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Catalogue raisonné

About the Plates and Articles

- The plate descriptions were written by Alfred Forchel, Marcus Holtz, Flemming Schock, Stephan Zimmermann, and Mareile Mansky.
- The descriptions were based on the following two books:
University of Wiirzburg, Blick. Sonderheft 100 Jahre Rontgenstrahlen 1895-1995 (Wiirzburg, 1995).
University of Wiirzburg, Blick. 100 Jahre Rintgenstrablen (Wiirzburg, 1995).
- Key information on works is given in the following order: title or subject of the work / author or artist’s name / date / medium /
size (mm) / collection.
- In the articles and descriptions, Japanese names are rendered surname first and given name second.
- The works that are not shown at the exhibition venue are marked by an asterisk.

- Reproductions are marked by a plus sign.
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SECTION 1

A Biography of Wilhelm Conrad Rontgen

1 *
Roéntgen’s birthplace, the home of the Réntgen family in Lennep

Date unknown / Photograph / German Réntgen Museum, Remscheid
tel t=)

Wilhelm Conrad Réntgen was born on March 27, 1845 in Lennep, a small town in North Rhine-
Westphalia, Germany. His father, Friedrich Conrad Rontgen, was a cloth merchant from a local
family. Rontgen’s mother, Charlotte Constance, also came from a Lennep Family, but had family

ties to the Netherlands. In 1849, the family moved to Apeldoorn in the Netherlands, where Rontgen

spent most of his childhood. His parents renounced their German citizenship, along with their son’s,

in order to naturalize as Dutch citizens.
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Birth certificate of Wilhelm Conrad Réntgen

Carl August Theodor Wilhelm Wille / March 29, 1845 / Ink on paper / W210 x L296 / City Archives of Remscheid

The birth certificate states:

No. 86

In Lennep, in the district of Lennep, on the twenty-ninth of the month March, cighteen hundred and forty-
five, in the morning at eleven o’clock, appeared before me, Mayor Carl August Theodor Wilhelm Wille, as civil
servant of the city hall Lennep, Friedrich Conrad Réntgen, forty-four years old, a merchant residing in Lennep,
explaining to me that his wife, Charlotte Constanze Frowein, thirty-seven years old and residing in Lennep,
bore him on Thursday the twenty-seventh of this month and year in the afternoon at four o’clock in their
jointly shared lodgings, a child of the male gender, to whom the first names of Wilhelm Conrad were given.
This declaration, recorded by me, was issued in the presence of both witnesses, namely:

1) Richard Réntgen, thirty-four years old, merchant residing in Lennep

2) Heinrich Frowein forty-eight years old, director residing in Lennep

The present certificate was accordingly read to the declarant and witnesses, approved, and signed by the same.
Friedrich Conrad Réntgen, Richard Réntgen, Heinrich Frowein

Wille
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3 +
Rontgen with his parents, Charlotte Constance and Friedrich Conrad, Utrecht

ca. 1860 / Photograph in metal frame, damaged in World War IT / W170 x L210 /
University Archives Wiirzburg

L] 4 %
Lz e Rontgen about seventeen years old
iy
CSormdgers
_/*;7 j g ca. 1862 / Photograph / German Réntgen Museum, Remscheid

In Apeldoorn, Rontgen spoke Dutch, of course, and some accent remained when he spoke German,

since Dutch was the language he spoke with his parents until his mother’s death in 1880.
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Eidgenéssisches Polytechnikum in Zurich

ca. 1877 / Wood engraving / Central Library Zurich

Réntgen attended various schools in Apeldoorn. At the age of seventeen, he was sent to live with the
Gunning family in Utrecht, where he attended the local technical school. Under the guidance of Jan
Willem Gunning, professor of chemistry at the University of Utrecht, Réntgen was introduced to
natural science. Unfortunately, the initial prospects of a scientific career for Réntgen seemed dismal.

No Latin and Greek courses were offered at the school—both subjects required for enrolling in
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studies at Utrecht University as well as at German Universities. In addition, Réntgen left the school
prematurely, before the final exams. It is said that he was expelled from the school because he did
not give information on the origin of a chalk caricature of one of the teachers, which was found with
him, but supposedly was drawn by one of the classmates. In any case, the affair ended with Réntgen
leaving school in 1863.

Through a school friend, Réntgen learned that the Swiss Eidgendssisches Polytechnikum
in Zurich (today, Eidgendssische Technische Hochschule Zurich) would accept students who had not
completed their school education, though usually an entrance examination was required in order
to enroll. Rontgen had such good grades at the technical school in Utrecht that this condition was
waived for him. As such, Réntgen started his university education in Switzerland in the field of

mechanical engineering, corresponding to what is now applied mathematics.
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Rontgen as student in Zurich

July 17, 1868 / Photograph / German Réntgen Museum, Remscheid

7 +
Rontgen with fellow students

1860s / Photograph, damaged in World War II / W215 x L260 / University Archives Wiirzburg

Réntgen started his studies in the autumn of 1865. Among his elective courses, he chose lectures on
aesthetics by Friedrich Theodor Vischer (1862-1938). An exceptional academic teacher, Vischer was
previously a professor at Ttibingen University, where he had been suspended for two years due to his
outspoken sympathy for the democratic movements that led up to the 1848 revolutions in Germany.

There are a number of photographs showing Réntgen together with his classmates at university.
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Rontgen (on the left) with his circle of fellow students

Date unknown / Photograph / German Réntgen Museum, Remscheid

9*

Roéntgen’s diploma certificate
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Eidgenéssisches Polytechnikum Zurich / August 6, 1868 / Print on paper / Rontgen Memorial Site
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Rontgen’s certificate for his doctorate, awarded for a “study on gases” submitted to
the Faculty of Philosophy at the University of Zurich

The University of Zurich / June 22, 1869 / Print on paper / University Archives Zurich

Réntgen was an ambitious student. In the first year at the polytechnic school, where students were
graded annually, he already received above-average marks. He finished his studies with two of the
best grades in his class. His last report card was excellent, resulting in a mark of 5.8 (6 is the highest
and 1 the lowest mark).

With the decision of the Swiss Education Authority of August 6, 1868, Rontgen obtained
his diploma as a mechanical engineer from the polytechnical school of Zurich at the age of twenty-
three. His diploma subjects were: higher mathematics, descriptive geometry, chemical technology,

metallurgy, civil building, technical mathematics, analytical math, theoretical mechanical
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engineering, mechanical engineering, and mechanical technology of physics.

In the same year, August Kundt (1839-1894) was appointed as successor to Rudolph
Clausius (1822-1888), who had moved to Wiirzburg in 1867. Kundt was regarded by Réntgen as his
mentor for physics.

The polytechnical school could not award doctoral degrees, but the University of Zurich,
situated in the same building, was qualified to do so. It was not required that the candidates study at
the university; they only had to submit an independent scientific paper. Rontgen chose a theoretical
topic on the physical relations between the volume and temperature of a gas. Two reviews were
obtained regarding the suitability of Réntgen’s paper submitted at the beginning of the summer of
1869 for a doctoral degree. One review was from Albert Mousson (1805-1890), a professor of physics
at the University of Zurich. At the end of his assessment, he wrote: “Following this presentation of
the contents of the little paper, the same can be described as a mainly independent, scientifically
executed paper with theoretically important final results, even though the main point, a new
formulation of the Mariotte-Gay-Lussac Law, cannot be considered as adequately proven. In all
events, the submitted paper contains more than enough proof of thorough knowledge of the subject
and ability to conduct independent research. Thus, my petition is that Mr. W. Réntgen’s paper be

acknowledged as a fully sufficient basis for obtaining a degree.”
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The old university building of Julius-Maximilians-University Wiirzburg

Julius von Leypold / 1603 / Copperplate engraving in glass and wooden frame / W385 x 1355 /
University Archives Wiirzburg

The old university building of Julius-Maximilians-University Wiirzburg, built between 1581 and 1591.
In this building, Kundt’s (and Réntgen’s) laboratories were located after their move to Wiirzburg in 1870.

Physics has quite a long tradition at Julius-Maximilians-University Wiirzburg. In 1628, the
famed Jesuit polymath Athanasius Kircher had started addressing questions and ideas in Wiirzburg that
would nowadays be understood as relating to physics. Kircher was such a remarkable generalist that
he has been called “the last man who knew everything.” It was his research that provided a foundation
for the establishment of the academic chair for experimental physics in Wiirzburg in 1749, despite the
primarily hypothetical nature of physics at the time. The chair was located in the old university building,
where Rontgen started his work as assistant of Professor Kundt in the spring of 1870.

Unfortunately, rules for obtaining the right to teach as a docent at the University of Wiirzburg
required successfully passing the high school termination exam (4éitur), which Rontgen had not
obtained. It was therefore fortunate for Réntgen that Kundt moved together with him to Strasbourg in

1872, as such rules did not exist in Strasbourg. Here Rontgen obtained his lecturer qualification in 1874.
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The new main building of Giessen University, built in the year Réntgen took up an
appointment there

ca. 1879 / Photograph / hr1157i, University and Library Archives Giessen University

In 1875, Rontgen made his first attempt regarding an independent career in science. He accepted
a position as professor for physics at the Academy of Agriculture and Forestry in Hohenheim (near
Stuttgart). This was a very small university, consisting of twelve professors and about a hundred
students at that time. However, as physics was required there only as a supporting subject of
agricultural science, Réntgen decided already some months later to return to Strasbourg. Here he
became a physics professor in 1876.

Between 1876 and 1879, Réntgen worked with Kundt on the Faraday effect and the Kerr
effect, where the plane of polarization of light is rotated by, respectively, a magnetic or electric field.
He also constructed sophisticated measurement systems such as a barometer. The collaboration

between Kundt and Réntgen came to an end in 1879 when Réntgen left Strasbourg to take up a

SECTION 2 Réntgen’s Career in Science

m#

i

=i

- L' =T 0o R ZF D e O B S 7% — A
N v B XY B ¥ o 7 ik LT iR
Lok~ T DTS N Ky BN w Y
Loy % %2 - 2o e YO LD H ¥ LFDELEA LR
o> >N o Wy ko R A& T YT LM FEONE E o
B S Mgy T Bt E T L AL o h
SN Aq)F Bl v AoV i & RO B L E 3 ko e
S . : i )

AV (A AoF O W 1 EOB Y L% L T s g
O)Vgﬁ%h_‘fi—@&}{ﬁcik‘/%/féi’%—:y%
RO RN BRI S A L I W SIS A G G
Ko g::ciff\/\%@l4’%F'Eﬁf:’fx’_o)bz;tw@\\,m.
Lo T CHEOEEEAE SRSy L -
e S o g B EE MY R ) E o S
g RSN SRk g B Y m B oy oo BB

E Vﬁﬁﬁ@gjﬁgﬁﬁﬂbi%&#ﬁf‘{gk;ﬁb)%%{
e t{zkbiﬁlﬁﬁ'ﬁ#ﬁt%?—;—ﬁ@ﬂza,j;bl—g’-”@ﬁ’%
< 7 Fo gl EaE A3 T Ly kg LSS B
TR NN DUNE I i A I
=T T A R R A U PO BONER VI S
2 A L gy g M E ST RS s L or ke
7, R z 3 g‘yfﬁi:‘;f%g&lfgé PRz E
=7 QOD = O’;EDA%%M]}LK“ 2 NS
Y7 RN TR QSR E oM g >l 5
] fi oL < Lok 2V w25 2z
i T - B TR R =T i A 7 M
= N 7 T T;Zﬁ’?}i\%f:%“/ > ]“>)
» 3 5 HE Lo FE et 2 "2 F B
— G ok ZEw L SE g AT R L TR I
5 a8y zuoms g A
A A A N R - S
Ly kh Wik ssEe 2B oo 77
AR B T I N R G B )
A R R R N S S A S
WA on 25 s S H s i - B o &
O LR ARG VRS o ® = SR

HEPERE  TEROSO I (0 A ST

EEEHRHEOIFNT UL VT [ BSF |
SOME — S S FFERE — YN

Bk o8¢

chair in physics at the university in Giessen.

In Giessen, Réntgen received a salary of 5,000 marks per year in addition to the student
fees he collected. Primarily due to the large number of medical students participating in physics
courses, the total income from attendance fees approximately equaled his salary. Each student had
a course register, which the professors signed at the beginning and end of every lecture cycle as a
proof of participation. Réntgen’s working conditions at Giessen in terms of space improved with the
completion of the new university building on Ludwig Street in 1880. There he could now use the
lecture hall and laboratories. The five laboratory rooms measured together about 110 square meters
(about 1,184 square feet).

During his time in Giessen, Réntgen investigated the optoacoustic effect in gases. By
shining modulated light on gas, he was able to generate acoustic waves. Part of these experiments
followed experiments by Alexander Bell (1847-1922), who investigated optoacoustic phenomena in
solids. These experiments formed the basis for photoacoustic spectroscopy, by which the molecular
composition of gases can be analyzed. As the years went on, Rontgen refused offers of positions at the
universities of Jena (1886) and Utrecht (1888).

In 1888, Réntgen proved the existence of the displacement current predicted by James C.
Maxwell (1831-1879) as part of his electrodynamical theory (Maxwell’s equations). This experiment

made him immediately famous.

T o S CRERRS

~
P2

MZE G > R8N FlR | A4Eara

TN EREEY O MIBENS T (BETIE TN V) AT UCH—

S HOXIANCRENIN AR . GUL TV AHT >

BIESIERWE & — S BN\ GRS > |

034

BREBENEF =R IUERARSBRE YTV T

[
* N




E oMK o| P H O H K QTEPJ: Bo7 Y 13
'EBEEREEERE S NN S0 i
FonpE B 2 A gFc o B SR
2T fEp ok > xm N 5 P HE I
T Lo kLA ms o x b Xy W
Doze fE € B C SR 3% @z o@oam Moo g
LA - A R S A -
S [ A N T R R B SO S 2 E ¥ R 0 g a N
2 A H T HDIE AL OF ¥ IR B - a D
[ R S A O N S S S A
Eﬁ::?nfﬁ"77{’}f WO 7 oy ﬁ
LUZOOZ)%??;:“/‘)I/‘/ G g
< T EY ] oza fFihog 5 M
R 7IRER R NS 7 no % 7
oo & S 3o oy oy CH y -
VAR - R 2 K8 FIRA
T N, e L 0)75) Li%yf&k‘ 7‘ I E S A {b\g . ¥§
b sfl® wor F iy %E ﬂ N ’?3 @J ‘E % % . Z . 7"L @ ﬂ N 515
AT kR E B v g - H x T
Bo@mmgador )] oz ¢ 2 E
NN SR - AN - PR P i b T
W 72 5 m o L 5 % 5 v = & % 3 B
oo b el T4 Ty kY 7 7
T oagE®EY sy T 7
é:r&)%%t"vf);‘/;/( < = z M
- 1 T2 o v | R < z -
=g oLl 5oL T ¥ ”
: A N IR R AN = |
Tk E R oV E EE 2 —~ 2
S ey P oF o 1 /
fil%%’ﬁﬁ,%‘/ggv A
R - P [ A el S el 7 —
rTHTT) EES Y RN N
§ : : ok 2 LB o 0 T 7
d L ] LWL E YT b b
— 1 togen ez b N D N 7 D
4 y o T !
p I
ol b
== ==
g = -i?.l;" s | -.—r-—. F ﬂ T.? TS - q 13 . .
el g | =1 ~AUE] g Floor plan of the Institute of Physics
— 31 ey Il -, B |
P oo [ g S ‘-! '-hlll T . '_' Friedrich Kohlrausch / 1875 / Paper, cardboard and frame / W350 x L500 / University Archives Wiirzburg
| e "'. I | 1 ":
brentinsie 1. it | it i Top: top floor professor apartment
. F— -'e!::. Jea am \ #1 P == A Center: ground floor with X-ray discovery laboratory (8), professor office (7), lecture halls (1-4)
j E i R Bottom: basement with workshops, laundry facilities, and coal cellar
The building was constructed according to the plans and opened in 1879.

