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Abstract. In this paper we discuss the existence of solution of infinite systems of fractional differential
equations with the help of Hausdorff measure of noncompactness and Meir—Keeler fixed point theorem in
the tempered sequence spaces. We provide examples to established the applicability of our results.

1. Introduction and Definitions

The fractional differential equations describe many phenomena in the fields of engineering, physics,
biophysics, chemistry, biology, economics, control theory, signal and image processing, aerodynamics,
viscoelasticity, electromagnetic and rheology etc. The fractional differential equations have important tool
for the description of hereditary properties of various materials and processes than the corresponding
integer order differential equations. For different types of applications of fractional differential equations
we refer [2, 3, 12] and references therein.

The theory of infinite systems of ordinary differential equations is a very important branch of the theory
of differential equations in Banach spaces. Infinite systems of ordinary differential equations describes
many real life problems which can found in the theory of neural nets, the theory of branching processes
and mechanics etc (see [9, 11, 19]).

In functional analysis the measure of noncompactness play important role which was introduced by
Kuratowski [13]. The idea of measure of noncompactness has been used by many authors in obtaining the
existence of solutions of infinite systems of integral equations and differential equations (see [8]). Mursaleen
and Mohiuddine [16] proved existence theorems for the infinite systems of differential equations in the
space {. On the other hand, existence theorems for the infinite systems of linear equations in ¢; and ¢, was
discussed by Alotaibi et al. [5]. Mursaleen and Alotaibi [18] proved existence theorems for the infinite
systems of differential equations in some BK-spaces. Mursaleen et al. [15] proved the existence of infinite
systems of fractional differential equations in the spaces co and £,. Srivastava et al. [20] studied the existence
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of solutions of infinite systems of n'" order differential equations in the spaces cy and ¢; via the measure of
noncompactness.

Definition 1.1. [13] Let (X,d) be a metric space and Q a bounded subset of X. Then the Kuratowski measure of
noncompactness (a-measure or set measure of non-compactness) of Q, denoted by a(Q), is the infimum of the set of
all numbers € > 0 such that Q can be covered by a finite number of sets with diameters € > 0, that is,

a(Q) = inf{e > 0: Q CUL,S;,S; € X,diam(S;) < € (i=1,2,..,n) ,n € N

The function a is called Kuratowski measure of noncompactness. It was introduced by Kuratowski [13].

Clearly
a(Q) < diam(Q) for each bounded subset Q of X.

Suppose E is a real Banach space with the norm || . || . Let B(xy, 7) be a closed ball in E centered at xp and with
radius r. If X is a nonempty subset of E then by X and Conv(X) we denote the closure and convex closure
of X. Moreover let Mg denote the family of all nonempty and bounded subsets of E and N its subfamily
consisting of all relatively compact sets.

Definition 1.2. [8] A function p : Mg — [0, 00) is called a measure of noncompactness if it satisfies the following
conditions:

(i) the family ker u = {X € Mg : pu(X) = 0} is nonempty and ker p C NE.
(i) XY = uX) <pu().
(iii) u(X)=pu(X).
(iv) p(ConvX) = u(X).
(W) pAX+A-1)Y)<AuX)+ 1 -A)uY)for A €[0,1].
(vi) if Xy € Mg, Xy = Xy, X1 € Xy forn=1,2,3,...and JI_)II;[J (Xy) = 0 then (21 Xu # .

The family kerp is said to be the kernel of measure 1. A measure y is said to be the sublinear if it satisfies the
following conditions:

(1) p(AX) = Al p(X) for A e R.
Q@ uX+Y)<pu)+u@).

A sublinear measure of noncompactness u satisfying the condition:
(X UY) = max i (X), 1 (V))
and kerpy = NFE is said to be regular.

Definition 1.3. [8] Let (X, d) be a metric space, Q be a bounded subset of X and B(x,r) = {y € X : d(x, y) <r}. Then
the Hausdorff measure of noncompactness x(Q) of Q is defined by

n
x(Q) = inf{e >0:QcC UB(x,-,ri),xi eXri<e (=12,...,n,ne ]N}.
i=1

The definition of the Hausdorff measure of noncompactness of the set Q it is not supposed that centers of
the balls that cover Q belong to Q. Hence it can equivalently be stated as follows:

Xx(Q) =inf{e > 0: Q has a finite € — net in X} .

