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1. Introduction

For a semisimple complex Banach algebraA we let soc(A) be its socle. Now,
let Φ be a set of primitive ideals of A and S a subset of A. The kernel of
Φ, in A, is denoted by kA(Φ) and the hull of S, in the set of all primitive
ideals of A, is denoted by hA(S) [20]. Then the kernel of the hull of S in A,
which is the intersection of all primitive ideals of A containing S, is simply
denoted by kh(S). By [20, Theorem 2.2.6], we can see that kh(soc(A))
is the set of all elements u ∈ A such that u + soc(A) ∈ rad(A/soc(A)).
We recall that an element of A is called inessential if its spectrum is either
finite or a sequence converging to zero, and an ideal is inessential if all
its elements are inessential [4, page 106]. For example, it is known that
kh(soc(A)) is an inessential closed ideal [7, Theorem 3.4]. For instance, if
we consider the special case where A = B(X ) is the algebra of all bounded
operators on a Banach space X , then one can see that kh(soc(A)) is the
ideal of all inessential operators on X . In particular, if X = H is a Hilbert
space, then kh(soc(A)) = K(H) = F(H), where F(H) (respectively, K(H))
is the ideal of finite rank (respectively, compact) operators on H. For the
fundamental properties of kh(soc(A)), the reader is referred to [5, 7, 21].
Now, note that an element a in A is compact if the operator aTa defined
by aTa(x) = axa for all x ∈ A is compact on A [2]. The set of all compact
elements of A is denoted by K(A). For example, if A = B(X ) then, by [22],
K(A) = K(X ) which is the ideal of all compact operators on X . Using now
[5, Theorem 2.1], we then obtain

soc(A) ⊆ K(A) ⊆ kh(soc(A))(1.1)

where soc(A) is the closure, in the Banach norm of A, of soc(A).
Several works have dealt with relationship 1.1. Thus, it is known that

both of these inclusions can generally be strict in the Banach space set-
ting (see e.g. [14, 12]), and in the Banach commutative context (see e.g.
[8, 15]). However, these inclusions become equalities if A is, for example,
a C*-algebra [11, Lemma C.2.4]. Further, this fact also remains true in
more special cases (see e.g. [17, Theorem 19.G], [21, Corollary 7.4] and [15,
Proposition 4.1]). Thus, in this direction, a natural question is whether
the three sets soc(A), K(A) and kh(soc(A)) coincide for a given class of
semisimple commutative Banach algebras. The current study was moti-
vated by this question and, so too in the original, by the [10, Remark 2.5].
Next, in order to deal with this question we will also need to add some
preliminaries.
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Throughout the remaining of this paper, A will be a semisimple com-
mutative Banach algebra with Gelfand spectrum ΦA. Then kh(I), where
I is an ideal in A, is T{N(ϕ) : ϕ ∈ ΦA, I ⊆ N(ϕ)}, where N(ϕ) is the
kernel of ϕ. Thus, by [20, Theorem 2.2.6], kh(I) is constituted exactly by
the elements u ∈ A such that u+ I is quasi-nilpotent in A/I. Recall that
A is a modular annihilator algebra if A/soc(A) is a radical algebra [18,
Theorem 8.4.5] (or equivalently, in this context, A is a Riesz algebra [11,
page 60]). It is easy to see, from the relation 1.1, that if A has a ’large’ socle
in the sense that it has dense, in the Banach norm of A, socle then it is a
modular annihilator algebra. However, as we will see below, the converse
is not true. Yet, and in this regard, we will show, in section 2, that if A
is a modular annihilator algebra then it always has dense, in the spectral
radius norm of A, socle.
Now, we recall that A is compact (respectively, completely continuous)
if A = K(A) (respectively, for every a ∈ A, the multiplication operator
Ta : A→ A, defined by Ta(x) = ax, is compact). For some studies of these
algebras we can see (e.g. [2, 3, 9] and the references therein). It is easy
to see that every completely continuous algebra is a compact algebra; the
converse of this implication is true if A has a bounded approximate identity
(see e.g. [1, Theorem 5.61]). In that direction, we will show, in Theorem
3.3, that this converse is also true if A is Tauberian.

2. on the closure, in the spectral radius norm, of the socle of
A.

