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Abstract

In this paper we present some identities involving terms of k-Pell, k-Pell-Lucas
and Modified k-Pell sequences. We also give some results on the column and row
norms of Hankel matrices which entries are numbers of these sequences.
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1. INTRODUCTION

Hankel matrices play an important role in many science fields namely signal
processing in engineering or times series in statistics. An Hankel matrix is
a matrix which entries are the same along the anti-diagonals. This type of
matrices has been subject of study with respect to its spectrum (collection of
eigenvalues) and other interesting results were derived.
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Some norms of Hankel matrices involving Fibonacci and Lucas numbers were
presented in [1] and, in what concerns spectral norms of these matrices their
work was continued in [9].

In this paper we are interested in the special cases of Hankel matrices involv-
ing k-Pell, k-Pell-Lucas and Modified A-Pell numbers, denoted by Py, Qk»
and g, with & a real number and n a non negative integer, respectively.

These sequences are particular cases of the sequences W, (a, b; p, q) defined
by the general recurrence relation

Wn = an,1 - anf% n>2 (1)

with Wy = a, Wy = b, and a, b, p, q, integers, with p > 0, ¢ # 0, by Horadam
(see [5], [6] and [T7]).
In fact, in the Horadam notation we have

P = W,(0,1;2,—k) (2)

Qrn = Wa(2,2;2, k) (3)
and

Qkn = Wn(171;2>_k>- (4)

The corresponding characteristic equation of (1) is

z® = pr —q,

and its roots are r; = LV Vnglq and ry = ZVZ 1 ”5274{]. For (2), (3) and (4), their

roots are

T1:1+\/1+l€ and 7’2:1—\/1 ]{7, (5)

and verify
ri+re=2 1r—ro=2v1+k and riry=—k. (6)
Their Binet’s formulas are well known and given by
Py = noTr (7)
rL—7"2
Qi =11" — 12" (8)
Gon =~ 9)

respectively.

The main purpose of this paper is the study of some norms of Hankel matri-
ces involving k-Pell, k-Pell-Lucas and Modified k-Pell numbers. With this
purpose, after this introductory section, we present, in section two, a set
of identities involving the terms of these sequences. These identities are an
attempt to generalize the study started in [4]. In section 3 we present some
results for the norms ||...[|; and ||...|| of Hankel matrices involving k-Pell,
k-Pell-Lucas and Modified k-Pell numbers.
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2. SOME IDENTITIES

Let Py, Qrn and g, with £ a real number and n a nonnegative integer,
be defined as above. The following proposition establishes several identities
between the terms of the referred sequences.

Proposition 2.1. For any real number k and a nonnegative integer n (differ-
ent from zero in items i), 1ii), m'i) and viii)),
) P2 + Pk n+1Pk,n—1 1+k [an - <_ )n_l(l - k)] )
i) (Phnt1 = Pren)” = (1 + ’f)P;?,n (=k)";
iii) 2P P 1 + Pk - sz,n =(1- k>P162,n71 + (—k)™;
lV) Plgn = 1+k [Qk 2n — 2(_k>n] ;
V) Pronsr = Pl + kP,
Vl) Pk n+1l — Pk n = Qkn;
1)
1)

vii) (24 2k)Prn = Qi + kQrn1;
viii) Py + kEPrpn—1 = Qin-

Proof. In order to prove i), ii), iv) and v) we use the Binet’s formulas (7), (8),
(9), the expressions of the roots (5) and the relations involving the roots (6).
To prove iii) we also use ii) in the form

(Pon = Pen1)” = (L+ k) PE g + (k)"

The fact that 2¢, = Qrn,n > 0, is used in the proof of vi) and vii). Proposi-
tion 3 of [2] is required to obtain vi) and Proposition 4 of the same article to
obtain vii). O

We note that for £ = 1 these identities generalize the relationships (9), (10),
(11), (12), (14) and (15) established by Halici in [4].
3. NORMS OF HANKEL MATRICES INVOLVING k-PELL, k-PELL-LUCAS AND
MODIFIED k-PELL NUMBERS

An Hankel matrix is an n X n matrix

H, = (hs)
where h;; = hi;;—1, that is a matrix of the form
hi  hy  hy -+ Dy
R L
hn hn+1 hn+2 Tt h2n—1

H, is symmetric and consequently its column norm || H,||; is equal to its row
norm ||H,| .,

n n
[ Hy ||, = max Z |hij| = m?ﬂ;Z hij| = [ Hallo
=1 =1

1<j<n 1<i<
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For this reason, we will calculate, from now on, one of them in each case. We
start by defining the following Hankel matrices

A= (Clij% Ai5 = Pk,i+j—l (10)

B = (bz]) ] = Qk Ji+j—1 (11)
and

C = (Cij)a Cij = Gk i+j—1- (12)

We shall give the column and row norms of the Hankel matrices involving
k-Pell, k-Pell-Lucas and Modified k-Pell numbers and note that these results
generalize the corresponding results for Pell, Pell-Lucas and Modified Pell num-
bers given in [4].

Theorem 3.1. If A is an n X n matriz with a;; = Py ;11 then

(Qk 2n — Qk:,n) - !

