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Abstract
In the first few decades of the twentieth century, Berlin was exceptional for the wealth of scientific discoveries made there. 
As examples we sketch contributions by Wien, Planck, Nernst, Franck and Hertz, Einstein, Bothe and Geiger, Hahn, 
Meitner, and Straßmann. We also mention the reasons for the rise and the decline of science in Berlin.



Prologue
Ideal Conditions for Research in Berlin 100 Years Ago

Gustav Robert Kirchhoff 
(1824 – 1887)

1875 Professor of 
Theoretical Physics, 

Berlin Univ.

Heinrich Gustav Magnus 
(1802–1870)

Professor at Berlin Univ. 
Founds physics laboratory 

in his private house.

Hermann von Helmholtz (1821–1894)

1870 Professor of Physics, Berlin Univ.

1888 President Physikalisch-Technische 
Reichstanstalt

Due to the initiative and the influence of Helmholtz, but also because Kaiser, government, and industry are 
interested, a number of excellent (and well funded) research institutions are created:

• modern research institutes for various sciences at both the University and the Technical University

• the Physikalisch – Technische Reichsanstalt (PTR)

• several Kaiser – Wilhelm – Institutes (KWI) from 1911 onwards

Moreover, both the Prussian Academy of Science and the Berlin Section of the German Physical Society
are efficient platforms for rapid exchange and publication of ideas and results.



Centers of Research in Berlin in the Early Twentieth Century

Physikalisches Institut, Reichstagsufer Technische Hochschule, Charlottenburg

Physikalisch-Technische Reichsanstalt (PTR), 
Charlottenburg

Kaiser-Wilhelm-Institut für Chemie, 
Dahlem



Willy Wien
Two Laws on 

Blackbody 
Radiation

Willy Wien 
(1864–1928)   

Nobel  Prize 1911

When deriving his displacement law
Wien was assistant at the 
Physikalisch-Technische  
Reichsanstalt (PTR)



Black-Body Radiation: Kirchhoff, Stefan, Boltzmann

1860 Gustav Kirchhoff creates the concept of blackbody radiation.

For the spectral energy density                with respect to the wavelength       the 
following holds
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The spectral energy density within the black body is a universal function of the 
temperature       and frequency      .

The integrated energy density depends on temperature only.

1879 Joseph Stefan (empirically):
4ATu =

1884 Ludwig Boltzmann introduces the radiation pressure

and derives the law

from the second law of thermodynamics.

4ATu =

T ν



Wien’s Displacement Law and Wien’s Radiation Law

1893 Wien considers the following process:

1) rise of temperature   T0 → T

2) adiabatic increase of volume until T0 is reached again. Through Doppler effect at 
the walls a shift in frequency appears.

Result: Wien’s displacement law which 
restricts the form of Kirchoff’s function
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1896 With assumptions, which were difficult to justify (radiating molecules have Maxwell’s velocity 
distribution, wavelength of the radiation depends only on the velocity of the radiating molecule),  Wien finds 
his radiation law

or, equivalently,
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1896 Friedrich Paschen publishes measurements 
which he can describe by
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Friedrich Paschen 
(1865–1947)

Paschen was at the Technical Univ. of 
Hanover at the time.

Later (1924–1933) he was president of 
the PTR in Berlin.



Max Planck
Creation of Quantum Theory (1900)

1901 1910

Max Planck

(1858–1947)

Nobel Prize 1918



Chronology

1900 Rayleigh considers the possible standing  electromagnetic waves within a cavity, 
assigns the average energy  kT to each wave, and finds

The formula diverges for             but it was worthwhile to check for large wavelengths.

1905 Only now Rayleigh computes the constant c3.  (His computation contains an error, 
a factor of 8. That is corrected by  J.H. Jeans):Lord Rayleigh 

(William Strutt) 
(1842–1919)   

Nobel  Prize 1904
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1889 Planck succeeds Kirchhoff  as Professor of Theoretical Physics at Berlin Univ.