Consider the following sequence spaces, which are Banach spaces with their respective norms

co = {x cw:limx =0, || x|l,= sup |xk|}
k—oo k
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the space of all null sequences and

c={xea):limxk=l, leC,llxIlC:suplxkl}

k—o0 k

the space of all convergent sequences.
In [8], the Hausdorff measure of noncompactness y in the Banach space (cy, || . |l¢,) is defined by

X (B) = lim [sup (max | g |)] , where B € M,,. (1)

—00
n ueB 2n

In [17], the most convenient measure of noncompactness u for the Banach space (c, || . ||c) is defined by

sup {sup | 2y — 7’111_1’)1’010 Uy, |H , ()

u(B) = lim
P ueB | k2p

where B € M.. The measure p is regular.

Recently Banas and Krajewska [7] have introduced tempering sequence and space of tempered sequences.

Let us fix a positive non increasing real sequence f = (B,),.,, such a sequence is called the tempering

sequence.

Let the set X consisting of all real (or complex) sequences x = (x,);, such that f,x, — 0 asn — oco. It is

obvious that X forms a linear space over the field of real (or complex ) numbers. We denote the space by cg.
It is easy to see that c/é is a Banach space with the norm

Il x ||C;;= sup {,Bn |xn|} .
0 neN

Similarly, let the set X consisting of all real (or complex) sequences x = (x,):7, such that (8,x,) converges
to a finite limit. It is obvious that X forms a linear space over the field of real (or complex) numbers. We
denote the space by c?. It is easy to see that c? is a Banach space with the norm

Il x les= sup {Bn [xul} -
nelN

Also there is a isometry between the spaces cg and ¢y and between the spaces cf and c.

In [7], the Hausdorff measure of noncompactness x(B) for B € M s is defined by

X(B) = r}l_rgo {sup [sup (Bk |xk|)]} .

xeB L k>n

Similarly the analogue of the measure of noncompactness p on ¢? defined by formula (2) has the form

, where B € M.

pes (B) = ,}52, [sup {sup | Bric = lim (Bn) I}

x€B | k>p

Let us consider the function spaces C(I, cg) and C(I, c?) where I = [0, T], T > 0 the spaces of all continuous
functions on I with values in cg and the spaces of all continuous functions on I with values in cf respectively.
Then C(I, cg) and C(I, c?) are Banach spaces with respect to the norm

el )= max{ll u(t) lg: t € 1}, uecq,d)
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and
” u ”C(I,cﬁ)= max{II M(t) ”cﬁ: te I}/ ue C(I,Cﬁ)

respectively.
For any non-empty, closed, bounded and convex subset X of C(I, cg) or C(I,cP)and t €1, let

X(t) ={x(t) : x € X},

Xeg,dyX) = sup (x(X() : t €1}
and

teaen)(X) = sup {pes(X(1) - t € I}

It was proved in [6] that for a bounded closed and convex X C C(I, E) where E is a Banach space the
measure of noncompactness is given by

pce)(X) = sup pe {X(H)}.

tel

Thus Xeady and pcq, will satisfy all the axioms of measure of noncompactness on C(1, cg) and C(I, cP)
respectively.

Definition 1.4. [4] Let Eq and E; be two Banach spaces and let uy and u, be arbitrary measure of noncompactness
on Eq and E,, respectively. An operator f from Eq to E; is called a (1, p2)-condensing operator if it is continuous
and u, (f(D)) < u1(D) for every set D C Eq with compact closure.

Remark 1.5. IfE; = E; and pq = po = y, then f is called a p-condensing operator.

Theorem 1.6. [10] Let Q3 be a nonempty, closed, bounded and convex subset of a Banach space E and let f : QO — Q
be a continuous mapping such that there exists a constant k € [0, 1) with the property p» (f(Q)) < ku1(Q). Then f
has a fixed point in ).

Definition 1.7. [14] Let (X, d) be a metric space. Then a mapping T on X is said to be a Meir—Keeler contraction if
for any € > 0, there exists 0 > 0 such that

e<dx,y)<e+d6 = d(Tx,Ty)<e Vx,ye X

Theorem 1.8. [14] Let (X, d) be a complete metric space. If T : X — X is a Meir-Keeler contraction, then T has a
unique fixed point.

