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Abstract

In this paper we consider Fibonacci functions on the real numbers R, i.e,, functions
f:R— Rsuchthatforallx € R, f(x+2) =f(x+ 1) + f(x). We develop the notion of
Fibonacci functions using the concept of f-even and f-odd functions. Moreover, we

show that if f is a Fibonacci function then lim,_, oo f(?&)” = “Tﬁ
MSC: 11B39;39A10
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1 Introduction
Fibonacci numbers have been studied in many different forms for centuries and the lit-
erature on the subject is, consequently, incredibly vast. One of the amazing qualities of
these numbers is the variety of mathematical models where they play some sort of role
and where their properties are of importance in elucidating the ability of the model un-
der discussion to explain whatever implications are inherent in it. The fact that the ratio
of successive Fibonacci numbers approaches the Golden ratio (section) rather quickly as
they go to infinity probably has a good deal to do with the observation made in the pre-
vious sentence. Surveys and connections of the type just mentioned are provided in [1]
and [2] for a very minimal set of examples of such texts, while in [6] an application (obser-
vation) concerns itself with a theory of a particular class of means which has apparently
not been studied in the fashion done there by two of the authors of the present paper.
Recently, Hyers-Ulam stability of Fibonacci functional equation was studied in [5]. Sur-
prisingly novel perspectives are still available and will presumably continue to be so for
the future as long as mathematical investigations continue to be made. In the following,
the authors of the present paper are making another small offering at the same spot many
previous contributors have visited in both recent and more distance pasts. The present
authors [3, 4] studied a Fibonacci norm of positive integers and Fibonacci sequences in
groupoids in arbitrary groupoids.

In this paper we consider Fibonacci functions on the real numbers R, i.e., functions f :
R — Rsuch thatforallx € R, f(x +2) = f(x + 1) + f(x). We develop the notion of Fibonacci

functions using the concept of f-even and f-odd functions. Moreover, we show that if f is

f+l) _ 1+/5
f = 2

a Fibonacci function then lim,_,
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2 Fibonacci functions
A function f defined on the real numbers is said to be a Fibonacci function if it satisfies the

formula
Slx+2)=f(x+1) +f(x) (2.1)
for any x € R, where R (as usual) is the set of real numbers.

Example 2.1 Let f(x) := a* be a Fibonacci function on R where a > 0. Then a*a? = f(x +
2)=f(x+1)+f(x) =a“(a+1).Sincea>0,wehavea’? =a+1and a = # Hence f(x) =

(#)" is a Fibonacci function, and the unique Fibonacci function of this type on R.

If we let up = 0, 1y = 1, then we consider the full Fibonacci sequence: ...,5,-3,2,-1,1,0,
1,1,2,3,5,..., ie., u_, = (=1)"*y, for n > 0, and u, = F,, the nth Fibonacci number.

Example 2.2 Let {u,};°_ and {v,}32__, be full Fibonacci sequences. We define a func-
tion f(x) by f(x) := u|x) + v\ t, where £ =x — |x] € (0,1). Then f(x + 2) = tys2) + V|xs2)t =
U(xj+2) + V(xj+2)t = W(x)+1) + Ulx)) + (V(ege1) + Vixg)E = f(x + 1) + f(x) for any x € R. This
proves that f is a Fibonacci function.

Note that if a Fibonacci function is differentiable on R, then its derivative is also a Fi-
bonacci function.

Proposition 2.3 Let f be a Fibonacci function. If we define g(x) := f(x + t) where t € R for
any x € R, then g is also a Fibonacci function.

Proof Givenx € R,wehave g(x +2)=f(x+2+¢)=f(x+t+1) + f(x + £) = g(x + 1) + g(x),
proving the proposition. O

For example, since f(x) = (“T‘@)x is a Fibonacci function, g(x) = (#)"” = (%@)tf(x) is

also a Fibonacci function where ¢ € R.

Example 2.4 In Example 2.2, we discussed the function f(x) := u .| + v|xt, where £ =
x — |x] € (0,1). If we let v := u(xj-1), then f(x) is a Fibonacci function. We compute
f(=6.1) and f(-5.9) as follows: f(-6.1) = f(-7 + 0.9) = u_7 + u_g(0.9) = -5.9 and f(-5.9) =
f(-=6+0.1)=u_g+u7(0.1)=-6.7.

Theorem 2.5 Let f(x) be a Fibonacci function and let {F,} be a sequence of Fibonacci num-
bers with Fy =0, Fy = F, = 1. Then f(x + n) = F,f (x + 1) + F,_1f (x) for any x e R and n > 2
an integer.

