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Introduction

Recreational mathematics is an umbrella term that is used to describe a vast potpourri of mathematics that recreational mathematicians, most of whom are amateur, pursue for intellectual fun and pleasure. This volume contains chapters on several topics in recreational mathematics. Some of these topics have been discussed elsewhere in previous works; however, I have tried to include the most up-to-date information for the reader on the various topics discussed.

The opening chapter concerns the theory of probability and the phenomena of strange coincidences (with several interesting examples) and why they are inevitable in the world we live in.

In this book, you will find a discussion on Waring’s problem and how a beautiful, simple mathematical formula appears to give the correct answer to an infinite number of questions that arise in Waring’s problem. The only downside with the formula is that mathematicians have still not proved that it holds in all cases.

Recreational mathematics enthusiasts are a curious breed. I have therefore included an extensive chapter that concerns the ancient question on whether mathematics is invented or discovered.

There are discussions concerning the theory of simplicity in mathematics and simplicity in nature and whether the universe we live in operates according to simple laws, complex ones, or both. The unanswerable metaphysics question of why there is something rather than nothing is also discussed. Deep-thinking readers will not want to miss the discussion of this staggering question.

There is a chapter devoted to explaining (with examples) how mathematicians derive formulas to solve problems in mathematics.

There are also chapters on less serious topics to maintain a balance in the book’s appeal to a wide readership.

For example, I have included three chapters giving various details conveyed to me by fictional numerologist Dr. Moogle, who never fails to surprise and delight. Dr. Moogle is an extraordinary man who I am so fortunate to know. He has an awesome knowledge of the properties of numbers. His beautiful daughter, Anna, is also extraordinarily gifted at discovering interesting connections between numbers. Dr. Moogle has given me many brilliant number coincidences. He has also given me completely original parallels in the lives of outstanding American puzzle creator Sam Loyd and the great popularizer of mathematical recreations Martin Gardner.

Recreational mathematics enthusiasts around the world, as well as soccer fans all over the globe, will particularly delight in two chapters in this volume. In one memorable chapter, Dr. Moogle gives original, never-before-published, remarkable number coincidences concerning the 1966 FIFA World Cup in England.

Another fictional character I met on my recent travels is Jack O’Mara, known to all and sundry as “Mara.” He is a hardworking, intelligent, and inquisitive seaman, known to seafarers all over the world as being quite accomplished at spotting original coincidences involving numbers.

One of the most gifted fictional men at discovering and unearthing number coincidences is undoubtedly Charlie Chance. I knew him when he worked as a bartender in Dublin. Charlie left Ireland’s capital about 20 years ago, when he was attracted by the sand and sea of Spanish holiday resorts. He worked in the sunny land of Spain for a number of years, serving in bars and bistros, where he met all sorts from all corners of the world. Charlie contacted me in recent months. I met up with him in Manchester in the United Kingdom when I was there recently on private business. Charlie has always been interested in number coincidences, and soccer. He gave me quite remarkable coincidences concerning Manchester United, one of the most famous soccer clubs in the world.

The Call of Coincidence contains many original and interesting number coincidences that appear here in print for the first time concerning the fabulous and retired Cunard ocean liner QE2; the famous American ore carrier SS Edmund Fitzgerald, which sank in a storm in 1975; and the late and much-loved Queen Mother of the United Kingdom.

I believe readers with an inquiring mind and a sense of fun should consider purchasing this book. Hopefully, they will find a work that is original, different, enjoyable, and, may I say, also educational.

 

Owen O’Shea

Ireland

January 2023




CHAPTER 1

Probability and Coincidence

Strange coincidences have fascinated people down through the centuries. Many of these people have probably believed that these strange occurrences are evidence that the paranormal exists. When such events happened, people immediately attributed their causes to God, the devil, or to some other occult forces.

Of course, skeptics have long argued that strange coincidences, even the most bizarre of them, can be expected to occur from time to time. Today, they argue that in a world containing nearly 8 billion people, many of whom are doing hundreds of different things each day, there are bound to be some events that we human beings find startling.