Definition 1.9. [1] Let C be a nonempty subset of a Banach space E and let u be an arbitrary measure of noncom-
pactness on E. We say that an operator T : C — C is a Meir—Keeler condensing operator if for any € > 0, there exists
0 > 0 such that

efuX)<e+6 = u(TX)) <e
for any bounded subset X of C.
Theorem 1.10. [1] Let C be a nonempty, bounded, closed and convex subset of a Banach space E and let p be an

arbitrary measure of noncompactness on E. If T : C — C is a continuous and Meir—Keeler condensing operator, then
T has at least one fixed point and the set of all fixed points of T in C is compact.
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2. Main Results

For a function f : (0,0) — R, the fractional integral of order « is defined as follows

1 t
10 = s fo (- 9 f(5)ds,

where a > 0, provided the integral exists. Similarly the fractional derivative of order a for a function f is
defined by

w1 a\" [ 1
D0 i) e o

wheren =[a]+1=N+1.
We mention the following properties of the operator I and D for «, § > 0

[P f(t) = I'IPf(t), D°I*f(t) = f(t).

For a > 0, the general solution of the fractional differential equation D*y(t) = 0 with y(t) € C(0, T)N L}OC(O, o)
is given by

y(t) = Clta_l + Czta_z + ...+ CNfa_N,

whereC; R, i=1,2,...,N.

We discuss the infinite systems of fractional differential equations by transforming the system into an
infinite systems of integral equations with the help of Green’s function.

Consider the infinite systems of fractional differential equations

D%;i(t) + hi (t,y(t)) =0, 0 <t < T, h; € C[0, T] 3)
with ;(0) = y;(T) = 0, where y(t) = (yi(t))o; e R and i =1,2,3,....
If y;(t) € C[0,T] and 1 < & < 2, the unique solution of (3) is given by

T
yit) = f G(t, s)hi(s, y(s))ds, 4)
0
wherei=1,2,3,...and t € ] and the Green’s function associated to (3) is given by

Te1T(ax)

=t (T - st 0<t<s<T.

_ 1  |ta-1 el qas1g el
G(t,s):{ [t (T - 5) To-1(t —s) ] 0<s<t<T, 5

In this article we establish the existence of solution of the infinite systems (3) for the sequence spaces C(I, cﬁ)
and C(I, cP).

3. Solvability of infinite systems of fractional differential equations in C(I, cﬁ )

Suppose that

(i) The functions h; are defined on the set I x R*, where I = [0, T] and take real values. The operator
defined on the space I X cg into cg as

(t, y(t)) = (hy) (t) = (hi(t, y())) ey

B

is the class of all functions ((hy) (t)),¢; which is equicontinuous at every point of the space c;.
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(ii) For every y(t) € cﬁ tel, i e N we have

|h ¢t y@) )|<a )+ bi(t) |y,

where for all i € IN and both a;(t), b;(t) are real continuous functions defined on I such that the sequence
(Biai(t)) converges uniformly to zero on I and the sequence (b;(f)) is equibounded on I.

Let us assume

bt = sup (b0
B = sup {b(t)}

tel

A= sup {Bai(t)}

ieN,tel

2BT®

@ < 1.

and

Theorem 3.1. Under the hypothesis (i)-(ii), infinite systems (3) has at least one solution y(t) = (yi(t)) € C{, cg) for
alltel.

Proof. We have sup {; | yi(t) I} < L for all y(t) = (vi(t))2, € C(I, cg) and t € I, where L is a finite positive real
ieN

number.

By using (4) and (ii), for arbitrary fixed ¢ € I, we have

|

< sup [ﬁij(; IG(t,S)||hi(S/]/(S))|dS]

i>1

I8 Il = sup | ‘ f (t,9)hils, y(s))ds

i>1

2701 T
< F( - sup [,Bif {ai(5)+bi(5)|yi(5)|}d5]

i>1
S F( ) S:jf[f (A+BL)ds]
_ 2(A+BL)T*

=~ T @ = d(say)

ie. || y(t) ||C€s d.
Thus

max || y(t) lg<d = 11y llgg < d.

Let °(t) = (y?(t));’:1 , where y%(f) =0V tel,ieN.

Consider B = B (yo(t), d) the closed ball centered at y°(t) and radius d, thus B is a non-empty, bounded,
closed and convex subset of C(I, cg).

