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EDITORIAL

Vidar Helgesen,
Executive Director of the Nobel Foundation 

Photo: Nobel Prize Outreach, Clément Morin

SOLUTIONS TO MANY OF  
THE CRITICAL CHALLENGES 
FACING THE WORLD TODAY 
WILL DEPEND ON THE ABILITY 
OF SCIENCE, BUSINESS AND 
GOVERNMENT TO BE AT THE  
INNOVATION FRONTIER OF  
THE CURRENT SOCIETAL  
TRANSFORMATIONS.

100 Years of the Nobel Prize  
for Albert Einstein –   
An Opportunity to Discuss  
Innovation

Vidar Helgesen and Jan Knutsson

The Swedish inventor and businessman Alfred Nobel expressed 
in his will in 1895 that the Nobel Prize should be awarded to 
individuals who, during the preceding year, had conferred the 
greatest benefit to humankind. The will stated that the prize 
should be given in five fields: physics, chemistry, physiology or 
medicine, literature, and peace. The first Nobel Prizes were 
granted in 1901. 

In 1922, Albert Einstein was awarded the Nobel Prize in 
Physics for the year 1921. He was active as a researcher at vari­
ous stages in both Bern and Zurich. The award honored his 
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Jan Knutsson,
Swedish Ambassador to Switzerland

and to the Principality of Liechtenstein 
Photo: used with permission of the Embassy of Sweden in Bern

WHAT CAN THE SPIRIT OF  
ALFRED NOBEL AND ALBERT 
EINSTEIN TEACH US TODAY? 
WHAT CAN SWEDEN AND  
SWITZERLAND LEARN FROM 
EACH OTHER?

contributions to theoretical physics in general and, in particu­
lar, his discovery of the law of the photoelectric effect. 

As Einstein was unable to take part in the yearly festivities 
in Stockholm in December of 1922, he delivered his Nobel 
lecture entitled “Grundlagen und Probleme der Relativitäts­
theorie” during the celebrations on the occasion of the 300th 
anniversary of the city of Göteborg in July 1923, with Sweden’s 
King Gustav V in attendance. 

Alfred Nobel and Albert Einstein were both visionaries. The 
link between them constitutes an important part of the mul­
tifaceted relations between Sweden and Switzerland, two 

countries that consistently find themselves at the top of global 
innovation rankings. Solutions to many of the critical chal­
lenges facing the world will depend on the ability of science, 
business and government to be at the innovation frontier of 
the current societal transformations. 

What can the spirit of Alfred Nobel and Albert Einstein 
teach us today? What can Sweden and Switzerland learn from 
each other? That is the focus of the Innovation Roundtable 
organized in Zurich by the Swedish Embassy, Innosuisse and 
Vinnova, commemorating the 100th anniversary of Albert 
Einstein’s Nobel Prize.
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Joël Mesot,
President of ETH Zurich 
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Whose Einstein 
Is It Anyway?

and ETH was not sufficient to bring him back to Switzerland. 
With the rise of the Nazis in Germany, Einstein moved from 
Berlin to Princeton, where he died in 1955. 

So, rather than quarreling pettily over who owns his 
achievements, it is much more important to share his vast 
intellectual legacy with the world and younger generations. 
Still today, Einstein’s revolutionary findings provide theoretical 
groundwork for cutting edge innovations, and they live on in 

Joël Mesot and Michael Schaepman

A hair salon in the historic center of Trieste uses a portrait of 
Albert Einstein to attract new customers. A manufacturer of 
nutritional products for toddlers promises parents genius kids 
with a baby Einstein. Is there anything in the world for which 
the Albert Einstein brand – synonymous with genius – is not 
used? The list is endless, from children’s toys to sneakers, tab­
lets to planters, headphone stands to watches.

But whose Einstein is it anyway? When we at the Univer­
sity of Zurich (UZH) and ETH Zurich ask ourselves this question, 
it quickly gets complicated. Albert Einstein, one of the greatest 
physicists of all time, was active at both universities. Equipped 
with a Swiss university entrance qualification (“Matura”) from 
Aarau High School, young Einstein studied at ETH – then called 
the Polytechnikum – from 1896 to 1900 and obtained a 
teaching diploma in mathematics and science. What followed 
was a most productive time in Bern culminating in his annus 
mirabilis 1905. In the same year, he submitted his doctoral dis­
sertation entitled “A New Determination of Molecular Dimen­
sions” at UZH, where he was also later appointed as associate 
professor of theoretical physics between 1909 and 1911. In 
1912, he returned to ETH as professor of theoretical physics. He 
then left Zurich for good and went to Berlin in 1914. Four years 
later, even the enticing offer of a double professorship at UZH 

RATHER THAN QUARRELING 
PETTILY OVER WHO OWNS 
EINSTEIN’S ACHIEVEMENTS,  
IT IS MUCH MORE IMPORTANT 
TO SHARE HIS INTELLECTUAL 
LEGACY WITH THE WORLD AND 
YOUNGER GENERATIONS. 
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Michael Schaepman,
President of the University of Zurich 
Photo: UZH, Marvin Zilm

everyday applications such as the Global Positioning System 
(GPS). With his explanation of the photoelectric effect, for 
which he received the Nobel Prize in 1921, Einstein also con­
tributed a great deal to the science behind today’s solar energy 
solutions.

Building on the seminal work of Albert Einstein, researchers 
in Zurich and around the world are trying to unravel the great 
mysteries of nature. Take for example the James Webb tele­
scope that sent us breathtaking pictures from space in July 
2022. Galaxies became visible that had never previously been 
seen by the human eye. The observed gravitational lensing of 
these galaxies is an effect of Einstein’s General Relativity 
Theory. At CERN, the European Center for Particle Physics 
Research in Geneva, researchers from both UZH and ETH collab­
orate on the Compact Muon Solenoid (CMS) experiment, one 
of the two experiments that discovered the famous Higgs 
boson 10 years ago. While the CMS collaboration comprises a 
community of scientists and engineers from all over the world, 
there is a Swiss “clock” ticking at the very heart of it: the pixel 
detector was designed in a close partnership between ETH, 
UZH and the Paul Scherrer Institute. Finally, scientists from 
UZH and ETH contribute to the emerging field of gravitational 
wave astronomy which allows gravitational waves, as first 

detected by the Laser Interferometer Gravitational Wave 
Observatory (LIGO) and subsequent experiments and consor­
tia (e.g., LISA/Pathfinder, LISA, LSC, ACES), to be theoretically, 
observationally and experimentally validated.

So, while some believe in the power of the Albert Einstein 
brand to sell products, we believe in the power of research and 
education at our two excellent universities to build on his 
extraordinary legacy.

BUILDING ON THE SEMINAL 
WORK OF ALBERT EINSTEIN, 
RESEARCHERS IN ZURICH AND 
THROUGHOUT THE WORLD  
ARE TRYING TO UNRAVEL THE 
GREAT MYSTERIES OF NATURE.
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ALBERT EINSTEIN IN ZURICH

Albert Einstein lived in Zurich for almost eight years, longer 
than in any other Swiss town. It was in Zurich that he made 
important advances in the development of the Theory of 
General Relativity. However, his time here also involved 
several disappointments. 

