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Das schönste Denkmal, das ein Mensch
bekommen kann, steht in den Herzen seiner
Mitmenschen.1

Albert Schweitzer

1The most beautiful memorial which can be erected for somebody is the imprint he leaves behind
in the hearts of others.



Wenn er aber studiert, müssen ihm bedeutende
ideale Ziele vorschweben

The headline above is a passage from a personal statement written by Wolfgang
Schwarz shortly after finishing school, explaining his views and goals while looking
forward to taking up studies at the University of Erlangen. Literally, it says that a
student’s motivation must be substantial and idealistic. At that time it was customary
to write a proposal for enrollment at a German university.

Fig. 1 Left: the 17-year-old Wolfgang Schwarz; right: excerpt from his essay. Published with kind
permission of © Doris Schwarz, 2013

As a profession I aim at the position of a high school teacher of mathematics and physics,
or, if possible, the career of a university professor of mathematics.2

This is another quotation from Wolfgang Schwarz’s essay showing a rather self-
confident young man with ambitious goals. And indeed, this promising young man
lived up to his own expectations and became an outstanding mathematician. His field
of research was number theory with an emphasis on analysis. Yet, his interests were
as widespread as his knowledge, ranging from elementary to algebraic aspects of
number theory, and from analysis to algebra. This broad spectrum is well reflected

2This is our translation of the German original (see Fig. 1). Please note that the German höheres
Lehramt stands for teaching pupils from grade 6 to 13 at a gymnasium, and Hochschule at that
time was equivalent to university.
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viii Wenn er aber studiert, müssen ihm bedeutende ideale Ziele vorschweben

in the variety of research articles and surveys in this memorial volume, some of
them enriched with personal reminiscences.

Wolfgang Schwarz was born on the 21st of April 1934 in Selb (not far from Hof
in northern Bavaria), which is well known for its famous porcelain manufactories.
His father was a teacher at a primary school and, although he died untimely
in 1945 during World War II, he left a deep impression on young Wolfgang,
which is best manifested in his early curiosity about mathematics and natural
sciences. Their mother raised Wolfgang and his brother Werner and encouraged
their musical talents. In 1951 Schwarz obtained his university entrance certificate,
called Reifezeugnis in German. He enrolled at the Friedrich-Alexander-Universität
Erlangen to study mathematics and physics; among his teachers were Otto Haupt,
Georg Nöbeling, Wilhelm Specht, and, most importantly, the eminent Theodor
Schneider, who is famous for his elegant solution of the seventh Hilbert problem on
the transcendence of numbers of the form ˛ˇ , where ˛ is algebraic and ˇ irrational.3

After passing the state examination for teachers in mathematics and physics in
1956 Wolfgang Schwarz continued his studies as an assistant of Schneider, first
in Erlangen and later at the Albert-Ludwigs-Universität Freiburg (Fig. 2). His

Fig. 2 Wolfgang Schwarz during his doctorate studies. Published with kind permission of © Doris
Schwarz, 2013

doctorate thesis of 1959 dealt with questions about representations of integers as
sums of powers of prime numbers. For his habilitation,4 accomplished in 1964 also
at Freiburg, he studied so-called Tauberian theorems with applications to partitions.

The topics and methods used in both of his theses form a central part of twentieth-century
analytic number theory. In this memorial volume, honoring the life and work of Wolfgang

3Independently, Alexander Gelfond provided another solution about the same time.
4Habilitation is a degree following the doctorate, at that time necessary to obtain the permission
for independent teaching (venia legendi) and for appointment as a professor.
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Schwarz, the reader will find several contributions closely related to Schwarz’s work,
e.g. those by Jörg Brüdern, Rainer Dietmann & Christian Elsholtz, and Rebecca Ulrike
Jakob, all relying on the circle method, as well as Aleksandar Ivić’s article on Tauberian
theorems. Some of these new results use or extend previous ones obtained by Schwarz. In
the background of János Pintz’s article on recent progress in the theory of prime number
distribution are sieve methods, which is another direction of research where Schwarz made
significant contributions and published monographs at an early age.

In the late 1960s Wolfgang Schwarz was appointed professor at the Albert-
Ludwigs-Universität Freiburg, and in 1969 he became Ordinarius at the Johann-
Wolfgang-Goethe-Universität Frankfurt. In 1974, he and his family settled in the
village of Ruppertshain near Königstein in the lovely Taunus mountain range
north of Frankfurt. The Schwarz family quickly became acquainted with its new
surroundings and made many friends.

