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Abstract. It is known that a complex - valued continuous function S(x) as
well as a Schwartz distribution on the real axis can be extended in the complex

plane minus the support of S to an analytic function S (2). In the case of a continuous
function the jump of § (z) on the real axis represents exactly S(x):

Jim S + ie) — S(x —ie)] = S (=) .

We call regular a point « on the support of S such that lilaa+ [S’ (x + 1e) —
&—>

-8 (x — i¢)] exists. Conditions are found for the existence of regular points on
the support of a distribution. It is possible to call this limit (if this exists) the
value S () of the distribution S in the point x. Properties of this type occur in the
theory of dispersion relations.

§ 1. Introduction

Let S(z) be a complex-valued continuous function with compact
support on the real axis R. The function S(z) can be extended in the
complex plane [1—3] under the form of a local analytic function S (z)
throughout the entire complex plane minus the support of S, such that
the jump on the real axis is exactly S(x):

611%5r [S(x + i) — S(x — ie)] = S(x) . (1)

Relations of the form (1) frequently occur in the study of analytical
properties of the scattering amplitude as well as in the theory of dispersion
relations [4—5].

The idea to extend functions on the real axis to the complex plane,
in such a way that the relation (1) be verified, is an older one. Excellent
expositions of this problem can be found in [6-—8]. In the case when the
function 8 () has a compact support, the analytic continuation S (z) can
be chosen under integral form

+ o

8(2) = fs_(t)zdt, 2)

27t t
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called the Cauchy representation of S. Representations of type (2) as
well as relations of type (1) can also occur in other hypothesis than those
given here. Particularly the limit (1) exists if S (z) is piecewise continuous!
and x is a point of continuity on the compact support of S. But if x is not
a continuity point of §, the relation (1) takes the following form

dim (S + ie) — 8@ — ie)] = [S() + S(e)]. (3)

In this paper we are concerned with finding some more general
hypothesis under which S(z) has stronger discontinuities when however
a relation of type (3) can be given. It is more convenient to treat this
problem within Schwartz distributions.

It is known [2] that S € (Z’) being a given distribution, it can be
extended in the whole complex plane minus the support of S, so that

el_i)r(1)1+ [ S+ ie) — S(x — ie)] () do = {8, @) (4)
for all ¢ € (2).

The idea to continue distributions to complex variable functions
appears in [9] in connection with the continuation of Fourier transforms
of distributions. Similarly the Wightman functions [10] (n-fold vacuum
expectation values) represent a particular case of continuation of
distribution through the complex variable functions. Similar techniques
are used in mathematical theory of dispersion relations [11—13]. IEx-
cellent treatises of this problem can be found in [14].

Although the relation (4) is valid we cannot state generally anything
relatively to the existence of the limit

egrgxk [S(x +ie) — S(x — ie)] . (5)

Nevertheless it might be possible that independently of (4), to exist
the limit (5) for certain points on the support of S. Especially this is true
if the distribution S is reduced to a piecewise function with compact
support. More general cases of the existence of the limit (5) will be pointed
out in § 3 (theorems 3 and 4). In §4 will be shown that the results ob-
tained are in close relation with the problem of the value in a point of a
distribution [15—16] and at the same time will be pointed out the
possibilities of generalization of these results. In §2 are given general
theorems for representation of distributions by analytic functions in the
complex plane [2] and a corollary which shows that the results obtained
in § 3 are of a local nature.

L The function f(¢) is called piecewise continuous if and only if f is continuous
except for a finite number of points at which the right-hand limite f(w,)
=, IiI(I)l [(x -+ 0) and the left-hand limit f(z_) = 6lirg @ 4+ 9) exist.

—0+ —0—
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§ 2. Representation of Distributions by Analytic Functions
Theorem 1. Let S be a distribution with compact support. Then the
Cauchy representation S(z) = ?117@<S, t_i—z> exists and it ts an analytic

function of z in the complement of the support of S. Also, the derivatives of
S(z) and S are related by the equality

ar 4 & n! 1

(75 80)) = 80 () = 5 (S, =) - (6)
Theorem 2. Let S € (D). Then there exists a function S (z), analytic in

the z-plane, except on the real axis, such that

S = eli)rgl+ [S(x+ie) — S(x — ie)], (7)

the limit betng taken in the sense of distributions. Moreover, for any such
S, 8 is analytic in the complex plane minus the support of S.

Corollary. Let S and T be two distributions which are equal on an open
set O of the real axis and suppose we have the representations

S = lirgl+ [S(x+ ie) — S(x — ie))
T= lir(r)l+ (T (x+ie) — T(x—ie)],

the limit being taken in the sense of distributions. Then from the existence
of the limit
S(x) = 11%1& Sz + ie) — S(x — i¢)]

in a point x € O, it follows the existence of the limait
T (x) = lir(l)r1+ [T(x + ie) — T'(x — ie))

i the point x.