Since A is semisimple then the spectral radius is a norm on A. Thus, k.k
and k.kr denote the Banach norm of A and the spectral radius norm of A,
respectively. Also, if S ⊆ A, S and S− denote the closure in the norm k.k
of S and the closure in the norm k.kr of S, respectively. Throughout the
remaining of this paper, we set

B := {x = (xn)n≥1 : xn ∈ C,∀n ∈ N∗, sup{n|xn|, n ∈ N∗} <∞}.

Then, B is a semisimple commutative Banach algebra, with the point-
wise product and the following Banach norm kxk := sup{n|xn|, n ∈ N∗}
for every x in B. In [21], the author noticed that soc(B) = kh(soc(B)).
However, in the following result, we show that the kh(soc(A)) is always
equal to soc(A)−.
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Theorem 2.1. Let A be a semisimple commutative Banach algebra. Then
kh(soc(A)) = soc(A)−.

Proof. It is known that soc(A) = soc(A ), kAhA(soc(A)) = kA hA (soc(A ))
and rA(x) = rA (x) for any x ∈ A, where A is the unitization of A. Then
we can suppose that A has identity element. Let x ∈ kh(soc(A)) and
fix > 0. Since x is inessential then there exist a finite set {α1, ..., αn} ⊂
sp(x)\{0} such that {λ ∈ sp(x) : |λ| ≥ } = {α1, ..., αn}. Set ek := p(αk, x)
the projection associated to x and αk (see e.g. page 106 in [4]). Then, by
the analytic functional calculus, kx−Pn

k=1 ekxkr < . Therefore, since A
is semisimple, x ∈ soc(A)−, by [4, Lemma 5.7.1] .
Conversely, let x ∈ soc(A)−. Given an > 0, then there exist s ∈ soc(A)
such that r(x−s) < . Thus r(x+soc(A)) < . Therefore r(x+soc(A)) = 0.
Consequently, x ∈ kh(soc(A)).

2

The proof given here of kh(soc(A)) ⊆ soc(A)− is adaptation of the
proof of [3, Theorem 2.4 page 17]. However, another proof of this inclusion
my be deduced directly from [15, Proposition 3.1] (without use of the ma-
chinery of analytic functional calculus).

One of our original motivations for introducing Theorem 2.3, is [15,
Question 5.2]. After trying to answer that question, we found another
characterization of a modular annihilator algebra. To give this we need
the following preparation. Here Ar and B(Ar) denote the spectral radius
normed algebra A and the normed algebra of all bounded linear operators
on Ar, respectively. Thus, K(Ar) is the set of all elements a ∈ A such that
Ta2 is a compact on Ar. The following lemma tells us that spA(u) is either
finite or a sequence converging to zero for any u ∈ K(Ar).

Lemma 2.2. Let A be a semisimple commutative Banach algebra. Then

(i) AK(Ar) ⊆ K(Ar).

(ii) For every u ∈ K(Ar), spB(Ar)(Tu2) is either finite or a sequence con-
verging to zero, where sp(.) is the spectrum.

(iii) For every u ∈ K(Ar), spB(Ar)(Tu) is either finite or a sequence con-
verging to zero.

(iv) For every u ∈ Ar, spB(Ar)(u) \ {0} ⊆ spB(Ar)(Tu) \ {0}.
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(v) For every u ∈ K(Ar), spA(u) is either finite or a sequence converging
to zero.

Proof. (i) By [19, Theorem 7.2].
(ii) By [19, Theorem 7.10].
(iii) It is enough to see that, for every λ ∈ C such that λ2 ∈ ρB(Ar)(Tu2)
we have λ ∈ ρB(Ar)(Tu), with ρB(Ar)(.) is the resolvent.

(iv) Let u ∈ A and λ ∈ ρB(Ar)(Tu) \ {0}. Then λ ∈ ρB(Ar)
(Tu), where

Tu : α + a → u(α + a) is the multiplication operator by u on A . Thus
we can suppose that A has identity element which is denoted by 1. Since
λ ∈ ρB(Ar)(Tu)\{0} there exists a sequence (xn) of elements of A such that
(λ− Tu)xn → 1 in the norm k.kr. Therefore λ ∈ ρ(u).
(v) It follows from (iii) and (iv). 2

