D¢) + f(z, Dy))

<
< 227 (f(x, Du) + f(x, Dp))

and, similarly,
f(@,Du+ (t —1)Dg) < tf(z,Du) + (1 —t)f(x, Du— Dyp)
< f(x, Du) + f(x, Du — Do)
<27 (f(x, Du) + f(z, - Dyp)).

We have so proved that

300 L Dut D) | < 27 (D) + (5. D)+, ~Dip) = Ho).

| S
i=1 a=1

Since u, ¢, —¢ € W% we conclude. [

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
https://doi.org/10.1016/j.na.2018.03.018.
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4. Proof of the main results

We first state a lemma useful for the proof of Theorem 2.1. In the statement, the functions A, u, and the
exponents p, q, r, are the same of the statement of Theorem 2.1. Moreover, zg € {2 and 0 < Ry < 1 are
such that Br, := Bp,(z0) € £2. Fixed R € (0, Ry}, the function n € C2°(Br(xo)) denotes a cut-off function
satisfying

2
0<n<l, n=1in B,(zo), |Dn| < ) (4.1)
R—p
where 0 < p < R.
_pr_
Lemma 4.1. Let u € VVIZC’"+l (£2;R™) be a local minimizer of (2.1). Then for every 8 > 0
/ Az)(Ju| + 1)PP|Dul? n?dx < 071/ () (Ju| + 1)97P° da (4.2)
Br (R—p) /g,
for some c¢1 depending on n, m, p, q, 7, but independent of B, u, R and p.

Proof. We begin using Proposition 3.4, with a suitable test function.
Let us approximate the identity function id : Ry — R, with an increasing sequence of C! functions
hi : Ry — Ry, with the following properties:

1

hi(t) =0 Ve (o, 7],

hi(t) =k Vielk+1,+o0], 0 < hy(t) <2in [0,00). (4.3)
Fix k€ Nand 8 > 0. Let @,iﬁ ) R4 — Ry be the increasing function defined as follows

80 (t) = ha(79). (4.4)
Define Lp,(f) : Br(xg) — R™,
o (@) = 9 (u() u(@) (@) (45)

We have that ¢y, is in W/ (Bg(z0); R™), supp ¢ € Bgr(zo) (see the proof of Lemma 5.1 in [8]).
Let us consider the Euler’s equation (3.2) with test function @,&B ). From now on, we write ¢ and & in
place of gogf ) and @,(f ), respectively. We obtain

I + 1= Du)uy & 1
1+ 1o ZZ - 8{“ (z, Du) ug Pp(|ul) n? dx

j=la=1
U/B q
j= 1a5 1VBr asa () D) mu P(lul)n* da (4.6)
<al35 [ S D el as| = 1
j=la=1 R

Now, we separately estimate I, I, I3.

ESTIMATE OF I
As far as I is concerned, we use that f(x,-) is convex. Thus,

Bz [ (@ Du) = f(w0) dulful e

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
https://doi.org/10.1016/j.na.2018.03.018.
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Using (2.2), we get

I 2/ f(x, Du) @k(|u|)nqdzf/ wdp(Jul) n? de.
Br

Br

ESTIMATE OF I,
We claim that I3 > 0. Indeed, by (2. 4), (:r Du) = g(z, |Du|) —

a

Bu] ‘ Therefore

2
i i oF 37 DU uuP ’8 = Z ‘DUD (Zg:l u ug]) >0
5 ol | Du| =

j=1la,p=1 Jj=1

Thus, by the monotonicity of @, we have

2
(E;nﬂuaugj) ,
I | D ¢ 9dx > 0.