For arbitrary fixed t € I, define the operator S = (S;);; on from C(I, cg) to C(I, cﬁ) defined as follows

(o)

T
(Sy) () ={Siy) I, = { fo G(t,s)hi(s, ?/(S))ds} ,

i=1
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where y(t) = (vi(t))~; € C(, cg) and y;(t) € C(I, R).
As (hi (t, y(1)) € cg for each t € I, we have

T
tim [ (S;y) ()] = lim [ﬁ,- fo G(t, 9)hi(s, y(s»ds]

T
= fo G(t,s) im [Bihi(s, y(s))] =

Hence (Sy) () € C(I, ch).
Also (S;y) (t) satisfies boundary conditions i.e.

T T
(S:y) (0) = fo GO, Vhils, y($))ds = fo 0.£(5, y(s)ds =0,

T

T
)= [ 6Tt yds = [ 0,565, yds =0,

For fixed t € I and y(t) € B we have || (Sy) (t) — v°(t) |l ;;< d gives maxes || (Sy) (t) — y°(t) IICgS d = ||
(Sy) () = y°() IIC(LCQ)S d thus S is self mapping on B.
By assumption (i) we can assume z(t) = (z;(t)):2, € B and there exists € > 0 for each 6 > 0 such that
I (y)(®) = (2)() 1] < T for each y(t), z(t) € B, whenever || y(t) — z(t) lI< 6, where t € I.
For arbitrary fixed t € I

I (St = (S0 1|, = sup {Bi|Sm®) - (S0}

T
< sup {,Bif IG(t,s)||hi(s,y(s))—hi(s,z(s))(ds}
i>1 0
271 T
=T e { fo Bi |hi(s,y(s))—hi(s,z(s))(ds}
27! el(a)
I'(a) 2T °

Thus S is continuous on B c C(I, cﬁ). Since t is arbitrarily fixed therefore S is continuous on B for all t € I.

We have

T
sup sup {j; (,Bkak(s) + Brbi(s) |yk(5)|)}]

(HeB kxi

T
f G(t, )hi(s, y(s))ds
0

X (SB) = lim [sup sup {ﬁk

129 y(heB k=i

<T@ im

2BT*
<
RAC))

ie. x(SB) < 2L )((B)

= T(w)
Thus sup;; x (SB) < 21%) sup, X(B) = Xead) (SB) < 3% )XC(IC/‘)(B)'

2BT® el(a)
Hence Xcac*’) (SB) < T(» XC(IJ‘)(B) <€ = XC(IC’*)(B) < 2BTa-

Taking 6 = 557 (['(a) — 2BT*) we gete < Xea.d) 5, (B) < €+0. Therefore S is a Meir-Keeler condensing operator

Ta-1 [

X(B)

defined on the set B ¢ C(I, cg). Since t is arbitrarily fixed, thus for all t € I, S satisfies all the conditions of
Theorem 3 which implies S has a fixed point in B. Thus the systems (3) has a solution in C(I, cg). O
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4. Examples

Let us consider the following systems of differential equations

3 e vilh)
Dy =%~ ), G ©)
j=i

with y(0) = yi(1) = 0, where hy (1, y() = S + L%, 42, Vie N, te (0,1).
HereT =1, a= %.Letﬁi: ilzforallie]N.
If y(t) € C(, cg) then for any ¢ € [0, 1] we have

, e ™ 1 v
AP () = }:%1[7 TR L 4_]'2] i
J=t

Thus if y(t) = (yi(t) € CUI, &) ie. (i (8, y(1))) € .
Lett €[0,1] and z(t) € C(], cg) be arbitrary, where z(t) = (z(t));2; . For € > 0, we have

I (y)() ~ (2)(D) Iy = sup {Bi [ict, y(t)) = htt, z(t))
i yit)  zi(t)
=472 47

1
I

1
i>1

Ssu%o 2|y,(f) Zz(t)|Z

]:

< Ty -0l

24¢
T2

whenever || y(t) — z(t) [| s< 6 = which implies the equicontinuity of ((hy)(t)),.; on c where [ = [0, 1].
0

Moreover for alli € N and ¢ € I, we have

—it?