Theorem 2.3. Let A be a semisimple commutative Banach algebra. Then

kh(soc(A)) = K(Ar) = soc(A)−

Proof. We can assume that A has an identity element since Tu2 is
a compact, in the spectral radius norm, operator on A when Tu2 is a
compact, in the spectral radius norm, operator on A for every u ∈ A.
Then by using Lemma 2.2 and [5, Theorem 2.1], we get firstly K(Ar) ⊆
kh(soc(A)). Now fix u ∈ kh(soc(A)). By Theorem 2.1 there exists a
sequence (sn) of elements of soc(A) such that Ts2n → Tx2 in the norm of
B(Ar). Since Ts2n is a finite rank operator for every n ∈N, Lx2 is a compact,
in the spectral radius norm, operator on A. That is u ∈ K(Ar). 2

The following result is a new characterization of a modular annihilator
algebra. It says that any semisimple commutative modular annihilator
Banach algebra is compact and have a ’large’ socle in some sense (see e.g
[18, Page 708]).

Corollary 2.4. LetA be a semisimple commutative Banach algebra. Then
the assertions are equivalent:

(i) A is a modular annihilator;

(ii) A is compact, in the spectral radius norm (that is A = K(Ar));

(ii) A has dense, in the spectral radius norm, socle.
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Remarks 2.5. However, the results 2.3 and 2.4 are not true if the spectral
radius norm is replaced by the Banach norm of A. Indeed:

(i) In [15, Example 5.1], K(B) 6= soc(B) has been demonstrated.

(ii) The algebra above B is modular annihilator. Indeed, it is clear that
the minimal idempotents in B are precisely the vectors en with en =
(δnk)k. But for every n there is, by [15, Lemma 3.2] only one element

χn ∈ iso(ΦB) such that cen = δχn , where iso(ΦB) is the set of all

isolated points of ΦB and cen is the Gelfand transform of en. We note
here that ΦB = {χn}, then ΦB is discrete. Therefore B is modular
annihilator. However, since K(B) 6= soc(B), B has not dense, in the
Banach norm, socle .

(iii) In section 5 of [8] the authors have built a (semisimple commutative
Banach algebra) modular annihilator, not compact, algebra A; (this
example will be studied in more detail in (1-i) of the remark 3.9).

Remark 2.6. It is important to emphasize here that [8] contains an alge-
bra which would have been answered, in the negative, of the [15, Question
5.2]. Indeed, let A be the semisimple commutative Banach algebra con-
structed in section 5 of [8], it is also modular annihilator but not compact.
Then kh(soc(A )) 6= K(A ), despite the fact that A is a semisimple com-
mutative Banach algebra with identity element. Thus, A is a negative
answer to [15, Question 5.2].

3. on the compactness of the Algebra A.

It is necessary here to point out that the results of this section are largely
inspired by [1, Theorem 5.61] containing the following result which says that
the definition of compact algebra coincides with the given definition for a
completely continuous algebra when A has bounded approximate identity
(without the assumption that A is semsimple). The proof we present here
is more elementary, since we do not use the Cohen-Hewitt Factorization
Theorem as in the proof of [1, Theorem 5.61].

Theorem 3.1. [1, Theorem 5.61] Suppose thatA is a commutative Banach
algebra with a bounded approximate identity (eλ)λ. Then the following
statements are equivalent:

(i) A is a completely continuous algebra;
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(ii) A is a compact algebra;

(iii) Te2λ
is a compact operator on A for any λ.

Proof. It is enough to notice that for every u ∈ A we have limλ Te2λ
Tu =

Tu, since (eλ)λ is a bounded approximate identity of A.
(i) ⇒ (ii) and (ii) ⇔ (iii) are trivial.
(ii) ⇒ (i) Since Te2λ

is a compact operator on A for any λ, Tu is also a
compact operator on A. This being true for any u in A, we conclude that
A is a completely continuous algebra. 2

Remark 3.2. This result can not directly apply, for example, on the whole
class of Herz algebra. Indeed, firstly we recall that the Herz algebra of G is
denoted by Ap(G), where G is a locally compact group and 1 < p <∞. By
[16, Theorem 6], there exist a G and 1 < p < ∞ such that Ap(G) has not
bounded approximate identities. Nevertheless, this case will be covered,
thanks to Theorem 3.3, by Example 3.5.

