
Mathematical physics and science transfer 

(Celebrating the 50 years of the Institute of Theoretical Physics – KU Leuven) 

Since about all of its history the Institute has enjoyed three main research groups, high-

energy physics, statistical physics and mathematical physics.  There are important overlaps, 

of course, and many joint initiatives such as discussing science during coffee breaks.  Each 

group also has their own idées fixes, their specialties, their nice character and their 

arrogance.  In that way, also mathematical physicists are not known for keeping their peace; 

they rather insist on clearly formulated questions and on detailed understanding.  They are 

rather stubborn as they prefer to see proofs before they trust an argument, and they enjoy 

abstraction.  There are however extenuating circumstances.  There is a much longer history…   

In the third Dialogue Concerning the Two Chief World Systems, Galileo (1632)  lets his alter-

ego Salviati respond to Simplicio who, echoing Aristoteles, recommends keeping students 

away from mathematics as it makes bad philosophy – it makes your mind too captious and 

lets you forget  the primacy of phenomena.  Salviati replies sarcastically that such advice is 

quite appropriate as there is no science which so efficiently would detect their teacher’s 

fallacies and wrong reasoning.   

This feeling and this defense of mathematics in the study of nature indeed make a crucial 

ingredient in the scientific revolution of the 17th century. The book of nature is being read in 

the language of mathematics (geometria at that time of Galileo), and Newton‘s Principia is a 

mathematical-physical analysis of space and time and how stuff moves in it.  That is also  

emphasized by Dijksterhuis (1950) in his monumental discussion from Pythagoras to 

Newton: the mechanization is a mathematization and the scientific revolution is not only 

based on a systematic empirical method but resides deeply in the mathematical ways 

theories and science advance. So many years later, our Adolphe Quetelet (1828) will see it 

even as a marker of science, when stating that Plus les sciences se perfectionnent, plus elles 

tendent à rentrer dans le domaine des mathématiques, qui est une espèce de centre vers 

lequel elles viennent converger.  On pourrait même juger du degré de perfection auquel une 

science est parvenue par la facilité plus ou moins grande avec laquelle elle se laisse aborder 

par le calcul, mundum numeri regunt. The last words resound the Et ignem regunt numeri 

(attributed to Plato) by Joseph Fourier on the title page of his Théorie Analytique de la 

Chaleur (1822), a topic still very much at the foreground of mathematical physics. 

It is another matter to discuss why and how mathematics has entered the natural sciences 

and physics in particular.  Are the formal aspects of a mathematical  language sufficient 

reason, or even vital to science?  For many scientists, the answer is negative. It indeed 

appears very reasonable to call history or sociology bona fide sciences even though 

mathematics enters very little there beyond the use of statistical analyses, at least compared 

to physics.  But even for physics and Richard Feynman in particular has been quoted as 



saying that mathematics is just efficient, but we could reformulate all of physics without 

mathematics given 7 extra days (which prompted the reaction of Mark Kac that these 7 days 

most likely are those of Creation). In fact, a rather common but not very constructive view is 

that mathematics ``formalizes” and thus ``deviates”  understanding.  We read it in a 

reflection of Maurice Finocchiaro (2010) (in my opinion missing the point) on the essence of 

mathematical reasoning in Galileo’s works: Physical-mathematical reasoning is reasoning 

about physical processes and phenomena such that various aspects of them are represented 

by mathematical entities, various mathematical conclusions are reached about these 

mathematical entities, and then these mathematical conclusions are applied to the physical 

situation. Remark the two directions of such a mathematical physics, first in mathematical 

representation and then in translation back to physical conclusions.  Instead of commenting 

directly on this view on mathematical physics, let me instead confront it with a very different 

emphasis. For this we go to James Maxwell, studying Faraday’s experimental work and his 

invention of lines of force:  As I proceeded with the study of Faraday, I perceived that his 

method of conceiving the phenomenon was also a mathematical one, though not exhibited in 

the conventional form of symbols. Faraday is a mathematician of a very high order (1873).  

For Maxwell, apparently, the symbols, the formal manipulations are not at all the essential 

part of mathematical physics.  What exactly constitutes the soul or programmatic aim of 

mathematical physics in fact often gets blurred by the formal appearances,  and then 

mathematical physics soon degrades into some sort of theoretical mathematics. 

