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PROFESSOR IVO BABUSKA IS SEVENTY

INAREL SEGETH, Praha

Though it may seem rather unbelievable, always agile and active Professor Ivo
Babuska celebrated his seventieth birthday in March. His immense and permanent
vigor can serve as a prime example for many younger scientists. Let me recall several
data and events from his fruitful life fully devoted to science.

Ivo Babuska was born on March 22. 1926 in Prague (Praha), Czechoslovakia.
After World War II, he studied civil engineering at the Czech Technical University
in Prague, and received the Ing. degree in 1949 and the Ph.D. degree in Technical
Science (Dr. tech.) in 1951. In the period 1949-1952, he studied mathematics at
the Central Mathematical Institute in Prague as a graduate student and since 1951
he was a research fellow at the Institute. The Institute changed its name to the
Mathematical Institute of the Czechoslovak Academy of Sciences in 1953.

In 1955 Babuska received the Ph.D. (CSc.) degree in Mathematics and in 1960
the D.Sc. (DrSc.) degree which was in Czechoslovakia (and still is in the Czech Re-
public) awarded for highest scientific achievements. From 1955 to 1968 he was head
of the Department, of Constructive Methods of Mathematical Analysis of the Math-
cmatical Institute of the Czechoslovak Academy of Sciences. The main emphasis of
Babuska’s group was on the theory of partial differential equations with applications
to mechanics, and on numerical analysis.

In the period 1953-1956, he was the leader of a computational group that analyzed
technology of the building of Orlik Dam on the Vltava River. It is a gravitational
concrete dam 91 m high. The group, consisting of civil engineers, material scientists,
mathematicians, and desk calculator operators, concentrated on the technology witl-
out artificial cooling, which is usually used to remove the heat created during the
hardening of concrete. All the computations were carried out on mechanical desk
calculators.

Most technological problems were formulated mathematically by Babuska and
then analyzed mathematically and numerically. The problems treated provided re-
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search topics for 5 graduate students and initiated the establishing of a general theory
of numerical stability of algoriths.

In 1956, Babuska established the journal Applications of Mathematics (formerly
Aplikace matematiky) in Prague. He was also one of initiators of international sci-
entific meetings that still take place up to now. The first international EQUADIFF
Conference on Differential Equations was held in Prague in 1962 and the first in-
ternational Conference on Basic Problems of Numerical Analysis in Liblice in 1964.
In addition to writing scientific papers, Babuska published his first books. books on
clasticity and the numerical treatment of differential equations. He was appointed
professor at the Charles University in Prague in 19683.

In 1968, he arrived in the United States and was a visiting professor at the In-
stitute for Fluid Dynamics and Applied Mathematics (IFDAM) at the University
of Maryland at College Park. MD. In 1969, he hecame a rescarch professor at IF-
DAM (now called the Institute for Physical Science and Technology) and later also
at the Department of Mathematics. His interest in applied and numerical mathe-
matics brought him to the finite clement method. He has achieved numerous bright
results in the method itself, in its reliability, a priori and a posteriori estimations.
and adaptive approaches, which are recognized all over the world and belong to the

fundamentals of the method.

For example, the well-known Babuska-Brezzi condition (developed independently
by Babuska in the United States and Brezzi in Italy) has hecome the fundamental
theoretical tool for the analysis of various mixed finite element methods that have
profoundly influenced hoth the theory and practice of computational mechanics.

Another field, where Babuska has laid its foundations and contributed substan-
tially to wide-spread applications, is the a posteriori crror estimation. Various forms
of a posteriori error estimates have become the core of cfficient adaptive computation

as well as numerical analysis in partial differential equations.

Last but not least, let us mention the p-version of the finite element method
pioneered, developed, and cultivated by Babuska. It has become the basis for bhoth
very extensive research activitics and, at the same time. for engineering software
packages including the very successful commercial ones.

Babuska, along with others. is a founder and leader of the Finite Element Circus.
an informal meeting which, for more than 25 years, takes place twice a year.

His name is inseparably connected with the development of the finite element
method and his scientific results have become a solid part of the fundamentals of the
method. His results are widely used, divectly or indirectly, in engineering practice.
Though his work is heavily influcnced by practical needs of engineering computations

it always bore and bears a pronounced mathematical orientation. Let us mention. in
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addition, the maximum angle condition in the finite element method, the Babuska
Paradox in the theory of plates, or the mathematical theory of homogenization.

After leaving Prague, Babuska remained in scientific contact with his colleagues
in Czechoslovakia. Since 1990, he resumed visiting Czechoslovakia (later Czech Re-
public) and in 1994, he established the Prize for Young Czech Scientists in the ficld
of numerical analysis and computational mechanics that is awarded anually.

In 1995, Babuska became a senior research scientist and Robert Trull Professor at
the Texas Institute for Computational and Applied Mathematics at the University
of Texas at Austin, TX.

