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TEORIA DEI NUMERI

On sums of Pell numbers

Nota di ZVONKO CERIN' ¢ GIAN MARIO GIANELLA?
presentata dal Socio corrispondente Marius J. STOKA
nell’adunanza del 14 Novembre 2006.

Riassunto. In questa nota che ¢ un miglioramento della nos-
tra nota [6], si sono ottenute formule esplicite per somme di numeri
di Pell, numeri di Pell pari e numeri di Pell dispari, per somme di
quadrati di numeri di Pell, numeri di Pell pari e numeri di Pell dis-
pari e somme di prodotti di numeri di Pell. Si sono pure determinate
le forme alternate di queste somme. FEsse hanno tutte interessanti
rappresentazioni mediante numert di Pell e di Pell-Lucas.

Abstract. In this improvement of our paper [6] we give explicit
formulas for sums of Pell numbers, even Pell numbers and odd Pell
numbers, for sums of squares of Pell numbers, even Pell numbers
and odd Pell numbers and for sums of products of even and odd Pell
numbers. The alternating forms of these sums are also considered.
They all have nice representations in terms of Pell and Pell-Lucas
numbers.

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+ Qn 2 forn=>2
The numbers @ make the integer sequence A002203 from [10] while the
numbers %Pk make A000129.
In this paper we prove twentyfour formulas for sums of a finite number
of consecutive terms of various integer sequences related to the Pell num-
bers. More precisely, for any integers k£ > 0 and m > 0 we consider the sum
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>oito Peti and show that it can be evaluated as %Q;Hm + Piim — %Qk.
In other words, we discover the formula for the sum of m + 1 consecutive
members of the Pell sequence. Then we accomplish the same thing for even
and for odd Pell numbers, for their squares and for six kinds of products of
adjacent Pell numbers. Finally, we treat also the alternating sums for those
sequences. For example, we prove that the alternating sum >, (—1) Py
is equal to (—1)™ % Qrim — % Qi + P.

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
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 [7].

2. Statements of results

The best method to sum finitely many consecutive integers
k+(k+1)+(k+2)+- + (k+n)

is to group the initial number k and use the formula for the sum of the first
n natural numbers. Hence, the above sum is

k(n+1) + n(n+1) _ (n+ 1)(2k‘—|—n).
2 2

In this paper our first goal is to show that the analogous explicit formula
exists for the sum of finitely many consecutive members of the Pell integer
sequence. In other words, we first want to find the formula for the sum
Z?lo Pyy; when m > 0 and k > 0 are integers.

We use the symbols N, = {0, 1, 2, 3, 4, ... } for all natural numbers (with
zero included) and N, for the product N, x N,.

Theorem 1. For (m, k) € N, the following equality holds:

1

m

1 1
Y Pii= 5 Qkrm + Phom — 5 Qk = 5 Qa1 — Qr)- - (21)
i=0

Next we sum up consecutive even and odd Pell numbers.

Theorem 2. For (m, k) € Ny, the following equalities holds:
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m

1
§ Py = 5 [Q2k+2m + Pogrom — Qo + Poi| =
i=0

1
=3 [Q2k+2m+2 — Poktom+2 + Qar — Pog] - (2.2)
- 1
Z Pojyoiy1 = 3 2 Qok+2m + 3 Pogtom — Por] - (2.3)
i=0

The alternating sums of consecutive Pell numbers, even Pell numbers and
odd Pell numbers are covered in the following theorem.

Theorem 3. For (m, k) € Ny, the following equalities holds:

m

. 1 1
(=1)" Poys = (=1)™ 3 Qk+m — 3 Qr + By (2.4)
=0
m . 1 1 1 1
(—=1)" Popyos = (—1)™ [Z Q2k+2m + 3 P2k+2m:| 1 Qor + 3 Py, (2.5)

=0

m . 3 1

Z (—1)2 P2k+2i+1 = (—1)m |:Z Q2k+2m + P2k+2m:| + 1 Q2k~ (2-6)

=0

The sums of squares of consecutive Pell numbers, even Pell numbers and
odd Pell numbers are treated in the following theorem.

Theorem 4. For (m, k) € Ny, the following equalities holds:

m k+m k
1 1 1 1 _)km (1

Z Pk2+i = ZQ2k+2m+§ 2k+2m+ZQk_§Pk_ (=1) 5 (=1 . (27

=0

2 1 3 1 3
Z Poj0i = 1 Qaktam + g L ak+am + 1 Qur — §P4k —m— 1. (2.8)

1=

0
m
3 17 1
Z P22k+2i+1 =35 Qakvam + 3 Pygyam — §P4k +m+ 1. (2.9)
i=0

Of course, the alternating sums of squares of consecutive Pell numbers,
even Pell numbers and odd Pell numbers are next.
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Theorem 5. For (m, k) € Ny, the following equalities holds:

Z(_l)i P13+i =

4
m .
Z (-1’ P22k+2i =

i=0
(=™ 1
12 [3 Qaic+am + 4 Pajeram — 6] + B [3Quar — 4 Py, —6].
Z (_1)i P22k+2i+1 =
i=0
—1)m 1 !
( 12) [17Q4k+4m+24p4k+4m—|—6]+EQ4k+§

[Q2k+2m + Poktom] + % [Qor — Pog) — (—1)F (m + 1).

