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Born around 1170, Leonardo of Pisa is claimed to be the most outstanding mathematician

of the European Middle Ages [Koshy, 2001]. His common name “Fibonacci” comes from the

union of Filius and Bonacci which literally translates to Son of Bonacci. Little is known

outside of his major mathematical works, each of which earned him much acclaim throughout

Europe. Today Fibonacci is remembered for the creation of the famous Fibonacci Sequence

which powerfully explains many phenomena and continues to be studied in the regularly

published Fibonacci Quarterly [King, 1994].

Guglielmo Bonacci, Fibonacci’s father, was a well established wealthy merchant of Pisa,

Italy. He wanted to educate his son in the art of calculations and hoped he too would become

a merchant. Fibonacci exceeded his fathers expectations [McElroy, 2005]. For the following

25 years, interested in the trades of other countries, Fibonacci traveled the Mediterranean

visiting regions of Egypt, Syria, Greece, Sicily, France and Constantinople. While in Africa,

he studied under an Arab Master who taught Fibonacci the Hindu-Arab numerals. Pre-

viously, Europe had adopted the Roman numeral system which was cumbersome for the

markets. Many laymen didn’t understand the counting system well enough to check num-

bers. Alternately, the Arab system uses the same ten digits we use today (0,1,2,...,9) and

more importantly used a base ten decimal system with place value notation (i.e. ones place,

tens place, hundreds place). This system made counting more understandable. After study-
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ing abroad, Fibonacci returned to Europe to publish his primary work, Liber abbaci (The

Book of the Abacus) in 1202 and revised in 1228 [Koshy, 2001]. In this book, Fibonacci

introduces Arab counting and basic arithmetic, practical applications and scenarios for mer-

chants as well as puzzles he found entertaining. Sequels to this first book include Practica

Geometriae (Practice of Geometry) in 1221, and both Flos (Flower) and Liber Quadratorum

(Book of Square Numbers) in 1225. Each book gave several examples which were used to

understand many real world applications specifically for trade. Yet Liber abacci remains his

most significant work, a title which discusses Number Theory [McElroy, 2005].

Since little is written about Fibonacci, we must look to his own writing, specifically the

revised Liber abacci, to discover more about his life. This work is partitioned into fifteen

chapters, containing mathematics which was derived from learning throughout his travels.

Chapters include topics about the Arab numeral system, fractions, square and cube roots, as

well as more complex theoretical mathematics like “The Rabbit Problem” (discussed later).

Each topic introduced Europe to the common notation for math still in use today. Among

many other common, now intuitive, concepts, Liber abcci presents simple, useful ideas for

which Middle Ages Europe craved, hence its lasting impression to modern mathematics

[Folkerts, 2006].

What Fibonacci called The Rabbit Problem has evolved into what we now refer to as the

Fibonacci Sequence, a list of numbers which has been commonly found in natural phenomena

ever since its discovery. In this problem, Fibonacci considered pairs of rabbits. “How many

pairs of rabbits will there be in a year?” with three basic conditions 1) each pair takes one

adult month to mature, 2) each mature pair produces a set of babies each month, 3) no

rabbits die over the course of a year [Koshy, 2001]. The following table and explanation give

detail to this problem.
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Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Baby pairs 1 0 1 1 2 3 5 8 13 21 34 55
Maturing pairs 0 1 0 1 1 2 3 5 8 13 21 34
Producing pairs 0 0 1 1 2 3 5 8 13 21 34 55
Total Pairs 1 1 2 3 5 8 13 21 34 55 89 144

Starting with a single pair, each month, all of the babies from the previous month become

maturing rabbits and all of the maturing rabbits from the previous month become producing

rabbits which continue to have a pair of babies each month. During the first two months,

since we start with only one pair of baby rabbits, there are no mature rabbits to produce

new pairs. After rabbit pairs become mature, they continue producing rabbits all year which

increases the total number of pairs.

In each line, as the pattern continues, notice the recurring sequence, or list of numbers,

1, 1, 2, 3, 5, 8, 13.... Each term is the sum of the previous two terms. This particular sequence,

is called the Fibonacci Sequence. Today, Fn denotes the nth Fibonacci Number and is

characterized by Fn = Fn−1 +Fn−2 for n ≥ 3 where F1 = F2 = 1. Other similar problems are

presented in Liber abacci, however The Rabbit Problem gives rise to a very special property

in mathematical application which has been focus of many mathematicians.

Patterns from the Fibonacci Sequence turn up many times in nature. Flowers typically

have the same number of petals or leaves as a Fibonacci number. This is not a coincidence:

Fibonacci numbers appear again in the rhythms of popular music and poetry as well. The

reasoning behind this relationship is credited to the Golden Ratio, commonly represented

with the Greek letter φ, a favored ratio relationship between Fibonacci numbers, found in the

most beautiful features of flowers and buildings like the Greek Parthenon. The well known

astronomer, Johannes Kepler (1571-1630), found an association between the Fibonacci se-

quence and the coveted Golden Ratio. Kepler realized that the ratio relationship between

two sequential Fibonacci numbers and the golden ratio became more strongly correlated

for larger Fibonacci numbers, so limn→∞, Fn+1

Fn
→ φ ≈ 1.618... [Koshy, 2001]. To better

understand why Kepler’s discovery was true, mathematicians looked to Fibonacci’s love for
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geometry and square roots to prove this relationship.

First we investigate the line segment AB which is intersected by point C to form two

joint line segments AC and CB . The Golden Ratio is the ratio x = AB
AC

= AC
CB

.

With algebra manipulations we simplify our problem to use the quadratic equation, a method

commonly used by Fibonacci.

x =
AB

BC
=
AC + CB

AC
= 1 +

CB

AC
= 1 +

1
AC
CB

= 1 +
1
AB
AC

= 1 +
1

x

Then, by multiplying by x we produce the equation x2 = x+ 1 which implies x2− x− 1 = 0

so, x = 1±
√
5

2
. For now, we’ll call the positive form α ≈ 1.618... and the negative form

β ≈ −0.618.... Both α and β are considered Golden Numbers. These ratio relationships

between any two objects is said to be ideal if it is proportional to these particular ratios.

Later, French mathematician Jacques-Phillipe-Marie Binet (1786-1856) discovered a for-

mula for powers of α and β. αn+2 = αn+1 + αn and βn+2 = βn+1 + βn. When sub-

tracting these two formulas, Binet also discovered a formula for the Fibonacci Sequence

Fn = αn−βn

α−β , n = 1, 2, 3, ... [Hoggatt, 1969].

The influence of Fibonacci has significantly impacted modern mathematics. As an

ambitious traveler, he replaced the troublesome Roman numerals with Arabic numbers which

made calculations more simple for Europeans. Fibonacci’s several books, particularly Liber

abacci, invited readers of varying levels of mathematical understanding to apply numbers,

patterns and theories to their life and work. Additionally, Fibonacci’s famous, Rabbit Prob-

lem, and its relationship with the golden ratio has led to the better understanding of numbers

and mathematics in nature.
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