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Let T be a discrete linear operator in a Hilbert space H with spectrum o(7) =
{A4;} |, let R;(T) denote the resolvent of 7, and let P, denote the projection of H
onto the generalized eigenspace A"((4,7— T)™) along #R((A;]— T)™), where m, is
the ascent of the operator 4,7— T. In this paper it is shown that

- {(=N)Y'P,
r(r=3 3 MR oy
i=1j=1
in #(H) for all Ae p(T), where N, is the restriction of 1,7 — T to A ((4,/—T)™), T,
is the restriction of T to 2(TNNZ, R(AI-T)"), Po,=%72, P (strong
convergence), and A, is a fixed but arbitrary point in C. This spectral representation
is valid provided there exists M >0 such that |V, P;l<M, N=1,2,.., and
generalizes results that apply to self-adjoint, normal, and spectral operators. The
results of this paper are applied to represent the resolvent of a differential operator
L in L*[0, 1] having infinitely many eigenvalues with ascent m,=2 and are also
applied to represent the resolvent of an operator 7" with P, # 1. © 1988 Academic

Press, Inc.
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1. INTRODUCTION

Let T be a discrete linear operator in a Hilbert space H with spectrum
o(T)= {/1 } ., and let R,(T) denote the resolvent of T. If T is normal,
then it is well known that

R =3 = 1.1
AD=% 5 (L1)
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in #(H) for all Aep(T), where P; denotes the projection of H onto
N (A;1—T) along #(A;1— T), and where 1/(A—1,)ea(R,(T)) [7, p.277].
More generally, if T is spectral, then R (T) is spectral [3, p. 2249], and

R,(TY=D,;+ 0, forall Aep(T), (1.2)

where D, is a scalar operator in #(H) with a representation similar to the
one given in (1.1), and Q, is a quasinilpotent operator in #(H) [3,
p. 1950]. These results hinge on two essential ingredients: (1) The P, are
orthogonal, or, more generally, the family of all finite sums of the P; is
uniformly bounded, and (2) P,x=0 for all i implies x=0. In [8] it is
shown that there exist discrete operators where both of these properties fail.
The purpose of this paper is to present spectral representations for R;(7T)
similar to (1.1) and (1.2) by weakening (1) and eliminating (2).

The main result of this paper is summarized as follows: Let T(4,)=
(A,J— T)™, where m, is the ascent of operator A;,/— T, and let P, be the
projection of H onto the generalized eigenspace A(T(4;)) along Z(T(4,)).
If there exists a constant M >0 such that |3~ P i<M, N=1,2,..,
then H=S_,® M, (topological direct sum), where S, ={xeH|x=
Y2, x,x,e /(T(4;)} =S, and M, is the zero or infinite-dimensional
subspace (2, #(T(4,)) (see [8]). Let P, denote the projection of H onto

- along M_ . Then under the assumption placed on the P; above, we
show that

© -1 o
rR(n=3 §E L S G iRy Ty - (13)

i=1j=1 j=0

in Z(H) for all 1 in the resolvent set p(T), where N, is a nilpotent operator
on A (T(4,)), T, is an operator defined on 2(T)~ M, and A, is a fixed
but arbitrary point in the complex plane C. The first series in (1.2) is the
sum of all the singular parts (poles) of R;(T) and completely describes the
action of R,(T) on S, . The second series is the analytic part of R,(T) and
describes its action on M. This representation is analogous to the
Mittag-Leffler decomposition of a meromorphic function.

This result applied to many of the operators that appear in mathematical
physics, and in particular it applies to many nth-order two-point differen-
tial operators in H=L?[a, b].

The above result is established in Section 3 of this paper following a brief
mathematical preliminary section. In Section 4 additional assumptions are
placed on 7, allowing us to decompose R,(T) into the sum of a scalar
operator and two quasinilpotent operators. Finally, in Section 5 these
results are applied to represent the resolvent of a two-point differential
operator having infinitely many multiple eigenvalues with m,=2, and to
represent the resolvent of an operator T with P # 1.
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2. MATHEMATICAL PRELIMINARIES

