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The paper relates to questions raised by A. A. Muchnik
in a 1956 Doklady abstract, namely, whether a noncreative
r.e. set can be simple in a creative one, and whether a creative
r.e. set can be simple in a noncreative one. We furnish a
negative answer to the second question, and give a variety of
partial results having to do with the first. Thus, we show
that no universal set can have immune relative complement
inside a noncreative r.e. set and that any r.e. set which is
hyperhypersimpie in a creative set must itself be creative;
whereas, there exist three sets a, β, γ, a Q β ^ γ, such that
β is creative, a and γ are nonuniversal, and both β — a and
γ — β are hyperhyperimmune.

In addition, we answer two questions of J. Pβ Cleave re-
garding the comparison of effectively inseparable (e.i.) and
"almost effectively inseparable" (almost e.i.) sequences of r.e.
sets. Thus: a sequence can be almost e.i. without being e.i.;
and an almost e.i. sequence of disjoint rβe. sets may have a
noncreative union.

1. In [7], Muchnik formulated (in slightly different language)
the following two problems: given two r.e. sets Δ, Σ, with Δ S Σ and
Σ — A immune, can we have

(1) A creative and Σ mesoic?
(2) A mesoic and Σ creative?

In the present paper, we consider these questions relative to not-
necessarily-rβe. universal sets; and we make two or three applications
of our results to matters considered in [7] and [l]β We are indebted
to J. P. Cleave for providing us with a draft copy of [1], which has
since been supplanted by a (forthcoming) joint paper of Cleave and
C. E. M. Yates. (For an abstract of the Cleave-Yates paper, see [2].)

2* Definitions and preliminary lemmas* Basic terminology is
essentially as in [3]. Notational departures from [3]: we use 'Wx'
in place of 'ωx', 'φ', in place of '0' for the null set, ' U ' for union,
TV for intersection, and ' —' instead of a prime symbol for comple-
mentation. A set A of natural numbers is said to be immune just in
case A is infinite and, for all i, if Wi Si Δ then Wt is finite. If Δ,
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sity of California at Los Angeles in May, 1963. We are indebted to the referee for
pointing out some expository flaws in the original version of section 2.
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Σ are sets of numbers such that A £ Σ and Σ — A is immune, we say
that Δ is coimmune in Σ. (In case A — Wj, Σ — Wk, for some j and
k, we say instead that Δ is simple in Σ.) Similarly, if Δ ξΞ= Σ and
Σ — A is hyperhyperimmune, we say that A is cohyperhyperimmune
in 21, or that A is hyperhy per simple in Σ9 in case both z/ and Σ are
r.e. (For definition and discussion of the notion of hyperhyperimmunity,
the reader may consult [9] or [10]; the existence of hyperhypersimple
sets is known from [5].)

LEMMA 1. There exists a set of numbers, a, such that both a
and its complement, a, are hyperhyperimmune.

Proof. This follows from the definition of hyperhyperimmunity
([10]) by a straightforward diagonal argument, since there are only
countably many recursive sequences of pairwisedisjoint nonempty finite
sets.

The terms 'creative', 'productive' 'contraproductive' 'mesoic' and
'simple', as applied to number sets, have their customary significance
(see [3]). A mesoic set A is said to be pseudosimple just in case, for
some number j , Wj £ A and A (j Wj is simple. We will make use of
the (more or less) standard notations ' ί ^ - / and ' g^ i ' for the rela-
tions of (recursive) many-one and one-to-one reducibility, respectively.
By a universal set is meant a set A of numbers such that Wj ^ ^ A
for all j (or, equivalently as it happens, Wj ^m-iΔ for all j).

Lemma 2. ([11, Chapter 5, Proposition 2 and Theorem 6],
noting that g and t can be one-to-one in the cited Theorem 6; see
also [4, Proposition 1.12]). A is universal if and only if A is
productive.

Let an infinite set A be given. Suppose there is a partial recursive
function p such that, for all j , if Wj Q A then j is in the domain of
p and (Vi)(ie Wj=>p(j) > i). Then (and only then), we say that
A is strongly effectively immune. An r.e. set with a strongly
effectively immune complement is called strongly effectively simple.
An example of a strongly effectively simple set: the simple-but-not-
hypersimple set of Post [9]. The following fact is easy to establish,
using a trick due to Myhill ([4]):

LEMMA 3. If A is strongly effectively immune, then there is a
•recursive function, r, such that (V̂  ) (Wj £ A ==> (Vi) (i e W3 ==> r(j)

>i)).

