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ABSTRACT

In this paper, we have studied the generalized Complex k-Horadam and generalized Gaussian k-
Horadam sequences. We have given the generating functions and Binet formulas of generalized
Complex k-Horadam and generalized Gaussian k-Horadam sequences. Moreover, we have
obtained some important identities involving the generalized Complex k-Horadam and generalized
Gaussian k-Horadam numbers.
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1. INTRODUCTION

Number sequences have many applications and
play an important role in the field of biology,
physics, chemistry, computer science,
architecture and art. As in computation of spline
functions, time series analysis, signal and image
processing, queueing theory, polynomial and
power series computations and many other
areas, typical problems modelled by Toeplitz
matrices are the numerical solution of certain
differential and integral equations [1,2,3]. The
literature includes many papers dealing
with the special number sequences such as
Fibonacci, Lucas, Pell, Jacobsthal, Mersenne,
Fermat, Padovan and Perrin [4-20]. The books
written by Koshy and Vajda collect and classify
many results dealing with these number
sequences, most of which have been obtained
quite recently [16,18,19]. These number
sequences have been generalized in many
ways. Some equalities and inequalities
have been found to be important for these
numbers.

Yazlik and Tagkara [20] defined a generalization
k-Horadam sequence of the special second order
sequences such as Fibonacci, Lucas, Pell,
Jacobsthal and Horadam. Also, they investigated
some of the new algebraic proporties for the
generalized k-Horadam sequence. Gokbas, and
Kose [10] defined generalized comlex k-
Horadam and generalized Gaussian k-Horadam
sequences corresponding to the number
sequences in the literature such as complex
Fibonacci, complex Lucas, Gaussian Pell and
Gaussian Jacobsthal. In addition, they gave
some formulas for these sequences.

In this paper, we have studied generalized
complex k-Horadam and generalized Gaussian
k-Horadam sequences. We have given

generating functions and Binet formulas for these
sequences. Moreover, we have obtained well-
known Cassini, Catalan and d’Ocagne identities
involving generalized complex k-Horadam and
generalized Gaussian k-Horadam numbers.

In the section below, we have handle some
definitions to use as a result of this article.

Definition 1. [20] Let k be any positive real
number and f(k) , g(k) are scaler-value
polynomials. For n >0 and f2(k) + 4g(k) >0,
the generalized k-Horadam sequence {Hy ,}nen
is defined by

Hynsz = f(K)Hpns1 + g Hin
with initial conditions H,, = a and Hy; = b.

In Table 1 for definition 1 summarizes some
special cases of f(k), g(k), H,o and Hy ;.

By giving the f(k), g(k), Hyo and Hy, values,
the number sequences in the literature can be
reached.

Definition 2. [20] Let r;, and r, be the roots of a
second order difference equation of generalized
k-Horadam sequence with recurrence relation
Hk,n+2 = f(k)Hk,n+1 + g(k)Hk,n- For everyn € N

— n—1
Hyn =1 Hgpnoq + (Hyq — 11He o) .

Definition 3. [20] Let r; and r, be the roots of a
second order difference equation of generalized
k-Horadam sequence with recurrence relation
Hyniz = fU)Hy 1 + g(k)Hy . For everyn € N,
the Binet formula

H.. = (Hy,1=T2Hp o)1 —(Hg,1—T1H 0)75"
kn — .

-T2

Table 1. Some special cases of f(k), g(k), H,o and H,, 4

[f (k), g(k)] (Hyo, Hy1) k-Horadam Numbers

[1, 1] 0, 1) Fibonacci Numbers

[2, 1] (2, 2) Pell-Lucas Numbers

[1, 2] (2,1) Jacobsthal-Lucas Numbers
[k, 1] (0, 1) k-Fibonacci Numbers

Definition 4. [20] Let n,m,r = 0 and {H, ,} the generalized k-Horadam sequence be.

