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1. Introduction. This paper generalizes a class of theorems show-
ing the existence of an approximating function which may be required
to satisfy certain auxiliary conditions.

Various theorems in analytic function theory which prove the ex-
istence of a function fulfilling specified conditions in an open set R have
been proved by using a method of the following type. The set R is
covered by an increasing sequence of sets {R;}. Then the existence of
a convergent sequence of functions {f;(z)} is shown such that each f.(2)
behaves properly in R, and such that {f,(2)} converges to a function
satisfying the required conditions everywhere in R. Examples of theo-
rems in which such a method of proof can be applied are furnished by
the Mittag-Lefller Theorem, the Carleman Approximation Theorem [1],
some rate of growth theorems proved by P. W. Ketchum [2], and the
author’s generalization of Runge’s Theorem [5]. W. Kaplan considered
certain problems of this type and remarked, [1], that Brelot has pointed
out that this type of proof is wvalid for approximation to a function
Qx, ,+++ ,,) continuous for all (x,a, ---,2,) by a function
U(®y, Xyy =+ ¢, Tyeq) harmonic for all (xy, x,, < -+, Tpso).

The present paper attempts to give an abstract solution for this
general class of problems. Examples are also given of some new results

obtainable by applying Theorem 1 and fundamental approximation
theorems.

In Theorem 3 approximation by an analytic function is considered
on a point set S consisting of an infinite number of circular dises tan-
gent on the real axis. It is shown that a function w(z) analytic at
interior points of S and continuous on the closure of any finite number
of the circular regions-——hence, continuous at their points of tangency—
can be approximated by an integral function f(z). Moreover, f(z) can
be chosen so that the approximation is stronger than uniform approxi-
mation—so that corresponding to any {e} there exists f(z) such that

|f(2) —w(z) | <& on S,

where S, is the 4th. circular region.
Theorem 2 combines some previously obtained results [5] by requir-
ing that certain auxiliary conditions be satisfled simultaneously.
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Theorem 1 can sometimes also be used to show that when an ap-
proximation is known to be impossible in the infinite case that analogous
results cannot hold in the finite case. An example of this usage is
given,

In Part II a topological abstraction is made of Theorem 1 in which
the sets of functions are topologized and the system so obtained inter-
preted as an inverse mapping system. It is then shown that Theorem
1 can be regarded as a special case of Theorem 5.

Parr 1

2. Fundamental theorem. Let R be an open subset of a topological
space. A sequence of sets {R,} which satisfy the following conditions
will be called an increasing sequence of R-covering sets.

(1) R.CR;
(2) R, is interior to Ri.;
@)£&=R

W,U W,U --- such that W, N W,, = ¢ for k = m is said to be a
decomposition of a set S if S= W, U W,U-.-. An R-covering sequence
{R,} for R and a decomposition W, U W, U -+ of a set SC R are said
to correspond if, for every n, W, R,, but W,..N R, = ¢.

For a given set S C R suppose that an increasing sequence {R;} of
R-covering sets and a decomposition W, U W,U :-- of S correspond.
Let there be defined classes of functions % and &%, transforming W,
and E, respectively into the complex plane, » = 1,2, ---. Suppose that
each function of <#, defines a function of #,_,n=2,38, ---.

THeoreM 1. LetS,R, R, W,, &, and %, n=1,2, ..., be defined
as above. Suppose that

(1) If {9(X)} is a sequence of functions of F,.. which converges
on R,., and uniformly on any closed subset of R,.,, lim,.. 9.(X) defines
a function of G,;

and (2) Any function defined on R, by an arbitrary function of

the class %, and on W,.. by a function of ... caon be uniformly ap-
prozimated arbitrarily closely on R, U W,.. by a function of F,..,,n =0,
1,2, ... (where R, is the null set.).
Let w(X) be a function defined on S in such a way as to determine a
Sunction of %, for each i. Then, corresponding to any {¢;}, there exists
r(X) defined on R which determines a function of %, for each n such
that

Jr(X) —w(X)| < ¢ when X e W, 1=1,2,.-
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Proof. Suppose {¢;} and w(X) preassigned. When n is taken as
0, (2) implies the existence of r(X) of .2 such that

|7(X) — w(X) | < &/2 when Xe W, .

