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1. Introduction. Let {s,}(n =0)(s, =a,+ -+ + a,) be a sequence
of real or complex numbers. Denote by #(x) a linear transform T

He) = 3 o.(@)s,

of {s,} supposed convergent for all sufficiently large values of . In
addition to classical Abelian and Tauberian theorems which give infor-
mation about one of lim,.. #(x) and lim,_. s, when the other exists, it
is possible to find estimates of

lim sup | #(zx,) — s, |

n—roo, ky—oo
when neither lim ¢(x) nor lims, is supposed to exist but {a,} is assumed
to satisfy the condition
1.1) lim sup [na, | < + o .
Such estimates were obtained first by H. Hadwiger [4] for the Abel
transform t(x). Delange [3] developed a general theory for such esti-
mates when z, =gn, where ¢ is some fixed positive number. Usualy
the estimates proved have the form

lim sup | t(%,) — s, | = C. limsup | na, | .
We call the constant C a Tauberian constant associated with the trans-
formation 7.

In this paper we shall prove some Hadwiger-type inequalities for
a class of [J, f(x)] transformations (see §2). In these results the con-
nection between % and z, will be more general than the relation z, = gn.

As a consequence of the main result of this paper we shall obtain
the interesting result that for any sequence {s,} satisfying (1.1) the set
of limit points of {s,} and the set of limit points of the Borel transform
of {s,} are the same set

2. The [J, f(x)] transformations. The class of [J, f(x)] transfor-
mations was defined in [5], where it was shown that the [J, f(x)] transfor-
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mations are the sequence-to-function analogues to the Hausdorff transfor-
mations. The definition of the [J, f(x)] transformations is the following.

DEFINITION. Suppose f(x) is a real or complex function defined for
all x > 2,=0. Let f™(x) exists for all x > 2, and n=1,2,.... For
a given sequence {s,}(n = 0) we define the [J, f(x)] transform t(x) of
{s.} by

oo

Ha) = 3 (—1) L Fo(@)s,
=0 n!
supposed convergent for all sufficiently large x. We say that {s,} is
summable [J, f(x)] to s if lim,. t(x) = s.
We shall denote in the rest of this paper by d,(x), n =0,1, «--, 2 > 0,
the function (—1)"(z"/n!)f™(x).

ExaMpPLES. The [J, f(x) = (x + 1)7'] transformation is the Abel
transformation. The [J, f(x) = e *] transformation is the Borel transfor-
mation. The [J, f(x) = (x + 1)~*](a« > —1) transformation is known as
the A transformation.

The following necessary and sufficient conditions for the regularity
(that is that for each convergent sequence the 7T transform of the
sequence is also convergent to the same limit) of the [J, f(x)] transfor-
mations were obtained in [5].

THEOREM (2.A). The [J, f(x)] transformation is regular if, and
only if, there exists a function

2.1) B(t) of bounded variation in 0 <t <1
such that

(2.2) B(0) = B(0+) =0,8(1) =1 —0) =1
and

(2.3) f(x) = S:t“d,B(t) for x> x,.

3., Tauberian constants. One of the main results of this section
is finding the best (in a certain sense) Tauberian constant associated
with a certain class of [J, f(x)] transformations.

THEOREM (3.1). Suppose the [J, f(x)] transformation is regular,
that is (by Theorem (2.A)) there exists a function B(t) satisfying (2.1),
(2.2) and (2.3). Let g > 0 be a constant. If B(t) ts a nondecreasing
Sunction and the integrals
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3.1) S _BO 4 S”“ 1— @+ DO gt — tim S 1—(+1f@) 4
otlogl/t tt + 1) Prye tt + 1)

exist, then for any sequence {s,} satisfying (1.1) we have

(3.2) lim sup

N0, g0, nx " log

8, — i dm(x)sm

< A, -limsup|na,|
palo

where

(8.3) A, = v(Euler’s constant) + log q¢ — Sw— 1—(t+ 1)) dt

tt + 1)
()
e So tlog 1/t dt

Moreover, the constant A, is the best im the following sense. There
is a real sequence {s,} such that 0 < limsup,..|na,| < + o and the
members of the inequality (3.2) are equal.