Proof If n=2,then f(x +2) =f(x + 1) + f(x) = Fof (x + 1) + Fif (x). If n = 3, then we have

fx+3)=f(x+2)+f(x+1)
=Ff(x+1)+ Fif(x) + Fif (x + 1) + Fof (x)
= (b +F)f(x+1) + (F + Fo)f (x)

=Ff(x+1) + Ff (x).
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If we assume that it holds for the cases of # and # + 1, then

Flo+m+2)=flc+n+1)+f(x+n)
= Fpf (x +1) + Fyf (%) + Fyf (x + 1) + e f (%)
= (Fp1 + Fp)f (x + 1) + (Fy + Fy1)f ()
= Fpiof (0 +1) + Fraf (%),

proving the theorem. 0

Corollary 2.6 If{F,} is the sequence of Fibonacci numbers with F, = F, =1, then

(“‘/g)n: Pn(1+2‘/§>+Pn_1. (2.2)

2

Proof Aswe have seen in Example 2.1, f(x) = (#)" is a Fibonacci function. Let a := 1*5@ .

By applying Theorem 2.5, we have a**" = f(x + n) = F,f (x + 1) + F,_1f (x) = F,a**! + F,_1a%,
proving that a” = F,a + F,;. O

Theorem 2.7 Let {u,} be the full Fibonacci sequence. Then

Ulxen] = Fnlb(x)41) + Fuo1lh|x) (2.3)
and

U(lxen)-1) = Fnlhx) + Fuo1th(|x)-1)- (2.4)

Proof The map f(x) := u x| + u(xj-1)t discussed in Example 2.4 is a Fibonacci function. If
we apply Theorem 2.5, then we obtain

Uixen) + U(lxn)-1)t = f(x + 1)
=F,f(x+1)+F,1f(x)
= Byl + t(aery-nt] + Fuca (U] + v -1)t]
= Fulu(a) 1) + v ] + Froa [U) + v(a) 1)t

= [Futi(ix)41) + Fuc1ttix)] + [Fntdyx) + Fuortgqxj-1)lt,
proving the theorem. O
Corollary 2.8 Ifn > 2, then
Flain) = FuF(x)41) + Fuc1Fl) (2.5)
and
Fwin)-1) = FnFlx) + Fpo1F(x)-1).- (2.6)

Corollary 2.9 F,,, = F,F3 + F,,1F>.
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Proof Letx:=2in (2.5) or x:= 3 in (2.6). O

3 f-even and f-odd functions
In this section, we develop the notion of Fibonacci functions using the concept of f-even
and f-odd functions.

Definition 3.1 Let a(x) be a real-valued function of a real variable such that if a(x)/4(x) = 0
and /(x) is continuous then /4(x) = 0. The map a(x) is said to be an f-even function (resp.,

f-odd function) if a(x + 1) = a(x) (resp., a(x + 1) = —a(x)) for any x € R.

Example 3.2 If a(x) = x — |x], then a(x)h(x) = 0 implies /(x) = 0 if x ¢ Z. By continuity
of h(x), it follows that k(n) = lim,_, , h(x) = 0 for any integer 7, and hence /(x) = 0. Since
alx+1)=(x+1)—[x+1] =(x+1) - (lx] +1) =x - [x] = a(x), we see that a(x) is an f-even

function.

Example 3.3 If a(x) = sin(wx), then a(x)h(x) = 0 implies /(x) = 0 if x # n for any inte-
ger n. By continuity of 4(x) it follows that /(n) = limy_, ., #(x) = O for any integer #n, and
hence h(x) = 0. Since a(x + 1) = sin(rx + 7) = sin(wx) cos(w) = —sin(rx) = —a(x), we see
that a(x) is an f-odd function.

Theorem 3.4 Let f(x) = a(x)g(x) be a function, where a(x) is an f-even function and g(x)
is a continuous function. Then f(x) is a Fibonacci function if and only if g(x) is a Fibonacci

function.

Proof Suppose that f(x) is a Fibonacci function. Then a(x)g(x + 2) = a(x + 2)g(x + 2) =
flx+2)=fx+1)+f(x) = alx)[glx+1) + g(x)]. Hence a(x)[g(x + 2) —g(x + 1) — g(x)] = 0 and
glx+2)—glx+1)—gx) =0, ie,gx+2)=glx+1)+g(x) and g(x) is a Fibonacci function.
On the other hand, if g(x) is any Fibonacci function, then a(x + 2) = a(x + 1) + a(x) implies

that f(x) = a(x)g(x) is also a Fibonacci function. O

Example 3.5 It follows from Example 2.1 that g(x) = (%)" is a Fibonacci function. Since
LBy
2

a(x) = x — |x] is an f-even function, by Theorem 3.4, f(x) = a(x)g(x) = (x — [x])( isa

Fibonacci function.

Example 3.6 If we define a(x) =1 if x is rational and a(x) = -1 if x is irrational, then
a(x + 1) = a(x) for any x € R. Also, if a(x)h(x) = 0, then /h(x) = 0 whether or not k(x) is
continuous. Thus a(x) is an f-even function. In Example 3.5, we have seen that f(x) =
(e — L] )(“T‘@)" is a Fibonacci function. By applying Theorem 3.4, the map defined by

_ LBy
a(@)f (x) = (o = Lx))( 12\/)5 lferj
—(x— [x]))(75=)* otherwise,

is also a Fibonacci function.