This corollary follows immediately observing that the difference
S — T is zero on O and consequently taking into account theorem 2, the
function S(z) — T'(z) is analytic over O.

§ 3. Regular Points of Distributions

Returning to the problem which we pointed out in the introduction,
we call the point 2 a regular point of the distributions S if the limit (5)
exists. It is evident in the case in which the distribution S is reduced
to a continuous functon with compact support that each point is a regular
one. There are some more general cases of existence of regular points as
it is shown by the following theorem :

Theorem 3. The point x is a regular point of the distribution S € (2')
if there exists an integer n =0 and a continuous function F(t) so that
F® (8) = S(t) the dertvative being taken tn the sense of distributions and if
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also exists

limn!
t—x (t—2)

Limit (5) is then equal with C.

Proof. It is enough to prove our statement in the case of a distribution
with real values because we can split the distribution with complex
values in a real part and in an imaginary one. On the other hand taking
into account the corollary from § 2, we can consider that the distribution
§ and the function F are with compact support.

Hence by theorem 1 we have

1 n! 1
<S’ T——z>:<F(m >w 271 < ’ (t—z)"+1>:

~C. (8)

(10)

Consequently

S+ ie) — S(x—ie) =

1 1
o [(t—x—~is)"“ Tl—w+t ie)”“]dt'
Now being given a number ¢’ > 0, in accordance with the hypothesis, we
can have § > 0, so that
F)
"
Let M be a bound for |F (t)]. We can write

(11)

0{<e' for |t—a|<o.

z+o

! F(t
IS(x +ie) — Sz — de) — 2nm. f (t——(;)" (t — )™ X
z—o
1 1

X [(t—x———ia)"“ T ==zt ie)"“]dt - 0‘ + (12)

n! M 1 1 ]
+ 27 f (t—ax —ige)nt+?t - (t—z—}—w)”“‘

ft—2|= s

Stopping at the first term of the right side of the inequality (12) we have

+o
n! It N 1 1 |
] fé t—a) (t =) [(t—x——ie)““ - (t—-x—f—ie)”“]dt - Ci =

2mi

dt+ (13)

& | n 1 1
=% fé ](t_ @) [(t—x—ie)"“ - (t——x+ie)"+1]
1 nhe 1 1
+ |C] i% fé @t — )y [(t_x__ig)n+l - (t—-—x—)—ie)”“]dt_ ll .
—
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We may remark that by a change of variable the integrals of the second
term get the forms

ey dt, Y=k e.
We have

" (t+ iy —iy)" ,
e it = [ Syt iy) -

ok (Eay)?
and consequently
P

§
ft"[(t—ile)"’” - (t—}—;e)“*l‘]dt:zo/‘t"[ (t_;s)"’fl - (t_}_;s)wrx]dt

)
:4 o () oy @)Fmﬁ<m

Z12arete o e T Th G Fie

where by arctg we denoted the principal value. From (15) we get
8

. 1 1
Jim [ g — g | = 27 (16)
—0

Hence the second term of the right side of the inequality (13) tends to
zero when & - 0.
For the other term we observe that

2+ 4 . .
xL/; (t — w)n[(t_x__n)”f— (t—x+ie)n+1] dt
3
B f " [(t—lmn o +1¢g>n] N (17)

s ]
= [ lemige i 0= [ 0w
) —9

where the function
" 1 1
w(t):'f[(t__ia)n+1 - (t+i8)n+1] (18)

is a real one. For n = 0, 1 the function w (¢) does not change the sign on
the whole axis and consequently taking into account (16), we have

o
lim [ o ()dt~ lim _f(s w(t)dt =27 . 19)

Let us suppose now that n > 1. The function w () is symmetric and we
have @ (0) = 0. The non-vanishing solutions of w (f) = 0 are obtained for
(6 + ventl = (§ — cg)nt! (20)

16 Commun. math. Phys., Vol. 7
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hence, these are simple roots of the form ¢, = y,e;r = —m, -m + 1, ...,
—1,1,...,m — 1, m where 2m represents their number. The numbers
y,» depend only on n. Hence ¢ being chosen in this way, we can take ¢
sufficiently small so that all the zeros of the function w(t) be situated
in the interval (— 4, d). onsequently we can write

fl ()dt—zf[w | dt = 2| fw(t)dt
d

(21)
Vo € Ym € oo
— [ o@dt+--+ (=1 [o@t)dt+ (—1)" [ o) dt].
V18 Ym-18 Yme
On the other hand from (14) we have
Vr€ (;:) P
f w(t) dt = 2 arctg y, — 2 arctg y,_y — k,_: g arp—
Yr-1€
: (1 )
k Dl k
Yy 1) k__*.__
R +2‘ E G T (22)
o
4 k jk-1
_ BV
Lg( ) ko (yr—g+0)* "
We observe that this results depends only on n for all r=1,2...,
m(yo = 0).