In general, for n =1,2, .-+, choose r,(X) of ., so that

(n)
(X)) = X) [ < 0o Ry

1

and

(n)
[r(X) — w(X) | < ; on W,,
where ¢™ = min.. {&, &, -+, &,}.
Since {ry(X)};-x+: converges in R,,,, for arbitrary k, and uniformly
on any closed subset of R,.,, it follows from (1) that lim »(X) = r(X)
4—o00

defines a function of &, for k=1,2,---.

It remains to show that r(X) satisfies the assigned approximation
conditions. For any k, there exists m > k so that

£k

|7(X) = ra(X) | < S,

when X e R, .

Now
|7(X) — w(X) | < [7(X) — 7u(X) | + | 70(X) — w(X) |
<170 = 7l X 1 317X = 7K1+ X)) = w(X) |

e(k) m E(]) + e(k)

ok Py 21+1 2k+f

when X e W, C R, .

Thus, |r(X) — w(X)| < €¥<e, when X e W,. This completes the proof
of the theorem.

3. Abpplications to specific problems. In Theorem 2 we consider
approximation on a Q-set of the complex plane having an infinite number
of components. A set S is a @Q-set if its component are closed and its
set of sequential limit points lie in C(S), the complement of S. (A4
sequential limit point of S is a limit point of a set of points chosen one
from each component of S. We note incidentally that a @-set in the
complex plane has at most a denumerable number of components and
that its set of sequential limit points may separate the plane [5].)

A set in C(S) is called a B*(S)-set if it contains the set B of

sequential limit points of S and exactly one point of each component
I(S) of C(S) such that I,(S)N B = ¢,
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The author has shown [5] that if S is any Q-set of the complex
plane and B* any B*(S)-set there exists an increasing sequence {R;} of
closed covering sets for C(B) such that

(1) If S, is any component of S and if S, N R, #+ ¢, then S, C R,;

(2) If I(R,, S) is any component of C(R, U S),

IL(R,SyNB* + ¢ .

When we set W,=SnNR,NC(R,.,), we obtain a decomposition
W,u W,U --- of S which corresponds to the increasing sequence {R;}
of covering sets for C(B).

A function is meromorphic on a set if it is single-valued and ana-
lytic in a neighborhood of each point of the set except for poles.

THEOREM 2. Suppose S is a Q-set, B its set of sequential limit
points, and B* any B*(S)-set. Let {R,} be an increasing sequence of
covering sets for C(B) as described above which determines the correspond-
ing decomposition W, U W,U --- of S. Suppose w(z) is meromorphic on
S and that I denotes the set of points of S at which w(z) has poles. Then,
corresponding to any sequence {¢;} of positive constants, there exists 1(z)
meromorphic in C(B) and analytic in C(B* U I) such that

[ r(z) — w(2) | < &, when ze (W, — I), i=1,2, «.-

It can be required that

(1) The poles of r(z) at points of I hawve the same principal parts
as w(z);

and (2) If K is an isolated interior subset of S such that KNI = ¢,
r(2) can be chosen so that r(k) = w(k) at each point k of K. If B* has
no limit poinl on S, r(z) can be required to have the same multiplicities
at points of K as w(z).

Proof. Define 77 as the set of those functions meromorphic on W,
and analytic on (W, — I) which have poles with the same principal parts
as w(z) on (IN W,) and k-points with the same multiplicities as w(z) on
(KN W,). In .2 include those functions meromorphic on R, and ana-
Iytiec in R, — (I U B*) which have poles with the same principal parts as
w(2) on (I N R;) and k-points with the same multiplicities as w(z) on
(K N R;), also those functions which are identically constant on a com-
ponent of R; which contains no point of I.

