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In the previous paper we introduced a generalization # of the natural
supporter K of J. Dixmier [2] (cf. [1], Prop. 2.6-2.8) and studied the local
theory concernining elements of AW#*-algebras (cf. [1], §§1-3; especially
Prop. 3.7).

In this paper, we shall prove the following two theorems, as applications
of these results.

TaeoreMm 1. Let R be a semi-finite AW*-algebra acting on a Hilbert space
$ satisfying the condition that every point of norm one of O is p-normal in the
sense of J. Feldman [319 considered as a state of R. Then R is a W*-algebra
acting on the same space 9.

This is a generalization of a theorem of J. Feldman [3], Theorem 1; we
deal here with semi-finite AW*-algebras, whereas J. Feldman dealt only with
finite ones; it is not yet known whether the condition of semi-finiteness is
also redundunt or not.

Turorem II. Let R; (i=1,2) be AW*-algebras acting on a Hilbert space
9; satisfying the conditions: (1) the unit element of R; is the identily operator
on O, and (2) every point of norm one of 9, is p-normal considered as a siate
of R;. Let @ be an algebraic *isomorphism of R, onto R, in the sense of J.v.
Neumann [4]. Suppose the commutants R\, Ry of R,, R, respectively ave nor-
mally infinite in the semnse of [1). Then ¢ is spacial (i.e. ¢ is written as ¢(c,)
=uc,u* for all c,€R,,u being a linear iSomelry mapping £, onto 9,), if and
only if there exists an algebraic *—isomqrphism of R, onto R, whose restriction
on the center R, of R, coincides with that of ¢ on R,

This is a generalization of a theorem of Y. Misonou [5] We shall give
a direct proof of this theorem and an alternative proof for the case where
R; are W*-algebras. This latter proof is derived from (the local form of) a
result of E.L. Griffin Theorem 9, [7] Theorem 3) giving a ecessary and
sufficient condition for an algebraic x-isomorphism between essentially
bounded W*-algebras R,, R, to be spacial. We shall give also a proof from

*) A point f of $ is called p-normal after [3], if for any orthogonal system
(e.; cel) of projections of R we have (®(e.; ccDf,f)=2 (e, 1) c€T),
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our standpoint for this result of E.L. Griffin’s, which we shall call Theorem
I1I, as well as for a more general theorem (due to R. Kadison [16], dropping
the condition of essential boundedness), which will be called Theorem IV.
(Our Theorem II itself may be also obtained along the lines of E. L. Griffin’s,
but the proof would be more complicated to describe.)

In §1, we introduce the notion of “mixed relative dimension”. It is
defined for two AW*-algebras R,, R, acting on Hilbert spaces $,, 9, respec-
tively, when they are algebraically x-isomorphic, and it is determined by .the
algebraic *-isomorphism ¢ of R, onto R,. Next we reestablish the theory of
‘“qualitative comparison of MM and M”” due to F.]J. Murray and J.v.
Neumann [8], Chap. IX in making no use of infinite operator theoretical
method and finally we prove Theorem I with the help of a result of J. FFeld-
man [3], Theorem 1.

In §2, we first give a direct proof of Theorem 1I. Next we reestablish
the theory of the coupling operator due to E.L. Griffin [6],[7] with the aid
of our local theory. Then we prove the local form (in the sense of [1])
Theorem IIIV of Theorem III, from which Theorem III and the W¥*-case of
Theorem II follow. Finally we shall prove Theorem IV.

Throughout this paper we use terminologies in without further
reference.

I wish to express my deep gratitude to Prof. S. Iyanaga for his kind
encouragements and to Prof. O. Takenouchi for his valuable remarks. Also,
I express my hearty thanks to Dr. T. Kuroda and Mr. M. Nakai for their
valuable discussions.

§1. Mixed relative dimension.

We introduce the following

Derinttion 1.1, An AW*-algebra is a pair (R, ©) formed by a Hilbert space
D and an AW*-algebra acting on O satisfying the following conditions :

(1.1) the unit 1 of R is the identity operator of 9,

(1.2) for any point f of O and for any orthogonal system (e.;c=I) of projec-
tions of R we have (Ple.;ccD)f, fHi=2 e f, f); 1),

where we denote by (f, @ the inner product of poinis f, & of .

Let R be an AW*-algebra formed by  and R. We call §, R the under-
lying Hilbert space, and the underlying AW*-algebra of R respectively. We
denote by R, the center of R and call R, (=((R,, §)) the center of R. Denote
by | £l the norm of a point f of  and by the same f the state of R defined
by fla)=(af, f) for all e R.

Lemma 1.1. Let R be an AW*-algebra and O be its undevlying Hilbert
space. Then we have af=0 if and only if e (a)f=0 (@R, f=D).



440 T. Ono

Proor. Sufficiency: Since a=aey(a), we have af=a(es(a)f)=0. Necessity:
Denote by (e,;0=a<w) the resolution of the unit of ¢*¢. From ae,’<a*a
(€=0) it follows that e,f=0 for a>0. As making a0, we get e, °/=0.
Since e, -=ey(a), we obtain our lemma. q.e.d.

Lemma 1.2. Let R be an AW *-algebra and | be a point of . If we denote
by M, the set of operators &’s of R with af=0, then we have M;=Re; for some
(uniquely determined) projection e; of R.

Proor. It is easy to see that M, is a closed left ideal of R. Denote by
E,; a maximally orthogonal system of projections of M, and by e, the supre-
mum of £,. Then we can see e;=M, by (1.2). If a=M,, then we have
ae;*=M;. Hence we have ey(ae,)f=0 by Lemma 1.1. By the maximality of
E,, we have ey(ae,)=0, that is, ge,°=0. Thus we get the desired equality
M;=Re;. q.e.d.

The complement e, of e, is called the supporter of f in R and denoted
by e(f). Similarly the supporter f in the center R, of R is called the central
supporter of f in R and denoted by e (f). We say that a projection e of R
fixes a point f of & if ef=f.

LemMma 1.3, 1) e(f) is the minimal projection of R fixing a point f of 9.

2) ey f) is the minimal projection of R, fixing a point f of 9.

3) el )=e(SM.

4 e(af)=elae(f)).

Proor. Proof of 1). We have e(f)f=f, because e(f)’/=0. On the other
hand, from ef=—=f it follows that e°/=0, that is, e‘e(f)=0 by Lemma 1.2. Thus
we get e(f)=e.

Proof of 2) is similar.

Proof of 3). We have e(f)'f=f, because e(f)<e(f). Hence it holds that
eo(f)=e(f)". On the other hand, since e (f)f=f, we have e(f)=e,f). Hence
we see e(f)=Zey,(f). Thus we get 3).

Proof of 4). We have e(af)=e(ae(f)), because elae(f))af=elae(f))ae(f)f
=af. Further, denoting e(af) briefly by e, we have ¢qf=0. Hence we have
esx(e‘a)f=0 by Lemma 1.1, that is, e*(e”a)e(f):(} by Lemma 1.2. This means
that e‘ae(f)=0, that is, e(ae(f))<e by the definition of e(eze(f)). Thus we get
the desired equality 4). q.e.d.

