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If L is a fully invariant subgroup of the p- primary group G,
and if G = B + L for all basic subgroups B of G, then L is
called a large subgroup of G; this definition is due to R. Pierce.
In light of K. Wallace's generalization of the concept of basic
subgroup to that of a A-basic subgroup, we extend Pierce's
definition by defining the fully invariant subgroup L to be a
A-large subgroup of G if G = B + L for all A-basic subgroups
B of G. Our main theorems are: (1) L is a A-large subgroup of
the CA-group G if and only if L = G(v) where v denotes an
increasing sequence of ordinals less than A satisfying the gap
condition. (2) If L is a A-large subgroup of the CA- group G, then
GIL is a totally projective group, and L is a Q-group where /JL
denotes the length of L/pxG. (3) If L is a A-large subgroup of the
CA-group G, then L is a totally projective group only if G is a
totally projective group.

1. Preliminaries. All our groups are additively written,
abelian, p-primary groups for some prime p. Most of the terminology
and notation we use can be found in [2].

DEFINITION 1. [10] Let A denote a limit ordinal and B a subgroup
of the p-primary group G. Then B is called a A -basic subgroup of G if
B is a totally projective group of length at most A, B is a pA-pure [8]
subgroup of G, and GIB is divisible. A reduced p-primary group G is a
Ck-group if G/paG is a totally projective group for all a less than A.

Wallace has shown in [10] that the p -primary group G contains a
prQper A -basic subgroup if and only if A is cofinal with w (the first infinite
ordinal) and G is a CA -group. Thus A will henceforth denote a limit
ordinal cofinal with <u. If G is a CA-group of length less than A, then G
is necessarily a totally projective group. Since properties of these groups
are well-known, we shall restrict our attention to CA-groups of length at
least A. By applying results in [8], we can prove the following.

PROPOSITION 1. A subgroup BofGisak- basic subgroup if and only
if (1) B is a totally projective group of length A,(2)G[p]Cp°G + B[p] for
all a less than A, and (3) there is no subgroup H of G properly containing B
such that H[p] = B[p].

All
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DEFINITION 2. If L is a fully invariant subgroup of the Ck -group G,
then L is called a A- large subgroup of G if G = B + L for all A-basic
subgroups B of G.

Note that the a>-large subgroups are just the large subgroups that
Pierce studies in [9]. It follows from Proposition 1 that paG is a A-large
subgroup of G whenever a is less than A. In addition, a straightforward
argument shows that pnL is a A-large subgroup of G whenever L itself
possesses this property and n is a positive integer; further on, we shall
show that paL is also a A-large subgroup if a is less than the length of
LIp'G.

DEFINITION 3. [2] Let v = (cr(0), or(l), • • -, <r(n), • • •) denote a se-
quence of ordinals and perhaps symbols «> such that for any k and t,
<r(k)< a(k + 1) if a(k) is an ordinal and a{t + 1) = o° if a(t) = «. We say
that v satisfies the gap condition (for the p -primary group K) if
a(n)+ 1< cr(n +1) for some n implies that the Ulm invariant of K
corresponding to cr(n) is nonzero. If v satisfies the gap condition for the
reduced p -primary group K and if each ordinal is less than the length of
K, then v is called a U-sequence for K.

DEFINITION 4. [3] If v = (cr(0), <J(1), • • •, o-(n), • • •) is a sequence of
ordinals and perhaps symbols a>? and if K is a p-primary group, then
K(v) denotes {x G K: hK(pnx)^a(n) for each n}. Note that a(n) = »
for all n larger than some fixed integer k if and only if pk+1(K(v)) = 0.

In [3] Kaplansky shows that each fully invariant subgroup of a
fully-transitive, p-primary group K has the form K(v) where v is a
[/-sequence for K. In [9] Pierce proves that a fully invariant subgroup is
a large subgroup of K if and only if it has the form K(v) where v is a
[/-sequence for K consisting of nonnegative integers. In the next two
sections, we shall show that A-large subgroups are similarly determined
by [/-sequences of ordinals less than A.