Suppose {g,(z)} is a sequence of functions of %, ., which converges
in R,., and uniformly on any closed subset of R,., (Where any points
of (I U B*) are deleted from a closed subset which contains them). Then
lim g,(2) is meromorphic on R, and analytic in R, — (I U B*) with poles
and k-points identical with those of w(z) at points of I and K, except
that lim g¢,(z) may be identically constant on a component of R, which
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contains no points of I. Thus, lim g,(z) € %, and (1) of Theorem 1 is
satisfied.

Before applying Theorem 1 it remains to show that for any 9(z)
of .2, and v(z) of 94, corresponding to arbitrary ¢ > 0, there exists
f(z) of #,., such that

|f(2) —g(z)| <& when z¢e R,,
and |f(z) —v(z)| < e when ze W,., .

This follows from Walsh’s generalization of Runge’s Theorem [7,
p. 15] and from another theorem of Walsh [7, p. 313] after it is noted
that a finite number of poles on R, U W,., cause no real difficulty. Just
apply the general Mittag-Leffler Theorem [4] to show the existence of
a function A(z) meromorphic in C(B) whose poles coincide with those of
g(z) and v(2) on R, and W,,, respectively with the same principal parts.
Then define F'(z) = {g(z) — Mz) on E,.

v(z) — h(z) on W,..

Since FY(z) is analytic on R, U W,.;, by Walsh’s generalization of
Runge’s Theorem [7, p. 15], there exists a rational function %(z) whose
poles lie in B* such that | F(z) — k(z)| < ¢ when ze (R.U W,.,). An-
other theorem by Walsh [7, p. 313] implies that %(z) can be chosen so
that k(z) = F'(z) at points of K and so that k(z) has the same multi-
plicities at these points as F'(z). Set f(z) = h(2) + k(z).

Now f(2) is meromorphic on R,,, and its poles on R,,, lie at points
of U (R,+; N B*) with those on I having the same principal parts as
n(z), hence as g(z) or v(z), and so the same as w(z). Also

l9() — ()| =19(z) — A(2)] — K(z) |
= |F(z) — k(z)| < e when z¢e R,

and similarly |v(z) —f(2)| = | F(z) — k(z)| <¢ when ze W,,,. Since
k(z) = F(z) at points of K,

S(@) = M=) + kz) = Wz) + F(z) = h(z) + 9(z) — W(z)
=g() on R,N K

and, similarly, »(z) on W,,, N K.

This completes the proof that the hypothesis of Theorem 1 is satis-
fied. Hence, by Theorem 1, there is a function 7(z) defined on C(B)
(where o is allowed as a functional value) which determines a function
of <&z, for each n such that

| r(z) — w(z)| <& when ze W, 1=1,2, 0.

Thus, 7(z) is meromorphic in C(B), analytic in C(/ U B*), and has poles
and k-points of w(z) on S as specified and also satisfies the required
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approximation condition. (In general, »(z) is not identically constant on
a component of C(B).)

In Theorem 3 S consists of circular discs tangent on the real axis.
More precisely, let W, = {2/|z — 4| < 1/2}, except that z =1¢— 1/2 is
deleted, and define S as U, W,. Set R, = {2/|z] <7+ 1/2} and let
R be the finite plane. Then {R;} and the decomposition W, U W, U --- of
S correspond.

THEOREM 3. Suppose S defined as in the preceding poragraph. Let
w(z) be any function analytic at interior points of S and continuous on
the boundary except at infinity. Then, corresponding to any {&;}, there
exists an integral function r(z), such that |r(z) — w(z) | <e, when ze W,
and (@ + 1/2) =w(i + 1/2),4=1,2, - .-,

Proof. Let &2 be the set of all functions f(z) analytic on E, such
that f(k + 1/2) = w(k + 1/2) for k=1,2, ---, 4. Let % be the set of
all functions f(2) analytic at interior points of W, and continuous on
W, such that f(¢ + 1/2) = w(@ + 1/2) and lim,.; f(z—1/2) = w(z —1/2),
(z—1/2)e W,e=1,2, ...,