Let R; (i=1,2) be AW*-algebras and ¢ be an algebraic *-isomorphism
of R, onto R,. We denote by R;/ the commutant of R; on §; and by R, the
AW#*-algebra formed by $; and R;/. We shall say that R, is the commutant
of R;. Denote by A the set of operators ¢’s mapping 9, into 9, satisfying
ac,=¢(c)a for all c,eR,. We use the same notations as in [1], §2. (As
AW*-algebras R;, R in [1], § 2, we take R;/, the full algebra of operators on
9P, respectively.) Then it can be seen that e*b= R/, ab*=R,’, and R,’aR/’
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. A for q,bA. Denote by I, the unit of R;, by d; the relative dimension
of R;, and by d;/ (or d;;/) that of R;. Moreover we denote by d,y’ (=ds")
the relative dimension of R,” into R,” and we write d,,"(e,")=d,,/(ey’) (or d,,/(e,”)
>d,'(e,)) for projections e,/ of R, if there exists an operator ¢ of A satis-
fying eu(@)—e,’ and ela)<e,” (or satisfying e.(@)=e,’ and e(a)=e,). We write
dio'(e))=dy' (ey)) if d\y'(e,)=d,y'(e;”) and dyy'(e))=d,y'(ey)). Then dyy'(e)=d s (es’)
holds if and only if there exists an operator ¢ of A satisfying ey(a)=e,” and
e(a)=e,’. The relative dimensions d,,’, d,,’, and d,;’ (=d,,') satisfy the follow-
ing properties: (1) three conditions d,,"(e)=d,’(e,V"), d\y’ (e, V")=d,y'(e,V),
and d,,’(e,VN=<d,,’'(e)") imply d.'(e,))=d(e)), (2) three conditions d,,(e,)=
di/(e,V), diy'(e/ V) =dy/(e, V), and  dy/'(e,V) =do/(e,®") imply d/(e/)=
di/(e,®"), and the duals of these. (FFor any property depending on 1, 2, the
suffixes of R/, R,, we call the property obtained by interchanging the role
of 1, 2, its dual) Denoting by F; the set of projections of R/, we can find
a mapping d’, which carries £,/UZE,” (the union of £/ and FE,” as point-sets)
onto some semi-ordered set, satisfying the following condition:

1.3) d'(e,)=d'(ey’) holds if and only if d,(e/)=d, (e)’) for e/,e)/’EE/,
d.y'(e,Y=d,) (e))) for e/ e/eE),d/(e/)=d/(e)) for e’/ e/cky, and
dy/'(e,)=dy'(ey) for e/€L), e, EE,.

Obviously the semi-ordered set d&’(/2,' UE,’") is uniquely determined except for
isomorphism as a semi-ordered set. We call ¢’ the mixed relative dimension
of R/ and R, determined by ¢. Sometimes we denote d’(e,)=d'(e,’) briefly
by e,/ Sey’.

We denote by e’(f;) the supporter of a point f; of &; in R/.

Prorosrrion 1.1. I #=1, and If=1I,.

Proor. We shall prove I,=I.% Let us start by denying it. Then we
can find a non-zero point £,/ of 9, with £,”([,5)=0 and a non-zero point f,’
of &, with f,(¢le(f,"N)=0. We put e,V =e(fy), e,V =¢"(e,V), and f,'=
e, \Vf7. Since e,"V=g¢(e(f,’")), it holds that e, D==e(f,”’). Hence we get ¢, (V=
e(f,) by Lemma 1.3. By a well known method, we may find a projection e,
of R, with e, =e,® such that £, (ple,®))=0f,"(e,®) for each projection ¢,® of
R, with e¢,»=¢,, where 0 is a positive constant. We put e¢,—¢(e,) and fi;=e.f .
Then we have e¢;=e(f;) by Lemma 1.3 and |¢(c,) /.| =0lc,f,|| for each operator
c; of R,. We denote by ¢° the module-isomorphism of R,f, onto R,f, defined
by a’c . fi=¢(c))f, for each operator ¢, of R,. Then «° can be extended to
the operator ¢« mapping 9, into §, with e.(@)=e'(f,) and e(@)=e'(f,). It is
easy to see that 0+=a=A. Hence we get 0s#eu(@)=l,*>. On the other hand,
from fi=ee,Vf," it follows that O=tey(@)=e'(f,)")=I,—I,*. This leads to a
contradiction. Thus we get [,=I,.. Similarly, we obtain I,=/% q.e.d.

Let R, (i=1,2) be AW*-algebras and ¢ be an algebraic x-isomorphism
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of R, onto R,. Denote by R;, the center of R,, by R, the center of the
commutant R;’ of R;, and by ¢, the restriction of ¢ on R,,. We notice that
R,y S Ry, but I can not verify that R,=R;’. According to Prop. 1.1, # is
extended to an algebraic *-isomorphism (denoted again by #) of R,y onto
Ry by [IT, Prop. 2.8. Moreover, we have from the proof of [I], Prop. 2.8,
Pole)=et for eeFL, (=ENR,) and so @yci)=ci* for ¢ eR,  The
algebraic x-isomorphism # induces a homeomorphism v’ mapping the spectrum
2, of R,/ onto the spectrum £, of R,’. We identify a point 1,/ of £/,
with its image v'(v,”) of £, by v/ and denote these 1/, v'(1,) by A’. In this
sense, we may consider the local relative dimension d,’,; of R/ into R,
Namely, we say that d,,/ .(e,))=d,,/ 1(es’) holds for e/eE; if and only if
dis/ (e o(ANe ) Ed s (9%e o(2))ey’) holds for some projection e;o(’) of £ ,(2).
(F () =the set of projections e,,(1’)’s of R, with 1/(e;((A))=1.) By a similar
argument as before, we may consider the local relative dimension d,’ between
R/ and R,. It is composed of d,,1/, dy,2/, and dys,3" (=dy, /). Sometimes
we denote d,/(e,")=d, (ey’) briefly by e,/ ey.

ProrosiTion 1.2. The semi-ovder of d' (K UEY) induced by d;’ is linearly
ovdered.

Proor. Let ¢/ (i=1,2) be an arbitrary projection of R;’; Then we can
find a maximal partial isometry # of A satisfying e.(#)=<e,’ and e(u)=<e,’.
Then we have (e, —e(®)A(e,’ —e(u))=0. Hence it holds that (e, —e(#))¥e,’ —
e (u)?-=0 by [1], Prop. 2.6. If (e, —e(u)))=0, we have e,/=<,e,/. And, if
(e —ex(1)H)=0, we get e,’=<,e,’. This completes the proof combining with
[1], Prop. 3.7. q.e.d.

We say that a projection e of R is cyclic if it is the supporter of a point
of . It is not hard to see that every cyclic projection is countably decom-
posable. (Here we say that a projection e is countably decomposable if, for any
decomposition e=@e,; 1), I must be at most countable.) Moreover we have
the following

Lemma 1.4. Let R be an AW*-algebra and d be its relative dimension. If
e, e, ave normally infinite cyclic projections of R with e"=e), then we have
d(e))=d(ey).

Proor. By [1], Prop. 3.7, we may assume that e, <e,. Since ¢, is normally
infinite, we have a decomposition ¢;=@P(e,™ ; 1=n<<oo) with d(e,V)=d(e,™ ;
1<n<<) by [1], Prop. 3.2. Then there exist a projection e, of R, and a
decomposition ee,=@(ee, ) ; t<1) such that dlee,V)=d(ee;V) (¢=I) and that
I contains all natural numbers. Since e, is countably decomposable, I is a
countable set. Hence we get d(e.e,)=d(ee,). This completes the proof, because
the equivalence is normal as a property in the sense of [1], §1. q.e.d.

The following lemma is due to F.]J. Murray and J.v. Neumann [8], but
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the present proof uses only bounded linear operators.

Lemma 1.5, Let R be an AW*-algebra and f, fr 1=n<Co) be points of .
Suppose that (1) fro—f (strong) and (2) dle(f))=d(e) for some projection e of R.
Then it holds that (3) dle(f))=d(e).