2. CA- groups off length A. Our immediate objective is to
show that CA-groups of length A are fully transitive.

DEFINITION 5. [7] Call a reduced, p -primary group G of length j8
(T'summable if G[p]= U{S(n): n < w} where S(w)C S(n + 1) and
S(n)npain)G = 0 for some increasing sequence of ordinals {a(n): n <
a)} having supremum p.

The following generalized Kulikov Criterion plays a crucial role in
the development of results in this section and in the study of the structure
of A-large subgroups which we begin in Section 4.
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PROPOSITION 2. [7] A p-primary group G of length A (cofinal with
a)) is a totally projective group if and only ifG is a cr-summable Ck-group.

PROPOSITION 3. If H is a subgroup of a Ck-group G and H H
paG = 0 for some a less than A, then H is contained in some A-basic
subgroup of G.

Proof. If a is the first ordinal satisfying H n paG = 0, then we let
{a(n): n < a)} denote an increasing sequence of ordinals greater than a
having supremum A. We construct an increasing sequence of subgroups
{S(n): n < o)} with the property that S(n) is maximal in G[p] with
respect to the property S(n) n pa{n)G = 0. If B is maximal in G[p] with
respect to the properties B D H and B[p] = U{S(n): n < <o}, then B is
cr-summable and satisfies the second and third conditions of Proposition
1. For each a less than A, B/paB is isomorphic to G/paG and thus B is
a CA-group. Proposition 2 implies that B is a totally projective group.

PROPOSITION 4. Let H denote a finite subgroup of the CA-group
G. If HDpaG = 0 for some a less than A, then G = A@K where
AD H and A is a direct summand of some A -basic subgroup of G.

Proof. According to the preceding proposition, H is contained in a
A -basic subgroup B of G. Since B is of length A and A is a limit ordinal,
we can write B = 0{B(/ ) : i E 1} where, for each i E /, B(i) is a totally
projective group of length less than A. There is a finite subset J of I
such that HC(&{B(j): j EJ}; let A denote this sum. If K =
(@{B(i): i Gl-J})^ppG, where j3 is the maximum of the lengths of
the groups JB(/) for / E J, then G = A © K

PROPOSITION 5. Every CA-group of length A is fully transitive.

Proof Suppose that x and y are elements in the CA-group G of
length A, where h%(pnx)^ h%{pny) for all n. We need only show the
existence of an endomorphism of G sending x to y. By Proposition 4,
G = A 0 X where (x, y) C A and A is a direct summand of a A-basic
subgroup of G\ thus A is a totally projective group. Since totally
projective groups are fully transitive and since fr*(a)= h%{a) for all
aEA, f(x)= y for some endomorphism / of A. There is an obvious
extension of / to an endomorphism of G.

The next proposition can be proved by applying Proposition 3 and
generalizing the proof of Lemma (1.2) in [9].

PROPOSITION 6. IfB is a A- basic subgroup of the CA- group G, where
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the length of G is not less than A, and if A and C are fully invariant
subgroups of G, then ( A + B ) n C = (AflC) + (Bfl C).

COROLLARY 1. Suppose that B is a A -basic subgroup of G, x E G,
and a is less than A. If o(x) denotes the exponential order of x, then
x = b + g for some g EpaG and b EB satisfying o{b)^ O(JC).

Proof If o(x) = m, set A = paG and C = G[pm] and then apply
the preceding proposition.

DEFINITION 6. Let v = (<r(0), o-(l), •• ,a(n),•••) denote a [/-
sequence for the p-primary group K. Then v is called a Up-sequence
for K if each <r{n) is an ordinal less than /3.

THEOREM 1. Suppose that G is a Ck-group of length A. Then L is a
X-large subgroup of G if and only ifL = G(v) where v is a Uk-sequence for
G.

Proof Suppose first that L is A-large in G. Since G is fully
transitive and L is fully invariant, then L = G(v) where v =
(cr(0), or(l), • • •, cr{n\ • • •) is a [/-sequence for G. Thus, if a(n) is an
ordinal for some n, then a(n) is less than A; however, all of the symbols
cr(n) are ordinals since A-large subgroups must be unbounded.

Conversely, suppose that L = G(v) where v is a t/A-sequence for
G. It suffices to show that G C B + G(u). If x E G and o(x) = m, then
by Corollary 1, we can write x = b + g where b E B, g Epa(m)G, and
o(fe)^ o(x). It follows that gEG(v).