(=90 " (Hi,1Hir—HioHir+1) Hig 1 Hiom—n+r—Hi,0Him-n+r+1)

Hk,mHk,n - Hk,m+er,n—r =

HE 1—HE 09U —H oHy 1 f (k)
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In the section below, we have handle some
definitions to use as a result of this article (to be
thrown, written twice)

Definition 5. [10] Let k be any positive real
number and f(k) , g(k) are scaler-value
polynomials. For n > 0 and the generalized k-
Horadam sequence, the generalized
Complex k-Horadam sequence {CHyplnen iS
defined by

CHynsz = [f(R) +if?(k) + ig(k)Hyn41
+ [g() + if (k) g(k)]Hy

with initial conditions Hyo=a and Hy, =b
and where i is the imaginary unit
which satisfies i2=—-1 . When equality is
arranged,

CHk,n+2 = Hk,n+2 + in,n+3-

In Table 2 for definition 5 summarizes some
special cases of f(k), g(k), H,o and Hy ;.

By giving the f(k), g(k), Hyo and Hy, values,
the number sequences in the literature can be
reached.

Definition 6. [10] Let k be any positive real
number and f(k) , g(k) are scaler-value
polynomials. For n > 0 and the generalized k-
Horadam sequence, the generalized Gaussian k-
Horadam sequence {GH,, ,},¢cy is defined by

GHypiz = [f2(K) + g () + if ()] Hy
+ [f(R)gU) + ig(k)[Hypn-q

with initial conditions Hy, = a and H,; = b and
where i is the imaginary unit which satisfies
i? = —1. When equality is arranged,

GHk,n+2 = Hk,n+2 + in,n+1-

In Table 3 for definition 6 summarizes some
special cases of f(k), g(k), Hx and H, ;.

By giving the f(k), g(k), Hyo and Hy, values,
the number sequences in the literature can be
reached.

2. GENERALIZED COMPLEX K-
HORADAM  AND  GENERALIZED
GAUSSIAN K-HORADAM RELATED
IDENTITIES

In this section, we have considered generalized
complex k-Horadam and generalized
Gaussian k-Horadam sequences. We have given
the Binet formulas for these sequences. Then we
have founded the generating functions and we
obtain some identities involving these
sequences. Binet formulas are well-known
formulas in the theory number sequences.
In the next theorem, we will give the
Binet formulas for generalized complex k-
Horadam and generalized Gaussian k-Horadam
numbers.

Table 2. Some special cases of f(k), g(k), H,o, and H,,

[f(k), g (k)] (Hyo, Hy)  Complex k-Horadam Numbers

(1, 1] 0, 1) Complex Fibonacci Numbers

(2, 1] 2,2) Complex Pell-Lucas Numbers

[1,2] (2,1) Complex Jacobsthal-Lucas Numbers
[k, 1] (0,1) Complex k-Fibonacci Numbers

Table 3. Some special cases of f(k), g(k), H,o and H,, 4

[f(k), g(k)] (Hyo0, He1) Gaussian k-Horadam Numbers

[1, 1] (0, 1) Gaussian Fibonacci Numbers

[2, 1] (2, 2) Gaussian Pell-Lucas Numbers

[1,2] (2,1) Gaussian Jacobsthal-Lucas Numbers
[k, 1] (0, 1) Gaussian k-Fibonacci Numbers

Theorem 1. Let r; and r, be the roots of a second order difference equation of generalized k-

Horadam sequence with recurrence relation Hy .., = f(K)Hgn1 + g(K)Hy oy -

For Hyo,=a and

Hy 1 = b, Binet formulas for generalized complex k-Horadam and generalized Gaussian k-Horadam

sequences are given by

_ (Hy1 — o Hi o))" — (Hyn — riHy )73

N i(Hk,l - rsz'o)r{‘“ — (Hy1 — 7’11‘1k,0)7’2n+1

CHy ., =
om L b

n—n
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and

_ (Hygy —raHy)ri' — (Hys — 1iHi o)1 +i (Hyy — rpHyo)r{' ™ — (Hyq — riHy )3 ™

GHy, =
kn -1

respectively.

n—n

Proof. When Definition3 is substituted CH,,,, = H,, , + iHy .1 for equation, we get

_ (Hyy — 1ol o))t — (Hgy — 1l o)12

ti (Hyq — 7’21‘1k,o)7"1wrl — (Hy1— 7’11‘11<,0)7”szr1

CHy, =
fon =T

n—n

Similarly, the Binet formula of generalized Gaussian k-Horadam sequence

_ (Hy1 - oty 0)ri" — (Hyq — 1iHy o)1y

+i (Hy1 = roHio)r{ ™" = (Hyq — 11 Hye o)y ™!

