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We generalize the Hausdorff-Young Theorem for a locally
compact connected group G by showing that if fe L*(G), 1<
p < 2, then the Fourier transform of f is in a mixed norm
space properly contained in L*» (I'), where I' is the dual
group and 1/p + 1/p’=1. In the last section we apply the
above theorem to obtain new results concerning sets of uni-
queness for functions in L?(G), and we give new sufficient
conditions which insure that the product of a continuous
function and a pseudomeasure is the zero distribution,

1. Introduction. The classical Hausdorff-Young Theorem states
that if f belongs to the Lebesgue space L? (of the unit circle), 1 <
p <2 and {f,} is its sequence of Fourier coefficients, then

L, 1.

@D {ng‘”]f”ipl}”p' =< || f|l, where -.5 + .

The companion dual result asserts that a sufficient condition for the
sequence {f,} to be the Fourier coefficients of a function in L* is

1-2) { S 1fule o < .

In a recent paper [7] Kellogg applied a multiplier theorem of
Hedlund to obtain a significant improvement of these inequalities.
Precisely, he replaced (1.1) by

1.3) {Z(3 15.0) P 4,071,
and (1.2) by
(1-4) (S (B 1rl)rpe <,

where A, is a constant depending only on p and the sets I, are the
lacunary blocks defined by I, = {e Z: 2 < j < 2% if k> 0, I, = {0}
and I, = —I_, if k¥ < 0. These inequalities rest ultimately upon an
extension of the Riesz-Thorin interpolation theorem and the following
result of Paley and Hardy and Littlewood [3]: A complex number
sequence {\,} has the property 3,2, \,a,2" ¢ H* whenever >.,.2, a,2" €
H' if and only if
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(1.5) sup > [N, [P < oo
£E20 nely

This suggests that the proper generalization of inequalities (1.8) and
(1.4) is to the setting in which the unit circle 7 is replaced by a
locally compact abelian (LCA) group G with ordered dual I'-for the
notion of lacunary decomposition extends naturally to ordered groups.

In this paper we carry out this extension and give some applica-
tions of these generalized inequalities. Specifically, in §3 we streng-
then a theorem of Katznelson [6] and of Figa-Talamanca and Gaudry
[2] on sets of uniqueness in L?(G). We also give stronger sufficient
conditions than those found in Edwards [1] for the distribution fS
to be zero where S is a pseudomeasure and f is an element of C(T)
with absolutely convergent Fourier expansion.

I wish to acknowledge the work of J. H. Wells in extending
Kellogg’s result to the real line and to express my appreciation for
his assistance in the preparation of this paper.

2. Main results. Let G be a compact connected abelian group
with dual I ordered by a set P of positive elements. For 1 <
p < oo define H?(G) to be the set of all fe L?(G) such that f(v) = 0
for v ¢ P. (Here and subsequently f denotes the Fourier transform

of f.)

DEFINITION. A lacunary decomposition of P is a countable col-
lection &7 = {D,;}=, of subsets of P satisfying:
(1) D,nND;=¢if ¢+ 7, and
(2) for each 4 there exists an «; ¢ P such that

D, ={a: a;, < a = 2a;}.

Corresponding to such a decomposition &7 we define the mixed norm
space L2*(P) to be the set of all fe ~=(P) with support contained in
2., D;and || fl],, . < o where

5 (S 1F@ ™15 r < oo 1S5 < ee s
sup (3 [f(@)", 17 <eoys= 2.

\1gi<eoo  a@eD;

Also we define L"=(P) to be the set of all fes=(P) such that

e = SUPwep (Dlper, [F(B)[)" < oo where 1 =7 < e and I, = {8e

P: a < B < 2a). It is easy to verify that these spaces are Banach

spaces and the Banach conjugate of L*(P) is L7* (P) if r,s < o
where 1/ + 1/ = 1/s + 1/s’ = 1.