Proor. If e(f)=0, then (3) is obvious. Hence we may assume that e(f)
#+0. By taking e(f)f, instead of f,, we may assume that e(f,)<e(f). From
the fact that e(f,)f—e(f)f it follows that e(f,) —e(f) (strong). In fact, it
holds that (bf; beR’) is dense in e(f)D (=(e(f)g; g=9)), that e(f,)bf— e()bf,
and that |le(f)|<1 1<n< ). We shall prove the lemma locally. Moreover
we may assume that e<e(f) by [1], Prop. 3.7. First, if e is locally normally
infinite, we have d;(e)=d;(e(f)) by Lemma 1.4, for the supporter of a point is
countably decomposable. Next, if e(f) is locally finite, from the fact that
e(fn)—e(f) (strong) follows that #(e(f,))— t(e(f)) locally (strong) by a (similar)
theorem of J. Dixmier [2], theorem 17, where we denote by ¢ the trace of R
defined locally, whose existstence was proved by Ti. Yen [9]. Hence, in
view of (2), we get t(e(f))=t(e) locally, that is, d;(e(f))=d,(e). Finally, if e is
locally finite and if e(f) is locally normally infinite, by taking an arbitrary
locally finite projection ¢’ of R with ¢'=e(f) instead of e(f) and by taking
e'f, e'f, instead of f,f, respectively, and by repeating the above argument,
we can obtain dj(e’)=<d,(e). This is a contradiction. Since the property that
de(f)=d(e) is normal as a property in the sense of [1], §1, we arrive at (3).
g.e.d.

The following proposition is a generalization of [8], Lemma 9.3.3.

Prorosition 1.3. Let R; (i=1,2) be AW*-algebras and ¢ be an algebraic
x-isomorphism of R, onto R, Then d(p(e(f)))=d(e(fy)) holds if d'(e’(f)=d'(e'(f.))
holds.

Proor. Since d'(e’(f1)=d'(¢/(fy), we can find a partial isometry # of A
with e(w)=e'(f)) and e(w)=e'(f,). Put fy'=uf;. Then we have (1) ¢/(f,)=elu)
and (2) e(fy)=¢le(f). In fact, e,/f,'=0 (e,’=/L,’) holds if and only if e,uf,
=0, that is, #*e,’uf1=0 and so wu*e,’ue’(f)=0 by Lemma 1.3 and then e,’ue’(f)
=0. Since ey (#)=¢’(f), this implies that e,’#=0 and so e,’e(x)=0. This shows
(1). Similarly, ¢(e)fy’=0 (e;<£)) holds if and only ¢(e)uf,=0 and so we,f;
=0 and then ey(#)e,f;=0 by Lemma 1.1. Since e.(#)=¢’(f)), this implies that
e, fi=0. This shows (2). Since e'(fy)=e'(f,), we can find a sequence (¢,;
1=n<Cco) of elements of R, such that c,f,—f;’ (strong). Since d(e(c,fs)=
dlelcre(fo)=d(e(f,)) by Lemma 1.3, it holds that d(e(f,)<d(e(f,)) by Lemma
1.5. TFrom this and from (2) we get the assertion. q.e.d.

Cororrary. Let R be an AW*-algebra and f; (i=1,2) be points of . Then
de(f))=d(e(fy) holds if d'{e'(f))=d'(e’(f) holds.

Proor. We consider R, the identity mapping as R;, ¢ in Prop. 1.3 respec-
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tively. Then we get readily the assertion. ¢.e.d.

Dermvarion 1.2. An AW*-algebra R is called W* if its wunderlying AW*-
algebra R is a W*-algebra acting on its underiying Iilbert space 9.

Let R be an AW¥*-algebra. Denote by R the weak closure of R on 9.
The W+*-algebra formed by R and $ is called the weak closure of R and
denoted by R. Denote by &(f) the supporter of a point £ of  in F; denote
by d the relative dimension of R.

Now, we impose the following assumption:

(A) d@(f)=d@(f,) holds if d(e(f1))=d(e(f,)) holds (f, fL€D).

It seems to me that this assumption is valid for any A W*-algebra, but I can
not verify it. It is obvious that (A) holds for any W*-algebra.

From now on we shall denote by putting * the result which is wvalid
under the assumption (A).

Lemma™ 1.6, Let R be an AW*-algebra with (A) and f; be points of 9.

Proor. Since dle(f)=d(e(fy)), we can find a partial isometry « of R with
e (w)=e(f) and e(w)=<e(f,). Put f,’—e(w)f,, Then we have e(fy)=e(u) by
Lemma 1.3 and so d(e(fy'))=d(e(f1)). Hence we have d'(e/(fy))=d(¢’(f})) by
(A). On the other hand, it is easy to see that e/(f')=e'(f,). From these it
follows that d’(e’(f))=d'(e’(f,). By taking R’ instead of R and by repeating
the above argument, from d'(¢/(f)=d'(e’(fy) it follows that d@(f))=d@(f.)),
for R is W* and so satisfies (4). q.e.d.

Prorosition® 1.3. Let R, (i=1,2) be AW¥*-algebras with (A); let ¢ be
an algebraic -isomorphism; let f; (i=1,2) be points of 9. Then following
statements are equivalent to each other:

(L4)  d(eple(S))=d(e(S.),
(1.5) d'(e’(f)=d'(e’(f2))-

Proor. (1.5) implies (1.4). This implication has already shown in Prop.
1.3.

(1.4) implies (1.5). In-order to see (1.4), we need only to see it locally
with respect to a spectre 2 of R,/ by making use of [1], Prop. 1.1. Further,
if dy'(f)=d;/(e'(fy), we get (1.5) locally and so we may assume that
dy/ (e’ (f))=d; ' (e'(f1) by Prop. 1.2. Hence we can find two projections e’ (1)
of Ey(2) (i=1,2) with e,y (2)¥=e,y’(2) such that d’(ey'(A)e’ (f))=d' (e’ (X)e' (1))
Write f;° for e;,/(A)f; and denote by e;, the minimal projection of R; fixing
e;’(A). Then we have ¢ye;)=e,y for ¢, is the restriction of #. Further we
have e(f;")=ee(f;) and so d(gle(f1"))=de(f,"). Moreover we have e/'(f;%)=
e’ (Ae’(fy) and so d'(e’(fO)=d’(e'(f;*). Thus we have shown that, to see
(1.5), we may assume without loss of generality that &' (e/(fo)=d'(e’(f)).
Therefore there exists a partial isometry # of A with ey(w)=<e'(f,) and e(x)
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=e'(fy). Put f’=u*f,. Then we have ¢'(f,")=e(u) and @(e(f\"))=e(f,) by a
similar argument as in the proof of Prop. 1.3. Since d(@(e(f)))=dle(f,)=
dpe(f,)), we have dle(f))=d(e(f,)), for the relative dimension is an alge-
braical property in the sense of J.v. Neumann [4]. Hence we have d@(f))
=d@(f’) by (A) and so d'(e/(f)=d'(¢'(f)) by Prop. 1.3 (applying to R)).
On the other hand, we have already had e'(f/)=esx(u)=e'(f,). Hence we
obtain &'(e’(f)=d'(¢’(f)) and so =d (ex(w)=d (e(u))=d (¢’(f,)). This shows
(1.5). g.e.d.

Cororrary*. Let B be an AW*-qglgebra with (A) and f; (i=1,2) be points
of . Then following statements ave mutually equivalent :

(1.6)  dle(fi)=d(e(fs)),
A7) de'(F)=d' ' (f)),
(18) d@E(f)=d@(f,).

Proor. The implications (1.7)—(1.8), (1.8)—(1.7), and (1.7)— (1.6) are con-
sequences of Prop. 1.3 and so these are valid without the assumption (A).
And the implication (1.6)— (1.8) is nothing but (A). q.e.d.

Prorosition® 14, R/=—R,.