—if? =1 i
|hitt, y()| < 61—2 + [y ; 17 = 61_2 ’ 5_4 2

where a;(t) = -, bi(t) = zi are real continuous functions on I and B = ;‘—i. We observe that (ﬁia'(t)) = (‘#)

ZBT“ =2. 2 ~ 286

24 \f Toes < 1-

converges uniformly to zero on I and the sequence {b;(t)} is equibounded onI. Also <7~

Thus by Theorem 3.1 the systems (6) has unique solution in C(I, cg).

5. Solvability of infinite systems of fractional differential equations in C(I, cf)

Suppose that

(i) The functions h; are defined on the set I x R*, where I = [0, T] and take real values. The operator
defined on the space I X ¢f into ¢f as

(t, y(t)) = (hy) (t) = (hi(t, y(D))) ey

is the class of all functions ((hy) (t)),.; which is equicontinuous at every point of the space cf.
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(ii) Forevery y(t) €, t €1, i € N we have

hi (t,y(t)) = ai(t) + bi(Dyi(b),

where for all i € N and both 4;(t), bi() are nonnegative continuous functions defined on I, the sequence
(Bidi(t)) converges uniformly to zero on I and the sequence (@i(t)) is convergent on I.

Let us consider

b(#) = sup {bi(1)},
ieN
B= sup (b},

~

A= sup {pa(t)

ieN,tel

2BT*
T < 1.

and

Theorem 5.1. Under the hypothesis (i)-(ii), infinite systems (3) has at least one solution y(t) = (yi(t))72, € C(I, )

forallt el

Proof. We have sup {; | yi(t) |} < Li for all y(t) = ()2, € C(, c?)and t € I, where L is a finite positive real
ieN

number.

By using (4) and (ii), we have for arbitrary fixed ¢ € I,

|

T
< sup [ﬁzf |G(f,5)||hi(51y(5))|d5]
i>1 0

T
Il y(®) llcs = sup [ﬁi U(; G(t, s)his, y(s))ds

i>1

a—1

T ~

= I'(a) 51121}3 [‘Bifo {a,-(s) +bi(s) | yi(s) I}ds]
ZTa—l T R .

< T(@) SEF [[) (A +BL1)ds]

_ 2(A+BLy)T*

RO

Le. ” ?/(t) ”cﬁs dl.

= di(say)

Thus

H)}EaIX ly®) lle<di = 1y llcge < da-

Let y°(t) = (y?(t))l: , where y(t) =0V tel,icN.
Consider B; = B; (yo(t), dl) , the closed ball centered at yo(t) and radius d;, thus By is a non-empty, bounded,
closed and convex subset of C(I, cf).
For arbitrarily fixed ¢ € I, define the operator S = (S,);2; from C(I, cf) to C(I, ) as follows

(o)

T
(Sy) () ={Siy) O, = { fo G(t,s)hi(s, ?/(S))ds} ,

i=1
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where y(t) = (vi(t))i; € C(I,cf) and y;(t) € C(I, R).
Now let j € N and

T T
BSy)®) = Bi(Sm)(®)] = |l‘3i f G(t, $)hi(s, y(s))ds — B, f G(t,s)hj(s, y(s))ds
0 0

<

T T
Bi fo G(t, ) (ai(s) + bi(s)yi(s)) ds — B; fo G(t, ) (a(5) + bj(s)y;(s)) ds

T
G,
sf0|<ts>|

T
Bidi(s) — B;aj(s)| ds + fo IG(t, 9)| |Bibi(s)yi(s) — Bibj(s)y;(s)| ds.

Also

|Bibi(s)yi(s) — Bibi(s)y;(s)| < Bi [yils)| [Bi(s) — Bi(s)| + |B;(s)| |Bi()yi(s) — Bi(s)y(s)] -

As i,j — oo we get |bi(s) = bj(s)| = 0, |Bi(s)yi(s) — B;(s)y;(s)] — 0 and
(Bidi(1)), (Mt)) are convergent on I and y(t) € C(I,cf) for all t € I.
Thus as i, ] — co we get

ﬁiﬁi(s)_ﬁjdj(s)) — 0 because

|Bi(Sim)(®) = Bi(Siy)(t)| — .

Hence (Sy)(t) € C(I, ¢F).

For fixed t € I and y(t) € By we have || (Sy) (t) — y°(t) ll4< d1 gives maxer || (Sy) () — Y1) lu< div = ||
(Sy) (1) = ¥°(t) llcgem < dq thus S is self mapping on B;. Also (S;y) (t) satisfies boundary conditions i.e.

