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Abstract

A journey through the improbable mathematics of 73. From a sitcom gag to a rigorous proof
by Pomerance and Spicer, this essay explores why a single prime number stands unique in the
infinite sea of integers, explained for curious minds.



1. INTRODUCTION

I was just a toddler, oblivious to the beauty of prime numbers, proofs, and arithmetic, when
the funniest scientist on television, played by an actor born in 1973, explained why his
favourite number was “the Chuck Norris of numbers”. That scientist was Sheldon Cooper in
the 73rd episode of The Big Bang Theory, and his marvelous number is 73.

Let's see what Sheldon likes about this number: 73 is the 21st prime number, and 21 is the
product of 73’s digits; its mirror, 37, is the 12th prime number, which is 21°s mirror.

When I first watched that episode of the series, I thought that it was just another one of
Sheldon’s quirks, so I laughed it off. But one day, while scrolling through Instagram, I
encountered a video claiming there is a formal proof of 73’s uniqueness.

Now that I am no longer a toddler and have become aware of how lovely mathematics is, |
decided to delve deeper into the proof.

I was thrilled when I found the original paper, authored by Carl Pomerance and Chris Spicer.
However, my excitement vanished as soon as I opened the file. What did I see? Calculus. The
entire proof was built on complex analysis and estimates that [ hadn't even begun to study in
high school. I quickly skimmed the document, and at first, I couldn’t understand a word; I
feared it was way out of my league.

However, I did not give up, because I truly wanted to see how Sheldon’s favourite number is
actually unique. Thus, my longest mathematical endeavour started.

I spent several weeks working on that paper, trying to decipher those complex mathematical
elements. All of that time paid off when I finally closed my textbook, looked at the stack of
notes in front of me, and realised I had translated that dense proof into an easier, more
intuitive version.

I was very proud of myself and felt like a mini-Sheldon for completing this task. Although,
unlike Sheldon, I prefer helping people understand instead of judging them for what they
don’t know, so I wanted my version of the proof to be accessible to fans who, like me, lack a
rigorous mathematical background but share a curiosity for why 73 is so special.

In accordance with my desire to help others, let me guide you through the proof of the
Sheldon Conjecture.

2. PROOF

For the whole duration of this proof, it will be assumed that:
- n: position of a number in the sequence of prime numbers. Ex: considering 5, n=3;
- P the n-th prime number. Ex: if n=3, then p,=5;



- m(x): prime counting function, which indicates how many prime numbers are equal or
less than x;
- v(pn ): value of the product of the digits forming p,. Ex: if p,=19, then v(p,)=9;

- rev(x): integer whose sequence of digits is the reverse of the digits of the number x.
Ex: if x=765, then rev(x)=567,
k: number of the digits forming a number. Ex: if x=745 then k=3.

Before defining what a Sheldon Prime is, it is necessary to define two properties, which will
be referred as the Sheldon properties:
- the product property, which is satisfied if v(pn) = n;

- the mirror property, which is satisfied if rev(pn) =P oo

Definition: The prime p, is a Sheldon Prime if it satisfies both the product property and the
mirror property.
The Sheldon Conjecture holds that 73 is the unique Sheldon prime.

PART 1: PROVING THAT THERE IS A VALUE OVER WHICH THERE ARE NO
SHELDON PRIMES

The first part of this proof aims to demonstrate that there is no Sheldon Prime that’s greater
than a certain integer, which means that these numbers are not to be researched among
infinity.

As a result of the explicit bound for the Prime Number Theorem by Rosser and Schoenfeld,
yields that:

n(x) > = forallx = 17
Considering x = P, and x > 17, it follows that
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Say P, has k digits. Then:
- v(pn ) < 9k because 9 is the maximum value of each digit;

k—1 . .. . .
- Pn > 10 because it is the minimum value of a number with k digits;

Also, since P, has to satisfy the product property, the following inequality must be satisfied:

10 log(10") > (2"



While the first member of this inequality grows linearly, the second one grows exponentially.
Through computations and mathematical induction, it can be demonstrated that the inequality
fails for k > 46.

It’s been proved that it is impossible to find a Sheldon prime with 46 digits or more, thus the

research has been limited to numbers strictly less than 1045.
PART 2: REDUCING THE NUMBER OF P IBLE SHELDON PRIME

In order to narrow the research, some of the rules that Sheldon Primes follow can be logically
derived from the Sheldon properties:
- no Sheldon Prime cannot contain the digit zero, otherwise v(pn ) = 0, but there’s no
such thing as the Oth prime;
- no Sheldon Prime can have 1 among its digits, unless it is the first digit: 1 does not
make v(pn ) greater and it is therefore redundant. It can in fact be proved through the

usage of Mathematica that v(pn ) = nis never satisfied by a number with 1 among

its digits, unless it is the first one;

- each n of a Sheldon Prime has to be 7-smooth: it means that none of its prime divisors
can be greater than 7, since it is the product of digits that are included between 1 and
9

- since rev(pn ) has to be prime, each Sheldon Prime’s first digit must be

1V 3V 7V 9,because there are no primes greater than 5 ending with an even
number or with a 5.

Given the constraints above, it can be shown through a software such as Mathematica, which
is the one originally used by the authors, that the Sheldon Primes-to-be are now “only”
213,449.

PART 3: NARR: 1 THE RESEARCH FURTHER D

For each number left, it is supposed that it is manually checked whether each one satisfies the
Sheldon properties, although checking all of those numbers would take ages; therefore more
“mathematical tricks” have to be used.

By using the function li_l(n), the first few digits of a potential p, can be determined. It is
then assumed that the missing digits of p, are all 9s, so the maximum possible value of
v(pn ) is obtained. If it results through the usage of the software that v(pn ) < n, then said

number is discarded.
v(pn ) = n s true for 338 numbers only. The mirror property was then manually checked on

each of them.



CONCLUSION
In conclusion, none of the analyzed numbers satisfied both of the Sheldon Properties, except
for 73. In fact:

- 7 x3=21

- P, =73

- rev(73) = 37 and rev(21) = 12;
- P, = 37.

Sorev(73) =p = 37

rev(21) - plZ
It has been proven that the Sheldon Conjecture is therefore true.

3. CONCLUSION

So, the verdict is in: Sheldon Cooper was right all along. Out of the infinite sea of integers,

73 stands alone on its throne. It is not just a 'cool' number; it is a mathematical anomaly, a
unique point where the prime sequence and our decimal system dance in a perfect,
unrepeatable synchrony.

Maybe all of the mathematics we did today is completely useless and we will not become as
smart as Sheldon just by studying it, but the journey through this proof reminded us how the
beauty of mathematics is not confined to old, dusty textbooks: it is all around us, alive in our
culture, just waiting for someone curious enough to ask “Is this actually true?”.

Furthermore, working on this paper not only taught me calculus and number theory: it taught
me that anything can be understood, even the most formidable mathematical formulas, if you
put enough passion into it (and maybe carry some of Sheldon's stubbornness!).

I hope I was a good cicerone during our journey through the meanders of number theory. I
want to thank you for dedicating your time to my work, which I hope has sparked your

interest in mathematics and TV shows!

In conclusion, as Sheldon would say: live long and prosper!
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