In [1] and [6], it has been noted that Friedberg's procedure ([5])
for decomposing a nonrecursive rβe. set into two nonrecursive, r.e.,
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disjoint subsets can be extended to provide K(r.e.) components, for any
K such that 2 ̂  K ̂  Ho, in such a way that, in the case K — Ho>
the components are presented in a recursive sequence (i.e., in a
sequence indexed by a recursive function). In [1], extending an
important observation of Yates, Cleave shows that if decomposition of
a nonrecursive r.e. set Σ into K r.e. components (2 ^ K g Ho) is car-
ried out according to this extension of Friedberg's construction, then
any two of the resulting components are recursively inseparable in a
remarkably strong sense: namely, if Wj is any one of the components,
then, for arbitrary k, Wk ϋ Wj=^Wk — Σ is r.e.

In general, suppose {Wr}reR is an indexing of the set of components
in a iΓ-component decomposition of the nonrecursive r.e. set Σ into
r.e. subsets (2 ^ K ̂  Ho), where R is understood to be r.e. in case
K = Ho Then, we shall say that the decomposition in question is a
CFY(K)-decomposition just in case, for any such index set R, r e R
=> (V,-) (Wj ^Wr^Wj-Σ is r.e.).

Suppose that, in fact, there is a partial recursive function p such
that reR=> (v, ) (Wj g ΐ? r => p(r, i) is defined and Wp{rJ) = (Wj - 21)
U (a finite subset of 21). We shall, under these circumstances, say
that the CFF(iΓ)-decomposition of Σ whose components are given by
the set {TFrlrei? is a strong CjFF(if)-decomposition of Σ.

The fundamental observation of Cleave and Yates is then just
this:

LEMMA 4. Let Σ be a nonrecursive r.e. set, and suppose 2 ̂
K ^ H o . Then Σ admits a strong CFY(K)-decomposition.

The next two lemmas express simple but useful properties of
CjPYr(ίΓ)-decompositions.

LEMMA 5. Let Σ be an r.e., nonrecursive set, and Wj a com-
ponent in a CFY(K)-decomposition of Σ. Then Wj is not simple in
any r.e. set.

Proof. Suppose, to the contrary, that Wj £ Wk, where Wk — Wj
is immune. The union of the components other than Wj is an r.e.
set, say We; hence, since Wk — Wj is immune and Wj Π We — φ, we
have We Π Wk = a finite set. Therefore, Wk - (We Π Wk) is r.e.,
includes Wj, and misses We (and hence misses each of the components
going to make up We). Thus, (Wk — (We (Ί Wk)) — Wj must be an
r.e. set. But here is an absurdity, since (Wk — (We Π Wk)) — Wj
must be immune. The lemma follows.

LEMMA 6. Let A be either a creative set or a nonpseudosimple
mesoic set. Let Δx, J 2 be the components in a CFY(^-decomposition
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of A. Then, at least one of Δ19 Δ2 has the property of being neither
pseudosimple nor many-one reducible to a simple set.

Proof. Let Σί9 Σ2 be pseudosimple mesoic sets. Suppose Σι U 22

is neither simple nor recursive. Let Σ[9 Σ2 be r.e. sets such that
Σ[ C Σ19 Σ'2 S Σ29 and Σγ U Σ[f Σ2 (J Σf

2 are simple. Now, (Σ, U Σ[) Π

(22 U 20 is simple, and is a subset of (Si U Σ2) U (Σ[ Π 2*0. Hence,
since 2\ U ̂ 2 is not recursive, (2\ U -Σ"2) U (SI Π 2Ό is infinite and so
(2Ί U Σ2) (J (-ΣΊ' ΓΊ 2Ό is simple. Therefore Σ1 U Σ2 is pseudosimple.
Thus, we see that either Δ1 or Δ2 must be nonpseudosimple. It is an
evident feature of Ci^F(iΓ)-decompositions that the components are
pairwise recursively inseparable; and from this it follows that neither
Δ1 nor Δ2 can be many-one reducible to a simple set. The lemma fol-
lows. (We will see later, in Theorem 6, that Δ19 Δ2 must be mesoic
when Δ is creative, as well as when Δ is noncreative.)