He has been involved in the education of several tens of graduate students, along
with his other scientific activities. He gave his students a lot of his bright scientific
ideas and was always very happy when the students were able to follow these ideas,
to exploit and develop them, and to transform them into mathematical results.

He is the author or co-author of 6 monographs and he contributed to further 13
books with fundamental chapters. Altogether he published 180 original papers in
recognized international mathematical as well as engineering journals and further 70
papers in various proceedings. The reception of his work is excellent, the acceptance
is lasting, and the response is numerous. He belongs to a small group of a few
scientists who make the real top of the world research in the finite element method.

He has received recognition and various awards for his scientific work, among
them the Czechoslovak State Prize (1968), Humboldt Senior U.S. Scientist Award
of the Federal Republic of Germany (1976), Medal of the Charles University in
Prague (Czechoslovakia, 1992). Medal of the Czech Society for Mechanics (1993),
G. Birkhoff Prize of the American Mathematical Society and Society for Industrial
and Applied Mathematics (1994), Honorary Doctor of Science at the University of
Westminster in London (England, 1994), Distinguished University Professor at the
University of Maryland at College Park, MD (1995), J. von Neumann Medal of the
U.S. Association for Computational Mechanics (1995), and B. Bolzano Medal of the
Academy of Sciences of the Czech Republic (1996).

He has been invited to a lot of lectures at conferences all over the world and he is
a member of editorial boards of numerous mathematical and engineering journals.

I am convinced that Professor Ivo Babuska deserves our congratulations, and our
sincere wishes of good health and optimistic mind. The Mathematical Institute of
the Academy of Sciences of the Czech Republic, the Faculty of Mathematics and
Physics of the Charles University, the Institute of Computer Science of the Academy
of Sciences and the Union of Czech Mathematicians and Physicists, in cooperation
with the Patriae Foundation, will organize a Prague Mathematical Conference in
honor of the 70th birthdays of Professor Ivo Babuska and his colleagues, Professors
Miroslav Fiedler, Jaroslav Kurzweil, and Vlastimil Ptak on July 8-12, 1996. This
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will be an opportunity to congratulate him personally in Prague and to wish him

many further scientific achievements.

COMPLETE BIBLIOGRAPHY OF IvO BABUSKA

Papers in refereed journals
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Pést. Mat. 79 (1954), 41-63.

Solution of the elastic problem of a halfplane loaded hy a secuence of singular forces.
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The stresses in a gravity dam on a soft bottom. (Slovak.) Vodni Hospodarstvi (195).
231-236, 258-264. With L. Mejzlik.

On plane biharmonic problems in regions with corners. (Czech.) Casopis Pést. Mat.
80 (1955), 448-453.

The method of finite differences for solving of problems of partial differential equations.
(Czech.) Casopis Pést. Mat. 80 (1955), 331-358. With L.. Mejzlik.

Numerical solution of complete regular systems of lincar algebraic equations and some
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concrete layers. (German.) Acta Tech. CSAV 3 (1958), 353-398. With L. Mejzlik.
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The existence and uniqueness of the Dirichlet problem on general regions. (German.)
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The linear theory of intrinsic friction. The theory of periodic vibrations with one degree
of freedom I, II. (Russian.) Apl. Mat. 4 (1959), 177 202; 5 (1960), 371-380.

The nonlinear theory of intrinsic friction. (Russian.) Apl. Mat. 4 (1959), 303-321.
The system of linear equations of the type arising in frameworks. (German.) Apl. Mat.
4 (1959), 441-455. With M. Iiedler.

The Fourier transform in the theory of difference equations and its applications. Arch.
Mech. Stos. 1/ (1959), 349-381.

The continuity of the solutions of elasticity problems on small deformation of the
region. (German.) Z. Angew. Math. Mech. 39 (1959), 111-412.
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Some applications of the discrete Fourier transform to problems of crystal lattice
deformation I, II. (Czech.) (‘zechoslovak J. Phys. (1960), 419-427, 488-504. With E.
Vitasek and F. Kroupa.

On the problems of artificial cooling of the concrete of massive dams. (German.) Acta
Tech. CUSAV 5 (1960), 34-68. With L. Mejzlik and E. Vitasek.

Note on the theory of the rail. Arch. Mech. Stos. /2 (1960), 305-311.

Reissnerian algorithms in the theory of clasticity. Bull. Acad. Polon. Sci. Sér. Sci. Tech.
& (1960), 411-417. With M. Prager.

The linear theory of intrinsic friction during the vibration of elastic systems. (Russian.)
Sh. Stroit. Mekh. Mosk. Inst. Inzh. Zheleznod. Transporta (1961), 57-88. With V.
Kolousek.

