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Abstract In this study, we define the k-Woodall, k-Woodall-Lucas, and Modified k-Woodall
sequences, and some terms of these sequences are given. Then we obtain the Binet formu-
las, generating functions, sum formulas, etc. Also, the relations among the terms of the k-
Woodall, k-Woodall-Lucas, modified k-Woodall, Woodall, Woodall-Lucas, Modified Woodall,
Cullen, Cullen-Lucas, and Modified Cullen sequences are presented. In addition, we calculate
Vajda’s identity, D’ocagne identity, etc. Finally, we associate the terms of these sequences with
matrices.

1 Introduction

In mathematics, sequences play a crucial role in gaining a clearer understanding of a problem
that arises under specific conditions. One of the most well-known examples of such problems
is the Rabbit problem, featured in Leonardo Fibonacci’s renowned book Liber Abaci. From
the outcomes of this problem, the Fibonacci sequence is defined, and the relationships between
consecutive terms of this sequence are established.

The Fibonacci and Lucas sequences are famous sequences of numbers. These sequences
have intrigued scientists for a long time. Fibonacci sequences have been applied in various
fields such as Engineering [1], Cryptology [2], Biomathematics [3], Phylotaxis [4], Chem-
istry [5], etc. New sequences have been obtained by changing the generalized Fibonacci se-
quence recurrence relation and initial conditions. The known examples of such sequences are the
Woodall, Woodall-Lucas, Horadam, Leonardo, k-Jacobsthal, k-Narayana, Gaussian Fibonacci,
k-Jacobsthal-Lucas, Olivier, Bronze Fibonacci, Copper Fibonacci, Cullen, Edouard-Lucas se-
quences, etc. (see for details in [6]-[25]).

For n € N, Fibonacci numbers F,, Lucas numbers L,, Pell numbers p,, and Pell-Lucas
numbers q, are defined by the recurrence relations, respectively,

Foio=Fu + Fy,with Fy =0and F; =1, Ly4o0 = Lypyy + Ly, with Lo =2 and L} =1,

Pnt2 = 2Pp 11 + Pn,with pg = 0and p1 = 1, g2 = 2q,, 41 + qn, with qo = 2 and q; = 2.

For F,,, L,, py, and q,, the Binet formulas are given by the following relations, respectively,

Son L " " a — Bn
F, = Py L =" + 0", pp = -
where ¢ = ”Tﬁ, 0= “Tﬁ, a=1++v2 and g=1-— V2 are the roots of the characteristic
equation > —r — 1 = 0 and r> — 2r — 1 = 0, respectively. Here the numbers o and o are the
known golden ratio and silver ratio, respectively.
In addition, for n € N, the Woodall numbers R,,, Woodall-Lucas numbers D,,, Modified
Woodall numbers W,,, Cullen numbers C,,, Cullen-Lucas numbers E,, and Modified Cullen-
Lucas numbers H,, are defined by the recurrence relations, respectively,

cand g, = a” + "
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Ry =4R,+1 — 4R, — l,with Ry = —1 and R} =1,
Dy =4D, 1 —4D,, — 1, with Dy = 1 and D; = 4,
Wigo =4W g — AW, + 1L with Wy =0 and W) =1,
Chip =4C,1 —4C, + 1, with Cy = 1 and C; = 3,
E,.o=4F,.1 —4E, + 1,with Ey = 1 and E|; =4,

H,LJrz = 4H,,L+1 —4Hn - l,with H() = —1and H] =2.

Moreover, for n € N, the third-order recurrence relations of the sequences R, D,, W,, Cp,
E,, and H,, are as follows, respectively,

Roys = SRuss — 8Ruyt + 4Ry, with Ry = —1, Ry = L,and R, =17,

Dyi3 = 5Dyss — 8D, 1 + 4D, with Dy = 1, Dy = 4,and D, = 11,

Wi = SWiia — 8Wisy + AW, with Wo = 0, W) = 1,and W, = 5,
Chis = 5Cns2 — 8Chst + 4C,,, with Co = 1,Cy = 3,and Cy = 9,
Epi3 =5En 2 — 8F 41 +4E,, with By = 1, B, = 4,and E = 13,

Hpis = S5Hp.r — 8Hpy1 + 4H,,, with Hy = —1, H; = 2,and Hy = 11.

