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1. INTRODUCTION
In [2], it was shown that
a0 _—1— _ @ _1 -1
2 S R (D

and, using the same approach, it can be shown that
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Let m be a positive integer, and define the sums
M) =Y e m 21, 1.3
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In [1] (see equations 20, 21, and 22), Brousseau proved that
TQ, 2)=-5—-33(1,z, 3 4), (1.5)
v 5,6 .
8(1,2,3,4) 2640+ T(1234 ), (1.6)
and
589 273
T(1,2,3,4,5,6)= 150 oo =50 5(1,2,3,4,5,6,7,9). 17

As an application, he computed the value of the sum 2., + 7 to twenty-five decimal places.

Qur aim in this paper is to establish explicit formulas that extend (1.5)-(1.7). Specifically, we
obtain formulas '
TQ,....m)=n+nS({,...,m m+1l, m+2), mz1, (1.8)
and
SO,....my=n+r,TQ,..,m m+l, m+2), m21, (1.9)
where the 7, are rational numbers that depend on m. Among other things, Carlitz [3] attacked the
same problem with the use of generating functions and Fibonomial coefficients. Here we provide

an alternative and more transparent approach, with the use of only simple identities that involve
the Fibonacci numbers.

2003] 59



ON SOME RECIPROCAL SUMS OF BROUSSEAU. AN ALTERNATIVE APPROACH TO THAT OF CARLITZ

2. PRELIMINARY RESULTS

We require the following results:
- 1
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i (_ L S S 1,2,..,m), m=21; (2.6)

n=1 F;,F Ei+m—lF +m+1 Fi - F, mF mz+1 F, m+1

Er+mF;1+m+2 -k, nF;1+m+l

- — (2.7)
= ( l)m Y A 08 +m+2 +[1 + (_ )mF m+2] I P ( D 'F, M2 5
Et+mEx m+2 +F F n+m+1 (2 8)
= (_ 1) +m+lF wme2 [1 + (" )m_lF m+2] n+m nm+2 +( )n—1 m+2:

Formulas (2.1)-(2.3) can be obtained from [1]. More precisely: (2.1) occurs as (4); (2.2)
follows if we use (3) to evaluate

n=1 F;IF;1+k

for k=1 and k =2; and (2.3) is the first entry in Table IIl. Formula (2.4) follows from (2.4) in
[4]. Again, turning to [4], we see that identity (3.3) therein and its counterpart for 7 yield (2.5)
and (2.6) for m>3. We can verify the validity of (2.5) and (2.6) for m=1 and 2 by simply
substituting these values and comparing the outcomes with (2.1)-(2.4). Finally, (2.7) and (2.8)
can be established with the use of the Binet form for F,.

3. THE RESULTS
Our results are contained in the theorem that follows.

Theorem: Let m>1 be an integer. Then

_ 1 )" Ey = Foes
SQ,....m) (1+(—l)'”_1— m+1)[ FF., E FaTQq,... . m+2)] 3.1
1 -D"'F ,+F
74, ... = mid - 2mi3 _ . .
G....m) (1+ (__l)m—l T Lm+l)|: F .F ., FpiFna S, ..., m+2)] (3.2)
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Proof: Let m21 be an integer. Then, due to telescoping, we have

i ( 1 _ 1 )_ 1 (3.3)
n=1 F, B Frem P B rima FeFF, .
Alternatively, with the use of (2.7), this sum can be written as
i Et+mF;l+m+2 _ ‘F;rF;z+m+l
n=1 F B
- i =D"'F, metFemetFnemea 1 + GV Y o e F, m+2 (3.4
n=1 T YRS SO
= (~)"™E, SQ, . m)+[1+ (<" E ]S 1 —F,T(,..,m+2).
n=1 E1 v 'E1+m—1E1+m+l

Finally, after using (2.5) to substitute for

- 1
EF

=1+l net’

F 3

e F;H-m—l n+m+1

we equate the right sides of (3.3) and (3.4), and then solve for S, ..., m) to obtain (3.1). In the
course of the algebraic manipulations, we make use of the well-known identities L, = F,_, + F,,,,
E}+FYy =By, and B~ FE=(-1)"

Since the proof of (3.2) is similar, we merely give an outline. To begin, we have

= - 1 1 1
(=1y" 1( + ): . 3.5
El Ez"'F F F+1"'Ez+mEx+m+2, Fi"'FmFm+2 ( )

n+m-1* n+m+l n

Next, we write the lefl side of (3.5) as

o E .F +FF
-1 Zndm” ndmd2 n” n+m+l
Z( l) ( E1'°'Et+m+2 ) (3'6)

n=1

Finally, we make use of (2.8) and (2.6), and then solve for T'(l,...,m). This completes the proof
of the theorem. O

If we substitute m = 4 into (3.1), we obtain (1.6). Likewise, if we substitute m=2 and m=6
into (3.2), we obtain (1.5) and (1.7), respectively.

- 4. CONCLUDING COMMENTS

Our results (3.1) and (3.2) do not produce (1.1) and (1.2), which, as stated in the Introduc-
tion, can be arrived at independently. Interestingly, due to our alternative approach, our main
results are more simply stated than the corresponding results in [3]. See, for example, (5.8) in
[3]. Incidentally, there is a typographical error in the last formula on page 464, where —% should
be replaced by %.

Finally, we refer the interested reader to the recent paper [5], where Rabinowitz discusses
algorithmic aspects of certain finite reciprocal sums.

2003} 61



ON SOME RECIPROCAL SUMS OF BROUSSEAU: AN ALTERNATIVE APPROACH TO THAT OF CARLITZ

REFERENCES

Brother Alfred Brousseau. "Summation of Infinite Fibonacci Series." The Fibonacci Quar-
terly 7.2 (1969):143-68.

L. Carlitz. Solution to Problem H-10 (proposed by R. L. Graham). The Fibonacci Quarterly
1.4 (1963):49.

L. Carlitz. "Reduction Formulas for Fibonacci Summations." 7The Fibonacci Quarterly 9.5
(1971):449-66, 510-11.

R. S. Melham. "Reduction Formulas for the Summation of Reciprocals in Certain Second-
order Recurring Sequences." The Fibonacci Quarterly 40.1 (2002):71-75.

Stanley Rabinowitz. "Algorithmic Summation of Reciprocals of Products of Fibonacci Num-
bers." The Fibonacci Quarterly 37.2 (1999):122-27.

AMS Classification Numbers: 11B39, 40A99

62

o

Do o%
O %® %

o,

[FEB.