In 1888, Réntgen left Giessen to accept an offer by Julius-Maximilians-University Wiirzburg. Here Réntgen was
succeeding Friedrich Kohlrausch (1840-1910) as physics chair and head of the Institute of Physics. Kohlrausch was a
brilliant experimenter and, most importantly for Réntgen, had planned a state-of-the-art building for the Institute of
Physics at Pleicherwall in Wiirzburg, including a special construction to minimize vibrations, the effects of electric
fields, and so on in order to permit high-precision measurements. It also incorporated space for teaching, experiments,
workshops, and living quarters for the professor and his family. The entire building, including the living quarters, was
connected to the city water mains and sewage system. Having already arranged for a gas connection, Kohlrausch was

able to install a gas motor with a generator to secure an independent electricity source.
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Photograph of the Institute of Physics

ca. 1885 / Photograph / Institute of Physics, University of Wiirzburg

The building was opened on November 8, 1879, by Kohlrausch, exactly sixteen years before the
discovery of X-rays took place in the raised ground floor laboratory of the left wing.

15 *
Facade of the Institute of Physics

Wilhelm Conrad Réntgen / July 6, 1897 / Print and handwriting on paper / W600 x L305 /
ARS 3235, University Archives Wiirzburg

In this sketch by Rontgen, the facade of the Institute of Physics is represented with the addition of
a new lecture hall marked on the left-hand side. Rontgen started to teach and do research in the
building in 1888 and it is here that the discovery took place. The street in front, at that time called

Pleicherwall, was later renamed to Réntgenring in his honor.
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16 *
Roéntgen in the lecture hall in the Institute of Physics, Wiirzburg

1890s / Colorized photograph / Réntgen Memorial Site

Réntgen enjoyed his time in Wiirzburg very much. He was a dedicated teacher. Due to the increasing
numbers of students, the lecture hall was extended. In the late nineteenth century, Wiirzburg had
approximately 60,000 inhabitants and more than 1,500 students, of whom some 200 attended

lectures on physics.
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Réntgen continued his research on the influence of pressure on various physical constants.
The special place that water has as a solvent of many substances and its peculiar characteristic of
increasing in volume when frozen had caught the interest of many physicists. Réntgen also tried to
explain its structure with his analyses.

Other fields of physics interested him, too, as revealed by the physical apparatus inventory
lists showing the years of purchase. In 1889, Réntgen purchased for 733 marks a double electrostatic
generator, or influence machine, for the production of high tensions, and in 1892, bought two
instruments for visualizing Hertzian waves, both of which were probably intended for lecture
demonstrations. In the same year, a mercury air pump developed by August Raps (1865-1920) was
obtained for 327 marks, which had the ability to produce a powerful vacuum. This acquisition
indicates his move toward a new field of research investigating the effects on objects under vacuum

conditions.
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17 *

Roéntgen’s laboratory in Wiirzburg

1890s / Photograph / Réntgen Memorial Site
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Wilhelm Conrad Réntgen / 1888-1900 / Notebook with handwriting / W480 x L290 x D25 /
University Archives Wiirzburg
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mail book. It was mainly used for correspondence with companies and partners; orders for

instruments and equipment for the Institute of Physics can be tracked using the entries. In the days
of the discovery, there was also lively contact with companies, Réntgen complained about a delivery
of accumulators, and he placed several urgent orders for barium platinocyanide. In addition, he
requested with extreme urgency several custom-made tubes designed by him personally, insisting that
the tubes should contain as little lead as possible and have aluminum electrodes. In order to illustrate

his wishes, he added hand-drawn illustrations to the orders.
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19+
Portrait of Rontgen as Rector Magnificus of Julius-Maximilians-University

Wiirzburg

1893-1894 / Photograph, damaged in World War IT / W205 x L245 / University Archives Wiirzburg

As in Giessen, Rontgen served on various academic committees at University of Wiirzburg. In 1893,
he was elected to the university council and signed, among other things, Theodor Boveri’s (1862-1915)
appointment to a chair in biology. On July 12, 1893, he was elected rector of the university for the
period of one year, starting in October. It was a tradition for the rector to open the academic year
with a major inaugural speech on the founding day of January 2. Réntgen’s speech was about “The
History of Physics at University of Wiirzburg.”
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20
Auditorium Maximum (Réntgen standing at the front right hand side)

1897 / Photomontage, cardboard / W645 x 1525 / University Archives Wiirzburg

Réntgen’s term as rector was rather uneventful. This historical photomontage gives a general
impression of the academic traditions and the image of the scholar at the end of the nineteenth
century. The rector for 1896, Herman Schell (1850-1906), stands in the center; to the left is the
anatomist Albert von Kélliker (1817-1905); Réntgen is off to the right. Behind the rector are the two

bedels carrying the ceremonial maces symbolizing papal and imperial privileges.
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Rontgen’s X-ray tube
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Date unknown / Metal, glass / W110 x L295 x D160 / University Archives Wiirzburg

Discovery of the X-Rays
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Réntgen investigated the emission of gas discharge vacuum tubes with which cathode rays could
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experiments required a suitable vacuum tube, a pump to evacuate the tube and create a strong
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vacuum, and a high-voltage generator to observe the effects from the cathode rays.
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Gas discharge tubes, with which cathode rays are generated, contain electrodes connected
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to positive and negative voltage and can be evacuated. When a sufficiently high voltage (50kv or
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more) is applied to an evacuated tube, the tubes start to fluoresce near the electrode connected to the
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positive voltage (that is, the anode). The florescence pattern exhibits shadow effects due to the anode,

¢

as would be expected for rays that are emitted by the negative voltage electrode (the cathode). Cathode
rays had been discovered in 1869 by Julius Pliicker (1801-1868). They were the subject of intense
investigations by various scientists including Heinrich Hertz (1857-1894), Hermann von Helmholtz
(1821-1894), and Wilhelm Crookes. Johann Wilhelm Hittorf (1824-1914) discovered that cathode
rays could be deflected by magnetic fields. Philipp Lenard (1862-1947) designed, among other tubes,
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one in which a special thin window allowed the detection of cathode rays outside the tube. Without
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similar precautions, cathode rays would stop after very short distance. In 1897, Joseph John Thomson
(1856-1940) showed that cathode rays were due to negatively charged particles—until then, unknown

electrons.
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22
A Ruhmkorff coil, or induction coil, as used by Rontgen

1890s / Wood, metal / 1500 x W180 x H350 / Institute of Physics, University of Wiirzburg

An induction coil, also known as a Ruhmkorft coil, was used to generate high voltage. It consists of
two concentric coils, the primary coil of thick wire of hundreds of windings and a secondary coil of
thousands of turns of thin wire. Both coils are installed on a common soft-iron core and carefully

isolated from each other. When the first coil is fed with a self-interrupting electric current, the second

SECTION 3 Discovery of the X-Rays

A OB L % N B N i
ok OH v oo ko w T X B
0 M b & W 2 F o a 2 [ L oH
T F 0 T < FE A4 S D Kk oa
0 W Y 3 o oo o Wopgoc g
SHE M B X BB A oo
L x vl # s EREAR P o~
B oD s E N w g T
IR O SN R
A S A I T R
o HEm T gg g0l
50 o F oo v ko E g S
NN B g E Lo
Tﬁ%k%% ‘@,‘?’ﬁ%o)b):ﬂlb
S XEEZB% 25 R v g ¢
so L mm ek s g L
AR I S A R N
o Tma o S0 ey
o B E s W oe g TR
T BB o T E ) o
R A £ - T S T )N
m 75 E o 4oy 5 T
wo o AEBE oL v~ i
L% 2 0¥ m o T oo Mg oa
A ARANONE BN O N A VA
TR S - - I R W
F 5 v A S s E R @M oe L
A s m ook %
oo, Ly BEalE U
ko B2 g iV S
o x B W z < ® a4 7
A ) » T F K
3 it z Z % 3
. ) W N S L T L 4
}1/,/_«;:1-,7":7?4:.‘ Yﬁérﬁ‘fﬁﬁ&)
FWw gt m LRy o
]@D\ o s D b Ohb)ﬁg

coil produces, like a transformer, a much higher voltage of over 10,000 volts. Wires are connected
to the two rods from where they lead to the anode or cathode of the tube. The current produced is
fluctuating and only flows during discharges, thus causing experiments to be interrupted between
discharges.

In order to observe gas discharge effects like cathode rays, the high voltage between anode
and cathode has to be supplied to an evacuated tube. The evacuation removes a large part of the air
molecules from the volume enclosed by the tube. In the case of the mercury pump (a Raps vacuum
pump) purchased by Réntgen for his experiment, only about one out of a million molecules of the
ambient air remains in the tube after several days of evacuation. This reduction of the number of

molecules allows particles accelerated between the cathode and anode to gain their maximum energy.
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23+
Experiment setup used by Rontgen, ca. 1896

1896 / Photograph, damaged in World War IT/ W210 x L160 / University Archives Wiirzburg

The photograph shows the experiment setup used by Rontgen for his experiments in 1895. The
induction coil is located on the left of the photograph, the tube with cathode and anode connections

to induction coil in the center, and the vacuum pump to evacuate the tube on the right.

SECTION 3 Discovery of the X-Rays

7z

iR —
t AN
B AN

SeAEESIE A O RE

T A g A e ER e

ANV
LCOEABMSRCRCNIE L7V  BOZEOTIMHESH X FCBETHS

O STHON O U EAREEC CEHINT UL TUCT  EEEOT I A
ESEEES O T BRI O WM T

N7 L AEFOFHRS M A LERIMTFFOHTFAOMN Y N BT

O 0 (ST o ¢
=T BNITTCAFCHEA SEBRERES (T URTUT RS

IO S A BT IRE T XS

ACHERET UL 7V O THCRERANESETED TR0 st

<
%

SO
SN ANV S HEE ARV IHE S THE, S s S T EDT A A

SErEEOSRFRTFOHRER Towd ATuIEREA
R CREENER LSOOI NU RS ONS TR e UEHE O 08t

W r—x | FESEESEORNE oW AUETRERRT - (1

pi=i

FEOEE SIS LRI | ERUNVAET ST ASTEA RS

ABEBONSOEXERTHEER AITRCFEARS (TSR SO R

AXSFHAFAHTHER T
REHDMABT — T HNSOEERE TS FONERA ) S Moy ¥ neEE

ACEABETTSEIC T M IBTHHNI (( FCUBRIENEET YT
Bt OO SEREM S CHES VI 7V O AT SNBSS |

CEIUITUC [ THEINT ACRMBIAMEN oo | 8

FOTEIWEMBEOMEZTHID [ Fow

=

A

[ fis

\° f

HE Iz

ot A L
v % S i
2 D wov W Iz

With this setup, Rontgen studied the properties of gas discharges in evacuated Hittorf,
Lenard, and Crookes tubes in fall 1895. For his experiment, Rontgen covered the entire tube with
light tight black cardboard in order to suppress the fluorescence from the cathode rays at the inside
of the tube, or, more generally, all conventional light emitted from inside the tube including its walls.
The laboratory was kept in darkness so as also to observe faint emission effects from the tube.

On November 8, 1895, while working in his laboratory, Réntgen discovered a new kind of
emission, which he called “X-rays.” Although the cathode ray tube was completely enclosed by a light
tight wrapping, he observed fluorescence on a paper covered by barium platinocyanide on one side.
The fluorescence occurred regardless of which side was facing the cathode ray tube. It was observable
at distances up to one meter between tube and paper. This excluded cathode rays as the origin. As
there was also no possibility for light to leave the light tight enclosure of the tube, Réntgen concluded
that he was observing a new kind of radiation.

During the following weeks, Réntgen dedicated himself to conducting further experiments
with the new kind of rays. It is reported that for several days after the discovery, he spent all day and

night in the laboratory, eating his meals and even sleeping there.
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24*
Rontgen with one of his X-ray tubes, 1896

1896 / Photograph / German Réntgen Museum, Remscheid

‘The properties of the rays resulting in the fluorescence of the barium platinocyanide screen discovered
by Rontgen on November 8, 1895 were incompatible with known properties of light and cathode
rays.

During the following wecks, Rontgen investigated the properties of the new type of
radiation to a high degree of completeness, confirming his outstanding skills in experimentation. As

the intensity of the radiation fluctuated quite strongly in the early experiments, Réntgen monitored
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the radiation intensity carefully for intensity sensitive experiments.

Réntgen carried out a large number of experiments on the new radiation’s ability to
penetrate all kind of substances. After having already established qualitatively that the rays can travel
through a 1,000-page book, glass, wood, and various metals, he then set out to make quantitative
statements about transmission. Since he did not yet have the means to measure the intensity of the
invisible rays and the operation of the X-ray tubes was not always stable, he examined two different
substances simultaneously with each exposure to work around these fluctuations.

The attenuation processes due to interactions of the new kind of rays with matter were
of particular interest to Rontgen. He had found out the rays were only weakly attenuated after
passing through distances of several meters in air. They could also be observed after passing through
books and optically opaque media of considerable thickness. The following three figures (26, 27, 28)

correspond to findings reported in Réntgen’s first publication on X-rays.
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Tin sheet consisting of varying number of layers arranged in a stripe pattern

Wilhelm Conrad Réntgen / Date unknown / Layers of tin foil behind glass / W170 x L150 /

Institute of Physics, University of Wiirzburg

26

X-ray transmission through a varying number of layers of tin foil

Wilhelm Conrad Réntgen / 1895 / Radiograph, cardboard / W160 x 1230 /
University Archives Wiirzburg
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As part of this investigation, Rontgen established the exponential attenuation of X-rays by matter. In
order to investigate this, he used a sequence of tin layers based on a varying number of tin foils. The
stripes are formed by one layer of tin foil on the right and left sides of the metal sheet. As they move
toward the center, the number of foil layers forming the stripes thickness increases by one additional
layer per stripe.

The influence of this change of thickness on the transmission of X-rays is shown in fig.
26. As seen on both sides, a single sheet of tin foil is almost transparent when radiographed. With
increasing number of layers, the transmission of X-rays is strongly attenuated. The number of layers
of foil that the radiation is able to penetrate at a constant time of exposure and identical development
provides a scale for penetration strength and intensity. This is the basic principle behind the
commonly used modern-day film badge or photographic dosimeter that people working with X-ray

equipment wear.
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Radiograph of different materials such as glass, aluminum, calcite, and quartz

Wilhelm Conrad Réntgen / 1895 / Radiograph, cardboard / W160 x 1.230 /
University Archives Wiirzburg

Réntgen also tried to compare the transmissivity of different materials with respect to the newly
discovered rays. In the experiment depicted in fig. 27, he recorded X-ray transmission through
glass, aluminum, calcite, and quartz platelets of nominally the same thickness. Réntgen discovered
that calcite platelets were far less transparent than fragments made of other materials, but also
that the transmissivity of an object correlated inversely to the density of the object. The denser the
material, the more difficult it would be for rays to pass through it. By taking photographs, Réntgen

documented every important observation.
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28
Radiograph of the hand of Anna Bertha Rontgen

Wilhelm Conrad Réntgen / December 22, 1895 / Radiograph, cardboard / W125 x L175 /
University Archives Wiirzburg

On December 22, 1895, Réntgen continued his experiments on the transmission of X-rays though
matter by exposing the hand of his wife, Anna Bertha, to the rays. Fig. 28 is a photograph of the
fluorescence intensity of a barium-platinocyanide-covered paper on which the shadow of Anna
Bertha’s hand is seen, which was placed between the X-ray tube and the paper. The bones of her hand
as well as the wedding ring are clearly visible. A single image of this type required between five and
ten minutes of exposure as well as several readjustments during that exposure period.

Made of calcium phosphate and calcium carbonate, bones are significantly more absorbent
than fibers containing higher proportions of water and compounds of hydrogen, carbon, oxygen, and
nitrogen, and lesser amounts of phosphorous and sulfur. For this reason, silhouettes of the bones can
be seen on a radiograph.

This image was distributed together with “On a New Kind of Rays,” the initial report
submitted by Rontgen for publication on December 28, 1895. It clearly indicates the huge potential

of X-rays for medical applications.
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Radiograph of one of the first X-ray experiments: metal coil in a closed box

Wilhelm Conrad Rontgen / 1895 / Radiograph, cardboard / W160 x L230 /
University Archives Wiirzburg

In order to explore the properties of the X-rays further, during the following weeks Rontgen
continued research on the attenuation of X-rays in different materials and in zoological objects. His
production of the radiographic image of a door opened a new era for X-ray examination of paintings.
Réntgen noticed that x-rays distinguished between substances of various absorptiveness. He learned
that one section of the door had been painted with a paint containing white lead, resulting in a
particularly high absorption.