Albert Einstein and Zurich – it could have been a real love story. 
Einstein, born in Ulm in 1879, was a resident of Zurich, obtain­
ing citizenship in 1901, and lived there for almost eight years 
altogether, longer than in any other Swiss town. In retrospect, 
however, it was only his years in Aarau and Bern that he looked 
back on fondly. “Einstein liked to think back to his time in Bern, 
which he spoke of more often and more positively than of 
Zurich,” Wolfgang Pauli wrote in an obituary in the Neue Zürcher 
Zeitung.

Nonetheless, it appears he actually had a good time there. 
From 1896 to 1900, Einstein studied physics at ETH, then 
known as the Federal Polytechnical School. He appreciated the 
institution’s liberal spirit: as a student there, you could “more 
or less do as you liked.” So he put together a study plan entirely 
to his own taste: “Some lectures I followed with great interest. 
Otherwise, I skipped class often and stayed at home to study 
the masters of theoretical physics with holy fervor.” This self-
study took place mainly in Hottingen, where Einstein rented 
lodgings from various landladies. He also spent much time in 
the Pension Engelbrecht at Plattenstrasse 50, where his friend, 
colleague and later wife, Mileva Marić, had lodgings. 

Einstein’s favorite leisure activity was playing the violin. He 
was regularly invited by Alfred Stern, a historian at the ETH, 
and his family, to enjoy a meal and make music with them. In 
summer, he enjoyed sailing on Lake Zurich, in winter he loved 
hairraising sledge rides on the Zürichberg. And he could often 
be found happily sitting in the Café Metropol on the Stadt­
hausquai. 

After graduating from ETH, Einstein worked from 1902 to 
1909 as an employee of the Federal Patent Office in Bern. His 
annus mirabilis fell in the middle of this period: in 1905 he pub­
lished no less than five revolutionary papers. These included 
the Theory of Special Relativity and the Light Quanta Hypoth­
esis, for which, among other achievements, he was later 
awarded the Nobel Prize.

1905 WAS EINSTEIN’S ANNUS 
MIRABILIS: THE PHYSICIST 
PUBLISHED NO LESS THAN  
FIVE GROUNDBREAKING 
PAPERS. 

Mathias Plüss

This Is (Not)  
a Love Story
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ALBERT EINSTEIN IN ZURICH

Albert Einstein as a student in Zurich 
Photo: The ETH Library Zurich, Image Archive

ALBERT EINSTEIN
Nobel Prize in Physics  
1921 “for his services to 
Theoretical Physics, 
and especially for his 
discovery of the laws of 
the photoelectric effect” 

* 14 March 1879 in Ulm
† 18 April 1955 in  
Princeton, New Jersey

In 1905 Albert Einstein submitted his revolutionary  
paper “Eine neue Bestimmung der Moleküldimensionen” 
(A New Determination of Molecular Dimensions) as a  
dissertation at the University of Zurich. 

From 1909 to 1911 he was professor of theoretical physics 
at the University of Zurich.

Einstein then moved back to Zurich a second time, when 
the University created an associate professorship in theoreti­
cal physics especially for him. Professor Einstein was usually 
ill-prepared: his lecture notes often consisted of a scrap of pa­
per the size of a visiting card. But he was so selflessly devoted 
to his students that they wrote a letter of protest to the edu­
cation department when he moved to Prague after only three 
semesters. 

Einstein returned to Zurich again in 1912, this time as pro­
fessor of theoretical physics at ETH. He was now well estab­
lished: he had few teaching responsibilities and a good salary, 
so that he could permit himself an imposing apartment on the 
Zürichberg. Otto Stern had followed him from Prague to Zurich 
as his assistant, and served as sparring partner and “calcu­
lating machine.” But again, Einstein only managed to stay in 

Zurich for a year and a half – in 1914 he left for good, for Berlin.
Einstein’s time in Zurich was thus fragmented, and also con­
tained its fair share of disappointments. In 1895, as a 16-year-
old, he had failed the ETH’s entrance exam. He found it “quite 
right” that he did not get in: there were gaps in his knowledge, 
and he had to take the school-leaving certificate at the Aarau 
Cantonal School before he could begin his studies. He found it 
not so right, however, that after graduating as the only 
successful student of his year from ETH, he failed to receive an 
assistant’s position there. There were, however, reasons for 
that too: his final grade was only average, and his tendency to 
skip classes had not exactly endeared him to his professors. In 
1899, he had even received just a 1 (the lowest grade) in his 
physics practical, on account of “lack of diligence,” accompa­
nied by a reprimand from the director.
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Later, when he was a lecturer at the Physics Institute of the 
University of Zurich, there was friction with colleagues. 
Furthermore, before he had taken up his duties, the faculty 
committee had sent a letter containing anti-Semitic clichés to 
the cantonal education director – which, luckily, Einstein did 
not get to hear of. Ultimately, the main reasons for his rapid 
departure for Prague were poor remuneration in Zurich and 
the prospect of a full professorship in Prague.

There were also problems with his later appointment at 
the ETH. Robert Gnehm, president of the college council, long 
opposed the selection of Einstein, who was by now fairly fa­
mous, on the grounds that the position “was not suitable for 
Mr. Einstein,” as he was “not an outstanding lecturer.” The de­
lay irritated Einstein, stuck unhappily in Prague: “The good 
people of Zurich can get lost … apart from yourself,” he wrote 
to Heinrich Zangger, a forensic pathologist at the University, 
who had lobbied for his appointment. And he advised his 
friend not to make any further efforts: “You can confidently 
leave the ETH to God’s inscrutable wisdom.” 

Despite everything, Einstein retained a positive impres­
sion of Zurich at least until his middle years. He described the 
city as “my real home,” and, in Berlin during the war, he even 
referred to “my dear Zurich, my home town, which means 
more to me, as a convinced democrat, than ever in these 
times.” That the relationship subsequently cooled was above 
all to do with his family. Einstein’s rapid departure for Berlin 
was already influenced by the fact that he had fallen in love 
with his cousin, Elsa Löwenthal, who lived there. This did not 
exactly make the time in Berlin agreeable for Mileva, his wife, 
and after a short while she returned, with the two boys, Hans 
Albert and Eduard, to Zurich. 

Relations between Berlin and Zurich now deteriorated 
rapidly. The marriage ended in divorce in 1919 and Einstein 
married his cousin. He now hardly ever visited Zurich, not only 
on account of wartime travel restrictions, but also because of 
his negative feelings toward Mileva. Einstein even turned 
down a generous offer of a double professorship at the Univer­
sity and the ETH. After the tensions of the divorce had been to 
some extent overcome, the relationship with his ex-wife 
became more relaxed. Every year, Einstein spent some weeks 
of holidays with his sons, and he also came regularly to Zurich, 

where he stayed with the family. But after emigrating to the 
USA in 1933, he did not return to Europe. Mileva, though, 
remained in Zurich. She was able to purchase her house at 
Huttenstrasse 62 and two rental properties at Hinterberg­
strasse 86 und 88 with part of the Nobel Prize money, which 
Einstein had promised her in 1918 in order to persuade her to 
divorce: he had already been speculating on the prospect of 
the prize. 

