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ABSTRACT: In this article, we prove the
existence and uniqueness of the solution
of the Schrédinger equation in the periodic
distributional space P’ Furthermore, we
prove that the solution depends continuously
respect to the initial data in P Introducing
a family of weakly continuous operators,
we prove that this family is a semigroup
in P' Then, with this family of operators,
we get a fine version of the existence and
dependency continuous theorem obtained.
Finally, we give some remarks derived from
this study.
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11 INTRODUCTION

We know from [5], with m = 2, that
the Schrédinger equation

Data de aceite: 03/04/2023

up — ipdiu=0 € P (1.1)

with initial data in the periodic
distributional sapce: P', has a solution in P".
So we set up the model:

up — ipd?u = BPu € P’ (1.2)

with initial data in P, which we will
solve following the ideas of [4] and [5].

That is, we will prove that (1.2) has a
solution and that it is unique. Furthermore,
we will demonstrate that the solution
depends continuously with respect to the
initial data in P' considering the weak
convergence in P. And we will prove that
the introduced family of operators forms a
semigroup of weakly continuous operators.
Thus, with this family we will rewrite our
result in an elegant version.

Our article is organized as follows.
In section 2, we indicate the methodology
used and cite the references used. In
section 3, we put the results obtained from
our study. This section is divided into three
subsections. Thus, in 3.1 we prove that
the problem (P,) has a unique solution and
also demonstrate that the solution depends
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continuously with respect to the initial data. In subsection 3.2, we introduce families of
weakly continuous linear operators in P'that manage to form a semigroup. In subsection
3.3 we improve Theorem 3.1.

Finally, in section 4 we give the conclusions of this study.

21 METHODOLOGY

As theoretical framework in this article we use the references [1], [2], [3], [4] and
[5] for Fourier Theory in periodic distributional space, periodic Sobolev spaces, topological
vector spaces, weakly continuous operators and existence of solution of a distributional
differential equation.

31 MAIN RESULTS

The presentation of the results obtained has been organized in subsections and is
as follows.

3.1 Solution of the Schrédinger Equation (P,)

In this subsection we will study the existence of a solution to the problem (P,) and the
continuous dependence of the solution with respect to the initial data in P".
Theorem 3.1 Letu >0, B >0 and the distributional problem

u € C([0,400), P')
(Py) O — ipd*u = BPu € P’
u(0)=feP.

then (P,) has a unique solution u € C'((0, +w), P). Furthermore, the solution depends
continuously on the initial data. That is, given f, f € P'such that f 2. f P' implies u (t) 2.
u(t), Vt € [0, +0), where u, is solution of (P,) with initial data f, and u is solution of (P,) with
initial data f.

Proof.- We have organized the proof as follows.

1. Suppose there exists u € C([0, +w), P) satisfying (P,), then taking the Fourier
transform to the equation

O — ipdju = Bou,
we get
—Bk*0 = B(ik)* . = O — iu(ik)*i = Oyt + ipk’i,
which for each k € Zis an ODE with initial data d(k, 0) = f (k).

Thus, we propose an uncoupled system of homogeneous first-order ordinary
differential equations
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e C((0,+00),5"(%))
() | (k1) + ipka(k, t) = —Bk2a(k, 1)
a(k,0) = f(k) with f € S'(Z),

Vk € Zand we get
N A [OF

from where we obtain the explicit expression of u, candidate for solution:

“+co “+o00

uty = Y alkt)gy = Y e e f () gy (3.1)
k=—o00 k=—occ
= |[(Fwermres) (3.2)
Since f€ P'then f € S(2). Thus, we affirm that
(f(k)e_i“kgte_ﬁk%)kez €S(Z), vt>0. (3.3)

Indeed, let t = 0, since f€ S(2) then satisfies: 3C >0, AN € IN such that If ()| <
CIkIV, Yk € Z - {0}, using this we get

7 —iuk?t _—Bk2t| _ | 7 —ipk?t| _—pBk%t n —ipk?t) _ | F N
|f(R)e™* e PR = | f(R)e™ ™ e 70 < |f(R)] |e ™| = [f (k)| < Clk[™.

<1 =1
Then,
( f(k)e’“‘kgte’ﬁk%)kez eS'(2).
If we define
_ . v
u(t) = {( f(k)e—iﬂk‘te-ﬁm)kez] . foralli>0, (3.4)

we have that u(f) € P', Vi =0, since we apply the inverse Fourier transform to (f
(ke e S(2).

