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Shing Shen Chern gave a framed piece of his calligraphic
art to Bertram Kostant for his sixtieth birthday. The Chinese
characters translate to “Bertram Kostant the master of
Lie groups.” Kostant's research spanned the second half
of the twentieth century and continued into the second
decade of the twenty-first. This work was characterized
by its elegance and ingenuity. His most important work
involved Lie algebra cohomology, the orbit structure of
Lie group actions and their application to representation
theory, topology and physics. He received the Wigner g
Prize in June 2016 “for his fundamental contributions to o

representation theory that led to new branches of mathe- A AT

matics and physics.”
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By Nolan Wallach

Bertram Kostant’s earliest work was on the holonomy of homogeneous spaces. This
led him to a deep understanding of the structure of semi-simple Lie algebras and led to
his important work on a theorem of Bott (the so-called Bott, Borel, and Weil Theorem)
by explicitly writing down a basis for the pertinent cohomology spaces. This paper has
played an important role in many of the future applications of Lie algebra cohomology
to representation theory and to automorphic forms. He went on to study the principal
three-dimensional simple Lie subalgebras of a simple Lie algebra over the complexes. He
showed that up to conjugacy there is exactly one. He then used these algebras to calculate
the cohomology of the simple Lie groups and the structure of the nilpotent cone in a
semi-simple Lie algebra. These papers have been critical to most of the developments in
representation theory over the past 50 years. His next major work involved symplectic
geometry. He introduced the notion of prequantization for symplectic manifolds with
integral symplectic forms. This theory allowed for a philosophical generalization of the
work of Kirillov on the representation theory of simply connected nilpotent Lie groups.
As a byproduct, he showed that homogeneous symplectic manifolds are coadjoint orbits
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under mild conditions on the symmetry group. His “big picture” involved a search for
quantizations of his prequantizations in order to construct irreducible unitary repre-
sentations of reductive Lie groups. It is still unfinished, although it has been a guiding
principle for many mathematicians (for example David Vogan and Michelle Vergne).
For the split real forms of D4 and E8, he (and Ranee Brylinski in the case of E8) showed
how to quantize the minimal nilpotent orbits to construct the unitary representation

of minimal Gelfand-Kirillov dimension. He used representation theory to give explicit
solutions to his generalized Toda Lattices (which include the so-called non-periodic Toda
lattice). His quantization of his Toda lattices yielded Whittaker vectors for the principal
series of quasi-split semi simple Lie groups. In addition, he and Stephen Rallis developed
a complete generalization of Kostant’s work on the nilpotent cone in a simple Lie algebra
to symmetric pairs. Kostant used this work in his 1975 paper on the spherical principal
series for which he was awarded the Steele Prize in 1990.

Kostant made a beautiful conjecture about the existence of certain groups of the form
PSL(2) over a finite field with q elements in the adjoint group of a simple Lie group,

G, over C. He used the notation L(2,q) for these groups. He conjectured that if h is the
Coxeter number of G and if q = 2h+1 is prime then L(2,q) imbeds as a subgroup of the
adjoint group of G. In the case of E8 the Coxeter number is 30 and he was therefore
asking about L(2,61). This case was first proved by computer calculations by Greiss and
coworkers and by Serre without computers. E8, the largest of the exceptional simple Lie
groups, was his favorite among the Lie groups. He was a walking encyclopedia on it and
found amazing connections between it and truly diverse phenomena (e.g. the Buckeyball
and perhaps HIV the AIDS virus). In addition, anyone who did research with Kostant
knows that he remembered every piece of work that he had done, down to giving page
numbers for specific theorems.

Bertram Kostant was born on May 24, 1928 in Borough Park, Brooklyn. He grad-
uated from Stuyvesant High School in 1945 and did his undergraduate work at Purdue
University, graduating with distinction in mathematics in 1950. Professor Arthur
Rosenthal, a German emigre, was a major influence on Kostant at Purdue and was one
of the reasons he switched his major from Chemical Engineering to Mathematics. He
did his graduate work at the University of Chicago, partially supported by an Atomic
Energy Commission Fellowship for graduate studies. His thesis advisor was Irving Segal,
and he received his Ph.D. under Segal’s direction in 1954. At that time, the University
of Chicago was one of the most important centers of mathematics in the world; the
“Nancago” (short for Nancy and Chicago) University involved a constant flow of
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Bourbaki luminaries to Chicago. Also on the faculty were Marshall Stone, Adrian Albert,
Shing Shen Chern, Paul Halmos, Irving Kaplansky, Irving Segal, and as a member of
Nancago, Andre Weil.

Kostant was a member of the Institute for Advanced Study in Princeton from 1953—
1956. In his talk at the banquet for his 65* birthday conference, he mentioned that

he had met Einstein during that period. He had a conversation with Einstein and then
drove him home. He was one of the last people to see Einstein alive. During the years,
1956-1962 Kostant was a professor at the University of California, Berkeley. This was
the time when the “center of gravity” of American mathematics moved to Berkeley with
Chern, Smale, Spanier, and others moving from Chicago to Berkeley. In 1962, Kostant
accepted a professorship at MIT, where he stayed until he became Professor Emeritus in
1993. His was a very active “retirement,” with many invitations to lecture at universities
throughout the world and, of course, continuing his brilliant research in Lie Theory and
its applications. A perusal of MathSciNet shows that he published at least 46 peer-re-
viewed papers after his retirement.

His honors include a Guggenheim Fellowship to Paris (1959-1960), a Sloan Fellowship
(1961-63), election as a Fellow of the American Academy of Arts and Sciences in 1962
and to the National Academy of Sciences in 1978. In 1990, he was awarded the Steele
Prize for Seminal Contribution to Research, and in 2016, he was awarded the Wigner
Prize.

Kostant was a devoted husband to Ann, his wife of 49 years. Ann Kostant has been a
force in mathematical publishing through her work for Springer. He and Ann were the
parents of five children: Abbe Kostant Smerling, Steven Kostant, Elizabeth Loew, David
Amiel, and Shoshanna Kostant. They also had nine grandchildren and two great grand-
children.
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