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' SOME FAMOUS NUMBERS

The professor went to the board one day

And asked his class, just for fun

What is the only conceivable way

To combine e, i, 7t , zero and one

A brilliant young scholar, he proved quite a hero
Who knew the professor just loved to tease
Replied : e ™ +1 =0

Then he requested : the next question, please.

Many years ago, the writer received a magnificent $15 for
submitting this poem, which not long afterward, appeared in the
mathematical nursery rthyme corner of a trade journal. Though the
poem is pathetic enough, the real misfortune is that space did not
allow acknowledgement to the famous Swiss mathematician,
Leonhard Euler. In any event, the episode serves as a prologue to
our next endeavor an examination of several of the important
numerical constants of mathematics.

Without questions, the most famous of these “numbers” is
the one we call & ; it has the approximate numerical value T =
3.14159. Although its basic definition relates the circumference of
a circle to its diameter. 7 appears in a large number of
mathematical problems that have nothing whatsoever to do with
circles.
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Another extremely important number is the one identiﬁc?d
as ‘e’. Its approximate value is e = 2.71828. It serves as the baS}s
for so-called natural logarithms & also for things like exponential
growth in demography, radioactive decay in physics, & bell-
shaped curves in probability theory.

Another famous number is the one called the golden ratio,
¢ = 1.61803. This number shows up in the strangest places,
including the architecture of the Parthenon in Greece and the Great
pyramids of Egypt.

Yet another important number is Euler’s constant. Its
numerical value is y = 0.57721. Again, this number appears in
many problems of mathematics including the theory of hcat
conduction &the theory of extreme value distribution in statistics.

Our fifth &final number is also the newest one it is the
Feigenbaum number, § = 4.6692. This numerical constant makes

its appearance in the relatively new area of mathematics called
chaos theory.

The First Famous Number Of All : x

The most ancient, most familiar, and most important
number in all of mathematics indeed in all human civilization is
the one we designate with the symbol. It represents the ratio of the
circumference of a circle-and its diameter of a circle, then C = D).
Also, if A is the area of a circle and R = D/2 is its radius, then A =

nR%.
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established an approximate value for this important number 1 =
25/8 (that is, 3.125). At about the same time, the Egyptians had
determined that 7 = 256/81(3.1605) but less than
2277 (3.14286).

Surprisingly accurate numerical values of © were also
known in ancient Chinese, Hindu & Mayan civilizations. The
Bible, however, missed it by quite a bit. A verse in the old
Testament 1 Kings 7:23, implies the value © = 3. The bill passed
the House of Representatives by a 63 to 0 vote. Fortunately, a
mathematics professor from Purdue University arrived on the
scene in the nick of time. Thanks to his invention, the 7t = 3 bill
was withdrawn from deliberation by the Indian Senate & to date,
has not been considered further. - . |

It turns out that 7 is an irrational number, which means
that is, it cannot be expressed as a ratio of two integers, like 22/7.
In addition, it is a transcendental number, which means that it is
not the root of an algebraic equation with integer coefficients, such
as X°-7x+12=0. The consequence of this transcendental property of
7 is that the numbers to the right of the decimal point (i.e.

3.1415...) go on forever and ever without any apparent order of
pattern.

It has long been a kind of contest or competitive game
among mathematicians and now computer specialists to enlarge
the number of decimal places of 7. In the year 1560, it had been
established that = = 3.141592, i.e., it was known to an accuracy of
six numbers to the right of the decimal point. By the end of the
sixteenth century, had been calculated to thirty decimal places. A
summary of the growth of our knowledge of the number of the

known decimal places 7 prior to the twentieth century is presented
in table.7

More than 4000 years ago, the Babylonians had
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quickly. You might wlant to convince yourself that 7 is correct}y
computed to six decimal places by using the terms corresponding
to k=0,1,2,3 in equation (7.4).

A charming little book by Beckmann (1977) gives a brief

history of 7 and descriptions of numerous things about IT.The
number of letters in each word gives the respective number in the
sequence (i.e. =3.14159265358979) :

“How I want a drink, alcoholic of course, after the heavy

lectures involving quantum mechanics.”

: If you prefer a shorter mnemonic device for w, here is one
~ that will give you seveﬁ decimal places (3.1415926) :

“May I have a large container of coffee?”

