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ABSTRACT. In the paper, the author

(1) presents an explicit formula and its inversion formula for higher order
derivatives of generating functions of the Bell polynomials, with the help
of the Faa di Bruno formula, properties of the Bell polynomials of the
second kind, and the inversion theorem for the Stirling numbers of the
first and second kinds;

(2) recovers an explicit formula and its inversion formula for the Bell poly-
nomials in terms of the Stirling numbers of the first and second kinds, with
the aid of the above explicit formula and its inversion formula for higher
order derivatives of generating functions of the Bell polynomials;

(3) constructs some determinantal and product inequalities and deduces the
logarithmic convexity of the Bell polynomials, with the assistance of the
complete monotonicity of generating functions of the Bell polynomials.
These inequalities are main results of the paper.
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1. INTRODUCTION

In combinatorics, the Bell numbers, usually denoted by By, for & € {0}UN, where
N denotes the set of all positive integers, count the number of ways a set with k
elements can be partitioned into disjoint and nonempty subsets. These numbers

E-mail address: [qifeng6186gmail.com, [qifeng618Chotmail. com, gifeng@hpu.edu.cn

2010 Mathematics Subject Classification. Primary 11B83; Secondary 11A25, 11B73, 11C08,
11C20, 15A15, 26A24, 26A48, 26C05, 26D05, 33B10, 34A05.

Key words and phrases. Bell polynomial; Bell number; Bell polynomial of the second kind;
higher order derivative; generating function; Faa di Bruno formula; inversion theorem; Stirling
number of the first kind; Stirling number of the second kind; explicit formula; inversion formula;
absolute monotonicity; complete monotonicity; determinantal inequality; product inequality.

This paper was typeset using ApS-IATEX.

© 2017 by the author(s). Distributed under a Creative Commons CC BY license.



mailto: F. Qi <qifeng618@gmail.com>
mailto: F. Qi <qifeng618@hotmail.com>
http://dx.doi.org/10.20944/preprints201708.0079.v2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7153/mia-2020-23-10

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 August 2017 d0i:10.20944/preprints201708.0079.v2

2 F. QI

have been studied by mathematicians since the 19th century, and their roots go
back to medieval Japan, but they are named after Eric Temple Bell, who wrote
about them in the 1930s. The Bell numbers By for & > 0 can be generated by

13 203 877

0 k
, t 55,5
=N By =1+t + ottt St ot it
‘ kZ:O TS et Tt o’ T

and the first ten Bell numbers By, for 0 < k <9 are
By =1, B =1, By =2, B3 =5, B, =15,
Bs =52, Bg = 203, B, =877, Bg = 4140, Bg = 21147.

In [T, Section 3], Asai, Kubo, and Kuo mentioned applications of the Bell numbers
B,, and its generalizations to white noise distribution theory. For more information
on the Bell numbers By, please refer to [1, 2, B, 4, [5, 15 16l 20] and plenty of
references therein.

As well-known generalizations of the Bell numbers By, for & > 0, the Bell poly-
nomials By (x) for k > 0 can be generated by

(et - ¢k 1 1
e 1):ZBk(az)H:1+:ct+5x(x+1)t2+6z(:c2+33:+1)t3
k=0

1 1
+ﬂx(x3 + 627 + To + 1)t* + ﬂom(x‘l +102° + 252° + 15z + 1)t° + - -

and the first seven Bell polynomials By (z) for 0 < k < 6 are
1, =z, z(xz+1), a:(x2 + 3z + 1), x(x3 + 622 + Tz + 1),
z(2z* +102% + 252% + 152 + 1),  x(2° + 152" + 652° + 902* + 31z + 1).

In [I8] it was pointed out that there have been studies on interesting applications
of the Bell polynomials By (z) in soliton theory, including links with bilinear and
trilinear forms of nonlinear differential equations which possess soliton solutions.
See, for example, [8,[9,[I0]. Therefore, applications of the Bell polynomials By (z) to
integrable nonlinear equations are greatly expected and any amendment on multi-
linear forms of soliton equations, even on exact solutions, would be beneficial to
interested audiences in the research community. For more information about the
Bell polynomials By (z), please refer to [0l [7, 18,19] and closely related references
therein.