GHy,p, =
" n—rn

can be obtained.

n—n

In Table 4 for Binet formula summarizes some special cases of H, , and Hy, ;:

Table 4. For Binet formula of complex k-Horadam sequences, some special cases of H; , and

Hyq
Binet Formula [f(k), (Hyyo, Complex k-Horadam
gl Hy,) Numbers
rfi-r |ttt 1,17 (0, 1) Complex Fibonacci Numbers
r1—12 -T2
(-zrr-(-2ryrf |, A-2ryr{™-(-2ryry"™? 1,1 (1) Complex Lucas Numbers
ri—Tp ri—T2
(2-2rp)r*-(2-2r)r} n L (2=2r)rfti-(2-2r)ritt
-T2 . -T2
2,11 (2,2 Complex Pell-Lucas Numbers
rfi-rgt |ttt 1,21 (0, 1) Complex Jacobsthal Numbers
r=r =72

By giving the H, , and H,, values, the number
sequences in the literature can be reached.

In Table 5 for Binet formula summarizes some
special cases of Hy, and Hy, ;.

By giving the H, , and H,, values, the number
sequences in the literature can be reached.

Let r, and r, be the roots of a second order
difference equation of generalized k-Horadam
sequence with recurrence relation Hy ., =
f(kK)Hpy1 + g(k)Hy, . Binet formulas for
Gaussian Pell sequence
a,n_ﬁn 'a‘Bn_Ban

GP, =
n " + 1 a—F

n=0

and Gaussian Pell-Lucas sequence
GB, =(a™+ ™) —i(af™+Ba™) n=0

were found by [15]. A different way has been
found for the Binet formula of the number
sequences by theorem1.

Theorem 2. Let r; and r, be the roots of a
second order difference equation of generalized
k-Horadam sequence with recurrence relation
Hynyz = f(K)Hiner + g(K)Hin Then,  for
H,o = aand H,; = b, we have

CHypn = [riHypn—1 + (Hgq — 1iHyeo)r3 '
+ i[r Hyp + (Hiy — 11Hy0)15']
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and Similarly,

GHyn = [r1Hin-1 + (Hi1 — 11Hio)rs ' GHyp = [1Hjn—1 + (Hi1 — 11Hi0)3 '
+i[riHgn—p + (Hi1 — rHi o) 2] . + i[rHin—z + (Hiq — r1Hi )13 2]

Proof. When Definition2 is substituted CH,, = ©€an be obtained.

Hien + iHi s fOr equation, we get We can give the generating functions for the

_ net generalized complex k-Horadam and generalized
CHyp = [rHin-1 + (Hyx = naHio)r ] ., Gaussian k-Horadam sequences in the following
+ i[rHyn + (Hen — 1iHi0)17'] - theorem.

Table 5. For Binet formula of Gaussian k-Horadam sequences, some special cases of H,, and

Hy,
Binet Formula [f(k), g(k)] (Hyo, Hy4) Gaussian k-Horadam
Numbers
- [1, 1] (0, 1)
-1, Gaussian Fibonacci Numbers
(1 =2 — (1 - 21y 2,1
+i =1 n—n [1. 1 .
' (1 = 2r)rm™t — (1 = 273 Gaussian Lucas Numbers
l n—r
n n [2, 1] (2, 2) Gaussian Pell-Lucas Numbers
(2=212)ry —(2=-21)1, +
Tr1—T2
L 2=2r)ri--2r)ri !
. -T2
- N ol —pt [1, 2] 0, 1) Gaussian Jacobsthal Numbers

i
n—n n—n

Theorem 3. For H,, =a and H,, = b, the generating functions for the generalized complex k-
Horadam and generalized Gaussian k-Horadam sequences are
(Hy,o + xHyy — xf (k)Hy o) + i(Hy1 + xHy 2 — xf (k)Hy 1)

1—xf(k) —x?g(k)

CH(x) =

and

GH. . — (Hyo + xHyy — xf (k)Hy o) + i(Hy -1 + xHy o — xf (K)Hy 1)
o 1—xf(k) —x2g(k)

respectively.

