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1. In [2], Foias and Kovacs proved that a finite von Neumann algebra
is characterized by the terms of contractions in it. The essential part
of their proof is a trace argument. Our interest is how to prove this
without using such trace argument because we can not use it in more
general algebra (for example, AW *-algebra).

We say that a bounded linear operator T on a Hilbert space H is
hyponormal if T*T = TT*, or equivalently, if || Tz|| = || T*x|| for all
xe€ H. If T is an invertible hyponormal operator on H, then T !is also
hyponormal and T*7'T is a contraction (i.e., || T**T|| < 1) in R(T) which
denotes the von Neumann algebra generated by 7. On the other hand,
for a contraction T on H, we can construct a hyponormal operator in
R(T) associated with 7. And there is an interesting and useful relation
between hyponormal operators and contractions in a von Neumann algebra.
From this point of view, it is important to study the behaviour of
hyponormal operators in a von Neumann algebra and, in §2, we shall
study such relation between hyponormal operators and contractions and
show some applications of it.

The most effective technique being used in this section is the decom-
position theorem (called canonical decomposition) of a contraction 7' and
moreover such decomposition can be done in B(T). This follows from the
characterization (due to [6] and also [4]) of the subspace H™ on which
the unitary part of T acts as follows;

H®™ = {ze H: || Tk = ||| = || T**|, k=1, 2, -}
N kﬁfer: T** T = © = T*T*} .
=1

Concerning this decomposition, it is known that every bounded linear
operator T on H can be written uniquely as the direct sum of a normal
part and a completely non-normal part of 7. But, in this case, known
characterizations of H™ on which the normal part of T acts is not so
precise as that of H™ for the case T is a contraction. In §3, we shall
show that the subspace H™ for the case where T is hyponormal is
characterized as follows;
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H" ={ze H:||T*|| = || T**||, k=1, 2, --}
= N {we H: T* Tty = TET*ig)
k=1

and that this characterization does not hold for general operators. Of
course, we see that this kind of decomposition of 7' can be done in R(T).

2. Hyponormal operators associated with contractions. For a von
Neumann algebra U, the following statements are equivalent: (a) every
isometry in 2 is unitary (b) there exist sufficiently many finite normal
traces of 2.

Using this and by using a trace argument, Foias and Kovacs [2]
proved that, for any contraction T in 2, each strong limit of the sequences
{T**T*} and {T*T**} is the projection in 2 which commutes with T and
consequently showed the following.

THEOREM 1 ([2]). Given von Neumann algebra U is finite if and
only if, for every completely non-unitary contraction T in U, the sequence
{T*} converges to 0 in the strong operator topology.

However, it is of interest how to prove this without using such trace
argument.
' Let T be a contraction on H. From the inequality T**(I — T*T)T* = 0
it follows that the sequence {T**T*} is monotonically decreasing and hence
converges strongly to a non-negative contraction. If we denote the unique
non-negative square root of this contraction by A,, then 4, =0 if and
only if the sequence {T%} converges to 0 in the strong operator topology.
Moreover, since T*A:T = A%, we have

| Az T2|[* = <T*A7 Tx, @) = (Azx, ) = || Az|]* 2 || T*As2]]?

for all x€ H and hence A,T is hyponormal. In this section, we shall
consider these hyponormal operators associated with contractions. Easily
we see that every isometry V is a hyponormal operator 4,V associated
with V itself.

Recall that a contraction T on H is called to be completely non-
unitary if T has no non-zero reducing subspace restricted to which T is
unitary.

LEMMA 1. For a completely non-unitary contraction T on H, if
A, T s normal, then A, = 0.

Proor. If A,T is normal, then we have A, TT*A, = (A;T)(A,T)* =

(A;TY*(A,T) = T*A:T = A% and hence A, (I — TT*)A, = 0. This implies
that (I — TT*)"*4A, = 0 and also (I — TT*)A;, = 0. Hence we have
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(I — TT*)A:T =0 and ALT — TAZ = 0. From this, we have T**T*A% =
T**A;T* = A} for all k=1,2 --- and hence A% = A:. Therefore A%
(and also A,) is a projection commuting with 7. Hence T is unitary on
A-H. Since T is completely non-unitary, A,H = {0} and hence A, = 0.

