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Generalized complex analytic special functions of various
types, depending on a parameter 0<g<l, have recently been
studied by R. Askey, G. E. Andrews and others [1-3]. The
purpose of this paper is to discuss a p-adic analytic con-
struction which is analogous to the classical theory of E.
Heine's [7] ̂ -extension of the hypergeometric function.

In the theory of hypergeometric series one denotes (α)fc =
a{a + 1) (a + k — 1). The corresponding notation for g-series is
(α; q)k = (1 — α)(l — aq) -(1 — aq1""1). This "extends" the ordinary
(a)k in the sense that for a = qa, b = qβ we have l i m ^ (α; q)J(b; q)k =

In the complex analytic theory of g-extensions one takes 0 <
g < 1 and defines the g-gamma function as

( 1 ) Γq(x) = (1 - q)1-* (ql q):

and the g-hypergeometric functions as

± t χ q γ q γ
j=Q (g; ^)^( & i ; Q)J (&n; g) i

The functions Γq and m^n satisfy many relations which generalize
well-known identities for the ordinary gamma and hypergeometric
functions, and as q —> 1" we have Γq(x) —> Γ(x) and

" am \

/3« /

These g-identities, many of which go back to Euler, Jacobi, Heine,
Rogers, and Ramanujan, have applications to combinatorics, Lie
algebras, orthogonal polynomials, modular functions, and other areas.

We shall be especially interested in one identity, the following
variant of Heine's transformation rule for 2φt [8]:

( 2 , J' \ ,, .,„) . Wf' ' / Φ; ,, φ) .
\c J (c; Q)oo(c/ax; q)^ \ c/x J

If we set x — ?>, then the 2φL on the right becomes 1; and if we set
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a = qa, b = qβ, c = qr, and use (1) we obtain

Γ s(τ - a)Γq(y - β) '

which extends the well-known relation ^F^a, β, Ί; 1) = Γ{Ί)Γ(Ί—a —
β)IΓ{Ί - a)Γ(Ύ - β).

In the p-adic analytic theory we work in the p-adic completion
Ωp of the algebraic closure of Qp, and we take q = 1 + t, teΩp,
\t\p<l. We shall often assume that | t | p ' < p" 1 / ί p " 1 } , in which case
^ = exp (7log?) is well-defined for ΎeΩpf \Ύ\P < p"1'1*""/\t\p, i.e.,
on a disc strictly larger than the unit disc. In any case qr is
well-defined for ΎeZp whenever \t\p < 1.

In defining the p-adic analog of 2 ^ / α q, x), we shall take a,

b,ceΩp and suppose that α = ρα, b = qβ with — a = ao + aλp+ eZp,
— β — bo + hp-1 eZp. We shall usually further suppose that c is
not in the compact set qzp, and let ε = dist(c, qzή ~ minjeZ(\cqj — l\p)>0.

In this paper we shall prove identities analogous to (2) and (3)
for our p-adic 2φγ. In particular, we relate the p-adic hypergeometric
g-series to the ^-extension Γp>q [10] of Y. Morita's p-adic gamma
function Γp [12] and also to J. Diamond's p-adic log gamma function
Gp [4]. Then, in the special case c = q, when p-adic convergence
of the series for 2φι becomes subtler, we introduce a ^-extension of
Dwork's modified hypergeometric function [6], prove convergence
and a formula analogous to (3) under certain conditions, and for-
mulate a conjecture on the validity of these results without the
"nonsupersingularity" conditions.

1. In [10] we defined a p-adic analog of Γq by setting

(4) Γ,>(,(α) = lim(-1)- Π
JL —

Γp>q satisfies a functional equation, reflection formula and multipli-
cation formula analogous to the formulas satisfied by the ordinary
gamma function, and Γp>q approaches Morita's function Γp [12] as
g - 1 .

We now define a p-adic g-gamma function depending on a = qa,
b =z q?f and c £ qz* by setting

( 5 ) r J ° Φ l q]= f
\c/a c/b J n—a (c; q)n

THEOREM 1. The limit (5) exists, is symmetric in a, b, and is
continuous in a, b, c.
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Proof. Let An = (c/b; q)J(c; q)n. Then

An = lim (cqm; q)J(c; q)n = lim (c; q)n+J(c; q)m(c; q)n ,

which shows that the definition (5) is symmetric in α, 6. Next,

π
(cqn; q)kpN »—* «<£/<»+» 1 — cq3'

Since cq5 is bounded away from 1 and qkpN —>1 as N-+ °°, the last
product approaches 1 as i\Γ —> <x> uniformly in m and w. This shows
existence of the limit and its continuity as a function of α, 6, c.

