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Let T(2) be such a function as was defined in the preceding paper
(that is, in Part XIII) [ef. Proc. Japan Acad., Vol. 40, No. 7 (1964)].
In the present paper we shall derive another formula of the expan-
sion of 7'(2) and shall discuss some of its applications.

Since, as we have already shown in Part XIII, the form of the
expansion by series or by integrals of T(2) outside a suitably large
circle with center at the origin is exactly similar to that of the
function S(1) in Theorem 1 [ef. Proc. Japan Acad., Vol. 38, No. 6,
265-267 (1962)], we can establish the following propositions for the
question as to whether the ordinary part of 7(2) is a polynomial
in 2 or a transcendental integral function.

Proposition A. Let T(4), {4}=1,0,.0 Dy (§=1,2,8,--+,m), and p
be the same notations as those used in Theorem 33 respectively, and
M,(p,0) the maximum modulus of T(1) for all the points on the
circle |2 =p. Then a necessary and sufficient condition that the
ordinary part of T(2) be a polynomial in 2 of the degree less than
or equal to d is that there exist a positive constant K and a suita-
bly large number ¢ such that

M(r, 0)< Kr®

for every r with max [sup |2,|, max (m%x [z])]<e<r< o [ef. Proc.
v J 2eDj

Japan Acad., Vol. 88, No. 10, 706-707 (1962)].

Proposition B. Let T(2), p, and M,(o, 0) be the same notations
as above respectively. Then a necessary and sufficient condition that
the ordinary part of T(2) be a transcendental integral function of
the order d>0 is that

Tim 102108 Mr(0,0) _ 350 [ef. loc. cit., 708-7097.
pmoo log p

In fact, these propositions can be shown by replacing S(2) in the
proofs of Theorems 18 and 14 by T'(1). As for Proposition A, how-
ever, we can simplify it by making use of the following theorem
derived from the already established expansion by series of T'(2)
outside a suitably large circle with center at the origin.

Theorem 38. Let T(1) and p be the same notations as those used
in Theorem 33 respectively, and let
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a=2 [ TWgp =0, +1, =2, ..., i=y=1),
271'7,“‘:’) kTt
where the circle |2] =p is positively oriented. Then
(33) TW=T e, +3e.,07 (p=]4] <eo);

and >)c,2” with domain {2:|1] <} extended to the origin expresses
20

the ordinary part R(2) of T(2) and is a finite or an infinite series
according as R(1) is a polynomial in 1 or a transcendental integral

function, while éc_p,l"’ expresses the sum of the first and the sec-
=1

ond principal parts of 7'(2) in the domain {1: p<|2|} extended to the
point 2=co and is essentially an infinite series.

Proof. Let x(2) denote the sum of the first and the second prin-
cipal parts of 7(2), and let

apz',l;fnT(Pe“) cos pt dt (p———o, 17 27 ot )
0

b, =lf2ﬂT(pe") sinptdt (p=1,2,8,---).
T
0
Then, as already shown in the preceding paper,
pe”>=& 1S —i <£>’° 1S ; <L)"’
T< £ 2 + 2 pgl(ap 1b,) P +§p2=1(ap+sz) P

(0<e<]),
where

Sy mem( ) =)

2 »=1 K
for every £ with 0<x< o and for ¢ becoming infinite and

LS @rin)(5) =)

for every £ with 0<k<1 and for r tending to zero. On the other
hand,

ap—-ibpz.}r_th(pe“)e‘“"dt—_:_ﬁpi_ T(Z)d,z
0

Vi) AP+t
l2l=p

and similarly

L1 T(2)
a,+ib,=—2_ [ LA g;
14 14 ‘Opﬂ"'/ il/l;p 2 p+1

These results enable us to assert that
TW=S e, +31e 07 (p< 2] <o),
In addition, since by Cauchy’s integral theorem we have
L [ TA) g 1 D g2 (k=0, =1, +2, ---)

o2r1 P! - o !
|2]=p [2l=p"

where o’ is a positive constant less than o such that the union of
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jL:_Il D, and the closure of {1,} is wholly contained within the circle

|2| =p" oriented positively, it turns out that the just established re-
lation is valid in the domain {1: p'<|2] <o}. Thus it is found im-
mediately from the above argument that the results in the statement
of the present theorem are valid, except that the second member on
the right of (33) is surely an infinite series.