Wolfgang Schwarz’s mathematical ideas and inventions were creative and
innovative. His broad knowledge together with his mastery of advanced techniques
was and still is very impressive. He always had a desire for simplicity and elegance.
This is well reflected in his numerous (more than one hundred) research articles (see
the complete list of his publications subsequent to this preface). A few of them deal
with elementary, diophantine and transcendental questions.

The articles of Régis de la Bretèche & Gérard Tenenbaum, Štefan Porubský, Andrzej
Schinzel, Jan-Christoph Schlage-Puchta, Tarlok Shorey & Rob Tijdeman, and Jürgen
Spilker are elementary in nature and lie at the core of number theory. Diophantine aspects or
transcendence topics are the major theme of the contributions by Ioulia Baoulina & Pieter
Moree, Valentin Blomer, Yann Bugeaud, Peter Bundschuh & Keijo Väänänen, Carsten
Elsner, Manfred Madritsch & Robert Tichy, and Jörn Steuding; some of them are directly
related to results of Schwarz.

One of Wolfgang Schwarz’s major research interests was the study of arithmeti-
cal functions. Together with his colleague and friend Jürgen Spilker from Freiburg,
Schwarz published the standard reference in this field, continuing important works
by Wintner, Delange, Wirsing, Elliott, and Halász. Methods of probabilistic and
functional-analytic flavor form an essential part of Schwarz & Spilker’s Arith-
metical Functions and provide a rather new perspective on this classical topic.
In particular, the concept of Ramanujan expansions, studies of so-called related
functions, and Gelfand’s theory of maximal ideal spaces make reading this book
a great pleasure.

In this memorial volume several examples of recent and past work on arithmetical functions
can be found in the articles of Peter Elliott, Karl-Heinz Indlekofer, Aleksandar Ivić, Lutz
Lucht, Eugenijus Manstavičius, and Friedemann Tuttas, some of them directly related
to Wolfgang Schwarz’s work: the contribution by Aleksandar Ivić includes aspects of
Schwarz’s study of the value-distribution of certain arithmetical functions; the surveys
of Lutz Lucht and Karl-Heinz Indlekofer discuss, among other topics, questions about
inversion of multiplicative functions, resp. integration theory for arithmetical functions.

Wolfgang Schwarz has always been interested in establishing international con-
tacts. He pursued this objective as one of the main organizers of the number theory
meetings at Oberwolfach for two decades from 1974 until 1994 (together with
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Fig. 3 Wolfgang Schwarz and his first doctoral student Karl-Heinz Indlekofer discussing the
divisor function in 1993. Published with kind permission of © Karl-Heinz Indlekofer, 1993

Hans-Egon Richert and Eduard Wirsing). The success and worldwide reputation
of these workshops in the Black Forest emphasize the mathematical significance
of both Wolfgang Schwarz and the group of German number theorists at this time.
Another notable activity of Schwarz was the exchange program with the group of
probabilists and number theorists around Jonas Kubilius at Vilnius University (even
before Lithuania’s independence in 1990).

In particular these Lithuanian contacts matched Schwarz’s research interests on probabilis-
tic number theory and applications to arithmetical functions, well reflected in the article
by Eugenijus Manstavičius. However, questions around the Riemann zeta-function and its
relatives should be mentioned here as well. To illustrate this line of research one may list
the contributions of Ramūnas Garunkštis & Justas Kalpokas, and Antanas Laurinčikas. The
article by Helmut Maier & Michael Rassias falls into this category, too. Another related
paper by Nicola Oswald & Jörn Steuding traces this direction of investigation in the research
area of the famous mathematician Adolf Hurwitz who was born in Hildesheim.5 This article
on the history of number theory reflects a further research interest of Wolfgang Schwarz.

