FUL cleld B A A o dalal) Alialisl) i alaall
ailad) &gy Aagie
iyl
i Gl daaan O Oldagy Gie.d
Ualdiual)
(58 A Jola Aygang e Al 038 & aps
x = f(t, x), x(0)=0 (1)

FUbgld B E o fiftg,to + L] XE 5 E &ua

(1) om dle o) DA o 88 A Jola Lygang paal (g5 pall Japlll L 2l
Jslis o G 28 (1) 3 Jslad) Apgansl Dlme Usiiind 25 (ha5 chacluse (Lp2e) Aslasy
sacliue Aleag R a8 (1) on @Dle 4 of <y R § 1) 3 Al o3 Uljsale
b lgarants ALl oda delua sale) o ALl o3 liclgnd iy Alalin e

bl Q) 3 AS)LEal) o3 (i i Cigass L lad) diie p g giie L E )

S Alls Jgla Lysangy asmy Al Al o Gl G Gl 8 (et
cleldll 8 WS R adal ghall 8 Al sda 4 mlll o @Y el Judull
Al neall Jpaill oda Gje Laladl) Aggiie il dpgiiall (cojlis — FUL) s2jall

byl o3a & Lualie d3)ay Aadi 2ehs 4303



On First-Order Ordinary Differential Equations in
Banach Spaces

By Madeaha Mabrouk Al-Ghanmi

Supervised by
Dr. Ezzat R. Hassan Dr. Mohammed Sh. Alhuthali

Abstract

This thesis is mainly concerned with the question of the uniqueness of solutions of

the Cauchy Problem
x = f(t,x), x(0) =0 (1)

where f: [tg,to + L] X E > E , E is a Banach space. A necessary condition for
non-uniqueness of solutions for the Cauchy problem, with the aid of an auxiliary scalar
equation, is first established. As a consequence new uniqueness criteria are deduced. This
result was previously known to hold only in the scalar [64]. More precisely,
Majorana [64] found out a very close relation between the number of the roots of a
certain auxiliary scalar equation and those of the Cauchy Problem (1), where,
filto, to + L] X R > R. Our main approach is to retain this relation in a suitable
generalized sense to provide an abstract version of Majorana's result in a finite
dimension real (or complex) Banach space. We then generalize this result to
infinitely dimensional real Banach spaces. These form our proper participation which
are deferred until Chapter 4. The first part of the thesis introduces selected
knowledge of basic facts of scalar Cauchy problems, calculus of abstract function,
Cauchy problem in abstract spaces and theory of finite as well as infinite dimensional
systems of differential equations is required. The presentation of these preliminaries
chapters is self-contained and intends to convey a suitable starting point in this

thesis.