Note that in the preceding proof we have shown that G(v) is A -large
whenever v is a Uk -sequence, even when the length of G exceeds
A. The following corollary is useful in the study of A -large subgroups of
Ck -groups having length greater than A which we begin in §3.

COROLLARY 2. If G is a Ck~group of length A, then L is a A -large
subgroup of G if and only ifL is an unbounded, fully invariant subgroup of
G.

3. CA-groups of length greater than A. Whenever L is a
A-large subgroup of a Ck -group G, L contains pAG; this follows from
Proposition 6 by setting A = L and C = pkG. Now, if pn(L/pxG) = 0, we
can show that pkG = pnL; however this gives us a decomposition
G = JB0pAG for any A-basic subgroup B of G since pnL is also a
A-large subgroup. Since Ck -groups are reduced, we must conclude that
LlpKG is an unbounded subgroup of G/pxG. It is important to our
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development to show that LlpKG is a A-large subgroup of G/pxG
whenever L is a A-large subgroup of G; according to Corollary 2,
we need only show that L/pxG is a fully invariant subgroup
of G/pxG. Most of this section is devoted to accomplishing that
goal.

Many of our subsequent results can best be formulated in topologi-
cal language. Therefore we introduce the following definition.

DEFINITION 7. [6] The A-topology is defined on the p-primary
group K by taking the family of subgroups {paK: a < A} as neighbor-
hoods of the identity. If H is a subset of K, then H'K will denote the
closure of H in K with respect to the A-topology on K; whenever the
containing group is obvious, we will simply write H'.

PROPOSITION 7. IfFis a fully invariant subgroup of G, and ifB is a
k-basic subgroup ofG, then F C (F n B)'. Moreover, if G has length A and
F is unbounded, then F = (FnB)'.

Proof. If a is less than A, then we set A = paG and C — F and
apply Proposition 6 to get F C (F n B) + paG, and thus F C (F n B)'. If
G has length A, then we write F = G(v) where v =
(cr(0), cr(l), • • -, a(n), - - -) is a C/A-sequence for G. Now if x G (F n B)'
where o(x)=m, say, then by applying Corollary 1, we can write
x = b + g where g G p ^ ^ , 6 G B(u). It follows that x G G(u).

In general, fully invariant subgroups are not closed in the A-
topology. For example, pk+1G is a fully invariant subgroup of G and has
pkG as its closure. On the other hand, the following proposition shows
that A-large subgroups of G are closed even when G has length
exceeding A.

PROPOSITION 8. IfB is a A -basic subgroup of G, and ifL is a A -large
subgroup of G, then L = (LnB)'.

Proof Since G = L + B and L C ( i n J B ) ' , by the modular law
(L H B)f = (L + B)D(L n B)' = L + B H(L H B)'. Thus it suffices to
prove that B n (L fl B)' C L n B. But by purity, B f l ( L n B ) ' =
(LflB)i . Thus the result follows from Proposition 7, once we see that
L n B is fully invariant subgroup of B. Now if z G L n B and / is an
endomorphism of B, then by applying the technique of Proposition 4, we
can obtain a subgroup A of B where (z2,f(z2))C A and G = A ® £
Thus there is an endomorphism of A mapping z2 to /(z2) which extends
to an endomorphism of G. Since L is a fully invariant subgroup of G,
f(z2) = b is in L. Thus x = fe + zx is in L, and (L D B)' is contained in L.
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COROLLARY 3. IfFis an unbounded, fully invariant subgroup ofB,
where B is a A - basic subgroup of G, then FG is a fully invariant subgroup of
G.

Proof We can write F = B(v) where v is a (7-sequence for
B. But v is also a [/-sequence for G. By Proposition 8, G(v) —

Note that the proof of Proposition 8 shows that F HB is a fully
invariant subgroup of B whenever F is a fully invariant subgroup of G
and B is a A-basic subgroup of G. This observation is important to our
study which now turns to the quotients LlpKG.

PROPOSITION 9. LisaX- large subgroup of G if and only ifL/pkG is
a A -large subgroup of G/pkG.