After Wolfgang Schwarz’s retirement in 2002, the history of mathematics and,
in particular, the development of number theory, which he had always considered to
play an important role in mathematical thinking and education, became the central
topic of his mathematical activities. His extraordinary knowledge of mathematical
and historical details often led to relevant and helpful remarks at conferences, more
than once opening up a new point of view on a discussed unsolved problem or

5The town that hosted the 2014 È AZ conference where the first steps for this memorial volume
were initiated.
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Fig. 4 Wolfgang Schwarz playing the piano. Published with kind permission of © Doris Schwarz,
2013

a presented result. Wolfgang Schwarz’s other passion was classical music, which
took an even larger role in his life as he was getting older. He played the piano
to an almost professional level, and he composed his own pieces of music, which
regularly have been performed by members of his family and also by students of the
Hochschule für Musik und Darstellende Kunst Frankfurt (for example, to celebrate
his 75th birthday).

Fig. 5 Eva Schwarz and Valentin Blomer playing one of Wolfgang Schwarz’s pieces at the
memorial colloquium during the 2014 È AZ conference. Published with kind permission of
© Isa Lange, 2014



xii Wenn er aber studiert, müssen ihm bedeutende ideale Ziele vorschweben

On Friday, the 19th of July 2013, Wolfgang Schwarz passed away at the age
of 79. During the biannual conference Elementare und Analytische Zahlentheorie
(E`AZ) hosted by the University of Hildesheim from July 26th to August 1st 2014,
a special colloquium was held on Wednesday July 30th, dedicated to the memory
of Wolfgang Schwarz. This was attended by his wife Doris and their daughter Eva,
the conference delegates and several external guests. The idea to write a memorial
volume to honor Schwarz’s life and work was born at about the same time. The
series of E`AZ conferences had been initiated by Lutz Lucht in 2000 in order
to provide a regular platform for young German number theorists to present their
research and to meet with experts. Since then these workshops have continued
to grow into an international conference with eighty participants from all over
the world, invited morning lectures and parallel sessions in the afternoons. The
program of the Memorial Colloquium at the Hildesheim E`AZ together with a
group photograph can be found on the final pages of this volume.

Besides Aleksandar Ivić’s opening lecture as well as the Wednesday colloquium talks given
by Lutz Lucht, Karl-Heinz Indlekofer, and Jörn Steuding honoring Schwarz’s scientific
work, this volume contains additional contributions presented at the È AZ conference,
some of them with personal reminiscences, for example, the one authored by Štefan
Porubský.6 The photograph on the previous page shows Valentin Blomer and Schwarz’s
daughter Eva playing one of Wolfgang Schwarz’s own compositions during the memorial
colloquium.

The third E`AZ conference held in Mainz in 2004 was organized by Wolfgang
Schwarz and this is just one of the many examples showing his dedication to
support young researchers. Another one is his longstanding commitment to the
Cusanuswerk at the University of Frankfurt as a student mentor, a position he was
committed to for more than 30 years. It is noteworthy that this Catholic institution
is named after the fifteenth-century universal scientist and mathematician Nicholas
of Cusa. Over the years Schwarz and his Cusanuswerk students met twice a year at
his home for an evening of culture and good food prepared by Doris.

One of his students from the Cusanuswerk, Anne Henke, is now professor of mathematics
and has contributed an article on her field of research, namely representation theory. This
work as well as the articles by Samuel Patterson on variations of Gaussian sums, Jürgen
Sander & Torsten Sander on the interaction between number theory and (algebraic) graph
theory, Eduard Wirsing on a classical function-theoretical result of Hardy, and Jürgen
Wolfart & Benjamin Mühlbauer on dessins d’enfants would most likely have met with
Schwarz’s enjoyment in the linkage of different mathematical views.

6The ‘Obituary for Wolfgang Schwarz’ by K.-H. Indlekofer, L.G. Lucht, and J. Steuding, published
in Jahresber. Dtsch. Math.-Ver. 116, No. 3, 153–169 (2014) provides further information.



Wenn er aber studiert, müssen ihm bedeutende ideale Ziele vorschweben xiii

Yet, Wolfgang Schwarz was not only a researcher and teacher of mathematics,
he also was well aware of the importance of activities beyond the blackboard. He
engaged in university administration and was a member of the presidium of the
Deutsche Mathematiker Vereinigung7 (DMV) for several years, being its president
in 1986/1987. In 1992/1993 he was chairman of the Konferenz der Mathematischen
Fachbereiche8 (KMathF).

