 Mathematics in the Biological Sciences
When I was a graduate student I was confronted with the following choice:  continue with Mathematical Physics or go to the University of Chicago and do a doctorate in Mathematical Biology. In those days hardly anybody with a theoretical bent  thought to do anything but the Physical or Mathematical Sciences.  However, apart from regular Science courses I had taken courses in Philosophy and Psychology and in the latter I'd had my interest aroused in Neuroscience - neurons seemed more relevant to human behaviour than neutrons! I also had the book "Embodiments of Mind" by McCulloch 

 and it seemed that studying the brain would be a fascinating thing to do. I had seen Nicolas Rashevsky was editor of  "Bulletin of Mathematical Biophysics" which prompted me to apply to Chicago, where he had started the first Mathematical Biology  program in the US.  My Mathematical Physics professors in Australia wished me well although I could tell they were sceptical - I was very surprised when they later turned to research in Theoretical Neurobiology.   Even when I was close to finishing I was warned by a notable Physiologist that getting a position would be very difficult.

I thus ventured to Chicago where I found out that Rashevsky, an immigrant from Russia,  had been removed  for being politically incorrect. I wasn't aware that we would be put through a grueling

program.   Our mentors were not ones to let us loose with a weak background - we had to do a double qualifying exam including over 20 subjects.  I had some gaps in my backround such as Genetics and Probability. I took my first course in Probability from Patrick Billingsley - he was a very jovial person and I thought he could hardly be a serious scholar, as he kept saying "OK?" at the end of every other sentence.  Later I found out that in addition to being an actor he had written the fundamental book on weak convergence.   I became interested in stochastic processes and became absorbed in the works of Ito, Kolmogorov and other Russian probabilists. After 5 years I emerged with a fairly broad knowledge of Theoretical Biology, with a thesis on stochastic differential equations in Biology.  My first post was in a Mathematics department where I worked in both stochastic processes and reaction-diffusion systems, whose marriage led to nonlinear stochastic partial differential equations which have recently become in vogue. My own research has influenced, often profoundly, the work of many of the mathematicians with whom I interacted. 

Mathematics in  Biology prior to about 1960 could be summarized in a few short paragraphs. The legacy of three centuries of Theoretical Physics  was that  nearly all linear problems could be solved,  at least in principle. Unfortunately Biology for the most part has not cooperated and requires non-elementary Mathematics for most of its theories. The start of Theoretical Population Biology was probably Malthus' essay in 1797 on exponential growth and his forecast of the end of the world by over-population. Branching processes had been introduced as early as  1873 by Galton and Watson - this is still an important area of Applied Probability.   There had been significant advances in Mathematical Genetics  in the early part of the 20th Century - beginning with Wright and Fisher, as they put Darwinian ideas into mathematical form. I read that Darwin regretted not having had a better grasp of mathematical ideas. Hardy, who scorned Applied Mathematics,  became famous, probably to his chagrin, for the Hardy-Weinberg law in population genetics, which is regarded by some as

the Newtonian first law of Genetics. Diffusion processes (probabilistic) had been been employed by Wright as early as 1930 although it was not until many years later that mathematicians like Ito, Kolmogorov and Feller made the subject rigorous. In a similar way Fisher had proposed his partial differential equation for gene spread as early as 1937 but reaction-diffusion systems were not studied much by mathematicians until much later and is today an active area.  Other  pioneering influential works  in Mathematical Biology were the Lotka-Volterra equations and  Kermack and McKendrick's papers on epidemics in the 1920's  and Turing's model for morphogeneis in 1951. Schrödinger in 1944 also entered the fray with his popular lectures and book "What is Life?" where he proposed that genetic material was molecular. This is supposed to have guided Watson and Crick in their discovery of the role of DNA. In brain theory, the extremely talented mathematician Wiener had done pioneering work in Cybernetics and  the remarkable Von Neumann had also made contributions. 
On the experimental side of Neuroscience
the use of electron microscopy and microelectrodes revolutionized our knowledge of 
the nervous system. In 1952 Hodgkin and Huxley had introduced their now famous system of nonlinear partial differential equations to descibe the nerve impulse: this was a major beginning in mathematical modeling in Neuroscience.
I taught a course in Theoretical Neurobiology at UCLA in 1980 and later Cambridge published a two-volume work based on the course. At that time I thought they would not get much use, but in the next 10-15 years they became widely used  as text books in diverse departments throughout the world. While researching material for the course I found that Lapicque had devised a commonly used neuron model in 1907, which many people have since written about.  Physicists took up the subject with enthusiasm after Hopfield presented his simple yet powerful neural network model in 1982. Today the number of Neuroscience-orientated articles in Mathematics, Physics and many other journals is immense - so much so that it is hard to keep abreast of the literature, unlike when I was a graduate student.  Computer scientists have also became involved in large numbers in studying the brain and artificial intelligence and computers themselves have given us all a powerful arsenal with which to do research on the brain.  Some researchers are modeling whole brains and including every neuron,  just as others are modeling whole countries with every member of the population in epidemiological studies!  Theoretical Epidemiology and Immunology are also well developed fields as I found when I spent some time at Université Paris 6 in a group attached to Hǒpital St Antoine.   

Mathematical Biology and in particular my chief interest, Theoretical Neurobiology, which had first began to flourish around 1960, have thus grown to be very large disciplines, embracing  dynamical systems theory, stochastic processes, chaos, graph theory and large-scale computational methods as brain atlases

and models of the brain and cognitive processes are developed. This research is having a great impact and it will doubtless continue to grow exponentially well into the 21st century.  According to a recent review by the American Association for the Advancement of Science, "opportunities for quantitative thinking about biological systems are exploding". One can't help but agree and wonder how things will be at  the end of the 21st

century and beyond.   
