
Wilhelm Conrad Röntgen Symposium of the SPS, Zürich, 18 September 2021

Illustration: Kieran O'Brien

Röntgen's Discovery –
From Serendipity to Scientific Revolution

Ralph Claessen
Physikalisches Institut & 
Würzburg-Dresden Cluster of Excellence "ct.qmat"
Julius-Maximilians-Universität Würzburg
Germany



November 8, 1895: a Friday evening in the lab…

…at the Physikal. Institut,
Universität Würzburg 



Illustration: Kieran O'Brien

Röntgen's Discovery –
From Serendipity to Scientific Revolution

●

● The Discovery of the X-Rays

● Scientific Impact and Beyond

Biographical Notes



Illustration: Kieran O'Brien

Biographical Notes



27 March 1845
Wilhelm Conrad Röntgen is born in Lennep 
(Remscheid, Bergisches Land)

1848
Röntgen's family moves to Apeldoorn (NL)

1861
Röntgen attends "Utrecht Technical School" 

1863/64
Röntgen gets unfairly discharged from school
without a high school diploma ("Abitur") 
He nonetheless starts attending lectures in 
chemistry, physics, zoology and botanics at 
U Utrecht 

The Early Years



1865 - 1868
student of mechanical engineering at Eidgenössisches Poly-
technikum in Zürich (Clausius & Kundt among his teachers)

University Education and Habilitation (finally!) 



1865 - 1868
student of mechanical engineering at Eidgenössisches Poly-
technikum in Zürich (Clausius & Kundt among his teachers)

University Education and Habilitation (finally!) 



1865 - 1868
student of mechanical engineering at Eidgenössisches Poly-
technikum in Zürich (Clausius & Kundt among his teachers)

1869
Dr. Phil. at U Zürich on "Studien über Gase"

University Education and Habilitation (finally!) 



1865 - 1868
student of mechanical engineering at Eidgenössisches Poly-
technikum in Zürich (Clausius & Kundt among his teachers)

1869
Dr. Phil. at U Zürich on "Studien über Gase"

1870
Röntgen moves to Würzburg as Kundt's Assistent,
however, habilitation is denied due to lack of Abitur

1872 - 1874
Relocation with Kundt to the new Reichsuniversität Straßburg,
finally: habilitation in Straßburg

University Education and Habilitation (finally!) 



University Education and Habilitation (finally!) 

1865 - 1868
student of mechanical engineering at Eidgenössisches Poly-
technikum in Zürich (Clausius & Kundt among his teachers)

1869
Dr. Phil. at U Zürich on "Studien über Gase"

1870
Röntgen moves to Würzburg as Kundt's Assistent,
however, habilitation is denied due to lack of Abitur

1872 - 1874
Relocation with Kundt to the new Reichsuniversität Straßburg,
finally: habilitation in Straßburg

1872
Röntgen marries Anna Bertha Ludwig who he had met in Zürich



University Education and Habilitation (finally!) 

1865 - 1868
student of mechanical engineering at Eidgenössisches Poly-
technikum in Zürich (Clausius & Kundt among his teachers)

1869
PhD at U Zürich with August Kundt on "Studien über Gase"

1870
Röntgen moves to Würzburg as Kundt's Assistent,
however, habilitation is denied due to lack of Abitur

1872 - 1874
Relocation with Kundt to the new Reichsuniversität Straßburg,
finally: habilitation in Straßburg

1872
Röntgen marries Anna Bertha Ludwig who he had met in Zürich
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1875
"Extraordinarius" (Assoc. Prof.) at the Landwirtschaftliche 
Akademie Hohenheim

1876
Return to Straßburg as "Extraordinarius" for Mathematical Physics

1879
Full Professorship at U Gießen

Early Professorships



1888
Acceptance of full professorship at the newly erected
Physikalisches Institut in Würzburg as successor of
Friedrich Kohlrausch

1894
Rector of U Würzburg

1895
Offer from U Freiburg (denied)

8 Nov. 1895

Professor in Würzburg

The Discovery of the X-Rays
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The Discovery of the X-Rays



anode rays
("Kanalstrahlen")

cathode
rays

fluorescence
screen

cathode anode fluorescence
screen

vacuum
pump

= electrons
[J.J. Thomson (1897)]