If »,s,u and v are real numbers in [1, o] then (L"*(P), L%"(P)),

the multipliers from L7:*(P) into L%*(P), is the set of all nes~(P)

s =
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with the property that Afe L%"(P) whenever fe L”*(P). Each such
A determines a bounded linear operator from L7*(P) into L%*(P)
whose norm will be called the multiplier norm of \.

We record the following theorem from [7].

THEOREM 1. Let 1/p=1/u—1/r of r>u,p=coif r<u and
let 1)/g=1/v—1/s if s>v and ¢q= o if s=v. Then (L;°(P),
L»*(P)) = L% (P) and if ne LBY(P), its multiplier norm s ||M|p,q0-

If A and B are subsets of L'(G), the multiplier space (4, B) is
the space of all measurable complex-valued functions » on I such
that for every fe A there exists ge B with Af = §. Hedlund [5, p.
54] shows that L*-»=(P) c (H?(@), H¥®)) for 1 < p < 2. This follows
by showing that LZ2-?=(P) c (H*(G), H*(@®)) for any lacunary decom-
position =7 and that for fe H?(G) and re L¥2=(P) |\, < K,

NS o UM zppe—p,eize  Here K, is a constant independent of the decom-
position <.

THEOREM 2. If < is a lacunary decomposition of P and
feH(G),1 £p <2, then feL%*P) and there exists a constant A,
independent of 7 and f so that ||fllp,ee < A || flee

Proof. By Hedlund’s result we have L**-»=(P) c (H*(®), H¥®))
and

(2'1) H)"fAHz = H)"fllzﬂ:@ = Kp Hf”p “>\’”2D12-p,°":_@
for fe H*(G) and e LZ*»=(P), where K, is a constant independent
of <. Then by Theorem 1

H(G) < (L2P7=(P), HY@)) = (Lz">~(P), Lz(P)) = Lz*(P) ,

and ||f||, .o is the smallest number which satisfies (2.1) for all e
L¥i=r=(P), The theorem now follows with A, = K,.

The Riesz Projection Theorem allows us to extend this result to
L (G).

THEOREM 3. For 1 < p < 2 there is a constant A, such that if
2 s a lacunary decomposition of P and fe L*(G), then

{Z.(3 1< 451,

=—00

where D, = —D_, for k<0, D, = ¢.

We now state the main result.
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THEOREM 4. Let n be a positive integer and G a compact con-
nected abelian group with ordered dual I'. If feL*(R*®D G),
1< p=2 then

LEK&@fAZMﬂ@ﬂVﬁYﬂwéAnmm,

where A, is a constant, J, = [2*1,2"] for £E>0,J,=[—1,1], and
J}c = '_Jﬂk fO’r’ k < O.

Now by [8, p.40] any LCA connected group is of the form R*"P G
where G is compact and connected and » = 0. Hence the combina-
tion of Theorems 3 and 4 yields the desired extension of Kellogg’s
result.

Proof of Theorem 4. We begin with a special version of Theorem
3. Consider the compact connected group 7" G which has dual
Z*@ I'. We introduce an order by defining the following set P of
positive elements:

((ky, +++, k), v) € P if either

(1) %; >0 where 1 <7 <mn and k; =0 for ¢ < j; or

(2) k; =0 for each j and v e P, the set of positive elements in I'.
Let &7 be the lacunary decomposition determined by {a;}, where
o, = (2740, --+,0),00c Z*P I". By Theorem 3 there is a constant
B, such that if fe L*(T" & G) then

j=—00

{E(S1Frppe < BlIfl, -

For me Z, let I, be the lacunary block described in the introduction.
tm>1,I1,p2Hl <D, UD,and if m < — 1,

Im@Zn—'I@FCDm U Dm+1 M

By the standard Hausdorff-Young Theorem

{0 s 7)< 1l m = — 10,1
1y ®27 11

Then by the triangular inequality

22) {= b <, if 1,

m_—w</m@zn-l@/‘
for all fe L (T" &P G), where C, = 2B, + 3.