Before stating the main results of this section, we shall need some pre-
liminaries. Recall that A is said to be Tauberian if the elements of com-
pact support are dense in A, where the support of any x ∈ A is defined
by supp(x) := {ϕ : ϕ ∈ ΦA;ϕ(x) = 0}. This class contains many special
important algebras. For example, obviously, if A has dense socle then it is
Tauberian (whilst the converse need not be true, since for example B is
Tauberian with socle not dense). Thus, the algebra lp (1 ≤ p < ∞) with
the coordinatewise multiplication; C0(Ω) , the algebra of all complex con-
tinuous functions which vanish at infinity on a locally compact Hausdorff
space Ω; the group algebras L1(G) for any locally abelian compact group
G; the algebra Lp(G), 1 < p < ∞, for a compact abelian group G, are
Tauberian. Also, the Herz algebra Ap(G), for any locally compact group G
and 1 < p <∞, is Tauberian [16, Proposition 3]. On the other hand, If A
has identity then it is Tauberian; but, as we shall see in (i) of Remark 3.9,
this implication is false if the algebra A has just a bounded approximate
identity.

Now we set here A0 the set of all elements of A with compact support,
and let Cc(A) denote the set of those a ∈ A such that Ta is a compact
operator on A. It is easy to see that Cc(A) is a closed ideal of A. The main
result of this section is the following. It is similar to the last proposition,
replacing the assumption that A possess a bounded approximate identity
with that of Tauberianess.
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Theorem 3.3. Suppose that A is a semisimple commutative Tauberian
Banach algebra. Then the following statements are equivalent:

(i) A is a compact algebra;

(ii) Ta is compact for any a ∈ A with compact support;

(iii) A is a completely continuous algebra.

Proof. (i)⇒ (ii) Assume that A is compact. Then A0 ⊆ Cc(A). Indeed,
Let a ∈ A with compact support. If the spectrum of A is compact then, by
[20, Theorem 3.6.6], A has an identity element. Hence A would be finite
dimensional since it is a compact algebra by [6, Proposition 6.3]. It follows
that Ta is compact. Suppose now that the spectrum of A is not compact.
There exists ϕ ∈ ΦA such that ϕ is not in supp(a). Since A is compact
then, by Relation 1.1, it is modular annihilator. Hence A is regular, so
by [17, Lemma 25.C], there exist e ∈ A such that ê = 1 on supp(a) and
ê(ϕ) = 0. Therefore a = ae since A is semisimple. Hence

Ta =
1

2
(T(a+e)2 − Ta2 − Te2).

Since A is a compact algebra then T(a+e)2 , Ta2 and Te2 are compact
operators, and therefore Ta is compact.
(ii) ⇒ (iii) Suppose now that A0 ⊆ Cc(A). Since Cc(A) is closed, and by
using the fact that A is Tauberian we then conclude that A is completely
continuous.
(iii) ⇒ (i) is trivial. 2

Remark 3.4. We do not know if Theorem 3.3 remains true if we remove
the assumption that A is Tauberian.

Knowing that Ap(G) is a semisimple commutative Tauberian Banach
algebra [16], for any locally compact group G and 1 < p <∞, the following
example is a direct application of Theorem 3.3.

Example 3.5. Let G be any locally compact group and 1 < p <∞. Then
the following are equivalent:

(i) Ap(G) is a compact algebra;

(ii) Ap(G) is a completely continuous algebra.
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Not surprisingly, the following result is, more or less, similar, in formu-
lation and proof, to the second part of [1, Theorem 5.61].

Corollary 3.6. Suppose that A is a semisimple commutative Tauberian
Banach algebra. Then the following statements are equivalent:

(i) A is a compact algebra;

(ii) A is a completely continuous algebra;

(iii) A is a modular annihilator algebra ;

(iv) ΦA is discrete;

(v) A is inessential;

(vi) A has dense, in the Banach norm, socle;

(vii) A has dense, in the spectral radius norm, socle.

Proof. (i) ⇒ (ii) by Theorem 3.3.
(ii) ⇒ (i) is trivial.
(i) ⇒ (iii) follows immediately from the relation 1.1.
(iii) ⇔ (iv) ⇔ (v) It follows from [18, Theorem 8.6.4].
(v) ⇒ (vi) Assume that A is inessential. This means that the spectrum of
A is discrete. Thus to conclude that A has dense socle, it is enough to see,
by the fact that A is Tauberian, that the socle of A equals the set of all
elements of A with compact support.
(vi) ⇒ (vii) It follows from Theorem 2.1.
(vii) ⇒ (i) Suppose that A = soc(A)−. Then, by Corollary 2.4, A is
modular annihilator. From (v) ⇒ (vi) we may infer that A = soc(A).
Therefore, by the relation 1.1, A is compact.