There are cases indeed of, well, mathematical physics that damaged the reputation of the 

field, exactly by their formal misrepresentation.  Mathematical precision then comes at the 

cost of subtle but often essential changes of the physical problem or of physically too 

restrictive formulations. Claims on supposedly universally relevant theorems; formalistic 

attitudes – we know them well from older and newer examples such as in the foundations of 

statistical physics (misplaced emphasis on ergodic theory), in quantum mechanics (naive 

quantization schemes that basically remain with classical concepts, undecisive no hidden 

variables theorems), in solid state physics (non-existence of crystals and certainly not in two 

dimensions or with five-fold symmetry), in mechanics (belief in universal chaos outside 

integrable Hamiltonian systems, emphasis on exactly solvable models), etc.  It is a continual 

result of the fact that science tries to deal with reality that even the most precise sciences 

normally work with more or less ill-understood approximations toward which the scientist 

must maintain an appropriate skepticism. This very healthy self-skepticism is foreign to the 

mathematical approach. The literal-mindedness of mathematics thus makes it essential, if 

mathematics is to be appropriately used in science, that the assumptions upon which 

mathematics is to elaborate be correctly chosen from a larger point of view, invisible to 

mathematics itself (Schwartz 1966).  Goethe was already complaining that Mathematicians 

are like Frenchmen; whatever you say to them they translate into their own language and 

forthwith it is something entirely different.  I hasten to add however that this so called 

pernicious influence of mathematical physics (referring still to the paper by Schwartz (1966)) 



is sometimes itself the result of misquotations or misrepresentations of theorems or just 

simply of incompetence in reading what is being stated.   

Another criticism towards mathematical physics is its depiction as a sort of psychological 

problem.  Some people just have such inclination… Or that it constitutes only the battle of 

the rearguard.  It is perhaps also visible in the quote of Mark Kac that A demonstration is a 

way to convince a reasonable man, and a proof is a way to convince a stubborn one.  Yet I 

think that here we already move in the right direction.  It is indeed important to make things 

clear above any reasonable doubt.  After all, science is not about quickly fixing things, or 

being happily convinced by today’s opinions, or following authority and fashion.  It is not 

only about collecting data or measurements – science is also about a personal making sense 

of grand theoretical frameworks that can be shared among many people and over many 

generations.  And here is a role for mathematical physics, as Giovanni Gallavotti (1994) 

emphasizes: The reason I see the mathematical formulations as important, even in fields in 

which ``progress was already achieved”, is that the rigorization attempts had a ``democratic 

nature”; they made, and make, accessible to the vast majority ideas and methods that were 

(obviously) perfectly understood by only a few scientists.  And, if science has to advance, it 

needs ``democracy’’, i.e. many scientists who control what they are doing…. The 

mathematical language is really universal, as Galileo explicitly noted, and is very well suited 

for the transmission of knowledge. This science transfer is core business of mathematical 

physics; even more, it makes good mathematical physics.  We read it also and again in 

Maxwell’s view on mathematical physics as he comments (as quoted already above) on 

Faraday’s work: The first processes, therefore, in the effectual studies of the sciences, must 

be ones of simplification and reduction of the results of previous investigations to a form in 

which the mind can grasp them.  See the emphasis here on teaching – how to grasp things.  

It is not so strange to associate the mathematical method with creating honest 

understanding through teaching - the word "mathematics" (μαθηματικά) comes from the 

Greek word for learning, study, and science itself.  Unfortunately not all students can still 

believe it, but mathematics indeed very much joins efforts on didactics and simplification. 

Far from executing formal schemes of resemblance or some sort of Kabbalist numerology, 

mathematical physics should be associated with an, for transfer of science so important, 

Anschaulichkeit of what the physics speaks about in reality, even when non-intuitive. 

Still, that democratic and didactical aspect is not the only point to emphasize. Mathematical 

physics has many faces, and in each of them routes have been opened towards new physics 

or to ways that uplift our understanding.  For the last point, a well-known opening sentence 

is from David Ruelle (1969)  quoting Franz Kafka on the first page of his “Rigorous Results” in 

statistical mechanics: Richtiges Auffassen einer Sache und Missverstehen der gleichen Sache 

schliessen einander nicht vollständig aus. It could well be that some formal perturbation 

theory or some other dirty trick “works well” but there mostly remains plenty of room on 

top.  Study of phase transitions, symmetry breaking, stability of matter, collective 

phenomena invoke various sometimes very subtle effects that require careful analysis: 



Mathematical physics is certainly an attempt, sometimes successful, to put on a really 

rational (i.e., mathematically rigorous) basis the fundamental problems of physics (Gallavotti 

1994). That the value of that attempt is not always appreciated, is not new.  Here is how 

Newton describes in a correspondence with Halley the difference in the approaches of a 

mathematician (himself) and a physicist (Hooke) to natural science:  Mathematicians, that 

find out, settle and do all the business, must content themselves with being nothing but dry 

calculators and drudges, and another that does nothing but pretend and grasp at all the 

things must carry away all the inventions as well as those that were to follow him as of those 

that went before... 