1895 He begins his work on blackbody radiation in which he introduces the entropy of the radiation field.

1899 Using a plausible ansatz for the entropy he derives Wien’s radiation law from the second law of 
thermodynamics. In the same year, the measurements of Lummer and Pringsheim show deviations from 
Wien’s law.

1900 Measurements of Rubens and Kurlbaum for fixed wavelength show a linear rise with temperature in 
agreement with a recent formula by Lord Rayleigh. 



The Measurements by Lummer 
and Pringsheim

λ

λu

Otto Lummer 
(1860–1925)

The measurements were made at the PTR in Berlin.

At first it was difficult to overcome the absorption bands of 
water vapor in the air filling the spectrometer



The Measurements by Rubens and Kurlbaum

Heinrich Rubens 
(1865–1922)

Ferdinand Kurlbaum
(1857–1927)

Rubens had developed a method (residual rays) to get monochromatic light in the 
far infrared.

The measurements were done in Rubens’ institute at the Technical Univ. in Berlin. 
They show the linear rise with temperature predicted by Lord Rayleigh.



October 19th, 1900    
Planck presents his 

radiation law

Sunday,  October 7th, 1900

Mr. and Mrs. Planck had invited Mr. 
and Mrs. Rubens for afternoon coffee.

Rubens tells Planck about his recent 
results.

When the guests had gone home, 
Planck looks for and finds a radiation 
law that describes the experimental 
results.

Still the same evening he writes a 
postcard to Rubens telling him of his 
success.





Comparison of the Radiation 
Laws

Wien

Planck

Rayleigh-Jeans

Before Planck’s work the constants were 
unknown.

Planck’s Law is valid for all wavelengths.

Wien’s Law is a good approximation for 
short wavelengths.

The Rayleigh-Jeans Law is a good 
approximation at large wavelengths. It 
diverges for short wavelengths.
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December 14th, 1900 

Planck reports the derivation of 

his radiation law
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Planck’s Radiation Law

1. By fit to the measurements: Precision determination 
of  Planck’s constant h and  Boltzmann’s constant k.

2. Since the gas constant R=Nk is well known, the 
Avogadro number N can be determined.

3. From electrolysis the Faraday constant F=Ne is 
known. With the new value of N the elementary 
charge e can be determined precisely. 

Planck’s Determination of Avogadro’s Number
and of the Elementary Charge



Planck’s Derivation of his Radiation Law, December 1900



Planck 1942



Walther Nernst
The Third Law of 
Thermodynamics 

(1905)

Walther Nernst 
(1864–1941) 
Nobel Prize

1920



Nernst en route to Berlin

1905: Nernst, in his own car, starting 
with his family (and a mechanics) 

from Göttingen to Berlin

Walter Nernst, one of the 
founders of Physical Chemistry, 
did important work in experiment 
and theory. Thanks to the 
invention of an incadescent 
electric lamp that needed no 
protective vacuum he was also a 
rich man.

In 1905 he became Professor of 
Physical Chemistry in Berlin and 
moved there from Göttingen.

Still in the same year he 
postulated the third heat law.

He liked to tell that the idea had 
come to him during his lecture in 
the physicso-chemical institute.



Nernst Lecturing in Berlin 1926
Nernst
Lecturing 
in Berlin 
1926



The Third Heat Law

With T temperature, U (inner) energy, and A
free energy the second heat law was written 
by Helmholtz

dT

Ad
TUA

∆
=∆−∆

Taking into account experimental facts, 
Nernst postulated in the limit 0→T

0→
∆
dT

Ad , i.e., UA ∆→∆

And therefore 0→
∆
dT

Ud

The specific heat vanishes as one 
appoaches absolute zero 

temperature. Absolute zero itself 
cannot be reached.