Röntgen's Research on Gas Discharge Physics 

preceeding and parallel studies by: Wilhelm Hittorf (Münster)
William Crookes (London)
Philipp Lenard (Bonn)



preceeding and parallel studies by: Wilhelm Hittorf (Münster)
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Röntgen's Research on Gas Discharge Physics 

Hittorf tube
(Foto: Röntgen-Gedächtnisstätte Würzburg)
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The Discovery: 8 November 1895

Röntgen's lab in the
Physikalische Institut

now:
Röntgengedächtnisstätte Würzburg and 
EPS Historical Site

"…und bedeckt die Röhre mit einem […] 
Mantel aus dünnem, schwarzen Carton, so 
sieht man in dem vollständig verdunkelten 
Zimmer einen in der Nähe des Apparates 
gebrachten, mit Bariumplatincyanür
angestrichenen Papierschirm bei jeder 
Entladung hell aufleuchten, fluorescieren,
[…]. Die Fluorescenz ist noch in 2m 
Entfernung von der Apparatur bemerkbar." 



wire coil on wooden core absorption by different minerals
 no birefringence in calcite!

The Next 6 Weeks: Systematic Experiments 



X-ray image of a set of weights in a 
closed wooden box

The Next 6 Weeks: Systematic Experiments 



22 December 1895:
Bertha Röntgen's Hand

The Next 6 Weeks: Systematic Experiments 



28 Dec 1895
Preliminary communication "On a new kind
of rays" to the Physikalisch-Medizinische 
Gesellschaft in Würzburg

01 Jan 1896
Röntgen sends reprints to his colleagues

The News Spreads around the World…
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W.C. Röntgen, 
Nature 53, 274 (1896)

28 Dec 1895
Preliminary communication "On a new kind
of rays" to the Physikalisch-Medizinische 
Gesellschaft in Würzburg

01 Jan 1896
Röntgen sends reprints to his colleagues

05/06/07 Jan 1896
Newspapers in Wien, London, New York 
report on the discovery

13 Jan 1896
Invitation by Emperor Wilhelm II. in Berlin

Late Jan/early Feb. 1896
Publications in Nature und Science

The News Spreads around the World…
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Lecture at the
Physikalisch-Medizinische Gesellschaft 
in Würzburg

Röntgen's only Public Lecture on his Discovery

Geheimrath Rudolf Albert von Kölliker…

…and his hand



10 Dec 1901
W.C. Röntgen becomes the first recipient of the
Nobel Prize in Physics:
"… to those who, during the preceding year, have 
conferred the greatest benefit to humankind."
(from Alfred Nobel's last will)

Röntgen declines to give a Nobel lecture.

In his will Röntgen donates his prize money
(50.000 Swedish Crowns) to the University of
Würzburg.

Röntgen never considered filing a patent 
for his discovery.   

Nobel Prize in Physics
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Scientific Impact and Beyond



1901 W. C. Röntgen
Discovery of the x-rays

1914 M. von Laue
X-ray diffraction in crystals

1915 W. H. Bragg/W. L. Bragg
Determination of crystal structures

1917 W. G. Barkla
Characteristic radiation of the elements

1924 K. M. G. Siegbahn
X-ray spectroscopy

1927 A. H. Compton
X-ray scattering off electrons

1936 P. Debye
Diffraction of x-rays and electrons by gases

1946 H. J. Muller
Discovery of x-ray-induced mutations

1962 M. Perutz/J. Kendrew
Structure of hemoglobin

1962 J. Watson/M. Wilkins/F. Crick
Double-helix structure of DNA

1964 D. C. Hodgkin
Structure of biochemical compounds

Physics
Chemistry
Medicine

1976 W. N. Lipscomb
Structure of boranes

1979 A. M. Cormack/G. N. Hounsfield
Computer-based tomography

1981 K. M. Siegbahn
High resolution electron spectroscopy

1985 H. Hauptman/J. Karle
Direct methods for crystal structure determination

1988 J. Deisenhofer/R. Huber/H. Michel
Three-dimensional structure of a photosynthetic 
reaction center

1997 P. D. Boyer/J. E. Walker
Mechanism of ATP synthesis

2002 R. Giacconi
discovery of cosmic x-ray sources

2003 P. Agre/R. MacKinnon
Discoveries concerning channels in cell membranes

2006 R. D. Kornberg
Molecular basis of eukaryotic transcription 

2009 V. Ramakrishnan/T. A. Steitz/A. E. Yonath
Structure and function of the ribosome

2011 D. Shechtman
Discovery of quasicrystals

Nobel Prizes related to X-Ray Science



1895 …and today

X-Ray Imaging: Revealing the Invisible



several 100 x-ray images taken under varying angle

 numerical reconstruction in 3D 

X-Ray Imaging: Revealing the Invisible

Computer Tomography (CT) 