Proor. In order to see Prop*. 1.4, we need only to sce that ey’ (f)=e,f)
for any point f of $, where we denote by ¢,/(f) the supporter of f in Ry’.
So, let us denying the above assertion for some point f of . We notice that
e’ (N=e)(f) and so we can find a non-zero point g of § such as (e,(f)—e,’(f))g
=g. Since g+0, we have 0#e)(g)=e,(f). Hence e(g)e(/¥"+0 by Lemma 1.3.
and e(w)=e(f) by [11, Prop. 2.7, (2.18). Put g’=eu(w)g and f'=e(u)f. Then
we have e(g/)=ex(n) and e(f)=e(w) by Lemma 1.3. Thus we have d(e(g))=
dle(g))=de(f ) =d(f)). Applying Corollary* of Prop*. 1.3 to these formula,
we get d'(e’(g)=d (e (gN)=d (e (f)=d'(e’(f)). Since g’#0 and f’+#0 by the
definition of supporter, we have from these e/(g)%’(f)"+0 by [1], Prop. 2.7,
(2.18)’. Since e'(9M=e,(g) and e'(f)M=e¢/(f) by Lemma 1.3, we get thus
e (e, (f)#0. This is a contradiction, for e,/(Ng=e,’(Me,(f)—e,’())g=0 and
80 e,/ (2e/(f)=0. q.e.d.

By virtue of Prop*. 1.4 every spectrum of R’ is considered as a spectrum
of R.

The following proposition is due to F.J. Murray-J.v. Neumann [8], 1. E.
Segal [10], and E. L. Griffin [6].

Prorosirion™ 1.5, Let R be an AW*-qlgebra with (A). Then we have

() e'(f) is an irreducible projection of R’ if and only if e(f) is an irre-
ducible projection of K.

A e'(f) is a finite projection of R’ if and only if e(f) is a finite projec-
tion of R.
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(1D e'(f) is a purely infinite projection of R’ if and only if e(f) is a
purely infinite projection of R, where we say that a projection e of R is purely
infinite if eRe is purely infinite, that is, of type (I1).

Proow. Proof of (IlI). Let ¢ (i=1,2) be projections of R’ with e;/=e’(f)
and ef'=e’(f)" (i=1,2). Then we have e;/=¢’(e;’f) by Lemma 1.3 and d(e(e;’f))
=d(e(f)) by Prop. 1.3. Since e(f) is purely infinite, we have from the former
dle(e/fN)=d(e(f))=d(e(e)’f)). Applying Prop*. 1.3 to this fact, we get d’(e,")
=d’'(ey’). This means that ¢’(f) is purely infinite.

Proof of (II). First we shall prove (II) locally. Since e(f) is finite, it
is locally finite (with respect to any spectre A of R) by [1], Prop. 1.1L
Hence, by the local form of (III) just proved, e’(f) is not locally purely
infinite and hence we can find a locally finite projection ¢’ of R’ satisfying
that 2(e’")=2(e’(f)") and that e’=e’(f). We denote e(e’f) briefly by e. Then,
from the fact that e(e’f)=e(f) it follows that ¢ is locally finite. Moreover,
if e is locally non-singular projection of e(f)Re(f), we may find a local
decomposition e(f)=:P(e;; 1=i=n) with d(e))=dile) 1=i=n). We denote e¢'(e;f)
briefly by e;/. Since d(e;)=d;(e), we see dy'(e;/)=d;’(¢’) by the local form of
Corollary* of Prop* 1.3. We denote U(e/; 1=i<n) by e®’. Then e®’ is
locally finite. On the other hand, we have eW’e;f—;e,f (1=i=n), that is
eW/f==,f. This means that ¢/(f)=,e™’. (Here, we use the notation f=,g (f, &
), which means that ey(2)f=e,2)g for some ey()ek,(1).) Hence e'(f) is
locally finite. By [1J, Lemma 4.2, it is easy to see that a spectre with respect
to which e is locally singular, is a limiting spectre of spectres with respect
to which e is locally non-singular. From this and from the normality of
finiteness of a projection, we can conclude that ¢/(f) is locally finite, even if
we drop the assumption that e is locally non-singular. Thus we arrive at
the assertion by [1], Prop. 1.1.

Proof of (I). First we notice that e(e’f)=ee(f) for e’ =e'(f) if e(f) is an
irreducible projection of R. In fact, e(e’f)=e(e'f)e(f)=e\e’/e(f)=e'(e'f)e(f)
=eMe(f). Now we take two projections ¢/, e,/ of R’ satisfying that e,’e,/=0
and that ¢/ (f)=e,/’'~e,/=e/(f). Since (e,/Pe,)e(f)=e,e(f), we obtain e,’'PDe,’
~e,’ by Corollary* of Prop.* 1.3. Since e(f) is irreducible, it is finite and
hence ¢’(f) is finite by (IlI). Hence e,’de,’ is also finite. Then we must have
e,’=e,’=0. This means that e¢'(f) is irreducible. q.e.d.

CororLary*®. Let R be an AW*-algebra with (A). Then we have

(D R’ (or R) is of type (1) if and only if R is of type (D).

(II) R’ (or R) is of type (II) if and only if R is of type (11).

(I11) R’ (or R) is of type (I11) if and only if R is of type (11I).

Proor. If R is of type () (x=I, II, III), there exists a projection e(f)
(fe9) of R of the same type (x) and so ¢/(f) is of the same type (x). This
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implies that R’ is of the same type (x). Similarly, since e(f) is of the same
type (¥) by applying Prop.* 1.5 to R/, F is of the same type (x). By a similar
argument, we obtain also the “only if 7 part of the assertion. g.e.d.

A triple (R, .f) formed by an AW*-algebra R (=(R, $)) and a point f
of ® with e(f)=1 is called a cyclic AW*-algebra.

Let R be a finite, cyclic AW*-algebra formed by 9, R, and f. By virtue
of a theorem of Ti. Yen [9] R has a trace ¢ (also cf. [1], Theorem 4.2).
Denote by 7 the p-normal state of R defined by t(c)=s((c)) (c€R). Then R is
considered as a unitary space with an inner product (a,0) defined by (@, b)
=r(b*a) (@, b= R). Denote by D. its completion and by 7 the injection of R
into $.. The Hilbert space §. is a representation space of R and its repre-
sentation ¢ is faithful. J. Feldman proved that this triple R: (=(¢(R),
9., (1)) is a cyclic W*-algebra, where we denote the unit of R by 1. By
making use of this result of J. Feldman, we prove the following

Lemma. 1.7. LEvery finite AW *-algebra is W*.

Proor. Let R be a finite AW*-algebra and let f be a point of §. In
order to prove Lemma 1.7, we need only to see that &(f)=e(f), for every
operator of R is written as a uniform limit of linear combinations of projec-
tions of R and each projection of R is expressed as an orthogonal sum of
such projections as &(f) for some fe$. ience we may assume that R is a
finite, cyclic AW *-algechra formed by $, R, and f. By a well known method,
we can find a non-zero projection e, of R such that 8,|ce fII=|plce)n(HII=
Ollce, S| (ceR), where 0,, 0, are positive constants. From this it follows that
d'(e'(e,f))=d (e'(¢p(e;)n(1))) by a similar argument as in the proof of Prop. 1.1.
Since R. is W¥, ¢e)Reple,) is also W* and so ¢,Re, is a W+-algebra acting
on . Since the property that ¢(f)e R, is normal as a property in the sense
of [11, §1, we may assume without loss of generality that e, is simple of
order n by [1], Lemma 4.2, Def. 4.2. Hence we can find a decomposition
1=P(e;; 1=i=n), with d(e)=d(e,) (1=i<n). Since d(e;)=d(e,), there exists a
partial isometry u; of R with e.(u,)=e; and e(u;)=e,.

Let (c.; cel) be an arbitrary weak Cauchy-hypersequence of operators of
R. Denote its limit by ¢. In order to see Lemma 1.7, we need only to show
that ceR. Since e Re, is W¥*, the weak limit w,cu* of (wco;%; (<) is
contained in e¢,Re, and hence in R. Therefore ¢;ce; (=u;*u;cu*u;) is contained
in R and so ¢ (=2X,%-,e,Ce;) 1s contained in R. Thus we get ¢(f)eR and
e(fH)=e(f). q.e.d.