If we now denote by p, the greatest lower bound of all positive
numbers o’ satisfying the above-mentioned condition, it is seen that
the relation (83) holds for any fixed point A2 with p,<|i] <o and
that there exists on the circle |A| =p, at least one point & belonging

to the union of ij and the closure of {4,}. Since, on the other
=1

hand, T'(2) is expressible in the form of

(34) T()=RW+3} (A= N)“(FuatFic), (Flat £1a))

n Ky
+§ ﬁZﬂ (11— Nj)_ﬂgjﬁ’ g.;,s)
as stated in the preceding paper, and since, for any positive integer p,
Wr-Nyr= [ —lodk) (=1,28m)

el (2—2)?

4 Fill
where {K,(z)} denotes the complex spectral family of the bounded
normal operator N,, T(2) cannot be bounded in the intersection of
the domain {1: p,<|4| <} and a suitably small neighbourhood of &.
Consequently it never occurs that c_, vanishes for every positive

integer p greater than some positive constant; that is, ic_pzﬂ’ is
p=1

certainly an infinite series: for otherwise 7T'(2) would be bounded in
the intersection stated above and hence & would be a point belonging
to the resolvent set of every N; (j=1,2,3, ---,n), contrary to the
hypothesis on ¢&.

The theorem has thus been proved.

Theorem 39. Let T(2) be the function in Theorem 38. Then a
necessary and sufficient condition that the ordinary part of T'() be
a polynomial in 1 of the degree d is that T(2)/2* tend to a non-zero
finite constant as |2]|—>oo.

Proof. It is at once obvious by Theorem 38 that the condition
is necessary. If we denote the ordinary part and the sum of the
two principal parts of T(2) by R(2) and (1) respectively, as before,
and assume that conversely 7'(1)/A* tends to a non-zero finite constant
C as | 2| becomes infinite, thenlllim R()/2*=C in accordance with The-

A|—00

orem 38. We now suppose that >7¢,27"¢ is an infinite power series,
r=d

with a view of establishing a contradiction. Then ic,,zf'“’—»C (]4]
p=d
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—>co) and the function defined by this infinite power series écpzp"i
p=ad

with domain {1: |A]| <} would be a transcendental integral function
with isolated essential singularity 1= . Denoting by » a complex
finite constant different from C and two exceptional values at most of
this transcendental integral function, it is therefore found by Picard’s
theorem that there would exist an infinite sequence of complex num-
bers 2,2, 2, -+ outside a suitably large circle with center at the
origin such that

Seti=0 (1=1,2,3, ),
p=d
where |z,| <|2,| <:-- and |2,| >0 (g¢—>o). This result is, however,
in contradiction with the fact that icpll’""—»C (|2]> o). In con-
p=a

sequence, the supposition on >)¢,2*"* must be rejected; that is, the
pzd

condition is sufficient as we wished to prove.

Remark. The right-hand member of (33) converges absolutely
and uniformly in the domain (1:p<|2]<R< 0}, however large R
may Dbe.

Theorem 40. Let {1,},-1.s,... be an arbitrarily prescribed bounded
infinite sequence of complex numbers such that its closure never con-
tains zero; let 4,, 4,, -+, 4,_,, and 4, be arbitrarily given, connected,
and closed sets in the complex plane such that one of them is not
necessarily bounded, that each of them does not contain the origin
and any point belonging to the closure of {1,}, and that they are
mutually disjoint; let p be an arbitrarily given positive constant such

that the union of ,L”J 4; and the closure of {2,} lies in the domain
=1

{2: 0<|2]}; and let T(2) be a function satisfying the following con-
ditions:

(i) {a} is the set of all non-zero poles of T(2) in the sense of
the functional analysis and the principal part of 7(2) at 2, is given

by %‘_‘cﬁ”)/(z—l,)" where i e <o for a=1,2,8, .., m;
a=1 v=1
(ii) every point of ,U 4, is a singularity of T(2) in the single
=1
meaning that the image of jL”J 4, by the transformation 1/2 determines
=1

the second principal part of T(l/l) alone;

(iii) the origin is a pole or an isolated essential singularity of
T(2);

(iv) T(2) is regular in the entire complex A-plane (inclusive of

A=co) with the exception of the union of the origin, CJ 4,, and the
J=1
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closure of {1,};

(v) T(2) has no term with isolated essential singularity in the
domain {2:0<|2]}.