Recall that Wi9 W3 are termed effectively inseparable just in case
Wi Π Wj = φ and there is a partial recursive function p such that,
for all k and m, if W{ S Wk9 W5 S W^ and Wk Π ΐ^m = ^, then
)̂(fc, m) is defined and lies outside Wk U T7W. In [1], Cleave considers

the following two sequential variations on this concept:
Let {TFru)} be a recursive sequence (i.e., the indexing function r

is recursive) of pairwise-disjoint, nonrecursive r.e. sets. {T7r(ί)} is e.i.
(Cleave) just in case, for i Φ j 9 there is a partial recursive function
Pu such that, if WrU) S Wk, Wr{j) S Wmf and Wk Π Wm = φ, then
Pitj(k9m) exists and lies outside Wk U Wm U (UnWV^)). Again, Cleave
calls (Wru)} almost eΛ. just in case, whenever i Φ j 9 there is a partial
recursive function pίfj such that, if T7r(ί, £ W"̂ , Wr(j, £ TF ,̂ and
If f c n TFm = ^, then pitj(k9 m) is defined and WPuj{k>m) is an infinite
recursive set whose intersection with Wk U Wm U (U»Wr(n)) is finite.
Cleave shows, in [1], that the CjPF(^0)-decomposition of the creative
set {x I x e Wx} given by the extended Friedberg construction presents
an almost e.i. sequence; his argument, in fact, is'valid for any strong
CFF(^0)-decomposition of a creative set1. He then asks:

(1) Do there exist almost e.i., non-e.i. sequences?
(2) Must the union of the terms of an almost e.i. sequence be

creative?
In § 3 we shall provide pleasantly straight-forward proofs that the

answers to these two questions are, respectively, "yes" and "no".
One other concept, of Muchnik's ([7]), will receive a little of our

attention in §3: the notion of "sets-of-a-pair in an r.e. set". We

1ΓΓhis proof of Cleave's, showing that any strong CFF(^o)-decomposition of a
creative set presents an almost e.i. sequence, will, presumably, appear in the paper
corresponding to [2].
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rephrase Muchnik's original definition as follows: Disjoint r.e. sets
Δo, Ax are said to be sets-of-a-paίr in the r.e. set Σ just in case Ao U
A^Σ, Σ — (Ao U Δλ) is infinite, Σ is indeed r.e., and, for all i and
for j = 0, 1, A3 C WiSΣ=* [(W, - Δd is finite) or (W{ ΓΊ Λ-; ^ 0)].
We shall say that an r.e. set A is SOPRE just in case there exist
two other r.e. sets, Σλ and Σ2y such that A, Σλ are sets-of-a-pair in
the r.e. set Σ2.

REMARK. It is not hard to show that any creative set is SOPRE.
In Theorem 9 we will put forward an additional bit of information on
SOPREness.

One further lemma will prove handy in § 3.

LEMMA 7. The question whether a mesoic set can be coimmune
in a universal set reduces to the question whether a mesoic set can
be simple in a creative set.

Proof. Suppose A is universal, Σ mesoic, and Σ is coimmune in
A. Let Σu Σ2 be an effectively inseparable pair of disjoint creative
sets. Since A is universal, there is a one-to-one recursive function /
such that /(2Ί) C Δ, f(Σ2) s 3. Now, /(2Ί), f(Σ2) are themselves ef-
fectively inseparable ([11, Chapter 5, Proposition 4]). Hence, since
ΣQf(Σ2), the sets f(Σ,) U Σ7 f(Σ2) are effectively inseparable. There-
fore, f{Σλ) U Σ is creative. Hence (/(2Ί) [j Σ) - Σ must be infinite;
and so Σ is simple in the creative set /(2Ί) U Σ, proving the lemma.

3* Theorems*

THEOREM 1. A universal set cannot be coimmune in a mesoic
set.

Proof. Suppose that A is universal, Σ mesoic, A ϋ Σ9 and Σ — A
is immune. Let Σ19 Σ2 be disjoint, effectively inseparable r.e. sets.
Let / be a one-to-one recursive function reducing Σ± to A. Then
f(Σ2) <Ξ I; hence, since Σ — A is immune, f(Σ2) Γ) Σ must be finite.
Therefore, Σ — (f(Σ2) f] Σ) = Σ3 is a mesoic superset of /(2Ί) which is
disjoint from f(Σ2). But /(2Ί), /(^2)

 a r ^ effectively inseparable; and
so also Σ3, f(Σ2) are effectively inseparable. But this is impossible,
since Σ3 is mesoic. The theorem follows.