Let H be a complex Hilbert space with inner product (, ) and norm | |,
and let #(H) denote the Banach space of all bounded linear operators
defined on H. For any linear operator T in H we denote its domain, range,
and null space by 2(T), #(T), and A"(T), respectively. Let T be a closed,
densely defined linear operator in H such that there exists a number A, in
its resolvent set p(T) for which the resolvent R, (T)= (4,/—T) ' is com-
pact, ie., T is a discrete operator in H. Then it is well known that (1) the
spectrum o(T)= {4} | is a countable set of eigenvalues having no finite
limit points in C, (2) R,(T) is compact for all A€ p(T) with a(R,(T))=
{0, (A—4,)" "'}, (if dim H < oo, then 0¢ 6(R,(T))), and (3) the algebraic
multiplicity v(4;) of A, is finite and equal to dim A"((A,I — T)™), where m,
denotes the ascent of A, /—T [7, p.187]. Since T is discrete, it is
a Fredholm operator of index 0 with its Fredholm set ¢(7)=C [9].
Consequently,

H=4(T(A,))®#(T(1,)) (topological direct sum),

where T(1,)=(A1-T)™, i=1,2,.. [8]. For N=1,2,.., oo define the
subspaces Sy and M, by

SN={er|x= i x,-,x,eAf(T(/li))}

i=1

and

MN = m Q(T('li))-

i=1
Then
H=S,®M, (topological direct sum), (2.1)

N=1, 2, ... Equation (2.1) also holds when N = oo iff the sequence of pro-
jections Py =Y~ | P, of H onto Sy along M, where P, is the projection
of H onto A'(T(A,)) along #(T(4,;)), is uniformly bounded in norm by a
constant M >0 [8]. It can be shown that Sy={xeH|x=YN  P,x},
My={xeH|P,x=0,i=1,2,.,N}, N=1,2, .., oo, and that M, is either
zero or infinite dimensional 3, p.2295]. When |P,||<M, N=1,2, .,
there exists a projection P of H onto S, =S, along M, such that
Pox=X%,Pxforall xe H[8].

The projection P; is identical with the projection associated with the
eigenvalue (A—4,)"" of R,(T) [7, p. 187]. Furthermore, it can be shown



SPECTRAL REPRESENTATION OF A DISCRETE OPERATOR 21

that P, = (1/2ni) | R,(T) dA, where I' is a simple closed curve containing 4,
in its interior and a(7T)— {4,} in its exterior. From this observation it
follows that

R(T)P,=P,R(T) forall Aep(T) (2.2)
[7, p. 178], and hence,
R, (T)Py=PyR,(T) forall Aep(T), (2.3)
N=1,2,.., and when |P,l<M, N=1,2, ..,
R(T)P, =P _R,(T) forall Aep(T), 24)

with similar statements holding for R(T)(I—P;), R(T)(I—Py), and
R(T)I—-P,). A direct consequence of (2.2)-(2.4) is that

TP.x=PTx, i=12, .., (2.5)
TPyx=P,Tx, N=12, .. (2.6)

and when [Pyl <M, N=1,2,..,
TP x=P_Tx (2.7)

for alt xe 2(T) [7, pp. 172-173]. Note that (2.5)-(2.7) contain the implicit
statement that P,x, P,x belong to 2(T) whenever x does. Finally, from

[8],
P.P,=56,P, for ij=1,2,.. (2.8)

3. REPRESENTATION OF R,(T)

Fix a positive integer N. Then
RiT)=R(T)Py+ R(T)I—-Py) forall Aep(T). (3.1)

Equation (2.3) implies that S, and M, are invariant subspaces of R (7).
Thus, the problem of obtaining a representation of R,(T) is reduced to
studying its behavior on S, and M, or equivalently to the study of
R(T)P, and R,(T)({—P,). We begin by looking at R,(T)P,.

For notational purposes we set

Ny=(AI-T) M (T(A)), i=1,2, .. (3.2)

The operator N, is easily shown to be a continuous nilpotent map of
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A(T(4;)) into A(T(A;)), satisfying N =0. On A (T(4;)) we note that
AM—T=(A—A4)I+ N, and for A # 4,

(AI—T) ( 5 (_N")jil> - (_N’)m',+1=1=< 5 (:_M) (AI—T).

2GRy ) TGy 2 G-y

(3.3)

Equation (3.3) and the fact that (1/— T)R,(T)P;= P, imply that

(=NY 'P, .
R(T)P,= Y ——— ) i=1,2,., 34
AP= 3 Sy B9
and hence,
N Jj—1

np=y 5N By, (35)

(A=x) "~

i=1 j=1

for all Aep(T).
Before looking at R,(T)(I—P ), we need the following lemmas.