The authors found many properties of these sequences and made many applications related
to these sequences. (see for details in [26]-[32]).
Binet formulas for R,,, D, W,, C,, E, and H,, are given by the following relations, respec-
tively,
R,=n2"—1,D, = (4+n)2""' =~ 1,W, = (n—1)2" + 1,

Cp=n2"+1,E, =3n2"""+1,and H, =3n2""" — 1.

By changing the initial values and recurrence relation of Fibonacci sequence, many new se-
quences were introduced and these sequences took an important place in number theory such
as k-Fibonacci and k-Lucas sequences. In [33], Falcon introduced k-Fibonacci sequence and
found different identities and special transformations of this sequence. Akkus and Ozkan intro-
duced k-Leonardo sequence and they found many properties [34]. In [35]-[37], authors found
many properties of k-Fibonacci sequence and related them to known sequences.

We separate the article into three parts.

In chapter 2, we define the k-Woodall, k-Woodall-Lucas, and Modified k-Woodall sequences.
Then we give the characteristic equation, Binet formulas, the summation formulas, and some
properties for these sequences. Also, we obtain the generating functions and Simpson formulas.

In chapter 3, we present the relations among the terms of the k-Woodall, k-Woodall-Lucas,
Modified k-Woodall, Woodall, Woodall-Lucas, and Modified Woodall sequences. Then we asso-
ciate the k-Woodall, k-Woodall-Lucas, and Modified k-Woodall sequences with special number
sequences. In addition, we calculate the specific identities of these sequences. Finally, we asso-
ciate the terms of these sequences with matrices.
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2 k-Woodall, k-Woodall-Lucas, and Modified k-Woodall sequences

For k € R and n € N, the k-Woodall Oy, ,,, k-Woodall-Lucas Sk, and Modified k-Woodall
By, .n are defined by, respectively,

Ok,n+2 = 4Ok,n+1 - 40]@7“ - k,with Ok,O =—1land OkJ == 1,
Sk,n+2 = 4Sk,n+1 - 4Sk,n — k,with Sk7o =1and Sk,l =4,

Bk,n+2 = 4Bk,n+l - 4Bk,n + k’7 with Bk’() =0and Bk,l =1.

Also, for n € N, the third-order recurrence relations of the sequences Oy, ,, Sk.n, and Bj

are as follows,

Okn+3 = 50k ny2 — 80k g1 + 40 n, with Org = =1, O 1 = 1,and O = 8 — K,
Skne3 = ISk nt2 — 8Sknt1 + 4S8k n, with Spo = 1,8k, = 4,and Sk = 12 — k,

Bz = 5B ny2 — 8Bk na1 + 4By n, with Byo = 0,81 = 1,and Byp = k + 4,

respectively.
Then, let’s give some information about the equations of these sequences.
The characteristic equation of the k-Woodall, k-Woodall-Lucas, and Modified k-Woodall

sequences is
=57+ 8 —4=(r’ —4r+4)(r—1) =0,

The roots of this equation are;
r=rmry= Z,and r3= 1.

The relationship between these roots is given below;

ri+ry+ r3 =511y +rir3 + rar; = 8, andryrar; = 4.

For n € N, some terms of these sequences are as follows:

Opm ={—1,1,8 — k,28 — 5k,80 — 17k, 208 — 49k, ...}
Sk = {1, 4, 12—k 32— 5k,80 — 17k, 192 — 49k, ...}

Bim = {0, 1, 4+ k, 12 + 5k,32 + 17k, 80 + 49k, ...}

In the following theorems, the Binet formulas of the k-Woodall Oy, ,,, k-Woodall-Lucas Sy, .,
and Modified k-Woodall By, ,, sequences are expressed. In addition, we find the generating func-

tions of these sequences.