Proof Suppose first that L is a A -large subgroup of G. We have
seen that L/pkG is unbounded; since GlpkG is a CA-group of length A,
we need only show that L/pkG is a fully invariant subgroup. If B is a
A-basic subgroup of G, then (L/pAG) n ((J3+pAG)/pAG) is equal to
((L n J3) + pAG)/pAG. The latter quotient is an isomorphic copy of
L H B, which is unbounded by Proposition 8, while (B + pkG)/pkG is
isomorphic to B. Thus (L/pkG) n {{B + pkG)lpkG) is an unbounded,
fully invariant subgroup of (B+pkG)/pkG, a A-basic subgroup of
G/pkG. By Proposition 8, (L (1B)'= L and thus the closure of
((L HB) + pkG)lpkG in G/pkG is just L/pkG. Since (J3 +pkG)/pkG is a
A-basic subgroup of G/pkG, Corollary 3 guarantees that L/pkG is a fully
invariant subgroup of G/pkG.

On the other hand, if L/pkG is a A-large subgroup of G/pkG, then
we can easily show that L is a fully invariant subgroup of G. If B is a
A-basic subgroup of G, then G = B + L since G/pkG =
((B+pkG)/pkG)

THEOREM 2. L is a A-large subgroup G if and only if L = G(u),
where v is a Uk-sequence for G.

Proof. L is A-large in G if and only if L/pkG is A-large in G/pkG.
Thus L is A-large in G if and only if L/pkG = (G/pkG)(v) for some
Uk-sequence for G/pkG; however v is also a t/A-sequence for G, and
(G/pkG)(v)= G(v)/pkG. Hence L is A-large in G if and only if
L/pkG = G(v)/pkG.

4. The structure of A-large subgroups. It is shown in
[1] that some of the solutions to the open statement "A large subgroup L
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of G has property P if and only if G has property F " are these
properties: direct sum of cyclic groups, direct sum of countable groups,
and totally projective group. In this section we study the relation between
the structure of A-large subgroups and the structure of the containing
groups. Note that if G is a totally projective group of length ft + (o2 where
ft denotes the first uncountable ordinal, then pn+aiG is a direct sum of
cyclic groups and paG is a direct sum of countable groups. Since each of
these subgroups is a A-large subgroup of G, we see that inheritance of
structure in our general Ck -theory is not as widespread as that in the
classical theory.

PROPOSITION 10. IfL is a A -large subgroup of G and if a is less than
the length of L/pKG, then paL is also a A -large subgroup of G.

Proof. Let fi denote the length of LlpKG. We can assume that a is
not less than a) and write a = (o + a and fi = o) + j8, where a < ]8. If
L = G(v), where v = (CJ(0), cr(l), • • •, <r(n), • • •), and if 5 =
sup{o-(n): n < a)}, then ptaL=p8G\ hence paL = pa(po)L) = ps+aG
where S + a is less than A.

PROPOSITION 11. ([4], [5], [2]). Let F denote a fully invariant
subgroup of the totally projective group K. Then F and K/F are totally
projective and the length of K/F does not exceed the length of K.

COROLLARY 4. GIL is a totally projective group whenever L is a
A-large subgroup of G.

Proof If B is a A-basic subgroup of G, then G/L is isomorphic to
B/(LHB) where LC\B is a fully invariant subgroup of the totally
projective group B.

THEOREM 3. If L is a A-large subgroup of G, then L is a totally
projective group only if G is a totally projective group.

Proof. We first consider the case where G has length A. Our
proof is inductive on A; if A = a), then the result follows from Theorem
4.3 in [1]. Thus we assume the conclusion for all limit ordinals j8 less
than A where ]8 is a limit ordinal cofinal with <o. If L = G(v) where
v = (cr(0), o"(l), • • •, cr(n),-••) is a Uk-sequence for G, then we set
5 = supfo-(n): n < <o} and consider two cases.

Case 1. 5<A. In this case we note that (G/psG)(v) = L/p8G =
L/p^L is a totally projective group and is a 5-large subgroup of the
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Cs-group G/psG. By the induction hypothesis, G/p8G is a totally
projective group as is p8G = pmL. Hence G is a totally projective group.