Proor or Turorem I. Let R be a semi-finite 4 W*-algebra and f be a
point of 9. If e(y) is finite, (e(f)Re(f), e(f)D) is W* by Lemma 1.7. Hence
e(f) (=&(f)) is finite in R. This means that R is also semi-finite. Therefore,
we need only to see that e(f) is finite with &(f). Let us start by denying
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this fact. Hence we may assume that e(f) is normally infinite in R.

Since e(f) is semi-finite, there exists a finite projection e, such that ¢ =
e(f). Then we can find a maximal decomposition Ple,; cel)=e(f) (the suffix
lel) with d(e)=d(e,) (c=I). Since dle)=dle—D(e.; cel)) does not hold, we
have d(e—P(e.; ceI))=d,(e,) for some spectre 1 of R by [1], Prop. 3.7. In
view of this fact, 7 must be infinite and further it is countable (say I=(u;
1=n<<0)). Thus we get a new decomposition e(f)=(e,; 1=n<Io) with
dle,)=d(e)) (1=n<) by a well known tricke of [8] We put é<N>:®(en;
1=n=<N). Then ¢® is finite and so (™ Re™, M) is W* by Lemma 1.7
Since e'(e™f)=e’(f), we have de™)=d@Ee™f)=d@E(s)) by Lemma 1.3 and
by Prop. 1.3. This is a contradiction. Thus we arrive at the assertion. q.e. d.

§2. Spacial isomorphism.

Let C;, (i=1,2) be arbitrary systems of operators on Hilbert spaces 9,
(i=1,2) and let ¢ be a one-to-one correspondence of C, onto C,. Denote by
B; the commutant of C; on §; and by D; the W*-algebra generated by C;
and B;. The correspondence ¢ is called spacial (after F.J. Murray and J.v.
Neumann [8]), if there exists a partial isometry « mapping $, onto £, satis-
fying o(c)=ucu* (c,eC)). Concérning this, we have the following generali-
zation of theorems of K. Yosida [1I], M. Eidelheit [12]-Y. Kawada [13], and
L. E. Segal [10]

Turorem 2.1. The correspondence ¢ is spacial if and only if it is extendable
to an algebraic x-isomorphism of D, onto D,.

Proor. Necessity: The mapping d,—ud,u* is obviously an algebraic
x-isomorphism of D, onto D, (=uDu¥), which is the extension of ¢ in ques-
tion.

Sufficiency: We notice that D; has the commutative commutant D,’.
Denote by [7; the unit of D, and by the same ¢ the given extension of ¢.
Then we have [%=I, and [*=I by Prop. 1.1. We shall see the sufficiency
locally. In view of Prop. 1.2 we may assume without loss of generality that
I~ ey’ =1, for some projection e,/ of D,. Since A({,)=1, we have A(e,)=1
and so A([,—ey’)=0 Hence it holds that e,y =;[,. Thus we get d;/(,)=d;' ()
and so d’({)=d’(l,) by [11, Prop. 1.1. This shows the assertion. ¢.e.d.

We need the following lemma for the proof of Theorem II

Lemma 2.1. Let R be an AW*-algebra and e be a projection of R. Then
theve exists a decomposition
2.1) d=Pley; ccol), where each e, E,,
and, for each (< I, there occurs one of following three cases:

(2.2) ené is finite,
2.3) eyd~eye,
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24) ene"=Dlex; rEK),
where e,~ce, (k=K. and ‘g{oéﬁl (the cardinal number of K).

Proor. Since finiteness and equivalence are normal properties in our
sense, we may assume without loss of generality that (2.2) and (2.3) do not
occur. There exists a maximal orthogonal system (e,.; c=I) of projections of
Fy, each of which satisfies (2.4). Denote ¢"—P(ey; cel) by e,/. In view of
[1], Prop. 3.7, it is easy to see that, if ¢,/+#0, there exists a non-zero projec-
tion e, of FE, with e,=e, such that ee=Dle;; c=K,) with e,~ewe (k€K,). If
eoe is (locally) finite, we have &,<IK,, because (2.2) does not occur and so e,e!
is normally infinite. On the other hand, if eye is (locally) normally infinite,
we have also, R,=<K.. For, otherwise, we must have ey l~ee by [11, Prop.
3.2. This is impossible, for (2.3) does not occur. From these we get always
R,=K. This contradicts the property of e,/. Therefore we must have e¢,/=0
and so we get the desired assertion. q.e.d.

We are now in a position to prove Theorem II.

Proor or Taeorem II. In view of Prop. 1.2, we may assume without loss
of generality that &'(I)=d'(e;’) for some projection e, of R,. Use now
Lemma 2.1 with respect to ey/. Since the spacial isomorphism is a normal
property in our sensz, we can moreover assume without loss of generality
that one and only one of (2.2)—(2.4) occurs and ef=I,. But (2.2) can not
occur. If (2.3) takes place, ¢,/~1,, and our theorem clearly holds. If (2.4) is
the case, we still have e, ~1,, because, first we have I,=B(e,; t=K) (e)/~e,’
for any k= K) by (2.4), and hence I[,=P (¢’ (e, ; e K)(¢' ' (e/)’s are mutually
cquivalent), and further e,/=(e,’; t=K) (e, ’s are mutually equivalent) by
the fact that e¢,/~1I, with respect to the mixed relative dimension by ¢, and
thus we have L,=P(ew; &, £’ K) (er’s are mutually equivalent), and then
we get finally e,/~I, as K*=K. q.e.d.

Cororrary 1. Let R; (i=1,2) be purely infinite W*-algebras and let ¢ be
an algebyaic x-isomorphism of R, onto R.,. Denote its commutant by R;’. Sup-
pose that there is an algebraic *isomorphism of R\ onto Ry, which coincides
with ¢ on the center R, of R,. Then ¢ is spacial.

Proor. Since R; is purely infinite, R;’ is also purely infinite by Corollary*
of Prop.* 1.5 and hence normally infinite. Thus @ is spacial by Theorem IL
q.e.d. ’

The following corollary involves the result of Y. Misonou [5].

Cororrary 2. Let R; (i=1,2) be AW*-algebras with the normally infinite
commutant and with the underlying sepavable Hilbert space and let ¢ be an
algebraic *-isomorphism of R, onto R,. Then ¢ is spacial.

Proor. In view of Prop. 1.2, we may assume without loss of generality
that d’(I,)=d’(ey’) for some projection e,’ of R,’. Since R, is normally infinite,
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e,’ is normally infinite and satisfies e,/"=1,. As we say in the proof of [1],
Theorem 4.1, we can find a state f, of R,” such that f,(e/)=0 if and only if
e’=0 (¢/=FE,). Hence e, and also [, are countably decomposable. Irom
these it follows that e,’~I, by virtue of the proof of Lemma 1.4. Thus we
have d'())=d'(I,). q.e.d.

Cororrary 3. Let R be a purely infinite (or finite) W*-algebra and ¢ be
an algebraic x-automorphism of R, which coincides with the identical mapping on
its center. Then ¢ is spacial.