When Einstein was in fact awarded the prize in 1922 – it 
applied retroactively for 1921 – the official announcement by 
the Noble Committee stated that it was awarded for his 
discovery of the photoelectric effect, but also generally for 
Einstein’s “services to Theoretical Physics,” which undoubtedly 
include the Theory of General Relativity, still today regarded 
by experts as the most beautiful of all theories in physics. 
Although Einstein completed it in Berlin in 1915, he worked 
particularly hard on it during his time at ETH, as evidenced by 
the “Zurich Notebook.” This shows that Einstein first wrote 
down the (almost) correct formulae for the field equations as 
early as 1912. But he then rejected them. Only three years later 
did he realize that he had been on the right track. So, Zurich is 
entitled to its own modest share in the prize.

And two ETH graduates, Michele Besso and Marcel Gross­
mann also had a personal share in Einstein’s success. 
Grossmann’s mathematical abilities were indispensable to 
Einstein in the development of the Theory of General Rela­
tivity, while Besso worked mainly on the Theory of Special 
Relativity. 

Einstein’s years in Switzerland are well documented. This is 
above all thanks to the Zurich literary figure Carl Seelig, whose 
papers are now in the library at the ETH. He contacted Einstein 
in 1952, when he was living in Princeton, interviewed many 
eyewitnesses, and wrote one of the first reliable biographies 
of Einstein. Touchingly, Seelig, who was the poet Robert 
Walser’s guardian, also began to concern himself with Eduard 
Einstein, who had been diagnosed with schizophrenia in 1933. 

While Einstein’s efforts in Zurich have always been 
regarded – by his contemporaries and by posterity – as 

EINSTEIN’S LECTURE NOTES 
OFTEN CONSISTED OF A  
SCRAP OF PAPER THE SIZE  
OF A VISITING CARD. 

EXPERTS TODAY STILL REGARD 
THE THEORY OF GENERAL 
RELATIVITY AS THE MOST 
BEAUTIFUL OF ALL THEORIES 
IN PHYSICS.
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ALBERT EINSTEIN IN ZURICH

From 1909 to 1911, Albert Einstein researched and taught in the 
University of Zurich’s former physics building at Rämistrasse 69 
Photo: Baugeschichtliches Archiv der Stadt Zürich 
Photographer: Thomas Hussel

Mileva und Albert Einstein in Prague, 1912 
Photo: The ETH Library Zurich, Image Archive 

Photographer: Jan F. Langhans

significant, Mileva’s fate has attracted attention only in recent 
years. That she made a substantial contribution to Einstein’s 
work in physics, as has been asserted, is now generally re­
garded as disproved. She died in 1948 in the Eos private clinic 
at Carmenstrasse 18. Bad health and the poor economic situa­
tion had deprived her of her properties. Today, plaques on her 
house in the Huttenstrasse, at the place she died, and at the 
Nordheim cemetery commemorate Mileva Einstein-Marić. 

Source: 
Margrit Wyder: Einstein und Co. – Nobelpreisträger in Zürich; 
Verlag NZZ libro, Zurich 2015 
Illustration: Tara von Grebel 
Translation: University of Zurich
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1905 – ANNUS MIRABILIS

When Einstein entered the stage of science at the beginning 
of the 20th century, physics was in a deep crisis. With his 
groundbreaking discoveries of 1905 he made crucial contribu­
tions towards resolving the crisis and strongly influenced the 
future course of physics.

Toward the end of the 19th century, physics fell into a deep 
crisis. New experimental and theoretical discoveries were ei­
ther incomprehensible or in contradiction with fundamental 
laws of classical mechanics and thermodynamics. The difficul­
ties concerned three fundamental themes in physics. 

(I) The atomistic view of matter prevailing in chemistry ap­
peared to be in conflict with laws concerning gases and fluids 
based on the hypothesis that matter is a continuous medium. 
It seemed difficult to comprehend how various attributes of 
matter such as temperature or viscosity could be understood 
from an atomistic point of view. J.C. Maxwell (1831-1879), and 
later L. Boltzmann (1844-1906), had developed and explored a 
fairly successful theory of gases – based on the idea that gases 
were systems of point-like atoms or molecules – to derive the 
laws of the theory of heat (thermodynamics) from mechanics. 
However, their proposals met with criticism and skepticism, 
not least because some of them appeared to contradict a fun­
damental theorem (the recurrence theorem) derived by the 
famous and influential French mathematician H. Poincaré 
(1854-1912).

(II) Another area of conflict was the incompatibility of the 
laws governing electric and magnetic phenomena, the famous 
Maxwell equations, with the laws of Newtonian mechanics 
when comparing measurement outcomes of observers in 
relative motion to one another. In order to describe the propa­

gation of light waves, shown by Maxwell to be of electromag­
netic origin, a putative mechanical medium carrying the light 
waves, the so-called aether, was introduced. But it turned out 
to be impossible to measure the seasonal variation of the mo­
tion of the Earth relative to the aether (negative outcome of 
the famous Michelson-Morley experiment, 1887). 

(III) A third area full of puzzling data presaged quantum 
theory. Hot gases, such as hydrogen, were found to emit only 
certain discrete colors of light (spectral lines). In 1900, the 
exigencies of providing electric lighting for the city of Berlin 
motivated the gathering of precise experimental data on elec­
tromagnetic radiation (light) in thermal equilibrium at various 
temperatures. In a stroke of genius, M. Planck (1858-1947) 
proposed a formula that described these data very accurately. 
He argued that energy is exchanged in discrete portions, 
so-called energy quanta, between the electromagnetic radia­
tion in thermal equilibrium and the material walls containing 
it. This yielded some explanation of the formula he had dis­
covered. His formula contained three fundamental constants 
of nature: the speed of light (c), a fundamental constant (k) 
pointing to the atomistic constitution of matter later dubbed 
Boltzmann constant, and a third constant (h), later called 
Planck’s constant, related to the quantum-mechanical nature 
of matter and radiation. The three constants c, k, h and 
Newton’s constant G, which governs the strength of the grav­
itational force, appeared to be the only fundamental di­
mensional constants of nature1. Planck intuited that each of 
them would turn out to be associated with a revolution in 
physics. 