Proof. Let CH(x) be the generating function of sequence {CHy ,,},en. Then we can write
o
CH(x) = Z CH,x™ = CHox® + CHx" + CHyx? + - + CHpx™ + -+
n=0

If we use the recursive relation of this sequence, we get

(Hy,o + xHy,1 — xf (K)Hy o) + i(Hy,1 + xHy o — xf (k)Hy 1)
1—xf(k) —x2g(k)

CH(x) =
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which is desired. Similarly, the generating function of sequence {CH}, ,}pen

GH. = (Hyp+ xHy 1 — xf(k)Hy o) + i(Hy—q + xHy o — xf (K)Hy 1)
om 1—xf (k) — x2g(k)

can be obtained.
In Table 6 for generating function summarizes some special cases of Hy, o and Hy ¢:

Table 6. For generating function of complex/gaussian k-Horadam sequences, some special
cases of H; o and Hy,;

Generating Function [f(k), g(k)] (Hyo, Hr1) Complex/Gaussian k-Horadam
Numbers
X+ [1, 1] 0, 1) Complex Fibonacci Numbers
1—x—x2
(2—=x)+i(1+ 2x) [1, 1 2,1) complex Lucas Numbers
1—x—x2
x+i(1-—2x) [2, 1] 0, 1) Gaussian Pell Numbers
1—2x—x?
(2-2x)+i(6x —2) [2, 1] (2, 2) Gaussian Pell-Lucas Numbers
1—2x—x?

By giving the f(x), g(x), Hy» and H, ; values, the number sequences in the literature can be reached.
For f(k) = 2, g(k) = 1, H,p = 0 and H, ; = 1, generating function of Gaussian Pell sequence

x+i(1—2x)

GPe) = 1—2x—x2

and for f(k) =2, gk) =1, Hyp=2 and H,,; =2, generating function of Gaussian Pell-Lucas

sequence

2-2 i(6x — 2
o = 72 +iCE-2)

were found by [15]. A different way has been found for the generating function of the number
sequences by theorem 3.

Theorem 4. (d’Ocagne Formula) For H, , = a and H ; = b, the generalized complex k-Horadam and
generalized Gaussian k-Horadam sequences, we have the following equations

CHk,m+1CHk,n - CHk,mCHk,n+1 =

(b2 - aHk,Z) ([_g(k)]n(ka,n—m - aHk,n—m+1) + [_g(k)]n+1(ka,m—n - aHk,m—n+1))
b2 —a2g(k) — abf (k)

(=g U1™ (bHy, 2 — aHi,5)(bHinm — AHicnoms1))
b2 —a?g(k) — abf (k)

+i

and
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GHk,m+1GHk,n - GHk,mGHk,n+1 =

(b2 = aty,2) (=g ()™ " (bHimn — aHimns1) + [=g U™ (BHiem = AHiems1) )
b2 —a2g(k) — abf (k)
(=g (1™ (bHy2 = aHi ) (bHicnom — AHicnome1))
b2 = aZg(k) — abf (k)

+i

respectively.

Proof.
CHk,m+1CHk,n - CHk,mCHk,n+1 =
(Heme1 + iHime2) (Hin + iHin) = (Higm + iHigme 1) (Hine1 + iHine2)
CHk,m+1CHk,n - CHk,mCHk,n+1 =

(Hk,n + Hk,m+1 - Hk,n+1 + Hk,m) + (Hk,n+2 + Hk,m+1_Hk,n+1 + Hk,m+2)
+i(Hk,n + Hk,m+2 - Hk,n+2 + Hk,m)

By using Definition4, we get

CHk,m+1CHk,n - CHk,mCHk,n+1 =

(b2 - aHk,Z) ([_g(k)]n(ka,n—m - aHk,n—m+1) + [_g(k)]n+1(ka,m—n - aHk,m—n+1))
b2 —a2g(k) — abf (k)

. (=g U1™ (bHy, 2 — aHi,5)(bHinm — AHicnoms1))
l

b2 —a?g(k) — abf (k)

Similarly, we can prove the other formula by (1.3) equation

GHk,m+1GHk,n - GHk,mGHk,n+1 =

(b2 - aHk,2) ([_g(k)]n_1(ka,m—n - aHk,m—n+1) + [_g(k)]m(ka,n—m - aHk,n—m+1))
b2 —a2g(k) — abf (k)

. (=g U1™"(bHy,2 — aHi ) (BHienom — AHienome1))
l

b2 —a2g(k) — abf (k)

Thus, the proof is completed.

In Table 7 for d’Ocagne formula summarizes some special cases of Hy, o and H ;.

