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Plasticity, dislocations, self-stresses—in memory of the
theoretical physicist Ekkehart Kröner (EK)

EK’s life up to his habilitation

I *1919 Berlin, grew up in Potsdam,

I 1937 high school diploma (Abitur) in Potsdam, subsequently he had to
serve in the German Army

I 1945 Soviet prisoner of war (caught near Königsberg = Kaliningrad)

I 1948 was released to West Germany because of tuberculosis

I 1948 inscribed at the Techn. University of Stuttgart in physics, partly
hospitalized in the Black Forest

I 1951 Marriage with Gertrud (Trudel), nee Hartmann, an active school
teacher: 2 daughters, Sigrid (teacher) and Ulla (physician)

I 1954/1957 Diploma/Ph.D. “The dislocation as elementary source of
self-stresses” (in German)

I 1958 “Continuum theory of dislocations and self-stresses” (in German),
Springer, pp.179, translated by NIST

I 1959 Habilitation degree → taught subsequently as a lecturer in theor.
physics at the Techn. Univ. of Stuttgart (I was one of his students)
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What qualifies me to talk about Ekkehart Kröner?

I I wrote my diploma, my Ph.D., and my habilitation theses with EK in
Stuttgart and Clausthal, respectively.

I Under the influence of EK, I changed my subject from solid state physics
(dislocation theory) to general relativity (gauge theories of gravitation).

I During an oral examination (around 1961), a young lecturer in x-ray
physics (Dr.V.Gerold) asked me ironically: Are you the guy who was told
by Mr. Kröner to put some dislocations into the Universe?...

I The output of my studies on dislocations in the Universe you can find in:
M. Blagojević and F. W. Hehl, eds., Gauge Theories of Gravitation, A
Reader with Commentaries, Imperial College Press, London (2013),
pp.635, arXiv:1210.3775. With Chapter 18 on Dislocations and Torsion.

6 / 14



Plasticity of metals → iron age (since about 12th century BC), and our whole

civilization depends on it. Dislocations as sources of plasticity (at least in iron).

Edge and screw dislocations, images drawn by Trudel Kröner.
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Life of EK after his habilitation

“Eine Theorie der Plastizität ohne Versetzung ist nach unserer Überzeugung
dasselbe wie eine Elektrodynamik ohne elektrischen Strom: eine physikalische
Unmöglichkeit.” E.Kröner (1964)

[“A theory of plasticity without dislocations is, according to our conviction, the
same as electrodynamics without an electric current: a physical impossibility.”]

Kröner’s fundamental laws of the field theory of dislocations:

∇× β = −α, ∇× ε×∇ = (α×∇)sym

Distorsion β, strain ε, incompatibility (inc-operator introd. by Kröner, cf. de
St.Venant), dislocation density α, Nye’s ‘contortion’ κ, displacement gradient...

I 1961/62 MIT as Visiting Assistant Professor

I 1963 calls to Aachen, Clausthal, Hannover, Saarbrücken

I 1963 Full Professor at the Technical University of Clausthal

I 1966/67 Harvard University as Guest Professor (sabbatical)

I 1969 Full Professor at the University of Stuttgart, successor of his teacher
Ulrich Dehlinger

I 1985 Emeritus, cont. to publish till 2001, successor is Hans-Rainer Trebin

I †2000, survived by his wife Trudel (†2018), Sigrid & Ulla & grand children
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Name dropping of a few collaborators of EK (according to my
memory [very incomlpete])

I Stuttgart (< 1962):

Hanich, Hofelich (reduce n-body problem in quantum mechanics to n-1
problem à la Bopp), Datta-Gairola, Stojanović, Eshelby & Bilby as guests,
Weso lowski, Elisabetta Abate (→ Hofelich)

I Clausthal (1962/69):

Kneer, Reichstein (polycrystals), Hehl, Grafarend (Emeritus Geodesy
Stuttgart), Gairola, Kessel; Kunin (from Siberia to Texas)

I Stuttgart (> 1969):

Anthony (Emeritus Theor.Physics Paderborn) ... Egon Felix Holländer
(→ Shelomo Ben-Abraham [Beer-Sheva])... Lazar (from Leipzig) after
1989, now in Darmstadt...
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You can get access to EK’s physics via the following sources, e.g.:

I E.Kröner, in Continuum theory of defects, Les Houches, Session XXXV,
1980–Physics of Defects, R.Balian et al., eds, Amsterdam (1981)

I J.Weertman, Dislocation Based Fracture Mechanics, Singapore (1996)

I E.Kröner, Benefits and shortcomings of the continuous theory of
dislocations, Int. J. Solids & Struct. 38, 1115–1134 (2001)

I B.T.Maruszewski, ed., Structured Media, In memory of Professor
Ekkehart Kröner, Publishing House of Poznan University of Technology,
Poznan (2001) (contains a somewhat incomplete list of EK’s publications)

At the beginnings of the 1970s in Stuttgart (I own copies of the mss. of EK)

I Lectures on Mechanics (2 terms)

Part I: Classical mechanics (d’Alembert, Lagrange, Hamilton, Jacobi)

Part IIa: Continuum mechanics (elastostatics)

Part IIb: Continuum mechanics (elastodynamics, hydrodynamics)

I Tensor calculus for physicists (1 term)

Part I: Tensor algebra, Part II: Tensor analysis

I Statistical continuum physics (1 term)
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Some of EK’s ideas are followed up in the following research group

DFG Research Group 1650: Dislocation based plasticity as of 2019 (by
courtesy of M.Zaiser)

P1 - Dislocation based Gradient Plasticity Theory

P2 - Mesoscopic Aspects of the Continuum Theory of Dislocations

P3 - Continuum Dislocation Dynamics

P4 - Efficient Numerical Solution Methods for Dislocation based Plasticity

P5 - 3D Discrete Dislocation Dynamics

P6 - Statistical Analysis and Stochastic Modelling of Crystal Microplasticity

P7 - Exp. Characterization of Micro Plasticity and Dislocation Microstructure

P8 - Constitutive laws for continuum dislocation dynamics
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