Thus was the stage set when Albert Einstein (1879-1955) 
entered the scene shortly after the beginning of the 20th 

Jürg Fröhlich and Daniel Wyler

How Einstein Opened  
the Door to Modern Physics

1	 A dimensional quantity is associated with attributes of physical objects, such as their length, mass or velocity. This is in contrast to a dimen­
sionless one such as the number three. Dimensionless constants can appear as parameters in physical models, whereas dimensional constants 
have a model-independent universal significance. This entails the existence of a universal length, mass and velocity, which are expected to be 
the same everywhere in the universe, in contrast to human-made concepts, such as the meter.
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Albert Einstein at his desk, circa 1920 
Photo: The ETH Library Zurich, Image Archive
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1905 – ANNUS MIRABILIS

the 19th century. Einstein argued that the irregular motion of 
these particles must result from collisions with lumps of mol­
ecules that constitute the liquid. These lumps of molecules 
perform a heat movement with a kinetic energy proportional 
to kT, where T is the absolute temperature of the liquid. But at 
the beginning of the 20th century, they could not yet be 
observed directly. Einstein’s analysis of Brownian motion 
provided a convincing confirmation of the atomistic structure 
of matter and suggested how to experimentally measure the 
Boltzmann constant k, which was later successfully accom­
plished by J. Perrin (1870-1942).

In the same year, Einstein made another discovery related 
to the one concerning Brownian motion and submitted it as 
his PhD thesis to the University of Zurich. In this work he 
proposed a concrete quantitative method to experimentally 
determine the true size of molecules. Einstein’s method has 
been used for practical purposes (e.g., in the dairy industry), 
ever since, and has been quoted thousands of times.

In the third paper, entitled “On the Electrodynamics of 
Moving Bodies”, Einstein presented the Special Theory of 
Relativity in its final form. There are precursors to Einstein’s 
analysis attributed to the Dutch theorist H. A. Lorentz (1853-
1928) and to H. Poincaré. However, a firm conceptual basis of 
the Special Theory of Relativity had hitherto not been formu­
lated, the theory was not worked out in final form, and its 
physical contents remained unclear. With Einstein’s work this 
changed at once. He started from two fundamental principles: 
(1) the speed of light, c, does not depend on the inertial refer­
ence frame in which it is measured, i.e. all inertial observers 
measure the same value for c in all directions of space; and (2) 
the laws of physics, including electromagnetism and mechan­
ics, have a form that does not depend on the inertial frame 
used to formulate them (Relativity Principle). From these two 
principles Einstein derived the entire contents of the Special 
Theory of Relativity including the modifications of Newtonian 
mechanics necessary to make it conform to these principles. 
He explained basic predictions of the theory in the form of 
“Gedanken experiments” (thought experiments) such as the 
famous twin paradox. He eliminated the idea of the aether 
from physics, thereby explaining the negative outcome of the 
Michelson-Morley experiment in a natural way.

century. He had already developed a keen interest in physics 
during his days as a student at the Kantonsschule Aarau and 
at the Eidgenössisches Polytechnikum (ETH Zurich). He had 
written his first scientific essay at the age of only 16. As a stu­
dent he set out to study the most important original publica­
tions of the masters of the new physics discovered in the 
second half of the 19th century. His unremitting efforts to 
understand physics in depth led him to his celebrated break­
throughs of the year 1905, his annus mirabilis. They con­
tributed in a crucial way to resolving the crisis and triggering 
the revolutions in physics that Planck had divined. Einstein's 
discoveries were published in four papers that appeared in 
the journal Annalen der Physik. These papers were to pro­
foundly influence the future course of physics.

The first paper in this series – and the only one that Einstein 
claimed was revolutionary – concerned the quantum theory of 
light (h). Starting from Planck’s formula, he was able to argue 
convincingly that light waves of wave-length λ are composed 
of “light quanta” (indivisible portions of light later called “pho­
tons”) of energy hc/λ. He used this insight to rederive Planck’s 
formula and to explain the so-called photoelectric effect 
observed in the emission of electrons from metal plates illumi­
nated by monochromatic light. According to his own testi­
mony, Einstein spent more time thinking about quantum 
theory than about anything else. In later years he made fur­
ther important contributions to this theory. He introduced 
probabilities into quantum physics and laid the basis for the 
physics of lasers. For quite some time, Einstein’s idea of light 
quanta, or photons, met with almost universal disbelief. But 
the idea turned out to be immensely successful, and Einstein 
was awarded the Nobel Prize explicitly for the discovery of the 
photon and his explanation of the photoelectric effect. This 
effect also offered a great opportunity to confront his theoret­
ical ideas with experimental data. 

To propose ideas that can be tested in concrete experi­
ments is characteristic of all the discoveries made by Einstein 
in his annus mirabilis. Another example is provided by the sec­
ond paper Einstein published in 1905, in which he presented 
his theory of Brownian motion (k). This phenomenon refers to 
the zig-zag motion of tiny particles suspended in a liquid, as 
first observed under a microscope by the biologist Brown in 

ACCORDING TO HIS OWN 
TESTIMONY, EINSTEIN SPENT 
MORE TIME THINKING ABOUT 
QUANTUM THEORY THAN 
ABOUT ANYTHING ELSE. 

EINSTEIN CALLED THE EQUIV­
ALENCE OF ACCELERATED 
MOTION AND GRAVITATIONAL 
PULL THE HAPPIEST THOUGHT  
OF HIS LIFE.
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Artist Gina Plunguian working on a sculpture of Albert Einstein, 1947
Photo: The ETH Library Zurich, Image Archive

The conclusion of the series was a paper wherein the 
world-famous formula E = mc2, namely the fact that mass and 
energy are equivalent, was derived within the framework of 
the Special Theory of Relativity. This discovery and the correct 
formulation of relativistic mechanics are exclusively due to 
Einstein. Einstein’s theory laid the basis for our present view of 
space and time as “space-time” and for the kinematics of ele­
mentary particle physics, and it has found countless technical 
applications. 

Einstein’s fundamental discoveries did not end in 1905. 
Soon after his work on Special Relativity, he realized that it 
was not possible to incorporate Newton’s theory of gravita­
tion into the framework of special relativity in a natural way, 
and that gravitational effects should ultimately be caused by 
the curvature of space and time. In a heroic effort extending 
over at least eight years, and with some help from his friend 
and colleague M. Grossmann (1878-1936), Einstein created the 
General Theory of Relativity (where the constants G and c en­
ter prominently). A starting point of this theory is the “Equiva­
lence Principle” according to which one cannot distinguish 

between the experiences of accelerated motion and of gravi­
tational pull. Einstein called this the happiest thought of his 
life. The theory eliminated the special role played by inertial 
frames and forms the basis of our modern understanding of 
space-time and gravitation. Among its many predictions are 
the deflection of light rays passing near the sun and other 
stars, gravitational waves and the existence of black holes. 
Surprisingly, it also has a concrete application in Global 
Positioning System (GPS) technology, which would not work if 
one did not take into account general-relativistic effects.

With the completion of the General Theory of Relativity in 
1915, Einstein had contributed the essential breakthroughs and 
crucial first steps to all the revolutions associated with the 
fundamental constants c, h, k and G that Planck had intuited. 
Einstein’s work remains iconic for its lucidity and depth. He is 
the ultimate example of an excellent mathematical physicist, 
namely a theorist who uses sophisticated mathematics to 
create completely new physics.