In this paper, continuing the article [16], we present an explicit formula and its
inversion formula for higher order derivatives with respect to ¢t of generating func-
tions e”" " for the Bell polynomials By (z) with the help of the Faa di Bruno formula,
properties of the Bell polynomials of the second kind B, x (%1, %2, . .., Tn—k+1), and
the inversion theorem for the Stirling numbers s(n, k) and S(n, k), recover an ex-
plicit formula and its inversion formula for the Bell polynomials By (z) in terms of
the Stirling numbers s(n, k) and S(n, k), construct some determinantal and product
inequalities for the Bell polynomials By(x), and deduce the logarithmic convexity
of the Bell polynomials By(z).

2. HIGHER ORDER DERIVATIVES FOR GENERATING FUNCTIONS

In this section, by the Faa di Bruno formula, properties of the Bell polynomials
of the second kind B,, 1, and the inversion theorem for the Stirling numbers s(n, k)
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and S(n, k), we present an explicit formula and its inversion formula for higher
order derivatives with respect to ¢ of the generating function e*®

Theorem 2.1. Forn > 0, the nth derivative of the generating function e with
respect to t can be computed by
a’ﬂel'eit
otn

= (1) 3 S(n, k) (e (2.1)
k=0
and the generating function ere™! satisfies a family of nonlinear ordinary differential

equations
n

D (D) s(n, k) FR (1) = F(6)n f(1)]", (22)
k=0
where x € C, S(n, k) for n >k >0, which can be genemted by

6_1 ank

represent the Stirling numbers of the second kind, and s(n, k) forn >k > 0, which
can be generated by

M:Zs<n7k)%, |$‘ <1,

k!
n=k
stand for the Stirling numbers of the first kind.

Proof. In combinatorics, the Bell polynomials of the second kind B, are defined

by
n! n—k+1 i ¢
Bu (21,22, ... Tp_ky1) = Z W H (?)
An€{0}UN i=1
Z@ L ili=n
iy b=k
for n > k > 0, see [3, p. 134, Theorem A], and satisfy identities
B,k (abzl, ab’zs, . . ., ab"ilﬁlxn_k_,_l) = akb”Bn,k(xl, Xy ey Tpkt1) (2.3)
and
Boi(1,1,...,1) = S(n, k), (2.4)

see [3, p. 135], where a and b are any complex numbers. The Faa di Bruno formula
for computing higher order derivatives of composite functions can be described in
terms of the Bell polynomials of the second kind B,, by

@f g Zf (gl(x)’g/l(x)7”.7g(n7k+1)(x)>, (25)
see [3, p. 139, Theorem C] Applylng f(u) = e*™ and u = g(t) = €' to (2.5) and
making use of identities and ([2.4) yield
o zet ak U
© :Z ek Bn,k(et,et,...,et)

otn — ou

=) ke kB, 1 (1,1,...,1) = e Z z*ef S(n, k).
k=0 k=0
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The explicit formula (2.1)) for the plus sign case is thus proved.
In [21, p. 171, Theorem 12.1], it is stated that, if b, and aj are a collection of
constants independent of n, then
n n
ap = Z S(n,a)b, if and only if b, = Zs(n, k)a. (2.6)
a=0 k=0
Combining this inversion theorem for the Stirling numbers with (2.1) arrives at
equations
n t
6k Te
S om 2 o ety
k=0
which is equivalent to that the generating function e’ satisfies the family of non-
linear ordinary differential equations in (2.2]) for the plus sign case.
The equation (2.12) in the second proof of [16, Theorem 2.2] reads that

Bun(a) =a" and Bpigt+1,k(e,0,...,0) =0, (2.7)

where a € C and k,n € {0} UN. Applying f(u) = e**" and u = g(t) = —t in (2.5),
taking & = —1 in (2.7, and utilizing (2.1) lead to

8neweft n 8ke$e"

B 8newe“
ot ouk N
k=0

ou™
n

= (—1)"e®" Z S(n, k) (ze“)k = (=1)me™ " Z S(n, k) (:ce*t)k.
k=0

k=0

B,i(—1,0,...,0) By (—1)

The formula (2.1) for the minus sign case follows immediately.
Employing the inversion theorem for Stirling numbers, demonstrated in (2.6)), to
consider the formula (2.1) for the minus sign case give

n —t
X 8kexe

Zs(n, k)(—1) P em_t(xe*t)n

k=0

which implies that the generating function e " satisfies the family of nonlinear
ordinary differential equations in (2.2) for the minus sign case. The proof of Theo-
rem [2.1] is thus complete. a

3. AN EXPLICIT FORMULA AND ITS INVERSION FORMULA

In this section, with the aid of Theorem 2.1, we recover an explicit formula and
its inversion formula for the Bell polynomials B, (x) in terms of the Stirling numbers
s(n, k) and S(n, k).