There are numerous coincidences that appear in nature. Here are two of the most famous.

The sun and moon look approximately the same size when viewed from Earth. It is this apparent similarity in size that allows solar eclipses to occur. The sun’s diameter is about 400 times bigger than that of the moon, but the sun is also about 400 times farther from Earth than the moon is. This coincidence makes the two objects appear the same size when viewed from Earth.

The second coincidence concerns the fact that ice floats on water. Most liquids, when frozen and immersed in their own liquid, sink. Water is virtually unique in that this does not apply to it. When water freezes, the distance between its molecules increases very slightly. This makes water in its frozen state less dense than when it is in its liquid state, thereby allowing the ice to float. If water did not have this property, no living things could exist on this planet. The various ice ages would have meant that the oceans would have become full of ice, killing all life forms in them. It is a sobering thought that you and I (and all other living things on Earth) are only here because ice floats in water.

Some people are naturally skeptical of the occurrence of coincidences. They just do not see any reason to be excited by the occurrence of a strange, surprising, and unusual event. One of the most skeptical was the famous American physicist, Richard Feynman (1920–1988), who once said, “The most amazing thing happened to me tonight. I saw a car with the license plate ARW 357. Can you imagine? Of all the millions of license plates in the state, what was the chance that I would see that particular one tonight?”

Of course, Feynman was correct in what he had said. The license plate he saw was undoubtedly one of millions that he could have seen but didn’t. Feynman was making fun of people who are genuinely surprised by strange and surprising coincidences. The point Feynman was making was that he had to see some unique license plate on the night in question and that a rare event such as this happens all the time. No one denies this. It was a rare license plate, but it was not a surprising one. That is the difference—and it is a big difference—between what he saw and what people experience when they encounter a genuine coincidence. Suppose Feynman had seen a license plate that read “ABC 123”? In that case, the license plate number is also unique, but it is also ordered according to an intelligent and ordered pattern that is identifiable and understood by the average human mind. It is this difference that creates a pleasant surprise to the observer. The human mind would perceive the successive order of the first three consecutive letters and the first three consecutive digits of the license plate and realize that this is rather unique and surprising.

Thus, to define coincidences as merely unlikely events is to ignore a key component of coincidences: their apparent meaningfulness. A coincidence may be defined as an accidental occurrence of two events that strongly but falsely suggests a causal relationship between the two events.

Saying the same thing another way, a formal definition of coincidences is that they are events that provide support for a hypothesis that one ultimately decides is false. Thus, when we encounter a remarkable coincidence, it pleasantly stuns us, because it makes us temporarily question our belief on how the world operates.

Suppose for, example, that I have five identical cards, each bearing a number from 1 to 5 on one side of the card. The other side of each card is blank. I ask you to thoroughly shuffle the five cards and then ask you to place the five cards face down on a nearby table. I point out to you that the five cards can be arranged in 120 different ways. I also point out that the arrangement 1, 2, 3, 4, 5 is just one of those 120 ways. Hence, the probability that the cards are in that specific order is 1 chance in 120. In other words, that outcome is very unlikely.

You turn over the five cards, and you see that they are arranged in the following order: 3, 2, 5, 1, 4. You are not surprised because, from your perspective, the cards appear in a random order. That is what you and everyone else expected to happen, although the probability that the cards would be arranged in the order 3, 2, 5, 1, 4 is also 1 chance in 120.

However, suppose the five cards appeared in the following order: 1, 2, 3, 4, 5. This would surprise you and everyone else witnessing it because this is not the way the world usually works. The human mind acknowledges that this pattern is ordered in a meaningful way. Hence, all who witness this event would experience a pleasant coincidence.

It is this apparent meaningfulness accompanying the rare event that constitutes a genuine coincidence.