Theorem 2.1. Let k €¢ R™ and n € N. We obtain
i. Opn=(k—1+ 35En) 2" —
ii. Spn = (k+1+ 3En) 2" — k,
iii. Be = (—k+ 5n) 2" + k.
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Proof. i. The Binet form of a sequence is as follows (two distinct roots case r; = r, = 2 and
T3 = 1)
Ok = (& +yn)ri + 2r3.

For these n values, we obtain;
Ok,(): —1=x+4 z,

Opi=1=(r+y)2+z,
Okr=8—k=(z+2y)d4+ 2.

We find
x:k—l,y:%,andz:—k.

Thus, we obtain
33—k
Ok = k—1+ 5 n|)2" —k.

The proofs of the others are shown similarly. O

Theorem 2.2. (Generating Functions) The generating functions for k-Woodall Oy, ,,, k-Woodall-
Lucas Sy, », and Modified k-Woodall By, ,, sequences are given as follows, respectively,

. o n _ —146t—(k+5)t?
ioo(t) = 32020 Okt =—ggp—sii

I _ N\ n o l—t—kt
ii. s(t) = 32 Skint T AP 825t 41’

_ \"© n __ tHk=D#
i, b(t) = 300 Bent”™ =g gase

Proof. i. For the k-Woodall sequence, we have

0(t) =3 Oput" = —1+1t+ B k)2 + > Oput"
n=0

n=3

=—1+t+B -kt +5) Opnit" =8 Opnot"+4> Opp st

n=3 n=3 n=3

= —14+t+ @Bk +5tY Oput" =82 Y Opnt" +4 Y Opnt”.
n=2 n=1 n=0
Thus, we have
> . —1+6t—(k+5)
o(t) = Z Ot =—— 2( ) .
= —4t7 + 8t> — 5t + 1

The proofs of the others are shown similarly. O

Next, we give special sum formulas of the k-Woodall Oy, ,,, k-Woodall-Lucas S, ,,, and Mod-
ified k-Woodall By, ,, sequences.

Theorem 2.3. Let k € Rt and n € N. We obtain
1. EZL:O Ok,n :4Ok,n—] — (n — 1) k+4,
iL. Z;‘ZO&M = 48}67”_1 . (n . 1) k+1,
iii. Y0 o Bin =4Bg 1+ (n—1)k+ 1.
Proof. ii. From the definition of the k-Woodall-Lucas sequence, we obtain

Sk =48, 1—4Sk0 — F,

Sk =4Sk — 48k — k,

Skn =4Sk -1 —4Skn—2 — k.
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So, we have
n—2

—5+Z$kq_425kq—423kq— (n—1)k
_5+Zsk,s
s=0
=4 <_Sk,n —Sio+ ZS}C,S> -4 (—Skﬂ —Skn—1+ ZS}C,S> —(n—1)k.

s=0 s=0
Thus, we obtain

> Sks=4Skm1—(n—1)k+1.

s=0

The proofs of the others are shown similarly.

Theorem 2.4. Let k € RT and n € N. We obtain
. n _ 160k,2n+40k.2n+1*9nk+21
2 Zs 0 Ok 2s =

>

s

9
i n _ 2004 27, —40} 241 —9Ink+15
i. Zé 0 Ok2s11 = : as

9
2081 2, —4S _9nk4s
iii. Y7 Spps = Skan4Skan nk+S

9
. n 20Sk,2n+4sk,2n 1—9Ink+4
WY o Sk2stl = = ,
n . 2081“2 745]@2 , 1+9nk+4
VoD o Bras = e

’

9
. n 168k727L+4Bk,2” 1+9Ink+5
Vi. Yoo o Brost1 = 5t .

Proof. The proofs are shown similarly to Theorem 2.3.

3 Relations among Special Sequences

In this chapter, we examine the relationships among the k-Woodall, k-Woodall-Lucas, Modified
k-Woodall, Woodall, Woodall-Lucas, Modified Woodall, Cullen, Cullen-Lucas, and Modified
Cullen sequences. In addition, we calculate the specific identities of the k-Woodall, k-Woodall-
Lucas, and Modified k-Woodall sequences. Finally, we associate the terms of these sequences

with matrices.