Nernst, Specific Heats, and Quantum Theory

In order to check his heat law, Nernst starts a program to 
measure specific heat at low temperatures, assisted by 
Ph.D students and later coworkers, in particular A. Eucken 
and F.A. Lindemann. (Lindemann later turns the 
Clarendon Lab in Oxford into a center of low-temperature 
research. In 1933 he starts a successful initiative to offer 
jobs to scientists fleeing Germany.  He becomes scientific 
advisor to Churchill and is made Lord Cherwell.)

Nernst becomes very interested in Einstein’s theory of 
1906 explaining abnormally low specific heats with the 
help of quantum theory. In 1913 Nernst and Planck travel 
to Zurich and convince Einstein to move to Berlin.

In 1910 he convinced the Belgian industrialist Solvay to 
call (and finance) an international scientific conference on 
the subject the theory of radiation and the quanta. The 
first Solvay Conference is held in autumn 1911 in 
Brussels. (Lorentz chairs the conference, Lindemann is 
one of the scientific secretaries.

Whereas the first and second heat law find their 
explanation in classical statistical mechanics, the third 
heat law can only be based on quantum statistics. It is a 
quantum phenomenon.

Nernst with Lindemann (later Lord Cherwell) 
1937 in Oxford where he was given an 

honorary doctor degree



The First Solvay Conference 1911 – Initiated by Nernst



James Franck and Gustav Hertz
Measuring Planck’s Constant 

with a Voltmeter (1914)

Gustav Hertz 
(1887 – 1975)

Nobel Prize 1925
James Franck 
(1882 – 1964), 

Nobel Prize 1925

In 1914 Franck was 
Privatdozent and Hertz was 

assistant in the Physics 
Institute of Rubens and 

Berlin University



The “Ionization” Potential



Production of a Single-Line 
Spectrum in Mercury Vapor

λ



The Reaction of Niels Bohr

Bohr had published his theory of stationary states of the atom in 1913.

In a paper On the Quantum Theory of Radiation and the Structure of the Atom, 
published in Phil. Mag. 30 (1915) 394, he interprets the potential of 4.9 Volts 
found by Franck and Hertz as excitation rather than ionization potential.

Niels Bohr
(1885 - 1962)

Nobel Prize 1922



Franck and Hertz with their Wives in Stockholm 1926



Albert Einstein in Berlin (1914 – 1932)

Albert Einstein (1879 -- 1955), Nobel Prize 1921 In his apartment in Haberlandstraße 5



Einstein in Berlin

From 1914 to 1933 Einstein held a triple position in Berlin

• a paid position within the Prussian Academy of Sciences

• a professorship at Berlin Univ. without obligation to teach

• directorship of the KWI of Physics (the institute began to work 
only in 1917)

In addition he worked in various capacities for the PTR. For 
several years he was president of the German Physical Society.

Einstein’s main achievements in Berlin:

• general relativity completed

• motion of perihelion of Mercury

• bending of light by stars

• A and B coefficients in radiative transitions

• Einstein – de Haas effect

• Bose – Einstein statistics

Berlin Illustrated Paper of December 14, 1919. 
Einstein on the cover after Eddington’s 

successful expedition

During the war years (1914 – 1918) alone, Einstein 
published about 50 papers and one book



General Theory of 
Relativity, Manuscript 

and Publication of 1916



“Prof.
Albert Einstein 

fiddling” 

Drawing entitled “Prof. Albert 
Einstein geigend” by the Berlin Artist 

Emil Orlik (1870–1932) 



Traces of Einstein in the 
Berlin Area

The solar 
Observatory 

(Einstein Tower) 
in Potsdam

Einstein’s summer house 
in Caputh near Potsdam



Walther Bothe and Hans Geiger
The Last Word on Compton Scattering 

and the Coincidence Method (1925)

Hans Geiger 
(1882 – 1945)

Walther Bothe 
(1891 – 1957) 

Nobel Prize 1954



Different Interpretations of the Compton Effect  
The Nature of the Light Quantum

Arthur H. Compton 
(1892 – 1962) 

Nobel Prize 1927

Bohr in 1925

1923 Compton discovers the Compton effect and interpretes it as elastic scattering of a 
light quantum and an electron. Both are particles having energy and momentum.