Noticing clear coincidences can sometimes lead to scientific discovery. If Halley had not noticed the plain coincidence of a comet tracking a remarkably similar path across the sky in 1531, 1607, and 1682 and concluding that it was not three different comets but the same comet appearing every 76 years or so, he might never have discovered the comet named in his honor.

Strange but trivial coincidences occur much of the time in everyday life, but most go unnoticed. For example, no one has apparently noticed the following coincidence: Air France Flight 8969 was due to fly from Houari Boumedienne Airport, Algiers, at 11:15 a.m. (local time) on December 24, 1994, when it was hijacked. Curiously, 8,969 happens to be the 1,115th prime number.

A trivial mathematical coincidence may occur when a person is performing some calculations. For example, one may notice that the number of feet in a mile (5,280) equals (10×11×12×13)−(9×10×11×12). The person noticing a coincidence such as this may be pleasantly surprised to notice the repetition of the numbers 10, 11, and 12. But it is unlikely that she will consider the coincidence mind-blowing.

Other trivial mathematical coincidences that have been noted are that the 12th prime is 37 and the 21st prime is 73. Note the reversals of the index number of the prime and the prime itself. Also, the 13th digit of the three irrational numbers π (pi), e (Euler’s number), and ϕ (phi, the golden ratio) is 9:

π=3.141592653589_79 . . .e=2.718281828459_04 . . .ϕ=1.618033988749_89 . . .

The string of four digits, 1828, appear at the second and sixth decimal positions of e. The repetition of those digits, so early in the decimal expansion of e, is purely coincidental. The next appearance in e, of 1828, appears at the 30,569th decimal position. Also coincidental is the appearance of six consecutive nines in π, beginning at the 762nd decimal position. The next appearance of six consecutive nines in π begins at the 193,034th decimal position.

Trivial coincidences crop up in the lives and deaths of many notorious criminals, including one of the most infamous of all, the American gangster Al Capone. He was born in Brooklyn, New York, on January 17, 1899, and died in Palm Island, Miami Beach, Florida, on January 25, 1947. He lived for 17,539 days and died on the (1+7+5+3+9) day of the year.1

These are all insignificant coincidences, of passing interest only to those interested in numbers. However, some coincidences are so rare that they make headlines when one reads or hears about them.

For example, Carolyn and Ralph Cummins of Clintwood, Virginia, had five children. Curiously, all five children were born on February 20. Catherine was born in 1952, Carol came into the world in 1953, Charles was delivered in 1956, Claudia arrived in 1961, and Cecillia made her entrance in 1966. The probability of this happening is 1 in more than 17 billion. The family was entered into the 1977 Guinness Book of Records.

Curious coincidences that caught the public’s imagination have happened many times over the years. Here are six of the more prominent.

The first one concerns the ill-fated Apollo 13 moon mission. Apollo 13 was launched from the Kennedy Space Center at 13:13 hours on April 11, 1970. When that date is written as 4/11/70, its digits sum to 13. The mission had to be aborted because of an explosion that occurred on board the spacecraft on April 13 (the date in Kennedy Space Center at the time of the explosion).

In 1973, actor Anthony Hopkins agreed to appear in the movie titled The Girl from Petrovka. The movie is based on a novel of the same name by George Feifer. While in London, Hopkins sought in vain to purchase the novel so that he would become familiar with its story line and plot. Unable to find a copy of the book in any of the bookstores in London (including secondhand stores), Hopkins headed back on the Underground (subway) at the end of a long day to his apartment, tired and disappointed. As Hopkins waited for his train, he was surprised to discover a book lying on a bench in a train station. Amazingly, the book was The Girl from Petrovka. But even more amazing, the book turned out to be Feifer’s own copy, which Feifer had lent to a friend and which had been stolen from his friend’s car.2

The third coincidence concerns World War I. It has been estimated that 1 million British lives were lost in that dreadful conflict. Most people are surprised to learn that the resting places of the first and last British soldiers killed in the war are laid to rest about 20 feet apart. When the two soldiers were buried, their status as the first and last British soldiers to be killed in the war was unknown.