In the following theorems, we examine the relations among the k-Woodall Oy, ,,, k-Woodall-
Lucas Sk, 5, Modified k-Woodall By, ,,, Woodall R, Woodall-Lucas D,,, and Modified Woodall

W, sequences.

Theorem 3.1. Let k € RY, and n € N. The following equations are true:

. _ 2k
L Ok,n = 2— 4k+48k n+2 + = 2_ 41€+4$k n+1 + kz 4k+48k ns

- _ k*48k+15
ii. O = k2+2k+18k1”+2 + k2+2k+18k’”+1 K2k i1 Bn

iii. Opp = (2k — 2)Rpqp + =255 R, 4 BECUR
V. Opn = (5k —10)Dyyin + (—17k + 33)Dn+1 + (13k — 23)D
V. Okﬂn = _#Wn-‘ﬂ + SkIZI Wn+1 - (Zk + 4)Wn

Proof. i. The following relation is used for proofs;
Opmn=02Spnt2+ b2 Spnt1 +cx Sk
For these n values, we obtain;
Oro=axSpp+bx Sk +cxSyp,

Okl:al‘Skﬁ—Fb,TSk;g—l-Cl‘Sk’h

s

Opp=axSpa+bxSk3+caSyp.

We find
= K2 4+k—12

b= —7k+23
k2—4k+4"

27 _
Woahrar 0= pogpreand c =
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Thus, we have

2k —17 —7k +23 k> +k—12
N T ey e S TR
The proofs of the others are shown similarly. O

Theorem 3.2. Let k € RY, and n € N. The following equations are true:
: _ _—2k48 Tk—27 k> —11k+28
- Skin = 1726139 Vken+2 T r—gio Okont1 7+ g1 10 Ok,n’

. k=2 9 _ K*43k+8
ii. Skn = riger Ben2 + e Bt~ an B

iii. Sk,n = 4k;1RTL+2 + 7152}“»5 R7L+]+13]€274Rn;
iv. S = (5k — 5)Dyia + (—17k + 17) Dy iy +(13k — 12)D,,
V. Sk,n = _% n+2 + %Wn+l_(2k + I)Wn

k.n’

Proof. v. If Binet formulas are used for proofs, we get

k Sk+4
_Z n+2+TWn+1_(2k+1)W’n

k S5k+4
=2 (n+ 12"+ 1) F 2 o ) S 2k D (= 1)2" 4+ 1)
2 _
The proofs of the others are shown similarly. O

Theorem 3.3. Let k € Rt and n € N. The following equations are true:

. _ k=11 —Tk+45 —k2+12k—43

L Bk,n — K2—6k19 Ok,TLJrZ + k2—6k+90k7"+1+ k2—6k-+9 Ok.n’
.. _ k+7 27 —k*45k—24

ih. Byn = = p—gpraSkn+2 T mgpma Skt g Sy
4kl 15k+4 13k+3

uL Bk,n - _TJFRWA»Z + 2jL RnJrl_ 2+ Rn’

iv. Bn = — (5k +3) Dpya + (17k + 10) D,y 1 —(13k + 7)D, ,
V. By = B W0 + B W, (26— D)W,

Proof. iv. If Binet formulas are used for proofs, we get
—(5k+3) Dpyo + (17k +10) Dy — (13k+7) D, = — (5k+3) (6 +n) 2"+ — 1)
+(17k4+10) ((5+n)2" = 1) — (13k +7)((4 +n)2" 1 —1)
= (—k-i— Tn) 2" + k= By .
The proofs of the others are shown similarly. O

Theorem 3.4. Let k € Rt and n € N. The following equations are true:

: _ K*—10k+4 —6k>438k—16 6k>—32k+16
(i) Bn = 55=2mm5a5S y in T o —dieran Skt + Fizinrran Sk
k* — 10k +9 —6k? + 42k — 36 6k> — 38k + 36
R,=———-+—-0 O —————— Ok s
6+ Ok hass | W62 4ok bt T Ga e o Ok
R P44kt 6k* + 16k + 4 _ 6k% + 14k + 4
PR A2 4k pmge | B A2k B 2k kR
- _ —k2—3k+4 k2 4+15k—16 k2 —16k+16
(ii) Dy, = msk,n+2 + Bt Skl + g Sk
—k>—2k+9 k* + 15k — 36 k> — 19k + 36