Theorem 3.1. Forn >0, the Bell polynomials B, (x) can be computed by

B,(z) = Z S(n, k)z* (3.1)

and satisfy

s(n, k) By (z) = ™. (3.2)
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Proof. In light of the theory of series, it is easy to see that

- anem(eitfl) S anezeit
Bule) = ()™ iy =g = ()" lim =55 —
Combining this with (2.1) gives

_ n_ —x 1; n iteit
B, (z) = (£1)"e }g%(il) e

S(n, k) (meit)k = Z S(n, k)z*.

0 k=0

NE

n

b
Il

The formula (3.1)) follows.
Substituting f(t) = 2e" into (2.2) and taking t — 0 result in
> (1) s(n, k) (£1) e Bi(x) = e"a"
k=0
which can be simplified as (3.2)). The proof of Theorem is complete. O

4. INEQUALITIES FOR THE BELL POLYNOMIALS

In light of complete monotonicity of generating functions e® " and with the
assistance of properties of completely monotonic functions, we now start out to
construct some determinantal and product inequalities for the Bell polynomials
B, (z). From these inequalities, we can derive the logarithmic convexity of the
sequence of the Bell polynomials B,,(z). These inequalities are our main results in
this paper.

Theorem 4.1. Let m > 1 be a positive integer and let |a;j|m denote a determinant
of order m with elements a;;.

(1) If a; for 1 < i < m are non-negative integers, then

|Ba,4a, ()| >0, x>0 (4.1)

and
|(=1)%*% By, ya,(x)| >0, >0. (4.2)
(2) If a = (a1,0a2,...,a,) and b = (b1, ba,...,b,) are non-increasing n-tuples

of non-negative integers such that Zle a; > Zle b; for1<k<n-—1and
Sorja; =Y i b, then

n n
[[Ba.(@) =[] Bu(x), «>o0. (4.3)
i=1 i=1
Proof. Recall from [13] 25] that a function f is said to be absolutely monotonic
on an interval I if it has derivatives of all orders and f (k_l)(t) > (0 fort el and
k € N. Recall from [13, Chapter XIII], [22, Chapter 1], and [25, Chapter IV] that an
infinitely differentiable function f is said to be completely monotonic on an interval
I if it satisfies (—1)* f(*)(x) > 0 on I for all £ > 0. Theorem 2b in [25, p. 145] reads
that, if f1(z) is absolutely monotonic and fa(x) is completely monotonic on their
defined intervals, then their composite function fi(f2(x)) is completely monotonic
on its defined interval. Consequently, the function e* " for x > 0 is completely
monotonic with respect to t € (0, 00).
In [12] and [13, p. 367], it was obtained that if f is completely monotonic on
[0, 00), then
|fleted@)] >0 (4.4)

m =
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and
|(—1)estes plastan )| > o, (45)
Applying f(t) to the function e* " in and ([4.5) and taking the limit ¢ — 0
give
. —t\ (ai+aj) +a; @
1 we D = |(=1)%+5e"B, L, >0
Jim (e ) = (=) e By g, ()], >
and
li -1 a;+aj ze—t\ (ai+aj) = (=1 a;+aj ~1 a;+ta; wBa- o > 0.
Jim (1) (e ) =) (=) T By, (7)), 2

The determinant inequalities (4.1)) and ( . follow.
In [13, p. 367, Theorem 2], 1t was stated that if f is a completely monotonic
function on [0, c0), then

n

|G ARC H )P e ()], (4.6)

i=1

Applying f(t) to the function e** " in ([L.6) and taking the limit ¢ — 0" give
n . n

lim {(_nai (e )W} — [1e* Ba, ()]

t—0+
=1 1=1

>l J] [0 (e ) ™)) = ﬁ ¢* By, (x

1= i=1

The product inequality (4.3)) follows. The proof of Theorem 4.1 is complete. O
Corollary 4.1. The sequence {By,(z)}n>0 for x > 0 is logarithmically conves.