Fig. 6 Another quotation from Schwarz’s essay of 1951. Published with kind permission of
© Doris Schwarz, 2013

We conclude with a final quotation from Wolfgang Schwarz’s essay for university
entry:

Furthermore I wish to become an experienced and mature man. I believe that by studying at
a university, a young person is able to anticipate much of the experience he would otherwise
have to accumulate later in life. By studying, humans gain maturity, it enables one to view
the great and the sublime, but also the small; it provides us with the opportunity to see the
big picture [. . . ].

In our opinion, these words do not only show a young man’s perspective towards
his future life, but they also reflect the lifelong motto of a great character who
had so much empathy and was so supportive of his colleagues and friends. The
mathematical community has lost an excellent and renowned number theorist and

7Association of German Mathematicians.
8Literally the ‘Conference of the mathematical faculties and departments’ in Germany; there seems
to be no English name.
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a true friend. We will miss him while doing mathematics, making music, when
playing chess or hiking, or simply in daily life.

Hildesheim Jürgen Sander
Würzburg Jörn and Rasa Steuding
November 2015

Post Scriptum: We are grateful to Doris Schwarz for providing us with biographical
details, her husband’s essay quoted above and several photographs, and to his
daughter Karin Schwarz for proofreading. Further photographs in this volume have
been contributed by friends and colleagues. We admire the artistic talent of Nicola
Oswald, who created the watercoloured portrait of Wolfgang Schwarz on the front
cover. Moreover, we thank Lutz Lucht for additional information as well as Karl
Dilcher and Jan-Hendrik de Wiljes for technical support. Last but not least, we
wish to express our gratitude to Mario Aigner, Sonja Gasser and the whole team
at Springer Basel and Heidelberg for making our idea into a book.
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lung hinreichend grosser Zahlen. J. Reine Angew. Math. 205 (1960/1961),
21–47.

2. Zur Darstellung von Zahlen durch Summen von Primzahlpotenzen. II. J. Reine
Angew. Math. 206 (1961), 78–112.

3. Weitere, mit einer Methode von Erdös-Prachar erzielte Ergebnisse. Math.
Nachr. 23 (1961), 327–348.

4. Über die Summe
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n�x '.f .n// und verwandte Probleme. Monatsh. Math. 66
(1962), 43–54.

5. Irrationale Potenzreihen. Arch. Math. 13 (1962), 228–240.
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7. Eine Bemerkung über fast-ganzwertige Funktionen. Monatsh. Math. 67

(1963), 129–136.
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Angew. Math. 212 (1963), 150–157.
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Monatsh. Math. 68 (1964), 75–80.
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11. Einige Anwendungen Tauberscher Sätze in der Zahlentheorie. A. J. Reine
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(1966), 314–320.
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Nachr. 31 (1966), 125–136.
15. Irrationale Potenzreihen. II. Arch. Math. 17 (1966), 435–437.
16. Über die Anzahl Abelscher Gruppen gegebener Ordnung. II. J. Reine Angew.

Math. 228 (1967), 133–138.
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de Gruyter, Berlin, 1999.

99. Nachruf auf Wolfgang Franz. Sitzungsber. Wiss. Gesellschaft Frankfurt
XXXVI (1999), 379–383.

100. Some Results on Arithmetical Functions. In: Prob. Theory and Math. Stat.,
Proc. 7th Internat. Vilnius Conference, August 12–18, 1998, Utrecht 1999,
653–664.

101. Almost-even functions as solutions of a linear functional equation. Math.
Slovaca 50 (2000), 525–529.

102. Uniform-fast-gerade Funktionen mit vorgegebenen Werten. Arch. Math. 77
(2001), 1–4.

103. John Knopfmacher, analytic number theory, and the theory of arithmetical
functions. Quaest. Math. 24 (2001), 273–290.

104. Zur Entwicklung einiger Gebiete der Zahlentheorie, insbesondere im
19. Jahrhundert. Sitzungsber. Wiss. Ges. Univ. Frankfurt XXXIX (2001),
75–123.

105. with Choi, E.-H.: Mean-values of products of shifted arithmetical functions.
In: Analytic and Probabilistic Methods in Number Theory (Palanga, 2001),
32–41, TEV, Vilnius, 2002.
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Mathematicians in general are sociable people. They meet at conferences and
discuss their latest results and much more at conference dinners.