This radiograph capturing an X-ray of a coil in a closed wooden box is the result of one of
Réntgen’s very first experiments with X-rays. The coil’s position and shape within the box is clearly
visible. This early radiographic image indicates the potential of X-rays for device in-spections by
allowing identification of various components and their placement within a sys-tem without the need

to dismantle anything.
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Metal weights in a wooden box

Date unknown / Metal weights in a wooden box with velvet case / W120 x L90 x H40 /

Institute of Physics, University of Wiirzburg

31

Photograph of X-rayed objects: weight measure set in a closed wooden case

Wilhelm Conrad Réntgen / 1895 / Radiograph, cardboard / W120 x L90 / University Archives Wiirzburg

In this early radiograph, Réntgen shows the interior of a closed wooden box in which several mass weights seem to be
arranged according to their size. The ability to see through solid objects “sometimes offers a very special attraction,”
wrote Réntgen. X-rays continue to be used for this purpose, for example at airport baggage security checks. Fig. 30
shows the setup for the radiograph depicted in fig 31.
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32
Radiograph of a fieldfare (Turdus pilaris)

Date unknown / Radiograph, cardboard / W250 x L325 / University Archives Wiirzburg

33
Radiographs of a frog and lobster

Date unknown / Radiographs, cardboard / W325 x 1.250 / University Archives Wiirzburg

As Rontgen explored the possibilities of his discovery, he also conducted X-ray experiments on
animals. The images in fig. 33 show a frog and a lobster, both with their skeletal structures clearly
visible. The duration of radiation exposure when capturing an image was very important, as Réntgen
likely had already found out. Both overexposure and underexposure would negatively impact the
quality of the image. With this in mind, Réntgen had noted the duration of radiation exposure under

both the images: seven minutes for the frog and five minutes for the lobster.
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- Roéntgen’s preliminary report to the Wiirzburg Physical-Medical Society

Wilhelm Conrad Réntgen / December 22, 1895 / Ink on paper / W145 x 1.220 /
University Archives Wiirzburg

o '.1.1

On December 28, 1895, after several week of intense research, Rontgen submitted a manuscript
on his findings to the journal of the Wiirzburg Physical-Medical Society: “On a New Kind of Rays

(Preliminary Notes).”
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Am 28, Dezemher wurde als Beitrag eingereicht: E
W. C. Rintgen: Ueber eine neue Art von Strahlen. R ] i
(Vorldufige Mittheilung.) Ue o K Fs
1. Liisst man durch eine Hittorfsche Vacuumriéhre, oder W /Zg ; g,:)
einen’ geniigend evacuirten Lenard'schen, Crookes'schen oder dlin- 4 fis L W

lichen Apparat die Entladungen eines grisseren Ruhmkorfs gehen
und bedeckt die Réhre mit einem ziemlich eng anliegenden Mantel
aus diinnemn, schwarzem Carton, so sieht man in dem vollstindig.
verdunkelten Zimmer einep in die Ndhe des Apparates gebrachten,
mit Bariumplatincyaniir angestrichenen Papierschirm bei jeder
Entladung hell auflenchten, flucresciren, gleichgiiltig ob die an-
gestrichene oder die andere Seite des Schirmes dem Entladungs-
apparat zugewendet ist. Die Fluorescenz ist poch in 2 m Ent-
fernung vom Apparat bemerkbar.

Man iiberzeugt sich leicht, dass die Ursache der Fluores.
cenz vom Entladungsapparat und von keiner anderen Stelle der
Leitung ausgeht.

2. Das an dieser Erscheinung zunidchst Auffallende ist,
dass durch die schwarze Cartonhiilse, welche keine sichtbaren
oder ultravioletten Strahlen des Sonnen- oder des elektrischen 35*
Bogenlichtes durchldsst, ein Agens hindurcbgebt, das im Stande
ist, lebhafte Fluorescenz zu erzeugen, und man wird deshalb wohl
zuerst untersuchen. ob auch andere Kérper diese Eigenschaft
besitzen.

Man findet bald, dass alle Kérper fiir dasselbe durchlissig

sind. aber in sehr verschiedenem Grade. Einige Beispiele fiibre
ich an. Papier ist sehr du:ch]issig :1) binter einem eingebuu- 1896. He had enclosed some of the very first X-ray photos, including the one of his wife’s hand. From

First publication about X-rays

Wilhelm Conrad Réntgen / December 28, 1895 / Journal of the Physical-Medical Society of Wiirzburg
Réntgen sent around a hundred preprint copies of his report to friends already on New Year’s Day,

then on, the sensation spread quickly in the press: after the first newspaper coverage in Vienna’s Die
. I]_ ”“t‘ "D"f‘hlh’_i‘k'it" eines Kdrpers bezeichoe ich das Verhiltoiss der Presse on January 5, 1896, the report was sent to London by telegraph, where it was published the
HOelligkeit eives dicht binter dem Kérper gehaltenen Floorescenzschirmes zo der-

jenigen Helligkeit des Schirmes, welcher dieser nnter denselben Verbiltnissen aber
ohoe Zwischenschaliong des Korpers zeigt. the news had already made it to American newspapers by January 8.

following evening in the London Standard as a “marvelous triumph of science.” Via submarine cable,

By the end of the month, Réntgen’s report also made it into prestigious scientific journals.

A translation of the Wiirzburg Physical-Medical Society article was published in Nazure on January
23, 1896, followed by L’Eclairage Electrique (February 8, 1896) and Science (February 14, 1896).
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38 *
German Emperor Wilhelm IT

ca. 1887 / Photograph / Imperial War Museums

39*
Telegram from Emperor Wilhelm II to Réntgen

Emperor Wilhelm I/ January 11, 1896 / Telegram / German Réntgen Museum, Remscheid

“His Majesty would like to hear Your Excellency’s lecture tomorrow, Sunday 5 o’clock at the Sternsaal

of the local castle — von Arnim, Adjutant in Charge.”
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On Saturday, January 11, 1896, the newspapers announced that Réntgen had received an
invitation from the German emperor (the Kaiser) to give a presentation on his new discovery on Sunday
afternoon at the royal palace in Berlin. The emperor was very interested in science and in technological
developments. As crown prince, he had personally presented to the court a phonograph invented by
Thomas Edison (1847-1931), after having been initiated into the instrument’s secrets by a company
representative.

The imperial invitation also attracted the attention of the international press. On January 19,
the New York Times reported that “Emperor Wilhelm had Prof. Réntgen to rush from Wiirzburg to
Potsdam to give an illustrated lecture to the royal family on his alleged discovery of how to photograph
the invisible.” Only a week later, the same newspaper summarizes: “Rontgen’s photographic discovery
increasingly monopolizes scientific attention. Already numerous successful applications of it to surgical
difficulties are reported from various countries, but perhaps even more striking are the proofs that it

will revolutionize methods in many departments of metallurgical industry.”
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American companies offered him a lot of
however, never filed a patent. It was more

The news also made it to Japan. In 1896, several reports were published in Japan. Despite the global
important to him that the new rays could be used quickly everywhere for the benefit of all people

The meeting of the Physical-Medical Society in Wiirzburg

August 5, 1896 / Newspaper / Asahi Shimbun, Tokyo edition
fame, Rontgen remained a scientific idealist all his life.
money to exploit his discovery. The ever-modest Rontgen,
January 23, 1896 / Colorized photograph / Réntgen Memorial Site

instead of marketing them to his advantage.

Newspaper report from Japan
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Hand des Anatomen Geheimrath von Kolliker in Wiirzburg.

Im Physikalischen Institut der Universitit Wirzburg
am 23 Januar 1896 mit X-Strahlen aufgenommen

won

Professor Dr. W. C. Rintgen.

Verlng der Stuhelschen k. Hol- gml Universitite Bach- sl Ransthondbung m Wirsbuorg.
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42
Radiograph of the hand of Professor Albert von Kolliker

Wilhelm Conrad Réntgen / January 23, 1896 / Radiograph, copy in a magazine / W210 x L295 / University
Archives Wiirzburg

The only public lecture Réntgen ever held on his discovery was for the Wiirzburg Physical-Medical
Society and took place on January 23, 1896 in the auditorium of the Institute of Physics. He
demonstrated the effects of the new radiation with numerous experiments and handed around his
radiographs of the wooden spool, the measure set, and his wife’s hand. In conclusion, Réntgen
asked the Chairman of Medicine, His Excellency Albert von Kélliker, a privy councilor, and
anatomy professor, to allow Réntgen to photograph his hand with the new radiation. The exposure
was apparently developed immediately at the institute and the sharply focused radiograph was
shown to attendees. In expressing his thanks, von Kélliker noted that in the forty-eight years of his
membership of the Wiirzburg Physical-Medical Society, he had never witnessed such a splendid
and important presentation as at that meeting. He closed his speech by giving three cheers to the
discoverer with the entire audience enthusiastically joining in. He then proposed that in the future

X-rays be called “Réntgen rays,” which was greeted with a rousing ovation.
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Doctor honoris causa of the Medical Faculty, University of Wiirzburg

vy

Medical Faculty Wiirzburg / 1896 / Parchment / W500 x L700 / University Archives Wiirzburg
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The discovery of X-rays immediately spurred researchers worldwide to use the new rays in different fields

including physics, medicine, and material analysis. As the application potential especially in medicine became
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evident, several companies started in 1896 or shortly after to develop systems for X-ray inspection of humans.

S

Both the importance for further scientific discoveries as well as for new applications, made Rontgen

internationally famous and he received various scientific and political or royal honors. What follows are just
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selected examples of these honors according to the year in which they were awarded. For a more complete list,
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see the Réntgen biography by Otto Glasser (1895-1964), which counts a total of eighty-nine awards that were
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given to Rontgen.[1] Due to its outstanding importance, the first Nobel Prize in Physics, which was awarded
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to Réntgen in 1901, is treated separately in the next section.
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The Faculty of Medicine of University of Wiirzburg conferred to Rontgen its highest honor, the
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title of doctor medicinae honoris causa, signed by the Dean, Prof. Dr. Karl Schoenborn (1840-1906). Very

(E

remarkable is the speed with which this happened: Rontgen received this title on February 15, 1896, about
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three weeks after his presentation at the Physical-Medical Society in Wiirzburg.
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[1] Otto Glasser, Conrad Wilhelm Rintgen and the Em‘/y History oft/]e Rontgen Rays, San Francisco: Normal Publishing, 1993.
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44

Letter of thanks to Réntgen from student fraternities in Wiirzburg

Franz Scheiners Kunstanstalt Wiirzburg / January 1899 / Leather, parchment, and fabric,
handmade and gilded / W270 x L500 / University Archives Wiirzburg

Though not formally comparable to the honoris causa degree, a clear indication of the extraordinary
esteem with which the students of University of Wiirzburg held Rontgen is a document in which they
thank him for not leaving Wiirzburg to accept a position in Berlin. The Wiirzburg student fraternities
extended their gratitude to Réntgen for declining a position offered to him at Berlin University with

a torchlight procession and an exquisite letter.
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The artwork shows a woman holding a palm leaf and a laurel wreath in her left hand. The
palm leaf is a symbol of martyrdom in Christianity, but can also mean eternal life. In her right hand,
she holds a book with the coat of arms of Julius-Maximilians-University Wiirzburg. The woman
looks at a picture of the Institute of Physics, which is decorated with Réntgen’s name in golden
lettering. The flags of the Kingdom of Bavaria and the Empire are depicted on the building.

In the lower part, there are technical drawings of Réntgen’s experiments. The experiment
setup is shown on the right side by means of a small induction coil below the coat of arms. The
X-ray of the hand of his wife Anna Bertha is shown next to it. At the woman’s feet, on the left, is the
experiment setup for Réntgen’s research. On the bottom left is the primary coil of a Tesla generator,
which was used by him to demonstrate that X-rays can also be generated with this device. At the

bottom of the letter of thanks are the coats of arms of the student associations.
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45*
Rumford Medal certificate of the British Royal Society

1899 / Parchment and sealing wax / W465 x L650 / University Archives Wiirzburg

The Rumford Medal is one of the oldest awards granted by the British Royal Society, given to
scientists who have made important contributions to science. The medal was endowed in 1796 by
Benjamin Thompson (1753-1814), also known as Count Rumford of the Holy Roman Empire. Since
1800, the medal has been awarded every second year to outstanding physicists. The award, comprised
of asilver gilt medal and a grant of £2,000, has been conferred to over one hundred scientists.

Crediting Rontgen’s “investigations of the phenomena produced outside a highly exhausted
tube through which an electrical discharge is taking place,” the award was given to Rontgen in 1899.
Other awardees of note include Ernest Rutherford (1871-1937), Heinrich Hertz, and James Clerk
Maxwell (1831-1879).
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1889), who became the tenth president of Columbia University in 1864. Awarded every five years until its

46~ cessation in 1985, the medal honored physicists and astronomers who, during the same five-year period,

Columbia College Barnard Medal had discovered something of significant benefit to humanity. The discovery was to honor discoveries of
global importance and there were no restrictions on nominee nationality, permitting the Dutch-German

Tiffany & Co., New York; Columbia University in the City of New York / 1900 / Solid gold / Rontgen to receive the medal in 1900.

W130 x L130 x H150, D80 / University Archives Wiirzburg 'The front side of the medal is adorned by the figure of Columbia holding a laurel wreath in one
hand and oil lamp in the other, where she is flanked by two river deities. As per Barnard’s wishes, “Magna

Overseas, Rontgen was awarded, for example, the Barnard Medal for Meritorious Service to Science by est veritas” (great is the truth) is inscribed above Columbia’s shoulder. The reverse side of the medal reads

New York City’s Columbia University. The medal is named after Frederick August Porter Barnard (1805- “Deo optimo maximo, gloria in excelsis” (to the Lord, the best and the greatest, be glory in the highest).
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47 *

Hermann von Helmholtz Medal

Royal Prussian Academy of Sciences / 1919 / Solid gold / W130 x L130 x H140, D90 /
University Archives Wiirzburg

The Prussian Academy of Sciences recognizes individuals who make outstanding contributions

to sciences, especially natural science, with the Hermann von Helmholtz Medal. The award was

endowed by von Helmholtz in 1891, on the famous scientist’s seventieth birthday.

In 1892, von Helmholtz himself nominated the first four prizewinners. Réntgen received
the award in 1919, having distinguished himself as a preeminent scholar in the field of physics. Since
1994, the medal has been awarded once every two years.

The medal depicts its namesake on the front, accompanied by the inscription of von
Helmholtz’s name. On the back, Rontgen’s name and the year of his award is encircled by a laurel

wreath.
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Letter informing of the honorary membership awarded to Réntgen by the German Physical Society

German Physical Society / 1919 / Paper / W520 x L670 / University Archives Wiirzburg

Ist line, left to right: Arnold Sommerfeld (1868-1951), Emil Warburg (1846-1931), Heinrich Rubens (1865-1922), Max Planck (1858—
1947)

2nd line, left to right: Eugen Jahnke (1861-1929), Karl Scheel (1866-1936), Eugen Goldstein (1850-1930), Wilhelm Westphal (1882—
1978)

3rd line, left to right: Franz Kiebitz (1878-1962), Adolf Képsel (1856-1933), Reinhard Siiring (1866-1950), Gustav Hertz (1887-1975)
4th line, left to right: Fritz Haber (1868-1934), Hans Adolf Boas (1869-? ), Max von Laue (1879-1960), Albert Einstein (1879-1955)

5th line: Otto Krigar-Menzel (1861-1929)

In 1919, the German Physical Society conferred honorary membership on Rontgen. Established in 1845 and with a
membership presently numbering around 60,000, the German Physical Society is recognized as the world’s oldest and
largest organization of physicists. It is not so much the content of the letter, but rather the scientific significance of its
signatories, that accounts for the historical value of this document.

