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What if the problem you were working on, the Goldbach conjecture, say, or the ... on: David Hilbert helped arrange for some of his brightest students to flee. 
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Story of Maths - Part 4.3: Uncertainty (Gödel) - American mathematics



23:54 - 44:10



Hilbert's 2nd problem : Uncertainty - Gödel The man responsible for destroying Hilbert's belief was an Austrian mathematician, Kurt Gödel. He lived in Vienna in the 1920s and 1930s, between the fall of the Austro-Hungarian Empire and its annexation by the Nazis. It was a strange, chaotic and exciting time to be in the city. Gödel studied mathematics at Vienna University, but he spent most of his time in the cafes, the internet chat rooms of their time, where amongst games of backgammon and billiards, the real intellectual excitement was taking place. Particularly amongst a highly influential group of philosophers and scientists called the Vienna Circle. In their discussions, Kurt Gödel would come up with an idea that would revolutionise mathematics. He'd set himself a difficult mathematical test. He wanted to solve Hilbert's second problem and find a logical foundation for all mathematics. But what he came up with surprised even him. All his efforts in mathematical logic not only couldn't provide the guarantee Hilbert wanted, instead he proved the opposite. It's called the Incompleteness Theorem. Gödel proved that within any logical system for mathematics there will be statements about numbers which are true but which you cannot prove. He starts with the statement, "This statement cannot be proved." This is not a mathematical statement yet. But by using a clever code based on prime numbers, Gödel could change this statement into a pure statement of arithmetic. Now, such statements must be either true or false: If the statement is false, that means the statement could be proved, which means it would be true, and that's a contradiction. So that means, the statement must be true. In other words, here is a mathematical statement that is true but can't be proved. Gödel's proof led to a crisis in mathematics. What if the problem you were working on, the Goldbach conjecture, say, or the Riemann hypothesis, would turn out to be true but unprovable? It led to a crisis for Gödel too. In the autumn of 1934, he suffered the first of what became a series of breakdowns and spent time in a sanatorium. But all across Austria and Germany, mathematics was about to die. In the new German empire in the late 1930s , the Nazis passed a law allowing the removal of any civil servant who wasn't Aryan. Academics were civil servants in Germany then and now. Mathematicians suffered more than most. 144 in Germany would lose their jobs. 14 were driven to suicide or died in concentration camps. But one brilliant mathematician stayed on: David Hilbert helped arrange for some of his brightest students to flee. All around him, mathematicians and scientists were fleeing the Nazi regime until it was only Hilbert left to witness the destruction of one of the greatest mathematical centres of all time. David Hilbert died in 1943. Only ten people attended the funeral of the most famous mathematician of his time.



American mathematics Princeton The Institute for Advanced Study had been set up in Princeton in 1930. The idea was to reproduce the collegiate atmosphere of the old European universities in rural New Jersey. Many of the brightest European mathematicians were fleeing the Nazis for America: Hermann Weyl, whose research would have major significance for theoretical physics, John Von Neumann, who developed game theory and was one of the pioneers of computer science, Kurt Gödel and his friend Albert Einstein, who was always full of laughter and described Princeton as a banishment to paradise. But the much younger Gödel became increasingly solemn and pessimistic; slowly this pessimism turned into paranoia. But as Gödel was withdrawing into his own interior world, his influence on American mathematics paradoxically was growing stronger and stronger.



Hilbert's 1st problem : Continuum hypothesis - Paul Cohen A young mathematician from just along the New Jersey coast eagerly took on some of the challenges he posed. From a very early age, Paul Cohen was winning mathematical competitions and prizes. But he found it difficult at first to discover a field in mathematics where he could really make his mark... Until he read about Cantor's continuum hypothesis. It asks whether there is or there isn't an infinite set of numbers bigger than the set of all whole numbers but smaller than the set of all decimals. Cohen came back a year later with the extraordinary discovery that both answers could be true. There was one mathematics where the continuum hypothesis could be assumed to be true. There wasn't a set between the whole numbers and the infinite decimals. But there was an equally consistent mathematics where the continuum hypothesis could be assumed to be false. Here, there was a set between the whole numbers and the infinite decimals. It was an incredibly daring solution. Cohen's proof seemed true, but his method was so new that nobody was absolutely sure. And it was only after Gödel gave his stamp of approval that everything changed. Today mathematicians insert a statement that says whether the result depends on the continuum hypothesis. We've built up two different mathematical worlds in which one answer is yes and the other is no. Paul Cohen really has rocked the mathematical universe. Cohen settled down in the mid 1960s to have a go at the most important Hilbert problem of them all - the eighth, the Riemann hypothesis. When he died in California in 2007, 40 years later, he was still trying.