THEOREM 2. If A is a universal set, then there are two non-
universal sets Σι and Σ2 such that Σx is cohyperhyperimmune in A
and A is cohyperhyperimmune in Σ2.

Proof. Applying Lemma 1, let Δ1 be a hyper hyper immune set
whose complement is likewise hyperhyperimmune. Since both a univer-



1324 T. G. MCLAUGHLIN

sal set and its complement have infinite r.e. subsets, the sets Δ 0 Δίf

Δ Π Δ1 must be infinite and therefore immune (indeed, hyperhyper-
immune); and we have, clearly, Σ1~Δ(λΔ1 cohyperhyperimmune in
Δ cohyperhyperimmune in Σ2 = Δ U (Δ f) Λ). It remains to see that
Σ19 Σ2 are not productive. Now, Σ2 = Δ± f) Δ cannot be productive,
since it is immune. If Σ1 were productive, it would be contraproductive
(Myhill); hence, since a contraproductive set has a nonimmune comple-
ment, Σί is not productive, and the proof is complete.

THEOREM 3. (i) A pseudosimple set cannot be coimmune in a
universal set.

(ii) If Δ is a mesoic set such that Δ ̂ w_i2 r for some simple set
Σ, then Δ cannot be coimmune in a universal set.

(iii) There are mesoic sets Δ, neither pseudosimple nor many-
one reducible to a simple set, such that Δ is not coimmune in any
universal set.

Proof. It follows from Lemma 7 that we need only prove (i),
(ii), and (iii) with 'universal' replaced by 'creative'. Then (i) becomes
evident, since a simple set cannot have a creative superset; (ii) is an
easy consequence of the (easily proved) Theorem 5 of [7] together
with the fact that any creative set is recursively inseparable from
some r.e. subset of its complement; and (iii) results at once from
Lemmas 5 and 6.

THEOREM 4. If an r.e. set Δ is hyperhy per simple in Σ, where
Σ is creative, then Δ must also be creative.

Proof. It was pointed out by Yates, in [12], that an r.e. set Δf

with infinite complement, is hyperhypersimple if and only if there is
no recursive sequence {Wru)}9 of pairwise-disjoint r.e. sets (finite or
infinite), such that Wr{i) Π Δ Φ Φ holds for all i. It readily follows
from consideration of inverse images of r.e. sets under one-to-one
recursive functions that, for r.e. sets Δ and Σ, Δ is hyperhypersimple
in Σ if and only if Δ S Σ, Σ — Δ is infinite, and there is no recursive
sequence {Wr(i)} of pairwise-disjoint r.e. subsets (finite or infinite) of
Σ such that (Vi) (Wr{ί) Π (Σ - Δ) Φ Φ). Now, it follows straight-
forwardly from MyhilΓs isomorphism theorem ([8]) that if Σ is creative,
then there is a recursive sequence {Wr(ί)} of pairwise-disjoint creative
sets such that Σ = \JiWr{i). Let {TFrU)} be such a sequence, relative
to the given creative set Σ; and suppose Δ is an r.e. set hyperhyper-
simple in Σ. It follows that there is at least one i such that Wr{i) Π
(Σ — Δ) = φ; i.e., Wr{i) C Δ. But then Δ is the disjoint union of the
r.e. sets Wr{i) and Δ Π (UίVi^r(i)); and hence, since Wr{i) is creative,
Δ is creative.
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THEOREM 5. If an r.e. set Δ is strongly effectively simple in Σ,
where Σ is creative, then Δ must also be creative.

Proof. Applying Lemma 3, Let s be a recursive function such
that, for all numbers i, W{ g Σ - Δ ==> (Vx) (x e Wi => s(i) > x). (It is
not really essential to our purposes to have a total function s, but
the proof is just a bit less cumbersome if we do.) Now, there exist
a recursive function r, and a strictly increasing recursive function
q, such that, for all i, Wr{i) = W{ Π Σ and Wq{i) = ^ — {α; | x < sr(i)}.
Let j> be productive for Σ: by results of Myhill, we may assume p to
be strictly increasing and recursive. Let t be a 2-place recursive
function such that Wh{ίfj) — Wi and h(i, j) > j , for all i and j . Then,
the function p* defined by p*(x) = p(h(x, sr(x))) is productive for Σ,
and has the property that p*(i) > sr(i), for all i. Since p* and q are
strictly increasing, then, we see that p*q(ϊ) > sr(i), for all i. We
now claim, and the reader will easily check, that the function p*q is
productive for I. This completes the proof.