Authors: Jürg Fröhlich is professor emeritus of physics at ETH. Daniel 
Wyler is professor emeritus of physics at the University of Zurich. 
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1905 went down in the history of physics as an annus 
mirabilis, or miracle year. It was then that Albert Einstein 
published five papers in close succession, all of which would 
today be regarded as worthy of a Nobel Prize. One of these 
groundbreaking studies was his 17-page thesis “A New 
Determination of Molecular Dimensions”, which the 26-year-
old completed on 30 April 1905 and submitted to the Uni­
versity of Zurich on 20 July. It earned him his doctorate, con­
ferred by the University on 15 January 1906.

In his Zurich dissertation, which would become one of 
Einstein’s most cited research papers, the physicist used data 
on sugar solutions with a known concentration together with 
a new formula for diffusion to show how the molecular size 
and number of molecules in a mole (Avogadro number) can be 
calculated from a solution’s viscosity. Einstein’s paper also 
lent weight to the hypothesis – a source of controversy at the 
time – on the existence of atoms.

The findings from Einstein’s study have led to all kinds of 
practical applications, including in the construction and 
petrochemical industries. The paper has also been cited in 
ecological studies on the dispersion of tiny liquid droplets 
(aerosols) in the atmosphere.

The Path to the Atom – 
Einstein’s Doctoral Thesis  
at UZH
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© The Hebrew University of Jerusalem 
With permission of the Albert Einstein Archives
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The Adventurous  
Journey of a Diploma

Albert Einstein’s doctoral certificate has traveled the world. 
After the diploma awarded to the physicist in 1906 was 
found in the attic of Mileva Einstein’s former home in Zurich 
in the 1940s, it went to Latin America. About 10 years ago, it 
reappeared in Switzerland. Now it is on public display at the 
University of Zurich.

The 26-year-old Albert Einstein submitted his doctoral thesis to 
the University of Zurich in 1905. One year later, in January 1906, 
the mathematics and natural science section of the Faculty of 
Philosophy awarded him the title Doctor of Philosophy. Look­
ing at the certificate, you may be surprised by its size: the docu­
ment measures 69.8 x 52.3 cm and is therefore a giant poster 
compared to the current A4 diplomas. But it is not only its size, 
but also its history that gives the doctoral certificate of the 
greatest physicist of the 20th century very special significance.

Between 1906 and 1948 little is known about the where­
abouts of the certificate, except that of course it was handed 
over to Einstein in person upon graduation. But in 1948, its 
circuitous journey began: that year, a young student from the 
Canton of Schwyz moved into the house at Huttenstrasse 62 in 
Zurich. A relative rented him a room in the house, conveniently 
located for the universities UZH and ETH. When he moved in, 
the young man was supposed to make himself useful. The 
owner of the house sent him to the attic to look for wallpaper 
because ink was staining the wall of his room. He found the 
wallpaper. But to his surprise, he also held Albert Einstein’s doc­
toral certificate from the University of Zurich and an honorary 
doctoral certificate from the University of Geneva in his hands. 
The owner of the house let him keep the two documents.

The reason the documents were stored there is simple. The 
house at Huttenstrasse 62 had previously belonged to Mileva 
Marić – Albert Einstein’s first wife. She lived there after their 
divorce in 1919 until she passed away in August 1948. The cer­
tificates, which neither the celebrated physicist himself nor his 
family were apparently interested in at the time, were forgotten 
– or deliberately left – in the attic when the house was cleared. 

In the early 1950s, the former student from Schwyz, now 
an engineer, emigrated to Peru and took the certificates with 
him. In 1955, news of Albert Einstein’s death spread quickly 

around the world. The Swiss engineer in Lima now had to 
consider that the two certificates in his possession could take 
on a new meaning and significance with Einstein’s passing – 
and a new value.

In accordance with Einstein’s will of 1950, his estate went 
to the Hebrew University of Jerusalem, which today houses 
the Albert Einstein Archives. In May 1955, the executor of 
Einstein’s will, Otto Nathan, received copies of the two certifi­
cates. Did the Swiss emigrant make the archive an offer for 
purchase? We don’t know. What we do know, however, is that 
he wanted to ensure that the certificates were the originals. In 
1957, he therefore commissioned the Vice Consul of the United 
States of America in Lima to prepare a certificate of authen­
ticity for the documents. In a sealed letter, the government 
official, who described himself as “duly commissioned and 
certified” for this job, declared that there was no doubt about 
the originality of the doctoral certificates presented to him. 

Nevertheless, the holder of Einstein’s diploma decided 
many years later to part with the long-guarded papers. In 
2009, by which time the engineer had returned to Switzerland, 
the document was bought at auction by an unknown person 
from Jerusalem. But that was not the end of the journey. Thir­
teen years later, the certificate turned up again, this time in 
New York. In the spring of 2022, an Einstein expert informed 
the Executive Board of the University of Zurich that the 
doctoral certificate was up for sale again. The idea that this 
important piece of contemporary history should return to the 
place of its creation was met with enthusiasm. The opportu­
nity to make Albert Einstein’s doctoral diploma available to a 
broad public and to honor the outstanding alumnus on the 
occasion of the 100th anniversary of his Nobel Prize was 
unique and unmissable. Thanks to a donation given to the UZH 
Foundation, the University of Zurich was able to acquire the 
original certificate and bring it back to Switzerland. 

The poster-sized certificate is now on public display in the 
main building of the University of Zurich, only a few minutes 
away from the house at Huttenstrasse 62 where the Einstein 
family had left it. The journey taken by the document is extra­
ordinary and thus a fitting reflection of Albert Einstein’s life 
and work.
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Albert Einstein’s original doctoral certificate from 1906 
© The University of Zurich
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Besides his doctoral thesis, Albert Einstein published four 
other papers in the scientific journal Annalen der Physik in 
1905 that were to revolutionize physics. In March of that 
year, and therefore prior to his doctoral thesis, he completed 
his study on the photoelectric effect. Published under the 
title “On a Heuristic Point of View Concerning the Produc­
tion and Transformation of Light”, it would go on to earn 
him the Nobel Prize. Einstein’s third paper, building upon 
discoveries elucidated in his doctoral thesis, dealt with 
Brownian motion – the irregular thermal movements of 
small particles in liquids and gases. His explanation of this 
motion was published under the title “On the Movement of 
Small Particles Suspended in Stationary Liquids Required by 
the Molecular-Kinetic Theory of Heat”, and is considered 
another important step toward conclusive proof of the exis­
tence of molecules and atoms.

The final two papers that would ultimately transform the 
world of physics were “On the Electrodynamics of Moving 
Bodies” and the addendum “Does the Inertia of a Body 
Depend upon its Energy Content?”, written shortly after­
wards. Together they became famously known as the 
Special Theory of Relativity. This is the theory that laid the 
foundations for the now-familiar formula E=mc2, in which 
Einstein linked together the concepts of mass and energy. 
He later expanded the Special Theory of Relativity into the 
Theory of General Relativity.

