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Story of Maths - Part 3.3: German mathematics 42:00 - 58:39 Imaginary numbers - Carl Friedrich Gauss The university town of Gottingen has been home to some of the giants of maths, including the man who's often described as the Prince of Mathematics, Carl Friedrich Gauss. His father was a stonemason and it's likely that Gauss would have become one, too. But his singular talent was recognised by his mother, and she helped ensure that he received the best possible education. Already at the age of 12, he was criticising Euclid's geometry. At 15, he discovered a new pattern in prime numbers which had eluded mathematicians for 2,000 years. And at 19, he discovered the construction of a 17-sided figure which nobody had known before this time. He kept a diary that you can still read at the University of Gottingen, it if you can understand Latin. The diary proves that some of Gauss' ideas were 100 years ahead of their time: the first intimations of the theory of elliptic functions, the Riemann zeta function even appears... In the 16th and 17th century, European mathematicians imagined the square root of minus one and gave it the symbol i. They didn't like it much, but it solved equations that couldn't be solved any other way. But back in the early 19th century, they had no map, no picture of how imaginary numbers connected with real numbers. The great step is to create a new direction of numbers, perpendicular to the number line, and that's where the square root of minus one is. Gauss was not the first to come up with this two-dimensional picture of numbers, but he was the first person to explain it all clearly. He gave people a picture to understand how imaginary numbers worked. His maths led to security for Gauss. He could have gone anywhere, but he was happy enough to settle down and spend the rest of his life in Gottingen. Unfortunately, as his fame developed, so his character deteriorated. A naturally conservative, shy man, he became increasingly distrustful and grumpy. Many young mathematicians across Europe regarded Gauss as a god and they would send in their theorems, their conjectures, even some proofs. But most of the time, he wouldn't respond, and even when he did, it was generally to say either that they'd got it wrong or he'd proved it already. But he also started speculating about something even more revolutionary - the shape of space: if we were living in a curved universe, there wouldn't be anything flat. This led Gauss to question one of the central tenets of mathematics - Euclid's geometry. But in the early 19th century, Euclid's geometry was seen as God-given and Gauss didn't want any trouble. So he never published anything.



Hyperbolic geometry - Janos Bolyai and Nicholas Lobachevsky Another mathematician, though, had no such fears.: in Transylvania, Janos Bolyai spent much of his life hundreds of miles away from the mathematical centres of excellence. Born in 1802, Janos was the son of Farkas Bolyai, who was a maths teacher. He realised his son was a mathematical prodigy, so he wrote to his old friend Carl Friedrich Gauss, asking him to tutor the boy. Sadly, Gauss declined. So instead of becoming a professional mathematician, Janos joined the Army. But mathematics remained his first love. Bolyai carried on doing his mathematics in his spare time. He started to explore what he called imaginary geometries, where the angles in triangles add up to less than 180°. The amazing thing is that these imaginary geometries make perfect mathematical sense. Bolyai's new geometry has become known as hyperbolic geometry. Bolyai published his work in 1831. His father sent his old friend Gauss a copy. Gauss wrote back straightaway giving his approval, but Gauss refused to praise the young Bolyai, because he said the person he should be praising was himself: "he had worked it all out a decade or so before"... Actually, there is a letter from Gauss to another friend of his where he says, "I regard this young geometer boy as a genius of the first order." But Gauss never thought to tell Bolyai that. And young Janos was completely disheartened. Somebody else had developed exactly the same idea, but had published two years before him - the Russian mathematician Nicholas Lobachevsky. It was all downhill for Bolyai after that. With no recognition or career, he didn't publish anything else. Eventually, he went a little crazy. In 1860, Janos Bolyai died in obscurity. Gauss, by contrast, was lionised after his death. A university, the units used to measure magnetic induction, even a crater on the moon would be named after him. During his lifetime, Gauss lent his support to very few mathematicians.



Hyperbolic geometry - Bernhard Riemann But one exception was another of Gottingen's mathematical giants - Bernhard Riemann. His father was a minister and he would remain a sincere Christian all his life. But Riemann grew up a shy boy who suffered from consumption. His family was large and poor and the only thing the young boy had going for him was an excellence at maths. That was his salvation. Riemann spent much of his early life in the town of Luneburg in northern Germany. The head teacher of his school saw a way of bringing out the shy boy. He was given the freedom of the school's library. It opened up a whole new world to him. One of the books he found in there was a book by the French mathematician Legendre, all about number theory. His teacher asked him how he was getting on with it. He replied, "I have understood all 859 pages of this wonderful book."



One of his most famous contributions to mathematics was a lecture in 1852 on the foundations of geometry. In the lecture, Riemann first described what geometry actually was and its relationship with the world. He then sketched out what geometry could be - a mathematics of many different kinds of space, only one of which would be the flat Euclidian space in which we appear to live. He was just 26 years old. There was no way that people could actually make these ideas concrete. That only occurred 50, 60 years after this, with Einstein. Riemann's mathematics changed how we see the world. Suddenly, higher dimensional geometry appeared. The potential was there from Descartes, but it was Riemann's imagination that made it happen. He began without putting any restriction on the dimensions whatsoever. Multi-dimensional space is at the heart of so much mathematics done today. In geometry, number theory, and several other branches of maths, Riemann's ideas still perplex and amaze. He died, though, in 1866. He was only 39 years old. Today, the results of Riemann's mathematics are everywhere. Hyperspace is no longer science fiction, but science fact. Without this golden age of mathematics, from Descartes to Riemann, there would be no calculus, no quantum physics, no relativity, none of the technology we use today. But even more important than that, their mathematics blew away the cobwebs and allowed us to see the world as it really is - a world much stranger than we ever thought.
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