The first British soldier killed in World War I was Private John Parr. He was killed by German fire on August 21, 1914, in the village of Obourg, near Mons, Belgium. He was born in Finchley, now a part of London, in 1897. Private Parr was the youngest of eleven children.

The last British soldier killed during World War I was Private George Ellison. He was born in Leeds in 1878. He was killed by a German sniper on November 11, 1918, just 90 minutes before the cease-fire came into effect.

By a remarkable coincidence, both soldiers are buried in the St. Symphorien Military Cemetery in Mons, about 20 feet from each other.3

The fourth coincidence concerns the number lottery that is held twice weekly in South Africa. To win the jackpot in the lottery, one must correctly choose five numbers from 1 to 50 plus correctly select an additional Powerball number from the numbers 1 to 20. On Tuesday, December 1, 2020, 20 players correctly chose the following five numbers: 5, 6, 7, 8, 9. They also correctly chose the Powerball number, which was 10. The draw was televised live.

The chances of doing this are 1 in 42,375,200. This probability is calculated as follows. The number of ways of choosing five numbers from 1 to 50 is [(50×49×48×47×46)/120]. This equals 2,118,760. There are 20 different ways of choosing the Powerball number. Thus, the number of ways of hitting the jackpot is 2,118,760×20. This equals 42,375,200. Each of the 20 people who purchased a winning ticket won $370,000.

There was an outcry on social media, with many claiming that the lottery was fixed. They claimed that there was no way the numbers 5, 6, 7, 8, 9, and 10 could be randomly drawn. These people just do not understand that very unlikely events are likely to occur from time to time. In this case, many believed that corruption had taken place. However, an internal investigation by the South African Commission concluded that the whole episode could be put down to coincidence.4

The fifth coincidence is actually a set of strange coincidences involving Jason Cairns-Lawrence and his partner, Jenny, both of whom lived in the English Midlands. They went on vacation to New York in September 2001. They were in the Big Apple on the 11th day of that month, when terrorists attacked New York City. Luckily, the British couple survived the attacks, which killed about 3,000 people.

Four years later, in July 2005, Jason, a sales agent with a metal plate company in Birmingham, England, and Jenny, who worked in a dental laboratory, decided to go to London for a vacation. They were in England’s capital city on July 7 of that year when terrorists attacked it. Fifty-two people were killed that day, but, fortunately, Jason and Jenny survived.

Then, in November 2008, the couple went on vacation to Mumbai, India. On the 26th day of that month, terrorists attacked the city. Almost 180 people were killed in the attacks, but once again, Jason and Jenny survived.

Amazingly, the couple had been in the locations of three of the worst terrorist attacks the world has ever seen and survived all three incidents.5

The sixth coincidence occurred soon after the beginning of the millennium. The story was originally in the Swindon Advertiser of June 28, 2001. In June of that year, a young girl named Laura Buxton in Staffordshire, England, was at her grandparents’ golden wedding anniversary. Laura’s grandfather suggested that Laura write a message with her name and address on a tag, attach it to a helium balloon, and then release the balloon. Laura’s grandfather told his granddaughter that she might gain a pen pal from whoever found the balloon.

Laura wrote the message “Please return to Laura Buxton” along with her name and address on a tag, attached it to a helium balloon, and then released the balloon, exactly as her grandfather had suggested.

Seven days later, a farmer named Andy Rivers, living in Milton Lilbourn, Wiltshire, saw a deflated balloon caught in a hedge that separated his land from that of his neighbors. He read the message on the balloon and believed it belonged to his neighbor’s 10-year-old daughter, who was named Laura Buxton. Mr. Rivers at once handed over the balloon to his neighbors Peter and Eleanor Buxton, parents of Laura.

