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MARSTON MORSE AND HIS MATHEMATICAL WORKS 

BY RAOUL BOTT1 

1. Introduction. Marston Morse was born in 1892, so that he was 33 years 
old when in 1925 his paper Relations between the critical points of a real-val­
ued function of n independent variables appeared in the Transactions of the 
American Mathematical Society. Thus Morse grew to maturity just at the 
time when the subject of Analysis Situs was being shaped by such masters2 as 
Poincaré, Veblen, L. E. J. Brouwer, G. D. Birkhoff, Lefschetz and Alexander, 
and it was Morse's genius and destiny to discover one of the most beautiful 
and far-reaching relations between this fledgling and Analysis; a relation 
which is now known as Morse Theory. 

In retrospect all great ideas take on a certain simplicity and inevitability, 
partly because they shape the whole subsequent development of the subject. 
And so to us, today, Morse Theory seems natural and inevitable. However 
one only has to glance at these early papers to see what a tour de force it was 
in the 1920's to go from the mini-max principle of Birkhoff to the Morse 
inequalities, let alone extend these inequalities to function spaces, so that by 
the early 30's Morse could establish the theorem that for any Riemann 
structure on the w-sphere, there must be an infinite number of geodesies 
joining any two points. 

This whole flight of ideas was of course acclaimed by the mathematical 
world. It brought him to the Institute for Advanced Study in 1935, when, at 
43, he also delivered the Colloquium Lectures of the Mathematical Society 
and wrote his monumental book on the Calculus of Variations in the Large; 
it eventually earned him practically every honor of the mathematical com­
munity, over twenty honorary degrees, the National Science Medal, the 
Legion of Honor of F r a n c e , . . . . 

Nevertheless, when I first met Marston in 1949 he was in a sense a solitary 
figure, battling the algebraic topology, into which his beloved Analysis Situs 
had grown. For Marston always saw topology from the side of Analysis, 
Mechanics, and Differential geometry. The unsolved problems he proposed 
had to do with dynamics-the three body problem, the billiard ball problem, 
and so on. The development of the algebraic tools of topology, or the project 
of bringing order into the vast number of homology theories which had 
sprung up in the thirties-and which was eventually accomplished by the 
Eilenberg-Steenrod axioms-these had little interest for him. "The battle 
between algebra and geometry has been waged from antiquity to the present" he 
wrote in his address Mathematics and the Arts at Kenyon College in 1949, and 
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again, a few lines later: "Forever the foundation and never the Cathedral." 
Poincaré's interest in Analysis Situs had two distinct sources: Dynamics 

and Algebraic Geometry. And these two mainsprings of Topology were 
magnificently represented by G. D. Birkhoff and S. Lefschetz respectively, in 
the early part of this century. Through his teacher, G. D. Birkhoff, Morse had 
inherited the dynamical tradition-in no uncertain terms- and it was in this 
framework that he understood Analysis Situs. 

There was thus a natural ambivalence to him to the sibling algebraic 
branch which had evolved so strongly around Lefschetz in Princeton. I 
distinctly recall an afternoon in 1949 when he reminisced about his appoint­
ment at the I. A. S. and spoke wistfully about how differently things would 
look if he had gone to the University and Lefschetz had taken on the post at 
the Institute. His wrath, I should hasten to add, was never personal-and 
certainly not directed at Lefschetz's achievements in algebraic geometry. 
Rather, he resented the omnipresence of algebra in the topological scene at 
that time. And certainly it was true that in 1949 the Geometric tradition of 
topology was not nearly as well represented as it is, say, today. And it is also 
true that at decisive moments it was precisely the Morse Theory-in the highly 
geometric setting of Smale-which overcame the greatest obstacles. On the 
other hand the late forties and early fifties were exciting years for homotopy 
theory; for with the advent of the algebraic tools of the Steenrod Algebra and 
Serre's application of the Leray Spectral Sequence homotopy theory had 
become tamed, and it is not surprising that this development temporarily 
eclipsed all others. 

The next sections will be devoted to a more detailed account of the Morse 
theory and other aspects of Morse's work, but before going on, I find the urge 
to reminisce-once indulged in-too strong to be denied. It was my good 
fortune to come to the Institute for Advanced Study in Princeton in 1949, 
largely through the good offices of my teacher R. Duffin at Carnegie Institute 
of Technology and of H. Weyl, who had befriended me there in Pittsburgh 
while visiting Carnegie on a lecture tour. The general plan of my appointment 
as I understood it, was that I was to write a book on network theory at the 
Institute. 

I suppose that a young prospective knight approaching King Arthur's table 
for the first time must have felt as I did when I first walked into Fuld Hall 
and took possession of my small office on the third floor. The professors of 
Mathematics at that time were Oswald Veblen, Hermann Weyl, John Von 
Neumann, Carl Ludwig Siegel, Marston Morse and James W. Alexander. On 
the ground floor you passed Einstein's office and you were welcomed upon 
arrival by J. Robert Oppenheimer. The permanent members were Kurt 
Gödel, Deane Montgomery, and Atlè Selberg. The officer in charge of the 
temporary members that year was Marston Morse and it was in that capacity 
that I first met him. His office was also on the third floor and I had seen him 
bounding up the stairs several times before my official "reporting to work", 
so to speak, occurred. 

The overwhelming impression which remains with me to this day is the vast 
energy which Marston somehow radiated. I compute now—with amaze-
ment-that he must have been fifty-seven at that time, and recall with some 
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humiliation that a few weeks later at a party at our house, he easily beat me 
in a hundred yard dash to which he had-characteristically-challenged me. 
But to return to my "reporting to work". I approached this interview with 
some nervousness, because in the few weeks which I had spent at Princeton 
before it took place, the whole mysterious world of pure mathematics had 
burst upon me and all I wanted to do was explore it. In no way did I want to 
write the book. 