Source: Wikipedia



X-Ray Imaging: Revealing the Invisible

Röntgen's hunting rifle



Where does the contrast in x-ray imaging come from?

 atomic inner shell excitations
 element-specific x-ray absorption edges

X-Ray Spectroscopy: Chemical and Electronic Information
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X-Ray Spectroscopy: Chemical and Electronic Information

Zoo of x-ray spectroscopic techniques
for, e.g., materials science and 
quantum matter research:

• X-ray absorption 
(XAS, XANES, EXAFS,…)

• X-ray fluorescence
(XF, XES, EDX, WDX,…)

• Photoelectron spectroscopy
(XPS, ESCA, HAXPES, ARPES, ResPES,…)

• Inelastic x-ray scattering
(IXS, RIXS, Compton scattering,…)

• Spectromicroscopy & microspectroscopy
(STXM, PEEM,…)

• and many more…

XAS



X-Ray Spectroscopy: Chemical and Electronic Information

Zoo of x-ray spectroscopic techniques
for, e.g., materials science and 
quantum matter research:

• X-ray absorption 
(XAS, XANES, EXAFS,…)

• X-ray fluorescence
(XF, XES, EDX, WDX,…)

• Photoelectron spectroscopy
(XPS, ESCA, HAXPES, ARPES, ResPES,…)

• Inelastic x-ray scattering
(IXS, RIXS, Compton scattering,…)

• Spectromicroscopy & microspectroscopy
(STXM, PEEM,…)

• and many more…
 elemental composition
 chemical valency

Adv. Mat. 30, 1706708 (2018)

XPS XANES



X-Ray Spectroscopy: Chemical and Electronic Information

Zoo of x-ray spectroscopic techniques
for, e.g., materials science and 
quantum matter research:

• X-ray absorption 
(XAS, XANES, EXAFS,…)

• X-ray fluorescence
(XF, XES, EDX, WDX,…)

• Photoelectron spectroscopy
(XPS, ESCA, HAXPES, ARPES, ResPES…)

• Inelastic x-ray scattering
(IXS, RIXS, Compton scattering,…)

• Spectromicroscopy & microspectroscopy
(STXM, PEEM,…)

• and many more…

Nat. Commun. 12, 5396 (2021) 

 electronic band structure

ARPES of "indenene" (1 ML In/4H-SiC)



X-Ray Astronomy: The Sky is the Limit

Crab Nebula

Optical map of the sky

J. Sanders, H. Brunner and the eSASS team (MPE) 
E. Churazov, M. Gilfanov (on behalf of IKI)



Crab Nebula

X-Ray Astronomy: The Sky is the Limit

data taken by the x-ray telescope eROSITA
on board the German-Russian satellite observatory Spektr-RG

(red to blue = increasing photon energy)
J. Sanders, H. Brunner and the eSASS team (MPE) 

E. Churazov, M. Gilfanov (on behalf of IKI)

X-ray map of the sky (0.3 – 2.3 keV)



X-rays are electromagnetic waves

Max von Laue
Physics Nobel Prize 

1914

crystal

X-ray source

collimator

detector

X-Ray Diffraction: Atomic Structure



X-ray diffraction (XRD) in materials science

X-Ray Diffraction: Atomic Structure
PRB 92, 195422 (2015)

XRD of an oxide hetrostructure
(SrVO3/SrTiO3)

reciprocal space map
(LaAlO3/SrTiO3)



Structural biology: Double helix structure of the DNA (1953)

X-Ray Diffraction: Atomic Structure



X-Ray Diffraction: Atomic Structure
Illustration: DESY, Cyprian Lothringer

Modern protein crystallography

spike protein

Credits: 
J. McLellan/U Texas at Austin (spike)

H. Tabermann/HZB (protease)
Science (polymerase) 

main protease

RNA polymerase



X-Ray Diffraction: Atomic Structure

Source: Wikipedia

SARS-CoV-2 virus

atomically resolved
3D structure model



X-Ray Technology: Sources & Detectors

1895

2020's
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