E = mc2 – Four Further  
Strokes of Genius
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Albert Einstein at the patent office in Bern, where he worked  
in 1905 when the four groundbreaking papers were published
Photo: The ETH Library Zurich, Image Archive
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On the Movement of  
Small Particles Suspended  
in Stationary Liquids  
Required by the Molecular-
Kinetic Theory of Heat
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Annalen der Physik, 1905 
© The Hebrew University of Jerusalem 
With permission of the Albert Einstein Archives
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On the Electrodynamics  
of Moving Bodies

Annalen der Physik, 1905  
© The Hebrew University of Jerusalem  

With permission of the Albert Einstein Archives
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Does the Inertia of a  
Body Depend upon  
its Energy Content?

Annalen der Physik, 1905  
© The Hebrew University of Jerusalem  

With permission of the Albert Einstein Archives
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On a Heuristic Point of View 
Concerning the Production  
and Transformation of Light

Annalen der Physik, 1905  
© The Hebrew University of Jerusalem  

With permission of the Albert Einstein Archives
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Albert Einstein lecturing in Vienna, 1921 
Photo: Ferdinand Schmutzer, Public Domain  
via Wikimedia Commons

Albert Einstein was awarded the Nobel Prize in 1921 “for 
his services to Theoretical Physics, and especially for his 
discovery of the law of the photoelectric effect.” It was in 
his 1905 study on this effect that Einstein had formulated 
his light quantum hypothesis. This states that light con­
sists of tiny packets (quanta) of energy. If the energy of 
light shining on a metallic surface is sufficient, the surface 
will emit electrons. This releases an electrical charge that 
can be measured: a phenomenon known as the photoelec­
tric effect. Although this effect had long been known in 
physics, Einstein was the first to explain it correctly. Only 
some twenty years later was the light quantum hypothe­
sis confirmed experimentally.

Because the Nobel Committee for Physics decided in 1921 
that none of the nominations met the criteria for a prize, 
Albert Einstein did not receive his Nobel Prize until 
November 1922, when it was awarded to him retroactively. 
Unfortunately, the physicist was unable to attend the of­
ficial award ceremony held in Stockholm in December as he 
was on a lecture tour in Japan. The envoy of Germany, 
Rudolf Nadolny, therefore stepped in to accept the prize  
on Einstein’s behalf and delivered a speech of thanks at  
the subsequent banquet.

Quantum of Light –  
Einstein’s 1921 Nobel Prize
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Albert Einstein delivering his Nobel Lecture to the Nordic Assembly 
of Naturalists at Gothenburg, 11 July 1923 
Photo: Anders Wilhelm Karnell, Gothenburg Library Archive,  
Public Domain via Wikimedia Commons

Albert Einstein’s Nobel Diploma 
© The Nobel Foundation 1923
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Fundamental ideas and problems
of the theory of relativity

Lecture delivered to the Nordic Assembly of Naturalists at Gothenburg*

July 11, 1923

If we consider that part of the theory of relativity which may nowadays in
a sense be regarded as bona fide scientific knowledge, we note two aspects
which have a major bearing on this theory. The whole development of the
theory turns on the question of whether there are physically preferred states
of motion in Nature (physical relativity problem). Also, concepts and dis-
tinctions are only admissible to the extent that observable facts can be as-
signed to them without ambiguity (stipulation that concepts and distinctions
should have meaning). This postulate, pertaining to epistemology, proves to
be of fundamental importance.

These two aspects become clear when applied to a special case, e.g. to clas-
sical mechanics. Firstly we see that at any point filled with matter there exists
a preferred state of motion, namely that of the substance at the point con-
sidered. Our problem starts however with the question whether physically
preferred states of motion exist in reference to extensive regions. From the
viewpoint of classical mechanics the answer is in the affirmative; the physic-
ally preferred states of motion from the viewpoint of mechanics are those of
the inertial frames.

This assertion, in common with the basis of the whole of mechanics as it
generally used to be described before the relativity theory, far from meets
the above "stipulation of meaning". Motion can only be conceived as the
relative motion of bodies. In mechanics, motion relative to the system of
coordinates is implied when merely motion is referred to. Nevertheless this
interpretation does not comply with the "stipulation of meaning" if the co-
ordinate system is considered as something purely imaginary. If we turn our
attention to experimental physics we see that there the coordinate system is
invariably represented by a "practically rigid"  body. Furthermore it is as-
sumed that such rigid bodies can be positioned in rest relative to one another

* The Lecture was not delivered on the occasion of the Nobel Prize award, and did
not, therefore, concern the discovery of the photoelectric effect.
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in common with the bodies of Euclidian geometry. Insofar as we may think
of the rigid measuring body as existing as an object which can be experienced,
the "system of coordinates" concept as well as the concept of the motion of
matter relative thereto can be accepted in the sense of the "stipulation of
meaning". At the same time Euclidian geometry, by this conception, has been
adapted to the requirements of the physics of the "stipulation of meaning".
The question whether Euclidian geometry is valid becomes physically signif-
icant; its validity is assumed in classical physics and also later in the special
theory of relativity.

In classical mechanics the inertial frame and time are best defined together
by a suitable formulation of the law of inertia: It is possible to fix the time
and assign a state of motion to the system of coordinates (inertial frame) such
that, with reference to the latter, force-free material points undergo no ac-
celeration; furthermore it is assumed that this time can be measured without
disagreement by identical clocks (systems which run down periodically) in
any arbitrary state of motion. There are then an infinite number of inertial
frames which are in uniform translational motion relative to each other, and
hence there is also an infinite number of mutually equivalent, physically pre-
ferred states of motion. Time is absolute, i.e.independent of the choice of
the particular inertial frame; it is defined by more characteristics than log-
ically necessary, although - as implied by mechanics - this should not lead
to contradictions with experience. Note in passing that the logical weakness
of this exposition from the point of view of the stipulation of meaning is
the lack of an experimental criterion for whether a material point is force-
free or not; therefore the concept of the inertial frame remains rather prob-
lematical. This deficiency leads to the general theory of relativity. We shall
not consider it for the moment.

The concept of the rigid body (and that of the clock) has a key bearing
on the foregoing consideration of the fundamentals of mechanics, a bearing
which there is some justification for challenging. The rigid body is only ap-
proximately achieved in Nature, not even with desired approximation; this
concept does not therefore strictly satisfy the "stipulation of meaning". It is
also logically unjustifiable to base all physical consideration on the rigid or
solid body and then finally reconstruct that body atomically by means of
elementary physical laws which in turn have been determined by means of
the rigid measuring body. I am mentioning these deficiencies of method
because in the same sense they are also a feature of the relativity theory in
the schematic exposition which I am advocating here. Certainly it would be
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logically more correct to begin with the whole of the laws and to apply the
"stipulation of meaning" to this whole first, i.e. to put the unambiguous rela-
tion to the world of experience last instead of already fulfilling it in an im-
perfect form for an artificially isolated part, namely the space-time metric.
We are not, however, sufficiently advanced in our knowledge of Nature’s
elementary laws to adopt this more perfect method without going out of our
depth. At the close of our considerations we shall see that in the most recent
studies there is an attempt, based on ideas by Levi-Civita, Weyl, and Edding-
ton, to implement that logically purer method.