2. We will prove that u defined in (3.4) is solution of (P,).

Evaluating (3.2) at t = 0, we obtain

w0 = [(Fw),.,] =[7"= .

In addition, the following statements are verified.
a) d, u(f) = jwd? u(t) + B 2 u(t) in P, Vt=0. That is, we will prove that it is satisfied:
u(t+ h) — u(t)

lllir%< T,g@>=i/.a<3§u(t),t,p>+ﬂ<8§u(t),@>, Vo e P

<Bru(t) p>i=

andforall t=0.
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Indeed, let t >0, ¢ € Pand 0 <lhl <t, we denote

u(t +h) —u(t)

Iy, = 3 Lo >

Thus, we get
1
I, = E{< u(t+h), e >— <u(t),p >}

1
_ h{ lim < Z f —wk2 (t+h) —ﬁkg(t+h)¢5 0>

n—-+o0o ——n

— lim < > Flk)e mite=At g, o >}

n—4+o0 PR

_ h { 11m < Z f —mk%e—ﬁfc% (6—iuk2h6—ﬁk2h . 1) Br, >}

k=—n
—iuk?h ,—Bk>h
—ink?t —gK2t [ € e —1
:nkgloo<zf i teﬁt( - Pry o >
k=—n

n = . e—ip,kzhe—ﬁk2h —1
= i § 3 fle e (CERCEE ) o
ke —2n5(—k)

k=—n

—ipk?h ,—pBk*h
o . 71uk2t — Bkt e € —1) . —
= nETooQW{ > Tk ( h )‘P( k)}

—ipk?h ,—pk%h 1
P e e\

k=—o0

Let h >0, we have
h
omink?h—Bkh _ | _ f[efiukzsefﬁkﬁs}fds
0
h . 2 2\ —ipk?s —pk%s
= f(—z,uk: — Bk )e "M e ds .
0

Taking norm to equality (3.6) we obtain

h
—ipk?h ,—Bk*h 1 < [ k 2 k 2 —ipk?s| —Bk%s d
e e | < 0@|+m|}wﬂ e
2 2 h
= {ulkl? + Bk} [ ds
S——
=h

= {ulk|* + B|k[*}h.

That is, from (3.7) we get

(3.5)

(3.6)

(3.7)
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< plk|* + Bk (3.8)

—mkzhe—ﬁk?h _

h

Using the inequality (3.8) and that fe S(2) we obtain
oo _ —ipkzhe—ﬁﬁczh_l
k e—i.[,Lth e—ﬁk’zt S(—k €
> |F)]] 1 K - |6(=k)] .

1&(=k){ulkl* + Bk}

k=—0c0

< kzw 7

= Z k)i|k|2+ﬁk; k)lI6(—k)[[k]*

{“ +§ K1Y 215 k)Hﬁ Z K[ 215(Zk)]

1 Z 7121 G()] + 8 Z 7121 3(J)]
J=—00

k=—o0
} <o

_ C{
J=—00

since ¢ € S(2).
Using the Weierstrass M-Test, the series |/, , is absolutely and uniformly convergent
—ipkho—pk*h _ | }

Then we can take limit and get
Ty, = 20 5. F(k)e #*e #G(— k) lm | ©
gLy = WZf( Je € ‘P(—)h{% n
k=—o00
=—ipk?— k2
: = 7 ik k%t = 2
= (—ip)2r 3 flk)e e PRIG(—k)k
k=—00
2 ink?t ,—Bk2t ~ 2
— 327 Z f(k)e Tk te =Bt S(f) k2 (3.9)
k=—o0
Using (8.9) andthat < T®, ¢ >= (-1)2< T, 9@ >=< T, 9@ >for ¢ € P, T € P, we have
. = ; ikt —Bk%t - 2
lim [, = (—ip)2r Y. f(k)e ™" e” S(—k) k
h—0 [, ——
=37 <>
X ipk*t —pk*t  ~ 2
— 32 Z flk)e e o(—k) k
e oo SN——
= <p,pp>
I ink?t  —Bk*t 2
= ip y, f(k)em " e <, —kgy >
ke — 0o ——
=(ik)> ¢