Proof. In [13, p. 369] and [14, p. 429, Remark], it was stated that if f(¢) is a
completely monotonic function such that f*)(¢) # 0 for & > 0, then the sequence

In[(-D)* @), k>1 (4.7)

is convex. Applying this result to the function e® " for x>0 figures out that the
sequence

ln |:(_1)k—l(eze*t)(k—1):| S + 1an_1(.T), t— O+

for k > 1 is convex. Hence, the sequence {B,,(z)},>0 is logarithmically convex.
Alternatively, letting

£>1, n=2, ay=4+2, ax=¥¢ and by =by=/(+1

in the inequality (4.3) leads to By(x)Byi2(x) > B, ,(x) which means that the
sequence {By(z)}ken is logarithmically convex. The proof of Corollary [{.1]is com-
plete. O

Corollary 4.2. If{ >0 andn > k > 0, then
[Brte(x)]*[Be(x)]" ™% > [Bpye(a)]*, x> 0.
Proof. This follows from taking
k n—=k
—_—
a=(n+L,....n+04,....0) and b=(k+Llk+(,....k+0)
in the inequality (4.3). The proof of Corollary is complete. O
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Theorem 4.2. If { >0, n >k >m, 2k > n, and 2m > n, then
Bito(2)Bn—k+£(%) 2 Brgo(2) Brom+e(z), 2 >0. (4.8)

Proof. In [23, p. 397, Theorem D], it was recovered that if f(¢) is completely mono-
tonic on (0,00) and if n > k > m, k > n —k, and m > n — m, then

(D" R = () @),
Replacing f(t) by the function (—1)* (e“ft)(e) in the above inequality leads to
n( ze t\(k+E) 1 ge=t\(n—k+f) n( ze P\ (Mm+L) ( ge—ty\(n—m+E)
(e 0 e YR 5 gy (gm0 ey )

Further taking ¢ — 0% finds the inequality . The proof of Theorem is
complete. [

Theorem 4.3. For x,{ >0 and m,n € N, let
Gtm.n = Betamin(2)[Be(2)]* = Betmin () Beym(z) Be(x)
— Beyn(2) Beyom () Be(x) + Begn () [Bem ()],
He,m,n = Beromin(@)[Be(x)]* = 2Bty () Beym(z) Be(x)
+ Bein(2)[Beam (@))%,
Limn = Bryomsn(@)[Be(@)]* = 2Besn (%) Beyom () Be(x)
+ Bein(2)[Begm (@)

Then
g@,m,n > 07 Hl,m,n > 07

<
Hemm < Gommn  when m S n, (4.9)
IE,m,n 2 g@,m,n Z 0 whenn 2 m.

Proof. In [24], Theorem 1 and Remark 2], it was obtained that if f is completely
monotonic on (0, 00) and

G = (_1)n{f(n+2m)f2 — flntm) p(m) £ p(n) p(2m) ¢y p(n) [f(m)]g},
Hm,n _ (_1)n{f(n+2m)f2 _ 2f(n+m)f(m)f + f(n) [f(m)]z},
Ly = (_1)n{f("+2m)f2 —ofm) f@m) ¢ 4 ¢(n) [f(m)]z}

for n,m € N, then
Gm,n Z 07 Hm,n Z 0,

Hm,n ; Gm,n when m § n, (410)
Iy > G >0 when n > m.

Replacing f(t) by (—1)4(6“4)(@) in G ,ny Hion, and Iy, ,, and simplifying produce
G Z+n xe’t (L+2m+n) [( xe’t)(e)}Q
f+m+n) (e4+m) 1 ze=t\(0)

(e ) (e )

{
)

( i) Hn)( ) 4+2m)( f)(f) n (eze*f)(@rn) [(egce*t)(“m)} }’
{(e

H, 1)t <e+2m+n> [( t)w)} 2
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ze~ b\ (E+m+tn) ¢ ge=t\(l+m) o pe=ty(£) ze~ 1\ (£4n) zet\ (£4+m) 2
G R (e R s B (o R [ R ¥
Im,n — (_1)Z+n{(exeft)(€+2m+n) [(ezeft)(l)]Q
_ Z(eaceft)(é"‘”) (eze’t)(€+2m) (ence’t)(e) + (exeft)(“‘”) [(exe’t)(e""m)} 2}.