It more clearly follows from the above what is implied by "preferred states
of motion". They are preferred as regards the laws of Nature. States of mo-
tion are preferred when, relative to the formulation of the laws of Nature,
coordinate systems within them are distinguished in that with respect to them
those laws assume a form preferred by simplicity. According to classical me-
chanics the states of motion of the inertial frames in this sense are physically
preferred. Classical mechanics permits a distinction to be made between (ab-
solutely) unaccelerated and accelerated motions; it also claims that velocities
have only a relative existence (dependent on the selection of the inertial
frame), while accelerations and rotations have an absolute existence (in-
dependent of the selection of the inertial frame). This state of affairs can be
expressed thus: According to classical mechanics "velocity relativity" exists,
but not "acceleration relativity". After these preliminary considerations we
can pass to the actual topic of our contemplations, the relativity theory, by
characterizing its development so far in terms of principles.

The special theory of relativity is an adaptation of physical principles to
Maxwell-Lorentz electrodynamics. From earlier physics it takes the assump-
tion that Euclidian geometry is valid for the laws governing the position of
rigid bodies, the inertial frame and the law of inertia. The postulate of equiv-
alence of inertial frames for the formulation of the laws of Nature is assumed
to be valid for the whole of physics (special relativity principle). From Max-
well-Lorentz electrodynamics it takes the postulate of invariance of the ve-
locity of light in a vacuum (light principle).

To harmonize the relativity principle with the light principle, the assump-
tion that an absolute time (agreeing for all inertial frames) exists, had to
be abandoned. Thus the hypothesis is abandoned that arbitrarily moved and
suitably set identical clocks function in such a way that the times shown by
two of them, which meet, agree. A specific time is assigned to each inertial
frame; the state of motion and the time of the inertial frame are defined, in
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accordance with the stipulation of meaning, by the requirement that the
light principle should apply to it. The existence of the inertial frame thus
defined and the validity of the law of inertia with respect to it are assumed.
The time for each inertial frame is measured by identical clocks that are sta-
tionary relative to the frame.

The laws of transformation for space coordinates and time for the transi-
tion from one inertial frame to another, the Lorentz transformations as they
are termed, are unequivocally established by these definitions and the hypo-
theses concealed in the assumption that they are free from contradiction. Their
immediate physical significance lies in the effect of the motion relative to the
used inertial frame on the form of rigid bodies (Lorentz contraction) and on
the rate of the clocks. According to the special relativity principle the laws of
Nature must be covariant relative to Lorentz transformations; the theory
thus provides a criterion for general laws of Nature. It leads in particular to
a modification of the Newtonian point motion law in which the velocity of
light in a vacuum is considered the limiting velocity, and it also leads to the
realization that energy and inertial mass are of like nature.

The special relativity theory resulted in appreciable advances. It reconciled
mechanics and electrodynamics. It reduced the number of logically inde-
pendent hypotheses regarding the latter. It enforced the need for a clarifica-
tion of the fundamental concepts in epistemological terms. It united the mo-
mentum and energy principle, and demonstrated the like nature of mass and
energy. Yet it was not entirely satisfactory - quite apart from the quantum
problems, which all theory so far has been incapable of really solving. In
common with classical mechanics the special relativity theory favours certain
states of motion - namely those of the inertial frames - to all other states of
motion. This was actually more difficult to tolerate than the preference for
a single state of motion as in the case of the theory of light with a stationary
ether, for this imagined a real reason for the preference, i.e. the light ether.
A theory which from the outset prefers no state of motion should appear more
satisfactory. Moreover the previously mentioned vagueness in the definition
of the inertial frame or in the formulation of the law of inertia raises doubts
which obtain their decisive importance, owing to the empirical principle for
the equality of the inertial and heavy mass, in the light of the following con-
sideration.

Let K be an inertial frame without a gravitational field, K’ a system of co-
ordinates accelerated uniformly relative to K. The behaviour of material
points relative to K’ is the the same as if K’ were an inertial frame in respect



University of Zurich  Albert Einstein Nobel Prize 1921116

100 YEARS OF THE NOBEL PRIZE

486     1921 A.EINSTEIN

of which a homogeneous gravitational field exists. On the basis of the em-
pirically known properties of the gravitational field, the definition of the
inertial frame thus proves to be weak. The conclusion is obvious that any
arbitrarily moved frame of reference is equivalent to any other for the for-
mulation of the laws of Nature, that there are thus no physically preferred
states of motion at all in respect of regions of finite extension (general rel-
ativity principle).

The implementation of this concept necessitates an even more profound
modification of the geometric-kinematical principles than the special rel-
ativity theory. The Lorentz contraction, which is derived from the latter,
leads to the conclusion that with regard to a system K’ arbitrarily moved rel-
ative to a (gravity field free) inertial frame K, the laws of Euclidian geometry
governing the position of rigid (at rest relative to K’) bodies do not apply.
Consequently the Cartesian system of coordinates also loses its significance
in terms of the stipulation of meaning. Analogous reasoning applies to time;
with reference to K’ the time can no longer meaningfully be defined by the
indication on identical clocks at rest relative to K’, nor by the law governing
the propagation of light. Generalizing, we arrive at the conclusion that grav-
itational field and metric are only different manifestations of the same physical
field.

We arrive at the formal description of this field by the following consid-
eration. For each infinitesimal point-environment in an arbitrary gravita-
tional field a local frame of coordinates can be given for such a state of mo-
tion that relative to this local frame no gravitational field exists (local inertial
frame). In terms of this inertial frame we may regard the results of the special
relativity theory as correct to a first approximation for this infinitesimally
small region. There are an infinite number of such local inertial frames at
any space-time point; they are associated by Lorentz transformations. These
latter are characterised in that they leave invariant the "distance" ds of two
infinitely adjacent point events - defined by the equation:

Y

which distance can be measured by means of scales and clocks. For, x, y, z, t
represent coordinates and time measured with reference to a local inertial
frame.

To describe space-time regions of finite extent arbitrary point coordinates
in four dimensions are required which serve no other purpose than to pro-
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vide an unambiguous designation of the space-time points by four numbers
each, x1, x2, x3 and x4, which takes account of the continuity of this four-
dimensional manifold (Gaussian coordinates). The mathematical expression
of the general relativity principle is then, that the systems of equations expres-
sing the general laws of Nature are equal for all such systems of coordinates.