However, they soon discovered that the balloon belonged to a Laura Buxton, who lived 140 miles away. The Laura Buxton in Wiltshire wrote to the Laura Buxton in Staffordshire. With both of their parents’ consent, the two Lauras met up and became good friends. They discovered that they had several things in common. One girl was 10 years old, and the other girl was just shy of 10. When they first met, both wore similar outfits. Both girls had similar eye coloring, and both had long brown hair. Both kept gray rabbits and guinea pigs, and both had three-year-old black Labradors as pets.6

Several notable coincidences have occurred in the history of the United States. For example, three months before Abraham Lincoln was assassinated in April 1865, his son, Robert Lincoln, was in a train station awaiting the arrival of a train. Robert fell between the train and the platform. However, he was pulled to safety by a man named Edwin Wilkes Booth. Three months later, Edwin Wilkes Booth’s brother, John, assassinated Robert Lincoln’s father, President Abraham Lincoln.7

One can get a deeper understanding of why strange events occur by considering the following. Suppose a 52-card deck of cards is shuffled, and then dealt one card at a time. One would not expect all four suits, clubs, hearts, spades, and diamonds, each suit in their correct order, to be dealt. Why? Because there are about 1067 different arrangements of a deck of fifty-two cards but only one way to deal the four suits in the order just stated.

Suppose, however, that there are, say, billions of decks of cards being constantly shuffled every second. In that case, one will see a deck of cards being shuffled into order not only once but an enormous number of times. In other words, such low-probability events will occur—indeed are highly likely to occur—because of the enormous number of decks of cards that are being constantly shuffled.

A similar principle explains why strange and rare coincidences occur. Overall, there are an enormous number of events happening throughout the world each day. The majority of these billions of events will not be noteworthy. But a tiny percentage of them will. The analogy between the shuffling of the enormous number of decks of cards and the enormous number of events occurring around the world each day should bring home to the reader that many rare and strange events are highly likely to occur often. It would be very strange if strange things did not occur.

Thus, unspecified unlikely events are likely to happen. When someone wins a large prize in a lottery, that person will find it incredible that they picked the winning combination of numbers. But we all know that someone will win eventually. This goes to the heart of why coincidences happen. A truly remarkable, specified coincidence is unlikely to happen to you tomorrow, but a very unlikely coincidence will happen to someone every day of the week.

Sometimes, a gross injustice occurs because of society’s general ignorance of the laws of probability. In 1996, in England, a solicitor was found guilty of murdering her two infants. The accused had maintained that her two infants had died from sudden infant death syndrome (SIDS). She was supported throughout her case by her husband, who was also a solicitor.

The prosecution produced an expert witness who claimed that the probability of two infants dying of SIDS in one family was in the region of 1 in 73 million. The expert witness arrived at this figure by arguing that single SIDS death in a family was 1 chance in 8,543; thus, two such deaths in the one family equals 1 chance in 8,543×8,543, or approximately 1 chance in 73 million. In 2001, the accused was convicted of murder. Following her conviction, she was widely condemned in British newspapers. She was eventually released after two appeals to the courts. However, she found life extremely difficult with all that had happened to her. She was found dead in her home in Essex in 2007.8

The mathematical calculation used in this case by the expert witness is incorrect. Let’s assume, as the expert witness did, that the given probability of one case of SIDS in a low-risk family is 1 chance in 8,543. Then the probability of two cases of SIDS in the one family being equal to 1 chance in 8,5432 is false.

To see this, consider the following. Suppose someone won the Powerball lottery by beating odds of 1 chance in 292,201,338. If that player bought a ticket in the very next Powerball game, her chance of winning the jackpot is still 1 chance in 292,201,338, even if she plays the exact same numbers that previously won the jackpot for her. It is incorrect to state that her chance of winning the jackpot is 1 chance in 292,201,338×292,201,338. But this is the kind of reasoning that was used by the prosecution witness in this case.

In 2001, the Royal Statistical Society issued a statement expressing its concern at the “misuse of statistics in the courts.” The statement went on to say that there was no statistical basis for the figure of 1 in 73 million. In 2002, the society wrote to the Lord Chancellor saying that “the calculation leading to the 1 chance in 73 million was false.” Professor of mathematics Ray Hill of the University of Salford, England, said in 2016, in an article in the journal Medicine, Science, and the Law, that the calculation used by the prosecuting witness in this case led to a deduction that was clear nonsense.9

This all demonstrates that the use of statistics in court cases can be very dangerous and misleading unless there are expert statisticians there to explain the probabilities involved.