Published with kind permission of © Stefan Porubsky, 2004

The picture above shows Wolfgang Schwarz hosting a number theoretical meeting
in Frankfurt in summer 2004, surrounded by (from left to right) Aleksandar Ivić,
Antanas Laurinčikas, Jörn Steuding, Štefan Porubský, and Jürgen Wolfart.
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Below a scene from a private round at Schwarz’s home in the Taunus village
Ruppertshain with guests. From left to right: Aleksandar Ivić, Andrzej Schinzel,
Štefan Porubský, János Pintz, Wolfgang Schwarz, and Antanas Laurinčikas.

Published with kind permission of © Stefan Porubsky, 2004

Published with kind permission of © Stefan Porubsky, 1989

The photograph above shows Wolfgang Schwarz discussing mathematics with Karl
Dilcher. In the next one, Rasa Steuding, Karl-Heinz Indlekofer, Kohji Matsumoto,
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Wolfgang Schwarz, and Eugenijus Manstavicius (from left to right) having dinner
in a Japanese restaurant.

Published with kind permission of © Jörn Steuding, 2005

The following photograph shows Wolfgang Schwarz during the 2012 E`AZ
Conference at Schloß Schney talking with Lutz Lucht and his wife.

Published with kind permission of © Stefan Porubsky, 2012
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Professer Schwarz discussing mathematics with his colleagues Profs. Albrecht
Pfister (left) and Jürgen Spilker (right).

Published with kind permission of © Jürgen Wolfart, 2009

Below another example, Wolfgang Schwarz in discussion with Eugenijus
Manstavicius; in the background Jürgen Sander (on the left) and Eduard Wirsing
(in the middle).

Published with kind permission of © Stefan Porubsky, 2012

But sometimes mathematicians are silently watching someone else’s talk. The
next photograph shows Günter Pickert, Eduard Wirsing, Wolfgang Schwarz, and
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Karl-Heinz Indlekofer (from left to right).

Published with kind permission of © Jürgen Wolfart, 2009

Some mathematicians are genuine globetrotters. Wolfgang Schwarz was one of
those, and he was a passionate alpinist and mountaineer (see the photographs in
Lutz Lucht’s contribution).

Published with kind permission of © Peter Elliott, 1975
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The last - rather romantic - photograph shows him at the Glaswaldsee in the Black
Forest, while the photograph below, showing Wolfgang and Doris Schwarz, was
taken during a rainy day at the Curonian Spit in Lithuania.

Published with kind permission of © Jörn Steuding, 2011

The Schwarz family has always been very hospitable. Below a photo showing
the beginning of an excursion of a larger group of tourists in the Taunus range 2004.

From left to right: Wolfgang Schwarz, Jörn Steuding, Andrzej Schinzel, Doris
Schwarz, János Pintz, Aleksandar Ivić, and Antanas Laurinčikas. Published with
kind permission of © Stefan Porubsky, 2004



Impressions xxxi

At conferences mathematicians give and listen to talks.

Published with kind permission of © Jürgen Wolfart, 2009

Eduard Wirsing (on the left) and Wolfgang Schwarz enjoying a humoristic
moment at the E`AZ Conference 2012 in Schloß Schney.

Sometimes there are moments for celebration. At the E`AZ Conference 2004

Published with kind permission of © Stefan Porubsky, 2004

in Mainz Wolfgang Schwarz was celebrating his 70th birthday. As a representative
of the Lithuanian delegation Eugenijus Manstavicius is handing over a hand-made
Lithuanian sash.



xxxii Impressions

Group photographs are another favourite amusement of mathematicians during
their meetings.

Published with kind permission of © Peter Elliott, 1984

These pictures show Wolfgang Schwarz, Peter Elliott, Dieter Wolke, Ernst
Heppner, Karl-Heinz Indlekofer, and Imre Katai (above from left to right) as well
as Gérald Tenenbaum, once again Schwarz, Richard Warlimont, and Lutz Lucht
(below from left to right) at a number theory conference at the Mathematisches
Forschungsinstitut Oberwolfach in 1984.

Published with kind permission of © Peter Elliott, 1984



Impressions xxxiii

Published with kind permission of © Stefan Porubsky, 2012

Wolfgang Schwarz answering questions after his talk at the E`AZ Conference
2012 in Schloß Schney. In the background chairman Jürgen Sander.

At such occasions one can sometimes meet other mathematician’s families.
Wolfgang Schwarz and part of the Porubský family having coffee and ice cream.

Published with kind permission of © Stefan Porubsky, 1991
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