It will also be useful to have a version of (5) which makes
sense when ceqzp. Now suppose ε = dist (c, qzή < \t\p (where we
allow ε = 0, i.e., ceqzή. Since ε < \t\p, there is a unique O^jo<p
s u c h t h a t \cq'° — l\p < \t\p. F o r a = qa, —a ~ a0 + aλp + , w e
define the modified symbol ( )* by (c/a; q)t = Π (X — (c/ά)Qj)> where
the product is over 0 <; j < k, p \ a0 +• j — j 0 . We then define

( 6 ) Γ*l C

t r q) = l i m ^lb; ff , a, be qz?, d i s t (c, q'p) < \t\p .\c/a c/b J »-~« (c; g)J

THEOREM 2. The limit (6) exists, is symmetric in α, 6, αwd is
continuous in a, b, c. If a = gα, b — qβ, c = qr e qzp, then

(7)
e/a c/b ' 7 ΓPtq(7 -

a - β)

where Γp,q is the function (4). Now suppose c £ qzp but still \cqj° — l\p<
\t\p. Set a' = qaQa, b' — qb«b, cf = q^c, where —a = ao + a1p+ ,
— β = 60 + δiP + . For simplicity suppose jQ ^ α0, i 0 ^ &o

β

π e' cΊaΎ.«>

f , v (1 * / «o + δ 0 ^ Jo

(1 — c Ja b %f a0 + o0 > j 0 -

Proof. Existence, symmetry and continuity are proved just as
in Theorem 1. By continuity, it suffices to prove (7) when a—— n9

β = -m and 7 = 1. Let Πί denote Πy,pw Then the left side of
(7) is
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by (6), and the

ff (1

right

- ?0.

side

NEAL

is (see

( l - g

KOBLITZ

J1 ~q5)

(1 - qi)

(4))

0 Π' (1 - q')

Π ' (1 - ?') Π ' (1 - Q')
l j

Π' (1 - 90

To prove (8), by continuity it suffices to take — a = ?ι = α0

', — /3 = m = δ0 + pm'. The left side equals

Π / c c/ab

Ac I a φ; Q

Π ( 1 - Π
if

1 if α

(1 - c

Π (l-βv
ί<TO'

c c/α&

c/α c/6 ;

/ c' c'/a'b'

(Note: if we had j 0 < a0 or j 0 < δ0, then ε(a, b) would be a slightly
more complicated expression; in any case, we shall later be interested
in c for which j 0 = p — 1.)

This completes the proof of Theorem 2.

2. We now proceed to #>-adic hypergeometric g-series. Let
q — 1 + t, a = qa, b = ĝ  be as before. Suppose cgqzv. We define

2Φi,P\ . g

whenever the sum converges.

L E M M A . If \t\p < p-11^-^, then

=° (c; q)k(q; q)h

(0; q)k{q; q)k

0 as k

uniformly in a,b.

Proof. Since for any n ^ 1 we have

- qn+j

1 -
n n + k - 1

k
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it follows (passing to the limit as n—>a) that |(α; q)k/(q; q)k\p ^ 1,
and similarly |(6; q)J(q; q)k\p tί 1. Hence it suffices to show that
(<?; ?)*c*/(c; <?)fc—> 0. If |c | p > 1, then |(c; <?)&!? = |c|J, and the assertion
follows because (q; q)k clearly approaches 0 as k —•> oo. Suppose
\c\p<Zl. We show that (q; q)k/(c; q)k —> 0. Let ε = dist (c, qzp) > 0.

Case (i). ε Ξ> jί^.
Since

ε if p | i + 1 ,

ε/p if p \ j + 1 ,

while |1 — cqj\p ^ ε, it follows that

TT 1 q° . π

— cq3

Case (ii). ε < \t\p.
Choose kQ ^ 0 so t h a t | 1 — cqk°\p = ε. We set

c= π - cqj

and we use the fact that

cqko+5\p = | 1 - max (ε, |1 - qj\p)

(here equality holds in the non-archimedean triangle inequality
because strict inequality would mean that ε = [1 — qj\9>\l — cqko+%,
contradicting the definition of ε). Thus,

o^j<k l — cq3

which approaches 0 as k

Π
l-q'

- cqk«+ί π

This completes the proof.