D’I’L — T3 77 o a1 70 n T2 19 1 1 n»y
P62 Ok s Bk Ok T T A ek ok Ok

o Pkl —k? 46k + 4 K4 Tk+4
" R A2 4k ks B A2+ kM T B 224k ™
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(iii) Wy = — 4t Skmia + %Sk,nﬂ — et St
k+9 —k* +3k+36 4k — 36
W= e ror Okt —grr ok Pt e or i
k41 K243k — 4 4
I ) A e T Ry R B Sy R L

Proof. The proofs are shown similarly to Theorem 3.1. O

In the following theorem, we examine the relationships between the k-Woodall, k-Woodall-
Lucas, Modified k-Woodall sequences, and special numbers sequences.

Theorem 3.5. Let k € RY, and n € N. The relationships of the k-Woodall Oy, ,,, k-Woodall-
Lucas S, ,,, and Modified k-Woodall By, .,, sequences with the Cullen sequence C,,, Cullen-Lucas
sequence E,, and Modified Cullen sequence H,, are as follows:
L.
(i) Ok,n = 20n+2 + SCn+ Mcm
. — _kiap Sk+15 Tk+11
(”) Ok,n - = + n+2 + + E %En,

__ 5k—4 —19k+15 17k—11
(iii) Opn =220+ %Hnﬂ + ksl

n+2
(ZV) C m((-kz + 2k — 9) Ok,n+2 + (Zkz — 6k + 36) Ok7n+l
+(—2k% + 10k — 36) Ok ),
(v) E, = m((—k’z —9) Ok + (K + 3k 4 36) Og a1 + (—k* + 3k — 36) Ok ),
(vi) H, = m((ka — 12k + 9) Oknt2 + (—7k2 + 51k — 36) Ok m+1
+(7k* — 45k +36) Ok ).
ii.
(l) Sk,n = Cn+ + C MC‘ I
(”) Sk,n - k+1En+2 5En+ - MEn;

Skt —19k+5 17k—4
(iii) Sk = H .+ =52 Hy + P57 Hy,

. 2 2
(iv) Co = b (— (R 12k 4+ 4) S, + (2k + 6k + 16) Skt — (2K +16)Sy.),

(v) En= gbrge (R4 5k+4) S, + (K + 17k + 16) S
— (K + 8k + 16)Sk.),
. 2
(i) Hy = b (8 = 136+ 4) S, + (<7 449K = 16) Sy

+(7k* — 40k + 16)Sk. ).

ii.
(i) Brn = —3Cns
(ii) By =51E

4 3k=3
2 n+l+ 2 Cn,

—5k+4 7k—3
+ 3+ EnJrl + TETLJ

n+2
(”l) Bk,n = 7%}[71-%2 + 19§+4H”+1 - 17l§+3 Hn;
(iv) Cp = o (B 1) Brnia — (267 +4) By it + (2K + 2k + 4) By, ),
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(V) Ep = o (B = k1) Binga + (=K% + 4k —4) Bini1 + (B — b+ 4)By ),

(vi) H,, = (= (k* + 5k + 1) Beniz + (7Tk* + 20k + 4) By n1

D S
K342k +k

—(TE? + 17k + 4) By ).

Proof. i. If Binet formulas are used for proofs, we get

—2Cnh 42 + ¥0n+1 - wcn
=-2((n+2)2"2+1)+ #((n + 12" 4 1) - %(nzn +1)
= 2k((n+2)2""2 — 1)+ 15]“; 1((n +1)2nt 1) — 13k2+ ! (n2" —1)
= (k—l—i— 3_2kn> 2" — k= O .
The proofs of the others are shown similarly. O

In the following theorems, we calculate the specific identities of k-Woodall, k-Woodall-Lucas,
and Modified k-Woodall sequences.

