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products of Pell numbers
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Riassunto. In questo lavoro si provano diverse formule per
somme di quadrati di numeri pari di Pell, somme di quadrati
di numeri dispari di Pell e somme di prodotti di numeri pari
e dispari di Pell. Queste somme hanno delle rappresentazioni
interessanti come prodotti di numeri appropriati di Pell e con
coefficienti tratti da certe successioni di interi.

Abstract. In this note we prove several formulas for sums
of squares of even Pell numbers, sums of squares of odd Pell
numbers and sums of products of even and odd Pell numbers.
These sums have nice representations as products of appropriate
Pell numbers with terms from certain integer sequences.

1. Introduction

The Pell and Pell-Lucas sequences P,, and @), are defined by the recurrence
relations

Py=0, P =2, P,=2P,_ 1+ P,_o forn=>2,

and
Qo = 2, Q1 =2, Qn=2Qn-1+Qp_2 forn>2.

In the sections 2-4 we consider sums of squares of odd and even terms
of the Pell sequence and sums of their products. These sums have nice
representations as products of appropriate Pell numbers.

The numbers @ make the integer sequence A002203 from [11] while the
numbers %Pk make A000129. In this paper we shall also need the sequence
A001109 that we shorten to a; with k& > 0. We shall see later that a;, = % Pyy..

These formulas for sums have been discovered with the help of a PC com-
puter and all algebraic identities needed for the verification of our theorems
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can be easily checked in either Derive, Mathematica or Maple V. Running
times of all these calculations are in the range of a few seconds.

Similar results for Fibonacci, Lucas and Pell-Lucas numbers have recently
been discovered in papers [1], [2], [3], [4] and [5]. They improved some results
in [8].

2. Pell even squares

The following lemma is needed to accomplish the inductive step in the
proof of our first theorem.

Lemma 1. For every m = 0 and k > 0 the following equality holds:
dag [am+2 Pokyome2 — @mi1 Povyom] = Popyomes — Pomio. (21)

Proof. Leta=1++v2and 8 =1— 2. Notethata+ f=2anda- 3= —1
so that the numbers o and 3 are solutions of the equation 22 —2x — 1 = 0.

Since Pj = 2“’;{%—;]) and

:7a+5a2j_2 Of+7/8

_ 2j—2
“ 16 t—5 7

for every j > —1, the difference of the left hand side and the right hand
side of the relation (2.1) (after the substitutions o™ = A, ™ = B, of = U,

% = V) and the replacement of o and 8 with 14 /2 and 1 — /2 we get
the rational function whose numerator is

128 (17 —12 \/5) (1-(UV)?) <B2 - (17 + 12\/5) A2)2 .

Since UV = £1 we conclude that the above difference is zero and the proof
is complete. O

Theorem 1. For every m > 0 and k > 0 the following equality holds:

m m
D Phiai =Y Phi+4-ami1-ar- Poyom. (2.2)
i=0 i=0

Proof. When m = 0 the above formula is P22k =4qi Po,. It holds as the

consequence of the relation Py = 4 a that we prove easily as follows.
2k_ 32k
Since Py, = 2@ =077 a—ﬁﬁ ) and 4ay, = —7a4+5 a?F2 4 —atfﬁ B2h=2

2 2 —
Py —day — (a?4+6Ba+ %) (A3 — Ba) (Ba+ AB) _o,

4 (a—p)a?p

, we get
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where A=aF, B=p" and o> +68a+2=0 for a=1++v2 and =
12

Assume that the relation (2.2) is true for m = r. Then

r+1 r
2 2 2 -
E Ptoi = E Pojoyoi + Popyopio =
i=0 i=0
r r+1
2 2 2
> Py +4ary ap Poyor + Poyiorio = > Poi+4ar1 ag, Poioy
=0 i=0
r+1
2 2 2
+ Popyoryo — Popyo = E P, +4apy2 ay, Pogyor42,
i=0

where the last step uses Lemma 1 for m =r. Hence, (2.2) is true for
m =r + 1 and the proof is completed by induction. O

The formula (2.2) shows that in order to sum up m squares of consecutive
even indexed Pell numbers it suffices to know the initial such sum. Hence, we
can view this as the appropriate translation property for sums of consecutive
squares. All other formulas in this note have analogous properties.