In the proof of Theorem (3.1) we shall ugse the following two theo-
rems. The first is proved by R. P. Agnew in [1], and the second is
proved in |6], Theorem 7d, page 295.

THEOREM (3.A). Suppose {s,} is any bounded (real or complex)
sequence. Let {c,(x)} be a sequence of functions defined for 0 < x < o
and satisfying

(3.4) lim ¢, (x) = 0 SJor n=20,1,.-..
(3.5) lim sup i le2) | =M < + o0,

T n=0
Then we have

(3.6) lim sup | f“ c,(2)s,| < M- limsup|s,]| .
Z—r00 n=0 n—rc0

Moreover, M is the best constant in the following sense. There exists
a bounded sequence {s,}, limsup]|s,| >0, such that the members of
inequality (3.6) are equal.

THEOREM (3.B). If B(t) is a normalized function of bounded varia-
tion in 0 £t < R for every R >0 (that is B(0) = 0, B(t) = {B(t — 0) +
Bt + 0)}) and f the integral

(3.7) f@) = |"eas

converges for some x, then
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(3.8) 1im“2t:dn(x) — B(t), for 0<t<oo.

L0 n=

Proof of Theorem (3.1). We have formally, for x > 0,

3.9) 50— 3 du(@)se = S0 — 5 d.@) S0
_ kg a, — 2 a W%kdm(x) .

We have (see [5])

(3.10) Sd@) =1, 0<z<ow.
m=0

Therefore, at least formally, for x >0, n=1,2, ---,

(3.11) 5. = 5 du@s, = 5 a1 - 3 do)}
— 3 (ka k™ 3 du(@) .

n+1l

From the fact that A(¢) is nondecreasing it follows that
(8.12) d(x)=0 for >0 and k=0,1,:--.

In order to justify our computations for sequences {s,} satisfying (1.1)
it is enough, by (8.12), to show that the two expressions

St - S
5 b 3 dul®)

k=n+1
converge for © > 0. The convergence of the last two expressions will
follow from (8.15), (3.20) and (3.22). Suppose the convergence of the
last two expressions was proved then in order to complete the proof it
is enough to show, by (3.11) and Theorem (3.A), that we have

(3.13) lim k*l{l -3 dm(oc)} —0 fork=1,2---.
£— 00 m=Fk
(3.14) lim A5 (1 S|+ 5 K S da@)} =4,
n—soo,g—00,nx " log Lk=1 m=k k=n-+1 m=k

Now, by (3.10),
o k—1
1 —g,kdm(x) = g,o d.(x) .

From
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d,(x) = ;’L_S t* <10g > as(t) , for m=0,1, ..

we get lim,.. d,(x) =0 for m =0, 1, ---, which proves (3.13). The ex-
pression in brackets on the left-hand side of (3.14) might be written in
the form

(3.15) kz k"‘[l _ m% d,,,(oc)] + i N g d,(x)
= 31k — S(2) + 28,.(2) -

Now, by (8.10), for k=1,2, .-,

(3.16) L Sduw = L{1- § dute}

= (1 G @
We have also
(3.17) Sda@ = |Te= 5 E g — pe-)

= So{tmgk(m!)*(log %) }dﬁ’(t”’”) .

By the Helly-Bray theorem (see [6], Theorem 16.4, page 31) we have
from (3.17)

(3.18) lim Sida(@) =0, for k=1,2 --.

From (3.16) and (3.18) we have

S @) = [ (-1 ( 1), T _fweyde,  k=1,2, -
Therefore
(3.19) $@ = 5 | (i roea

(and, by Fubini’s theorem and (3.1), if the last integral exists)

= rt_l S d,(t)dt
0 k=1
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(and by (3.10))
_[1=s0g,
t

0

The last integral exists by Fubini’s theorem, because

({00 = (e - fwastofa

— S:dt X 1 o U 18(u)

_ S:dﬂ(u)rl _tw dt

0

and the last integral exists, as is easy to see. Therefore

_ s 1 — (t + 1) ()
(3.20) S(x) = log(x + 1) + S &+ 2y
Hence
821y  tm {é.l k™ — Sl(w)} =7+ logq — S:A 1 —t((i i’ %))f Oy .