The following theorem follows from Theorem 1. But we shall prove
this without using such trace argument as in the proof of Theorem 1.

THEOREM 2. Ewvery hyponormal operator im a von Neumann algebra
A C B(H) is normal if and only if, for every completely mon-unitary
contraction TeA, A, = 0.

Proor. If every hyponormal operator in 2 is normal, then, for
every completely non-unitary contraction Te 2, A,T is also normal and
hence, by Lemma 1, A, = 0. Conversely, let S be a hyponormal operator
in 9, then, for any complex number A, S — A\ is also a hyponormal
operator in . And hence we have only to prove that S is normal in
the case where S is an invertible hyponormal operator in . Let C =
S*-1S, then, since the inverse of a hyponormal operator is also hyponor-
mal, we have ||Cx|| = ||S*'Sz|| < ||S™'Sx|| = ||«|| for all xe H, that is,
C is a contraction in 2 and S = S*C and hence S = C**SC* for all k =
1,2, ... Suppose that C = C* HC on H= H™ P H? is the canonical
decomposition of the contraction C, then 0 C* is a completely non-
unitary contraction in U as stated in §1. Hence, by the hypothesis,
the sequence {(0 @ C)} and also the sequence {C'“*} converges to 0
strongly. And, for any x< H*, we have

||Sx|| = [|C**SC*x|| < |IS]| || C*2[| = ||S][||C**x|| — 0 (as k— oo)

and Sx = 0. Therefore H? c Ny = {x € H: Sx = 0}. Since S is invertible,
Ny = {0} and H* = {0}. This implies that C is unitary and ||S*z| =
[|C*Sx|| = ||Sz|| for all xe H.

LEMMA 2. Let T be a contraction on H and let {x,} be a sequence
of unit vectors x, in H. For a real number r > 0, if A,Tx, — re*x, —0
(as k— o), then we have Tx, — ez, — 0 (as k— o).

Proor. A,Tx, — ré’x,— 0 (as k— o) implies that
T*A:Twx, — re’.T* Ay, — 0 and Ajw, — re’T*Ax,—0. --- (1)
On the other hand, since A,T is hyponormal, A,Tx, — re*’x, — 0 implies
that
T*Ax, — re %, — 0. e (2)

By (1) and (2), we have A}z, — r*x, — 0 and also
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Ayx, — rx,— 0. <+ (3)

Since r is non-zero, by (2) and (8), we have T*z, — ¢ *’x,— 0 and, since
T is a contraction, we have T=x, — ¢z, — 0 (as k— ).

As an another application, we have an alternative proof of the following.

THEOREM 3 ([7]). For a completely mon-unitary contraction T on H,
if mlo(T)N{zeC:|z| =1}] =0, then A, = 0 where o(T) denotes the
spectrum of T and m[-] denotes the Lebesgue measure on the unit circle.

PrROOF. Let m,[-] be the two dimensional Lebesgue measure on the
complex plane C and let

D={re:0<r<1,e’ca(T)}.

If m[o(T)N{zeC:|z| =1}] =0, then, by Fubini’s theorem, m,[D] = 0.
Let 0,,(A;T) be the approximate point spectrum of A,T, then, by Lemma
2, 0,,(A;T)c D. Since d0(A,T) (the boundary of 0(A,;T)) C 0,,(A:T) (see
[3]) and since D does not separate the plane by its construction, we have
0(A;TYC D and hence m,[o(A,;T)] =0. It is known, by [8], that, for
every hyponormal operator S on H, if m,[o(S)] = 0, then S is normal.
Therefore A;T is normal. Then, by Lemma 1, 4, = 0.

3. Normal part of hyponormal operators. The following is a charac-
terization of the subspace H™ on which the normal part of a general
operator T acts, due to Apostol [1];

H™ ={xe H: T*TSx = TT*Sx for all Se. &}

where .# denotes the set of all finite products of T, T* and the identity

operator I. Recently, Morrel [5] characterized the subspace H™ more
precisely as follows;

o
H(n) —_ n
r=1

In the case where T be hyponormal, we have the following.

N {zeH: T T's = T*T*"a} .