The next remark lists some other variants of the formula (2.2). It uses
the integer sequence b, whose first ten terms are 1, 1, 5, 29, 169, 985, 5741,
33461, 195025 and 1136689 and which is not in the Sloane depository [11].
The explicit formula for its terms is

(B+2V2F(2-v2) (3-2V2)F(2+V2)
4 * 4

by, =

or

y _U-atBB+a-pF (“ta-HEB-a+p*
" 8 " 8

for any integer k. We shall see later that b, = %P2k—1-

Remark 1. The following are four additional versions of Theorem 1:
For every m > 0 and k > 0 the following equalities holds:

m m+1
Z Py o +4 <Z bf) =2 ams1 - bet1 - Pokyom—1, (2.5)
=0 i=0

m

m
Z Pjiyg; =16 <Z a?_1> +4-ams1 - apy1 - Pogyom—2,  (2.6)
i=0 i=0
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m m—+1
D Poipai+4 (Z b?) =442 amt1 b - Poktomt1, (2.7)
i=0 i=0
m m—+1
> Pjai = (Z P221> +4 - ami1 - ag-1 - Poktomto- (2.8)
i=0 i=0

3. Pell odd squares

The exceptional case (when m = 0) of our second theorem is the following
lemma.

Lemma 2. For every k = 0 the following identity holds:
P} =4+ 4dagy Py (3.1)

: _ 2(a*=pY)
Proof. By the Binet formula P, = =%—pF— SO that we have

Py —4apy Py —4= P3| — Poyo Py — 4 =
9(o2k+1 _ g2k+1y\ 2 9(2k+2 _ g2k+2 22k — g2k
<<a 8 >>_<<a 8 >><<a ﬁ)>_4

a—p a—pf a—f3
=4(AB-1)=0,

where A = o?f and B = g%, O

The initial step in an inductive proof of our second theorem uses the
following lemma.

Lemma 3. For every k > 0 the following identity holds:
P22k+1 + P22k+3 =8+ 24apy1 Popyo. (3.2)

Proof. By the Binet formula P, = %__ﬁﬁk) so that we have

Py + Pyg—24api1 Popyo —8 =Py + P s —6P5,, — 8=

<2(a2k+1 o 62k+1)>2 . (2(a2k+3 o 52k+3)>2 iy (2(a2k+2 - 62k+2)>2

a— 0 a— (0 a—p0
—8=8(AB—-1) =0,

where again A = o®* and B = 3?¢ and we substitute 1 + /2 and 1 — /2 for
a and (3 (and their small concrete powers). O
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The following lemma is needed to accomplish the inductive step in the
proof of our second theorem.

Lemma 4. For every m > 0 and k > 0 the following equality holds:

2 2
dagi1 [amy2 Pokgomy2 — @met1 Poryom] = Pojromis — Pani1- (3.3)

Proof. The difference of the left hand side and the right hand side of the
relation (3.3) (after the substitutions ™ = A, ™ = B, of = U, gF =V)
and the replacement of o and 3 with 1 4+ v/2 and 1 — /2 we get the rational
function whose numerator is

128 (—3+2\/§) (UV)2-1) ((3+2\/§) A2 +B2)2.

Since UV = £1 we conclude that the above difference is zero and the proof
is complete. O

Theorem 2. For every m = 1 and k > 0 the following equality holds:

m m—1
Z Pioiv1 = (Z P22i+1> +4(1+ amt1 - akt1 - Pogrom) . (3.4)
=0 =0

Proof. The proof is by induction on m. For m =1 the relation (3.4) is true
by the relation (3.2) in Lemma 3. Assume that the relation (3.4) is true for
m=r.

r+1 r

2 _ 2 2 _
E Pijiyoip1 = E Pojyoiv1 + Pogyoris =
=0 i=0
r—1

2 2
Z Pyi1 +4+4ari akr1 Poktor + Pojyopys =4 +4arp1 ap1 Pogtor
=0

s T
+ > Poi+ Poigoris — Pai = Y Pry + 4+ 4aris apg Poyara,
i=0 i=0
where the last step uses Lemma 4. Hence, (3.4) is true also for m =7+ 1
and the proof by induction is complete. O

Other versions of Theorem 2 are listed in the following statement:

Theorem 3. For every m > 0 and k > 0 the following equalities holds:

<Z P22k+2i+1> + (Z P222> = am+1 - Pogv1 - Pokrome1,  (3.5)
i=0

1=0
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m m
Z Piaip1 = (Z P22i+1> + 4 a1 - ak - Pogtom+2, (3.6)
i=0 i=0

m m+1
<Z P22k+2i+1> + <Z P221) =2 amy1 - b - Pokromys,  (3.7)
i=0

=0
m m—+1
> Piiiin = (Z P22i+1> + 4 (@m+1 - g1 Pokromia —1) . (3.8)
i=0 i=0

Proof. We shall only outline the key steps in an inductive proof of the formula
(3.6) leaving the details to the reader because they are analogous to the proof
of Theorem 2.
The initial step is the equality P22k 41 = 4+ Poy Pojyo which holds for every
k > 0. On the other hand, the inductive step is realized with the following
equality:
4ay [amt2 Porromsa — mi1 Poksome2) = Paiomis — Poniss

which holds for every k > 0 and every m > 0. U

4. Sums of products of Pell numbers

For the first two steps in a proof by induction of our next theorem we
require the following lemma.