2

A direct application of this result can be done to the following examples.

Example 3.7. (i) For any locally compact abelian group G we have
the following equivalence: L1(G) is completely continuous if and only
if G is compact, since ΦL1(G) = Ĝ and by the equivalence between

compactness of G and discreteness of dual group Ĝ (see e.g. [1, page
220]).
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(ii) For every locally compact group G and 1 < p <∞, G is the Gelfand
spectrum of Ap(G) (by [16, Theorem 3]). Then, we have the follow-
ing equivalence: Ap(G) is completely continuous if and only if G is
discrete.

Corollary 3.8. Suppose that A is a semisimple commutative Tauberian
Banach algebra. If A is a modular annihilator then A (also its unitization)
satisfies:

kh(soc(A)) = K(A) = soc(A).

Remarks 3.9. (1) In this corollary the Tauberian condition cannot re-
moved. Indeed:

(i) Consider the algebra A constructed in section 5 of [8]. It is
a semisimple commutative, not Tauberian, modular annihilator
Banach algebra (with a bounded approximate identity), by [8,
Theorem 6.4]. However, kh(soc(A)) 6= K(A), by [8, Corollary
6.2].

(ii) We have seen in Remarks 2.5 that the algebra B is a semisim-
ple commutative modular annihilator Banach algebra such that
soc(B) 6= B. Then B is not Tauberian, by Corollary 3.6. How-
ever, it satisfies K(B) 6= soc(B), by [15, Example 5.1].

(2) Also, the example in (i) shows that the assumption of Tauberianess
in the last corollary cannot replaced by the assumption that A has a
bounded approximate identity.

We can now give the following example.

Example 3.10. Let G be any locally compact group and 1 < p < ∞. If
G is discrete then Ap(G) (also its unitization) satisfies

kh(soc(Ap(G))) = K(Ap(G)) = soc(Ap(G)).(3.1)

In particular, using [13, Theorem 3.2], these equalities are also true if
Ap(G) is Arens regular (in the sense of [13, page 218]).

Remark 3.11. As we have seen above, in the general context of semisim-
ple commutative Banach algebras, the equivalence between being Taube-
rian and being having dense socle is not generally true. However, this
equivalence becomes true in the case of modular annihilator semisimple



Characterizations of a commutative semisimple modular annihilathor ... 707

commutative Banach algebras. More precisely, the following fact gives an
characterization, in terms of Tauberianess, of the equality kh(soc(A)) =
soc(A). Assume that A is a semisimple commutative Banach algebra.
Since soc(kh(soc(A))) = soc(A) and kh(soc(A)) is inessential, then we
have the following equivalence: kh(soc(A)) is Tauberian if and only if
kh(soc(A)) = K(A) = soc(A).

References

[1] P. Aiena, Fredholm and local spectral theory with applications to multi- 
pliers. Dordrecht: Kluwer, 2004, doi: 10.1007/1-4020-2525-4

[2] J. C. Alexander, “Compact Banach algebras”, Proceedings of the London 
Mathematical Society, vol. s3-18, no. 1, pp. 1–18, 1968, doi: 10.1112/plms/s3-18.1.1

[3] J. C. Alexander, “Algebras of compact operators”, Thesis presented for the Degree of Doctor of Philosophy. University of Edinburgh, Faculty of Science, 1967. [On line]. Available: https://bit.ly/3vVWgCY
[4] B. Aupetit, A primer on spectral theory. New York, NY: Springer, 1991, doi: 10.1007/978-1-4612-3048-9
[5] B. Aupetit and H. du T. Mouton, “Spectrum preserving linear mappings in Banach algebras", Studia mathematica, vol. 109, no. 1, pp. 91–100, 1994, doi: 10.4064/sm-109-1-91-100
[6] B. A. Barnes, “Modular annihilator algebras”, Canadian journal of 

mathematics, vol. 18, pp. 566-578, 1966, doi: 10.4153/cjm-1966-055-6
[7] B. A. Barnes, “A generalised Fredholm theory for certain maps in the regular representation of an algebra”, Canadian journal of 

mathematics, vol. 20, pp. 495-504, 1968, doi: 10.4153/cjm-1968-048-2
[8] D. Blecher and C. J. Read, “Operator algebras with contractive appro- ximate identities, IV: a large operator algebra in c0”, Transactions of the 