The Wiener-Hopf technique in the theory of difference equations I, IT, III. Arch. Mech.
Stos. 13 (1961), 3-21, 457-469; 14 (1962), 83-91. With E. Vitasek.

The stability of the domain of definition with respect to basic problems of the theory
of partial differential equations, especially with respect to the theory of elasticity I, II.
(Russian.) Czechoslovak Math. J. 1/ (1961), 76-105, 165-203.

The Fourier transformation in difference equations in countable normed spaces and
some applications. (German.) Casopis Pést. Mat. 86 (1961), 462-479.

Random solution of the rail problem. Arch. Mech. Stos. 13 (1961), 367-375.

On randomized solution of Laplace’s equation. Casopis Pést. Mat. 86 (1961), 269-276.
A contribution to notch stress concentration. (German.) Z. Angew. Math. Mech. /!
(1961), 420-427. With J. Kautsky.

The stability of domains and the question of the formulation of plate problems. (Ger-
man.) Apl. Mat. 7 (1962), 163-467.

The regular and stable boundary points for the diffusion equation. (German.) Ann.
Polon. Math. 12 (1962), 91-104. With R. Vyborny.

The optimization of notch stress concentration. (German.) Z. Angew. Math. Mech. 43
(1963), 47-54. With J. Kautsky.

The optimal quadrature formulas. (Russian.) Dokl. Akad. Nauk SSSR 149 (1963),
227-230.

The closure of numerical processes and the method of factorization. (Russian.) Zh.
Vychisl. Mat. i Mat. Fiz. / (1964), 351-353. With M. Prager and E. Vitasek.

The optimization of numerical processes. (Russian.) Apl. Mat. 10 (1965), 96-129. With
S. L. Sobolev.

Numerical stability of Ritz method. (German.) Apl. Mat. 10 (1965), 196-199.
Continuous dependence of eigenvalues on the domain of definition. (German.) Czecho-
slovak Math. J. 15 (1965), 169-178. With R. Vyborny.

An optimal formula for computation of lincar functionals. (German.) Apl. Mat. 10
(1965), 441-443.

On the existence and uniqueness of solution in the theory of viscoelasticity. Arch.
Mech. Stos. 18 (1966), 47-84. With L. Hlavacek.

The optimal computation of Fourier coefficients. (German.) Apl. Mat. 11 (1966), 113~
123.

Optimal quadratures in the space of periodic functions. (German.) Apl. Mat. 11 (1966),
259-265.

An optimal regularization of summation methods of Fourier series. (Russian.) Apl.
Mat. 11 (1966), 333-340.

A regularization of optimal formulas for computation of Fourier coefficients. (Czech.)
Apl. Mat. 12 (1967), 101-106.
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Problems of optimization and numerical stability in computations. Apl. Mat. 1.3

(1968), 3-26.

A universally optimal quadrature formula I, TI. (German.) Apl. Mat. 13 (1968). 30-1-

338, 388-404.

The finite element method for elliptic equations with discontinuous coefficients. C'om-

puting 5 (1970), 207-213.

Computation of derivatives in the finite element method. Comment. Math. Univ. ('ar-
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Approximation by hill functions. Comment. Math. Univ. Carolin. 11 (1970), 787-811.

Finite element method for domains with corners. Computing ¢ (1970), 264-273.
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367-376.

The rate of convergence for the finite element method. SIAM J. Numer. Anal. 8 (1971).

304-315.

The finite element method for infinite domains. Math. Comp. 26 (1972), 55-58.

Numerical stability in problems of linear algebra. SIAM J. Numer. Anal. 9 (1972).

55-78.

A finite element scheme for domains with corners. Numer. Math. 20 (1972), [-21.

With M. Rosenzweig,.

Approximation by hill functions II. Comment. Math. Univ. Ctarolin. 13 (1972), [-22.
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179-192.

The finite element method with penalty. Math. Comp. 27 (1973), 221-228.
Nonconforming elements in the finite element method with penalty. SIAM J. Numer.
Anal. 10 (1973), 863-875. With M. Zlamal.

Non-uniform error estimates for the finite element method. SIAM J. Numer. Anal. /2
(1975), 868-875.

On the angle condition in the finite element method. SIAN J. Numer. Anal. 13 (1976).
214-226. With A. IX. Aziz.

Solution of interface problems by homogenization I SIAM J. Math. Anal. 7 (1976).
603-634.

Solution of interface problems by homogenization 1. SEAN .J. Math. Anal. 7 (1976).
635-645.

Mixed-hybrid finite clement approximations of sccond-order boundary-value prob-
lems. Comput. Mcthods Appl. Mech. Engrg. North-Holland 71 1977, 175-206. With
J. T. Oden and J. K. Lec.

Solution of interface problems by homogenization . SIAN .J. Math. Anal. § (1977).
923-937.

Srror estimates for adaptive finite element computations. SIAM J. Numer. Anal. 15
(1978), 736-754. With W. (". Rheinboldt.