Now let f be a continuous function on R" @ G which has compact
support and choose a positive number L such that f(¢,x) =0 for
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tx)eR*PG and ||t]le > L. Choose positive integers m and - so
that m <~ and 2"“L <m. Let «(s, &) = f(s,27™, +++, 8,25 ™ )
2-™2m)", (s, x) € T* @ G, where we identify T with R/2r. Then
he L*(T* P G) and for (k,, ++-, k,,VeZ"D T

i;( b km '7)
zm-’/z, 2m—21, .
:g S Se‘““l’l-- eknin(y, — 1) f(s27™, x)(25 ™) dads
—-2m‘/L —em—/L Ja

L

fl

S S ezl gkt (y ) (2, %) dadt

A

f(lc 2m—/ con, £,2m 7, ) .

From (2.2) we obtain
2.9) S (s lhemE) < clinl .
Jj=—eo \I;@Z"~'@r

Since [|A]|, = @™y~ 27)"* || f||, we may rewrite (2.3) in the form
S (3, 150627 e B2m M @) < Cymy || £
j=—o \I;®z7% lr

so that, in particular,

@8 5(5 ke e k2 @ < 41151

j=—¢€ \I;®z%~1l@r

where A4, = C,(2r)~*".
Now for » =0, «--, m — 1 it is evident that certain partial sums
of

Py |F k.2, oo, 277 ) | @Yy
I /_T@z"—lear
1 2 / ' (om—t
= Z/—r—-l 2 Z |f(k12m— [ kﬂzm— ’ ’Y) Ip (2m— )n
k=2 koyeoosky€Z yel

am—r A
will converge to S S - Srif@, M|rdt as ~ tends to infinity.

am=—r—1 )} p

Similarly, for » =0, —1, +««, —m -+ 1, the limit superior of the sum

by | Fe2m=?, o oo, Eu2m=7, ) 7 (27
l_(/+r)@zn—1@r
—am+r—1 N
is not less than S ’ ) S X SUIfG Y|P dt.  Also since 2/p’ £ 1,
—MTr — Id

m
21 om— .. m—2 ~) 0" (Om—\n \2/p’
(30 27, ooy k2= ) 22)

F=—(m)

2/—m__1 .
= { 2 . Z-—x If(k12m_/, seey, k,,,zm—/, nie (2’”“/)1&}2/9’ ,
ky=—2"""M41 Zn—l@r



828 LYNN R. WILLIAMS

and the limit superior of the second sum dominates the integral

(Sl_l SRn_l 21,: | ft, ) dt)zlp’ .

Thus, by letting ~ tend to infinity in (2.4), we obtain

(2 Sifeorapbe<a,)r,,
k=—m \JJ,@r"—1°T
and since m is arbitrary, our proof is complete for continuous fune-
tions with compact support. The general result now follows since
such functions are dense in L?(R" @ G).

There is also a dual to this generalized Hausdorff-Young Theorem
in case G is a compact group. Suppose {I}r-—. is a collection of
subsets of I" for which a generalized Hausdorff-Young Theorem
holds (e.g., Theorem 3). For » and ¢ in [1, ) let L™%I") be the
space of all measurable complexvalued functions )\ on I" satisfying

M = {35 ([, Py )rpie < co

T/I:IEOREM 5. If1<p<2and e L**(I') then there exists fe L*(G)
with f =X and || fll, £ B, [|Mlp.2y where B, is a constant depending
only on p.

Proof. Since LYG)* L*(G) = L*(G) (x denotes convolution) we
have LNG) c (L*(®), L?(@)). By assumption a generalized Hausdorff-
Young Theorem holds in L?(@). Thus L*(G) c L**I") and the
previous inclusion implies that L@ < (L*(@), L**(I")). But (L*(@®),
L*¥I") = (L*XI"), L*(®)) by duality; hence LXG) c (L**(I"), L” (@)
or, equivalently, L*¥I") c (EX®), L*(®)). However (LX®), L*(Q)) is
known to be ﬁ”'(G) [1, p.255] so that L>*(I") C ﬁ”'(G). An application
of the closed graph theorem establishes existence of the constant B,.