American Mathematical Society, vol. 368, no. 5, pp. 3243-3270, 2016, doi: 10.1090/tran/6590
[9]  F. F.  Bonsall  and J. Duncan,  Complete normed algebras. Berlin:  Sprin- ger, 1973, doi: 10.1007/978-3-642-65669-9

https://doi.org/10.1007/1-4020-2525-4
https://doi.org/10.1112/plms/s3-18.1.1
https://bit.ly/3vVWgCY
https://doi.org/10.1007/978-1-4612-3048-9
https://doi.org/10.4064/sm-109-1-91-100
https://doi.org/10.4153/cjm-1966-055-6
https://doi.org/10.4153/cjm-1968-048-2
https://doi.org/10.1090/tran/6590
https://doi.org/10.1007/978-3-642-65669-9


708 Youness Hadder and Abdelkhalek El Amrani

[10] N. Boudi and Y. Hadder, “On linear maps preserving generalized invertibility on commutative algebras”, The Rocky Mountain journal of 
mathematics, vol. 42, no. 4, pp. 1007-1014, 2012, doi: 10.1216/rmj-2012-42-4-1107

[11] B. A. Barnes, G. J. Murphy, M. R. F. Smyth, and T. T. West, Riesz and 
Fredholm theory in Banach algebras. Boston: Pitman, 1982.

[12] P. Enflo, “A counterexample to the approximation problem in Banach spaces”, Acta mathematica, vol. 130, pp. 309-317, 1973, doi: 10.1007/bf02392270
[13] B. Forrest, “Arens regularity and discrete groups”, Pacific journal of 

mathematics, vol. 151, no. 2, pp. 217-227, 1991, doi 10.2140/pjm.1991.151.217
[14] G. Gandroulakis and T. Schlumprecht, “Strictly singular, non-compact operators exist on the space of Gowers and Maurey”, Journal of the 

London Mathematical Society, vol. 64, no. 3, pp. 655-674, 2001, doi: 10.1112/S0024610701002769
[15] Y. Hadder, “The Kh-socle of a commutative semisimple Banach alge- bra”, Mathematica bohemica, vol. 145, no. 4, pp. 387-399, 2020, doi: 10.21136/MB.2019.0106-18
[16] C. S. Herz, “Harmonic synthesis for subgroups”, Annales de l'Institut 

Fourier, vol. 23, no. 3, pp. 91-123, 1973, doi: 10.5802/aif.473
[17]  L. Loomis, An introduction to abstract harmonic analysis. Toronto: Van Nostrand, 1953. [On line]. Available: https://bit.ly/3bgBSoj
[18] T. W. Palmer, Banach algebras and the general theory of *-algebras: 

algebras and Banach algebras, vol. 1. Cambridge: Cambridge University Press, 1994, doi: 10.1017/cbo9781107325777
[19] A. E. Taylor and D. C. Lay, Introduction to functional analysis, 2nd ed. New York, NY: Wiley, 1980.
[20] C. E. Rickart, General theory of Banach algebras. Princeton, NJ: Van Nostrand, 1960. 

https://doi.org/10.1007/bf02392270
https://doi.org/10.2140/pjm.1991.151.217
https://doi.org/10.21136/MB.2019.0106-18
https://doi.org/10.5802/aif.473
https://bit.ly/3bgBSoj
https://doi.org/10.1017/CBO9781107325777
https://doi.org/10.1112/S0024610701002769
https://doi.org/10.1216/rmj-2012-42-4-1107


Characterizations of a commutative semisimple modular annihilathor ... 709

[21] M. R. F. Smyth, “Riesz theory in Banach algebras”, Mathematische 
zeitschrift, vol. 145, no. 2, pp. 145-155, 1975, doi: 10.1007/ bf01214779

[22] K. Vala, “Sur les éléments compacts d’une algèbre normée”, Annales 
Academiae. Scientiarum Fennicae. Series A, I. Mathematica, no. 407, pp. 1-8, 1967. doi: 10.5186/aasfm.1967.407

https://doi.org/10.1007/BF01214779
https://doi.org/10.1007/BF01214779
https://doi.org/10.5186/aasfm.1967.407