T H E O R E M 3 . Let q - 1 + t, \t\p < Then 2Φι
a b

converges and is continuous for a, beqzv, c£qz», \x\p^\c
satisfies the following transformation rule for xeqzp;

;q,x)

p. 2φltP
φltP

( 9 )
lab \ I c c/ax

20i p j ^? c / α α ; = Γp ( <
1 \ c / \c/α c/x

In particular, for x — b this gives

a b/x

(10)
a b

ί f β/αδj =
c c/ab

c/a c/b
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Proof. Since \c/ax\p — \c\p for a, xeqz*>, t h e lemma ensures

convergence and continuity of each of the series in (9). Theorem

1 ensures convergence and continuity of Γp ( ? °clx'iV' B y c o n "
tinuity, it suffices to prove (9) for a = q~n, b — q~"m

1 x = q~\ i.e., to
prove that

eqk

k=o (cqι; q)k(q; q)k

But these are finite sums and finite products, and the formal identity
in Q(q9 c) follows from Heine's classical identity (2), which becomes
the same as (11) when we set a = q~n, b = q~m

y x = q~ι. (Of course,
this identity is initially over the complex numbers, but it gives an
identity of elements of Q(q, c).) This completes the proof.

REMARK. If a = qa, b = qβ, a, β e Zp, and c = qr, 7" g Zp9 then it
is easy to verify that

l i m l o g . Γ J ' ;q) = Gp(7) + GP(Ύ - a - β)
ff-i \c/a c/b I

- GP(Ύ - a) - G,(Ύ - β) ,

where Gp\ ΩP\ZP —> Ωp is J. Diamond's p-adic log gamma function [3].
As a corollary of Theorem 3, we then obtain the following relation
of Diamond [5]:

log, Fp(a, β, 7; 1) - GP{Ί) + GP{Ί - a - β) - Gp(7 - α)

- Gp(7 - 0), ΎeΩp\Zp, a, βeZp .

Here

3. We now want to extend the definition of 2^1>3) to certain
α, &, c with c e qzp, in particular with c — q. The case c = g will be
the g-extension of Dwork's [6] p-adic analytic continuation Θ(α, β; x)
of the series

F,(a,β,l;x)= Σ

Suppose that a ~ qa, b — qβ, —a = a0 + aφ + e Zp, —β —
hp + eZp, \cq*° - l | p < 1*1,, 0 ̂  i0 < P, and α' = gα°α, 6' =
c' = gioc. Note that in the definition that follows we make a
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shift in argument x κ> cx/ab so that Theorem 3 involves evaluation
at x = 1 rather than at x — c/ab.

DEFINITION.

Σ \a, (l)j\θy Q

(12)

la b

a b \ .. ^+1 I c

ab

' , a?

if the limit exists.
Note that if cgqzp and \x\p<Zl, then the limit (12) exists, and

a b \ la b^ cxλ I /a'
(13) ^% ; ? , 0,P

\c / . \ c
The above definition of 2φ*p is a natural g-extension of Dwork^s

hypergeometric functions in [6].

THEOREM 4. Let \t\p < j r 1 ^ - " , αwώ ίeί &<zqzp x gz^ x D,
where D = {c\\c — q\p < \t\p}, be the largest set on which the limit
(12) exists and is continuous in a, b, c. Then for a, 6, ce 3?

lab \ I c clab
(14) 2φtJ q, 1 = ε(α, &)Γ* . ' _

\ c / \Φ Φ

where Γ$ is defined in (6) and e(a, b) is defined in Theorem 2.

Proof. Note that j0 = p - 1 for c 6 D. If α, 6, c € gzp x gz*> x
(D\qzp)f then we use (13) with a? = 1 together with (10) and (8) to
obtain (14). Since qz? x qzp x (D\qzp) c & is dense, the theorem
follows.

We now look more closely at the case c — g.

THEOREM 5 (Dwork [6]). Let

3=0

and let

Σ

Suppose that
( 1 ) £ ( i ) ( 0 ) = 1, i ^ O ;
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(2) \B"(j)/B^([j/p])\p ^ 1, i, j ^ 0;
( 3 ) B^(j+ lpN)/B^\[j/p] + lp^) = B^(j)/B^([j/p]) mod p",

i, 3, I ^ 0.
Further suppose that the B{ί)(j) depend continuously on parameters
#i, '- ,ameΩ™ and satisfy (l)-(3) for au , am e SaΩ™. Let Rcz
S x {x e Ωp\\x\p <* 1} be the subset on which

(15) \Flί](xpk)\p = 1 for all i, k ^ 0

("nonsuper singularity condition"). Then

f(x) = li

exists and is continuous on R.