If {g(2)}, where g,(z) is a member of .z, converges on FE,.,,
uniformly on any closed subset of R,.;, lim g,(z) gives a function of
Tny

By a theorem of Walsh [7, p. 47] a function ¢g(2) analytic interior
to and continuous on a closed set C which does not separate the plane
and which is bounded by a finite number of Jordan curves, as is the
case if C = R, U W,,,, can be uniformly approximated on C by a poly-
nomial p(z). Then by another theorem of Walsh [7, p. 310], p(z) can
be chosen so that p(k + 1/2) =gk + 1/2), k=1,2,---, n+ 1. If
g(k + 1/2) = w(k + 1/2) then p(z) € ... Thus, the hypothesis of Theo-
rem 1 is satisfied and the required conclusion follows.

The next theorem is an extension of the Carleman approximation
theorem in that values of ahe approximating function are preassigned
at certain points.

THEOREM 4. (Carleman Approximation Theorem). Let w(x) be a
continuous complex-valued function of « for —o < x < . Then, cor-
responding to any {&}, there exists an integral function f(z) such that

| f(x) — w@) | < e when 1 — 1< |x| <4, 1=1,2, .-

and such that f(7) = w(@), s = *1, £ 2, ---.

Proof. The proof is like that of Theorem 3 when W, is defined
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as {xfi — 1 < |x]| <4} (except that W, also includes the origin); E; as
{#/12z] <} ; R as the finite plane; 97 as those functions continuous
on W, such that f(+17) = w(+7) and lim, (5, (@) = w(* ¢ F 1); and
%, as those functions f(2) analytic on R; such that f(k) =w(k), k =
+1, £2, -, +4.

Theorem 1 can sometimes be used to show that certain requirements
on the approximating function cannot, in general, be made, even when
the approximation is on a set having only a finite number of components.
Next an application of this type is indicated.

When approximating a function analytic and simple on each com-
ponent of a closed set C by a function f(z) analytic in a preassigned finite
region D containing C, one cannot, in general, require that f(z) be
simple in D. To verify this we consider a Q-set S whose components
are simply connected and which has infinity as its only sequential limit
point. Suppose {R;} is an increasing sequence of R-covering sets, as
described for Theorem 2, which gives the corresponding decomposition
W,u W,U+--of S. Let <2 (and %) consist of all functions analytic
and simple on R,(W,), also all constants. We note that (1) of Theorem
1 is satisfied [6, p, 208]. If (2) were also satisfied, Theorem 1 would
imply that arbitrary w(z) simple on S could be approximated on S by a
function simple in the whole finite plane. Since w(z) can be chosen so
that f(z) would necessarily have an essential singularity at o, this does
not hold. We conclude that (2) is not, in general, satisfied.

Theorems 2, 3, and 4 and the illustration just stated are examples
of some of the applications which can be made of Theorem 1.

ParT 1II

4. Topological abstraction of Theorem 1. Theorem 1 can be in-
terpreted as a density result for a Cartesian product space. The author’s
original version treated the .<2’s of Theorem 1 with the respective
topologies induced by the metrics

ai(f, 9) = sup [f(X) — 9(X) |

as a mnested sequence of spaces. The interpretation given in Theorem 5
as an inverse mapping system was suggested by Prof. Hans Samelson
of the University of Michigan. In addition to having the advantage of
conforming to convention, this formulation applies to classes of functions
other than analytic functions.

If {W,} is any sequence of topological spaces, W> denotes the
Cartesian product space W, x W, x ---. We shall be concerned with
the box topology for W= in which a neighborhood of w = (w., w,, +-+) is
defined as N, (W) x Nu (W) x «--.
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If {R;}{.,is a denumerable system of T,-spaces and if for n = 2,3,-- -,
there is defined a continuous transformation [[7_, of R, into R,., the
system >, = {R;, [’} of the R’s and T[’s is an inverse mapping system,
[3, p. 31]. The subset R of R* =R, x R, x --- of all those points
x = {x;} such that [[i*'z,,, = x; is called the limit space of the inverse
mapping system ..

