
Exploring mathematics’ most fascinating number; π

I am sure that you have all heard of the number π (pronounced pi) but what exactly
is it? π is arguably the most famous
and remarkable of all numbers. It is
the ratio of the circumference of a
circle to its diameter.  The symbol is
that of the greek letter π which is the
first letter in the word περίμετρος
(which means perimeter) . π is
irrational and transcendental (a
number that is not the root of a
non-zero rational number polynomial).
Personally, I am fascinated by π’s
prevalence in everyday life and its
unrepeating nature; in particular the
fact that any number in the world is found somewhere within π’s digits; including our
birthday and phone number.

The first known civilization to quantify π were the Babylonians who in around 2000
BC supposed that π was either 3 or 3 ⅛ (99.5% of π’s value). The next quantification
was made by the Egyptian scribe Ahmes who wrote in the Rhind papyrus in 1500 BC
that the area of a circle equals that of the square of 8/9 of its diameter. This would
make π equal to 3.16 ( to 3 s.f.) (100.6% of π’s value).

These values were adequate for primitive craftsmen and engineers. However, to the
Greeks, who have
been labelled as the
first ‘pure’
mathematicians, π
held a much deeper
significance. They
were fascinated by
the problem of
squaring the circle
which is one of the
‘three famous problems of antiquity’ . This problem entailed forming a square whose
area was exactly equal to a given circle using just a ruler and compasses. All their
attempts at this problem were fruitless and it was proven that it is impossible to
square the circle by Lindemann in 1882. Archimedes (a Greek mathematician)
determined that π lay between 3 10/71 (3.141 to 4 s.f.) (99.98% of π) and 3 10/70 (
3.143 to 4 s.f.) ( 100.04% of π). He calculated these values by calculating the areas
of regular polygons with 96 sides. Archimedes managed to give π the approximation



of 22/7; a number that is known to generations of schoolchildren. The next major
improvement came in the 5th century A.D. and  was made by a Chinese man named
Tsu Ch’ung-Chi and his son who stated that π lay between 3.1415926 ( accurate to 7
decimal places)  and 3.1415927. This result was not bettered until Al-Kashi in the
15th century managed to correctly identify 16 places.

Until the end of the 16th century, approximations of π had been calculated using
trigonometry; specifically using larger and larger shapes inside and outside of a
circle. The whole playing field was altered when mathematicians began to
understand and use infinite series and limits. The first person to show a formula for π
was Francois Viete (dubbed by many as the ‘father of modern algebra’) who derived
the expression :
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Many other mathematical formulae for π emerged and were used to calculate π to a
very high number of decimal places until they were trumped by electronic computers
in the 20th century. In 1949, the ENIAC (the first programmable, electronic, general
use computer) calculated π to 2037 places in 70 hours. By 1967, 500,000 decimal
places had been calculated using a French CDC 6600.
Nowadays, most record- breaking calculations of π have been done using
Chudnovsky’s Formula:
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This formula was used in January 2020 when 50 trillion digits were calculated by
Timothy Mullican. To put this into context, a trillion pieces of a paper stacked on top
of each other would reach more than ¼ of the way to the moon.  This is the current
world record for the most digits of π calculated.

In a basic sense, π is used to find the area and circumference of a circle. It is also
used as part of a system for measuring the
size of an angle ( 2 π radians is equal to 360
degrees) You might be surprised to hear that
π is used by NASA in multiple situations. It is
used in the search for exoplanets, “π
transfers” and to learn what asteroids are
composed of. Also, π is found in sine waves (
2 π is one complete sine wave). This means
that it has uses in anything wave related



including studying the way springs bounce and the behavior of ocean waves.
Moreover, π has many applications in statistics, including tracking population
dynamics and my favourite one; that the probability of two randomly chosen positive
integers being coprime is 6/ π2 . The most impressive thing about π is the multitude
of everyday objects it is found within. Look around you! There are many circular/
spherical objects all of which have π lurking within them.

Although it is useful to know a good approximation of π, it has been shown that
anything above 39 digits is enough to calculate the circumference of the known
universe to the width of a hydrogen atom. So, knowing trillions of digits is not
extremely useful. The main reason people calculate π to so many decimal places is
for the self-satisfaction in knowing that you have calculated more digits than anyone
else in the world. While I was researching π I started to wonder how we know that
the calculations we have of π are actually correct. There are two methods of
verification for doing this. The first one is calculating π again using a different method
and making sure the two numbers are the same. This isn’t always practical but it is
the gold standard. Alternatively, we can use a digit extraction algorithm to test a
random sample of the digits. The Bailey-Borwein-Plouffe formula (a digit extraction
algorithm in base 16) is used for this method.

In this essay, I have shown that mathematicians all around the world have been
fascinated with π for millenia. It is an extraordinary number that has many
applications and is visible in everyday life. I hope that I have managed to convince
you that the number π is truly riveting.
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