3. Applications. Let A denote the space of all functions s
continuous on T which have absolutely convergent trigonometric ex-
pansions and norm given by

IFll= 3 1fm)] -

With multiplication defined as the pointwise product of functions,
A becomes a Banach algebra. Each element of the dual of A may
be identified with a pseudomeasure S, that is, a distribution on C=(T)
whose sequence of Fourier coefficients S(n) = S(e~™’) (ne Z) belong
to #=. Given a pseudomeasure S and an f in A the distribution fS
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is defined by fSu) = S(fu) for ue C*(T). In [1] Edwards shows
that fS is the zero distribution when f and S satisfy the following
.conditions:

(@) Sesf,1=q= ;

(b) f vanishes on supp (S) = E; and

(¢) there exists a sequence of positive numbers ¢; tending to
zero such that f(z) = 0 (/*7*9) for all x such that dist (z, F) < ¢;.

THEOREM 6. Suppose S is a pseudomeasure and fe A. If con-
ditions (b) and (c) above hold and either

(a) Sesoif 1l<gg2

07
(@) Sesv=if 2<q < oo

then fS = 0.

Proof. 1If 1 < q £ 2 it follows from Theorem 5 that S = g for
some ge LY(T). Therefore S(u) = V u(t)g(t) dt/2r, weC=(T), and

supp (S) = supp (9). But £S() = S(fw) =|" fOu(t)o(®) dtj2m, we C(T),

and supp (f) N supp (9) = ¢; hence fS = 0.

Now ~? & ~#%* when ¢ < 2, so we have a stronger result in this
case.

For the case ¢ > 2, we need only apply our generalized Haus-
dorff-Young theorem in 13.5.5 and the appropriate version of Holders
inequality in 13.5.9 of the argument in Edwards [1, pp.101-102] to
obtain fS = 0 when Se o= and f satisfies (b) and (c).

The condition Se~»> when 2 < q < oo 1is a significant weakening
of condition (a) since it does not require that lim,, ... |S(n)| = 0.

Our second application concerns sets of uniqueness for L*(G),
1<p<2. In a recent paper which generalized earlier work of
Katznelson [6, p.101-103], Figa-Talamanca and Gaudry proved the
existence of sets F C G of positive Haar measure such that if
feLX®), supp (f) < E and feL*(G) for some p,1< p <2, then
f=0. Here G is a nondiscrete LCA group with dual 7.

For our generalization we shall only need to assume that there
is a decomposition {I"};-_.. of I" for which a generalized Hausdorfi-
Young Theorem holds and that when f is measurable on I" and
1 < p <2 then

kg.,o (Spklf(’Y) I”d'y)zlr < o

always implies
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f

s <Srk | f(B — “/)[”d’)f)z“’ < o for each gel .

For example, these conditions hold relative to the decompositions in
the statement and proof of Theorem 4. Subject to this restriction
on the regularity of the lacunary decomposition {I"};7-_. we have the
following result.

THEOREM 7. There is a subset E of G of positive Haar measure
such that if fe LY (G), supp (f) < E and

1Fltne = { 3 (], 1Fopan)"} " <

=—0c0

for some p,1 < p <2, then f=0.
Essentially the proof consists of establishing the following lemma.

LEMMA. If 1<p<2,1>e>0, and M is a subset of G of
measure 1, then there exists a subset K., of M of measure greater
than or equal 1 — ¢ and a function @ € LNG) N L=(G) such that @ =1
on K., and ||c5||p,,2 < €.

Proof of Theorem 7. Let e, = 1/4", p, =2 — ¢, and choose M a
subset of G of Haar measure 1. Let E= N7., E. ,, where E.
and @, are as in the lemma.