Hilbert's 10th problem- Julia Robinson and Yuri Matiyasevich But another great American mathematician of the 1960s faced a much tougher struggle to make an impact. Not least because she was female. Julia Robinson, the first woman ever to be elected president of the American Mathematical Society, was born in St Louis in 1919, but her mother died when she was two. She and her sister Constance moved to live with their grandmother in a small community in the desert near Phoenix, Arizona. But despite showing an early brilliance, she had to continually fight at school and college to simply be allowed to keep doing maths. As a teenager, she was the only girl in the maths class and had very little encouragement. Julia loved listening to a radio show called the University Explorer and the 53rd episode was all about mathematics. The broadcaster described how he discovered despite their esoteric language and their seclusive nature, mathematicians are the most interesting and inspiring creatures. For the first time, Julia had found out that there were mathematicians, not just mathematics teachers. She was absolutely obsessed that she wanted to go to Berkeley. She wanted to go away to some place where there were mathematicians. Berkeley certainly had mathematicians, including a number theorist called Raphael Robinson. They married in 1952. Julia got her PhD and settled down to what would turn into her lifetime's work - Hilbert's tenth problem. She thought about it all the time. She said she just wouldn't wanna die without knowing that answer and it had become an obsession. Julia's obsession has been shared with many other mathematicians since Hilbert had first posed it back in 1900. His tenth problem asked if there was some universal method that could tell whether any equation had whole number solutions or not. Nobody had been able to solve it. In fact, the growing belief was that no such universal method was possible. How on earth could you prove that, however ingenious you were, you'd never come up with a method? With the help of colleagues, Julia developed what became known as the Robinson hypothesis. This argued that to show no such method existed, all you had to do was to cook up one equation whose solutions were a very specific set of numbers. The set of numbers needed to grow exponentially, like taking powers of two, yet still be captured by the equations at the heart of Hilbert's problem. Try as she might, Robinson just couldn't find this set. In 1965, in St Petersburg, Russia, Yuri Matiyasevich was a bright young graduate student . Yuri's tutor suggested he have a go at another Hilbert problem, the one that had in fact preoccupied Julia Robinson: Hilbert's tenth. It was the height of the Cold War: Perhaps Matiyasevich could succeed for Russia where Julia and her fellow American mathematicians had failed. In January 1970, he found the vital last piece in the jigsaw. He saw how to capture the famous Fibonacci sequence of numbers, using the equations that were at the heart of Hilbert's problem. Building on the work of Julia and her colleagues, he had solved the tenth. He was just 22 years old. Julia said "I just had to wait for you to grow up to get the answer", because she had started work in 1948, when Yuri was just a baby. Then he responded by thanking her and saying that the credit is as much hers as it is his. Together, Julia and Yuri worked on several other mathematical problems until shortly before Julia died in 1985. She was just 55 years old.
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Story of Maths - Part 1.3: Greek mathematics: Pythagoras, Plato. ... But Pythagoras made another great discovery, that has to do with music and the ... Plato's theory would have a seismic influence and continued to inspire mathematicians and.
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At its heart lies the study of right-angled triangles. The sine function enables you to calculate distances when you're not able to make an accurate measurement.
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Al-Khwarizmi's great breakthrough came when he applied algebra to quadratic equations. The ancient Mesopotamians had found a method to solve particular ...
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Scribe records were kept on clay tablets, which allowed the Babylonians to manage and advance their empire. However, many of the tablets we have today ...
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facial scar and a devastating speech impediment. In fact, Tartaglia was the nickname he'd been given as a child and means "the stammerer". Shunned by his ...
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Pocket calculator must be brought for every class. Let's not forget that the use of mobile phones is strictly forbidden during the class. 2. Lessons. As school year ...
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the plane. Dot product, or scalar product. [fr: "produit scalaire"]. No, you don't get a vector as a result: you get a scalar, i.e. a number! Question 2: For each of the ...
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twenty-four is two times twelve. Twelve is two times six, and six is two times three. ... Here are the first prime numbers: 2 ; 3 ; 5 ; 7 ; 11 ; 13. Work out the prime ...
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Circle the right answer: what can we calculate thanks to Pythagoras' theorem? Now; let's say we want to find the length of side c in this triangle. We know that c.
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2) Why can't we simply write the number Pi with a decimal point? Because Pi isn't a decimal number; it is irrational! 3) Why do you think this formula is called an ...
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Make a mobius strip with a strip of paper and scotch tape. just one side of your mobius strip, all along the surface tripe and loops back to where it started.
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Now use your rule to make a guess about the following questions: 1. If you had 34 candy packages and decided to give away the candy in groups of 4 and 6 is it ...
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Using Binomial Probability Formula to Calculate Probability for Bernoulli Trials. The binomial probability formula is used to calculate the probability of the ...
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2. The genius of the East. A. Chinese mathematics. Nearly 2,000 years in the making, the Great Wall of China was begun in 220BC to protect China's growing ...
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