Capitulo 6
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+oo o, )
18 Y Flk)e e K < o k2 >
h\/—/

k=—00

=(ik)2op,
X2 —ipk?t  —pkt (2)
= i Z f(k)e e <@, o >
k= —oc0 S—
:<59(2):¢k>
=2 —ipk?t _—pk2t (2)
+8 Y f(R)e e <, >
b o ————
=<p(2) o>
+oo o 9
= ip Y fR)e e < g p® >
k=—0c0
R —ipk®t —pBk%t (2)
+8 Y0 f(R)e ™ e < gy, o) >
k=—00
_ Z‘U, 11111 Z f —zkate—ﬁth <¢)k799(2) >

0 L Z Flk)e et < gy @)

= ip lim < Z Fkye#hte g, o@ >

n—+oo
k=-n

+6 hm < Z F(k)e R te=BR g o2)

k=—n

= ip<u(t),e? > +8 < u(t), o > (3.10)

= ip < Oult),p > +8 < dult),o > .
Therefore,

<Ou(t),p> = ip<Put),p>+6<u(t),p >, VpeP, Vt>0.
That is,
du(t) = ipd>ult) + P u(t) in P, Vt>0.
b) u € C([0, +), P). That is, we will prove that
u(t +h) i’>u(t) when h — 0, Vi > 0.
In effect, let t >0 and ¢ € P, we will prove that
Hyp=<u(t+h)—u(t),p >—0, when h—0.

We know that if ¢ € Pthen ¢ € S(2). Using (3.5) we have
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+oco
Hyp=2m > f(.’f)oef"""“zte*ﬂ‘l“z'f (eii“kzhe*ﬁkzh — 1) o(—k).

k=—cc

Let0 <h <1, form (3.8) we get
ek =B 3| < pu[k[?|h| + BR[R| < pulk[* + Blk|* (3.11)

Using (3.11) and that f € S(2) we obtain

+0o0

Do (k)| [ O |em e ]| p(—k)|
k=—o0c e <1
<Cu Y IRk +C8 Y NIk

k=—00 :,] k=—o0 :J

“+co “+oo
N+42| ~ N+2| =
=Cu 3 MBI +08 3 I PIE(I)] < oo
J=—o00 J=—00
since ¢ € S(2).
Using the Weierstrass M-Test we conclude that the series H,, converges absolutely
and uniformly. Then it is possible to take limit and obtain
T 2 2 2 2
okt =Rt 50 LY T —ipk?h ,—pBk2h _
hmch—27r > flk e &( k)’lllg%{e e 1} 0.

k=—o00

=0
Since t € R* was taken arbitrarily, then we can conclude that
ue C(o, ®), P).
c) du € C(R, P). That is, we will prove that
Oyu(t + h) £, Qu(t) when h — 0, Vi€ R".
In effect, let t € R* and ¢ € P, using item a) we have
< Ju(t+h), o > — < du(t),p >
=ip{< Pult +h),p>— < dut),p >}
+8{< Bu(t +h),p > — < Pult),p >}
=ip{<u(t+h),o? > — <u(t),o® >}

+8{<ult+h),o? > - <u(t),e® >} — 0 (3.12)

—0

when h — 0, since item b) is valid with ¢® € P.
From b) and c) we have that u € C'(R+, P) .
d) Now, if £ 7. fwe will prove that:
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un(t) 25 u(t), Vte RT.
We know that if f 7. fthen f S@F , thatis
< fo—f€>—0 when n— 4o0c, VEeS(Z). (3.13)
For t € R fixed and arbitrary, we want to prove that

< Up(t), Y >—<u(t),vy > whenn — +oo, Ve P.

Thus, let t € R* be fixed and Y € P, using the generalized Parseval identity, we obtain

the following equalities:

<up(t) > = 2r < (ﬁ(k)e"'”’“:zte‘ﬁm)kez,i > (3.14)
<u(t),y> = 2w < ( f(k)e*i“k%e*ﬁkzt)kez,@ﬂ > (3.15)
From (3.14) and (3.15) we obtain:
< up(t), v > — < u(t),y >
—on 3 (k) - F} PG () — 0
b e

when n — +e, since § := (§,),., € S(2) and (3.13) holds.
Corollary 3.1 Let y >0 and B >0, then the unique solution of (P,) is

b

ut)= 3o FKe e g, [(Frermemaee

k=—oc

)y

where ¢,(x) = €, x € R.
3.2 Semigroup of Operators in P’

Let’s remember that P'is the topological dual of P, where P is a complete metric
space.

In this subsection, we will introduce families of operators {Tuﬁ(t)h20 in P, withy >0
and B > 0; and we will prove that these operators are continuous in the weak sense and
satisfy the semigroup properties.