T T
(Siy) (0) = j(; G(0, s)hi(s, y(s))ds = I) 0.fi(s, y(s))ds = 0,

T

T
(S) (T) = fo GUT, s, y(s))ds = fo 0.fis, y(s))ds = 0.

By assumption (i) we can assume Z(t) = (Z;(t));2; € B1 and there exists € > 0 for each 6 > 0 such that

I (hy)(t) = (h2)(¢) | < e;}‘ff) for each y(t), z(t) € B1, whenever || y(t) — z(t) [|s< 6, where t € L.
For arbitrarily fixed t € I,

| SO = (6 lls = sup {Bi| s - s2)0))

T
Ssup{‘Bi fo |G(t,s)||h,-(s,y(s))—h,-(s,Z(s))(ds}

i>1

a—1

T
< T sup {fo Bi |hi(5/ y(s)) —hi(s,z(s))(ds}

i>1
271 el(a)
I[(a) * 2T* °

T<e

Thus S is continuous on By C C(I, c?). Since t is arbitrarily fixed therefore S is continuous on B; forall t € I.
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We have for arbitrarily fixed t € I,

es (SB1)

T T
e fo Gt e(s, y(s))ds — lim. (ﬁm fo G(t,s>hm<s,y<s>>ds)

)

< lim sup sup {f |G(t, s)] |ﬁkbk(s)yk(s) - hm ﬁm m(s)ym(s)|ds}]

1= [ y(heBy k=i

|

= lim | sup sup{

2% | y(HeB; ki

r T
= lim | sup sup{‘fo G(t,s) (ﬁkfak(s)yk(s) - ,4111_1:& ,Bm@m(s)ym(s)) ds

120 | y(1)eB, kxi

< lim

2T~ 1
<—=—=<
F(O() i—00

sup sup { j; |ﬁkl9k(5)yk(5) — lim ﬁmﬁm(S)ym(S)|dS}]

y(t)eBy k>i

IN

o T
ZFT(Q; lim [ sup sup { fo (1B [B©s66) = Jim pnn(@)] + | 1im Bnyin(s) (Bets) - Em<s>)|)ds}}

Y()EBy ki
2TeB
T(a)

IN

(B1)

ie. pe (SB1) < 2Boz) He(B1) = sup,g pies (SB1) < 2l“Bg) Sup;¢; Mot (B1).-

Hence yicg, » (SB1) < B ucueny(Br) <€ = pcqon(Br) < s
Taking 6 = —
defined on the set By € C(I, P ). Since ¢ is arbitrarily fixed , thus for all t € I, S satisfies all the conditions of
Theorem 3 which implies S has a fixed point in B;. Thus the systems (3) has a solution in C(I,cf). [

(F(a) 2B T"‘) we gete < g (B1) < €+06. Therefore S is a Meir-Keeler condensing operator

6. Examples

Let us consider the following systems of differential equations

Dyt = - [1 +Y ﬁ]yz’m )
=i

with yi(0) = yi(}) = 0, where I (t, y(t)) = £ + (1+ L2 l%)y,(t) VieN, te(01).
Letg; = 12 for alli e IN.

Here T = 4, a = g

Also a;(t) = 12, bi(t) = 1"'2, i3]
(Biai(t)) = ( ) converges uniformly to zero on I and the sequence {b;(t)} is convergent on I.
Also J5 =2.(1+51) .55 ~ 38 < L.

If y(t) € C(I, P) then for any ¢ € [0, 1] we have

lim ik (¢, y(#)) = lim [ yl(t)[ i%]]

j=i

L are real continuous functions on I = [O andB=1+ g. We observe that

is unique and finite science y(t) € C(I, cf) i.e. (h; (t, y(t))) € .
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Let t € I and z(t) € C(I, cf) be arbitrary, where z(t) = (zi());2; . For € > 0, we have

I )(0) = (r2)() Il = sup (B e, o) = it 200}

IA

1 > 1
51121%) l.—z(yi(f)—zz'(t)| ;4—

< (1 + —) Il y(8) = z(t) llo< €

whenever || y(t) — z(t) | s< 6 = 1+€n2 , which implies the equicontinuity of ((hy)(t)),.; on cf.
0 2
Thus by Theorem 5.1, the systems (7) has unique solution in C(I, c?).
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