In Theorem 5 we suppose that R, R,, --- are given sets and that
for each 4, and arbitrary points p, ¢ € R;, there is defined a metric
dip, ¢), where c is allowed as a possible value. Then R, with the
neighborhood system induced by d;(p, q) is a T',-space. If, for¢ =2,3,-.-,
a transformation [[!_, of R, into R,_; is defined which is a contraction
(that is, d,_(IIi-: », Ili-1 ¢) < di(p, ¢)), then the J]’s are continuous and
{R;, ITi-,} is an inverse mapping system.

Before stating Theorem 5 we note that the R,’s of this theorem are
analogous to the <2’s and the W,’s to the 7% ’s of Theorem 1.

THEOREM 5. Let {W,}i, be a system of topological spaces and let
{R;, II'} be an inverse mapping system as described in the preceding
paragraphs. Suppose that for each @ there is defined a continuous trans-
Sformation f, which maps R; into W,. Suppose also that the following
conditions are satisfied :

(1) If {p{™}5.1 ©s a Cauchy sequence in R,, its image {I[1n-05}5-1
28 convergent in R,_;;

(2) fuR) is dense in W, and, when n > 1, [1i-; X fo(R.) ts dense
wmn R,_; x W,.

Then under the tramsformation {xf;} the image of the limit space R of
the inverse mapping system S, is dense in W= by the box topology.

Proof. Let w= (w, w, +-+) be any point of W= and let N, =
N, (W1) x N, (W,) x --- be an arbitrary neighborhood of w.

Since fi(R,) is dense in W, there is a point r, € R, such that
Si(ry) e Ny, (W). There exists N, (R, C Ni?(Rl), where N;‘:’ =
{p e RJd(p, ) < a}. Since f; is continuous and R, is regular, we can
suppose N, (R,) chosen so that f; (N,) C N, (W)).

In general, since [[7?_, x fu(R,) is dense in R, , x W,, there exists
r, € B, so that [IZ.. X fu(ry) € Nm—l(R"-l) X an( W.,.). There exists
N, (R,)C N¢""(R,). Since f, and []2., are continuous and R, is regu-
larrj we can nsuppose N, (R,) chosen so that N, (R,)C N(,ZZ"—I)(R,,) and so
that

e X fulN,) C N, (Racs) X Ny (W) .

The sequence {[172*1,4:} i, Where [Tn** = [[n*" -+ IInti-i, is @ Cauchy
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sequence in R,. For, corresponding to any ¢ > 0, there exists m > n so
that 1/(2™%) < ¢; then

k-1
dn(HZLMmey ) < ,Zadn(HZ‘”“?‘mun, TLn )
=

k=1 - k-1 q 1
< 2 AL bty Tomns) < X <, <E.

i< = zm;i'—L om-2

The first inequality follows from the triangle inequality, the second
from the fact that the [[’s are contractions, and the third holds since
It " meisr € N, (Rps1) C Nr;,(blﬁ)m”_l) .

m+i

By (1) the image of the Cauchy sequence above is convergent in
R,_.. Hence, we let ™9 denote lim, .. g in R,_,.. Now
r* e N, (R.-) and f,_. (N, (B.) © Ny (Wao).  Hence,
Factt®Ve N, (W),

To complete the proof of the theorem it is sufficient to show that
{r®V}s, belongs to the limit space, that is, that »"* = [[22r®"" for
n=3,4,---. Since {[[?*!r,.;} converges to "~ in R,_;, corresponding
to any 6>0, there exists k such that 4>k implies d,_(T1%* 7,4, 7™~ P)<0.
Then, since the 7’s are contractions, d,_.(T1%*4%, . [122r™ ) < 6 for all
4>k  Now lim [[*»r,., is unique in R,_,, and so [[rir®-V =
lim,_. [1%*,., = r™». This completes the proof of Theorem 5.