A substantial contribution was made to mathematics
literature with the publication of Pi: A source Book by Berggren,
- Borwein & Borwein(1997). This voluminous work presents the
- history of this important number over the past 4000 years.
- Included in its contents are seventy representative documents on
the subject. Most of the contents, of course, deal seriously with the
mathematical & computational aspects. For example, the
- contributions of the Indian mathematical genius Srinivasa
. Ramanujan(1887-1920) are included in the book.

A good many of the documents in the work deal with
strictly historical studies thus, considerable attention is given to
studies
carried out one ago in Egypt, Greece, India, China & medieval
Islam. And finally, a number of presentations are somewhat
whimsical or even amusing selections. These include a 402 —
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mnemonic for 7, constructed in the format of a circle, aqd a
display of the numerous documents presented to the Indian
legislature in 1897 to decrease the legal value of 7.

Although nearly everyone knows about the number T, its
nearest rival in fame & importance, the number ‘e’, is virtually
unknown outside of mathematics, science and engineering. The
main reason for this is that ‘¢’, which has the approximate value e
= 2.72828, is not really encountered or utilized-except in natural
logarithms-until we get involved in calculus and other areas of

more advanced mathematics. In these subjects, ‘e’ is an extremely
important numerical constant.

The Swiss mathematician Leonhard Euler(1707-1783)was
one of the most prolific in all of history. Among a great many
other major contributions, he was the one who assigned the symbol

e’ to this famous number & proved the relationship

lim = (1 + ) = (7.5)

n—o

This expression says that as the whole number “‘n’
increases in magnitude, the value of the quantity in parenthesis say
as S approaches the number, e = 2.81828. For example, if n = 10,
then S =2.59374; if n =100, S =2.70481; & soonton = oo

Another great mathematician, England’s Isaac
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This expression is another example of an infinite series.
From either equation (7.5) or equation (7.6), we can easily
compute the value of ‘e’. As is true 7, the quantity ‘e’ is an
irrational and also transcendental number.

The topic of logarithms was mentioned above. We [
probably remember logarithms from your course in elementary ;
algcbra though you may not recall that you probably dealt only
with so-called “common” logarithms. This is the system in which
the number 10 is used as the base of the logarithm probably

because humans had 10 fingers.

Now any number can serve as the base of an arithmetic
system including operations involving logarithms. In information
theory & computer science, the number 2 (“binary”) is generally
used although sometimes the numbers 8 (“octal”) & 16
(“hexadecimal”) are employed. In contrast to the use of the
number 10 as the base for “common” logarithms, the number ‘e’ is
used as the base for so-called “natural” logarithms.

Suppose we have the simple equation y = ¢*, where ‘¢’ is
a positive constant. If we set ¢ = e, then clearly y = ¢”. This is
called the exponential function. Here comes the calculus, the
derivative of this equation is dy/dx = €. In other words, the
derivative of the exponential function is equal to the function
itself. By the same way, the integral of e takes on the same form,
1. I y dx = €*. Thus, by using this particular numerical value for
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n)) as ‘n’ becomes infinite. It makes its appearance in many
- problems in mathematics and statistics.

*Feigenbaum Number, 6=4.66920

This is the newest of the important nos. It was discovered
in 1978 by the American mathematician Mitchell Feigenbaum, in

his early studies of chaos theory. This no., 8, is the ratio of the
spacing of successive intervals of period doubling in process
reading to chaos.

Annual Celebration Days for ‘n’ and perhaps ‘e’

In the preceding sections, we have examined two famous
nos. 1t & e, and looked briefly at three others, ¢,y and & .
. Noteworthy is the fact that of these five important nos. , only 7 can
. be expressed as a date if we required that three signiﬁcant figures
be utilized i.e., = = 3.14 which, of course, is March 14.

It is fitting, therefore, that this most important no. of all
. should be celebrated each year. Accordingly, shall we declare
March 14 to be the n—Day? If this meets with success, we could
*later on, celebrate e-Day on February 7 and perhaps ¢—Day on ‘
- January 6.

Suggested first steps: Contact the White House and the
. greeting card manufacturers.

Some Amazing Mathematical Relationships

In 1746, that incredibly prolific mathematical genius
named Leonhard Euler presented the following identity:

4
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