Suppose fe LXG), supp f< E, and ||fl|l,: < o for some p,
1< p<?2 Since [[fll. <« and p/2 <1 we have [|Flls. < . Let
veI'. It follows from our assumption on theA regularity of {7}
that [|f]lpe < o and |||, < o where f,(8) = f(y — 8). Choose N
so that n > N implies p, > p. By the interpolation theorem [4, p.
1069] there is a constant K, such that [[J“A,HM,2 <K, for n> N. By

Parseval’s identity and Holder’s inequality we have

n'Pn

Fenl = || 6 — 9@ 0.
= |70 = 90| < 1,118, 1 = e, 6,
Thus f(v) = 0 for veI" and hence f = 0.

Proof of the Lemma. Since our proof closely parallels that in
[2] we omit similar details and computations.

Define a sequence {r,}5_, of partitions of M so that =, = {M}
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and 7, is obtained from x,_, by dividing each set of x,_, into two
sets of equal measure. Define a sequence {r,};-, of Rademacher func-
tions on M with respect to these partitions. (i.e.,r, = ¥y, 7, IS

constant on each set of 7, with the value = 1 and S r.(x)dx = 0 for
4

each Aer,,, »>0.) Forming all possible finite products of the =,
yields an orthogonal system W = {w;} of Walsh functions whose
linear span contains all functions supported on M and constant on
the sets of z, for some % = 0.

Since 1 < p < 2 we can choose ¢, 0 <t < 1,s0that 1/p =1 — ¢/2.
Now let N denote a positive integer such that

(3.1) 324,6 N1 < g2

where A, is the constant in the generalized Hausdorff-Young Theorem
for G. We will show the existence of disjoint compact sets K, ---, K,
in I" and orthogonal linear combinations of Walsh functions ¢,, -, 4,
with supp (¢;) € M,1 < j £ N, satisfying the following conditions:

62 | l1s@ldos2and | Is@rdos2+L12iN,

where 1/2* < ¢/N < 1/2¥;

(8.3) the measure of {wxe M: ¢;(x) =1} is greater than or equal
1—¢/N,1<j<N; and

(3.4) {kgoo(gl"kﬂffn

and

S 8:8)

j=1

v dg) | = 4lidlls

{2, 15 de) | <epN, 1sn=N.

k=-—co

Denote the sums in (3.4) by |32, G;llpsx, and |[|@alyemx, Tespec-
tively.
Let ¢, = r, and choose a compact set K, so that

”931”1»',2:1‘\1(1 < 5/2N .

Assume we have n functions and compact sets satisfying the above
with (3.4) replaced by

(3.5) 3

n
J=1

< (2+22) 14uls

and
”S{S‘MHP',Z:F\KM é €/2N7 1 é m é n .

By use of Bessel’s inequality and Dini’s Theorem we obtain the
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existence of a finite set F¥ < W such that
n 2
3 1 w)F < (2N'S | Kyl) @@ + 1)

uniformly for v in the compact set K, U K, U --- U K,, where |K;|
denotes the measure of K;. We have assumed | K;| #0,1 <7 < n,
for otherwise ¢; is the desired function with FE., = {#: ¢;() = 1}.
Suppose further that F' is chosen so as to contain all Walsh functions
appearing in the expansions of ¢,, «--, ¢,. Let m be a positive integer
so that the elements of F' (and hence 4, ---, ¢,) are constant on the
sets E,, +++, Eyn of w,. For each j, 1 <j < 2™, consider the parti-
tion of E; into 2* subsets E;, «--, EF; determined by x,.,. Define
Gne, to be zero off M and on M, to be as follows

AT Y
1 € L ;
¢n+1(x) = 1 - 2k ’
1 if ze E]\EI,] .