Lemma 5. For every k > 0 the following equalities hold:
P2k+1 = 2 bk+1. (41)

8 + Poi, Pogy1 + Pokto Pogy3 = 12 Pojyp biy1. (4.2)

Proof of (4.1). By the Binet formula we have

2k—1 _ 32k-1 _ _ k41
P2k+1_2bk+1:2(a a_ﬁﬁ )_(4 Oé“‘ﬁ)(i—FO[ ﬁ) B

(4t+a-pE-—a+p™ _ (2+Vv2)(A*-B)
4 B 2 -

where A = (1 —v/2)*, B=(3—-2+v2)" and (1 — v2)?2 =3 -2V2. a
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Proof of (4.2). When we apply the Binet formula to the terms in the dif-
ference of the left hand side and the right hand side of (4.2) and substitute

azl—i—ﬁ&ndﬁzl—ﬁweget
(3v2 —5)A%2C +3(7—5V?2)(A? — B)A%+
(7+5v2)(46 V2 — 65 +3D —3C?),
where we have D = (17 + 12v/2)F, C = (34+2v2)*, B= (3 —2v?2)* and
A= (1—-+/2)* Since A2= B, A2C =1 and D = C?, the above expression
is equal to
(3V2—5)+ (7T+5V2)(46 V2 — 65) = 0.
O

With the following lemma we shall make the inductive step in the proof
of the fourth theorem.

Lemma 6. For every m > 0 and k > 0 the following equality holds:

20k11 [amr2 Pokromy2 — @ms1 Pogyam] =
Poryom+2 Pottomt3 + Pomg1 Pomga. (4.3)
Proof. Let R denote the difference of the left hand side and the right hand
side of the above relation. We need to show that R = 0.

Using the Binet formula and replacing a and 3 with 1+ v/2 and 1 — /2
we get
1 2
R=— (10-7v2) ((3264+2308v2) a? s

(16 12 \/§> bt + (17— 12\/§> dty — (3264+2308 \/§> 2
+<3+2\/§> d4—c4y— (34—2\/5) 64),

with a = (3+2V2)*, b=(V2-1)F c=(1-V2)™, d=(V2-1)™, = =
(17 +12v2)F, y = (17— 12v2)* and 2z = (17 + 12V/2)™. Since a®? =z, y =
b* and d = —c, it follows that R = 0. U

Theorem 4. For every m > 1 and k > 0 the following equality holds:

m—1

m
> PoryoiPorrairs = 2:@mi1-bisr-Poksom— Y, Pory1-Pays (44)
i=0 i=0
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Proof. The proof is by induction on m. For m =1 the relation (4.4) is true
by (4.2).
Assume that the relation (4.4) is true for m = r. Then

r+1 r r

§ Pyt 0i Popqoit1 + E Pit1 Pyio = E Pyt 9 Popioir1+

i—0 i—0 i—0
r—1
E Poit1 Pojio + Pory1 Poryo + Popyoryo Popqorys = Porgq Porga
i—0

+2a,41 bes1 Poggor + Pogort2 Porgor43 = 2ar42 b1 Poggor42,

where the last step uses Lemma 6. Hence, (4.4) is true also form =r + 1. O

Other versions of Theorem 4 are listed in the following statement:

Theorem 5. For every j >0 and k > 0 the sum Y ;~ Pok+o; - Pogto2it1 1S
equal to the following expressions:

m
(Z Py 'P2i+1) + 4+ amy1 - ak - Poryomta, (4.5)
i=0
m
2 am+1 - b - Pogome2 — <Z Poiy1 - P2i+2> , (4.6)
i=0
m~+1
(Z Py; - P2i+1) + 4 amy1 - ak—1 - Popromys, (4.7)
i=0
m+1
2 (amt1 - k-1 Pogyomta +4) — (Z Poitr - P2i+2> ) (4.8)
i=0

Proof. We shall only outline the key steps in an inductive proof of the part
(4.6) leaving the details and other parts to the reader because they are
analogous to the proof of Theorem 4.

The initial step is the equality 2 by Pag1o — 8 = Poy Por41 which holds for
every k> 0. On the other hand, the inductive step is realized with the
following equality:

2b [am+2 Pogrom+a — @me1 Pokyomya] =
Popyomi2 Pokromts + Pomys Pamea,
which holds for every k£ > 0 and every m > 0. O
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