At the time most physicists still attribute the quantum nature of light to the interaction of 
electromagnetic waves with matter and not to electromagnetic waves themselves.

1924 Bohr, Kramers and Slater propose a theory of the Compton effect in which energy 
and momentum conservation and even causality do not hold in every individual 
scattering process but only in statistical average.

1925 Bothe and Geiger show that the secondary electron and the secondary photon 
appear simultaneously and that therefore causality holds. The nature of the light 
quantum as particle is established.

At the time Geiger was director and Bothe was scientific member of the radiation 
laboratory of the PTR. 

The experiment by Bothe and Geiger is the first electronic coincidence experiment. The 
signals of the two Geiger needle counters were recorded side by side on film. The 
coincidence in time could then be established later by eye to within a few tenths of a 
millisecond. Bothe later refined the coincidence method by using electronic circuits. It is 
now at the heart of all electronic nuclear and particle physics experiments



Bothe-Geiger. The Apparatus

The electron of the primary Compton effect, produced 
in the gas of one counter by a photon from an X-ray 
source, is recorded as a signal in that counter. The 
secondary photon can traverse a thin window to a 
second counter where it may again produce a 
Compton effect which produces a signal there.



Bothe-Geiger. A 
Coincidence Event and 

the Result

Example of a 
coincidence. The 

broad white lines show 
the signals in the two 
counters as a function 

of time.

Histogram of time differences.



Berlin Life in the Twenties and Early Thirties

Stern, Lenz, Franck, Ladenburg, Knipping, Bohr, Wagner, von Baeyer, Hahn, von Hevesy, Meitner, Westphal, 
Geiger, Hertz, Pringsheim (Colloquium by Niels Bohr 1920)



Berlin Physicists and Chemists in 1921, Including Five (Future) Nobel Laureates

Walther Grotian, Wilhelm Westphal, Otto von Baeyer, Peter Pringsheim, Gustav Hertz

Albert Einstein
Hertha Sponer, Mrs. Franck, James Franck, Lise Meitner, Otto Hahn

Fritz Haber



Berlin Nobel Laureates with Guest

Nernst                      Einstein                 Planck     Millikan   von Laue



Schrödinger in Berlin

Lecture at 
Berlin 
University

Being introduced by Max Planck in 1929 
as member of the Prussian Academy



Schrödinger’s Signatures in the “Studienbuch” (Lecture Record) of...



... the Berlin Student Maria Brandt, Mother of the 
Lecturer of the Present Talk

Maria Brandt with son Siegmund, Berlin 1936



Otto Hahn, Lise Meitner, and Fritz Straßmann
Nuclear Fission (1938)

Lise Meitner (1878 – 1968) Otto Hahn (1879 – 1968) 
Nobel Prize 1944

Fritz Straßmann (1902 – 1980)



Hahn, Meitner, Strassmann

Otto Hahn studied chemistry in Marburg, worked 
with Ramsay in London and Rutherford in 
Montreal (1902 – 1904), joined the Chemical 
Institute on Berlin Univ. (1906) and the newly 
founded KWI for Chemistry in 1912.

Lise Meitner studied physics in Vienna, started 
working with Hahn in 1906, became Scientific 
Member of KWI in 1913 and extraordinary Prof. 
At Berlin Univ. in 1926. When Austria was 
annexed in 1938 she lost her protection as 
foreigner from the Nazi laws and fled via Holland 
to Sweden just before the decisive experiments 
began.

Fritz Straßmann studied chemistry in Hanover, 
joined the KWI in 1929, first on a fellowship, then 
unpaid, and later as assistant. 

Hahn and Meitner 1908 in their laboratory 
in the Chemical Institute of Berlin Univ.