Then for 1 <5 < 27, S Pur(@)dx = 0 and therefore

Ej

SM bu (@ w(@)de = 0

for each we F. Thus ¢,., = X, er a;w; and ¢,,, is easily seen to
satisfy (3.2) and (3.3). For ve U2, K;

1Bs| = 3 la; |wile)y(— )ds| < 3 Jas) [y, )]
= gunlh (S 105, E) " = 2N K
If 1 <m,<n and [|$,,|l,. < &/2 we are done; otherwise

/N 35 1Kl = 21l N 3 K|
and therefore

”&n%l“?'»z:lfmo é }ngl Hén%ﬂ”w;KmO é 2 HggmoHP’,Z/N *
Hence

nt+l

2. ¢

i=1

2+ 1\ 2
o =(z+ 22 L) gl

by the triangular inequality. Also since ||@,..|| . <€/2N, there
p,2; U Kj
j=1

exists a compact set K,., disjoint from U7}., K; such that

H‘)gnﬂ“p',z;r\}(n_‘Ll < S/ZN o
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Then
n+1 ~ n ~
Z ¢a’ = |l¢n4—1| p’,2 + 2 ”¢j”p'»z:r\1{j
i=1 P'52iKy 41 i=1
< Gunllys + o2 = (2+ 202D Y150,

= ¢/2. The existence

nt+l =

where again we have assumed that |[¢,.. |, 2
of the functions now follows by induction.
Let 0 =@1/N) Y\ .¢; and E.,= {weM: &(z) =1}. C(learly
|E.,| =1—¢ and
18]l <191~ + 1@l v =0 4+ e
Pl u

K p,25M\ U Kj »7,23 K j

=1 j=1 i=1

In order to complete the proof it suffices to show that

19~ <e/2.
»,2: U
J=1K;

”@”z',zzf)izfm :/:ix(gr/m ﬁK }]\72 (7)' d”f)

1 e N N o , 2/p
- 2 (2], ., 1Zsere)
e \m=1 JI  NKp j=1

N2 £

1 N N o |l2 16 N ~ .
= N MZ:.L ]Zzl P; ok, S NG MZZL [ Do 1152
< 185 S loali = 2825 3 (ol lisnly?

16An 2(1—t) (Ok ¢ —t/2 AT t/2—1/2]2 £ z
= 184 go @+ 1) < 24,6 N ]<(2).

REFERENCES

1. R. E. Edwards, Fourier Series: A Modern Introduction, Vol. II., Holt, Rinehart
and Winston, New York, 1967.
2. A. Figa-Talamanca and G. I. Gaudry, Multipliers and sets of wuniqueness of LP,
Mich. J. Math., 17 (1970), 179-191.
3. G. H. Hardy and J. E. Littlewood, Notes on the theory of series (XX): Generaliza-
tions of a theorem of Paley, Quart. J. Math. Oxford Ser., 8 (1937), 161-171.
J. H. Hedlund, Multipliers of H? spaces, J. Math. Mech., 18 (1969), 1067-1074.

, Multipliers of H? spaces, Ph. D. Thesis, Univ. of Mich., 1968.
Y. Katznelson, An Introduction to Harmonic Analysis, Wiley, New York, 1968.
C. N. Kellogg, An extension of the Hausdorff-Young Theorem, (to appear).
W. Rudin, Fourier Analysis on Groups, Wiley (Interscience), New York, 1962.

S AN

Received October 6, 1970. Submitted as partial fulfillment of the requirements for
the degree of Doctor of Philosophy from the University of Kentucky.

UNIVERSITY OF KENTUCKY






PACIFIC JOURNAL OF MATHEMATICS

EDITORS
H. SAMELSON J. DUGUNDJI
Stanford University Department of Mathematics
Stanford, California 94805 University of Southern California
Los Angeles, California 90007
C. R. HoBBY RICHARD ARENS
University of Washington University of California
Seattle, Washington 98105 Los Angeles, California 90024