Well, after five minutes with Marston all my uneasiness had vanished. First 
of all I found that I really did not have to say very much! I think it is a fair 
statement that in all conversations with Marston, one only had to do twenty 
percent of the talking. His energy was such that it just naturally took over. He 
immediately dismissed my fears of having to write a book. It was a matter of 
course to him that at the Institute a young man should only do what he 
wanted to do; that this was the place where a young man should find himself, 
and the last place in the world for performing a chore. And once this 
technical part of our interview was over he immediately, again characteristi­
cally I think, started to speak about the subject that absorbed his interest at 
the time. Actually, in 1949 this subject had nothing to do with critical point 
theory. Rather, he was deeply involved in his work with Transue, on func­
tions of bounded variations. In any case, I remember leaving this interview 
with a light heart, newly liberated and buoyed by the energy and optimism I 
had just encountered. I was also elated by the directness of Marston's 
manner. There was not the slightest condescension in it. Although he 
dominated-I expect-all encounters, he treated everyone as an equal, with 
complete honesty, and in personal matters he showed great kindness and 
generosity. 

Mathematically, Marston and I did not communicate too well, and I don't 
think we could have collaborated. I also recall really only one private lecture 
on critical point theory from him. His primary interests were elsewhere at the 
time. But on the personal side we got on right from the start, even though we 
often disagreed. 

Marston loved music and played the piano beautifully and effortlessly. He 
was devoted to Bach and very knowledgeable about all aspects of music, and 
so music was our first and quite natural bond. But beyond that and quite 
apart from certain affinities of taste, I think I immediately sensed and revered 
his spiritual nature. Marston was a deeply reUgious man, yet I never heard 
him "preach". One was conscious of this aspect of his life only indirectly and 
quite marvelously. His daughter-in-law, Terry Morse, put it better than I 
every could. 

"His personality had a light and a force which was very spiritual and 
mysterious. I think it was because he welcomed the ultimate mystery of life, 
embraced it, and took great joy in it, that we always came away from being 
with him feeling a heightened sense of awareness of the beauty and the 
possibilities in life," she wrote to Louise Morse after his death. 

And then, there was his wonderful wife Louise, to whom we-indeed all of 
us new green Ph.D.'s-were immediately drawn, and who was such a natural 
complement to Marston. The Morses took their stewardship of the mathe­
matical community very seriously and it was to them we turned in times of 
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need. Of course Marston's advice could be disheartening. I remember calling 
on him for suggestions concerning a summer job in 1950. After some 
reflection he recommended mowing lawns or baby sitting! When it came time 
to move on in 1951, he would recommend the mathematical wasteland. "Get 
away from Princeton and the mathematical centers. Have your own thoughts 
in peace and quiet," he would say. "Look what Lefschetz did in Kansas." 

But it is time to hear different memories of the past than mine. Maurice 
Heins, who knew Marston as a student and collaborator and friend, writes as 
follows: 

"My first encounter with Marston was as a sophomore in what was then 
Mathematics 5 at Harvard. It was his last year at Harvard. Characteristic of 
his lectures were lucidity, simplicity and eloquence. One felt that one was in 
the presence of a master. He shared with Heinz Hopf a strongly tactile 
presentation. It was as if they were sculptors in their ateliers. In this connec­
tion, I recall that Marston thought that his experience with carpentry contrib­
uted to his geometric sense greatly. In 1934 the curriculum of a course like 
Math 5 was extremely rigid. Marston conveyed very beautifully and intui­
tively without belaboring the e's the import and the essential ideas of the 
proofs of such theorems as the implicit function theorem, the Sturm separa­
tion theorem (curriculum not withstanding), the Euler-Lagrange condition. 
One has to keep in mind the quasitotal absence of mathematical sophistica­
tion of the part of his hearers." 

"What was very impressive about Marston in the 20's and 30's was that he 
was devoid of the bigotry that paraded in the guise of gentility during that 
period. He valued one's worth and integrity, not the accidentals of birth. He 
had enormous drive and the physical capacity for many hours of work. 
Twenty hour work days were common." 

'The intensity of his devotion to scholarship was coupled with un­
compromising standards of rigor imposed both on himself and his collabora­
tors. Working with him was a very intense experience." 

"Our collaborative work was proposed by Marston who wanted to bring 
critical point theory to bear on the theory of harmonic functions and analytic 
functions, or, more generally, the pseudoharmonic functions and light interior 
transformations. The physical circumstances of the collaboration may appear 
surprising but exemplify some of the things said above about Marston's 
temperament. At the tme he was in Washington as a scientific consultant to 
the then War Department, Office Chief of Ordnance. I was a P-4 mathemati­
cian working with him and W. R. Transue. After the normal work day 
Marston and I worked on the joint papers from 7 to 11, Monday through 
Thursday. He wrote drafts of the work on the weekends back in 
Princeton..." 

I quote next from William Transue9s reminiscences: 
"In the fall of 1942 I went to the Institute as Marston's assistant. I was a 

fresh Ph.D., with dissertation on subharmonic functions, but with no set 
direction except for the broad field of analysis. At that time Marston had the 
idea of applying topological methods to obtain information on the 3-body 
problem, and he set me to work reading F. R. Moulton's Celestial mechanics 
and a paper of G. D. Birkhoff in this area. However, Marston was at this time 