Proor. According to Theorem 1I, we have only to show that our asser-
tion holds, when R’ is finite, in which case R also is finite from our assump-
tion (see Corollary* of Prop.* 1.5). Let f,” be a point of $ with r,/([,%=0
and f, be a point of § with f,((ple(f,")*)=0. Put e;=e(f,), e,=¢ (e,), and
fi=efy’. Since e,=¢(e(f1)), we have e;=e(f,). Hence we have e, =e(f,) by
Lemma 1.3. Denote the trace of R by . By Prop* 1.3, we have e¢'(f)~e'(fy)
with respect to the mixed relative dimension determined by ¢ considered as
an algebraic x-isomorphism of R, (=R) onto R, (=R). By the uniqueness of
t, we get t(c)=t(¢(c)) for cc R. Hence we have #(e,)=t(e,), that is, e,~e, by
[1], (4.14). Therefore we have e'(f))~e’(f,) with respect to the relative di-
mension of R’ by Prop*. 1.3. Hence ¢’(f))~e’(f1) with respect to the mixed
relative dimension determined by o.

Let £,/ be the set of projections ¢’ of R’ satisfying e’~e’ with respect
to the mixed relative dimension determined by ¢ and let £, be a maximal
orthogonal system of projections of E,’. Denote the supremum of £, by e’.
Then we have e¢'<F,’. Moreover we have ¢’=I. For, otherwise, taking the
point f,” such that f,’(¢/)=0 in the above argument, we get at last a projec-
tion e’(f,) such that e’(f))~e'(f), e’(f\)’=1—e’, which is a contradiction. Hence
we get ¢/’=1I and thus arrive at the assertion. q.e.d.

Now, we reestablish the theory of the coupling operator of rings of opera-
tors due to E.L. Griffin [6],[7] by use of the local theory.

Let R be a W*-algebra. We say that a spectre 1 of R is cyclic if there
exists a point f of § with A(e,(f))=1 satisfying following postulates (2.5)—(2.8):
(2.5) #e(f)#0 if R is locally finite, where #; is the local trace of R,

(2.6) e(f)=B(e.; cel),ee~e(f) (ceI) if R is locally normally infinite,
2.7y te'(f)+0 if R’ is locally finite, where ¢/, is the local trace of R,
(2.8) el(f)=DBe/;el), e ~e'(f) (') if R is locally normally infinite.

For a cyclic spectre 1 of R, we write &, (@) for #;(e(f))™', if R is locally
finite and (b) for [ (=the cardinal number of ), if R is locally normally
infinite. Similarly, for a cyclic spectre 2 of R, we write £’ (@’) for #;(e’/(f)7,
if R’ is locally finite and (b’) for [’ if R’ is locally normally infinite. From
now on we shall consider cyclic spectres only.
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For the definition of the coupling operator of R, we prepare following
two lemmas.

Lemma 2.2. When R, R’ are both locally finite, £'/k is independent of the
choice of f.

Proor. Let f; (:=1,2) be points of § satisfying 2A(e(f;)=1 and (2.5)—

(2.8). In order to see Lemma 2.2, we need only to verify
2.9)  te(f)/t e(f))=ti(e(f))/t i (f2))-
By Prop. 1.2, we may assume that e(f,)~e=e(f,) for some projection e of R.
Put £y =ef,. Then we have e(f,’)=e by Lemma 1.3. Hence we have e(f,")~e(f3)
and then e'(fy)~e'(f,) by Prop.* 1.3. To see (2.9), thus, we may assume
without loss of generality that e(f,)<e(f,) and fo=e(f.)f.

Write briefly e, e/, and f for e(f),e’(f)), and f,. Denote by R, the cyclic
W*-algebra formed by ee’Hee', R, (—ee’Ree’), and f. Applying [8], Lemma
11.3.2, p. 186 twice, we get R/’ —=ee’R'ee’. Hence e(fy), e'(f) in R, R/’ (i=1,2)
coincide with thosz in R, R’ respactively, because fo=c(f,)f; and e(f,)=e(f)).
Therefore we may take R, in place of R without loss of generality.

Now construct the numerical trace r and the finite cyclic W*-algebra R:
formed by ., R. and 7(1) as in §1. Then ¢ in §1 is an algebraic *-isomor-
phism of R, onto R: (=R,). Since ¢(e(f))=e(n(1)), we have from Prop.* 1.3
e'(f)~e'(n(1)) with respect to the mixed relative dimension determined by ¢.
But e¢'(f) and e'(y(1)) are both identical operators and so R, is spacially
isomorphic to R.. Therefore, to see (2.9), we may take R: in place of R,.

By J. Feldman [3], the commutant R.” of R: is dual-isomorphic to R: (in
the sense of [14], §2.2) under the mapping ¢(@)—V(a) (¢=R,) defined by
Y(@)nc)=n(ca) (ceR,). Hence we have t’';(¥(@)=t;(¢(a)) (a=R,), where £, is
the local trace of R. and #’; is the local trace of R.’. Since e'(f,)=y (¢ (e(f.)),
we get #(e(fy)=t';(e’(f.)). On the other hand, it is obvious that #;(e(f,)=
t e’ (f)) (=1). This shows (2.9) and so completes the proof. q.e.d.

LemMma 2.3. If R is locally normally infinite, then £, is independent of the
choice of f except for k; being 1=k;=R,. In this exceptional case, there exists
a point f of O such as £;=Re

Proor. Let f; (i=1,2) be points of § satisfying 2(e,(f;))=1 and
(2.10) e(f)=P.D%; (Del®), e, ~e(f) D eID) (=1, 2).

Put ey;=ey(f1)e(fo). Since A(e))=Ale(fi)A(e(f3)=1, we have e¢,#0 and

2.11) e,=P(e. D ; (DelI®) (=1, 2),

where each e, is a cyclic projection of R, that is, e,®=e(f.») for some f,®
of . For each index (™ of I®, we denote by K,V the set of indices ¢©’s
of I® such as eMe,»+0. Since X.@weMe,P=¢,M+£0, K,V is non-empty
(cf. [7], Lemma 1.2). Also, if e.We,®#0, e,2f, M0 and so K.(1)=R, (cf.
ibd.). Hence we get IO UKD ; DelI®) and so IMW=R,I?®. Therefore,



452 T. Ono

if IO<R,, IV=<%, This implies that “x,;<W,” is independent of the choice
of f.

If Ro#ID and &, =</, we have Ro#1®, R, =I®, and IO =<J®, Similarly
we have I®=IM. Thus we get W=7 if R,#7" and if R,=ID. This
shows that «, is independent of the choice of 7 if WQ,7#; and if R,=«;.

Suppose that /=i, in (2.6) and use the notations in (2.6). If e(f) is
locally finite, we must have /=%, On the other hand, if e(f) is locally
normally infinite, we have from [1], Prop. 3.2,

(2.12) e,(De(NH=Ple,; 1=n<< o), e,~e, (1=n<0) for some e,(1) & Ey(R).

Since e, =e(f), e, is cyclic, say e;=e(g) for a suitable g=$. Since e.~e(f), for
each ¢, we can get

(2.13) ey(De=D(en, ; 1=n<o), e,~e,, (1=n< o)

and so we get

(2.14)  ey(Dey( =D (en,.; 1=n<oo, (1), e,~e,,, (1=n<co, 1),

where the cardinal number of the set of indices of e,’s is R/ and so R,.
This completes the proof. q.e.d.

We say that R is locally countably decomposable if IR, In order to
fix our idea, we shall put £;==%, in this case. When R is locally normally
infinite, we call «, the local degree of R.

We are now in a position of introduce the following

Derinition 2.1, We call the following number or the pair of cardinal num-
bers 0; the local coudpling opevator of R; namely
(2.15) O0,=«k'/k if R and R’ are both locally finite,

(2.16) 6,=(x’, 1) if R is locally finite and if R’ is locally normally infinite,
@17 6,=0, k) if R is locally normally infinite and if R’ is locally finite,
2.18) 0,=(’, k) if R and R’ are both locally normally infinite.