The letter is signed by the members of the board of the German Physical Society. Endorsed by persons such as Max
Planck, Max von Laue, Fritz Haber, and Albert Einstein, the letter attests to the lasting recognition of Réntgen’s discovery

by his contemporaries.
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“In this house, W. C. Réntgen discovered in the year 1895 the rays that were named after him”

49 *

The Institute of Physics of Unive rsity of Wiirzbu tg, awar ded “Historic Site” status On December 8, 1994, an international team led by Sigurd Hofmann at the GSI Helmholtz Centre

by the European Physical Society in 2016

for Heavy Ion Research (GSI) near Darmstadt, Germany, created an extremely radioactive element
that cannot be found in nature and can only be synthesized in a laboratory. Before 1979, using
Dmitri Mendeleev’s nomenclature for unnamed and undiscovered elements, roentgenium should
be known as eka-gold. In 1979, IUPAC had published recommendations according to which the

2016 / Photograph / Private collection

element was to be called unununium (with the corresponding symbol of Uuu), a systematic element name

as a placeholder, until the element was discovered (and the discovery then confirmed) and a permanent

50 * name decided. As suggested by the GSI team, however, it was named after Rontgen. The suggestion
. s ) . ] ) . was accepted by the International Union of Pure and Applied Chemistry on November 1, 2004.
Rontgen’s laboratory at the former Institute of Physics, University of Wiirzburg Roentgenium is a chemical element with the symbol Rg and atomic number 111,
In June 2016, the European Physical Society (EPS) has distinguished the institute where

Date unknown / Photograph / Private collection ) ) -
Réntgen discovered the X-rays in 1895 as one of just five “Historic Sites” in Germany.
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51

Order of Merit of the Bavarian Crown

Kingdom of Bavaria / 1900 / Metal and enamel / top: W50 x 180, D10, bottom: W80 x L80, D20 /
University Archives Wiirzburg

52*
Order of the Crown of Italy

Kingdom of Italy / 1900 / Metal and enamel / W80 x L130 x H150, Dia60 /
University Archives Wiirzburg

In the wake of Réntgen’s discovery, many accolades followed. Several honors were intended to
coincide with Réntgen’s fifty-fifth birthday at the end of the century. Not only was Réntgen knighted
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as part of the Order of Merit of the Bavarian Crown (which he never accepted), he also received the
Grand Commander’s Cross of the Order of Merit of Saint Michael, in addition to being awarded
membership in the Order of Pour le Mérite for Science and Art.

In 1808, King Maximilian I Joseph (1756-1825) of Bavaria established the Order of Merit
of the Bavarian Crown as a prestigious award that also provided the recipient with the right to a
noble title. The Bavarian Prince Regent Luitpold (1821-1912) alongside Emperor Wilhelm II (1859
1941) bestowed this honor upon Réntgen in a personal meeting. Rontgen was awarded the rank of
commander and was given a medal in gold. However, the physicist refused to change his name.

The insignia is an eight-armed, sixteen-pointed, white enameled cross surrounded by
an oak wreath with a medallion in the center. This shows the golden royal crown on a white-blue
thombus, surrounded by a golden, red hoop with the inscription “virtus et honos” (virtue and honor).
In the lapel is a portrait of the founder, King Maximilian I Joseph, with the inscription “MAX.JOS.
BOJOARIAE.REX.” As commander, Réntgen also received a highly decorated breast star.

Recognition extended far beyond the German borders. Italy honored the physicist with
high foreign honors. Réntgen received the Order of the Crown of Italy and became Commendatore
dell’Ordine della Corona d’Italia. The order consists of a gilt cross with curved edges, enameled in
white, with the so-called Savoy knots between the arms of the cross. The obverse central disc featured
the Iron Crown of Lombardy on a blue enamel background. The reverse central disc shows a black-

enameled eagle bearing the Savoy cross on a golden background.
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53+
The First Nobel Prize in Physics

Sophia Gisberg / 1901 / Leather, parchment, and gold / W590 x L390 / University Archives Wiirzburg

Though Réntgen received many honors in his lifetime, the most significant was the Nobel Prize in
Physics in 1901.

The origin of the award goes back to Alfred Nobel (1833-1896), who made a fortune with
his invention of dynamite in the 1860s. He donated a large part of his fortune to prizes for physics,
chemistry, medicine, and literature, all to be named after him. Due to inheritance disputes of his
family, however, the first award ceremony only took place five years after his death.

The field for the first Nobel Prize was particularly wide. As long as the discovering scientist
was still alive, all the great discoveries and inventions of the preceding decades were available
for selection. The awardees were selected by the Royal Swedish Academy of Science, based on

recommendations of external eminent scientists.
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54+

Rontgen’s letter to the Bavarian Ministry of Religious and Educational Affairs

Wilhelm Conrad Réntgen / 1901 / Handwriting on paper / W210 x 1330 /
BayHStA, MK 17921M; Archives of the Bavarian State

At the beginning of December 1901, Réntgen was informed by the Royal Swedish Academy of
Science that he had been selected to receive the first Nobel Prize in Physics.

He applied for a leave of absence at the Bavarian Ministry of Religious and Educational
Affairs in a letter dated December 6, 1901: “According to confidential information by the Royal
Swedish Academy of Science, the undersigned humbly and dutifully reports that he has received the
first Nobel Prize for the year 1901. The Royal Swedish Academy attaches particular importance to
having the prizewinners accept the prizes personally in Stockholm on the day of the award (December
10 of the current year). As these prizes are of such extraordinarily high value and are so particularly
honorable, the humble and deferential undersigned believes, albeit reluctantly, that he must satisfy
the wishes of the Royal Swedish Academy, and thus requests the granting of leave for the duration of
the following week. Dr. W. C. Réntgen.”

The letter was received by the Ministry on December 7, 1901. The request was granted on

December 8, just in time for Réntgen to travel to Stockholm to receive the Nobel Prize.
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Nobel Prize medal awarded to Rontgen

Erik Lindberg / 1901 / Solid gold / Dia70 / University Archives Wiirzburg

The award ceremony took place on December 10, 1901, in the richly decorated hall of the Royal
Swedish Academy of Music in Stockholm. After music and speeches, the director of the Swedish
National Archives paid tribute to the discovery of the X-rays, whereupon Réntgen received the first
Nobel Prize in Physics, awarded by the crown prince.

The medal shows the portrait of the founder Alfred Nobel and his year of birth and death.
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Since the design of the medals had not yet been fully determined, substitutes had to be presented
at the first ceremony in 1901. It was not until 1902, that the awardees of the previous year received
their official medals. The medal diameter is 66 millimeters (2.6 inches), with a width varying between
5.2 millimeters and 2.4 millimeters (0.2 and 0.09 inches). The front shows the profile and name of
its founder Alfred Nobel (1833-1896) as well as the Roman numeral dates of his birth and death;
the reverse shows the laureate’s name. In his will, Rontgen bequeathed the medal, certificate, and
considerable prize money of 50,000 Swedish crowns to the Julius-Maximilians-University Wiirzburg.

In addition to the award ceremony and an official banquet, it was also expected from the
awardees to give a lecture on their discovery. Rontgen, however, did not give a speech, nor did he
give an explanation for the lack thereof, as he had already left the next day. In the following years,

Réntgen was nominated five more times for the Nobel Prize in Physiology or Medicine.
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The Nobel Prize diploma in Physics is presented within a blue leather folder with gold i ?;;J: ]f < % a Q 5 ‘g D = ° 7 Eﬁé % 1z 4 EA = N
e N S A S R D oW H N R LN - T B O

ornamental embossing. The diploma itself is made of parchment and includes two pages.
The left page contains the signature of the Royal Swedish Academy of Science, under
which is written the date of the ceremony, the identification of the prize’s namesake, and
the endowment date, followed by the reason for the award as well as the name of the
awardee. The right page contains the date of issue of the certificate and the signature of
the president of the Royal Swedish Academy of Science. It also includes the seal of the
Academy and the signature of the permanent secretary of the Academy of Science.

The Swedish national colors are used throughout the diploma. The gilded leaves
and fruits are lined with resin or wax so that they appear very plastic. The fruits almost
seem like droplets, an impression reinforced by rays of gold ink.

On the second page, the experiment setup for generating X-rays is illustrated in
place of the Academy’s seal. In front of a blue background is an image of a gold-embossed
table, upon which rests a horizontally aligned vacuum tube (in the foreground), a second
device (on the left), and the induction coil’s round edge (at the back). Loose cable ends imply
the connection of the three devices and the open laboratory book with red sheets supports
the perspective view of the laboratory devices.

The seal of the Royal Swedish Academy of Science rests above the bottom portion
of the frame. It shows a gold-embossed sphere within blue oval wings and three crowns. At
the apex of the sphere is a larger sphere and, above it, the five-pointed star with an aureole
of rays. The inscription, which runs from one wing to the other, names the distinguishing
institution in capital letters: “KUNGL.WETENSK.ACAD.SIGILL.” The name of the
institution, “KONGLIGA SVENSKA VETENSKAPS-AKADEMIEN,” is written in
blue minuscule serif script. The letters appear as if set against a gold background, which
upon closer inspection reveals to be a fine lining ornamenting the letters with a shadowing
effect. The same golden shadowing effect can be seen adorning Alfred Nobel’s (1833-1896)
name and in the red-inked initials. The name of the awardee is written in the same
majuscule script as above. The original text itself is written in minuscules using golden

lines, with fracture script in sepia ink.
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56 *

Breakfast with friends at Tschierva Hut, Pontresina

September 1, 1907 / Photograph / W90 x L110 / University Archives Wiirzburg

Réntgen, a lover of nature, spent his semester break with his family and friends. Particulatly popular
with the Rontgens were destinations in Switzerland such as Pontresina or Cadenabbia on Lake Como
in northern Italy. The family always stayed in the same Hotel Bellevue in Cadenabbia and, thanks
to the friendliness of the Prince of Meiningen (1826-1914), were able to visit the garden of the Villa

Carlotta outside visiting hours.
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57 *

Rontgen with wife, niece, and circle of friends in Pontresina

Wilhelm Conrad Réntgen / ca. 1891 / Photograph / German Réntgen Museum, Remscheid

58 *
Small hunting lodge

Date unknown / Photograph / German Réntgen Museum, Remscheid

Among the physicist’s favorite activities during his holidays were self-organized automobile and
steam boat-excursions as well as mountain hikes with family and friends. Rontgen shared his passion
for climbing above all with Margret Boveri, daughter of Theodor Boveri (1862-1915), the famous

biologist, friend, and colleague at Julius-Maximilians-University Wiirzburg.

The excursions were always planned by Rontgen so that his wife, who suffered from a renal

disease, could take part and reach the destinations by car.

109 SECTION 6 Beyond Physics—Family, Hiking and Hunting 108



111

SECTION 6

Beyond Physics—Family,

Hiking and Hunting

L)E ,% Z P/ﬁ
i3 = g i
5 it o g
5 5 L O 4
?h f: . \/
LAy X D
» H
o] Iz %
< D

X
o
oA
H

T ASARE

ANIOEANCTFT A THRETHAIEZ-OEE TR
OANE 7w COEM FTEHO ) BRSO TNT AESE

SFAERBEEIACY T VOOMAINFSEW AZEIE I ) o aH
BN N7 [ TN A 30 (1 one T HERVERE ok A BERIRYTE S HI

TS A9 e S C O R IR E R O S
NIBEEX RS [N 7UT - =y

S8 T A TR THIRS (1K S H 0 H4 Nl Qb TR T o SFEFEES U &7 ¢ w U T ONSr

S SRS TSRS (TN T VT O T A DI IR IS ER RS

NN =N - AN TN T 3N\ (O [ & x OllL [ E) OOlE x OE| 12

THERNO >RICENINNE T 1) (A [ CHBRIFISBRNF I NS T

EED T TS O RS TS BEET S oI EF SR =Pt |
A CERMEERS V7 ¢ w ¢ U7 U A S eERESER SIS Sy
AT L ASERAESOET UL 7UCT LBV ) Vs maB00 |

ATOME SN CEERVY T u VORNTASHEXSEY FUgTVUT

METRA

59 *
Rontgen’s Belgian Lefaucheux double-barreled shotgun

Made in Belgium / 1850s / Wood, metal / W200 x L1200 x H100 / University Archives Wiirzburg

60+
Radiograph of Rontgen’s gun

Wilhelm Conrad Réntgen / ca. 1895 / Radiograph / W240 x L300 (W130 x L180) / University Archives Wiirzburg

After his move to the University of Munich in 1900, Rontgen leased another hunting ground and bought a stately
hunting lodge in Weilheim, where he often invited his friends from Wiirzburg. Réntgen’s love for hunting is also
manifest in his letters in which he often writes about his “beloved shotgun.”

Réntgen used this shotgun for one of his early X-ray experiments with unsatisfactory results. Only after
ordering new, more powerful tubes was he able to generate radiation that penetrated the thick metal layers. For
demonstration purposes, he irradiated his own shotgun in the presence of the Emperor Wilhelm II, who himself
was known for his passion for military and science.

The radiograph shows the barrel of his shotgun loaded with shotshell. Visible in the middle part of the
two barrels side by side are the pellets inside a paper-made shell case. At the end of each barrel, the base of the shell
case and the primer are visible. In addition to the photograph, Rontgen wrote various remarks noting a material

defect, a deepening, and the structure of the shotgun.
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61+
View of Wiirzburg, photographed by Rontgen himself

Wilhelm Conrad Réntgen / 1894 / Photograph / German Réntgen Museum, Remscheid

62*

Rontgen and his wife taking a carriage ride during an excursion to a lake in Munich

1906 / Photograph / German Réntgen Museum, Remscheid

Réntgen was an avid amateur photographer. Rontgen’s first photographs date back to 1885. It was at
this time that the industrial production of photographic material had become possible.
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63~
Rontgen in Weilheim

Date unknown / Photograph / German Réntgen Museum, Remscheid

64
Anna Bertha and Professor Albert von Koélliker

Wilhelm Conrad Rontgen / 1898 / Photograph, cardboard / University Archives Wiirzburg

65

Rontgen and his friend, Arthur von Hippel, with their respective spouses in Pontresina

Lotte Baur / September 10, 1890 / Photograph, cardboard / W190 x L140 / University Archives Wiirzburg
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66 *
Roéntgen at Cadenabbia

March 24, 1896 / Photograph / W145 x L115 / University Archives Wiirzburg

67 *
Chinese Tower in the English Garden, Munich

Wilhelm Conrad Réntgen / After 1900 / Photograph / W120 x L155 / University Archives Wiirzburg
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68 *
Bust of Réntgen

Date unknown / Bronze, wood / W350 x L250 x H500, 50 kg /

Institute of Physics, University of Wiirzburg

Essential to Réntgen’s character was his devotion to research, contributing to his success as a scientist.
He was ambitious in his work, only accepting results that he considered reliable after repeated
verification. His devotion reached its peak when he discovered the X-rays, during the course of which
he even moved his bed into his laboratory. Réntgen only went public with his report "On a New Kind
of Rays” after having ascertained that his discovery was, in fact, the breakthrough he suspected.

Although Réntgen became widely known for his discovery, he was not looking for fame
or money. As an introvert, he was rather shy in public and did not enjoy the public appearances that
came with his discovery. This became apparent at the Nobel Prize ceremony, where he accepted the
award without giving a speech. It was only at the evening banquet that he said a few words of thanks.
He consistently turned down invitations to conferences and other events in his attempt to withdraw
from public attention.

Although he was repeatedly asked to exercise the patent rights to X-rays or to transfer the

rights to lawyers, he never did. He wanted his discovery to be immediately and freely accessible for
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the well-being of mankind. By selflessly abstaining from personal profit, Réntgen demonstrated his
understanding of the importance of X-rays to humanity.

Despite his rather introverted nature, Réntgen was quite passionate. His fiery temper
occasionally caused him trouble. Close friends were careful not to play cards with him, because he did
not like losing and would become very angry if dealt a bad hand. If his partners played badly, Rontgen
was also quite resentful.

From 1900, Réntgen served as the Chair of Physics at the University of Munich. Both the
inner politics of the university and the environment of World War I caused great stress to Réntgen,
who himself was now by no means a young man. It was due to this stress that his health began to
decline. Yet it was not until 1919, after the turmoil of war and revolution, that Réntgen retired, albeit
asking for continued access to the institute and the collection.