REMARKS. 1. If, as in our case below, we have \B{ί)(j) — lo\p < 1
for some 0 <; lQ < p, i.e., if the B{i)(j) have residue classes in the
prime field, then (15) need only be verified for k = 0.

2. This formulation of Theorem 5 is somewhat different from
Dwork's. Dwork further assumes that for some fixed r: B{ί+r)(j) =
B{ί)(j) for all i, j. In that case (15) is only a finite set of conditions,
the set of x satisfying (15) (the "nonsupersingular" x) is quasi-con-
nected, and Dwork shows that f(χ) is analytic there. We do not
want the periodicity condition, but we do want the continuous
dependence on parameters. An examination of Dwork's proof in [6]
shows that the same proof applies without any changes at all under
our assumptions in Theorem 5.

T H E O R E M 6. Suppose that \q — l\p < p - 1 ( * - χ ) , and set

B-\o) = B-\j; a, b; q) = J^M^JΪL. (JL)J

(q q)) \ab/

for a = qa, b = qβ, — a = aQ + aγp + e Zp, —β = bQ + bxp + e
Zp. Define a{i) and β{i) by -a(i) = a, + ai+1p + , -β{i) = bt +
bi+1p+ •••, απd let aw =qpia{i), bw=q^w. Let B{ί)(j)=Bw(j; a[ί),
6(i); gpί). Then B{i)(j) satisfies conditions (l)-(3) o/ Theorem 5.
Suppose \x — l | p < 1. Γfee^ condition (15) feoίcZs i/ α^d (mẐ / i/ â  +
h < P for all i, i.e., i/ a^d o îτ/ ΐ/ ί/iere is ^o carrying when —a
and —β are added.

Proof. Condition (1) is trivial. It suffices to prove conditions
(2) and (3) for i = 0; then the conditions for i will follow by replac-
ing α, 6, q by a{ί), b{i\ qp\ Setting j = i0 + pjlf 0 <> jQ < p, so that
[j/p] = λ» we have
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(o;

(α'ί ί%

where we recall that

; g)?

(o;

if io ^ «o

if j 0 > α0

(α; ?)? = Π (1 - aqk) .
Qύk<jv\k

Since \q/ab\p == 1 and = \k + α | p \t\p9 it follows that

1 J - JO === ^Oy «/0 == ^0 1

-̂  |j) 1 J - ^ o \ J O = ^o ?

\PJ\

This proves (2).
To prove (3) it clearly suffices to take I — 1. For simplicity we

further assume that j0 <£ α0, j0 ^ δo; the other cases are treated
similarly. Then, since both sides of (3) are p-adic units, it suffices
to prove that

(16) (α; q)f+PN(b; ; q)Γ

(a;q)f(b;q)f(q;q)Up
(ab)*

N

By continuity, we may suppose that a = q~n, b = q~m. Now

Π (1 — aqk)
(α; ; q)* _

But (l-g f c)/(l~g f c +^) = l m o d p ^ if p|ifc. Since also {arbfyN~ιj{abyN

is of the form {qz)pN for some ί)-adic integer z (namely, z = —a —
/3 + α' + β')f it follows that the left side of (16) is a product of
terms which are all congruent to 1 modp^, as desired.

Finally, suppose \x — 1 | P < 1 , and let P be the maximal ideal
(open unit disc) in Ωp. We have

Σ aMbw

-ί !2 ίί mod P

I mod P

at
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Hence \F^(x)\p = 1 if and only if at + bt < p.

THEOREM 7. Suppose that the conditions of Theorem 6 hold with
\x — l\p < 1 and at + h < p for all i. Then the limit (12) exists
and

q j \q/a q/b

where Γ* is defined in (6).

Proof. Existence and continuity in a, b of the left side follow
from Theorems 5 and 6. It then suffices to verify (17) for a = q~n,
b = q~m. In that case both sides involve finite sums and products,
and the proof is very similar to that of Theorems 2 and 3.

REMARK. Theorem 7 is a g-extension of Theorem 2 in [11].

Conjecture. Theorem 7 holds without the condition that at +
bt < p for all i. If a0 + 60 ^ P> then the factor ε(α, 6) defined in
Theorem 2 must be inserted on the right. If a + β is a nonpositive
integer, we require that both a and β be nonpositive integers
{otherwise the limit (12) would give 0/0).