Further taking t — 0T reveals

lim Gy, = e3g¢,m,n, lim+ Hyn = egﬂg,m’m and lim I, , = €3Ig’m,n.
t—0

t—0t t—0t
Substituting these quantities into (4.10) and simplifying bring about inequalities
in . The proof of Theorem is complete. O
Theorem 4.4. For x,k > 0 and n € N, we have
n 1/(n+1) el 1/n
H By yoe(x) > H Byyoerr(z)| - (4.11)
=0 £=0

Proof. If f is a completely monotonic function on (0, 00), then, by the convexity of
the sequence (4.7) and Nanson’s inequality listed in [I1] p. 205, 3.2.27],
n 11/(n+1) r 1/n

H(_l)k+2e+1f(k+2£+1) (t) > ﬁ(_l)k+2ef(k+22) (1)
Le=1

£=0 i

for k > 0. Replacing f(t) by e " in the above inequality results in

n 11/(n+1) rn 1/n
H(_l)k+zz+1(exe*t)(k+2€+1) > H(_l)k+2€ (exe*f)(kJr?f)
(=0 i Le=1
for k > 0. Letting ¢ — 0T in the above inequality leads to (4.11). The proof of
Theorem [£.4] is complete. O

Remark 4.1. This paper is a revised version of the preprint [17].

REFERENCES

[1] N. Asai, I. Kubo, and H.-H. Kuo, Bell numbers, log-concavity, and log-convexity, Acta
Appl. Math. 63 (2000), no. 1-3, 79-87; Available online at https://doi.org/10.1023/A:
1010738827855.

[2] E. R. Canfield, Engel’s inequality for Bell numbers, J. Combin. Theory Ser. A 72 (1995),
no. 1, 184-187; Available online at https://doi.org/10.1016/0097-3165(95)90033-0.

[3] L. Comtet, Advanced Combinatorics: The Art of Finite and Infinite Expansions, Revised
and Enlarged Edition, D. Reidel Publishing Co., Dordrecht and Boston, 1974.

[4] K. Engel, On the average rank of an element in a filter of the partition lattice, J. Com-
bin. Theory Ser. A 65 (1994), no. 1, 67-78; Available online at https://doi.org/10.1016/
0097-3165(94)90038-8.

[5] B.-N. Guo and F. Qi, An explicit formula for Bell numbers in terms of Stirling numbers and
hypergeometric functions, Glob. J. Math. Anal. 2 (2014), no. 4, 243-248; Available online at
https://doi.org/10.14419/gjma.v2i4.3310.

[6] F. T. Howard, A special class of Bell polynomials, Math. Comp. 35 (1980), no. 151, 977-989;
Available online at https://doi.org/10.2307/2006208,

[7] T. Kim, D. V. Dolgy, D. S. Kim, H. I. Kwon, and J. J. Seo, Differential equations arising
from certain Sheffer sequence, J. Comput. Anal. Appl. 23 (2017), no. 8, 1359-1367.

[8] W.-X. Ma, Bilinear equations, Bell polynomials and linear superposition principle, J. Phys.
Conf. Ser. 411 (2013), no. 1, Aricle ID 012021, 11 pages; Available online at https://doi.
org/10.1088/1742-6596/411/1/012021,


https://doi.org/10.1023/A:1010738827855
https://doi.org/10.1023/A:1010738827855
https://doi.org/10.1016/0097-3165(95)90033-0
https://doi.org/10.1016/0097-3165(94)90038-8
https://doi.org/10.1016/0097-3165(94)90038-8
https://doi.org/10.14419/gjma.v2i4.3310
https://doi.org/10.2307/2006208
https://doi.org/10.1088/1742-6596/411/1/012021
https://doi.org/10.1088/1742-6596/411/1/012021
http://dx.doi.org/10.20944/preprints201708.0079.v2
https://doi.org/10.7153/mia-2020-23-10

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 August 2017 d0i:10.20944/preprints201708.0079.v2

SOME INEQUALITIES OF THE BELL POLYNOMIALS 9

[9] W.-X. Ma, Bilinear equations and resonant solutions characterized by Bell polynomials,
Rep. Math. Phys. 72 (2013), no. 1, 41-56; Available online at https://doi.org/10.1016/
50034-4877(14)60003-3.

[10] W.-X. Ma, Trilinear equations, Bell polynomials, and resonant solutions, Front. Math.
China 8 (2013), no. 5, 1139-1156; Available online at https://doi.org/10.1007/
s11464-013-0319-5.

[11] D. S. Mitrinovi¢, Analytic Inequalities, Springer-Verlag, 1970.

[12] D. S. Mitrinovi¢ and J. E. Pecarié¢, On two-place completely monotonic functions, Anzeiger
Oster. Akad. Wiss. Math.-Natturwiss. KI. 126 (1989), 85-88.