LEMMA 3.1. Let X be a Banach space. Consider the power series
©_old—4¢)'a,, where 1, 2,eC and a,e X, n=1,2, ....

(@) If there exists a(A)eX such that lim, |a(4)—
Zh-o(d=4)"a,| =0, then lim, _, ,, (21— 4¢)"a, || =0.

(b) If limsup,_, . lla,|'"=1/p, then the series is absolutely con-
vergent for |A— 2| <p and divergent for |A—Ay|>p (for 1/p=0 set
p=00).

Proof. See [6, p.96].

LEMMA 3.2. Let T be a discrete operator in a Hilbert space H with
o(T)={A;}=,. Fix e p(T) and set d=nf{|A;—A| | 2,€6(T)}. Then

r(Rz(T))— lim || R,(T)/ Y1 =1/d, (3.6)

where r(R,(T)) denotes the spectral radius of R,(T) (1/d=0 for d= ).

Proof. This is immediate from the spectral radius theorem and [7,
p. 177].

It is straightforward to show that the conclusion of the last lemma
remains true when || R;(T)’ ||/ is replaced by || R(T)/*'|.
Equation (2.6) shows that T commutes with P ,, and hence with 7— P .
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Thus, T(2(T)AnMy)=My. In view of this we define Ty: 2(T)n
My— M, by

Ty=T|2(T)n M,. (3.7)

Clearly Ty is a closed linear operator in M. From [5, p. 104] it follows
that T, is densely defined in M, and from [7, p. 178] that o(Ty)=
{2:} yo1- For Aep(T) it is easy to show that

RAT)| My =R,(Ty). (38)

Since R,(T) is compact, so is R;(Ty), and hence, T is a discrete operator
in the Hilbert space M,. The next lemma obtains a representation for
R,(Ty) that will be used in representing R,(T)(I—P,).

LEMMA 3.3. Let T be a discrete operator in H with o(T)= {2;}= ,. For
fixed Aoep(Ty) set d=inf{|A—Ay||A€ea(Ty)}. Then for AeC with
|j‘ - j'()l < d)

8

R(Ty) = 2 o— AYR(TWY " inB(My). (39)

The disk | A — Ay| < d where convergence occurs is maximal.

Proof. Lemmas 3.1 and 3.2 and the comments following them imply
that for AeC with |1—12y|<d, ¥ 4(de—A)R,(Ty)’'*" converges in
#(My), and that the disk where convergence occurs is maximal. Thus, it
remains only to show that equality holds in (3.9).

Fix xe 2(Ty), and let A be such that |1 — }y| <d. Note that A/— T, =
(A— Ao+ (AoI — Ty). Lemma 3.1 implies that

( » uo—i)fRio(TN)f“) (Al = Ty)x

i—0

= lim [— i (Ao— AY 'R, (THY *'x+ i (AO—A)fRAO(TN)fx]

kol oo j=0

= lim [Ix—(Go— AV 'Ry Tw)** 'x] = Ix. (+)

Now take any xe M. Let 1 be such that |4 — 4,] <d and note that

k
(AI—-Ty) ( Y (lo—l)leo(TN)j+‘>x=Ix—(/lo—l)"+'R,10(TN)"+‘x.

j=0



24 LANG AND LOCKER

The operator AI— T, is closed since T, is closed. This fact together with
Lemma 3.1 and the last equation gives

lim (A—Ty) (i (io—i)leO(TN)“‘x):Ix. ™)

k— o i—0

Lines (*) and (»*) prove (3.9). |
The results of these last few pages yield

THEOREM 3.4. Let T be a discrete operator in H with o(T)={4;}= .,
and for a fixed positive integer N set Ty=T|2(T)"My. Then o(Ty)=
{Ai}72 vy and for Aep(T)< p(Ty):

(i) RAT)=RATIPy+ RATII—Py),

(i) R(TPy=XX, Z;n;1((_Ni)jA1Pi/()““ii)j)s Ni=(4LI-T)|

N (T(4)),
)

(iii) RyTYI—-Py)=Ry(Ty)I—Py).

Also, for fixed Ay€ p(Ty) and for d=inf{|& —A,| | E€a(Ty)},

8

R(TYI—-Py) Z o= AYR,(TyY ' (I—-Py) in#(H) (3.10)

for all e p(T) with |1 —4,| <d.