Mixed-hybrid finite element approximations of second-order elliptic value problems 2.
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Numerical treatment of eigenvalue problems for dillerential equations with discontin-
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A-posteriori error estimates for the finite element method. Internat. J. Numer. Methods
Engrg. 12 (1979), 1597-1615. With W. C. Rheinboldt.

Analysis of optimal finite clement meshes in R, Math. Comp. 33 (1979), 435-163.
With W. C. Rheinboldt.
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Direct and inverse error estimates for finite elements with mesh refinements. Numer.
Math. 33 (1979), 447-471. With R. B. Kellogg and J. Pitkaranta.

Analysis of finite element methods for second order boundary value problems using
mesh dependent norms. Numer. Math. 34 (1980), 41-62. With J. Osborn.

Analysis of mixed methods using mesh dependent norms. Math. Comp. 35 (1980),
1039-1062. With J. Osborn and J. Pitkaranta.

The p-version of the finite element method. STAM J. Numer. Anal. 18 (1981), 515-545.
With B. A. Szabd and 1. N. Katz.

A-posteriori error analysis of finite element solutions for one-dimensional problems.
SIAM J. Numer. Anal. 18 (1981), 565-589. With W. C. Rheinboldt.

[orror estimates for the combined h- and p-versions of the finite element method.
Numer. Math. 37 (1981), 257-277. With M. R. Dorr.

On a dimensional reduction method I. The optimal selection of basis functions. Math.
Cowmp. 87 (1981), 31-45. With M. Vogelius.

On a dimensional reduction method II. Some approximation-theoretic results. Math.
Comp. 37 (1981), 47-68. With M. Vogelius.

On a dimensional reduction method III. A posteriori error estimation and an adaptive
approach. Math. Comp. 37 (1981), 361-383. With M. Vogelius.

On the rates of convergence of the finite element method. Internat. J. Numer. Methods
Eugrg. 18 (1982), 323-341. With B. Szabd.

An crror analysis for the finite element method applied to convection diffusion prob-
lems. Comput. Methods Appl. Mech. Engrg. 31 (1982), 19-42. With W. G. Szymczak.
Computational error estimates and adaptive processes for some nonlinear structural
problems. Comput. Methods Appl. Mech. Engrg. 3/ (1982), 895-937. With W. C.
Rheinboldt.

The finite element method for parabolic equations I. A-posteriori error estimation.
Numer. Math. 40 (1982), 339-371. With M. Bieterman.

The finite element method for parabolic equations I1. A-posteriori error estimation
and adaptive approach. Numer. Math. 40 (1982), 373-406. With M. Bieterman.
Generalized finite element methods, their performance and their relation to mixed
methods. SIAM J. Numer. Anal. 20 (1983), 510-536. With J. Osborn.

A-posteriori error analysis and adaptive processes in the finite element method I. Error
analysis. Internat. J. Numer. Methods Engrg. 19 (1983), 1593-1619. With D. W. Kelly,
J. P. De S. R. Gago, and O. C. Zienkiewicz.

A-posteriori error analysis and adaptive processes in the finite element method II.
Adaptive method refinement. Internat. J. Numer. Methods Engrg. 19 (1983), 1621 -
1656. With D. W. Kelly, J. P. De S. R. Gago, and O. C. Zienkiewicz.

Feedback and adaptive finite element solution of one dimensional boundary value
problem. Numer. Math. /4 (1984), 75--102. With M. Vogelius.

The post-processing approach in the finite element method 1. Calculation of displace-
ments, stresses and other higher derivatives of the displacements. Internat. J. Numer.
Methods Engrg. 20 (1984), 1085-1109. With A. Miller.

The post-processing approach in the finite element method 2. The calculation of stress
intensity factors. Internat. J. Numer. Methods Engrg. 20 (1934), 1111-1129.
Adaptivity and error estimations for the finite element method applied to convection
diffusion problems. SIAM .J. Numer. Anal. 2/ (1984), 910-954. With W. G. Szymczak.
I'inite clement methods: Principles for their selection. Comput. Methods Appl. Mech.
Engrg. 45 (1984), 57-96. With D. N. Arnold and .J. Osborn.

357



[99]

[100]
(to1]
[102]
[103]
[104]
(105]

[106]

(109]
(110]
[111]
[112]
[113]

[114]

[115]
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The optimal convergence rate of the p-version of the finite element method. SIAM ).
Numer. Anal. 2/ (1987), 750- 776. With M. Suri.

An expert-system-like feedback approach in the /ip-version of the finite element
method. Finite Elem. Anal. Des. 3 (1987), 127--147. With E. Rank.

Pollution problem of the p- and h-p versions of the finite clement method. Comm.
Appl. Numer. Methods 3 (1987), 553-561. With IH.-S. Oh.
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