Now, we discuss f-odd functions with Fibonacci functions. Let a(x) be an f-odd func-

tion and g(x) be a continuous function. Let f(x) be a Fibonacci function such that f(x) =


http://www.advancesindifferenceequations.com/content/2012/1/126

Han et al. Advances in Difference Equations 2012, 2012:126 Page 5 of 7
http://www.advancesindifferenceequations.com/content/2012/1/126

a(x)g(x). Then a(x)[g(x + 2) + g(x + 1) — g(x)] = 0. In this situation, the characteristic equa-
u:«/—

tion r2 + r — 1 = 0 yields solutions of the type , and thus for r > 0, the solution type is
glx) = (‘/; 1y*, whereas (== 2“/_) is not a real number except for special values of .

A function f defined on R satisfying f(x + 2) = —=f(x + 1) + f(x) for all x € R is said to be
an odd Fibonacci function. Similarly, a sequence {a,}°, with a,.5 = —a,.1 + 4, is said to

be an odd Fibonacci sequence.
Example 3.7 A sequence {1,1,0,1,-1,2,-3,5,...} is an odd Fibonacci sequence.

Corollary 3.8 Let f(x) = a(x)g(x) be a function, where a(x) is an f-odd function and g(x)
is a continuous function. Then f(x) is a Fibonacci function if and only if g(x) is an odd
Fibonacci function.

Proof Similar to the proof of Theorem 3.4. g

Example 3.9 The function g(x) = (@)x is an odd Fibonacci function. Since a(x) =
sin(wx) is an f-odd function, by Corollary 3.8, we can see that the function f(x) =

sin(nx)(@)x is a Fibonacci function.

4 Quotients of Fibonacci functions
In this section, we discuss the limit of the quotient of a Fibonacci function.

Theorem 4.1 Iff(x) is a Fibonacci function, then the limit of quotient Lot Yics ) ) exists.
Proof If we consider a quotient K f’:;l of a Fibonacci function f(x), we have 4 cases:

(D) f(x) >0, f(x+1) > 0; (ii) f(x) <0, flx+1) > 0; (iil) f(x) >0, f(x +1) <0; (iv) f(x) <O,
f(x +1) <0. Consider (iii). If we let a := f(x) >0, B:=f(x +1) <0, then f(x +2) = — B,
fx+3)=a-28,f(x+4) =20 — 38 = Fsa — F4 8 and f(x + 5) = F4o« — F5B. In this fashion,
we obtain f(x + n) = F,o — F,,1 8 for any natural number # € N. Given &’ € R, there exist

x € Rand n € Z such that " = x + n. Hence

f&+1)  flx+n+]1)
f&) fx+n)

_ Foaa—-F,fB
F o — Fn—lﬁ
Fn+1 o — 18
=
" Fu1
da —
— ﬁﬂ =,
-5
where lim,,_, o % =d= 1*‘/5 . Thus limxﬁoofj(f;)l ) — ®. Case (ii) is similar to the case (iii).
Consider the case (i): f(x) > 0 ,f(x+1) > 0. We may change f’al b f(Bgf;;)l) , since any real
number x (> 0) can be written x = § + 2# for some § € R and # € N. Consider a sequence
{f 5+2n+1)}
(8+2n)

f(8+2n+1)_f(8+2n)+f(8+2n—1)_1 f+2n-1) )
fG+2m) 75 +2n) S S 7
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since % < 1. We claim that {£&:2) 5:;2;”)1 °, is monotonically increasing. Since jf% -
f(8+2n+1) _ f(5+2n+3)f (8+2n)—f (8+2n+2)f (§+2n+1)

i) , we show that the numerator part of the quotient

is positive.

f(8+2n+2)f (6+2n)

F8+2n+3)f (5 +2n) —f(8+2n+2)f (5 +2n+1)
=[f6+2n+2) +f(S +2n+1D)]f(8+2n) —f(8 + 2n +2)f (8 + 21 +1)
=f(8+2n+2)[f(8 +2n) —f(8+2n+1)] + (8 + 2n+1)f (8 + 2n)
>f(8+2n)[f(8 +2n) —f(8 +2n+1)] +£(8 +2n+ 1)f (8 + 2n)

= [f(8 + 2;/1)]2

>0,

which shows that the sequence is monotonically increasing. By the Monotone Conver-

gence Theorem, there exists limxﬁoofj(f(;f;;)l ) = lim,_, oo &8 f’”l The case (iv) is similar to

the case (i). This proves the theorem. O
Corollary 4.2 Iff(x) is a Fibonacci function, then

. f(x+1)_1+\/§
Am fo 2

Proof If welet o :=f(x)>0, B:=f(x+1) >0, then

f(x"'”"'l) _ Fyao+Fu0p

flx+n) - F.a +F,1B8
Fny
FVHjﬂ
= o+ Fr—
Foq *P
a+ P
- — ﬂz@.
s th

It is shown already in the proof of Theorem 4.1 for the case of o := f(x) >0, 8 := f(x +1) <0

that the limit of the quotient ! ;Z”H)l converges to ®, proving the corollary. O
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