This theorem provides a complete spectral representation of R,(7T) in the
case of o(T)={A,},, but only a partial representation when o(T)=
{/l .- In the following we show that under the assumption || P || < M for

= 1 2 , the results of Theorem 3.4 are still valid when N is replaced by
oc. This assumption is necessary to ensure the existence of P as a
continuous operator defined on all of H.

Throughout the rest of this section we assume that there is a constant
M >0 such that |P,ll<M, N=1,2,... From this assumption it follows
that there exists a projection P_, from H onto S, =S along M, where
Pox=32,Pxfor all xe H. Clearly

R,(T=R,(T)P,+ R (TNI-P,) forall Aep(T). (3.11)

From (2.4) it follows that S and M, are invariants of R,(7), implying
that we can obtain a representation of R,(T) by obtaining representations
of R(T)P, and R(T)YI—-P,).

Equation (2.7) implies that T(2(T)n M )= M. Define T,.: 2(T)n
M, - M_ by

T, =T|2T)nM,,. (3.12)
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As in the case of T, T, is a closed linear operator in M. We claim that
2(T)yn M, is dense in M. To see this, let xe M. Since 2(T) is dense in
H, there exists a sequence {x;}, in 2(T) such that x; » x. Also, since T
commutes with P, it commutes with /— P, and hence, {(/—P,)x;} =,
belongs to 2(T)nM,. The continuity of I—P_, implies that
(I-P)x;»(I—P)x=x, thereby showing that 2(T)nM_ =M_.
Thus, T, is densely defined in M_,. From a result in [9] it follows that
M—T, maps 2(T)nM_, 1-1 onto M, for all 1eC, and hence,
(T, )= . It can also be shown that

R,(T) M, .=R,(T,) forall Aep(T). (3.13)

Since R,(T) is compact, so is R;(T,,), and hence, T, is a discrete operator
in the Hilbert space M.

The next two lemmas provide the results necessary to represent
R(T)P,, and R, (T)(I—P.). The first is the analogue of Lemma 3.3 and
is proved in a similar fashion. A proof of the second can be found in

[2,p 8]

LeMMA 3.5. Let T be a discrete operator in H with o(T)= {1,} ,. Then
Jor Aoep(T,)=C

R(T) =3 (o— VR TV inB(M.)  (3.14)

j=0

for all 1eC.

LemMA 3.6. Let X be a Banach space with A, A,e #(X), i=1,2,... If
A; — A pointwise and if K e B(X) is compact, then A,K — AK in B(X).

We now are in a position to state and prove the main result of this
section and of this paper.

THEOREM 3.7. Let T be a discrete operator in H with o(T)={4,}=,
Assume there exists a constant M >0 such that |Py|| <M, N=1,2, ... Set
T =T|9(T)AM.,,. Then R(T)=R,(T)P + R(T)I—P) for Ae p(T)
with
(=N,)~'P,

R,(THP,, Z Z =7y

i=1j=1

where N;= (A1~ T)| A (T(4,)), and with

in B(H), (3.15)

RA(T)(I"POO)=§:(lo_l)leo(Too)j+l(I'—lpoo) in #(H), (3.16)

j=0

where A is a fixed element of p(T,)=C
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Proof. We know that R,(T) is compact and that P, —» P_, pointwise.
Therefore, Lemma 3.6 can be applied, together with (2.2) and (3.4), to
show that

- & NP,
PLR(T)=Y P,R(T)= z R(MP=Y 3 & . el >
i=1 i=1j=1

in B(H). Equation (3.16) is immediate from (3.13) and (3.14). [

Theorem 3.7 yields a complete spectral representation of R,(7) when
o(T)={4;},, provided |Py||<M, N=1,2,... As a concluding remark
we note that the convergence of the two series appearing in the theorem is
uniform on compact subsets of p(T).

4. REPRESENTATION OF R;(T) BASED ON
SPECTRAL OPERATOR-TYPE ASSUMPTIONS

Throughout this section we assume the stronger assumption that the
family of all finite sums of the projections P; is uniformly bounded in norm
by a constant M > 0. This assumption is one of two made in the theory of
discrete spectral operators, the other being that M = {0}, which we do
not assume.

To simplify the statement of later results, we make the following
definition.

DEerINITION 4.1. A discrete operator T with o(T)= {4,}2, is spectral-
like iff the family of all finite sums of the projections P, is uniformly
bounded in norm by a positive constant M.