For pointing towards new physics, the mathematical method has a strong reputation and has 

a complementary role to experimental findings.  Yet, mathematical physics takes time, it 

takes little part in the fast show and its practice is a languid, halting process. That is true for 

much of fundamental science but it is particularly true for mathematical physics as it often 

does not clearly lend itself to grand speculation, popular attention nor further technology 

development.  Therefore, especially these days, the very existence of mathematical physics 

research and education within a physics department is not at all evident and often 

threatened.   Our institute of theoretical physics in Leuven has almost since its beginning 

harbored a group of mathematical physicists and we owe it to the vision of these pioneers 

like Louis Bouckaert, Frans Cerulus, Raf Dekeyser and André Verbeure that mathematical 

physics has been an essential part of the physics teaching curriculum.  The advent of modern 

mathematical physics at the Institute (and in Flanders) was certainly the return of André 

Verbeure from Bures-sur-Yvette and Marseille.  André was in contact and often in 

collaboration with the major international players in mathematical statistical mechanics.  

From early on, he introduced the modern style of mathematical physics and the group 

around André enjoyed a large number of excellent students and many international visitors.  

They are found back in many parts of the world.  Some students have become professor and 

editor of mathematical physics journals overseas, like Bruno Nachtergaele; others have 

remained closer or have returned even at the Institute in Leuven like Mark Fannes.  There, 

Mark remains co-responsible for the good mathematical physics tradition in research and 

teaching.  And we have good hopes to continue that mathematical physics tradition.  The 

new position and opening at the Institute for hiring a mathematical physicist of mesoscopic 

phenomena attracted 52 candidates including indeed very promising ones or with an 

excellent reputation. 

We are confident therefore that next October 2013 will see the fruitful continuation of 

mathematical physics in Leuven by the addition of a new staff member in the Institute.   We 

are only worried by the recent decline in the number of mathematics students and the, 

effectively, higher walls that have been erected between the two curricula; it appears that 

fewer mathematics students find their way to the Institute and the level of mathematical 

physics that can be offered to Master students is somewhat lower than it used to be.  Well, 

perhaps it is just different. 



There are, luckily, many different types of mathematical physics, and, clearly, also among 

themselves mathematical physicists will not agree about the true nature of their trade and 

enterprise.  Much of the above visions on mathematical physics were caricatures, true 

ideally or in principle, rarely true in practice – Ah, but a man's reach should exceed his grasp, 

or what's a heaven for?  We do not need to axiomatize mathematical physics.  In fact, I 

would vote not to be very dogmatic about the meaning of mathematical physics at all, and 

not to pursue empty polarizations with mainstream physicists. In Leuven we use the 

abbreviation M ᴜ Φ in the announcements of our Mathematical Physics Days, instead of the 

M ∩ Φ of the International Association of Mathematical Physics (founded only in 1976).   

Above I have also not distinguished much between using mathematics in physics and 

mathematical physics. Many great theoretical physicists like Peierls and Onsager invented 

mathematical arguments and shaped problems in mathematical physics.  It is often seen that 

the profound study of nature is the most fertile source of mathematical discoveries. 

(Kline 1972).  Likewise much was contributed to physics by pure mathematicians.  

Mathematical physicists have a role to play as communication personnel, talking 

mathematics to physicists and talking physics to mathematicians.   

 

That transdisciplinarity is an asset, and makes mathematical physicists also ready and able to 

speak with economists or biologists alike.  A mathematical scientific culture overrules 

personal biases or prejudice. What is however even more fun and has attracted many young 

people to mathematical physics, is that through the abstract mathematics, one often gains 

conceptual understanding.  The point is that rigor requires simplifications but the physics 

requires keeping in touch with real nature. One is then forced to reflect on the essentials of 

a scientific problem, and that can bring conceptual depth and methodological advantage. It 

has then happened that when theorists got confused by contradictory simulations or 

heuristic arguments, mathematical physicists gave a rigorous proof deciding the answer.  In a 

way that is again what I believe to be the vital interest of mathematical physics: it is in 

science transfer.  Science transfer is bringing scientific thinking into the public sphere.  

Mathematical physics is didactical physics.  It is about setting standards of rational belief, 

promoting disciplined and critical thinking while keeping imagination well alive.    When the 

method of explaining is mathematical, it insists and it means to address everybody and 

equally, there being no royal road to geometry anyhow. 
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