REMARKS. 1. The proof of Theorem 7 shows that the conjecture
holds whenever one of a or β is a nonpositive integer (and the
other can be any p-adic integer).

2. Using Diamond's method in [5], one can prove the conjecture
under a fairly weak assumption: that the p-adic absolute value of

the partial sums grows strictly slower than pN.
qv ' * '

In addition, Theorem 7 and the conjecture can be generalized to

2φi,P(
a q, l ) for c Φ q. In our context, Diamond's method involves

letting z £ qz* approach c e qzp and estimating the difference between
the ratio on the right in (12) (with x == 1) and the same ratio with
c replaced by z.

REFERENCES

1. G. E. Andrews, Problems and prospects for basic hypergeometric functions, in:
Theory and Application of Special Functions (R. Askey, ed.), p. 191-224, Academic
Press, New York, 1975.
2. , The Theory of Partitions, Addison-Wesley, 1976.
3. R. Askey, Ramanujan's extensions of the gamma and beta functions, Amer. Math.
Monthly, 87 (1980), 346-359.
4. J. Diamond, The p-adic log gamma function and p-adic Euler constants, Trans.



P-AΌ1C ANALOG OF HEINE'S HYPERGEOMETRIC g-SERIES 383

Amer. Math. Soc, 233 (1977), 321-337.
5. J. Diamond, Hypergeometric series with a p-adic variable, to appear in Pacific J.
Math.
6. B. Dwork, p-adic cycles, Publ. Math. I.H.E.S., 37 (1969), 327-415.
7. E. Heine, Untersuchungen ilber die Reihe

J. Reine Angew. Math., 34 (1845), 285-328.
8. f Theorie der Kugelfunctionene und der verwandten Functionen, Reimer,
Berlin, 1878.
9. F. H. Jackson, On q-definite integrals, Quart. J. Pure Appl. Math., 4 1 (1910), 193-203.
10. N. Koblitz, q-extension of the p-adic gamma function, Trans. Amer. Math. Soc,
260 (1980), 449-457.
11. 9 The hypergeometric function with p-adic parameters, Proceedings of the
Queen's Number Theory Conference, 1979, Queen's papers in Pure and Appl. Math. No.
54, Queens University, Kingston, Ontario.
12. Y. Morita, A p-adic analogue of the Γ-function, J. Fac. Sci. Univ. Tokyo, 2 2
(1975), 255-266.

Received June 5, 1980.

UNIVERSITY OF WASHINGTON

SEATTLE, WA 98195





PACIFIC JOURNAL OF MATHEMATICS

EDITORS

DONALD BABBITT (Managing Editor)
University of California
Los Angeles, CA 90024

HUGO ROSSI

University of Utah
Salt Lake City, UT 84112

C. C. MOORE and ARTHUR AGUS

University of California
Berkeley, CA 94720

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

R. F I N N and J . MILGRAM

Stanford University
Stanford, CA 94305

ASSOCIATE EDITORS

R. ARENS E. F. BECKENBACH B. H. NEUMANN F. WOLF K. YOSHIDA

SUPPORTING INSTITUTIONS

UNIVERSITY OF ARIZONA
UNIVERSITY OF BRITISH COLUMBIA
CALIFORNIA INSTITUTE OF TECHNOLOGY
UNIVERSITY OF CALIFORNIA
MONTANA STATE UNIVERSITY
UNIVERSITY OF NEVADA, RENO
NEW MEXICO STATE UNIVERSITY
OREGON STATE UNIVERSITY

UNIVERSITY OF OREGON
UNIVERSITY OF SOUTHERN CALIFORNIA
STANFORD UNIVERSITY
UNIVERSITY OF AAWAII
UNIVERSITY OF TOKYO
UNIVERSITY OF UTAH
WASHINGTON STATE UNIVERSITY
UNIVERSITY OF WASHINGTON

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 parers intended for publication in the Pacific Journal of Mathematics should
be in typed form or offset-reproduced, (not dittoed), double spaced with large margins. Please
do not use built up fractions in the text of the manuscript. However, you may use them in the
displayed equations. 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.
Please propose a heading for the odd unmbered pages of less than 35 characters. Manuscripts, in
triplicate, may be sent to any one of the editors. Please classify according to the scheme of Math.
Reviews, Index to Vol. 39. Supply name and address of author to whom proofs should be sent.
All other communications should be addressed to the managing editor, or Elaine Barth, University
of California, Los Angeles, California, 90024.

