
HÖLDER AND L
P
 ESTAMTES FOR THE OPERATOR ON

POLYCYLINDERS

P. W. DARKO

Department of Mathematics, Delaware State University, 1200 N. Dupont
Highway, Dover, DE 19901–2277. E-mail: pdarko10@agl.com

Abstract

Hölder estimates are used to obtain Lp estmates for the  -operator and to solve the
Hölder-Gleason problem on admissible polycylinders.

Intr oduction
In trying to obtain L

p
 estimates for the 

 

-operator on polycylinders, we were led to
the estimates in [1]. Those estimates proved to be very useful, but they were not of
the usual kind. Here 1 < p < ∞ we obtain Lp estimates for the 

 

-operator of the usual
kind on polycylinders. This is done by using he Holder estimates for the 

 

-operator
on the so called admissible poylcylinders in [2]. The Hölder estimates are again used
to solve the Hölder-Gleason problem.

Preliminaries
Let U be open in 

ℝ n
, 0 < α < 1, k > 0 an integer. We define Ck,á(U) to be the space of

functions ƒ on U such that

 f Ck,α
(U)

 := sup  f+ 

 

  sup      |Dγ f (×) – Dγ (y)|  < ∞,

   

  u          u                 |× – y|α

where Dr is a derivative of order γ =  γ
j
, γ = (γ

1
, ..., γ

n
), γ

j
 > 0

If U  n is open, we use the real underlying coordinates of 

ℂ 

n
 considered as 

ℝ 

2 n  to
define Ck, α (U).
If

    ∑       f
i1
,...,

ir, ji,
...,

jq
dz

i1
 ^ ... dz

ir
 ^d

ji
 ^...^  d

jq
 (i

1
,....,i

r
)

 (j
i
,....,j

q
)

is an (r,q)-form on U, where ∑
’
  
means the summation is over increasing multi-indices,

we  write f as ∑I j
’
 f

 I
, jdz

I
 ∧  d

J
 for short, I = (i1,…, ir), J = (j

r
…, jq), and set
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 f Ck,α = max  fI,J Ck,α (U)
        

r,q         
 I,J

A polycylinder is called admissible if it has factors with boundaries of plane measure
zero.
The Hölder estimates theorem that we use is
Theorem 1. Let Ω be an admissible polycylinder in 

ℂ 

n
 and 0 <  α < 1, k > 0 an integer.

There is K > 0 such that if ƒ is a 

 

-closed (r,q + 1) - form on Ω with | f |

 

(Ω) < ∞,
then there i an (r, q)-form on Ω with 

 

u = f and

|u|

 

(Ω)
(
Ω

) < K|f |

 

(Ω)

The (0,1) case of this theorem is proved in [2] and there is an indication there how
the (0,q) case should be proved (q > 1). The formalism for proving the (0, q) case
works for the (r, q) case.

Let f =  ∑
’
 
f
I
, jdzI ^ dzJ be an (r,q)-form as above; we define

I,J

|f|

 

(U) := max ||f||
L
p
(U)

, (1 < p < ∞)
                  i,j

We then have
Theorem 2. Let Ω be any polycylinder in 

ℂ n
 and 1 < p < ∞. There is K > 0 such that

if f is  a 

 

-closed (r,q + 1) - form on Ω with ||f|

 

(Ω) < ∞ then there is an (r,q) - form
u on Ω with 

 

u = f and

u|

 (
Ω

) < K|| f ||

 (
Ω

)
With A (Ω) the space of holomorphic functions on Ω, Ak,α(Ω) = A (Ω) Ck,α (Ω),for Ω
open in 

ℂ 

n
.

The Hölder-Gleason theorem is then
Theorem 3 Let Ω be an admissible polycylinder in 

ℂ 

n
, Let w ∈  Ω  and ƒ

1
, …, ƒN ∈

Ak,α (Ω) with {ω} = {z ∈  

 

: f
1
(z) = … = fN (z) = 0}. Moreover, let f ∈  Ak,α (Ω) (k >

0) such that here exist a neighbourhood U of ω and holomorphic functions 

 

1
, … 

 

N

on U with

f =   f
j

 

j
   on U .

There exist g
l,
 …, gN ∈  Ak,α (Ω) with

f  =   f
j

 

j

VOL. 50GHANA JOURNAL OF SCIENCE14



We do not prove Theorem 3 here, because the formalism for proving the Ck version
on strictly pseudoconvex domains in [4] works here also.