THEOREM 6. Each component of a CFY(K)-decomposition of a
creative set, 2 gΞ K ^ ^ 0 , is mesoic.

Proof. Suppose, to the contrary, that I7 is a component in a
CjPF(iΓ)-decomposition of a creative set Δ, and that Σ is creative.
Now, it is easily verified that if / is a one-to-one recursive function
generating Σ, and Σ1 is a hyperhypersimple (strongly effectively simple)
set, then /(2Ί) is hyperhypersimple (strongly effectively simple) in Σ.
Hence, by Theorem 4 or Theorem 5, /(2Ί) is creative. It follows from
the Myhill isomorphism theorem that Σ itself is simple in a creative
set (consider a recursive permutation mapping f(Σλ) onto Σ). But, by
Lemma 5, Σ cannot be simple in any r.e. set; and from this contradic-
tion, the theorem follows.

THEOREM 7. Let {WrU)} be a recursive sequencing of the com-
ponents of a strong CFY(#0)-decomposition of Σ, Σ a creative set.
Then, the sequence {Wr{i)} is almost e.i. but not e.i.

Proof. Wr(0), Wru), ••• is an almost e.i. sequence by the result
of Cleave ([1]) cited in §2. It is clear that if Wr{Q), Wrω, ••• were
an e.i. sequence, then, for i Φ j , the terms Wr{i), Wru) would be
effectively inseparable. But hence, Wr{i), Wr{j) would be creative;
whereas, by Theorem 6, they must be mesoic. From this contradiction
in the subjunctive mood, we conclude to Theorem 7.

THEOREM 8. The union of the terms of an almost e.i. recursive
sequence of pair wise-disjoint r.e. sets need not be creative. Indeed:
if Σ is a creative set, then Σ is the disjoint union of two mesoic
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sets Δlf A2, each of which is the union of the terms of such a
sequence.

Proof. Again, let {Wr{i)} be a recursive indexing of the components
of a strong CFY(K)-decomposition of Σ, so that the sequence Wr^,
Wr{1), ••• is almost e.i. Now, it is easy to see that each of the sub-
sequences Wr{0), Wr{2), WrU)f •••> Wrω, Tfr(3), WrW, ••• is likewise
almost e.i. Since {Wr(i)} is a Ci*Ύ(^0)~decomposition of Σ, the pair of
sets \J2\iWr{i), UzfiWru) are the components of a CFY(2)-decomposition
of Σ. Hence, by Theorem 6, each of \J2\iWrii), \J2uWr{i) is mesoic,
and the theorem is proved.

THEOREM 9. Suppose Δlf A2 are sets-of-a-pair in the r.e. set Σ.
If Δ1 is creative, then Σ is creative. On the other hand, if Σ is
creative, there exist two mesoic sets Δ19 A2 such that Δl9 A2 are sets-
of-a-pair in Σ.

Proof. For the first assertion: if Aι is creative, so is Δ1 U A2. But
Δj_ U A2 is simple in Σ. Hence, by Theorem 1, Σ must be creative.
For the second assertion: Let Σf be any r.e. set which is simple in
Σ, and let Alf A2 be the components of any CFY(2)-decomposition of
Σ'. It is then easily checked that Δ19 Δ2 are sets-of-a-pair in Σ; and,
by Theorem 6, Δ1 and Δ2 must be mesoic.

REMARK. The first assertion of Theorem 9 extends and completes
Theorem 8 of [7].

Notice that, in the proof of the second part of Theorem 9, we
proceeded in such a way that at least one of Δlf A2 must be non-
pseudosimple; this follows from Theorem 3(i) and Lemma 6. It is not
hard to insure that both Al9 A2, be nonpseudosimple mesoic sets. For
choose Σr to be a creative set, and apply the following general result.

THEOREM 10. Let Σ be a creative set, and Δ19 A2 two mesoic sets
(not necessarily disjoint) such that Δx U A2 = Σ. Then neither Δx

nor A2 can be pseudosimple.