Table 7. For d’'Ocagne formula of complex/gaussian k-Horadam sequences, some special
cases of H; o and Hy,;

d’Ocagne Formula  [f(k), g(k)] and (H;, Hy1) Complex/Gaussian k-Horadam Numbers
Gaussian Lucas Numbers for [1, 1] and (2, 1):

[(_1)m(l'n—m - 2Ln—m+1) + (_1)n_1(Lm—n - 2Lm—n+1)] + i[(_l)m_l(l'n—m - 2Ln—m+1)]-
Complex Pell Numbers for [2, 1] and (0, 1):
[(_1)n(Pn—m — Pm—n)] + i[z(_l)mpn—m]-
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Complex Jacobsthal Numbers for [1, 2] and (0, 1):
[(_z)n(]n—m - ij—n)] + i[(_z)m]n—m]-
Gaussian Fibonacci Numbers for [1, 1] and (0, 1):

[(_1)an—m + (_1)n_1Fm—n] + i[(_l)m_an—m]-

By giving the f(x), g(x), H, o and H, , values, the number sequences in the literature can be reached.

d’Ocagne formulas for Gaussian Pell sequence

GPpy1GPy — G GPyyy = 2(=1)"1(1 = D)P,_, nm €Z

and Gaussian Pell-Lucas sequence

GQm+1GQn - GQmGQn+1 = 16(_1)n(1 - i)Pm—n nm €Z

were found by [15]. A different way has been found for the d’Ocagne formula of the number
sequences by theorem 4.

Theorem 5. (Catalan Formula) For H, o = a and H, ; = b, the generalized complex k-Horadam and
generalized Gaussian k-Horadam sequences, we have the following equations

and

CHk,m+nCHk,n—m - CHlf,n =

(bHiem = aHimer) (=g GOT (bHigom — @Hi —ny1) + [=gGOT* ™ (b — aHig 1))

b2 — a?g(k) — abf (k)

'(ka,m - aHk,m+1) ([_g(k)]n(ka,—m+1 - aHk,—m+2) + [_g(k)]n+1(ka,—m—1 - aHk,—m))
+ b2 — a2g(k) — abf (k)

GHk,m+nGHk,n—m - Gng,n =

(bHiem = aHigmer) (=g GOT (bHigom — @Hi —ns1) + [=g(OT ™ (b — aHigma1))

b2 — a?g(k) — abf (k)

(bHim — aHimar) ([=g GO (bHie ey — @Hiom) + [=g U1 (bHi s — Al 2) )
+ b2 — a2g(k) — abf (k)

respectively.

Proof.

GHymanGHinem — Gng,n =
(Hk,m+n + in,m+n+1)(Hk,n—m + in,n—m+1) - (Hk,n + in,n+1)(Hk,n + in,n+7)
GHymanGHipem — GHIf,n =

(Hk,n+m + Hk,n—m - Hk,n + Hk,n) + (Hk,n+1 + Hk,n+1_Hk,n+m+1 + Hk,n—m+1)
+i[(Hk,n+m + Hk,n—m+1 - Hk,n + Hk,n+7) + (Hk,n—m + Hk,m+n+1 - Hk,n + Hk,n+1)]
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By using Definition4, we get
CHk,m+nCHk,n—m - CHlf,n =

(bHiem = aHigmer) (=g UOT (bHigom — @Hi —ny1) + [=g(OT* ™ (b — aHig 1))
b2 — a?g(k) — abf (k)

(bHim = aHiemr1) ([=g GO (bHy a1 = aHiema2) + [=g (O™ (bHi s — Ay —n))
ik b2 — a2g(k) — abf (k)

Similarly, we can prove the other formula by (1.3) equation
GHk,m+nGHk,n—m - Gng,n =

(bHiem = aHigmer) (=g UOT (bHigom — @Hi —ng1) + [=g(OT* ™ (b — aHima1))
b2 —a?g(k) — abf (k)

'(ka,m - aHk,m+1) ([_g(k)]n(ka,—m—1 - aHk,—m) + [_g(k)]n_1(ka,—m+1 - aHk,—m+2))
i b2 — a2g(k) — abf (k)

Thus, the proof is completed.
In Table 8 for Catalan formula summarizes some special cases of H, o and H,, ¢:

Table 8. For Catalan formula of complex/gaussian k-Horadam sequences, some special cases
of H,, and Hy ;