In the same way that we obtained (3.20) we get
(8.22) Sual) = [t 3 da(t)it
= "e2f1 - S dum)ar
= S:m u-l{l —é_‘,ﬂ dm(nu)}du .
Now we get from Theorem (8.B) (with x = nu,t =4, 0< u =< 1) and
Lebesque’s theorem on the integration of boundedly convergent series,

since

@ = [TemaL — sy

that
(3.23) lim  S,.(2) = S u Ble")du
= Se—q——————’g(v) dv .
o vlogl/v

(3.21) and (3.23) show that (3.14) is true. This completes the proof. Q.E.D.
Using the following expression for Euler’s constant
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_ ("l +e 4
K So tt + 1)

(see Bromwich [2], page 507) we obtain for A, of Theorem (3.1) the ex-
pression

(3.24) A, =log q + S:—f(t#t—i__tdt te. SO‘ “fgi/t dt

and we may state Theorem (3.1) in the equivalent form

THEOREM (3.2). If the suppositions of Theorem (3.1) are satisfied
then the mumber A, of Theorem (3.1) has the representation (3.24).

4. Some consequences. We shall indicate here some consequences
of the results of § 3.

ExaMPLE (4.1). If we choose in Theorem (8.2) B(t) =0, for 0 =<
t<e,B{t)=1, fore*<t <1, and ¢ > 0 i3 a fixed number than for
each sequence {s,} satisfying (1.1) we have

limsup (s, — e‘”ismﬂ < |logq]|:limsup|na,|.
n—oo, gm0, nr log m=0 m! n—so0
Moreover the constant |log ¢ | is the best possible in the sense of Theorem
3.1).

Example (4.1) is an immediate consequence of Theorem (3.2).

If we choose in Example (4.1) ¢ = 1 we get

THEOREM (4.1). For a sequence {s,} satisfying (1.1) we have

lim sn—e—”ism—xi =0;
00, gm0, nz 11 =0 m!

and therefore the set of limit points of {s,} and the set of limit points

of the Borel transform of {s,} are the same set.

Theorem (4.1) raises the following problem: It is known that Borel
summability of a sequence and the condition V' nma, = O(1) imply the
convergence of the sequence; now by Theorem (4.1) the stronger condition
na, = O(1) implies that the set of limit points of the Borel transform
and the set of limit points of the sequence are the same set. We may
ask therefore if it is true in general, or for which transformations it
is true, that if a Tauberian condition stronger than the appropriate
Tauberian condition for the transformation is satisfied then the set of
limit points of the transform and the set of limit points of the sequence
are the same set.
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ExampLE (4.2). If we choose in Theorem (3.1) B(t) =t we obtain
for the Abel transformation 4, =7 + log ¢ + ZS vedw .
q
The last consequence was obtained by R. P. Agnew in [1].

ExampLE (4.83). If we choose in Theorem (3.1)

1 St 1w
t) == —— log—) d , ’_19
A0 = a1 0<Ogu> “ *>
then
B 11— (1— ¢ 2 Swa_v v
A, =7 +1 —S dt log dv .
v + logq , n +F(a+1)q'ue ogq v

(8.2) agsumes, in this particular case, the form, for y = z/(x + 1),

4.1) lim sup

N0, yY—1,n({l—y)—g

< A,-limsup|na,| .

Example (4.2) is the particular case a = 0 of Example (4.2).
c®(a > —1) the Cesiro transform of order « of {s,} (in short the
(C, &) transform) is defined by

O T B (A R

If in Example (4.3) we replace {s,} by the sequence {c¢*'}, the (C, a)
transform of a sequence {c,}, we obtain from (4.1) the following result.