Let R, (i=1,2) be W*-algebras, and let ¢ be an algebraic x-isomorphism
of R, onto R,. Then ¢ induces a resptriction ¢, on the center R, of R, and
@, induces a homeomorphism v of the spectrum £, of R,, onto the spectrum
2, of R,,. We identify each point 2, of 2, with its image 1, by v and denote
2, and 1, by the same notation 2. Denote by (8;); the local coupling operator
of R; with respect to . Now we introduce the following

DermviTion 2.2, We say that ¢, (or @) takes (0,), into (8,), if (6),=(0),),.

Moreover we say that a W*-algebra R (or its local coupling operator) is
locally essentially bounded if R is not locally normally infinite or if R’ is not
locally finite.

The following theorem is the local form of thcorems of E.L. Griffin [6],
(cf. [6], Theorem 9, [7], Theéorem 3).

Tuarorem 1. Let B; (i=1,2) be W*-algebras with the locally essentially
bounded local coupling operator (02); and let ¢ be a (locally) algebraic *-isomoy-
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phism of R, onto R,. Then ¢ is spacial if and only if it takes (6,), into (0))s.

Proor. The necessity is obvious and so we have only to verify the
sufficiency. We divide the proof into two parts.

1) Let R, and R, be both locally finite. Then (8)), is a scalar. Since
(02),=(0, (0, is also a scalar. Hence R, and R, are also both locally finite.
Select an arbitrary non-zero point f’’ of §, and then a non-zero point f,’ of
9, such that fy'(ele(f,”))=0. Put fi’=90 " (e(fy)f". Since e(fy)=@le(fi"),
we get e(fi)=¢ (e(fy)) by Lemma 1.3, that is, e(fo)=¢(e(f1")). Since ¢’ ;(e’(f1))

" #0 (¢, being the local trace of R\), we can find a natural number » such
that n™'=¢;(e’(f,)) and a projection ¢, of R,’ satisfying e,’=¢’(f)) and #';(e,")
=n"' Put fi=e/f’ and f,=¢(e(f))f,’. Then it is not hard to see that e(f,)
=@le(f) and ¢',(e’(f1) (=t';(e,")=n"1. Since R, is algebraically x-isomorphic
to R,, we have #;(e(f))=¢:(e(f,)), where ¢; is the local trace of R;. From this
and the assumption we have ¢/ae’(f)=1¢"2(e’(f,), where (/; is the local trace
of R;/. Therefore we get ¢';(e’(fy))=n"'. Hence we can find a local decom-
position I;=;Ple;,,/; 1=7=n), e, ;/~4e,;/ (1=j=n) with respect to the local
mixed relative demension determined by ¢. Therefore we have [,~,[..

2) If R/ is locally normally infinite, R,” is also locally normally infinite
by the same reason as in 1). Then we can find a decomposition e,(R);[;=
Dle;,.; cel) for some projection e (d);, & Ey(d); (££4(1); being the set of projec-
tions e,(A)’s of Ry, such as A(e,(A);)=1), where e;./~e ()¢’ (fi') and f,/’s are
points obtained in 1). Since e'(f")~e’'(fy)), we get readily e,(A) [ ~ey(A).], and
so I,~,I, by making use of the complete additivity of the mixed relative
dimension determined by ¢. This completes the proof.

Let R; (i=1,2) be W*-algebras and ¢ be an algebraic *-isomorphism of
R, onto R, We say that a spectre 1 of R; is bicvclic if it is cyclic both in
R, and in R,. Suppose that 2 is a bicyclic spectre of R, and that R; is
locally normally infinite with brespect to this spectre 2. Then we denote by
(£,); the degree of R;.

Lemma 24. (£),=(&)y. (The local degree of a locally normally infinite
W*-aglgebra is an “ algebraic invariant ”.)

Proor. Since A is cyclic in R,, there exist a point f;” of §, and a decom-
position e (f,")=@B(e:.; t=l) satisfying e(fi)~e, t=I), Ro=I=(x),, and
Ae(fi)=1. Similarly, there exists a point £, of &, such that A(e,(fy")=1.
Since e(f;)=1 (i=1,2), we can find a partial isometry u«, of R, such that
esx(u)=e(fy), e(w) = ple(f,)), and Alex(u,)")=1 by [1], Prop. 2.6. Put fo=u,f,".
Then we have e(f,)=o¢(e(f;) and e(f,)=e.(u,). Hence we have (e (f,)=1
and so we may assume without loss of generality that e,(f,)=1. Put fi=
o e(fo))fi'. Then we have e(fy)=¢(e(f}) by Lemma 1.3. Further we have
el =0, ey(f))=1. Since e(f)=e(f,’), there exists a maximally orthogonal
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system (e.'; ¢'I’) of projections of R, such that e.~e(f)) (¢/<I’). Then, by
[1], Prop. 3.7, there exists a spectre u# of R, such that e,(1)=P(e(we.’; ' <I’)
for some e (u)<s E\(1), and we have ey (we.’~ele,(n)f1) ('I’). Hence we have
I'=I by the proof of Lemma 2.3 and so I’=(x;),. By Zorw’s Lemma, there
exists a maximally orthogonal system (e, ; p=P) of projections of R,, such
that, for each p, there is a decomposition ep=F(. " ; <I®) with e,®~
eleof;) ('eI®). It is easy to see that 1=FP(ey; p=P). In view of the above
argument, we get /@ =] and so me may identify I® with I. Put e.=P.®;
o€ P). Then we have 1=Ple,; tl), e.~e(f;) c€I) by the complete additivity
of the relative dimension. Since the relative dimension is an ‘“algebraic
invariant ”, we get from this a decomposition 1=PB(@(e,); 1), ple)~e(fs)
(ceI). In view of Lemma 2.3, this shows that (x;);=(t,).. q.e.d.

With the aid of Lemma 2.4, Theorem II follows from Theorem III’. We
see this as follows. First we notice that we need only to see it locally with
respect to a bicyclic spectre A. In fact, we can write I; as an orthogonal
sum Pley@ ; (DeI®) of projections of Ry, such that, for each (@, every
spectre A with A(ey,.)=1 is cyclic and so for each ¢, (™, if ey, Mep,.» #0,
every spectre u with (e, Ve, ®)=1 is bicyclic, and moreover 1=
(€01, D05, P 5 €91, Degs, D #0, (DI (i=1,2)). Therefore, if Theorem 2 holds
locally with respect to any bicyclic spectre, we have ey, (N ~ey,, D1, by [1],
Prop. 1.1 and so I,~1, by the complete additivity of the mixed relative
dimension.

Locar proor or Tueorem II. Denote by (x;); the local degree of R;.
Then we have (¢/;);=(x’;), by Lemma 4.4, because R/’ is algebraically =-iso-
morphic to R, and R,’’s are both normally infinite. Denote by (x,); the local
degree of R;. If R, islocally finite, there is no question. On the other hand,
if R; is normally infinite, we have (x;),=(x;), by Lemma 2.4. Hence follows
(0,),=(0));. This shows that 7,~,l, by Theorem II’. q.e.d.

Let R be a W*-algebra. A projection e, of R is called centrally orthogonal
to a projection ¢, of R if efle,’=0. A point £, of 9 is called centrally ortho-
gonal to a point f, of © (with respect to R) if ey(fi)e,(f,)=0. We say that a
projection e of R is quasi-cyclic (in R) if there exists a centrally orthogonal
system F' of points of $ such that e=@(e(f); feF). We denote e by e(F).
In this case, Ple’'(f); f€F) is also quasi-cyclic (in R’). We denote by e/(F).
We say that a spectre 2 of R is quasi-cyclic if it satisfies following postulates:
(219) R is locally finite
or
(2.20) 1 is the limiting spectre of spectres u’s, for which R is locally
normally infinite of the local degree £ (& being independent of )
and
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2.21) R’ is locally finite

or

(2.22) 2 is the limiting spectre of spectres u’s, for which R’ is locally
normally infinite of the local degree £’ (¢’ being independent of u).