His wife, Anna Bertha, had died before his retirement, plunging him into a deep crisis.
‘Theodor Boveri’s widow was the only personal contact the physicist kept.

On February 10, 1923, Réntgen died of intestinal cancer in Munich at the age of seventy-
seven. He is buried in the Alten Friedhof (Old Cemetery) in Giessen, next to his parents. He had
already begun to arrange his estate two years before and sent much of his fortune to charities in his
will. Most of his personal papers were burned, as Rontgen had directed, making the few documents
now remaining all the more valuable.

Only a small handful of discoveries can be compared with X-rays in terms of their

significance and impact on humanity.
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69 +
Papal privilege

O ES ) U AN e s Ua N s NT

Bonifatius IX / 1402 / Parchment, silk and lead seal /
W555 x L400 (including seal) / The Archives of the Bavarian State
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In 1402, Pope Bonifatius IX (1350-1404) granted the papal privilege for the establishment of a full
university in Wiirzburg, including a faculty of theology and a faculty of law. University of Wiirzburg
was the third university to be founded in Germany, granted with university privileges (including its
own jurisdiction) by Prince-Bishop Johann von Egloffstein (2 —1411). At that time, the university was

the sixth institution of higher education to be founded in the German-speaking regions of Europe,
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after the universities in Prague, Vienna, Heidelberg, Cologne, and Erfurt.

Sl —EX>=1)

TR O THERE |

Many eminent scholars and scientists, fourteen Nobel Laureates among them, have
conducted research and taught in Wiirzburg, not least Wilhelm Conrad Réntgen, Wilhelm Wien
(1864-1928), Klaus von Klitzing (b. 1943), Hartmut Michel (b. 1947), and Harald zur Hausen (b.1936).
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Aerial photograph of the university’s oldest complex of buildings

Gerhard Launer / 2006 / Photograph / W150 x L100 /
Press and Public Relations Office, University of Wiirzburg

Julius Echter von Mespelbrunn (1545-1617), elected Prince Bishop of Wiirzburg in 1573, continued to
expand the university founded originally in 1402 and applied to Emperor Maximilian II (1527-1576)
for the corresponding imperial privileges in 1575, with Pope Gregory XIII (1502-1585) confirming
the original papal privileges one year later. Thus, the university was re-inaugurated as Academica
Catholica Herbipolensis in 1582 under Julius Echter. At this point, the university consisted of four
faculties: theology, philosophy, law, and medicine. Wiirzburg came under Bavarian rule in 1802 due
to secularization, leading to the loss of the university’s noble privileges. The disappearance of the
Catholic element of the university led once again to the fundamental restructuring of the university,

this time into a state institution.

SECTION 7 University of Wirzburg

During the March Revolution at the end of March 1848, University of Wiirzburg
submitted an application for autonomy, unrestricted freedom of teaching, and the strengthening
of the university departments. The statutes finally adopted on October 1, 1849, brought clear
improvements for the students and the university. From then on, students could establish their own
associations, the rector enjoyed more powers, and the courses of study became more liberal overall.

After the foundation of the German Empire in 1871, University of Wiirzburg saw another
wave of rapid developments. Medicine and the natural sciences, in particular, enjoyed a heyday of
innovation and research. The university attracted several scientists who received Nobel Prizes in
Physics, Chemistry, and Physiology or Medicine, namely Emil Fischer (1852-1919) (Chemistry, 1902),
Eduard Buchner (1860-1917) (Chemistry, 1907), Wilhelm Wien (Physics, 1911), Johannes Stark (1874—
1957) (Physics, 1919), and Hans Spemann (1869-1941) (Physiology or Medicine, 1935).

During World War II, the university was hit badly by the air raid on March 16, 1945.
After the war, the university experienced quite a comeback. Today, Julius-Maximilians-University
Wﬁrzburg, along with the University Hospital, is the largest employer in the city. It is composed of
ten faculties with almost 30,000 students.
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Related Illustrations
72 71
Rentogen-shi X-hoshasen no hanashi (About the X-ray discovered by Rontgen) Rentogen toei shashin-cho (X-ray Projection Photograph Book)
Dr. Muraoka Han'ichi / Edited by Kyoto Board of Education, published by Muraoka Kanbei / First Higher School, Japan / May 15, 1896 / W150 x L226 / Komaba Museum, the University of Tokyo

August 31, 1896 / W149 x L210 / Komaba Museum, the University of Tokyo
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Kaspar Schott (1608-1666) spent more than half his life accumulating a huge spectrum of knowledge
Carl Caspar Siebold (1736-1807) revolutionized operative medicine, for example constructing the

Throughout its more than 600-year history, University of Wiirzburg has produced many renowned
Johann Zantfurt (>-1413) was appointed the first chancellor of University of Wiirzburg in around 1410. Since
1392, Zantfurt studied law at the University of Erfurt, and was appointed professor for canonical law at the
newly founded University of Wiirzburg in 1402. In March 1405, he was appointed vicar of the cathedral
chapter. From October 1410, he is testified as a Wiirzburg canon and chancellor. From 1412, he lived in the

Athanasius Kircher (1602-1680) was a polymath who was able to achieve results in research far ahead
of his time. He can also be regarded as the conceiver of many inventions such as the calculating machine and
a predecessor of modern film projection. He accepted the Chair for Mathematical Sciences and Hebrew and
as a Jesuit, before he passed it on as a lecturer. During his time as a student in Wiirzburg, and later in Rome,
he was highly influenced by Athanasius Kircher. In 1655, he received a professorship for mathematic science
in Wiirzburg and managed to publish twelve books within eleven years, all dealing with mathematics and its
world’s first modern operating room. He studied medicine at University of Wiirzburg, which he finished with
honors and a doctoral degree, becoming the personal surgeon for the prince-bishop. He was also employed at

Renowned Scholars of Julius-Maximilians-University Wiirzburg
scholars, a small selection of whom are presented below.
Hof zum Grof§en Léwen, where he was killed by his servant on December 1, 1413.

Syrian at University of Wiirzburg in 1629.

application.
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e 7 L K 33@ ZE Oij " v B ‘?A oy — oL . m the Alma Julia as professor for anatomy, surgery and obstetrics in 1769. He established new surgical methods
f‘a 7ot 7 3 O WA D D J\ L S S ZL % 7 H JiL =3 and hygiene standards, and improved midwife training.
R S &L X N oo 1'% - i) 5 H i o Albert von Kélliker (1817-1905) laid the foundations for the development of neuron theory and is
DL ¥ AT -k @Bk - Zo F R % A , o , P , y
LO "7 F % B8MWMo Eoic | Il o\ d _ 5 > 2 B % widely regarded as the founder of microscopic anatomy, having proved the existence of unicellular organisms
< — W v k\‘ ) Q X v ¥ K T OB E LT ?g — i L é’_ and cell nuclei in human fat cells. Notably, one of Réntgen’s early experimental X-ray pictures features von
ﬁ? qu‘ ZE Z gﬁ“ Z fi E /;ﬁzﬁ g tﬁ_‘ 7)) j|7_%|i 5{% fii /N » 7 fb[% H .]1 ‘7\\ Koelliker’s left hand.
B oA g; v o3 Igg 1z g E i\ L: LT_EI/ $E )22 % 7?: 5 ~ D ; 2 Emil Fischer (1852-1919) was awarded the 1902 Nobel Prize in Chemistry for his work on the
X A X F v 4 &) §g D M wW° # 5 om H E ] % Li\ Z L chemical structures of sugars and purines. He discovered the key-lock principle between enzymes and substrate,
N A - | 4 MO T o Z = 9 oz MO o e ) laying the foundations for organic chemistry and biochemistry.
~ \ ying g y Y-
| O% 7 o)V VR koL 5 rHERERT S b4 ilblazer in the ficld of brai is widel
R A KN 3 oz 2 ox S b oo A P E 5 o Ernst von Bergmann (1836-1907) was a trailblazer in the field of brain surgery and is widely
2 T“j; ooz K ¥ I il ° oz D 1 B E]g X » L s 7 considered “the father of asepsis” because of his introduction of steam-sterilized dressing material in wound
ook EIT‘J R £ H B I X 1l i)i e N = 1% treatment.
\7‘\ o fé ]Ij; - 0% % ’d'%[‘ \%> L 7 \ i®) J” 7- I + ﬁé‘ 3? }jl: ] 7 Johann Lukas Schonlein (1783-1864) was an important contributor to the field of medicine, namely
}{ EEE J&T) = 9 M A\ % E % 52() Z_ ? ){ g ﬂf} - £ III . :7 j: due to his reform of medical diagnostics and his scholarship in establishing tuberculosis as an independent
7 W3 E O '0_2 Y ?(ﬁz/‘fé 7 1o L o] ; /: J\o2 JIl = j/( ? disease. Schénlein also discovered a medical condition now called Schénlein-Henoch purpura, an inflammation
j‘: Wz ?‘3) 4 % ; jE% D j: D ‘7“ H 7 It 1% /ﬁ\: fi {% ‘{ o D of the small blood vessels that attacks the skin, joints, intestines, and kidneys.
% 75% C& EEEI # % D % % % ?/ I ,é:; Y Y EE vl] 7 fﬁ Philipp Franz von Siebold (1796-1866) was a doctor, natural scientist, botanist, and ethnologist. He
N — <
E FK o #li J5| W T n om }7 % % & “/C N I O N < z’) is regarded as the founder of research into Japan in the West and was one of the most important witnesses of
EVE /S (;,A; - }bé % % o2& Wt j( ‘%f = X:CL D % it . {; b Japan when it was isolated from the rest of the world during the later Edo period.
= L\ T E & ®x F L l‘i i;;- 78 o G % V) Y O ,)jE, I/ va Rudolf Virchow (1821-1902) founded the study of cellular pathology and is regarded as the father of
z; Al % . CE’I I 7 7% - ﬁ] [g% ;:) ﬁf % A % i3 ,:j?_g % ? L modern pathology. In addition to his research and identification of thrombosis and leukemia, Virchow also
U W % N Z)o S 9 L ;é g 0))( D g S B 2 Vi 7 established what is now known as social medicine.
2 H 7% = > %) ? LT e 3 7 ok %‘ < X % ~ v ’;7‘ Theodor Boveri (1862-1915) was the founder of experimental cell research and the chromosome theory
7o LI'L: fd? -+ 7 /jg A ;‘L) % ]/ 5 %} - ok & J\ % 2 of inheritance, which laid the foundations for modern cancer research.
f\ Jr% ’f-':‘,-" ?,E% {; D A Z/ é g’é i % 1‘&25( I }; ? ;C % ) {;’ Wilhelm Conrad Réntgen (1845-1923) discovered X-rays, one of the most important innovations of
N E LT Cj’: Li‘ 7 N F E K 7;:0 o 4 | X 7 the modern era. He laid the foundation for X-ray diagnostics, which is utterly essential to modern medicine.

Eduard Buchner (1860-1917) received the Nobel Prize in Chemistry in 1907 for his work on

fermentation by showing that the cell-free extract of yeast cells can ferment sugar. He is considered the founder

introduction of the HPV vaccine. He was awarded the Nobel Prize in Physiology or Medicine in 2008.
The physician Klaus von Klitzing (b. 1943) worked at Julius-Maximilians-University Wiirzburg from
1969 to 1980. In 1985, he was awarded the Nobel Prize in Physics for his research on the quantum Hall effect.

. . of enzymology.
;4: %)é é OIE) {gﬁ fg B )% E% ;k %'1:_2 % 7":\ 5@; ?‘ g%: . i} ?EKK Z_ Wilhelm Wien (1864-1928) was awarded the 1911 Nobel Prize in Physics for his work on heat
g;ﬁ ,0\7) oo kEox % 6 & £ % o oo RS E E radiation and the discovery of Wien’s distribution law. He was the successor to Réntgen as director of the
it 7 @ o 5 B — % J% ?g i% =S {Jﬁ ¥ ¥ k Institute of Physics at University of Wiirzburg.
3T R )§ I é o E 1 E =BT ‘/O X Hans Spemann (1869-1941) was nominated for the Nobel Prize in Physiology or Medicine six times,
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Wom B X o H I S S ) N S~ S A » B differentiation.
T - L v = ;j% H o7 - o B o No% Johannes Stark (1874-1957) received the 1919 Nobel Prize in Physics for his discovery of the Doppler
5o T OCTOE LB EL L EH 2 IC oM L effect in canal rays and the splitting of tral lines in electric fields. This phenomenon is known as the Stark
S R ¢ - O y p g of spectral lines in electric fields. This phenomenon is known as the Sta
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nop E W OB 7 N AR VA e 5 D VoL Erika Simon (1927-2019) was the first woman to hold a chair of classical archaeology in Germany.
¥ W P E)o 2 x ;Lﬁ( & A Y % ° i I 3 From 1964 to 1994, she essentially shaped the field of classical archacology in Wiirzburg as well as the collection
Woge i = Voo ? oz 2 o @ /) k3 of antiques of the Martin von Wagner Museum, which she presided over as directress. With her broad expertise
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s 7 o WX = ] S ) % S R N 2 in antique art and her enthusiasm for science, she raised both centers to international prominence.
/o FoE # oL 208 v b 3 TR n Harald zu Hausen (b. 1936) revolutionized modern cancer research with his groundbreaking
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?’? UE 3 Hartmut Michel (b. 1947) is renowned for his creation of crystalized membrane proteins of
N: A L) bacteriorhodopsin, something that was previously considered impossible. The biochemist was awarded the
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are quite detailed, and it is clear that the focus was on medical applications of the new technology from the very

beginning.

X-rays were discovered in the end of 1895, and the year 1896 went by. In 1897, Muraoka Han’ichi and Shimadzu
Corporation continued their research, developing a new type of a battery using a Bunsen cell and an induction
coil. Also in 1897, the Department of Physics was established at the Kyoto Imperial University. Muraoka would
eventually become a professor there. In 1909, Shimadzu Corporation developed Japan’s first X-ray device for
medical use.9] Consequently, in 1927, they obtained permission from Kyoto Prefecture to open the Shimadzu
Réntgen Technology Training Institute (the present-day Shimadzu Gakuen Kyoto College of Medical Science), which
was the first institution of its kind in Japan.[9]

After reporting the news of X-rays to Japan in 1896, Nagaoka Hantaro did no further research on them.
However, he did research the structure of the atom, and made waves in the world of physics when he (at the same
time as Ernest Rutherford [1871-1937] ) proposed the Saturnian model of the atom. In this formulation, electrons
orbit an atom’s nucleus.

In 1901, Yamakawa Kenjiro became president of Tokyo Imperial University. The August 14, 1909
edition of the 7okyo Asahi Shimbun ran an article, “Fushigi naru tdshihé” (A Mysterious Method of Secing Through
Things). The report said that Mifune (Kawaji) Chizuko (1886-1911) had undergone treatment by Kinoshita Hiroji
of Kyoto Imperial University. This marks the beginning of the so-called Senrigan jiken (Clairvoyance Incident).
Eventually, the scandal involved: Mifune, who had apparent powers of clairvoyance; Nagao Ikuko, who it was
claimed had thoughtographic (psychic photographic) abilities; the Physical Society; and the Psychological Society.
On January 4, 1911, after meticulously refining his experimental methods, Yamakawa Kenjiré conducted a
clairvoyance and thoughtography experiment at Nagao’s home in Marugame. Dr. Yamakawa presented the

results to the public, announcing the claims to be nothing more than sleight of hand.

Rontgen became chairman of the Experimental Physics Department at the University of Munich in 1900.
In 1901, he was awarded the first Nobel Prize in Physics. Although the nature of X-rays was still not fully
understood, their application in medical treatment was considered remarkable globally. For this achievement,
was awarded the prize. After successfully repeating Réntgen’s experiment, Muraoka Han’ichi and Réntgen had
several research exchanges, as a result of which Muraoka was the sole Japanese person invited to the celebration.[9]
Rontgen pressed forward with research on X-ray crystal analysis. A 1912 collaboration with Max von Laue of
the University of Munich determined that X-rays were electromagnetic waves. This experiment inspired William
Henry Bragg (1862-1942) and William Lawrence Bragg (1880-1971), who subsequently laid the foundation for
crystallography—the use of X-rays to determine the position of atoms in a crystalll8l—in a 1913 paper.[17]

Research on X-ray-emitting devices (which saw remarkable penetration in the field of medical treatment)
also picked up steam. Julius Edgar Lilienfeld (1882-1963) invented the thermionic X-ray tube in 1912, and the
following year William Coolidge (1873-1975) of General Electric improved upon it. He called it the Coolidge
tube (thermionic tube), and secured a patent for his invention. In 1920, the Tokyo Electric Company secured
exclusive rights to the patent in Japan. They then began to manufacture and sell thermionic tubes.