Then, in the domain {1: 0< | 1] <p}, T(2) is expressible in the form

of

(35) T(=Sc, 7+ e 2,
=0 =1

where

1 TGy

> k+1
21 =1/ A

for the positively oriented circle |1| =1/p; and moreover Zc A7, with

C= di (k=0, =1, =2, -+, i=4—1)

domain {1: || <}, associated with the first member on the right
of (85) expresses the ordinary part R(Z) of T(1/2) and is a finite or
an infinite series according as R(1) is a polynomial in 2 or a trans-

cendental integral function, while ic_pl“’”, with domain {1:1/p=(2]},
p=1

associated with the second member on the right of (85) expresses

the sum of the two principal parts of 7'(1/2) and is essentially an
infinite series.

Proof. Let T(z):f‘(l/l), and let D, D,, ---,D,_,, and D, be the
images of 4, 4,, --+,4,_,, and 4, by the transformation 1/i respec-
tively. Then, by hypotheses, {1/2,},-1,3,... is a bounded infinite sequence,
and moreover its closure and the bounded, connected, and closed sets
D; (j=1,2,8, ---,n) are mutually disjoint. On the other hand, it is
also seen by hypotheses that each 1/2, is a pole of T(2) in the sense
of the functional analysis, that T(2) is regular in the entire complex

A-plane with the exception of the union of the point 1= oo, jL_Jl D,

and the closure of {1/4,}, that the point 1= is a pole or an isolated
essential singularity of 7'(2), and that 7'(2) has not any term with
isolated essential singularity in the domain {2: [2| <}. In addition,

if we replace 1 in Z by 1/, it is easily verified by direct

2y
computation that this sum is taken into
m _ « , —1 2—-1 a
Sy acrele (i)
=Sren{Zo(55)] ©=
=5 ver+ 5 (croest(E)

- afa\,(v) —a, 2111 )2
5 CDEeE (T
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S a(eygo g, (A5 >3
— (v) .
+ 3 @en (S
_ 2—1 m
e . m () m v
oo ()

where, by the hypotheses concerning ¢{ and {1,},

oo m _ X—l 7
__1aa sz)lpa°< v )}
231{2}( (e A=At
is absolutely convergent in the entire complex i-plane except for
all the points belonging to the closure of {1/4,} and moreover
ﬁ] S |e$2;%| < oo. These results imply that the principal part of 7'(2)
1

v=1 a=

at each pole 1/2, in the sense of the functional analysis is expressed
m (») o

in the form Z(x—dtﬁ)? where > |d$”| is convergent for every a=
a=1 — A, v=1

1,2,8,---,m. Consequently 7T'(2) consists of its ordinary part, its

first principal part, and its second principal part in the sense stated

in the earlier discussion; and it is clear that the ordinary part of

T(2) is a polynomial in 2 or a transcendental integral function ac-

cording as zero is a pole or an isolated essential singularity of 7(2),

o m (v)
that the first principal part of 7'() is given by Ezﬂdﬁ’
v=1a=1 — *

that the set of all singularities of 7'(1) determining completely the

and

second principal part is given by the union of jU D, and the set of
=1

all those accumulation points of {1/2,} which do not belong to {1/}
itself. Theorem 38 thus leads us to the result that

fv(l)::r(z):g e +Se 177 (Lp= || < o),
2 = =1

where

=1 T(2)

T 2ni Y1/ Akt
and > ¢,4” with domain {2: |2] <} expresses the ordinary part of

p=0
T(2) and is a finite or an infinite series according as the point 1=oo

di (k=0, x£1, 2, -..);

is a pole or an isolated essential singularity of 7'(1), while ﬁ}c_,,l’”
p=1

expresses the sum of the two principal parts of 7'(2) in the domain
{2:1/p<|2]} and hence is surely an infinite series. Accordingly it
is at once obvious that the present theorem is an immediate conse-
quence of these results.

The proof of the theorem is thus complete.