If a function of <z, defines a function of 97,, » = 1,2, --., Theorem
1 can be obtained from Theorem 5. Since each function of <, in
Theorem 1 defines a function of <Z,_, (and in the case just specified,
also %, ), transformations [[%., and f, are determined of .7, into .<Z,_,
and %,. Let us define a metric d.(f, g) for each &2, (also %) as
SUDxexr, cor w,) |F(X) — g¢(X)]. Thus, T,topologies are determined for <7,
and % respectively. If f, g e <2, then,

sup (X)) — 9(X)| < sup | f(X) — 9(X)|
XeRn-jor Wa XeR,

and so [[”_; and f, are contractions and hence continuous. We note
that {<, IIi-;} is an inverse mapping system >.. The hypotheses (1)
and (2) of Theorem 1 correspond to (1) and (2) of Theorem 5. By Theorem
5 the image of the limit space .<#Z of the inverse mapping system 3 is
dense in %% =. This is just a statement that corresponding to any
function w(X) which defines a point w of %7 = and to any {¢;} there
exists r(X) which determines a function of .27, for each n such that
[r(X) — w(X)| < e when X e W,. In this way Theorem 1 can be re-
garded as a special case of Theorem 5.



866 ANNETTE SINCLAIR

REFERENCES

1. W. Kaplan, Approximation by entire functions, Mich. Math. J. 3 (1955-6), 43-52.

2. P. W. Ketchum, On the possible rate of growth of ar analytic function, Trans. Amer.
Math. Soc. 49 (1941), 211-228.

3. S. Lefschetz, Algebraic topology, Amer. Math. Soc. Colloquium Publications, vol. 27,
New York, 1942.

4. G. Mittag-Leffler, Sur la représentation analytique des fonctions monogénes uniformes
d’une variable indépendante, Acta. Math, 4 (1884), 1-79.

5. A. Sinclair, Generalization of Runge’s theorem to approximation by analytic functions,
Trans. Amer. Math. Soc. 72 (1952), 148-164.

6. W. J. Thron, The theory of functions of a complexr variable, John Wiley and Sons,
Inc., 1953.

7. J. L. Walsh, Interpolation and approximation by rational functions in the complex
domain, Amer. Math. Soc. Colloquium Publications, vol. 20, New York, 1935.

SOUTHERN ILLINOIS UNIVERSITY
CARBONDALE, ILLINOIS



PACIFIC JOURNAL OF MATHEMATICS

EDITORS
Davip GILBARG A. L. WHITEMAN
Stanford University University of Southern California
Stanford, California Los Angeles 7, California
R. A. BeaumonT E. G. StraUs
University of Washington University of California
Seattle 5, Washington Los Angeles 24, California

ASSOCIATE EDITORS

E. F. BECKENBACH A. HORN L. NACHBIN M. M. SCHIFFER
C. E. BURGESS V. GANAPATHY IYER I. NIVEN G. SZEKERES
M. HALL R. D. JAMES T. G. OSTROM F. WOLF

E. HEWITT M. S. KNEBELMAN H. L. ROYDEN K. YOSIDA

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 COLLEGE
UNIVERSITY OF NEVADA UNIVERSITY OF WASHINGTON
OREGON STATE COLLEGE * * *

UNIVERSITY OF OREGON AMERICAN MATHEMATICAL SOCIETY
OSAKA UNIVERSITY CALIFORNIA RESEARCH CORPORATION

UNIVERSITY OF SOUTHERN CALIFORNIA HUGHES AIRCRAFT COMPANY
THE RAMO-WOOLDRIDGE CORPORATION

Mathematical papers intended for publication in the Pacific Journal of Mathematics should
be typewritten (double spaced), and the author should keep a complete copy. Manuscripts may
be sent to any one of the four editors. All other communications to the editors should be addressed
to the managing editor, E. G. Straus at the University of California, Los Angeles 24, California.

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. The price per volume (4 numbers) is $12.00; single issues, $3.50. Back numbers
are available. Special price to individual faculty members of supporting institutions and to
individual members of the American Mathematical Society: $4.00 per volume; single issues,
$1.25.