Nuclear Fission: The First Paper by Hahn and Straßmann
In analogy to discoveries made by Fermi et al. in the bombardment of lighter nuclei with neutrons it was believed that 
uranium (nuclear charge Z=92) is transformed into an element with Z=93 which by a succession of beta decays is 
transformed into elements of even higher Z values. Also Hahn, Meitner, and Straßmann observed many such “transuranic 
elements”. These were thought to decay, at least in part, via radium to lead.

In their paper (subm. Dec. 22, 1938) in 
Naturwissenschaften Hahn and Strassmann, after 
detailed chemical investigations, find barium 
and not radium after irradiating uranium with 
slow neutrons.



Meitner and Frisch in Nature 
Meitner and 

Frisch, having 
been informed by 

Hahn of his 
results, in a letter 
to Nature, suggest 
the fission of the 
uranium nucleus 

into two. Otto Robert Frisch 
(1904 – 1979)



The Second Paper by Hahn and Straßmann

In their second paper (subm. Jan 28, 1939) 
Hahn and Straßmann

• confirm finding barium

• report the fission of thorium

• report finding of noble gas (Xe or Kr)

• acknowledge the contribution of Lise 
Meitner to the experience of their group 
which enabled them to do this work in such a 
short time.



New York Times 
Jan. 28, 1939

Niels Bohr mentioned the 
analysis of Meitner and Frisch 
on Jan 26, 1938 at a meeting of 
the American Physical Society.

This triggered discussions, 
instant experiments, and also 

this newspaper article.

Niels Bohr in the US, 
1938



Laboratory Table of Hahn and Straßmann



Epilogue

Berlin University 1945

When, How, and Why did 
the Golden Times End ?

1914 – 1918 The first world war destroys the unique position of the richly 
funded science in Germany and especially in Berlin.

1933 Nazi terror destroys the intellectual infrastructure of science in 
Germany. 

Einstein leaves (here only the Physics Institute in Berlin)

1939 – 1945 The second world war destroys the physical infrastructure.

1945 Berlin is a divided city. The rest of its attraction to scientists is lost. 

Paul Langevin wrote:  Such an event can only be compared to a supposed 
relocation of the Vatican to the New World. The pope of physics moves. 
The United States become the center of science.

Kurt Mendelssohn, Ph.D student and assistant of 
Nernst, later Professor in Oxford, wrote: Far from 
destroying the spirit of German scholarship, the 
Nazis had spread it all over the world. Only 
Germany was to be the looser.



Berlin Scientists in the Drama of the Twentieth Century

Of the 11 Berlin scientists on which we reported 
here, 10 were still alive in 1933.

Of these

• 6 resigned or were forced to give up their positions 
after Jan. 31, 1933 (Franck, Hertz, Einstein, Nernst, 
Bothe, Meitner),

• 3 found it wise to leave Germany (Franck, Einstein, 
Meitner),

• 7  were involved in nuclear energy programs 
during the war (Franck and Einstein [mainly through 
the letter to Roosevelt], in the Anglo-American 
effort and Hertz, Bothe, Geiger, Hahn and 
Strassmann in Germany,

• 1 (Hahn) was taken to England for one year and 1 
(Hertz) to the Soviet Union for nine years after the 
war, 

• 5 made important contributions to rebuilding 
science in Germany after the war, Planck, Bothe, 
Hahn and Straßmann in the West  and Hertz in the 
East (Nernst died in 1944 and Geiger in 1945).

Planck, von Laue, and Hahn in1946

The Kaiser-Wilhelm Society was saved by its two 
post-war presidents Planck and Hahn and by Planck’s 
agreement to its new name Max-Planck Society.
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What Became of our Heroes ?

Wien: Professor in Aachen (1896), Giessen (1899), Würzburg (1900), and 
Munich (1920). Wien dies in Munich 1928

Planck: 1912 Secretary, Prussian Academy of Sciences, 1926 Emeritus, 1930–37
President, Kaiser-Wilhelm-Gesellschaft (KWG), 1933 Interview with Hitler, speaks 
out for Jewish Scientists, January 1945 Planck’s son Erwin executed because of 
involvement with attempt to kill Hitler in 1944, July 1945 again president of KWG 
(succeeded in 1946 by Otto Hahn), 1946 Foundation of the Max-Planck-Gesellschaft
as continuation of KWG. 1947 Planck dies in Göttingen.