1A[l; = [[All o = P

(k + 1) (qk,Qn - Qk,n)‘

Proof. From the definition of the matrix A, we can write

1Al = maXZMwI

1<5<n
= max {!alﬂ + lag;| + -+ |an;|}
= Prn+ Prpyr+ 0+ Prona
2n—1

n—1
= > Pui— ) P
i=0 i=0

Now, using Proposition 1 of [3], this last equality can be written as
1 1
—— (=14 Peon + kPyop1) — —— (=14 Py + kPpo_
p 1 Lt Poon + kPion) — o7 (514 Pon + kPin1)

and by Proposition 4 of [2] as

1 1 1
k—H (5@k,2n - §Qk,n> )

consequently
41 = 14l = 575 Qe — Q).
which is equal to
1
k—H(Qk,% = Q)
since Qk,; = 24y, ;- H

Theorem 3.2. If B is an n X n matriz with bj; = Qi1 then

|1Bll; = 1Blloo = ——=(Qr2n+1 + Qin — Qron — Qint1) = 2 (Pron — Prn) -

T k+1
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Proof. Similarly to the proof of the previous theorem and using now Proposi-
tion 3 of [10], Z Qri = 757 (Qima1 + kQpp), and Propositions 3 and 4 of [2]

i=0

we obtain
1Bll, = an+an+1+ “+ Qr2n-1

2n—1

= Z le Zth

= k. I (ka 2n + k‘Qk on—1 — Qrn — kQrp—1)
[(QQk on + kQr2n-1) — Qron — 2Qkn — kQkn-1) + Qi)
= (Qk o+l — Qron — Q1 + Qk,n)
= w1 C(Prant1 + kPr2n) = 2(Prans1 — Pron) — 2(Pingr + kPp o)+
2(Pk,n+1 - Pk,ﬂ))
= +1 [2(k + 1>Pk,2n - 2(k + 1)Pk,n]
= 2(Pran— Pin) -

Theorem 3.3. If C' is an n X n matriz with ¢;j = Qi i+j—1 then

1
1C]l, = 1Cl 20k + 1)(Qk,2 11+ Qrn — Qr2n — Qrns1) k,2 k,
Proof. Since Q) ; = 2qx; we have B = 2C and ||B||, = ||2C||, = |2]||C]|,, and
the result follows by the previous theorem. 0

In addition if we consider the Hankel matrices D = A+ B = (d;;) where
dij = Privi—1 + Qritj—1,
E = A+ C = (e;;) where
€ij = Pk,i+j—1 + Qkitj—1
and F' = B+ C = (fi;) where

3
fij = Qriitj—1 + Qhitj—1 = §Qk,i+j—1
and the definitions of the used norms, we get
DIy = [Pl = 21 Ell; = 1 All, = 211 Bl — 1Al (13)
and
3 3
11 = 11Fllee = 5 18], = 5 1Bl - (14)
To obtain || E||, we can use Theorem 3.1 and Theorem 3.3 since, in this case,
IE]l, = IlAll, + [IC1l;- So we have

1 1

HEHl = M(Qk,znﬂ - Qk,n+1) = k——l-l(Qk’an — qk7n+1). (15)
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The same result could be obtained if we follow the same steps of Theorem 3.1
and use Proposition 4 item 2 of [10]

n

1
Z (Pri+ @ri) = 77— (=1 4+ kPppn+ (k+2)Penia) -

i=0 k41
In this case we obtain
1
El, = —(k(Pyon-1— Pun-1) — (k+2)(Pyon — Pen
1E], (k+1)( (Przn—1— Pin-1) — (k +2)(Pr2 ()
and using the definition of k-Pell numbers this is equivalent to
1
Ell, = ——(Psop kP on — Pont1 — kP ).
£l (k—l—l)( kon+1 + KL 2 k1 o)

Now using Proposition 4 of [2] we have exactly the same as in (15).

Now we will consider the Hadamard product, denoted by o, of the previously
defined matrices, that is the entrywise product, see [8].
Consider the Hankel matrices G = A o B = (g;;) where
9ij = Privi1Qkritrj—1,
H = Ao C = (h;;) where
hij = Privj—1Qr,itj—1
and L = B o C = (l;;) where

lij = Qrivj—1Gk,i+j—1
Since Qr; = 2qi,; we have that
1
121, = 5 11l -

Now following the same steps of Theorem 3.1 and using Proposition 6 item 1.
of [10],

n

1 2

Z (PriQr,i) = 5— | 7——= (=1 + Prons1 + kPy2n) — kPron|
— 3—k|k+1
we obtain
IGll, = ﬁ [,{LH (Pran—1 + kPyan—2 — Pron—1 — kP on—2) —

16
kPy an—2 + kP op—o] (16)

and using Proposition 6 item 3. of [10],

n

Z (Qriqri) = (1= k) (qr2 + G2qk3 + - + Gen-1Gkn) + Genlrnrs — K,
=0

we obtain

L, = (1—=F)(@kn-19n + Genent1 + - + Gk 2n—2Gk2n—1) + (17)
Gk,2n—19k.2n — Qkn—19k,n-
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