[13] D. S. Mitrinovi¢, J. E. Pecarié¢, and A. M. Fink, Classical and New Inequalities in Anal-
ysis, Kluwer Academic Publishers, 1993; Available online at https://doi.org/10.1007/
978-94-017-1043-5.

[14] J. E. Pecarié, Remarks on some inequalities of A. M. Fink, J. Math. Anal. Appl. 104 (1984),
no. 2, 428-431; Available online at https://doi.org/10.1016/0022-247X(84)90006-4.

[15] F. Qi, An explicit formula for the Bell numbers in terms of the Lah and Stirling numbers,
Mediterr. J. Math. 13 (2016), no. 5, 2795-2800; Available online at https://doi.org/10.
1007/s00009-015-0655-7.

[16] F. Qi, Some inequalities for the Bell numbers, Proc. Indian Acad. Sci. Math. Sci. 127 (2017),
no. 4, in press; Available online at https://doi.org/10.1007/s12044-017-0355-2.

[17] F. Qi, Some inequalities of the Bell polynomials, Preprints 2017, 2017080079, 10 pages;
Available online at https://doi.org/10.20944/preprints201708.0079.v1l

[18] F. Qi, D. Lim, and B.-N. Guo, Ezplicit formulas and identities for the Bell polynomials and
a sequence of polynomials applied to differential equations, Rev. R. Acad. Cienc. Exactas Fis.
Nat. Ser. A Mat. RACSAM (2018), in press; Available online at https://doi.org/10.1007/
s13398-017-0427-2.

[19] F. Qi, D.-W. Niu, and B.-N. Guo, Some identities for a sequence of unnamed polynomials
connected with the Bell polynomials, Preprints 2017, 2017080044, 10 pages; Available online
at https://doi.org/10.20944/preprints201708.0044.v1.

[20] F. Qi, X.-T. Shi, and F.-F. Liu, Ezpansions of the exponential and the logarithm of power
series and applications, Arab. J. Math. (Springer) 6 (2017), no. 2, 95-108; Available online
at https://doi.org/10.1007/s40065-017-0166-4.

[21] J. Quaintance and H. W. Gould, Combinatorial Identities for Stirling Numbers. The un-
published notes of H. W. Gould. With a foreword by George E. Andrews. World Scientific
Publishing Co. Pte. Ltd., Singapore, 2016.

[22] R. L. Schilling, R. Song, and Z. Vondracek, Bernstein Functions— Theory and Applications,
2nd ed., de Gruyter Studies in Mathematics 37, Walter de Gruyter, Berlin, Germany, 2012;
Available online at https://doi.org/10.1515/9783110269338.

[23] H. van Haeringen, Completely monotonic and related functions, J. Math. Anal. Appl. 204
(1996), no. 2, 389-408; Available online at https://doi.org/10.1006/jmaa.1996.0443,

[24] H. van Haeringen, Inequalities for real powers of completely monotonic functions, J. Math.
Anal. Appl. 210 (1997), no. 1, 102-113; Available online at https://doi.org/10.1006/jmaa.
1997.5376.

[25] D. V. Widder, The Laplace Transform, Princeton University Press, Princeton, 1946.


https://doi.org/10.1016/S0034-4877(14)60003-3
https://doi.org/10.1016/S0034-4877(14)60003-3
https://doi.org/10.1007/s11464-013-0319-5
https://doi.org/10.1007/s11464-013-0319-5
https://doi.org/10.1007/978-94-017-1043-5
https://doi.org/10.1007/978-94-017-1043-5
https://doi.org/10.1016/0022-247X(84)90006-4
https://doi.org/10.1007/s00009-015-0655-7
https://doi.org/10.1007/s00009-015-0655-7
https://doi.org/10.1007/s12044-017-0355-2
https://doi.org/10.20944/preprints201708.0079.v1
https://doi.org/10.1007/s13398-017-0427-2
https://doi.org/10.1007/s13398-017-0427-2
https://doi.org/10.20944/preprints201708.0044.v1
https://doi.org/10.1007/s40065-017-0166-4
https://doi.org/10.1515/9783110269338
https://doi.org/10.1006/jmaa.1996.0443
https://doi.org/10.1006/jmaa.1997.5376
https://doi.org/10.1006/jmaa.1997.5376
http://dx.doi.org/10.20944/preprints201708.0079.v2
https://doi.org/10.7153/mia-2020-23-10