For simplicity, we will denote this family of operators by {T (#)}.,.

Theorem 3.2 Lett=0, y >0 and 3 >0, we define:
Tt): PP — P
\%
L n —ipk?t — Pkt /
;= T = |(Fe e e,
then the following statements are satisfied:
1.T(O) =1

2. T(1) is C - linear and continuous Vt= 0. That is, for every t=0, if f . fthen T (f)
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f 2 fT(Hf.
3.T({t+n=T({oT(,Vt r=0.
4. T(Hf-Ls fwhen t— 0+, Vfe P
That is, for each f € P'fixed, the following is satisfied
<TH)f,>—<fib>, whent— 0", VeP.

Proof.- Let fe P'then f € S(2). Then, from (3.3) we have
(F(kye ey € 8'(2);

taking the inverse Fourier transform, we obtain

keZ

T, —ipk2t  — 3kt v ’
(Fk)emmte )kEZ eP, Vt>0.

=T f

That is, T (f) is well defined for all t= 0.
1. We easily obtain:

T(0)f = {(f(k)e*iukg()e*ﬁkr"o)kez]v _ [(f(k;))kez i 7" =5 vrer.

2. Let t € R*, we will prove that T (f): P'— P'is C -linear. In effect, let o € € and (¢,
) € P'x P’ we have

\%
T(t)(ao+v) = [ﬂﬂi*“a¢+wwmhg]
= (e b + 00)),., |
. \
= [ ﬂ“k% e PGk ))kez + (efwkzte*ﬁkztl/)(k))kez}
\% N \%
= a|( W), |+ (e Iw),
= aT(t)p+T(t).
Now, for t € R* we will prove that T () : P'— P'is continuous. That is, if f 2. fwe will
prove that T ()f £, (t)f

We know that if f 2. f then f . f, that is,
<fm§'>—><f,§>, when n — +o00, V&€ S(Z2).
That is,
< fi—f,6>—0, whenn— 400, VEe S(Z). (3.16)
We want to prove that:

Tt) fr, >—=<T(t)f,¢ > whenn — +oc0, Vi P.
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Thus, let t € R* fixed and Y € P, using the generalized Parseval identity, we obtain

the following equalities
\
>
>, (3.17)

< T(t).fn,'(/) > = < {(ﬁ(k)e—mkzt@_ﬁk%)kez

_ e —ipk2t —Bk%t
= 2n< (fn(k)e e )k€Z

<TWf,> = < {(f(k)f“‘kztefﬂkzt)kez}v ¥ >

= or < (FR)e WY G (3.18)

kez
From (3.17) and (3.18) we get

<T@ fup> = <TM)f, 0>
— o {< (ﬁ(k)e-mmc-ﬁkﬂt)kez 7;5 S o« (f(k_)c—iuk%c—ﬂk?t)kez ’,Z >}

—27r{ S TR e - 3 f(k)e@‘“’*te"kz%??(k)}

k=—o00 k=—00

=27 f {fulk) — f(k)}e*w’*te*ﬁ“ti(k) — 0

k=
* Epi=

when n — +cw, since  := (€),, € S(2) and (3.16) holds, thatis < f, - f, £ >— 0 when

n— +0,

3. Let t, re R, we will prove that T (f) o T(r) = T (t+ 1. In effect, let ¢ € P,

T(t+r)p

Iy —ipk?(t4r) ,— Bk (t+r)
(Bueenerien)

v
l:(w‘e—mk%e—ﬁk?z)k Z] . (3.19)
€

Since ¢ € P', using (3.3) we hav'e that

(o(k)e™ " =) € §'(Z), Vre0,+o0). (3.20)

)keZ
Then, taking the inverse Fourier transform, we get:
~ . 2 2 v
{(qb(k)e‘“"“ re=k T)kez] eP, Vrel0,+oo).
Thus, we define:
gr = [((E(/ﬂ)e’i"’“zTe*/”"Qr) ]V er.
keZ

That is,
g-:=T(r)o. (3.21)
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H,

Taking the Fourier transform to g we get:

—~ _ (Z —ipk?r —pBk*r
Gr = (d(k)e Hire )
that is,
Gi(k) = d(k)e 1k re=0Wr ke 7. (3.22)
Using (3.22) in (3.19) and from (3.21) we have:
ink?t ,—Pk2t v /
_ — — i -
Tt+r)p = |:(g7~(k’)€ e )kez] epP
= T(t)g,
= T(t)(T(r)o)

= [T({t)oT(r)|(¢), ¥Vt,reR".
So we have proven,
T({t+7r)=T(t)oT(r), Vt,r € R". (3.23)

If t=0 or r=0 then equality (3.23) is also true, with this we conclude the proof of

Tt+r)=T@{)oT(r), Vt,re€][0,+00). (3.24)
4. Let f€ P, we will prove that:

T#)f 25 f when t — 0",
That is, we will prove that
<T{)f, o >—< f, o> whent =07, VpeP.