Catalan Formula [f(k), g(k)] and (Hy, H,1) Complex/Gaussian k-Horadam Numbers
Gaussian Lucas Numbers for [1, 1] and (2, 1):

Em=2Lmt D[ Lom=2L—ms D)+ D™ (L —2Lm )] " i(_1)n(Lm_ZLm+1)(L—m—l_ZL—m_L—m+1_ZL—m+2)
-3 -3

Gaussian Fibonacci Numbers for [1, 1] and (0, 1):
Fm((_l)nF—m + (_1)n_m_1Fm) + i(_l)nFm(F—m—l - F—m+1)
Complex Jacobsthal-Lucas Numbers for [1, 2] and (2, 1):

Rm=2Rm+)[(=2)" (R-m—=2R-m+1)+(=2)"""" (R —2Rm+1)] i 2" Bm=2Rm+1) R—m+1=2R—m+2=R-m-1—4R—m)
-9 -9

Complex Pell-Lucas Numbers for [2, 1] and (2, 2):

Qm=Qm+ D[ (Q-m—=Q0-m+ D+ ™1 (Qm—Qm+1)] + i(—1)n(Qm—Qm+1)(Q—m+1—Q—m+z—Q—m—l—Q—m)
-2 -2

By giving the f(x), g(x), H, o and H, ; values, the number sequences in the literature can be reached.

Let r; and r, be the roots of a second order difference equation of generalized k-Horadam sequence
with recurrence relation Hy ;> = f(k)Hy 1 + g(k)Hy -

Catalan formulas for Gaussian Pell sequence

. =D (rf + r2k)2

GPusiGPuor — GBZ = (—=1)"(1 = 1) .

nk e Z*t
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and Gaussian Pell-Lucas sequence
GQuirGOpy — GQ2 = 2(=™1(1 = 1) [4 + (=) (rk + r2k)2] nm €Zz*

were found by [15]. A different way has been found for the Catalan formula of the number sequences
by theoremS5.

Theorem 6. (Cassini Formula) For H,, = a and Hy ; = b, the generalized complex k-Horadam and
generalized Gaussian k-Horadam sequences, we have the following equations

CHyn+1CHn—g — CHE, =

(b7 = aty,z) (I=g T (bHy-g — a?) + (b — aHyz))
b2 —a2g(k) — abf (k)

4 (02 = ati)l=g GO1™ " (bHy, = )
b2 — a2g(k) — abf (k)

and

GHyn+1GHypo1 — GHZ, =

(b2 = aty2) (=g (O] (bHi,-s — a?) + [~g (1" 2(b2 — aH2))
b2 —a?g(k) — abf (k)

o, (07— ati2) =g (01" (bHy, o — aHy_1)
b2 —a?g(k) — abf (k)

respectively.

Proof. If m = 1 is taken in the Catalan formula, Cassini formula is obtained.

In Table 9 for Cassini formula summarizes some special cases of Hy, o and H ;.

By giving the f(x), g(x), Hy, and H, , values, the number sequences in the literature can be reached.

Table 9. For Cassini formula of Complex/Gaussian k-Horadam sequences, some special cases
of H,, and Hy;

Cassini Formula [f(k), g(k)] (Hyp, Hy1) Complex/Gaussian k-Horadam
Numbers
(D™ + 1] — 2(—1)"*? [2, 1] 0, 1) Complex Pell Numbers
(=9)(=2)*—18] [9(=2)"** [1,2] 2, 1) Complex Jacobsthal-Lucas
2 ti 2 Numbers
[(—10)(=1)"] + i5(~1)" [.1] ©.2)

Gaussian Lucas Numbers

[(—2)" + 2(—2)”‘2] iy [(—1)(—2)n] [1, 2] (0, 1) Gaussian Jacobsthal Numbers
2 4
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3. CONCLUSIONS

This study has examined and studied complex-
type sequences with the help of a simple and
general formula. For this purpose, generalized
Complex k-Horadam and generalized Gaussian
k-Horadam sequences {CH,,,} _ and {GH;,}
nenN nenN

have been used. In this study, Binet formulas,
generating functions and some identities of all
Complex k-Horadam and Gaussian k-Horadam
sequences have been obtained. As a result,
formulas in the literature have been given with
the help of one formula. Number sequences
have great importance as they are used in
physics, applied mathematics and dillerential
equations.
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