ASSOCIATE EDITORS

E. F. BECKENBACH B. H. NEUMANN F. WoLF K. YosHIDA

SUPPORTING INSTITUTIONS

UNIVERSITY OF BRITISH COLUMBIA STANFORD UNIVERSITY

CALIFORNIA INSTITUTE OF TECHNOLOGY UNIVERSITY OF TOKYO

UNIVERSITY OF CALIFORNIA UNIVERSITY OF UTAH

MONTANA STATE UNIVERSITY WASHINGTON STATE UNIVERSITY
UNIVERSITY OF NEVADA UNIVERSITY OF WASHINGTON

NEW MEXICO STATE UNIVERSITY * * *

OREGON STATE UNIVERSITY AMERICAN MATHEMATICAL SOCIETY
UNIVERSITY OF OREGON CHEVRON RESEARCH CORPORATION
OSAKA UNIVERSITY NAVAL WEAPONS CENTER

UNIVERSITY OF SOUTHERN CALIFORNIA

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.

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. Under-
line 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. The editorial
“we” must not be used in the synopsis, and 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 if possible, may be sent to any one of
the four editors. Please classify according to the scheme of Math. Rev. Index to Vol. 39. All
other communications to the editors should be addressed to the managing editor, Richard Arens,
University of California, Los Angeles, California, 90024,

50 reprints are provided free for each article; additional copies may be obtained at cost in
multiples of 50.

The Pacific Journal of Mathematics is published monthly. Effective with Volume 16 the
price per volume (3 numbers) is $8.00; single issues, $38.00. Special price for current issues to
individual faculty members of supporting institutions and to individual members of the American
Mathematical Society: $4.00 per volume; single issues $1.50. 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, California, 94708.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS, A NON-PROFIT CORPORATION
Printed at Kokusai Bunken Insatsusha (International Academic Printing Co., Ltd.), 7-17,
Fujimi 2-chome, Chiyoda-ku, Tokyo, Japan.



Pacific Journal of Mathematics

Vol. 38, No. 3 May, 1971

J. T. Borrego, Haskell Cohen and Esmond Ernest Devun, Uniquely

representable semigroups on the two-cell ........................... 565
Glen Eugene Bredon, Some examples for the fixed point property .......... 571
William Lee Bynum, Characterizations of uniform convexity .............. 577
Douglas Derry, The convex hulls of the vertices of a polygon of ordern .... 583
Edwin Duda and Jack Warren Smith, Reflexive open mappings ............ 597
Y. K. Feng and M. V. Subba Rao, On the density of (k, r) integers......... 613
Irving Leonard Glicksberg and Ingemar Wik, Multipliers of quotients of

Ll e 619
John William Green, Separating certain plane-like spaces by Peano

COMBIMUA . . .« oo v v et e et e e e et 625
Lawrence Albert Harris, A continuous form of Schwarz’s lemma in normed

LIN@AT SPACES . .. ..ot e 635
Richard Earl Hodel, Moore spaces and w A-spaces ...................... 641
Lawrence Stanislaus Husch, Jr., Homotopy groups of PL-embedding spaces.

P 653
Yoshinori Isomichi, New concepts in the theory of topological

space—supercondensed set, subcondensed set, and condensed set . . . . . 657

J. E. Kerlin, On algebra actions on a group algebra . .....................
Keizo Kikuchi, Canonical domains and their geometry in
Ralph David McWilliams, On iterated w*-sequential clos
C. Robert Miers, Lie homomorphisms of operator algebra
Louise Elizabeth Moser, Elementary surgery along a toru
Hiroshi Onose, Oscillatory properties of solutions of even
CQUATIONS . . .« ettt e e e
Wellington Ham Ow, Wiener’s compactification and®-bo
functions in the classification of harmonic spaces . . .
Zalman Rubinstein, On the multivalence of a class of mer
JURCHIONS .. oo
Hans H. Storrer, Rational extensions of modules . ... .....
Albert Robert Stralka, The congruence extension property
topological lattices . ..............cccviiiiiinn...
Robert Evert Stong, On the cobordism of pairs. .........
Albert Leon Whiteman, An infinite family of skew Hadam
Lynn Roy Williams, Generalized Hausdorf{f-Young inequa
FOTI SPACES . . .« e voeeeaei et et




	
	
	