ExampLE (4.4). Suppose a > —1,¢q > 0. For a sequence {s,} denote
by {¢i'} and {a!}, respectively, the sequences of the (C, a) transform
of {s,} and {na,}. Then for each sequence {s,} with a bounded sequence
{a2'} we have

4.3) limsup (¢ — i Y™ < B,-limsup |a® |
n—oo,y-1,1n(1—y)-q m=0 m—s oo

where B, is the constant A, of Example (4.3). Moreover the constant

B, is the best in the following sense. There i3 a real sequence {s,}

such that 0 < limsuch|a!” | < « and the members of inequality (4.3)

are equal.

5. The minimum of the function A4,., Now we investigate the
behaviour of A, of Theorem (8.1) as a function of ¢ > 0.

THEOREM (5.1). Suppose B(t) is a fumction satisfying (2.1) and
(2.2). Define f(x) by (2.3). If B(t) is nondecreasing and the integrals
(8.1) exist then for A,(q > 0) defined by (3.8), as a function of q we
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have

(5.1) A, =0 for ¢ > 0.

(5.2) A, 1s a continuous fumction for q > 0,
(6.8) limA4, = +o.

qloo

(5.4) lim A, = +oo.

glo
(5.5) A, has an absolute minimum for q > 0.

(5.6) If B(t) is a continuous function the value of the absolute minimum
of A, 1s obtained at the point (or points) q, satisfying Ble %) = 1/2.

Proof. (5.1) follows from the inequality (3.2). (5.2) follows from
the fact that logq is a continuous function and that an integral is a
continuous function of itg limits. (5.3) follows from the fact that

limlog ¢ = + oo; Ii Se_q-—éﬁ)—dt: .
imlog ¢ = 4 o; lim » Tlog 17t 0

q—ooo g—oo

We prove (5.4) in the following way: By (2.2) 8(1) = 8(1 — 0) =1 and
B(t) = 0, therefore for sufficiently small 6,0 <o <1, if 1—-0=t=<1
then A(t) > 2/3. Therefore for all sufficiently small ¢ > 0 we have

e~ e
logq+2S -—&dtzlogwrig dt

tlog 1/t 3 Ji-s tlog 1/t
4 1 1 1

=21 Lot

3 %875 T 3%,

— o as ¢]0.

This proves (5.4). (5b.5) follows immediately from (5.1)-(5.4). If A(¢)
is continuous then A, has a continuous derivative

d
— A, =q 1 — 28(e "
dq i a (e~}
and the absolute minimum of 4,, for ¢ > 0, is given by (d/dq)4, =0
or by S(e %) = 1/2. This proves (5.6).
Thus we see that for the transformation of Example (5.2)

min 4, = A, =7 + loglog 2 + 2 Sm vl dw .

q>0 log 2

This result was obtained by R. P. Agnew in [1].
For the transformation of Example (4.8) and for the B, of Example
(4.4) we see that

min 4, = 4, = min B,
q9>0 q>0

where ¢, is given by equation
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-1 % @5t —_ 1
(M@ + 1)} S tredt = .
0

6. Conclusion. We saw in § 5 that the function A, (of ¢) obtained
in Theorem (3.1) has an absolute minimum for some ¢q, > 0. We shall
denote this minimum by B = B(f(»)). That is B = A4,

Denote by 2’ a limit point of a sequence {s,}. We denote by 2"’ a
limit point of a linear transform of {s,}. Then we obtain from Theorem
(3.1) the following result concerning limit points 2’ and z2".

THEOREM (6.1). If the supposttions of Theorem (8.1) are satisfied
then for amy sequence {s,} satistying (1.1) and its [J, f(x)] transform
we have: (i) To each 2’ corresponds at least one 2"’ such that

(6.1) |28 —2"| < B-limsup | na, | .

(ii) To each 2" corresponds at least one z' such that

(6.2) |2 —2'| £ B-limsup |na, | .

n—oo

We do not know if the constant B in (6.1) and in (6.2) is the best
possible (the smallest).
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