In effect, for t >0 and @ € P, we have

= <THt)f,o>—<f.p>

= lim {< Zn: f(k)e_wkzte_ﬁkzt(bk,go > — < z”: ]?(k)cbk,%o >}

oo k=—n k=-n

= lim < > f(k) (e_i“kQ"e_ﬂkzt — 1) O, p >

n—+o0o

k=—n
= 3T () <
= lim 27 37 f(k) (e7 45 0e M — 1) G(—k)
k=—n
Foo - ; 2 2
= 2m Y (k) (e e R - 1) (k). (3.25)
k=—o0

Since t >0, from (3.7) we get
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ek 1] < (kP + Bk (3.26)
From (3.26) we obtain
e e 1] < (kP + BIRPYE . VE € [0, +00). (3:27)
From (3.27) with 0 <t <1, we have
ekt 0% 1| < K2 + BIKP (3.28)

Then using (3.28) and that f € P, we obtain

S IR |e e 1| p(—k)
+o0 too

gc{u > M PIBR) 8 Y lkIN”iﬂcﬁ)'}
k=—0c0 —J k=—00 =J

+o0 +00
=CSu > YPle)+8 > [IVPen)] p < o
J=—00 J=—00
since ¢ € S(2).
Using the Weierstrass M-Test we conclude that the H, series converges absolutely
and uniformly. So,

lim Ht = 27 Z f(k-)@(_k) tgﬁ{e—iuk%e—ﬁk% o 1}

t—0+

=0

Thus, we have proved
tgr& <Tt)f,p>=<f,o>.
Theorem 3.3 For each f € P'fixed and the family of operators {T (1)} _, from Theorem
3.2, then the application
¢:[0,400) — F
t — T()f

is continuous in [0, +w). That is,

T(t+h)f 25 T(t)f when h — 0, Vt € [0, +00). (3.29)

(is the continuity at t).
That is, (3.29) tell us that for each t € (0, +) fixed, the following is satisfied

<Tt+h)f,>—<T{)f,tp>, when h—0, Vi € P.

If t=0, we have the continuity of ¢ at 0 on the right, which is item 4) of Theorem 3.2.
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Proof.- Let t > 0, arbitrary fixed, then g := T ()f € P, using item 4) of Theorem 3.2,
we have that T (h)g -£. g when h— 0*. That s,
Th)(T@®)f) -2 T(t)f when h — 0",
——
=[T(h) o T(t)|f
————
=T(h+t)f

where we use item 3) of Theorem 3.2. With this we have proved that

T(t+h) f 25 T(t)f when h — 0%, Vt € (0, +00). (3.30)
Now, we will prove that T (t+ v)f 2. T (f)f when v — 0-. That is, we will demonstrate
<T@t —=h)f,p>—<T{t)f,¢o> whenh— 0", VpeP. (3.31)
In effect, for t>h>0and ¢ € P, we have
Ly = <T(t— h)f, >—<Tt)f, o>

=< Y et e g >}

k=—

_ lim < Z f(k, —ipk>t 7,8kzt( ipk2h /Sk: h _ 1) (’bk’(p =~

n—-4o00

k=—n
— 111;1:1 Z f(k/' 71,wkt 7ﬂk2 ( iukzheﬂkzh o 1) < ¢k7‘;p >
— 11r+n o Z f *”Lkzte*ﬂk?t (ei“kzheﬁkzh — 1) 2(—k)
= or Z Fl)e ke Rt (iR he O — 1) B(—k). (3.32)
k=—00