8=1

THEOREM 4. The subspace H™ for a hyponormal operator T on a
Hilbert space H s characterized as follows;

H" ={xe H: || T*|| = || T**x||, k= 1,2, ---}
= A {we H: T*Thg = THT**g) .
k=1
Before proving the Theorem 4, we prepare several lemmas.

LeEmMMA 3 ([9]). For a hyponormal operator T on H, || Tx|| = || T*z||
1s equivalent to T*Tx = TT*x.
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Proor. By the hyponormality, we have
I Tl — [| T*2|* = [T*T — TT*]x, @) = [[[T*T — TT*]"*x|*.
For a hyponormal operator T on H, let
A ={xgeH:||Tx| =||T*|, k=12, ---}
and let

N =

s

{xe H: T**T*x = T*T**x},

k

then we have
LEMMA 4. _#Z reduces T and A = N
ProoF. If xe€._4# then ||Tx|| = || T*x|| and, by Lemma 3,

T*Tx = TT*x. -+ (1)
From this and by the hyponormality, ||T%x|| = ||T*Tx|| = || TT*z|| =
|| T**x||. Since
1T = || T*||, || T(T=)|| = [| T(T2)|| = [| T(T*®)|| = || T*(T™=)||

and, by Lemma 3, we have T*T(Tx) = TT*(Tx) and T*T(T*x)= TT*(T*x).
And hence, by (1), we have
T*T'x = TT*Tx = T*T*x and T**Tx = T*TT*x = TT*x. ---(2)
From this and by the hyponormality, ||T%x|| = ||T*T*|| = || TT*Tx|| =
I T*T*x|| = [| T*TT*»|| = || T**Tx|| = || TT*z|| =z || T**z[|. Since || T*x|| =
| T*x||, | T(T*x) || = [|T*(T*2)|| = [| T(T* T2)|| = | T*(T* Tx) || = || T(TT*x) || =
| T*(TT*x)|| = || T(T*=)|| = || T*(T**z)|| and, by Lemma 3, we have
T*T(T?*x) = TT*(T*x), T*T(T*Tx)= TT*(T*Tx), T*T(TT*x) = TT*(TT*x)
and T*T(T*x) = TT*(T**x). And hence, by (1) and (2), we have
T*T?x = TT*T*x = T*T*Tx = T*T*x ,
T*T% = T*TT*Tx = T*T*T*x = TT*TT*x = TT*Tx = T*T*%
and T*Tx = T**TT*x = T*TT*x = TT*x . ..+ (3)
Repeating this, we have
I T*T2)|| = [| T**(T2)|| = || THT*2)|| = || T**(T*x) ||
and T**T%x = T*T**x for all k=1,2, ---. <.+ (4)
And hence Tx, T*xe _#. Therefore .# reduces T. Since, for any k =
1,2 ..., T*T*s = T*T**x implies that ||T*x|| = ||T**x||, we have 4" C
_#. Conversely, if xe_# then, by (4), x€._#. Therefore . #Z = 47

PROOF OF THEOREM 4. Foreach bk =1,2, ---, {xe H: T*T*x = T*T**x}
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is a closed subspace of H because it is the null space of the operator
T*cT% — T:T*k, And hence .4 is also a closed subspace of H. There-
fore, by Lemma 4, # is a closed subspace of H and reduces 7. By
the construction of _#, it is clear that the restriction T|.# is normal
and the restriction T|H O .# is completely non-normal. Therefore
H™ = _/#.

Applying this theorem to an isometry, we have the following.

COROLLARY ([6]). The subspace H™ for an isometry V on H 1s
characterized as follows;

H™ ={zeH:||z|| =[|[V*|, k=12, .-}
= ﬁ{meH:x =V V*eg} = H™ |
k=1

The Theorem 4 does not hold for general operators.

0 8> on a two dimensional Hilbert space H =

{x = (\, o)\, £eC}, then clearly T is not hyponormal and is completely
non-normal (i.e., H™ = {0}). On the other hand, we have easily that, for
any neC,

ExAMPLE. Let T =

M efee H || Thxl| = || T**xll, k=1,2, ---}.
Therefore H™ = {x € H: ||T*x|| = || T**x|, k=1, 2, ---}.
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