But let’s return to the fun side of coincidences. A person may vacate abroad and unexpectedly meet a neighbor who lives nearby. The person will remember this strange incident for the rest of their life. But they will not recall the numerous times they vacationed abroad and never met anyone they know. Thus, there is a specific type of bias showed when people remember coincidences.

The fact that plain order happens amid plain randomness is illustrated by considering the decimal digits in the number pi. This is a famous number in mathematics. Pi equals 3.14159265358979323… . Its decimal expansion goes on forever. A Google employee named Emma Iwao calculated pi to 31,415,926,535,897 decimal places (note the digits) in 2019.10 Starting at the 60th decimal (exceedingly early in its decimal expansion), the following sequence appears: 4592307816. That sequence has all 10 digits though obviously not in order.

Do the 10 digits in order appear in the expansion of pi? Yes, they do, but it occurs first at decimal position 17,387,594,880. The next appearance of that 10-digit sequence appears at decimal position 26,852,899,245.

Mathematicians believe that pi is a normal number. However, they have not yet been able to prove this. If pi is normal, then every sequence of digits appears somewhere in the endless decimal expansion of pi. For example, the sequence of digits making up your birthday is in pi. The birthdays of any famous person you can think of are in pi. Albert Einstein, for example, was born on March 14, 1879. His birthday, 3141879 (note the first three digits), first appears in pi at decimal position 1,117,773.

Thus, as we examine the digits of pi and go out to billions of decimal places, we should expect to see several startling but limited patterns. We cannot say in advance what these patterns will be. The most we can say is that there will be unspecified, limited, and unexpected patterns as one travels out through the never-ending digits of pi.

The appearance of striking patterns in the midst of plain randomness in pi corresponds to events that happen in life. Most events that occur around the world every day are insignificant. But a tiny percentage of them proves noteworthy. Among these are the strange and delightful events we call coincidences.

The multiverse (if it exists) is governed by the same principle. The vast majority of universes are such that they cannot support life as we know it. But a tiny percentage of these universes is exactly right to allow life to begin and evolve. Obviously, if intelligent life evolves in one of those universes, that life will find itself in a universe where the parameters are set that allow life to exist.

Finally, it is reasonable to believe that it would be a sad world, indeed a strange world, if there were no coincidences. If that were the case, it would be the biggest coincidence of all.




CHAPTER 2

Cubic Numbers

One of my previous books, The Call of the Primes (2016), contains chapters on both the triangular numbers and the square numbers, which are two well-known number series in mathematics. A third series of numbers is that of the cubic integers. The positive cubic integers are 1, 8, 27, 64, 125, 216, 343, 512, 729, 1,000, 1,331, 1,728, and so on to infinity. An integer, n3, is called a cubic integer because it is the volume of a cube that has a side length of n. In other words, n×n×n=n3.

I will try to include in this chapter cubic number properties that may be unknown to many recreational mathematics enthusiasts.

First, it should be noted that solutions to problems involving natural phenomena often include cubic equations. We shall, for the sake of completeness, briefly discuss some of these here.

The time for evaporation of a black hole due to Hawking radiation is proportional to the cube of its mass.1

The tidal effect produced on Earth by any body in space is proportionate to the mass of that body, but that tidal effect decreases as the cube of its distance. For example, consider the relative difference between the tidal pull of the sun and the moon on Earth. The sun is about 27 million times as massive as the moon. The sun is also about 390 times farther from Earth than the moon is. If we divide 27,000,000 by the cube of 390 (59,319,000), we obtain 0.455166… . Thus, the tidal effect of the sun is about 0.46 times that of the moon.2