It was Philipp Lenard—the same Philipp Lenard who gave Rontgen his Lenard tube—who revealed

that the cathode rays that cause X-rays are made up of negatively charged energy particles (what we now call
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“electrons”). By the end of his research, Lenard also arrived at the conclusion that electrons are particles that make

up atomsPl.

Réntgen’s wife, Anna Bertha, passed away in 1919. Rontgen died of cancer on February 10, 1923.

Rontgen believed that science should be for the benefit of all, and so, even in the case of the X-ray, he
did not consider making any sort of patent or ownership claim. Perhaps it was due to some conflict with Lenard
that Rontgen did not acknowledge him in his paper. When approached by the president of a major German
electrical company about acquiring patent rights, Rontgen raised his voice in opposition.%] The name “Réntgen
rays” was the idea of Albert von Kélliker, a professor of anatomy and colleague of Rontgen’s. However, Réntgen
himself did not like the name, instead calling them “X-rays.” He donated all of the Nobel Prize money to
University of Wiirzburg,

As it happens, the concept of patents was born in medieval Venice, where they were awarded to
inventors as early as 1443. Before then, families, merchants, and engineers with superior skills or knowledge
handed them down as trade secrets. However, this meant that others could not make use of their techniques or
knowledge. The English word “patent” comes from the Latin littera patens (“open letter”), which originally meant
disclosing trade secrets to make them public intellectual property. Royalties and exclusive rights were intended to
reward first inventors for disclosing their trade secrets, incentivizing them for a limited time. Patents were born
out of Venetians” deep interest in intellectual property as a public good.

After the Industrial Revolution, when modern means of transportation began to develop and send
information, people, and goods across the world, the “public” sense of patents gradually changed. By the
beginning of the twentieth century, patents had become a hallmark of monopolistic corporate strategies. In this
century’s Information Age, people have a greater desire than ever for monopolies. We should consider Réntgen’s
philosophy, and the global reaction to the discovery of the X-rays, and ask ourselves: To what extent is science a

public good?

The patent for the Coolidge tube, incidentally, expired in 1934.0

[1] Réntgen,“Uber eine neue Art von Strahlen”, Sitzungsberichte der Wiirzburger Physik.-medic. Gesellschaft, Wiirzburg S.1-9,
1895.

[2] Takiuchi Seijird “Muraoka Han’ichi ni tsuite” [About Muraoka Har’ichil, The Sakura X-Ray Photographic Review,
vol.17,No.6., KONICA, pp.29-31, December 1966.

[3] Hanami Sakami (ed.), Danshaku Yamakawa-sensei-den [The Life of Prof. Baron Yamakawa], Ko-danshaku Yamakawa-
sensei Kinenkai, 1939.

[4] Eisei Shinbunsha (ed.), “Kasahara Mitsuoki-kun” [Mr. Mitsuoki Kasaharal, in Kansai Kyorin meikashi [Famous Figures
of Kyorin University] (Vol. 1), Eisei Shinbunsha, 1909: 44.

[5] Amano Ryodhei, “Nihon ni okeru X-sen-gaku kenkyt no akebono: Igaku riy6 zenshi, butsurigaku-sha ga hatashita
yakuwari” [The Dawn of X-radiology in Japan: The Roles Physicists Played Prior to Its Use in Medicine], Hoken Butsuri
[Health Physics] 30, 1995: 113-16.

148



Moritz Jastrowitz (1839-1912), who saw Rontgen’s X-ray photographs and mentioned the technology’s medical
applications at the Verein fiir innere Medizin (Association for Internal Medicine) on January 6 and January 20,
1896.5510121013] 'This was the first Japanese report on X-rays.

News of the discovery of X-rays circled the globe in the blink of an eye. In 1896, english-language
accounts appeared in Nature on January 14 and in Science on February 14. Meanwhile, researchers worldwide
tried to repeat Rontgen’s experiment. On January 17, a group succeeded in doing so at the University of
Hamburg. The results were published in the weekly periodical La Hlustracién (Illustration).l5] In February, Italian
professor Enrico Salvioni presented a device he called the “cryptoscope” at the Accademia medico-chirurgica
di Perugia (Medical-Surgical Society of Perugia). The cryptoscope’s purpose was to observe transmitted X-rays. In
March, Thomas Edison invented a very similar device known as a “fluoroscope.”[14] It seems that Rontgen himself
did not like to give public talks; he gave only one, in Wiirzburg, on January 23, 1896.

As X-ray photography was a discovery that used a highly intuitive process, it goes without saying that it
also proved sensational to laymen. Since X-rays can pass through things that are normally opaque, an ordinance
prohibiting X-ray opera glasses at the theater was introduced into the house at Trenton, New Jersey, on February
19, 1896.051 There was also an article in Shonen Sekai (The Youth’s World), no. 11 (June 1, 1896), “X-kosen no 6yo
rigai” (Advantages and Disadvantages of the Use of X-rays), which stated that “it will be hard to preserve the privacy
of correspondence.” The current attitude toward artificial intelligence bears a striking resemblance to these
protestations.

Articles also appeared one after another in the Japanese press, including: “Shashinjutsu-jé no hatsumei”
(A Photographic Discovery) (Jiji Shimpd, issue 4535, March 7, 1896); “Odoroku beki denkigaku-jo no daihatsumei” (A
Great and Surprising Discovery in the Study of Electricity) (Yomiuri Shimbun, issue 6693, March 15, 1896); and “Rentogen
hatsumei no shin-shashinjutsu” (A New Photographic Technology Invented by Rontgen) (Yomiuri Shimbun, March 18,
1896).

As noted above, the first Japanese report on the discovery of X-rays were published in the Tokyo Lji Shimps on
February 29, 1896, and quoted the aforementioned reports by Jastrowitz. At the time, Nagaoka Hantaro was the
physics editor of 76Gyd Gakugei Zasshi (Journal of Eastern Arts and Sciences). Reports on the latest trends in physics
around the world were published in every issue.[6] Nagaoka went to a great deal of trouble to obtain the X-ray
photographs. Upon finally acquiring them, he sent them to Yamakawa Kenjiré at Tokyo Imperial University.5! This
led to the first scientific report on X-rays in Japan. A group from Tokyo Imperial University (comprising Yamakawa
Kenjiro, Tsuruta Kenji, and Mizuki Tomojird) and a group from the First Higher School (Yamaguchi Einosuke,
Mizuno Toshinojd, and others) immediately set out to replicate the experiment—and succeeded. Their results
were published in 7y Gakugei Zasshi (vol. 13, no. 174), on March 25, 1896, and Tokyd Butsuri Gakki Zasshi
(Journal of the Tokyo Academy of Physics) (no. 53) in April 1896. The photographs Nagaoka obtained are currently
believed to be from the repeat experiment of the University of Hamburg group.5] Later, the photographs from
the experiment were published in Rentogen toei shashin-cho (Album of Photographs Projected by Réntgen), published
on May 15, 1896. On December 22, 1896, Emperor Meiji paid a visit to Tokyo Imperial University. While there,
he toured the classrooms of its various departments, including engineering, science, law, and the arts. According
to Yamakawa’s account, the emperor inspected the photographs from the X-ray experiment in a Department of

Natural History classroom.[15]
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Muraoka Han’ichi became a professor at the former Third Higher School (the present-day Department
of Integrated Human Studies at Kyoto University) in 1893. In 1896, he learned of Rontgen’s discovery of the X-ray.
On July 9 of that year, Muraoka gave a lecture on X-rays at the Educational Association of Kyoto Prefecture,
where he presented the Tokyo Imperial University group’s photographs. The transcribed lecture can be found in
“Rentogen-shi X-hoshasen no hanashi” (A Talk on Dr. Réntgen’s X-radiation).[5]9]

At the time, high-quality vacuum pumps and high-voltage generators were not available in Japan.
Moreover, procuring research equipment in Kyoto, unlike Tokyo, entailed a great deal of effort. To resolve this
impasse, Muraoka began conducting research with Shimazu Genzé of Shimadzu Corporation. The company
had won a valued prize for its exhibition of the Wimshurst influence machine at the 4th National Industrial
Exhibition in 1895.[5] (The Wimshurst influence machine is a generator that emits powerful, high-quality voltages by
generating static electricity. It is indispensable for producing X-rays.) In April 1896, Professor Kasahara Mitsuoki of the
Kyoto Prefectural University of Medicine brought a Crookes tube back with him from Germany. Using his many
personal connections, he successfully conducted an experiment to pass an X-ray through a silver one-yen coin.
The display took place on October 10, 1896.5191 Photographer Kajima Seibei (of the Genrokukan photo studio),
and physics professor Marushige Fumiyoshi of Saisei Gakusha, a private medical school, also conducted public
experiments, on May 11 and May 31, 1896, respectively.

In addition to repeat experiments, various scientific reports were published in all sorts of Japanese
periodicals. For example, “Riyontogen-shi-sen no geka-teki 6y6” (The Surgical Usage of Réntgen rays) in Chiigai
Iji Shimpo (Chigai Medical Journal), no. 385 (April 5, 1896), presented a case where X-rays were used in surgical
treatment. This article had originally appeared in Reichs-Med. Anz., no. 3, S. 87, in 1896. It tells the story of a
sailor who fell unconscious from drinking too much, and was taken to the hospital. However, even after recovery,
he had difficulty walking. Subsequently, an X-ray photograph revealed an abnormality in his spine between
the T12 and L1 vertebrae, and he was able to recover fully after surgery. That issue also contained a Japanese
translation of Réntgen’s first paper published on December 28, 1895, “On a New Kind of Rays.”[11l Other
articles were subsequently published. “Rentogen Hakase no hékoku” (A Report on Dr. R.ntgen) was published
in Shashin Gepps (Photography Monthly), vol. 3, no. 24 (April 18, 1896). “Shin-hatsumei sakkotsu shashin” (Newly-
invented Skeletal Photography), and “Rentogen-shi no meiyo” (Dr. R.ntgen’s Prestige), as well as further laudatory
articles by experts in Western countries appeared in the photography journal Shashin Sowa, vol. 4, no. 9 (April 20,
1896), while “Rentogen-shi no fukushasen” (Dr. R.ntgen’s Radiant Rays)” and “X-hoshasen” (X-radiation) appeared
in Toyo Gakugei Zasshi, vol. 13, no. 175 (June 25, 1896).

On July 26, 1896, Ihmori Teizd gave a lecture titled “Rentogen-shi no X-hoshasen ni tsuite” (On the
X-radiation of Dr. Rontgen).[16] This was followed by “Rentogen-shi X-hoshasen no iji 6y0” (The Medical Application
of Dr. Réntgen’s X-radiation) in 79yo Gakugei Zasshi, vol. 13, no. 179 (August 25, 1896), and “X-sen no kyasha to
kagaku-teki sosei” (The Absorption and Chemical Composition of X-rays) in the next issue of the same journal. “X-sen
to myakuhaku tdshi no hd” (X-rays and a Method to See a Pulse) in Shashin Sowa, vol. 5, no. 5 (December 23, 1896),
is a report about an Italian researcher who used Réntgen’s technique in the invention of a device to take one’s
pulse.

In this era, cathode rays and X-rays were still not well understood. It is interesting to see the uncertainty
present in their Japanese translations. Cathode rays were called “negative radiation” (shokyoku hoshasen) or
“cathode diffusion rays” (inkyoku hosansen), while X-rays were called “X-diffusion rays” (ekkisu hisansen), “Dr.

Rontgen’s diffusion rays” (Roentogen-shi hosansen), or “radiant rays” (fukushasen). Many of the theses and articles
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Shindangaku (Diagnostics: New Edition), edited by Kasahara and Takata Koéan, among others, with a foreword by
Mori Rintar6 (1861-1913).14] In March 1894, he went to Germany for further studies.

Nagaoka Hantard was born on August 19, 1865, in Omura Domain, Bizen Province (present-day Omura
City, Nagasaki Prefecture). He was the only son of Nagaoka Jisaburd, an Omura samurai. During his childhood, he
studied at Gokokan, the Omura Domain school (and predecessor to the Nagasaki Prefectural Omura High School). In
1874, his entire family moved to Tokyo, and in September 1882, Nagaoka advanced to the College of Science at
the University of Tokyo (In 1886, this institution became the Imperial University Department of Science). He studied
under Professor Yamakawa Kenjiro, Assistant Professor Tanakadate Aikitsu (1856-1952), and Professor Cargill
Gilston Knott (1856-1922) of Britain. During his time there, he struggled to decide whether to go into the field
of classical Chinese literature or modern Western science. Nagaoka entered graduate school in 1887, and was
appointed as an assistant professor in 1890. He lived in Germany between 1893 and 1896, where he studied
under Ludwig Eduard Boltzmann.[51(6]

Wilhelm Conrad Rontgen was born on March 27, 1845, the only son of Friedrich Rontgen and Charlotte
Frouwein. In 1862, he was admitted to the College of Mechanical Engineering at the Federal Polytechnic
Institute in Ziirich (present-day ETH Ziirich). It was here that a lecture on industrial physics by Rudolf Clausius
(1822-1888) piqued his interest in the discipline. Réntgen studied under Clausius’s successor, August Kundt
(1839-1894), obtaining a doctorate for his dissertation “Research on the Thermal Properties of Gaseous Bodies”
in 1869. Thereafter, he accepted a teaching position at University of Wiirzburg alongside Professor Kunds,
also becoming Kundt’s assistant. Rontgen married Anna Bertha (six years his senior) in 1872. That year, Kundt
was transferred to the University of Strasbourg, taking Rontgen along as his assistant. Rontgen obtained the
qualifications to be a professor in 1874, whereupon he became a professor of math and physics at the Academy of
Agriculture and Forestry in Hohenheim. However, his tenure at Hohenheim was to be a short one; dissatisfaction
with the research environment precipitated his return to the University of Strasbourg the following year. As an
assistant professor at Strasbourg, he mainly conducted precise measurements of physical constants, and published
fifteen papers on polarimetry and the compressibility of gases and liquids.[7]

Upon the recommendations of Gustav Kirchhoff (1824-1887) and Hermann von Helmholtz (1821-1894),
Réntgen became a full professor at the University of Giessen in 1879, where he continued to publish successive
physics experiments. In 1888, August Kundt was transferred to the University of Berlin, leaving a vacancy at
University of Wiirzburg. Based on the recommendation of Kundt and Friedrich Kohlrausch (1840-1910), Rontgen
was invited to fill this post.

In 1878, one year before Réntgen moved to the University of Giessen, Muraoka Han’ichi went to study
at Strasbourg University. Muraoka continued his research on the temperature dependence of carbon’s electrical
resistance under Professor Kundt and Assistant Professor Rontgen. During this time, Muraoka and Rontgen’s
friendship deepened. In 1880, Muraoka submitted a paper to the physics journal Annalen der Physik und Chemie
(Annals of Physics and Chemistry).[8] The paper was published in June 1881. Also in 1881, Muraoka obtained his
doctorate and returned to Japan on May 25. He was the first Japanese person to have a paper published in a
foreign journal, as well as the first to obtain a doctorate.[710]

After returning to Japan, Muraoka became a professor at the Faculty of Medicine at the University of

Tokyo, where he would conduct physics research on “magic mirrors” (metal mirrors on which an image appears when
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light hits it in a certain way).[10] He went to Europe again in 1888, witnessing Heinrich Rudolf Hertz’s (1857-1894)
historic experiment in which he generated electromagnetic waves. When the report from this experiment was
sent to Nagaoka Hantard, who was in graduate school in Japan at the time, he repeated Hertz’s experiment.
Muraoka once again returned to Japan, and obtained a doctorate in physics from Imperial University (the present-
day University of Tokyo) on August 24, 1891. The topic of his dissertation was magic mirrors in Japan. While five
Japanese students had previously earned a doctorate (including Yamakawa Kenjird), Muraoka was the first to be

awarded one via dissertation defense. In 1893, Nagaoka Hantaré would become the second.