Case 2. 5 = A. In this case, paL = psG = 0 and, according to the
generalized Kulikov Criterion, L is cr-summable; thus L[p] =
U{S(n): n<w} where S(n)CS(n + l) and S(n)npnL=0 for each
n < a). Since p ^ G I p ] = L[p], we can show that p ^ G is a cr-summable
Q -group of length jx, where jit is a limit ordinal cofinal with <o. For
each positive integer n, there is an ordinal /x (n) less than /x, the length of
p ^ G , such that <r(n) = a(0) + fi(n)< cr(0) + /x = A. From familiar prop-
erties of ordinals, it follows that /x = sup{ju,(n): n < a)} and hence JJL is
cofinal with co. Since S(n)np'i(ll)(p<r(0)G)[p] C S(n) f l p ^ G f p ] C
S(n)flpnL =0, we see that pa{0)G is cr-summable. Let /3 denote an
ordinal less than ft. Since G is a CA-group, GIp^ip^G) and
p^XGIp^ip^G)) are totally projective groups. Hence
pa(P)G/pp(pa(fi)G) is a totally projective group and pa(0)G is a CA-group.
Thus, by the generalized Kulikov Criterion, pa(0)G is a totally projective
group as is G/p'^G. So G possess this property.

In general, if G has length greater than A, then 0 / p 6 G = p < o L
where 8 = sup{o-(n): n < co}. Thus L/p^L = L/psG is a totally projec-
tive group and 5-large in G/psG. By the argument given above, G/psG
is a totally projective group as is psG = p"L.

PROPOSITION 12. If L is a A -/arge subgroup of G and B isak-basic
subgroup of G, tfien L n B is a /x -basic subgroup ofB, where JJL denotes the
length ofLlpkG.

Proof. Let L = G(v) where v is a [/A-sequence for G. Then
L fl 2? = J3(i;) is a fully invariant subgroup of the totally projective group
B. By Proposition 11, L O B is a totally projective group. If 5 =
sup{cr(n): n < <o} and /3 has the property that A = 5 + /3 and /x = co + 0,
then p/1(B(u)) = p^(/7'ujB(t;)) = p^(p5B) = p A B=0. Thus the length of
J3(u) = L n B does not exceed fx.

In order to show that L[p]C(L D B)[p] + ppL for all /3 less than /x,
we first note that ppL is A-large in G. Thus, by Proposition 6,
P*G[p] = pf*G[p] n (B + p*L) = ppB[p] + p*L[p]. Since B is a A-basic
subgroup of G, G[p] = ppG[p] + B[p] = B[p] + p*L[p]. Suppose now
that x EL[p]. Then L[p] = LH G[p] = LH (B[p] + ppL[p]) =
(L njB)[p] + p*L[p] (by the modular law).

All that remains is to show that there is no subgroup H of L
properly containing L C\ B such that H[p] = (L PI B)[p]. It suffices to
show that p i fl (L D B)Cp(L D B) or pL n J3 Cp(B(u)). So suppose
that pzEpLDB for some z G L. Then pz G p"(1)G n J3 C p*miB, and
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pz = pb for some b G pai0)B. It follows that bEB(v) and that pLDBQ
p(B(v)).

COROLLARY 5. IfLisa A - large subgroup of the Ck - group G and if /JL

denotes the length of L/pxG, then L is a Q-group.

REFERENCES

1. K. Bfenabdallah, B. Eisenstadt, J. Irwin, and E. Poluianov, The structure of large subgroups of
primary groups, Acta Mathematicae, 21 (1970), 421-435.
2. L. Fuchs, Infinite Abelian Groups, Vol. I, II, New York, Academic Press.
3. I. Kaplansky, Infinite abelian groups, Ann Arbor, University of Michigan Press, 1954.
4. R. Linton, Fully invariant subgroups of totally projective abelian groups, Preliminary report
709^A16, Notices of the Amer. Math. Soc., 20 (1973), A-650.
5. 9 Fully invariant subgroups of primary abelian groups, Michigan Math. J., to appear.
6. C. Megibben, On pa-high injectives, to appear.
7. f The generalized Kulikov criterion, II, unpublished.
8. R. Nunke, Homology and direct sums of countable groups, Math. Z., 101 (1967), 182-212.
9. R. Pierce, Homomorphisms of primary abelian groups, Topics in abelian groups, Chicago, (1963),
69-119.
10. K. Wallace, Cx-groups and \-basic subgroups, Pacific Journal of Mathematics, Vol. 43 (1972),
799-809.