(2.10)

(2.11)

(2.12)

Now we shall consider six kinds of sums of products of Pell numbers.

Theorem 6. For (m, k) € Ny, the following equalities holds:

m
E Py Pyyiy1 =

i—0
3 1 (_1)k + (_1)k+m
n m P m - .
1 Qok+2m + Popyo 1 Qax 5
Z Pry9iPryoit1 =
i—0
5 7 1 1
= Qoktam + = Pokram — = Qo + = Po, — (=1)*(m + 1).
8 8 8 8
> PoraiPorsoisr =
i—0

5 7

1 1
3 Quak+am + 5 Pikvam — 3 Qur + 5 Py —m — 1.

8 8

m
Z Popt2i41 Pogt2i+2 =
i=0

29 41

1 1
3 Quak+am + = Pagvam — 3 Qur — 3 Py +m + 1.

8

(2.13)

(2.14)

(2.15)

(2.16)
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m
Z Poptai Popaive =
i=0
35 33

1 1
o Qakrsm + T Parssm + o7 Qak — 75 Pav — 3(m + 1) (2.17)

m

Z Poptait1 Pogaivs =

=0
17 577 1
-t °p i
5 Qtkrsm + 15 [aktsm 7o

The last six formulas cover the alternating forms of the relations from the

previous theorem.

Py +3(m+1). (2.18)

Theorem 7. For (m, k) € Ny, the following equalities holds:

(=1)" Proyi Prrit1 =

(O

~
Il
o

(=)™ B Q2k+2m + Z szm} + i Py, — (—Df(m+1).  (2.19)

(—=1)" Pyyoi Pryoir1 =

1M

7 5 1 1 (—D*1+ (-1)™)
"= —P. - —Por— . (2.20
(-1) [12Q2k+4m +5 2k+4m:| 15 @2t & P 5 (2.20)
m
D (=1) Papyo; Pokrains =
i=0
7 5 1 1 1+ (—1)™
(=)™ [E Quk+am + 6 P4k+4m:| 1 Qak+ 6 Py, — — (2.21)
m
> (=1) Paryaigr Poroive =
i=0
41 29 1 1 14(-1™
)™ | = — P, — — Py+———. 2.22
(-1) [12 Qairam + 4k+4m:| +g Quet g Pt —— (2.22)
m
D (=1 Poyyas Pokraiva =
i=0
99 35 3 1 14 (~1)™
) L — P, — —— Py—3——— (2.2
(1) [68 Quitsm + = 4k+8m]+68 Qap =17 Pae—3 —— (2.23)
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m
§ )" Pogtait1 Pokraivs =
=0

1y [577

1 1+ (=)™
Qairsm + 12 Paism | + =2 Qar + 3#. (2.24)

3. Comments on the proofs

All twentyfour formulas have been discovered with the help from comput-
ers. Of course, it is possible that they could also be found without machines
using in a clever way the formula for the sum of finitely many terms of a
geometric series.

Once we have guessed the formula its proof by induction is usually quite
easy provided we know some other relations among numbers P, and Q.
These relations are often proved also by induction or by algebraic manipu-
lation.

We shall present only few proofs because they are all very similar so that
the reader should not have difficulties to supply their own proofs.

4. Proof of Theorem 1

The formula (2.1) clearly holds when m = 0. If we assume that it holds
for m = r, then we have

r+1

T
> Peyi= Pepit Poprir =
: i=0

1 1 1 1
5 @rtr T Pty = 5 Q@+ Potr1 = 5 Qrtrs1 + Potr1 — 5 O,y

where the last step uses the formula Q11 — @, = 2 P, for n = k + r. Hence,
(2.1) is true also for m = r + 1 and the proof by induction is complete.