R]l

ESTIMATE OF I3
By (2.4) and (4.1) we have

2
o g2 [ oo DDl a5

where

2mqlL
A :BRH{WO,IDngmq“'}

n(R - p)
and
2mgL|u|
Ar =B ﬂ{n;ﬁo, Du| > 2142
R OR Dul> &= p)

with L > 0 to be chosen later.
By (2.2), (2.4) and the assumption « € A}, the following inequality follows:

2mgq|u 1 2mqL|u| \ 2mqL|u
o, | D) ul ( ||> |u

nR—p) = LI\ 9®R=p)) n(R=p)’

and, by Lemma 3.3(iii), (2.4) and (2.2),

- 3) B 3 ) < B0 )

Therefore
2mgq

— D 7 —1d
R_p/ARgm bl (ful) 1~ d

2m 1 _
<o(22) [ uer i do+ 3 [ ) aliul o,
p) JBg Br

Let us now deal with A}. For a.e. € A}, by Lemma 3.3(iii), (2.4) and (2.2) it follows

2mq|u|

g+(z, [ Du I)ﬁ< 7 9¢(@, | Dul)| Dul < f(x Du),

(4.8)

(4.9)

(4.10)

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
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thus
2m _
A | e palales(ul) e < T [ (e Du) (it da. (411)
— P Jaf LJg

R

By (4.9), (4.10) and (4.11) we obtain

I3 < ’y<2mq)q/ w(x) L ul? &y (Jul) da
R=r/ Jog (4.12)
+ 1 /B S Dt + /B LR
By (4.7), (4.8), (4.10) and (4.12) we get
(1 _ %) 5 (&, Du) B (|ul) n? da < v(émqp)q /BR p(x) L9 ul? By (fu]) da
+ (1+2) /B LR
Choosing L = 27 and using (2.2), we get
e, Do) s < (29 ( 2L [ ol )
Br P/ JBr (4.13)

4 3/ () B (|u]) da.
Br
Inequalities (2.2) and (4.13) imply

P Gdr < 0 x) {|ul? ul) dz
[, @D i e < o [ ) a4 1 2l

where we also used Ry < 1. We recall that &5, = @](f ) and we explicitly notice that ¢y is independent of 3, p
and R. Using the monotone convergence theorem we let k£ go to +00 and by the definition of ¢ we obtain

Az up’BDupnqdmgcio/ w(x w78 4 |ufPP Y da

| A@ul|Du Ty [, #@) {1l el
260

~ (R=p)

In particular, if 5 = 0:

[ ) tul + 2777 o
Br

200

Maz)|Dulf nldr < ———
M B oy

/ (@) (Jul +1)? da.
Bgr

Thus, (4.2) follows. O

pr_
Proof of Theorem 2.1. Let u € Wlt’c”'l (£2;R™) be a local minimizer of (2.1). Consider zy € 2 and

0 < Ry < 1, such that Br, = Bg,(z0) € 2. Fix also 0 < p < R < Ry and consider a cut-off function n
satisfying (4.1). We split the proof into two steps.

Step 1. First we prove that, if § > 1 and |u|° € W17 (Bg), then

Nl + Do 5 < € =0 AN, P
Lo (Bp) = (R_p)q/p L"(BR) L#(BRy)
q9—p
P 5
Ml U g 10+ D1 g (4.14)
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https://doi.org/10.1016/j.na.2018.03.018.




G. Cupini et al. / Nonlinear Analysis 1 (1111) 111-EEN 11

To prove the above inequality, we notice that for any g :=d — 1 > 0 we have that
/ I D((Jul + 1)) ["A(@) da < / (an®H1Dn))" (Jul + 1)EHIPA(2) d
Q Q

+ B+ 1)?/9 @)™ (u] + V)PP | Duf? dz. = Jy + Jo. (4.15)

To estimate J; we observe that

ﬁ/}g (u|+1)<5+1>m(x)dx§cm‘i)p/3 (lu] + DTPPA(2) da. (4.16)

Since n9 < n4, we can estimate Js using Lemma 4.1. Thus,

(5+1)p/3 (@) (lu] + )T da, (4.17)