If you remove almost all of the air from a glass tube (creating a near-vacuum inside), attach one positive and one
negative electrode, and apply high voltage to the electrodes, cathode rays are emitted through the tube from the
cathode to the anode. The rays react with the very small amount of air in the glass tube to discharge light. This
phenomenon, called “glow discharge,” was already widely known. A variety of experimental devices had already
been invented for its demonstration. Among these are Crookes tubes and Geissler tubes, which also happen to
be aesthetically pleasing. We now know that these cathode rays are streams of electrons, but cathode rays are
generally only emitted in glass tubes and it was not easy to draw them out. Various methods were used to do so
and experiments conducted to examine their properties. At the time, the physics world was divided into those
who believed that cathode rays were electromagnetic waves, and those who believed that they were some kind
of particle stream. Rontgen was one of the scientists interested in this problem. He inherited a Lenard tube—a
modified glass tube for observing cathode rays—from the eponymous Philipp Eduard Anton von Lenard (1862—
1947), and began his experiments in October 1895. However, Rontgen did not acknowledge this in his paper on
the discovery of X-rays, infuriating Lenard.

In the middle of an experiment on November 8, 1895, Réntgen noticed that when he covered a Crookes
tube with black paper (to block out the light) and placed fluorescent paper near it, a dark line appeared on the
fluorescent paper. After a variety of tests, he concluded that an unknown type of radiation was being emitted
from the Crookes tube. On December 28, 1895, he sent a paper entitled “Uber eine neue Art von Strahlen” [1]
(On a New Kind of Rays) to Wiirzburg Physica-Medical Society Report.[11l According to this paper, the path of
this new kind of radiation (in contrast to cathode rays) could not be bent by magnetism or electrolysis. Therefore, it
could not be a cathode ray. The fact that it caused refraction and reflection and exhibited fluorescence suggested
that it could be a kind of ultraviolet light, yet its properties differed from those of light. Specifically, it could
pass through thick books, glass, and even metal (depending on the material and thickness), and it did not emit heat.
Consequently, Rontgen concluded that these rays were neither cathode rays nor a known kind of light (such as
infrared radiation, visible light, or ultraviolet radiation). Thus, he named them “X-rays,” in the sense of “something
unknown.” In January 1896, he attached an X-ray photograph of his wife’s hand (as well as those of several others)
to his paper, and sent it to well-known physicists.

One of those physicists, Emil Warburg (1846-1931), exhibited Rontgen’s X-ray photographs at the
fiftieth-anniversary event of the Berlin Physical Society (now the German Physical Society). Nagaoka Hantard
saw these images in Germany on January 4, 1896. He realized the gravity of this discovery and immediately
sent a report back to Japan. An article believed to be based on Nagaoka’s report, the aforementioned “Futomei-
tai o tsitka suru shin-késen no hakken” (The Discovery of New Light Rays That Can Pass Through Opaque Bodies),
was published in the 7okys Lji Shimpo (Tokyo Medical Journal), vol.935, on February 29, 1896. The article quotes
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fields. Being waves, they have wavelengths. Electromagnetic waves take a variety of forms depending on
their wavelength. Radio waves, infrared rays, visible light, ultraviolet waves, X-rays, and gamma rays are all
electromagnetic waves. Physics today can observe phenomena occurring in the world of atoms and atomic nuclei
by observing electromagnetic wavelengths. When Bohr was constructing his model of the atom, he used light
wavelength data emitted by hydrogen atoms.

On the other hand, clues about phenomena in remote parts of the universe can be acquired by
deciphering electromagnetic waves. High-energy astronomical phenomena arising in the universe form the
grand experimental field of physics. Data regarding such phenomena is sent to us in the form of electromagnetic
waves. Neutron stars, which are formed due to the destruction of massive stars, were theoretically predicted.
However, they were then proven to exist by the observation of pulsars (astronomical bodies that periodically emit
electromagnetic wave pulses with a quite precise period). Also, the speed with which the universe is expanding has
been calculated using the spectral shifts of eleccromagnetic waves emitted by far-away astronomical bodies, and,
calculating back in time, it has been found that the universe converged on a single point 13.8 billion years ago.
This beginning of the universe has been named the Big Bang. Subsequently, based on the fact that the total mass
of the universe estimated using the recessional velocity of astronomical bodies is far greater than the total mass
of the astronomical bodies that are observable (with electromagnetic waves), it was asserted that dark matter exists.
However, what “dark matter” actually is remains a mystery. In this way, the observation of electromagnetic waves
has led to an understanding of the mysteries regarding the universe’s vast time and space, which are not even
imaginable with our everyday knowledge and ways of thinking.

Nuclear physics research, which has its origins in the discovery of X-rays, predicted the existence of
“unknown” elementary particles called neutrinos that carry the energy of beta decay, a kind of radioactive
decay that emits electrons—that is, beta rays (the 1930 research of Wolfgang Pauli [1900-1958] and the 1933 research
of Enrico Fermi [1901-1954]). While neutrinos were directly observed in 1959 by Frederick Reines (1918-1998),
neutrinos emitted by a supernova explosion, an astronomical phenomenon, were first directly observed by the
Kamiokande, which was constructed by the University of Tokyo in 1987. Kamiokande’s direct observation of
neutrinos corroborated the theory of a supernova explosion, and not only launched neutrino astronomy but
also provided many numerical restraints to particle physics theory, greatly contributing to the advancement of
the field of particle physics. Furthermore, the Super-Kamiokande, the experimental apparatus that followed
the Kamiokande, succeeded in observing neutrino oscillation, making it clear that neutrinos have non-zero
mass. This discovery was so important that it led to the rewriting of basic particle physics theory. These research
findings by the University of Tokyo were great feats that went down in the history of physics research and led to
two Nobel Prizes in Physics: one for Masatoshi Koshiba and one for Takaaki Kajita.

In recognition of his accomplishment of discovering the then-unknown X-rays, Rontgen received the
first Nobel Prize in Physics in 1901. Approximately one hundred years later, researchers at the University of
Tokyo were awarded the same prize for their observation of the neutrino, the unknown particle of our time. As
we can see above, there is much profundity lying in the genealogy of the field of modern experimental physics

that was opened up by the discovery of X-rays.
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The Arrival and History of X-rays in Japan

Hirohisa Mori

The first report in Japan of the discovery of X-rays was “Futomei-tai o tsiika suru shin-kosen no hakken” (The
Discovery of New Light Rays That Can Pass Through Opaque Bodies), published in the 76kyo Iji Shimpo (Tokyo
Medical Journal), vol. 935, on February 29, 1896. X-rays, a type of radiation, are not naturally light. In Japan,
even though the terminology was uncertain, this distinction was made early after the first report. The German
term, however, strablen, originally has a broader meaning, conoting light,” “radiance,” and “radiation.” “Uber
eine neue Art von Strahlen,”’[1] the title of Rontgen’s report, thus seems to imply that the scientist Réntgen has

released a light illuminating humankind alongside its description of his discovery of X-rays (X-strahlen).

Though there are many stories of the people who were involved in X-ray research, almost all have focused
on individuals. I wanted to consider the tale that would emerge if these events were instead arranged in
chronological order. This story begins in the late Edo period (1603-1868), before the Meiji Restoration opened
Japan’s doors to the world on January 25, 1868.

Muraoka Han’ichi (1853-1929) was born on February 14, 1853, in Kamaguchi, Yakami District, Inaba
Province (present-day Kawahara-ché Kamaguchi, Tottori City, Tottori Prefecture). He studied at the Shotokukan,
where his father worked. On December 17, 1870, he was ordered to Edo (Tokyo) and enrolled at the Daigaku
Nanko (Great Southern School). He was one of 310 students selected from around the country by the Meiji
government. After that, the Daigaku Nanké changed its name to Tokyo Kaisei Gakko, and Muraoka was
admitted to the newly established College of Mining. In 1875, he left the college to work for the Ministry
of Education, Science, Sports and Culture as a teacher at the Tokyo Women’s Normal School (present-day
Ochanomizu University). It was here that he is said to have taught himself physics. In 1878, he was sent to the
University of Strasbourg for an exam at a normal school. 2]

Yamakawa Kenjiro (1854-1931) was born on September 9, 1854, the third son of Yamakawa Naoe, a
samurai of Aizu Domain (present-day Fukushima Prefecture). In 1868, the Battle of Aizu broke out between the
new Meiji government army and Aizu Domain (with troops from the former Tokugawa shogunate lending support).
This conflict arose over Meiji treatment of Aizu Domain. Yamakawa joined in fighting against the new Meiji
government army. Eventually, the Aizu Domain surrendered. After a period of house arrest in Inawashiro,
Yamakawa fled to Echigo (present-day Niigata Prefecture). There, he became a student of Choshit Domain samurai
Okudaira Kensuke. In 1871, after Aizu Domain was restructured as Tonami Domain, Yamakawa was chosen to
sail to America on the SS Japan and become a government-sponsored foreign student. He obtained a degree in
physics from Yale University in 1875, thereafter returning to Japan. In 1879, he became the first Japanese physics
professor at the University of Tokyo, and, in 1888, the first Japanese person to be awarded a doctorate in physics.[3]

Kasahara Mitsuoki (1861-1913) was born in 1861 in Kamezumi-cho, Fukagawa District, Tokyo. He
graduated from the Imperial University College of Medicine in December 1888. Subsequently, he was appointed
chairman of the Department of Internal Medicine at the Kyoto Prefectural Institute of Infectious Diseases, and

professor at the Kyoto Prefectural University of Medicine in 1891. April 1891 saw the publication of Shinsan
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The Influence of Rontgen’s Discovery of X-rays

Hiroyuki Matsuzaki

Rontgen discovered X-rays in 1895. In the mid-nineteenth century, research was actively being carried out
on cathode rays, which emit light in a vacuum. Réntgen was one of the researchers conducting this research.
Cathode rays are emitted when electrodes with voltage applied are placed in a glass tube. It was observed that the
rays themselves give off light and cause fluorescent matter to glow. Rontgen discovered that fluorescent matter
placed outside of this glass tube also gives off light. Holding this to be a new type of radiation different from

cathode rays, he called them X-rays, using “X” to mean “unknown.”

The Starting Point of Modern Physics

X-rays, which today are understood to be electromagnetic waves or photons, were also messengers from an
invisible micro world. In other words, they were clues for finding out what was happening in the world of atoms
and subatomic particles. After Rontgen’s discovery of X-rays, Auntoine Henri Becquerel (1852-1908) discovered
uranium radioactivity in 1896. It was also found that there were three types of radiation emitted by uranium:
alpha rays, beta rays, and gamma rays. With subsequent research on radiation, once it was clear that alpha rays
are helium nuclei, beta rays are electrons, and gamma rays are short-wavelength photons (in other words, related to
X-rays), the structure of atoms and the physical laws that rule over the atomic world became apparent. In 1911,
based on his famous scattering experiment, Ernest Rutherford (1871-1937) proposed his model of the atom—
electrons rotating around a small nucleus. In 1913, Niels Bohr (1885-1962) engaged in research on the regularity
of short-wavelength light emitted by hydrogen atoms, and proposed a shell model for the placement of electrons
around the nucleus (Bohr’s model of the atom), thereby constructing the foundation of quantum theory. All the
above individuals carried out their research by observing emitted radiation (light, electrons, atomic nuclei, and so
on). In other words, Rontgen’s discovery of X-rays can be seen as the origin of modern physics methodology.

Quantum mechanics is a system for understanding the micro world (atoms, atomic nuclei) that is invisible
to the naked eye. The counter-intuitive world depicted therein is astonishing. It holds that there is nothing
concrete in all material entities and that they are nothing more than stochastic objects. Furthermore, it also
says that it is only with the act of observing such entities that they take a specific form (that is, have an cigenstate).
Another interpretation holds that all matter is waves, which are in fact the vibrations of media. This also
relativizes the idea of concrete material entities.

Such vast worlds pile on top of each other to construct the indefinite world we live in. If one thinks
about it, while the natural sciences that emerged with the development of Western civilization were the
philosophy that formed the basis of Western material civilization, further scientific research, which rapidly
accelerated with the Industrial Revolution, showed that the foundation of matter is made up of a very undefined
and indeterminate world. This is somewhat ironic. Such a philosophy of scientific discoveries does not remain
in the world of thought but is, in a sense, traced in the real world after some delay. The twentieth-century values
that sought material wealth and rationality are showing their limits in our current century. In other words,

we are becoming aware that humanity’s endeavors are beginning to bring about irreversible changes in the
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natural world. For example, this is demonstrated by the fact that, putting aside discussions regarding its causes,
people are interested in the problem of global warming. Humans are feeling the limits of the values that have
pursued material gain and the Western philosophy that has driven them. Now, Eastern philosophy, which does
not necessarily pursue material gain, is being reconsidered. Does not the indefinite world of matter without a
concrete existence that has been made clear by quantum mechanics have something in common with Eastern
philosophy, which holds that the world is insentient?

Arriving at this thought, one is led to reconsider the event of X-rays” discovery, which launched modern

physics, as well as its meaning.

The Dilemma Between Benefit and Protection

When X-rays were discovered it was known that they could pass through matter, and soon they were used to
take pictures of the inside of the body. The X-ray photograph of Albert von Kélliker’s(1817-1905) hand, said to
have been taken by Réntgen himself, is famous. Images that can show the inside of the body are very useful
for medical diagnoses, and this was highlighted from the time of the discovery of X-rays. For this reason, in
parallel with fundamental physics research, research on X-ray photographic technology was also actively being
carried out. However, it was found that researchers and technicians dealing with X-rays were being harmed,
and therefore people began looking for measures to protect their health. In 1905 in Germany, the use of X-rays
became license-based. Next, in 1915, the British Institute of Radiology issued recommendations regarding X-ray
radiation protection. However, it was only in 1931 that the concept of regulation based on permissible exposure
appeared. At the time, the British X-rays and Radium Protection Committee set the permissible dose at 2 mSv/
day. Of course, this was a restriction for technicians who work with X-rays. However, considering that the values
recommended today by the International Commission on Radiological Protection (ICRP), to which Japan’s laws
basically adhere, are 1 mSv/yr for ordinary people and 50 mSv/yr for occupational exposure, the regulations in
1931 were lax. This change was due to advanced understanding regarding the usefulness in medicine related to
X-rays and radiation, as well as the damage caused by them to the human body.

Today, “radiation” includes not only electromagnetic waves (light quantum), of which X-rays are one
type, but also electron beams (beta rays) and particle beams (protons, alpha rays, heavy particle beams). While
they are each useful in many ways—not only in medicine, but also for improving the nature of materials and
sterilization—direct exposure to them is damaging to the human body. While taking into account their benefits,
we must also consider how to protect people against such harm. ALARA is an acronym that stands for a way of
thinking about radiation protection: “As Low As Reasonably Achievable.” It was proposed in 1977 by the ICRP.
It means that while taking into account the economic and societal benefits of using radiation, we must limit
exposure as far as it is reasonably achievable. This, in other words, means that the use of radiation is indispensable
for contemporary society; it would be difficult to stop it, and, as a matter of course, we must take on the risks
that accompany it. Here, we find an epitome of the dilemma of contemporary society: while enjoying the benefits
of things, we must face the risks that accompany them.

This once again leads us to consider the historical significance of the discovery of X-rays, an event that

led to the use of radiation.

Messengers from the Universe: X-rays and Neutrinos

An X-ray is a kind of electromagnetic wave. Electromagnetic waves are vibrations of electric and magnetic
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The Relationship Between the University of Tokyo and the University of Wiirzburg

Yasuhiko Arakawa

The relationship between the University of Tokyo and Julius-Maximilians-University Wiirzburg (University
of Wiirzburg) began when news of Professor Wilhelm Conrad Réntgen’s discovery of X-rays reached Tokyo
Imperial University professor Yamakawa Kenjiro (1854-1931), who would later serve as the university’s president.
The following year, on January 4, at a physics conference in Berlin, Dr. Nagaoka Hantaré (1865-1950), an
Imperial University assistant professor who was continuing his education in Germany at the time, came across
Dr. Réntgen’s correspondence and X-ray photographs on display. Nagaoka quickly reported this to Professor
Yamakawa, and a group led by the latter, as well as a group comprising Professor Mizuno Toshinojo (1862-1944)
and others from First Higher School, came together and quickly began their own experiments, successfully
replicating those of Dr. Réntgen. In this way, the discovery of X-rays at University of Wiirzburg directly
contributed to the launch of X-ray physics research at the University of Tokyo. If Dr. Nagaoka had not seen the
aforementioned items on display, perhaps X-ray science research in Japan would have been years behind what it is
today.