Theorem 3.6. (Cassini Identity) Let k € Rt and n € N. We obtain
i Opnt10kn—1 — Oim = (=2Ch43 + B0, — O, )

k+15 3k + 11 k+15 3k+11 2
*ZCnJrl + Cn - C(n—l - (*2O7z+2 + 7Cn+l - 7071) 3
2 2 2 2
iL. Sk,nJr]Sk,n—] - S}%’n = (_kT_HEn+3 + %EnwLZ - %EHJH)
k+1 5k+5 Tk +4 k+1 5k+5 Thk+4_ 2
-——F + En - En—l *(*7E + EnJrl - 7En) )
3 n+1 3 3 3 n+2 3 3

2 ( 5k+l 19k -+4 17k+3
iii. Bin1Bkn—1 — By, = (— 5 H, s+ =5 Hpo— =5 Hn+1)

Sk+1 19k 4+ 4 17k 43 Sk+1 19k + 4 17k +3 2
—-——F—FH H, — H, |)|—-(—H H -—FH,) .
( 3 il + 3 n 3 n 1) ( 3 2 + 3 n+1 3 n)
Theorem 3.7. (Catalan Identity) Let k € R*and n,r € N. We obtain
L. Ok,nJrrOk,n—r - Oi,n = (72Cn+7’+2 + # n+r+l1 — Sk;HanLT)
k+15 3k + 11 k+15 3k+11 2
_2Cn—r+2 + LC’n—?ﬁ-l - Lcn—r - (_2Cn+2 + Lcn-‘rl - ;C’n) )
2 2 2 2
iL. Sk7n+rSk,nfr - 8]%7, = (_%Erﬂﬁuﬂ + %%SEn+T+1 - % n+r)
2
kAl SkwSp o Thwdp Nkl SkwSsp o Thedp
3 n—r+2 3 3 n+2 3 3

19k+4 17k+3
+ 31L Hn+r+1 - 3Jr HnJr'r)

_r2 [ 5k+l
iii. By ptrBrn—r Bkm = ( 2 Hn+r+2

anrJrl - —(———5—H Hn+1 -

Sk+ 1 19% + 4 17k + 3 Sk+ 1 19k + 4 17k + 3
<_+H L k+4 + Hn) ( 3+ -+ + 30
n+

3 n—r+2 3
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Theorem 3.8. (D’ocagne’s Identity) Let k € RYand n,r € N. We have
. Opnt10kr — Okn Ok rp1

k+15 3k+11 k+15 3k + 11
= <_2Cn+3 + %CnJrZ - —;Cn+l> <—20r+2 + +TC’I“+1 - ;—Cr>

k+15 3k +11 k+ 15 3+ 11
— | —2Ch42 + Lcn-&-l - Lc’n —2Cr 13 + LCT-FZ kL Cri1 ],
2 2 2 2
ii. Spnt 1Sk, — SknSkr+1

k+1 S5k+5 Tk +4 k+1 5k+5 Tk +4
— _LE +7+En+2_7+En+l _LE +7+Er+l_7+Er
3 n+3 3 3 3 r+2 3 3

k41 Sk+5 Tk + 4 k+1 S5k+5 Tk + 4
(g + ;En-kl - 7+En LRy + ;sz - ;E’I‘-‘rl ;
3 n+2 3 r+3 3 3

iii. Bint1 By — Bien Bl r+1

S5k+1 19k + 4 17k + 3 Sk+1 19k + 4 17k 4+ 3
= (- P, ) (e 2 e, R
3 n+3 3 3 3 r+2

S5k+1 19k + 4 17k + 3 S5k+1 19k + 4 17k +3
(2Rl PRy ARy ) (2R PRy Ry
3 n+2 3 3 r+3 3

Theorem 3.9. (Vajda’s Identity) Let k € R™ and n,i,j € N. We have

i OkntiOknts — Okn Ok ngisg

k+ 15 3k+ 11 k+ 15 3k + 11
= <2On+i+2 + TanriJrl - 2Cn+i) <20n+j+2 + Tcn+j+l - 2Cn+j)

k+15 3k+ 11
—(2Chp+—F—Chp1 — —5—
2 2
il. Skn+iSkin+i — SkanSkntity

k+1 Sk+5 Tk +4 k+1 Sk+5 Tk 44
(B B (e B )