We now show that T being spectral-like allows more to be said about
the representation of R,(T). We start with

LemMa 4.2. Let T be a spectral-like operator in H. Then for every

xeS,
IXII2 -

1 S L IPxl><am? x), (4.1)

i=1
where the constant M is as in Definition 4.1.

Proof. Fix a positive integer N. Let F= F(N) denote the family of ali
mappings from {1, 2, .., N} into {—1, 1}. Let y e F and denote the value of
yat je{l,2,.., N} by y,. Let xe S, and set

vPx,  x,.(0)=Y Px, x_(y)=Y, Px.

y;>0 ¥ <0

M=

x(y)= _
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Then

x,(P)+x_(y)= Z Pix=xy,

j=1

and
x, () —x_(y)=x(y)

Note that F has 2% elements, that

w2+ 1)1 =2 1, )12+ 2 (I (*)
and that
= T 0P = 3 12l (++)
yeF Jj=1

[4, p. 334]. Let A= {j|y;>0} and B={j|y,<0}. Then (*) implies that

X2 <2 I (N2 +2 IIx ()17

2 2
=2 Y Pxy| +2|| Y Pixy
jed jeB
<4M? |[xy 2.
Consequently,
1 ud 2 2 2
PL Y IxIF= Y I1Px)? <4M? ||x x|l
yeF j=1

We note that there exists y € F such that
N
lx(2< Y I1Px)?,
Jj=1
for otherwise
N
lx()?> Y IPx|*  forall yeF,
j=1
implying that

1
57 X Ix0)I>

N
1P, x|,
yeF Jj=1
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contradicting (*#). Now () implies that for his y

Ixw 1> <2 Ix LI+ 2 1x ()

Y Pix(y)

j€B

2 2
Y Pix(y)| +2

jeA

<AM? |x()1?

N
<4aM? Y |Px|>

j=1
Thus,

M
aM?

N
< Y IPxI<4M? xy)? 1
j=1

COROLLARY 4.3. Let T be a spectral-like operator in H with o(T)=
{4;}2.,. Then the function

0 172
la=(E 121) L xes., (42)
i=1
is @ norm on S_,. Furthermore, S, is complete under | -|, with

Il < ixt <20 e (43)

Proof. Lemma 4.2 shows that |-|, is well defined and implies (4.3).
The fact that |||, is a norm follows from the triangle inequality in 7
together with the result that S, M_ = {0}. The completeness of S,
under |-|, is a trivial consequence of (4.3). §

It should be noted that

(x’ ,V)*': Z (Pix, Piy), X, yesoo’ (44)

i=1

defines an inner product on S, with ||x||, = (x, x)}?, x€ S,. Furthermore,
if xe #(T(4,)) and y e A(T(4;)), then

(x’ J’)*= Z (ka’Pky)= Z (PkPix’PkPjy)=5t_']'(x’y)

k=1 k=1

by (2.8), thereby showing that the generalized eigenspaces A(T(4;)),
A(T(4;)) are orthogonal under this inner product when i # j.
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If R(T) is assumed to be a Hilbert-Schmidt operator, then

® 1/[A—4;1*<oo [1, p.194]. With this fact in hand, we present the
next theorem, which provides a “Jordan-canonical form” decomposition of
R,(T).

THEOREM 4.4. Let T be a spectral-like operator in H with
o(T)={1,}® ,, and assume R)(T) is Hilbert—Schmidt for all /€ p(T). Then

RAT)=D,+Q,+R(TWI-P,) forall iep(T),  (45)

where
()D—fJL in B(H)
a ,I—i: ppyy n X

2 Ny~ 'P,
(b) @,=% Z(u )M,

i=1 j=2

in B(H).

Furthermore, D, Q,, and R, (T)(I— P ) are compact operators on H with
o(D;)=0(Ry(T)) and 0(Q;)=o(RATHI-P,))={0}.