Nernst: Until 1922: Professor of Physical Chemistry Berlin, 1922 President of 
Physikalisch-Technische Reichsanstalt (PTR) Berlin, 1924 Professor of Physics 
Berlin, 1933 resigns.  Nernst dies 1944 on his farms in Zibelle, Silesia.

Franck: 1921 Professor in Göttingen (together with Max Born), resigns 1933, 1934 
Copenhagen, 1935 Prof. at Johns-Hopkins Univ. Baltimore, since 1938 at Univ. of 
Chicago, works on Manhattan Project, co-authors the Franck-Report which urges 
the US government not to use the atomic bomb before demonstrating its power to 
the enemy on uninhabited land, Emeritus 1947. 1964 Franck dies while visiting 
Göttingen.



What Became of our Heroes (continued)?

Hertz: 1920 works at Philips in Eindhoven (NL), Professor in Halle (1926), and at 
the Technical Univ. Berlin (1927), 1935 resigns and begins work in the Siemens 
Laboratories in Berlin among other topics on isotope separation, 1945 brought to the 
Soviet Union, 1954 Professor in Leipzig, 1961 Emeritus. 1975 Hertz dies in Berlin.

Einstein: 1917 Director of Kaiser-Wilhelm Institute of Physics, 1933 does not 
return from visit to the US, member of the Institute for Advanced Studies in 
Princeton, 1939 writes letter to President Roosevelt warning of possible German 
atomic bomb. 1955 Einstein dies in Princeton.

Bothe: 1925 Head of Dept. of Radioactivity of PTR Berlin, Professor in Giessen 
(1930) and Heidelberg (1932), resigns 1934 to become Director of Physics within the 
Kaiser–Wilhelm Institute of Medical Research in Heidelberg and builds a cyclotron 
there, 1946 again also Professor of Physics at Heidelberg Univ. 1957 Bothe dies in 
Heidelberg.

Geiger: Professor in Kiel (1925), Tübingen (1929), and at Technical Univ. Berlin 
(1936), 1928 Geiger-Müller counter, editor of Handbuch der Physik and Zeitschrift 
für Physik. 1945 Geiger dies in Potsdam.



What Became of our Heroes (continued)?

Hahn: Until 1944 Head of Dept. of  Radioactivity in the 
Kaiser-Wilhelm Institute for Chemistry in Berlin, 1944 after 
destruction of the institute moves to provisional labs in 
Tailfingen (Württemberg), 1945 interned in England, 1946 
President of Max-Planck-Gesellschaft in Göttingen, 1957 
Declaration of the Göttingen Eighteen (together with
Straßmann and 16 other German scientists) against nuclear 
armament. 1968 Hahn dies in Göttingen.

Meitner: Until 1938 Head Physics Dept. in the Kaiser-
Wilhelm Institute for Chemistry in Berlin, 1938 flees to 
Holland, then guest at Nobel Institute for Physics in 
Stockholm, 1946 Guest Professor at Catholic Univ., 
Washington, D.C., 1947 Professor at Technical Univ. in 
Stockholm, 1954 Emeritus, 1960 move to Cambridge in 
England to stay with her nephew O.R. Frisch.1968  Meitner
dies in Cambridge.

Straßmann: Until 1945 assistant at Dept. of  Radioactivity 
in the Kaiser-Wilhelm Institute for Chemistry, 1946 
Professor at Mainz Univ., for some years director of Max-
Planck Institute for Chemistry in Mainz, 1970 Emeritus,. 
1980 Straßmann dies in Mainz.In 1966 Hahn, Meitner, and 

Straßmann are the first foreigners to 
be awarded the Enrico-Fermi Prize by 

the President of the United States.

Straßmann, Meitner and Hahn 1956