50 reprints to each author 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 sub-
scription rate: $114.00 a year (6 Vol., 12 issues). Special rate: $57.00 a year to individual
members of supporting institution.

Subscriptions, orders for numbers issued in the last three calendar years, and changes of address
shoud be sent to Pacific Journal of Mathematics, P.O. Box 969, Carmel Valley, CA 93924, U.S.A.
Old back numbers obtainable from Kraus Periodicals Co., Route 100, Millwood, NY 10546.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS, A NON-PROFIT CORPORATION
Printed at Kokusai Bunken Insatsusha (International Academic Printing Co., Ltd.).

8-8, 3-chome, Takadanobaba, Shinjuku-ku, Tokyo 160, Japan.

Copyright © 1982 by Pacific Journal of Mathematics
Manufactured and first issued in Japan



Pacific Journal of Mathematics
Vol. 102, No. 2 February, 1982

Richard A. Boyce, Irreducible representations of finite groups of Lie type
through block theory and special conjugacy classes . . . . . . . . . . . . . . . . . . . .253

Robert Jay Daverman and Dennis J. Garity, Intrinsically
(n− 2)-dimensional cellular decompositions of En . . . . . . . . . . . . . . . . . . . .275

Juan Ferrera, Spaces of weakly continuous functions . . . . . . . . . . . . . . . . . . . . . 285
William George Frederick, µ-theta functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293
Christopher George Gibson and T. D. Ward, On stratifying pairs of linear

mappings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329
Stanley Joseph Gurak, Minimal polynomials for Gauss circulants and

cyclotomic units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347
Joachim Georg Hartung, On two-stage minimax problems . . . . . . . . . . . . . . . .355
Robert P. Kaufman, Hausdorff measure, BMO, and analytic functions . . . . . 369
Neal I. Koblitz, p-adic analog of Heine’s hypergeometric q-series . . . . . . . . . . 373
Kurt Kreith, Picone-type theorems for hyperbolic partial differential

equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Nicholas J. Kuhn, The geometry of the James-Hopf maps . . . . . . . . . . . . . . . . . 397
Donald Michael Redmond, Explicit formulae for a class of Dirichlet

series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413
J. R. Respess and Elliott Ward Cheney, Jr., Best approximation problems

in tensor-product spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437
Allen Ross Schweinsberg, The operator equation AX − X B = C with

normal A and B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447
Hans-Willi Siegberg and Guentcho Svetoslavov Skordev, Fixed point

index and chain approximations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
Kondagunta Sundaresan, Geometry and nonlinear analysis in Banach

spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487

Pacific
JournalofM

athem
atics

1982
Vol.102,N

o.2

http://dx.doi.org/10.2140/pjm.1982.102.253
http://dx.doi.org/10.2140/pjm.1982.102.253
http://dx.doi.org/10.2140/pjm.1982.102.275
http://dx.doi.org/10.2140/pjm.1982.102.275
http://dx.doi.org/10.2140/pjm.1982.102.285
http://dx.doi.org/10.2140/pjm.1982.102.293
http://dx.doi.org/10.2140/pjm.1982.102.329
http://dx.doi.org/10.2140/pjm.1982.102.329
http://dx.doi.org/10.2140/pjm.1982.102.347
http://dx.doi.org/10.2140/pjm.1982.102.347
http://dx.doi.org/10.2140/pjm.1982.102.355
http://dx.doi.org/10.2140/pjm.1982.102.369
http://dx.doi.org/10.2140/pjm.1982.102.385
http://dx.doi.org/10.2140/pjm.1982.102.385
http://dx.doi.org/10.2140/pjm.1982.102.397
http://dx.doi.org/10.2140/pjm.1982.102.413
http://dx.doi.org/10.2140/pjm.1982.102.413
http://dx.doi.org/10.2140/pjm.1982.102.437
http://dx.doi.org/10.2140/pjm.1982.102.437
http://dx.doi.org/10.2140/pjm.1982.102.447
http://dx.doi.org/10.2140/pjm.1982.102.447
http://dx.doi.org/10.2140/pjm.1982.102.455
http://dx.doi.org/10.2140/pjm.1982.102.455
http://dx.doi.org/10.2140/pjm.1982.102.487
http://dx.doi.org/10.2140/pjm.1982.102.487

	
	
	