Proof. Fix Aep(T). Define Dy:H—-> H by Dy=3N (P/(A-1))),
N=1,2,... Since #(Dy) is finite dimensional, D, is compact. If xe H and
k =1, then Corollary 4.3 implies that

Px 2
I(Dyx—D))x||* = u
! i= 1+l A'i
k P-x 2 k 1
<4M? —= | <At x)? Y —,
i=z 11“11' i=§+l M_li‘z

and hence, by the comments preceding this theorem, {D,}%_, is a Cauchy
sequence in #(H). Therefore, there exists a compact operator D, e #(H)
such that

D= ¥ o (*)

If H is infinite dimensional, then it is clear that Oea(D;). Let
xe€ A (A 1—T) with x#0. Then D;x=(1~4,)"'x, so (A—4,) " 'ea(D,),
ie, o(R,)(T))<so(D,). For the reverse inclusion suppose &ea(D,) with
& #0. Then there exists x £ 0 such that D; x = £x. From (x) it is clear that
x€S,, so there exists an integer / such that P,x 0. This implies that
PD,x=Px/(A—A)=EPx, ie, E=(A—4,)"". Thus, a(D;)=a(R,(T)).

For N=1,2,.. define Q: H—> Hby Q=3 , 3™, (-N,Y 'P/(A-A),
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where we insert 0 in the sum for the terms with m,=1. Consider the
sequence {Qy}%_, of compact operators in #(H). From Theorem 3.4 we
see that Q= R,(T)P, — Dy. Thus, for any k, / we have

19k — Qill S IRATHP,~P))|| + | D, — Dy|l.

The results from the first paragraph of this proof and Lemma 3.6 imply
that {Qy}%_, is a Cauchy sequence in #(H). Thus, there is a compact
operator Q, € #(H) such that

0.=3 ¥

i=1j=2

1

(=N) P, (%)
A=Ay

Clearly ¢(Q,)# &. Suppose there is a nonzero ¢e€o(Q;). Then there
exists a nonzero xe S, and a projection P, such that P,Q;x=¢(P,x#0. If
we note that O, P,x = P,Q,x, then it is clear that Q,P,x=(Q,P)P;x=
EPx, e, Eeo(Q;P,). Since (Q,P)"=0, Q,P, is nilpotent, and hence,
o(Q,P;)={0}. This leads to a contradiction. Therefore, ¢(Q;)= {0}.

Clearly R, (T)(I—P,) is compact because R,(T) is compact. Also,
RATI—P,)=Ry(T)I—-P,) Since o(T,)=@, o(Ry(T.))={0},
and hence, o(R(TYI—-P,))={0}. 1

It should be noted that (4.5) generalizes (1.2) and that (4.5)(b) provides
a representation for Q, previously unavailable.

5. APPLICATIONS
In H=L?*[0, 1] define the second-order differential operator L by
2(L)={ue H*[0,1]]|u'(0)+u'(1)=0, u(0)=0}, Lu= —u",

where H?[0, 1] denotes the subspace of H consisting of all functions
ue C'[0, 1] with «’ absolutely continuous on [0, 1] and «” € H. Then L is
a discrete operator in H [11]. Furthermore, o(L)={4,}®,, where
A,=[Qi—1)r]? with v(,)=2=m;, i=1,2,... It is shown in [10] that
the family of all finite sums of the projections P; is uniformly bounded in
norm by the constant M =6, that S, = H, that M _ = {0}, and in [11]
that R,(L) is Hilbert-Schmidt. Thus, for all A€ p(L)

L—-2,1P;
rin=§ 72 8 G

#(H). (5.1)

The operator L in this example comes from a class of differential operators
which has not previously been studied, the distinguishing feature being the
presence of infinitely many multiple eigenvalues. These operators will be
the subject of a future paper [10].
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In the product Hilbert space H= L*[0, 1] x L*[0, 1], with the standard
inner product and norm, define the linear operator T by

2(T)=2(K)x2(L),  T(u,v)=(Ku, Lu),
where K and L are the differential operators in L*[0, 1] defined by
= {ue H*[0, 1]|u(0)=u(1)=0}, Ku=—u",

and
P(L)={ue H*[0, 1]{u(0)=1'(0)=0}, Lu=—u",

respectively. It can be shown that T is an spectral-like operator in H with

={4,}2,, where A;=(in)* for i=1,2,... It can also be shown
that R,(T) is a Hilbert-Schmidt operator for all Aep(T), that S =
{(u,0)e H|ue L*[0,1]} =5, that M= {(0,v)e H|ve L*[0, 1]}, that
m;=1 for all i, and that P(u, v) = ((u, ¢;) ¢,, 0), where ¢,-(t)=\/5 sin (int),
i=1,2,... Thus, for all Aep(T)

i +R (TYI-P,)  inB(H), (52)

where P (u, v) = (u, 0) for all (4, v)e H.
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