Since the coordinate differentials of the local inertial frame are expressed
linearly by the differentials dxv of a Gaussian system of coordinates, when
the latter is used, for the distance ds of two events an expression of the form

 =  = 

is obtained. The gµ v which arc continuous functions of xv, determine the
metric in the four-dimensional manifold where ds is defined as an (absolute)
parameter measurable by means of rigid scales and clocks. These same para-
meters gµ v however also describe with reference to the Gaussian system of
coordinates the gravitational field which we have previously found to be
identical with the physical cause of the metric. The case as to the validity of
the special relativity theory for finite regions is characterised in that when
the system of coordinates is suitably chosen, the values of gµ v for finite regions
are independent of xv.

In accordance with the general theory of relativity the law of point mo-
tion in the pure gravitational field is expressed by the equation for the ge-
odetic line. Actually the geodetic line is the simplest mathematically which
in the special case of constant gµ v becomes rectilinear. Here therefore we
are confronted with the transfer of Galileo’s law of inertia to the general
theory of relativity.

In mathematical terms the search for the field equations amounts to ascer-
taining the simplest generally covariant differential equations to which the
gravitational potentials gµ v can be subjected. By definition these equations
should not contain higher derivatives of gµ v with respect to xv than the sec-
ond, and these only linearly, which condition reveals these equations to be a
logical transfer of the Poisson field equation of the Newtonian theory of grav-
ity to the general theory of relativity.

The considerations mentioned led to the theory of gravity which yields
the Newtonian theory as a first approximation and furthermore it yields the
motion of the perihelion of Mercury, the deflection of light by the sun, and
the red shift of spectral lines in agreement with experience.*

* As regards the red shift, the agreement with experience is not yet completely assured,
however.
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To complete the basis of the general theory of relativity, the electro-
magnetic field must still be introduced into it which, according to our pres-
ent conviction, is also the material from which we must build up the el-
ementary structures of matter. The Maxwellian field equations can readily
be adopted into the general theory of relativity. This is a completely un-
ambiguous adoption provided it is assumed that the equations contain no
differential quotients of gµ v higher than the first, and that in the customary
Maxwellian form they apply in the local inertial frame. It is also easily pos-
sible to supplement the gravitational field equations by electromagnetic
terms in a manner specified by the Maxwellian equations so that they con-
tain the gravitational effect of the electromagnetic field.

These field equations have not provided a theory of matter. To incor-
porate the field generating effect of ponderable masses in the theory, matter
had therefore (as in classical physics) to be introduced into the theory in an
approximate, phenomenological representation.

And that exhausts the direct consequences of the relativity principle. I shall
turn to those problems which are related to the development which I have
traced. Already Newton recognized that the law of inertia is unsatisfactory
in a context so far unmentioned in this exposition, namely that it gives no
real cause for the special physical position of the states of motion of the in-
ertial frames relative to all other states of motion. It makes the observable
material bodies responsible for the gravitational behaviour of a material
point, yet indicates no material cause for the inertial behaviour of the mate-
rial point but devises the cause for it (absolute space or inertial ether). This
is not logically inadmissible although it is unsatisfactory. For this reason
E. Mach demanded a modification of the law of inertia in the sense that the
inertia should be interpreted as an acceleration resistance of the bodies against
one another and not against "space". This interpretation governs the expecta-
tion that accelerated bodies have concordant accelerating action in the same
sense on other bodies (acceleration induction).

This interpretation is even more plausible according to general relativity
which eliminates the distinction between inertial and gravitational effects.
It amounts to stipulating that, apart from the arbitrariness governed by the
free choice of coordinates, the gµ v -field shall be completely determined by
the matter. Mach’s stipulation is favoured in general relativity by the circum-
stance that acceleration induction in accordance with the gravitational field
equations really exists, although of such slight intensity that direct detection
by mechanical experiments is out of the question.
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Mach’s stipulation can be accounted for in the general theory of relativity
by regarding the world in spatial terms as finite and self-contained. This hy-
pothesis also makes it possible to assume the mean density of matter in the
world as finite, whereas in a spatially infinite (quasi-Euclidian) world it should
disappear. It cannot, however, be concealed that to satisfy Mach’s postulate
in the manner referred to a term with no experimental basis whatsoever
must be introduced into the field equations, which term logically is in no
way determined by the other terms in the equations. For this reason this
solution of the "cosmological problem" will not be completely satisfactory
for the time being.

A second problem which at present is the subject of lively interest is the
identity between the gravitational field and the electromagnetic field. The
mind striving after unification of the theory cannot be satisfied that two
fields should exist which, by their nature, are quite independent. A math-
ematically unified field theory is sought in which the gravitational field and
the electromagnetic field are interpreted only as different components or
manifestations of the same uniform field, the field equations where possible
no longer consisting of logically mutually independent summands.

The gravitational theory, considered in terms of mathematical formalism,
i.e. Riemannian geometry, should be generalized so that it includes the laws
of the electromagnetic field. Unfortunately we are unable here to base our-
selves on empirical facts as when deriving the gravitational theory (equality
of the inertial and heavy mass), but we are restricted to the criterion of math-
ematical simplicity which is not free from arbitrariness. The attempt which
at present appears the most successful is that, based on the ideas of Levi-
Civita, Weyl and Eddington, to replace Riemannian metric geometry by
the more general theory of affine correlation.

The characteristic assumption of Riemannian geometry is the attribution
to two infinitely adjacent points of a "distance" ds, the square of which is a
homogeneous second order function of the coordinate differentials. It fol-
lows from this that (apart from certain conditions of reality) Euclidian ge-
ometry is valid in any infinitely small region. Hence to every line element
(or vector) at a point P is assigned a parallel and equal line element (or vec-
tor) through any given infinitesimally adjacent point P’ (affine correlation).
Riemannian metric determines an affine correlation. Conversely, however,
when an affine correlation (law of infinitesimal parallel displacement) is math-
ematically given, generally no Riemannian metric determination exists from
which it can be derived.
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The most important concept of Riemannian geometry, "space curvature",
on which the gravitational equations are also based, is based exclusively on
the  "affine correlation". If one is given in a continuum, without first pro-
ceeding from a metric, it constitutes a generalization of Riemannian geom-
etry but which still retains the most important derived parameters. By
seeking the simplest differential equations which can be obeyed by an affine
correlation there is reason to hope that a generalization of the gravitation
equations will be found which includes the laws of the electromagnetic field.
This hope has in fact been fulfilled although I do not know whether the for-
mal connection so derived can really be regarded as an enrichment of physics
as long as it does not yield any new physical connections. In particular a field
theory can, to my mind, only be satisfactory when it permits the elementary
electrical bodies to be represented as solutions free from singularities.

Moreover it should not be forgotten that a theory relating to the elemen-
tary electrical structures is inseparable from the quantum theory problems.
So far also relativity theory has proved ineffectual in relation to this most
profound physical problem of the present time. Should the form of the gen-
eral equations some day, by the solution of the quantum problem, undergo
a change however profound, even if there is a complete change in the param-
eters by means of which we represent the elementary process, the relativity
principle will not be relinquished and the laws previously derived therefrom
will at least retain their significance as limiting laws.
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