Jlgc

J2§C

(R —p)1
By Lemma 3.2 applied to v = (Ju| + 1)?*1n9 the inequality (3.1) holds, that is

{/ ((Ju] + 1)) dx}“’* <N Mgy [ MDDl + D de (438)
2 2

Collecting this inequality, (4.15), (4.16) and (4.17), we get

_p_
o o* _ qp
{/Q ((Jul + 1)B+177Q) dx} <c[A 1||L"(BR0>(37 Az)(|u] + )77 dx

—p)* JBy
- (5+1)p/ +pB
+ c|A7Y| e — x)(Ju] + )T da.
A e (BRO)(R_p)q BRM( )(ul +1)
By (2.2) A <2u a.e., and Ry < 1, so we get

{ e al™ < dp iy CEEE [ w@ s nroras @)

By Holder inequality and p € L§ _(§2) we obtain

loc

1
S/

[ wtadul 47 o < oo ([l 4050 a0) " (420)
Br " \JBpg

If p=gq, (4.19) and (4.20) give

Q+ B\ -17 %
[(Jul + 1) | o (Bp) < cT-p A 1||£T(BR0)H/’(’H£3(BRO)||(|u| + 1)B+1HLPS/(BR)’

that is (4.14) holds for g = p and § = 8+ 1.
If p < g, let us apply Holder inequality in the last integral in (4.20):

‘ —

1
7

([ du e ar)” = ([ quls o qug+ 000 )
Br Br

q—p b
< (/ (|u|+1)48’dx) - (/ (|u|+1)<ﬁ+1>q8’dx)“. (4.21)
Bgr Br

Then, (4.19), (4.20) and (4.21) give
qg+B8+1 1.3 %
WHA ”L’"(BRO)HMHLS(BRO)
a—p
X llul + 1HL§S’(BR0)H(|U| + 1>B+1”LQS’(BR)'

Il + 1) o 5,y < €

Since § = 8+ 1, we get that (4.14) holds also for p < q.

Please cite this article in press as: G. Cupini, et al., Nonuniformly elliptic energy integrals with p, g-growth, Nonlinear Analysis (2018),
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Step 2. Let us define G(z) := max{1, |u(x)|}. Now, we prove the boundedness of G, and then of u, using
the Moser’s iteration technique. The inequality (4.14) implies that for any § > 1,

q+5 _ 1 1 q9—p
1G¥ o s, < € ' AN (122

1
= (R—p)Q/P”)\ HLT(BRO)”'quS(BRO)”GHLQS’(BRO) ”L‘”/(BR)'

Now, we prove the boundedness of G, and then of u, using the Moser’s iteration technique. For all h € N

define §;, = (q%) , R, = Ro/2 + Ro/2" and pj, = Rj41. Notice that the choice of §;, has been done in

such a way that §; = 1 and dp0* = d,11¢s". By (4.22), replacing §, R and p with dy, Ry, and py,, respectively,
we have that G € L‘Shqsl(BRh) implies G € L‘Shﬂqs,(BRhH). Precisely,

Lo (BRy,,1)

_ g8
10y, =Gy = 1G5

1
q+5h _1 —_p q
{C(Rh)q/pll ||Lr (Bry) ||N||Ls(BR )HG”LqS (Br, } HGHL‘sth/(BRh) (4.23)

holds true for every h. For instance, if h = 1, we get

q + 1 1 1 q—p
G 01 S o N I 1 B NG ) G
0

Notice that the right hand side is finite, because u € W17, so u € Lo and, by (2.8), ¢gs’ < o*. Since
— 0 L \o” ~o* —qs'’

an iterated use of (4.23) implies the existence of a constant ¢ such that

*

ag
Nl Lr gy el Lo g, )\ P =2 2 (a—p)
1G o0 (B, oo < € Al 0 1G5 ey G120 (3 oy

The inequality above implies that u is in L>(Bg,/2(70); R™) and the estimate (2.7). O
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