
The Nature of e 

Just about any student who’s had the chance of perusing high school 

level mathematics has had the pleasure of encountering the constant 

with so many names- the natural number, Euler’s number, the 

exponential constant, the coolest number in the universe, and the list 

goes on. 

But why is it called a natural number? And why is it also irrational? Is 

nature irrational; or is it built with the deific aid of magical little 

constants like e? I will attempt to answer some of these budding 

questions (and beyond) in this short biography of the number e. 

 

A good start is always from the beginning. However, to this day there is 

still some ambiguity as to the original discovery of e.  Jacob Bernoulli is 

most notably credited with discovering e while thinking about matters 

of continuous compound interest in 1683. He realized that when the 

compounding period became smaller and smaller and more and more 

periods were considered, the amount of money would converge 

towards a limit that was later found to be one of the representations of 

e.  

However, others even suspect that it was possibly already discovered 

as far back as 5000BC in Middle Eastern Civilizations, who were already 

familiar with the notion of interest. Either way the use of Euler’s 

number has become significantly widespread and now it appears in 

many branches of science and in everyday life. 

In truth however, it is the product of the combined effort of three 

notable mathematicians who contributed to its discovery, namely John 

Napier, Jacob Bernoulli & Leonard Euler.  



John Napier 

In the 17th century a Scottish polymath John Napier questioned if there is 

a shortcut, algorithmic way of finding the product of very large numbers, 

and more specifically of exponents. While Napier didn’t discover the number 

e, he did come up with a list of logarithms that he unknowingly calculated with 

the constant. He published his work, Mirifici Logarithmorum Canonis Descriptio, in 

1614, making him the first person to coin the word “logarithm" from Greek roots. 

The basic idea of what logarithms were to achieve is straightforward: to 

replace the monotonous task of multiplying two numbers by the simpler 

task of adding together two other numbers. To each number, there was 

to be associated another, which Napier called at first a ‘logarithm’, with 

the property that from the sum of two such logarithms the result of 

multiplying the two original numbers could be recovered. 

Jacob Bernoulli 

It was not until the Swiss mathematician J. Bernoulli posed a very 

important financial query as to how compounding growth at alternating 

time periods, but with the same rate, changes the principal output. He 

conducted the following thought experiment: 

1. Assume the interest rate of a bank is 100% and the interest is paid 

once a year. I we store $1 in the bank; we will get $2 at the end of 

year. 

2. If the ratio doesn’t change, but payment way will change to every 

half year. Then the interest rate will change to 50% in half year. 

So, when we get $0.5 in the middle of the one year, we will store 

$1.5 into bank and get the $1.5*50%=$0.75 in next half year. 

Furthermore, at the end of this year, we will get $2.25 in total. 

3. If the interest is payed each four months. Store the money in the 

same way as before, we will get $2.37 at the end of year. 



4. In the same spirit, if the bank gives back the interest every day the 

capitalization of the interest will give you approximately 

$2.71456748202 in the end of year; in turn, paying interest every 

second, 31536000 second in a year, you will end up having 

$2.7182817813. 

5. If we keep up the same tendency, decreasing the length of the 

period between two consecutive interest payments (and 

proportionally the interest for every period) towards infinity, we 

get the number e. 

 

Leonard Euler (pronounced ‘Oiler’) 

Despite the constant being named after him, Euler has very little 

contribution to the discovery of e. However, he is credited for 

popularising the number, famously in a letter to Goldbach in 1731, 

where the notation e made its first appearance. He made various 

discoveries regarding e in the following years, but it was not until 1748 

when Euler published Introductio in Analysin infinitorum that he gave a 

full treatment of the ideas surrounding e. Additionally he proved it is 

irrational by expanding it into a convergent infinite series of factorials. 

 

Representation of e 

So here is e to the first 100 decimal places: 
2.71828182845904523536028747135266249775724709369995957 

49669676277240766303535475945713821785251664274... 

There are several means of calculating it, using: 

• the value of 



                       

which approaches e as n gets bigger and bigger 

 

• The value of e is also equal 

 

 In fact, Euler himself used this method to calculate e to 18 

decimal places. 

 

Why is e so special? 

Euler’s number has two really special properties that no other number is 

known of having, namely: 

 The slope of that curve at any given point is also e^x 

 The area under the curve from negative infinity up to x is also e^x 



This is significant, because it showcases how intimately e is intertwined 

with the relationship of consistent growth over time. 

 

Another interesting property that e has is that if we put it in the polar 

coordinate system, we will observe a figure known as ‘the Logarithmic 

Spiral’ 

  

 

 

The Natural number in nature 

Patterns such as the logarithmic spiral can easily be observed in nature, 

from the curvature of flowers and seashells to the spin of tornadoes 

and galaxies! 



      



 

The simple equation above results in a trace of a nautilus shell. In the 

equation r is “distance from center of the spiral” and θ is “revolutions 

around the center.” So, the natural log of the radial distance 

determines the number of polar revolutions. 

 

 

Another interesting thing is many moving trails in real world can be 

changed from straight to logarithmic spiral, such as with the trails that 

moths follow at night.  

The moth depends on moon light for navigation at night. Due to moon 

light is parallel, moth can fly straight if it keeps the fixed angle between 

moving trail and light. However, with the advent of lights and flame, 

the light in the natural area is not parallel any more. Instead, it is 



disordered cause the light from the flame and electronic lights are 

radioactive. Hence, if the moth keeps flying in the same way, the 

moving trail will be changed to logarithmic spiral. That is why we always 

see that moth flies rotationally into the flame and lights. 

 

 

Another place where the constant e comes into nature is in the 

rate of decay of natural material, which is known to decay at a 

rate given by the equation 

M=M0e−ktM=M0e−kt 

 where M is the mass (kg) of radioactive material remaining, M0 is 

the initial mass (kg), k is the decay constant, and t is the time 

(years). 



 

 

 

The Most Beautiful equation in Maths 

The equation is:  

Euler’s identiy, as often claimed to be the most beautiful equation in 

mathematics, unites by far the five most important constants in 

mathematics, namely: 

• The number 0 – the additive identity 

• The number 1-the multiplicative identity 

• The number π-an irrational number (with unending digits) that is 

the ratio of the circumference of a circle to its diameter. It is 

approximately 3.14159… 



• The number e-also an irrational number. It is the base of natural 

logarithms that arises naturally through study of compound 

interest and calculus.  

• The number I-defined as the square root of negative one: √(-1). 

The most fundamental of the imaginary numbers 

 

The identity is simply derived through substituting π in Euler’s formula 

to get Euler’s identity 

 

It is a truly astounding identity because it establishes a strong and 

simplistic relationship between logarithms, trigonometrical functions 

and imaginary numbers. 
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