Denote by ey, the (uniquely determined) maximal projection of R, in the
sense that ¢,k and e¢,R’ are both finite. We write 0, for the function defined
on the set of cyclic spectres A’s of R with A(e,;)=1, whose value is 6, at A.

If 2 is a quasi-cyclic spectre of R with A(e,;)=0, then 1 is the limiting
spectre of cyclic spectre u’s of R with the common local coupling operator 6
by an easy computation. We write 0, for # and call 6; the local coupling
operator of R at A. Then it is not hard to see that there exists a (uniquely
determined) maximal projection e,y of R, in the sense that the local coupling
operator is 6 at every spectre X of R with A(esp)=1. The spectre 2 of R is a
quasi-cyclic spectre of R with the local coupling operator ¢ if and only if
Aeon)=1.

We write 8 for the formal sum

b0o+B(bey; 6£6),
where 6 runs over (1, R),(R"1), (R, R) (Re=R, R’) (or O=(0;; A(es,)=0))
and call @ the coupling operator of R after E.L. Griffin [6],[7]

Remark. We can find a quasi-cyclic projection e of R with e=e); such
that e=@(f);f<F), F being a centrally orthogonal system of points of 9.
E. L. Griffin used #(e(I"))/t'(e’(F)) instead of 9, in the definition of the coupled
operator of R, where ¢ is the trace of e¢,R and ¢/ is the trace of e R
These function coincide with each other at every cyclic spectre 1 of R with
A(ey;)=1 and as these are essentially the same.

We say that R is essentially bounded if it is locally essentially bounded
with respect to every cyclic spectre of R. It is easy to see that this defini-
tion of essential boundedness coincides with that due to E.L. Griffin [6],{7].

Let R, (:=1,2) be W*-algebras and ¢ be an algebraic x-isomorphism of
R, onto R,. Denote by (0); the coupling operator of R;, We say that ¢ takes
(6), into (8), if it takes (6,), into (8,), with respect to any bicyclic spectre 1
of R, It is not hard to see that this definition coincides with that due to
E.L. Griffin [6],{7].

We are now in a position to prove, as an application of Theorem III’, the
following theorem of E.L. Griffin [6], Theorem 9 [7], Theorem 3.

Tureorem 1II. Let R, (i=1,2) be essentially brvounded W*-algebras and ¢
be an algebraic *-isomorphism of R, onto R,. Then ¢ is spacial if and only if
it takes (0), into (0),.

Proor. The necessity is obvious and so we need only to see the sufficiency.

According to Theorem III’, ¢ is locally spacial with respect to any bicyclic



456 T. Ono

spetre 4 of R;, because it takes (6,); into (), On the other hand, the set of
bicyclic spectres of R; is dense in the spectrum of R;, and spacial isomor-
phism is a normal property in our sense. Hence ¢ is spacial by [1], Prop.
1.1. q.e.d.

Remark. Let R be a W*-algebra of type (I[l.) with (/[;) commutant.
Denote by I the unit of the commutant R’ of R. Then we have

Lemma 2.5. I is quasi-cyclic.

Proor. By the exhaustion method, we need only to see it locally with
respect to any spectre 1 of R, for which I is locally cyclic in R,. Let 2 be
such a spectre of R. Since I is locally cyclic in R, we can find a projection
e, of R, with A(e))=1 such that ¢, is cyclic in R, that is, e,=e,(f) for some
fof § For the sake of brevity, we may assume that e,—I. Denote by #’
the trace of R’, by ¢’ the state fo#’ composed by f and ¢/, and by 9. the
completion of the unitary space 7'(R’) with the inner product <7'(e"),7'(d")>
=7/(b'*a’) for a’,b’cR’. For any & of R/, we define the bounded linear
operator ¢’(a’) acting on 9. such that ¢'(a’)n(’)=7(a’b’). Then, by [3], Theo-
rem 1, the triple of 9.,¢'(R), and »’(I) forms a W*-algebra and ¢'(]) is
cyclic in ¢’(R’). Since R is normally infinite and the commutant of ¢/'(R’) is
finite, we can easily see that ¢’(/)=<I with respect to the mixed relative
dimension by ¢’. Hence we can find a partial isometry » with «*u=¢'(I)
such that u¢’(a’)=a’u for a’=R’. Write f/ for un(I). Then we have I=¢'(f").
In fact, if a’f’=0, we have a’u,/(I)=0 and so wu¢'(a’)n’(I)=0, that is, n'(a’)=0
and then ¢’=0. This means that I=¢’(f’) and so I is locally cyclic. q.e.d.

By Lemma 2.5, there exists a centrally orthogonal system F” of points of §
such that I=e/(F’). We write ¢, for e(F’). Thereby the relative dimension
d(e;) of e, is independent of a choice of F/ within the condition that I=e’(F").
For a finite projection e, of R, we write D(e,/e,) for D(e,)/D(e,), where D is
the relative dimension function of ¢Re and e is a finite projection of R with
e,=e, e;<e, and D(e,Ue,)=c>0 for some positive number e It is not hard
to see that Df(e,/e;) is independent of the choice of e. Moreover D(ey/e,) is
considered as a continuous function on the spectrum of R, which may take
oo as its value. We call this function D(*/e;) the relative dimension function
of R with respect to e.

Let R; (i=1,2) be W*-algebras of type ([I.) with (II,) commutant and
let ¢ be an algebraic *-isomorphism of R, onto R,. Denote by I, the unit of
the commutant R;” of R;. By Lemma 2.5, we have I;=—¢/(F;’) for some cen-
trally orthogonal system F’/ of points of §,. We write ¢, for ¢, (F’). Denote
by D(*/e;) the relative dimension function of R; with respect to ¢, After R.
Kadison [16], we can D(¢(e,)/e,) the linking operator for ¢ and denote it by 4.
It is easy to see that 4 depends only on o.

]
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The following lemma is due to R. Kadison [16]

Lemma 2.6. Let R, (i=1,2) be W*-algebras of type (Il.) with (II,) com-
mutant and let ¢ be an algebraic x-isomorphism of R, onto R, Then ¢ is
spacial if and only if 4=1,

Proor. The necessity is obvious and so we need only to see the suffici-
ency.

If 4=1, we have d(¢(e))=d(e,). Since e;=e(f;’), we have d'(¢'(fi")=
d'(e’(fy)) by Prop.* 1.3 and so d'(,)=d'(I,). Thus we get the assertion. q.e.d.

Combining Theorem IIT with Lemma 2.6, we have the following

Tueorem 1V. Let R; (i=1,2) be W*-algebras and ¢ be an algebraic *-iso-
morphism of R, onto R,. Then ¢ is spacial if and only if the following condi-
tions are satisfied:

@) R;s are both locally essentially bounded or both mnot locally essentially
bounded with respect to any spectre X of Ry,

(b) when R;s are both locally essentially bounded, ¢ takes (6;); into (02):
and

(c) when R;s are not both locally essentially bounded, the local linking -
operator 4; for ¢ is locally equal to the identity operator.

Proor. The necessity is obvious and so we need only to see the suffici-
ency.

If (b) (or (c)) is the case, we may assume without loss of generality that
R’s are both essentially bounded (or both not essentially bounded) and the
assertion is valid for this case by Theorem III (or Lemma 2.6). Hence ¢ is
spacial by [1], Prop. 1.1. q.e.d.
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Addendum

After this paper had been prepared, Mr. J. Tomiyama has kindly sent me his
recent paper:
[17] J. Tomiyama, A remark on the invariants of W#*-algebras, Tohoku Math. J., 10
(1958), 47-41,
which is closely related to this paper; especially Theorem II.
Also, after this paper had been prepared, the following paper had appeared.
[18] R. Kadison, Unitary invariants for representations of operator algebras, Ann.
of Math., 66 (1957), 304-379.
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