Proof. Suppose, to the contrary, that (say) Δ1 is pseudosimple:
let j be a number such that W$ £ Δί9 Δ1 U W3- — Az is simple. Let /
be a one-to-one recursive function generating AB. Now, creative sets
intersect simple sets creatively ([3, Theorem T2.6(2)]); so, Σ f] Λs =
Δλ U (Δ2 Π ΔB) = a creative set. Again, as is easy to verify, mesoic
sets intersect simple sets mesoically; thus, A2 Π A3 is mesoic. Hence,
by [3, Theorem 772.6(2)] and the fact that removal of any recursive
subset from a creative set leaves a creative residue, we see that Δ2 Π
Wj is mesoic. Now, f~\Σ (Ί Δz) — a creative set. This follows from
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[3, Theorem T2.6(l)] and the (easily verified) fact that if r(Δ) is
productive, r a 1-to-one recursive function, then also A is productive.
But t\Σ Π 4) = /"Vi) U t\Δ, n W5). Furthermore, /^(Λ) is re-
cursive, since its complement is f~\Wj). Hence, f"1(A2 Π Wj) must be
creative. But therefore, since / is one-to-one recursive, ff~\A2 Π
Wj) — A2 n Wj — & creative set: contradiction. The theorem follows.

REMARK. Theorem 10 can also be proved with the word 'pseudo-
simple' replaced by the words 'many-one reducible to a simple set';
however, the latter result does not interest us here.

The following two assertions, related to Theorem 3, may also be
proven: (i) a mesoic set A which is many-one reducible to a pseudosίmple
set cannot be coimmune in a universal set; and (ii) if A is r.e. and is
coimmune in a creative set, then A is almost effectively inseparable
from some creative set.

REFERENCES

1. J. P. Cleave, Infinite sequences of pair wise recursively inseparable, recursively
enumerable sets (unpublished) Southampton, February, 1963.
2. J. P. Cleave and C. E. M. Yates, Sequences of pairwise recursively inseparable,
recursively enumerable sets (abstract), J. Symbolic logic 28 (1963), 268.
3. J. C. E. Dekker, Productive sets, Trans. Amer. Math. Soc. 78 (1955), 129-149.
4. J. C. E. Dekker and J. R. Myhill, Some theorems on classes of recursively enu-
merable sets, Trans. Amer. Math. Soc. 89 (1958), 25-59.
5. R. Friedberg, Three theorems on recursive enumeration, J. Symbolic Logic 23
(1958), 309-316.
6. T. G. McLaughlin, On an extension of a theorem of Friedberg, Notre Dame J. of
Formal Logic, III, No. 4 (1962), 270-273.
7. A. A. Muchnik, On separability of recursively enumerable sets (Russian), Dokl.
Akad. Nauk SSSR 109 (1956), 29-32.
8. J. R. Myhill, Creative sets, Zeitschrift f. math. Logik und Grundl. der. Math.
1 (1955), 97-108.
9. E. L. Post., Recursively enumerable sets of positive integers and their decision
problems, Bull. Amer. Math. Soc. 50 (1944), 284-316.
10. Hartley Rogers, Theory of Recursive functions and effective computability,
McGraw-Hill, forthcoming.
11. R. M. Smullyan, Theory of formal systems, Princeton University Press, 1961
and 1962.
12. C. E. M. Yates, Recursively enumerable sets and retracing functions, Zeitschrift
f. Math. Logik und Grundl. der Math. 8 (1962), 331-345.





c

PACIFIC JOURNAL OF MATHEMATICS

EDITORS
H. SAMELSON

Stanford University
Stanford, California

R. M. BLUMENTHAL

University of Washington
Seattle, Washington 98105

J. DUGUNDJI

University of Southern California
Los Angeles, California 90007

*RlCHARD ARENS

University of California
Los Angeles, California 90024

E. F. BECKENBACH

ASSOCIATE EDITORS
B. H. NEUMANN F. WOLF K. YOSIDA

SUPPORTING INSTITUTIONS
UNIVERSITY OF BRITISH COLUMBIA
CALIFORNIA INSTITUTE OF TECHNOLOGY
UNIVERSITY OF CALIFORNIA
MONTANA STATE UNIVERSITY
UNIVERSITY OF NEVADA
NEW MEXICO STATE UNIVERSITY
OREGON STATE UNIVERSITY
UNIVERSITY OF OREGON
OSAKA UNIVERSITY
UNIVERSITY OF SOUTHERN CALIFORNIA

STANFORD UNIVERSITY
UNIVERSITY OF TOKYO
UNIVERSITY OF UTAH
WASHINGTON STATE UNIVERSITY
UNIVERSITY OF WASHINGTON

* * *
AMERICAN MATHEMATICAL SOCIETY
CALIFORNIA RESEARCH CORPORATION
SPACE TECHNOLOGY LABORATORIES
NAVAL ORDNANCE TEST STATION

Mathematical papers intended for publication in the Pacific Journal of Mathematics should
by typewritten (double spaced). The first paragraph or two must be capable of being used separately
as a synopsis of the entire paper. It should not contain references to the bibliography. No separate
author's resume is required. Manuscripts may be sent to any one of the four editors. All other
communications to the editors should be addressed to the managing editor, Richard Arens, at the
University of California, Los Angeles, California 90024.