TErH-i—H - TEnﬂ‘ T3 Pmhil T T

k+15 3k+11

Cn)(—2Cnyivjtr+ TCnJriJerrl - Tcnﬂ‘ﬂ'),

3 nti+2 3 ntj+2

k41 Sk+5 Tk + 4 k+1 S5k+5 Tk + 4
R 7En - E7 o E 7En i+j ————F i s
( 3 "+2+ 3 ! 3 N 3 n+i+j+2+ 3 ity 3 ni+j)

_ Sk+1 19k+4 17k+3
iii. By n+iBrn+j — BrnBrntivi = (_THn+i+2 + THnJriJr] - 73 Hn+i>

S5k +1 19k + 4 17k + 3 Sk+1 19k + 4 17k + 3
< +———Hprjr1 ——— n+j)—(— H,)

H +—/—""g
+ 3 +1

3 n4+j+2 3 3 n+2

Sk+1 19k + 4 17k +3
(—7H o + Hn+i+j+1 - Hn+i+j)'
3 ntitj+2 3 3
The proofs of Theorems 3.6-3.9 are shown using Theorem 3.5.
In the following theorem, we associate the terms of the k-Woodall Oy, ,,, k-Woodall-Lucas

Sk n» and Modified k-Woodall By, ,, sequences with matrices.

Theorem 3.10. Let k € RT, and n € N. The following equations are true:
i. For the k-Woodall sequence,

Oknia 5 -8 4] "[8—k Oknsa 5 -8 4] [ Opnss
Ok,n+l = 1 0 0 1 ’ Ok,n+1 - 1 0 0 Okm B
Okm 0 1 0 -1 Ok 0 1 0] Opns
and N
Okm 0 1 0 -1
Ok,n+1 = 0 0 1 1

Ok,n+2 5 -8 4 8-k
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ii. For the k-Woodall-Lucas sequence,

Sz 5 -8 4 12—k Stz 5 8 41 Semnr
Skmst | =1 0 0 4 || Spmsr | =1 0 0 Skn |
Skn 0 1 0 1 Skm 0 1 0| Sewcs
and
Skm o 1 0]" 1
Skt | =10 0 1 4
Shmi2 5 -8 4 12—k

iii. For the Modified k-Woodall sequence,

Binia 5 8 41" [k+4 Bimia 5 -8 4 Bimii
Bk,n+1 = 1 0 0 1 , Bk:,n+l = 1 0 0 Bk,n 5
Bom 0 1 0 0 B 0 1 0 B
and
Biem 0o 1 0] o
Bimst | =10 0 1 1
Bin+2 5 -8 4 k+4

Proof. The proofs are shown by the induction method using definitions of sequences and prop-
erties of multiplication in matrices. O

Theorem 3.11. (Simpson Formulas) Let k € R" and t € N. The following equations are
satisfied.
Okji+2 Okir1 Opy
idet | Opiy1 Oni  Opyor |=472k(k —3)7,
Okt Opp—1 Okt
Skt+2 Skir1 Sk
ii. det Sk,t+l Sk,t Skytfl = 4t_2k’(k — 2)2,
Skt Ski-1 Skt
Bii+2 Brir1 Big
iii. det | Byuyo1  Buy  Braot | = —472%k(k +1)%
Brit  Bri—1 Bri—

Proof. The proofs are shown by the induction method using definition and determinant proper-
ties. O

4 Conclusions

In this study, we defined the k-Woodall, k-Woodall-Lucas, and Modified k-Woodall sequences.
Then, we showed the features of these sequences. In addition, we examined the relationships
between the terms of these sequences. Moreover, we associated k-Woodall, k-Woodall-Lucas,
and Modified k-Woodall sequences with Cullen, Cullen-Lucas, and Modified Cullen numbers.
Finally, we associate the terms of these sequences with matrices. If this study is examined, such
features can be found in other sequences such as Fermat, and Mersenne sequences.
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