Lp Estimates
We give a proof of the (0,1) case of Theorem 2 in this section, the (r,q)-case following
similarly.

Let f satisfy the hypothesis of Theorem 2, then the following is true.

Lemma 4. There is a sequence of admissible polycylinders Ω
1
 ⊂⊂ Ω

2
 ... such that

 

  Ω
v
 = Ω and a sequence {u

v
}}   ∞    of function with u

v
 ∈ Lp (Ω

v
),  u

v
 = f in Ω and

               
 v = 1

|| u
v
|| 

LP (Ωv)
 ≤ Κ ||f||

LP (Ω)
,

where K is the same for all v, 1≤ p ≤ ∞.
Proof. Let ƒ = 

 

w i t h  ƒ
1   0, where ƒ satisfies the hypothesis of Theorem 2

in the (0, 1)-case. Define f to be zero outside Ω and still call it ƒ. That, there is a
sequence of admissible polycylinders (Ω

v
)   ∞   exhausting Ω,is clear.

      
 v = 1

Let v be fixed and regularize ƒ coefficientwise:

f
m
= 

 

 (f
j
)

m
dz

j
,

(f
j
)

m
 = 

n
 f

j
(z – ξ/m)ϕ(ξ)dλ ( ξ )

= m2n 
n
 f

j
(ξ)ϕ (m) (z – ξ)dλ ( ξ )

where ϕ ∈C  ( n ) ,
 

ϕdλ = 1, ϕ > 0, sup ϕ = {z: z< 1}, and λ is Lebesgue measure,

Then f
m
 ∈

 

(Ω
v
), 0 < α < 1, for m sufficiently large and   f

m
 = 0 in Ω

v
. For such an

m (sufficiently large) define

g
m
 :=

    f
m
    in Ω

v

                   
0      outside Ω

v
.

Then
g

m
 =     g

i,m
 d

 

i
, and by Lemma 3 in [2], if

uv,m = (2πi)–1 

 

 (ξ – z
1
 )–1 g1,m (ξ, z

2
, ..., z

n
) dξ ^ dξ

 uξ,m
 = f

m
 in Ω

v
 and

||u
v,m

||
LP(Ωv) < K|| f ||

(Ωv)
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Now it is clear that as m  → ∞ g
m
 → f in L

p

(0,1) 
(Ωv) and uv,m → some uv in L

p
 (Ωv),

 

uv = f in Ωv and
||u

v,m
||

LP (Ωv) < K|| f ||

 

(Ωv) (1)

Now define uv as zero outside Ωv, then since L
p
 (Ω) is reflexible for 1< p < ∞, by the

Banach-Alaoglu Theorem, there is a u e Lp (Ω) with
||u||

L
P

 (Ωv) < K|| f ||

 

(Ω) (1 < π < ∞), (2)
and a subsequence {u

vN
} of {u

v
} such that u

vN
 → u weakly in Lp (Ω) as N → ∞. In

particular u
vN

 → u in distribution theory, as N → ∞. Therefore

 

u = f in Ω
and with (2) Theorem 2 is proved.

If f 

 

 0 and f
1
 ≡ 0 there is a j

o
 such that f

jo
 

 

 0, and we can use f
jo
 instead of f

1
 in

the above.

Conclusion
The results in the present paper together with those in [2] and [3] go a long way to
address Professor Tutschke’s comments in [5].

References
[1.] DARKO P. W & LUTTERODT C. H. (1995). Cohomology with Lp-Bounds on Poly-cylinders, Internat. J.

Math. Math Sci. 18: 475–484.

[2.] DARKO P. W. (2003). A note on Holder Estimates for the 

 

-operator on Polycylinder, Complex Variables
48(9): 787–789.

[3.] DARKO P. W. & LUTTERODT C. H. (2004). Sobolev Space Estimates for Solutions of the Equation u =

f on Polycylinders, Internat. J. Math. and Math. Sci. (19), 969–974.
[4.] L IEB L. & MICHEL J. (2002). The Cauchy-Riemann Complex (Integral Formulae and Neumann Problem),

Friedr. Vieweg and Sohn Verlagsgesellschaft MbH, Brawnschweig/Wiesbaden.

[5.] TUTSCJKE W. (2002). Another Approach to Holder Estimates for the -operator on Polycylinder – Some

Comments to P. W. Darko’s Paper. Complex Variables 47: 935–937.

Received 29 Oct 08; revised 16 Jan 09.

GHANA JOURNAL OF SCIENCE VOL. 5016