50 reprints per author of each article are furnished free of charge; additional copies may be
obtained at cost in multiples of 50.

The Pacific Journal of Mathematics is published quarterly, in March, June, September, and
December. Effective with Volume 13 the price per volume (4 numbers) is $18.00; single issues, $5.00.
Special price for current issues to individual faculty members of supporting institutions and to
individual members of the American Mathematical Society: $8.00 per volume; single issues $2.50.
Back numbers are available.

Subscriptions, orders for back numbers, and changes of address should be sent to Pacific
Journal of Mathematics, 103 Highland Boulevard, Berkeley 8, California.

Printed at Kokusai Bunken Insatsusha (International Academic Printing Co., Ltd.), No. 6,
2-chome, Fujimi-cho, Chiyoda-ku, Tokyo, Japan.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS, A NON-PROFIT CORPORATION
The Supporting Institutions listed above contribute to the cost of publication of this Journal,

but they are not owners or publishers and have no responsibility for its content or policies.

* Basil Gordon, Acting Managing Editor until February 1, 1966.



c

Pacific Journal of Mathematics
Vol. 15, No. 4 December, 1965

Robert James Blattner, Group extension representations and the structure space . . . . . . . . . . . . . . 1101
Glen Eugene Bredon, On the continuous image of a singular chain complex . . . . . . . . . . . . . . . . . . 1115
David Hilding Carlson, On real eigenvalues of complex matrices . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1119
Hsin Chu, Fixed points in a transformation group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1131
Howard Benton Curtis, Jr., The uniformizing function for certain simply connected Riemann

surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1137
George Wesley Day, Free complete extensions of Boolean algebras . . . . . . . . . . . . . . . . . . . . . . . . . . 1145
Edward George Effros, The Borel space of von Neumann algebras on a separable Hilbert

space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1153
Michel Mendès France, A set of nonnormal numbers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1165
Jack L. Goldberg, Polynomials orthogonal over a denumerable set . . . . . . . . . . . . . . . . . . . . . . . . . . 1171
Frederick Paul Greenleaf, Norm decreasing homomorphisms of group algebras . . . . . . . . . . . . . . . 1187
Fletcher Gross, The 2-length of a finite solvable group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1221
Kenneth Myron Hoffman and Arlan Bruce Ramsay, Algebras of bounded sequences . . . . . . . . . . 1239
James Patrick Jans, Some aspects of torsion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1249
Laura Ketchum Kodama, Boundary measures of analytic differentials and uniform

approximation on a Riemann surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1261
Alan G. Konheim and Benjamin Weiss, Functions which operate on characteristic

functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1279
Ronald John Larsen, Almost invariant measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1295
You-Feng Lin, Generalized character semigroups: The Schwarz decomposition . . . . . . . . . . . . . . . 1307
Justin Thomas Lloyd, Representations of lattice-ordered groups having a basis . . . . . . . . . . . . . . . 1313
Thomas Graham McLaughlin, On relative coimmunity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1319
Mitsuru Nakai, 8-bounded harmonic functions and classification of Riemann surfaces . . . . . . . . 1329
L. G. Novoa, On n-ordered sets and order completeness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1337
Fredos Papangelou, Some considerations on convergence in abelian lattice-groups . . . . . . . . . . . . 1347
Frank Albert Raymond, Some remarks on the coefficients used in the theory of homology

manifolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1365
John R. Ringrose, On sub-algebras of a C∗−algebra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1377
Jack Max Robertson, Some topological properties of certain spaces of differentiable

homeomorphisms of disks and spheres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1383
Zalman Rubinstein, Some results in the location of zeros of polynomials . . . . . . . . . . . . . . . . . . . . . 1391
Arthur Argyle Sagle, On simple algebras obtained from homogeneous general Lie triple

systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1397
Hans Samelson, On small maps of manifolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1401
Annette Sinclair, |ε(z)|-closeness of approximation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1405
Edsel Ford Stiel, Isometric immersions of manifolds of nonnegative constant sectional