In the same way the integral f w(t)dt is a finite one and depends

'm €

only on n. Hence taking into account (19) and (22) for a given n we can
choose ¢ so that the first term in the right side of the inequality (13) be
smaller than Ae¢’, where A4 is a constant which depends only on .

For the last term of (12) we obtain

1 1| 1
E—ieprt (t—!—ie)”“ldt:' f [(t-——ia)”“ T e

]dtl—l—

iz

+i f [(t—;s)"“ N (t—f—:e)“l]dt‘ (23)

f [ = @) |

since, for t < — 6 and ¢ > § the function

i[(t—:a)"“ - (t+:e)"+1]

does not change its sign. On the other hand it is easy to show that we
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have
(o)

. 1 1
Jim [ g — w20 (24)

d

Clonsequently ¢ and 0 being once chose we can find an ¢ sufficiently
small so that the second term of the right side of (13) together with the
second term of the right side of (12) are smaller than ¢'. From (12) we
obtain

]S (x4 1e) — S@@—ie) — O] = Ae' + & = (A + 1)¢’
Since ¢’ is any positive number it follows that

hm S+ ie) — S(x —ie)] = C . (25)

This proves our theorem.

The theorem 3 can be extended as follows.

Theorem 4. The point x is regular point of the distribution S € (Z') if
there exists an integer n = 0 and a continues function F (t) so that F(”) (£)
= S(t), the dertvative being taken in the sense of distributions and existing
also

lim. = 0y, lim ! (f_‘” ¢ (26)
The limit (5) is then equal with ~O+_—;~_C’__ .
Proof. We have
@+ 0
8w+ ic) - 8w — ie) —%i=§%f—(—t%(t—x)nx
0
X [(t——x-l—is)"“ - (z—x}ria)m]‘“ 02+ + (12))

1 1 C_
2Ju f(t x)" (¢t~ =) [(t——x—z’a)"“_(t—x+£a)"+1]dt_7)+

+ n! M f 1 1
2n t—a—ie)"tl (t—ax + te)n T
t—z| =6

dt.

Now we can repeat step by step the proof of theorem 2.

In the case in which the distribution S € (2’) is reduced to a piecewise
continuous function, by using the theorems 3 and 4 we can obtain certain

results found in [2]. In these cases C represents the value S(z) for a

. . C.+C_. . . .
continuity point and J'—;—qs the “value” of this function for a dis-

continuity point.
16*
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§ 4. The Value of a Distribution in a Point

The notion of the value of the distribution in a point has been intro-
duced in [15]. One can say that distribution S (¢) has a value in the point
 if there exists the limit

m%swn+m=0 (27)

in the sense of distributions and this limit is the constant distribution C.
It was pointed out that from the existence of the limit (26) it follows its
constancy. A necessary and sufficient condition for the existence of the
value of a distribution in a point is given by

Theorem 5. The distribution S € (2') has a value in the point x if and
only if there exists an integer n = 0 and a conttnuous function I (t) such
that '™ (t) = S(t), the derivative being taken in the sense of the distributions,
and

F(t)
t—a n! (t—a)

The value of the distribution S in the point x is then S(x) = C.

Theorem 5 may be stated in the following equivalent form [16].

Theorem 5'. T'he distribution S €(2’) has a value in the point x if and
only if there exists an integer n = 0 and a continuous function @ (f) so
that D™ () = S (1), the derivative being given in the sense of the distribution
and

~C. (28)

lim nlx, @), Ty o oo, 0y Pl = O, (29)
;=1 =1,2,...1n

the points xy, ,, . . ., x, tending independently to x 2.
By comparing the theorems 2 and 4 we obtain

Theorem 6. Let S € (2'). If the distribution S(f) has a value in the
potnt x this is a reqular point and we have

e%hW@+m—S@—nn=mm. (30)

Particularly if there exists the derivative of a continuous function
F(t) in the point @, then there exists also the value in « of the distribution
I’ (t) and it coincides with the value of the common derivative. Hence
the point x is a regular point for F”(¢). The function

F(t) =3tzsin%— ¢ cos%
offers an example in which the common derivative does not exist in the
point 0, and although there exists the value of the distribution F’(t)
and therefore this point is a regular one for F’(¢). From theorem 5’ it
follows that the problem of the value of a distribution in a point and
hence the problem of existence of regular points is in close connexion

2 'With this occasion we remark that this condition is an essential one. Hence
we cannot take x; = ¥, = - -+ = 2, and after that z; — «.
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with the older problem of existence of a n-order direct derivative for a
continuous function [16].

Theorem 4 shows that generally we can have regular points without
existence of the limit (28). Therefore it is more convenient to call “value”
of the distribution the limit (5) if the point 2 is a regular one.

We remark at last that our theorems may be extended to the case
of several independent variables and to the representation of distribution
by harmonic functions with complex values [17].
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