Received November 11, 1974 and in revised form May 4, 1976. This paper was drawn from the
author's doctoral thesis which was directed by Charles Megibben at Vanderbilt University; the
author expresses appreciation to Professor Megibben for his valuable comments and suggestions.

UNIVERSITY OF SOUTH ALABAMA





PACIFIC JOURNAL OF MATHEMATICS
EDITORS

RICHARD ARENS (Managing Editor)
University of California
Los Angeles, CA 90024

R. A. BEAUMONT
University of Washington
Seattle, WA 98105

C. C. M O O R E
University of California
Berkeley, CA 94720

J. DUGUNDJI
Department of Mathematics
University of Southern California
Los Angeles, CA 90007

R. F INN AND J. MILGRAM
Stanford University
Stanford, CA 94305

E. F. BECKENBACH

ASSOCIATE EDITORS

B. H. NEUMANN F. WOLF

SUPPORTING INSTITUTIONS

K. YOSHIDA

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 HAWAII
UNIVERSITY OF TOKYO
UNIVERSITY OF UTAH
WASHINGTON STATE UNIVERSITY
UNIVERSITY OF WASHINGTON

* * *
AMERICAN MATHEMATICAL SOCIETY

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 contents or policies.

Mathematical papers intended for publication in the Pacific Journal of Mathematics should be in typed
form or offset-reproduced (not dittoed), double spaced with large margins. Underline Greek letters in red,
German in green, and script in blue. The first paragraph or two must be capable of being used separately as a
synopsis of the entire paper. Items of the bibliography should not be cited there unless absolutely necessary, in
which case they must be identified by author and Journal, rather than by item number. Manuscripts, in
duplicate, may be sent to any one of the four editors. Please classify according to the scheme of Math. Reviews,
Index to Vol. 39. All other communications should be addressed to the managing editor, or Elaine Barth,
University of California, Los Angeles, California, 90024.

100 reprints are provided free for each article, only if page charges have been substantially paid.
Additional copies may be obtained at cost in multiples of 50.

The Pacific Journal of Mathematics is issued monthly as of January 1966. Regular subscription rate: $ 72.00
a year (6 Vols., 12 issues). Special rate: $36.00 a year to individual members of supporting institutions.

Subscriptions, orders for numbers issued in the last three calendar years, and changes of address should be
sent to Pacific Journal of Mathematics, 103 Highland Boulevard, Berkeley, California, 94708.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS, A NON-PROFIT CORPORATION
Printed at Jerusalem Academic Press, POB 2390, Jerusalem, Israel.

Copyright © 1978 Pacific Journal of Mathematics
All Rights Reserved



Pacific Journal of Mathematics
Vol. 75, No. 2 October, 1978

Susan Jane Zimmerman Andima and W. J. Thron, Order-induced
topological properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297

Gregory Wade Bell, Cohomology of degree 1 and 2 of the Suzuki groups . . . 319
Richard Body and Roy Rene Douglas, Rational homotopy and unique

factorization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331
Frank Lewis Capobianco, Fixed sets of involutions . . . . . . . . . . . . . . . . . . . . . . . 339
L. Carlitz, Some theorems on generalized Dedekind-Rademacher sums . . . . . 347
Mary Rodriguez Embry and Alan Leslie Lambert, The structure of a special

class of weighted translation semigroups . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
Steve Ferry, Strongly regular mappings with compact ANR fibers are

Hurewicz fiberings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
Ivan Filippenko and Marvin David Marcus, On the unitary invariance of the

numerical radius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383
H. Groemer, On the extension of additive functionals on classes of convex

sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397
Rita Hall, On the cohomology of Kuga’s fiber variety . . . . . . . . . . . . . . . . . . . . . 411
H. B. Hamilton, Congruences on N-semigroups . . . . . . . . . . . . . . . . . . . . . . . . . . 423
Manfred Herrmann and Rolf Schmidt, Regular sequences and lifting

property . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 449
James Edgar Keesling, Decompositions of the Stone-Čech compactification
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