curvature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1415
Earl J. Taft, Invariant splitting in Jordan and alternative algebras . . . . . . . . . . . . . . . . . . . . . . . . . . . 1421
L. E. Ward, On a conjecture of R. J. Koch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1429
Neil Marchand Wigley, Development of the mapping function at a corner . . . . . . . . . . . . . . . . . . . . 1435
Horace C. Wiser, Embedding a circle of trees in the plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1463
Adil Mohamed Yaqub, Ring-logics and residue class rings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1465
John W. Lamperti and Patrick Colonel Suppes, Correction to: Chains of infinite order and their

application to learning theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1471
Charles Vernon Coffman, Correction to: Non-linear differential equations on cones in Banach

spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1472
P. H. Doyle, III, Correction to: A sufficient condition that an arc in Sn be cellular . . . . . . . . . . . . . 1474
P. P. Saworotnow, Correction to: On continuity of multiplication in a complemented

algebra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1474
Basil Gordon, Correction to: A generalization of the coset decomposition of a finite group . . . . . 1474

Pacific
JournalofM

athem
atics

1965
Vol.15,N

o.4

http://dx.doi.org/10.2140/pjm.1965.15.1101
http://dx.doi.org/10.2140/pjm.1965.15.1115
http://dx.doi.org/10.2140/pjm.1965.15.1119
http://dx.doi.org/10.2140/pjm.1965.15.1131
http://dx.doi.org/10.2140/pjm.1965.15.1137
http://dx.doi.org/10.2140/pjm.1965.15.1137
http://dx.doi.org/10.2140/pjm.1965.15.1145
http://dx.doi.org/10.2140/pjm.1965.15.1153
http://dx.doi.org/10.2140/pjm.1965.15.1153
http://dx.doi.org/10.2140/pjm.1965.15.1165
http://dx.doi.org/10.2140/pjm.1965.15.1171
http://dx.doi.org/10.2140/pjm.1965.15.1187
http://dx.doi.org/10.2140/pjm.1965.15.1221
http://dx.doi.org/10.2140/pjm.1965.15.1239
http://dx.doi.org/10.2140/pjm.1965.15.1249
http://dx.doi.org/10.2140/pjm.1965.15.1261
http://dx.doi.org/10.2140/pjm.1965.15.1261
http://dx.doi.org/10.2140/pjm.1965.15.1279
http://dx.doi.org/10.2140/pjm.1965.15.1279
http://dx.doi.org/10.2140/pjm.1965.15.1295
http://dx.doi.org/10.2140/pjm.1965.15.1307
http://dx.doi.org/10.2140/pjm.1965.15.1313
http://dx.doi.org/10.2140/pjm.1965.15.1329
http://dx.doi.org/10.2140/pjm.1965.15.1337
http://dx.doi.org/10.2140/pjm.1965.15.1347
http://dx.doi.org/10.2140/pjm.1965.15.1365
http://dx.doi.org/10.2140/pjm.1965.15.1365
http://dx.doi.org/10.2140/pjm.1965.15.1377
http://dx.doi.org/10.2140/pjm.1965.15.1383
http://dx.doi.org/10.2140/pjm.1965.15.1383
http://dx.doi.org/10.2140/pjm.1965.15.1391
http://dx.doi.org/10.2140/pjm.1965.15.1397
http://dx.doi.org/10.2140/pjm.1965.15.1397
http://dx.doi.org/10.2140/pjm.1965.15.1401
http://dx.doi.org/10.2140/pjm.1965.15.1405
http://dx.doi.org/10.2140/pjm.1965.15.1415
http://dx.doi.org/10.2140/pjm.1965.15.1415
http://dx.doi.org/10.2140/pjm.1965.15.1421
http://dx.doi.org/10.2140/pjm.1965.15.1429
http://dx.doi.org/10.2140/pjm.1965.15.1435
http://dx.doi.org/10.2140/pjm.1965.15.1463
http://dx.doi.org/10.2140/pjm.1965.15.1465
http://dx.doi.org/10.2140/pjm.1965.15.1471
http://dx.doi.org/10.2140/pjm.1965.15.1471
http://dx.doi.org/10.2140/pjm.1965.15.1472
http://dx.doi.org/10.2140/pjm.1965.15.1472
http://dx.doi.org/10.2140/pjm.1965.15.1474
http://dx.doi.org/10.2140/pjm.1965.15.1474
http://dx.doi.org/10.2140/pjm.1965.15.1474
http://dx.doi.org/10.2140/pjm.1965.15.1474

	
	
	