Subscriptions, orders for back numbers, and changes of address should be sent to Pacific
Journal of Mathematics, 2120 Oxford Street, Berkeley 4, 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.



Pacific Journal of Mathematics

Vol. 8, No. 4 June, 1958

Richard Arens, The maximal ideals of certain functions algebras . . .. ...... 641
Glen Earl Baxter, An operator identity . ..............ccciiiiiiiiiiieann. 649
Robert James Blattner, Automorphic group representations ............... 665
Steve Jerome Bryant, Isomorphism order for Abelian groups .............. 679
Charles W. Curtis, Modules whose annihilators are direct summands. . . . . .. 685
Wilbur Eugene Deskins, On the radical of a group algebra................ 693
Jacob Feldman, Equivalence and perpendicularity of Gaussian

PFOCESSES . o oot e ettt e e e e e et e 699
Marion K. Fort, Jr. and G. A. Hedlund, Minimal coverings of pairs by

IFIDLES . o oo 709
I. S. Gél, On the theory of (m, n)-compact topological spaces............. 721
David Gale and Oliver Gross, A note on polynomial and separable

7 735
Frank Harary, On the number of bi-colored graphs . ...................... 743
Bruno Harris, Centralizers in Jordan algebras . .......................... 757
Martin Jurchescu, Modulus of a boundary component .................... 791
Hewitt Kenyon and A. P. Morse, RURS ... ....cviienniiiiiiii i, 811

Burnett C. Meyer and H. D. Sprinkle, Tivo nonseparable complete metric
spaces defined on [0, 1]. ... ..o i
M. S. Robertson, Cesaro partial sums of harmonic series
John L. Selfridge and Ernst Gabor Straus, On the determi
by their sums of a fixed order.....................|
Annette Sinclair, A general solution for a class of approxi
problems ........ ... . . ...
George Szekeres and Amnon Jakimovski, (C, 00) and (
SUMMALION . . o oo v i ittt
Hale Trotter, Approximation of semi-groups of operators.
L. E. Ward, A fixed point theorem for multi-valued functio
Roy Edwin Wild, On the number of lattice points in x" +



http://dx.doi.org/10.2140/pjm.1958.8.641
http://dx.doi.org/10.2140/pjm.1958.8.649
http://dx.doi.org/10.2140/pjm.1958.8.665
http://dx.doi.org/10.2140/pjm.1958.8.679
http://dx.doi.org/10.2140/pjm.1958.8.685
http://dx.doi.org/10.2140/pjm.1958.8.693
http://dx.doi.org/10.2140/pjm.1958.8.699
http://dx.doi.org/10.2140/pjm.1958.8.699
http://dx.doi.org/10.2140/pjm.1958.8.709
http://dx.doi.org/10.2140/pjm.1958.8.709
http://dx.doi.org/10.2140/pjm.1958.8.721
http://dx.doi.org/10.2140/pjm.1958.8.735
http://dx.doi.org/10.2140/pjm.1958.8.735
http://dx.doi.org/10.2140/pjm.1958.8.743
http://dx.doi.org/10.2140/pjm.1958.8.757
http://dx.doi.org/10.2140/pjm.1958.8.791
http://dx.doi.org/10.2140/pjm.1958.8.811
http://dx.doi.org/10.2140/pjm.1958.8.825
http://dx.doi.org/10.2140/pjm.1958.8.825
http://dx.doi.org/10.2140/pjm.1958.8.829
http://dx.doi.org/10.2140/pjm.1958.8.847
http://dx.doi.org/10.2140/pjm.1958.8.847
http://dx.doi.org/10.2140/pjm.1958.8.867
http://dx.doi.org/10.2140/pjm.1958.8.867
http://dx.doi.org/10.2140/pjm.1958.8.887
http://dx.doi.org/10.2140/pjm.1958.8.921
http://dx.doi.org/10.2140/pjm.1958.8.929

	
	
	