The following direct proof is even simpler. Let « = 1 ++v/2and 3 = 1 — /2.
Note that « + 3 =2, @ — = 2v/2 and o - 3 = —1 so that the numbers « and

. . 2 1 . o 2(aj_ﬁj) o aj_ﬁj
(3 are solutions of the equation 2 — 2x — 1 = 0. Since P; = =~ = h

and Q; = o/ + 3 we have

Z Pk—l—z Z
=0

ﬁk—i—z

V2 - —V2
S [a’”m“ + gRtmtl _ (a + 5’“)} = % (Qryms1 — Qr) -

ﬁm—i-l _ 1:| _ 1 |:ak+m+1 _ Oék ﬁk-ﬁ-m—i—l _ ﬁk
k



ON SUMS OF PELL NUMBERS 7

5. Proof of (2.2)

The formula (2.2) clearly holds when m = 0. If we assume that it holds
for m = r, then we have

r+1 T
§ Pojyo; = E Popyoi + Popyoryo =
=0 i=0

1

(Q2k+2r + Popyor — Qop + Pog| + Popyorio =

1
=35 [Qart2011) + Parsor+1) — Qo + Por]

T2

where the last step uses the formula Q41 = P41 + P,. Hence, (2.2) is true
also for m = r 4+ 1 and the proof by induction is complete.
The following direct proof is also simple. We have

m Mo 9k42i _ 2k+2i 2m-+2 2m+2

(6% — /8 1 2% (6% — 1 Qkﬁ — 1
§ Pojyoi = § =— [Oé —p
i=0

— V2 NG) a?2—1 62 —1
_ i [a2k+2m+2 _ o2k - F2h+2m+2 ﬂzk] _
V2 2+ 2v2 222
a2k+2m+2 + 52k+2m+2 a2k+2m+2 _ 52k+2m+2 a2k _ 52k a2k + 52k
— — +
2 2V/2 2V/2 2
1

=3 [Q2k+2m+2 — Portromt2 — Por, + Qax) -

6. Proof of (2.4)

m 1y i( )'ak+i_ﬁk+i
)i P = ()i e— =
=0 ! =0 \/5
1 ok (—a)m+! -1 _ gk (=)t -1 _
V2 —a—1 —6—-1
1 k (_1)m+1ak+m+1 ﬁk _ (_1)m+1ﬁk+m+l
V2 [ a+1 B B+1 } -
ak _ 5k B Ozk + 5k ak+m+1 _ 6k+m+1 ak+m+1 + 5k+m+1:|

72 y T [ 72 - 2

1 1 1 1
= Pk—§ Qr+(—1)" <Pk+m+1 ~3 Qk+m+1> = Pk_§ Qk+(—1)m§ Qktrm-

(2
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7. Proof of (2.7)

m m ki gkt 2
Y-y (n ) -

1=0
2k /o2mt2 _q 2k /g2m+2 _ q n .
5 (%) + % <ﬁ527_1> —(@B)t Y (aB) =

0
a2k+2m+2 _ Oé2k ﬁ2k+2m+2 _ ﬁ2k B (_1)k+m + (_1)k _

4442 R V2 2
1 1 1 1 (=1)Ftm 4 (—=1)*
5 P yomyo — 1 Q2k+2m+2 + 1 Qar — 3 Py, — 5 =

1 1 1 1 (—L)kFm 4 (—1)*

z z z _Ip —

1 Q2k+2m + 5 Pokeram + 7 Qk 5Lk 5 ;
where we used the fact that a 8 = —1 and the formula P, 15 — P, = M

for n = 2k + 2m.

8. Proof of (2.10)

m ' m N AN
S - S (Y

=0 =0
m . Q2k+2i _ 2(a ﬁ)k—i—i 1 g2k B
; (—1) 5 =
a?t & 2\i 3 . i ﬁ% - 2\
5 2 () = (@B Y (—ap) - Y () =
i=0 i=0 i=0
azk <(—a )m+1 _ 1> ﬁ% ((_ﬁ2)m+l _ 1) L
S | )t () D' m+1)=
2 —a? -1 2 —-p2 -1
2k —1)m™ 2k+2m+2 2k —1)m 2k+2m+2
2 +(8 :4\% +ﬁ +(8 _)455 —(=1)*(m+1) =

(-nm
1 (Q2k+2m+2 — Poktom+2] =

11@ok = Po) = (—1)Fm+ 1) +
(1)
4

where we used the formula Q49 — P12 = @y + P, for n = 2k + 2m and
the fact that a g = —1.

(ot + Potom] + 7 [Qok — Pos] = (<1 (m +1),
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9. Proof of (2.13)

m m k+i _ ghti k+itl _ ghtitl
a®"mt —j « —-p
E Prti Pryiv1 = E < 7 > ( 7 > =

m 1 m
Z o2k+2itl _ o+ Z ) L Z G2+
2 4
1=0 1=0

m
=0

.

1
2

o2k+1 az)m+1_1 (_1)k+ +(_1) 32k (B2)m+t — 1 B
( )- S e () -

2k+2m+3 2k+1 52k+2m+3 _ 52k+1 (_1)k+m + (_1)k

_|_ —
4+ 42 4 —4y/2 2

92 Pokyom+s — 1 Q2k+2m+3 — 3 Popy1+ 1 Qokt1 — (=1 5 (1)

() + (21t
oo

3 1
=1 Q2k+2m + Poprom — 1 Qar —
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