Consider a camper sitting, say, 1 unit in distance from a campfire. The heat from the campfire is determined by the amount of wood in the fire. If the camper moves 2 units from the campfire, the amount of heat she will receive from the fire is 23, or 8, times less than if she were 1 unit in distance from the campfire. Of course, if she insists on sitting 2 units from the fire, she can still receive the same amount of heat as if she were 1 unit from the fire but only if 8 times as much wood is placed in the fire.3

Suppose you are rowing a boat in the water. To double the speed of the boat, you need to supply 23, or 8, times more power. If you just double the amount of power, the boat’s speed increases at the rate of the cube root of 2, or 1.25992.4

Or consider wind turbines. These are usually placed in windy areas. There is a logical reason for this. The wind power of a wind turbine increases with the cube of the wind speed. Thus, if the wind speed doubles, it will result in 23, or 8, times the wind power.5

Cubic quantities appear in Kepler’s third law of planetary motion. Consider the solar system, which consists of the sun and the eight planets orbiting it. The average distance of Earth from the sun is about 93 million miles. Let this distance equal one astronomical unit. We know that Earth orbits the sun once every year. Suppose we want to find out how long it takes Jupiter to orbit the sun. We look up a table and find that Jupiter is at an average distance of 484 million miles from the sun. This distance equals about 5.2043 astronomical units. If we cube 5.2043, we obtain 140.9571045. Obtain the square root of this. The result is about 11.87253 years. This is the length of time it takes Jupiter to orbit the sun. The same rule can be used to determine the orbital periods of the other seven planets as they orbit the sun.6

From a recreational mathematician’s point of view, cubic numbers are remarkably interesting. Bui Quang Tuan noticed that if one writes the integers in the following array (see the illustration on page 11), the sum of all the integers on the left-hand side equals a cubic number.7

Every multiple of 6 can be expressed as the sum of four signed cubes. This is because of the following algebraic identity:

6x=(x+1)3+(x−1)3–(x3)−(x3)

Several problems concerning cubic numbers are easy to state but are not so easy to solve. One such problem concerns the number of ways the number 3 can be expressed as the sum of three cubes. Mathematicians had known for centuries that the integer 3 can be expressed as the sum of three cubes in two ways, using relatively small numbers: 13+13+13=3 and 43+43+(−5)3=3. What mathematicians wanted to know is whether 3 can be expressed as the sum of three cubes in a third way.

Andrew Booker at Bristol University in the United Kingdom and Andrew Sutherland at the Massachusetts Institute of Technology in the United States tackled this problem and found the following solution in 2019:

(569,936,821,221,962,380,720)3+(−569,936,821,113,563,493,509)3+ (−472,715,493,453,327,032)3=3

Booker and Sutherland found this solution by using a computer algorithm that was used on half a million idle computers that were made available for the task by half a million volunteers. The necessary amount of processing time to find the solution was equivalent to a single computer processor running continuously for 4 million hours, or more than 456 years.8
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The differences between successive cubes are 7, 19, 37, 61, 91, 127, and so on. These integers are part of the following interesting pattern:
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The prime numbers 7, 19, 37, 61, 91, 127, and so on are known as cuban primes because each of these primes is the difference between two successive cubic numbers. The German scientist Maximilian F. Hasler (1971– ) gave a beautiful property of the cuban primes in the On-Line Encyclopedia of Integer Sequences (OEIS) on November 28, 2007. Hasler pointed out that the cuban primes form the following simple pattern:
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In the OEIS on September 15, 2005, Michael Somos mentioned that these cuban primes also satisfy the equation 4p=1+3n2, where p is a cuban prime and n is a positive integer. Because of this equation, the following beautiful pattern emerges:
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My feeble attempts at trying to discover a pattern reveal that cuban primes also follow the following simple rule, where Tn denotes the nth triangular number:
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Can the sum of three positive cubes equal a cubic number? The answer is yes. The Indian mathematical genius Srinivasa Ramanujan (1887–1920) gave a formula for finding such cubes. There are an infinite number of
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