In the series (3.32), we need to delimit the expression e*2he*2h - 1. So, we have

h
GHRRh BRPR /[e(wk2+ﬁk2)s];d8
0

h
(ipk? + Bk?) f R +0KDs g (3.33)
0

Taking norm to equality (3.33) and using: [ e®?< ds < e®"h for h >0, we obtain

h 2
liphk® + ﬂk2|/ eBks s
0

|eiuk2heﬁk2h 1] <
2
< {ulk + BlRPYTON - R
< {ulkf + Bk} PO" (3.31)
whenever 0 <h < 1.
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Using inequality (3.34) and e®2+" <1 for 0 < h < twith h << 1, we have

+00
S k)l

R 1] [p(—k)|

k=—c0
oo 9
< 3 FRNe D Ll + Bk} B(—k)|
k=—00
+oo =
< 3 FWNG=R) {ulkl? + 51k}
k=—00
< Z |F(R)||B(—F)| |k + 3 Z (—k)||&[?
k=—00 k=—o0
+00 +oc
_C{u SR Ie(=k)+8 Y Ik'N”@(k‘)}
k=—o00 k=—00

+o0 oo
<C {u > IR +8 3 !JN”IsE(J)I} < oo (3.35)
J=—00 J=—0c

since ¢ € S(2).

Using the Weierstrass M-Test e obtain that the series L, , is absolutely and uniformly
convergent.

Then, we can take limit and get:

llm Ln,=2m Z f _“‘kzi 0K Jim {ei“kzheﬁkgh — 1} p(—k) =0,

k=—oc0 h—0+

=0

with this (3.31) is proved.
From (3.30) and (3.31) we conclude that

T(t+h)f L5 T()f when h — 0, Vit € (0,+00). (3.36)
Remark 3.1 The results obtain in Theorems 3.2 and 3.3 are also valid for the family

of operators {S(1)},, defined as
Sit)y: P — P
\
L ipk?t _—Bk*t 7
;o= sof = [ w), |

fort € [0, +w0). Its proof is similar.
3.3 Version of Theorem 3.1 using the family {7 ()},

We improve the statement of theorem 3.1, using a family of weakly continuous
Operators {T (1)},

Theorem 3.4 Let f € P' and the family of operators {T ()}, from Theorem 3.2,
defining u(f) := T ())f € P’, Vt € [0, +c0), then u € C([0, +w), P is the unique solution of (P,).
Furthermore, u continuously depends on f. That is, given f, f € P'with f _F. f implies u, (1)
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. u(t), Vt € [0, +0), where u () := T ()f, YVt € [0, +o0) (that is, u_is a solution of (P,) with
initial data f ).
Proof.- It is analogous to the proof of Theorem 3.1.
Corollary 3.2 Let f € P' be fixed and the family of operators {T (1)}_, from Theorem
3.4, then 3 4T ()f, Vi€ (0, +0) and the mapping
n: (0,400) — P
t — OT)f =ipd;T()f + BET)f
is continuous at (0, +o). That is,
OT(t+h)f L5 0T (t)f when h — 0, Vit e (0,+00). (3.37)
(3.37) tells us that for each t € (0, +) fixed, it holds:
<OT(Ht+h)f,p>— <TH)f, o> whenh—0, VeoeP.
Proof.- Indeed,
<OTH+h)f,p>— <dTW)[f,p >
= ip{< BTt +h)f, o> — < BT(t)f, 0 >}
+{< BTt +h)f, 0> — < PT(t)f, 0 >}
=ip{< Tt +h)f, P >— <T@t f % >}

—0
+H{< T +h) [ > - <T(t)f,¢® >} — 0

—0

when h — 0, due to Theorem 3.3 with ¢ := @@ € P.

Corollary 3.3 Let f € P' be fixed and the family of operators {T (1)}_, from Theorem
3.4, then the solution of (P,): u(f):= T ()f, Vi € [0, +c), satisfies u € C'((0, +o), P).

Proof.- It comes out as a consequence of Corollary 3.2.

Remark 3.2 We can generalize this study to the even case not multiple of four,

obtaining analogous results.

41 CONCLUSIONS
In our study of the Schrédinger equation in the periodic distributional space P', for the
case (P,) we have obtained the following results:
1. We prove the existence, uniqueness of the solution of the problem (P,). Thus we

also prove the continuous dependence of the solution respect to the initial data.

2. We introduce families of operators in P:{T (1)} , and we prove that they are linear
and weakly continuous in P. Furthermore, we proved that they form a semigroup of
weakly continuous operators in P.
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3. With the family of operators {T (1)}, we improve Theorem 3.1.

4. Finally, we must indicate that this study (or technique) can be applied to other
evolution equations in P.
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