University of Wiirzburg has a long tradition, having been founded in 1402, and the University of
Tokyo, with a 140-year history, is the oldest public university in Japan. The two universities began their official
relationship after the former’s president, Alfred Forchel visited the University of Tokyo’s then president, Jun’ichi
Hamada, and they agreed to actively advance mutual exchange on November 27, 2010. On June 30, 2011,
an inter-university exchange agreement came into effect, and on the same day, a symposium marking the
agreement’s conclusion, attended by University of Wiirzburg professors, including Prof. Dr. Forchel, was held at
Koshiba Hall on the University of Tokyo’s Hongo Campus.

It goes without saying that the foundation of cooperation between the two universities lies in research
collaboration between individual researchers. For example, I have engaged in joint research with President
Forchel in the field of nanophotonics and quantum photonics, and we have worked to exchange talent by, for
example, accepting each other’s graduates as post-doctoral researchers. Other research projects are also greatly
contributing to the universities’ relationship, including the topological electronics research of professors Seigo
Tarucha and Laurens Molenkamp, the satellite-related research of professors Shinichi Nakasuka and Klaus
Schilling, the melanocytic tumor generation research using medaka of professors Hiroshi Mitani and Manfred
Schartl, and the electrical cell manipulation research of professors Ryo Shirakashi and Vladimir Sukhorukov.

On July 29, 2015, President Forchel visited the University of Tokyo’s headquarters again and signed an
agreement renewal with President Makoto Gonokami, leading to an even more active relationship between the
two universities. It is my hope that this special exhibition will lead to the sustainable continuation of research
cooperation and talent exchange in a variety of fields, as well as to major discoveries and innovations that rival

that of X-rays.
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Greetings

In November 1895, Dr. Wilhelm Roéntgen, a Julius-Maximilians-University Wiirzburg (University of Wiirzburg)
professor, discovered X-rays. Commemorating the 125th anniversary of this discovery, Intermediatheque is
hosting a highly important exhibition of precious academic specimens from the university’s collection to deepen
society’s wider understanding of this part of academic history.

The relationship between University of Wiirzburg, one of Europe’s oldest universities, and the University
of Tokyo, one of Japan’s oldest universities, began in the year following the discovery of X-rays. In 1896, news
of the discovery of X-rays reached Japan. Tokyo Imperial University’s College of Science and the First Higher
School each swiftly began experiments based on this report, and in only several months, they had succeeded in
observing X-rays. This shows both the advanced nature of Germany’s science and technology at the time and the
respectable level of experimental physics research then in Japan, where not even twenty years had passed since
the country embarked on the path of a modern nation-state. It goes without saying that the discovery of X-rays
would have an immense impact on quantum mechanics and radiation science, both of which were in full swing
by the beginning of the twentieth century. Today, X-ray science is indispensable in medical technology, and these
short-wavelength electromagnetic waves are also used in a wide variety of applications, such as material analysis
and security technology.

About two years ago, I visited my friend of thirty years, physicist and president of University of
Wiirzburg, Prof. Dr. Alfred Forchel. While enjoying Franken wine, a specialty product of Wiirzburg, which is
known as the start of the Romantic Road, we ended up talking about the 125th anniversary of this discovery,
and he expressed a strong desire to hold an exhibition at the University of Tokyo. After returning to Japan,
I immediately began to consult with others about doing so and received the support of the president of the
University of Tokyo, Prof. Dr. Makoto Gonokami, who is also a physicist. Subsequently, thanks to the dedicated
efforts of people at the university, especially the director of Intermediatheque, Prof. Dr. Yoshiaki Nishino, and
others at The University Museum, plans were put in place to hold this milestone exhibition.

Through this exhibition, visitors are invited to reflect on this major scientific discovery, namely, that of
X-rays, as well as on the dramatic progress of today’s fields, such as physics, engineering, biology, and medicine.
It is also my hope that the exhibition will further advance exchange between the University of Tokyo and
University of Wiirzburg,

Dr. Yasuhiko Arakawa

Specially Appointed Professor
Institute for Nano Quantum Information Electronics, the University of Tokyo
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Greetings

The year 2020 marks not only 175 years since the birth of Réntgen but also the 175th anniversary of the
founding of the Physikalische Gesellschaft zu Betlin, out of which the German Physical Society (DPG) emerged.
Starting in 1899, Rontgen was a member of the DPG and, in 1919, became an honorary member. As such, I
would like to warmly welcome you to this exhibition in the name of the DPG!

Now 175 years after his birth and almost a hundred years after his death, Wilhelm Conrad Réntgen still
fascinates. On November 8, 1895, he observed that a fluorescent screen started to glow brightly when near a
Lenard’s cathode ray tube, even though the tube was covered. This discovery of X-rays was a milestone in science.
Very rarely has a scientific discovery not only opened up completely new perspectives and possibilities in research
but also spurred medical progress in such a fast and thorough way, providing mankind with manifold new
opportunities and benefits.

On December 28, 1895, not even two months after he came across “this new kind of rays,” Rontgen
published the results of his extensive investigations that he had conducted until then. This “preliminary
disclosure” is a paramount example of scientific prose and an impressive attestation of Réntgen’s circumspection
and profoundness as an experimenter. It electrified science: in 1896, more than 1,000 articles on the new
radiation were published. In the course of the year, the Physikalische Gesellschaft dedicated seven lectures to
X-radiation where its members presented their own X-ray images and discussed how the apparatuses could be
improved. Likewise, the general public took immediate notice: in Vienna, on January 5, 1896, the front page of
Die Presse carried the headline “A sensational discovery.” Instantly, daily newspapers all over the world began to
report on the “wonderful triumph in science” (Daily Chronicle, London). This tremendous echo is certainly owed
to the X-ray image that Rontgen took of his wife’s hand on December 22, 1896. The bones and ring are clearly
visible: such a photo—made of the inside of a living person!—had never been seen before. It was immediately
evident that a powerful instrument had been made available to medicine.

It is remarkable that Rontgen declined the offer to protect his discovery by patents or to exploit it
commercially. In general, he had the opinion that “his findings and discoveries belong to the general public, and
should not be reserved to single enterprises due to patents, licencing contracts, and so forth.” This circumstance
contributed to the practical use of X-rays across a broad front immediately after their discovery. Until today,
medicine cannot be imagined without X-rays and, moreover, they are applicable to various other areas.

As for Rontgen himself, X-rays certainly formed only one of various research topics he focused on in the
course of his lifetime. In 1876, he succeeded in proving the spin of the polarization plane of light in gases, an
achievement that Michael Faraday and others had struggled to accomplish in vain. Later on, he occupied himself
with electro- and thermodynamics but, most of all, he was particularly fascinated by the physics of crystals.
Rontgen was a very acute observer, an extremely meticulous experimenter, and a most scrupulous scientist. His
character is described as rather introvert, sober, and modest. He refused to accept the title of nobility he was
distinguished with and he donated the money that came with the first Nobel Prize in Physics, awarded to him
in 1901, to his university. However, it is quite unlikely that he was as unworldly a scientist as he occasionally was

classified, otherwise he would hardly have been elected rector of University of Wiirzburg in 1893.
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The example of Réntgen and the discovery of the X-rays show that pioneering innovations in science
cannot be planned, but that it would also be wrong to simply ascribe them to chance. Réntgen was a gifted
physicist, but he had the freedom to pursue his interests and the opportunity to work with modern equipment
as well as deal with current questions. Above all, he had the time and leisure to pursue his ideas without prior
intention and driven instead by pure curiosity. In addition, he—and his discovery was also a result of this—had
the right instinct and the necessary luck, for which there is the beautiful word “serendipity” in English.

At this point, I would like to build a bridge to the present, because even today it is still true that good
science requires liberty and freedom. Young scientists, in particular, unfortunately now face ever-increasing
expectations and find themselves under growing pressure to be successful and produce results. Knowledge,
however, is not a product that can be manufactured according to predefined plans. More likely, it is won by
unintentional interest in the matter itself, by a kind of childlike curiosicy—Dby, I would almost like to say, a
forgotten sense of play. Man “is only fully a human being when he plays,” Schiller says, and perhaps this applies
to scientists. The high scientific ethos to which Rontgen was committed in such an exemplary manner remains
topical. Perhaps these two dimensions—the freedom to pursue one’s own interests and to demand high standards
of one’s own work—are much more closely related than it initially appears.

The DPG has dedicated its science festival Highlights of Physics 2020 to the topic of “About Rontgen.”
Together with Julius-Maximilians-University Wiirzburg and the Federal Ministry of Education and Research,
we expect tens of thousands to visit Wiirzburg in September. I hope that we will be able to familiarize them
with who Wilhelm Réntgen was and the impact of his work. Moreover, I hope that we can impart to them the
excitement of science and the adventure of physical research.

May this also apply to you!

Prof. Dr. Dieter Meschede

President of the German Physical Society

Deutsche Physikalische Gesellschaft @ DPG
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Greetings

Commemorating 125 years since the discovery of X-rays, the 125 Years of New Insights— Rontgen and the Discovery
of the X-ray exhibition is presented by the University of Tokyo at Intermediatheque in the Marunouchi district of
Tokyo, in partnership with University of Wiirzburg,. This special exhibition is the sixth in the Intermediatheque
Natural History Series organized by the University Museum, the University of Tokyo.

The physicist Wilhelm Conrad Réntgen (1845-1923) was born in Lennep in what was then the Kingdom
of Prussia. As is well known, X-rays are referred to in the medical field in Japanese and other languages by the
name of the man who discovered them. As we might expect from how a person’s name could come to be used
so widely as the name for something, this new type of radiation that Réntgen found over a century ago proved
immensely valuable for use in academic research and society at large.

Having had his eyes opened to mechanical engineering while a student at Utrecht Technical School,
Réntgen would go on to enter the Federal Polytechnical Institute in Zurich. One of the members of the faculty at
the institute was Rudolf Clausius (1822-1888), who was renowned for his pioneering work on thermodynamics. It
is said that Clausius enticed Réntgen over to the field of industrial physics.

Clausius’s successor was August Kundt (1839-1894), a specialist in optics and acoustics, and under whom
Réntgen studied physics and went on to obtain his degree. He subsequently worked as Kundt’s assistant at the
latter’s home, continuing research into optics and electromagnetics at universities in Wiirzburg, Strasbourg, and
Berlin, and accruing various impressive achievements.

In 1888, Kundt became head of a physics institute in Berlin, while Réntgen took up a post as a professor
of physics at University of Wiirzburg. Recognition for his later feats, not least discovering the phenomenon
of displacement currents, known as the “Rontgen current,” which supported the theory of electromagnetism
proposed by the British theoretical physicist James Clerk Maxwell (1831-1879), culminated with his appointment
as university rector in 1894.

When pressure is applied to solid matter or liquid, what happens to its physical properties? Réntgen’s
interest in this question led him to examine the cathode rays that flow within decompressed gases, and from
October of the year after he was made rector, he began experiments with glass vacuum tubes. In a very short
space of time, apparently as soon as the following month, he scumbled upon the existence of a strange type of
radiation until then not known to science. Since the radiation’s rays were as yet unidentified, Réntgen named
them the “X-ray” and his preliminary report, “On a New Kind of Rays,” was sent to the Wiirzburg Physical-
Medical Society on December 28, 1895.

These X-rays unintentionally discovered by Réntgen during his experiments were electromagnetic
waves resulting from electrons emitted from the cathodes of the vacuum tube due to high voltage load from an
induction coil, and which then collided with the wall of the glass tube. Though invisible to the naked eye, such
waves can be detected using a fluorescent screen or photographic plate. The discovery of X-rays, thus, meant that
humankind could now view a hitherto unseen world. What Réntgen found rapidly expanded the boundaries of

scientific knowledge.
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Réntgen verified the existence of X-rays by making photographic plates of people’s hands and through
public tests. The readily understandable nature of his experiments also worked to his advantage and meant people
quickly saw the potential applications for various academic fields, leading to the use of X-rays in a wide range of
areas. Discovered over a century ago, fluoroscopy imaging with X-rays continues to be employed extensively as
a means of nondestructive testing, from health care to luggage scanning. That Réntgen was honored with the
inaugural Nobel Prize in Physics in 1901 is only to be expected, given the incredible impact of his discovery.

In Japan, the Kyoto University Museum’s 1996 exhibition The Enigma of X Science and Technology
commemorated the centennial of X-ray research and traced the contributions Japanese scientists have made to
the study of X-rays. This new exhibition, however, marks the first occasion that the academic and personal legacy
of the physicist Rontgen is introduced to domestic audiences. Today, when the infrastructures for engaging in
basic research are at risk, it is timely to reassess a scientific discovery that brought about such a seismic shift for
both academic research and people’s ordinary lives.

In closing, I wish to express my gratitude to Prof. Dr. Alfred Forchel, president of University of
Wiirzburg, and the others who generously gave us permission to exhibit various important academic specimens.
In addition, I would like to take this opportunity to thank the various other researchers involved, particularly
Prof. Dr. Yasuhiko Arakawa of the University of Tokyo’s Institute for Nano Quantum Information Electronics,
who initiated this special exhibition through a research partnership with University of Wiirzburg, as well as
the executives at the University of Tokyo, especially President Makoto Gonokami and Executive Vice President

Hiroo Fukuda, whose tireless efforts helped this exhibition come about.

Yoshiaki Nishino

Director, Intermediatheque
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Foreword

The connection and friendship between Julius-Maximilians-University Wiirzburg and Japan have a longstanding
and powerful tradition. Thanks to the Wiirzburg physician Philipp Franz von Siebold, who earned his doctoral
degree in Wiirzburg in 1820 before becoming known throughout the world for his scientific work in and about
Japan, we have shared a fruitful and lively exchange ever since. Siebold’s research made University of Wiirzburg a
highly attractive place for Japanese students already in the middle of the nineteenth century.

The father of X-rays and Nobel Prize laureate Wilhelm Conrad Réntgen is a further important and
longstanding link between Wiirzburg and Japan. With his groundbreaking discovery in 1895, a wave of joint
research on the new phenomenon was initiated also in Japan, in particular at the University of Tokyo. Nowadays,
this interaction extends into many other fields, including semiconductor quantum structures, picosatellite-based
space research, chemistry, and the life sciences. As such, at a quite early stage of the preparation for an exhibition
to commemorate the 125th anniversary of the discovery of X-rays by Wilhelm Réntgen at our university, the idea
arose to present a similar exhibition at the University of Tokyo to honor one of the most important discoveries of
the last 200 years also in Japan.

Julius-Maximilians-University Wiirzburg is providing this exhibition with original objects as well as
historical photographs related to the great scientist. Some of these items were bequeathed to the university in
Réntgen’s will. The exhibition provides information on his education, studies, and scientific career before he
accepted the position as head of the Institute of Physics at our university. The exhibition illustrates the discovery
and his initial studies with X-rays, and presents documents that help people understand the almost immediate
global excitement about this finding. Within less than two weeks from the submission date of the first scientific
publication, the discovery of X-rays had made it into major newspapers around the world. Réntgen accordingly
received many scientific and royal honors, the most important of which was undoubtedly the first Nobel Prize in
Physics, which he received on December 10, 1901.

International cooperation provides valuable stimuli for science and research and has always been an
important part of academic life. With globalization present now in virtually all sectors, scientific exchange with
international partners is more important than ever. It allows faster progress in joint research, provides access to
otherwise unavailable research facilities, and creates a common understanding of science. Moreover, it is a vital
step on the way to consolidating and intensifying our contacts and friendship.

I wish all guests an interesting and stimulating visit to the exhibition as well as much pleasure from

exploring this catalog.

Prof. Dr. Alfred Forchel
President

Julius-Maximilians-University Wiirzburg
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Foreword

Wilhelm Conrad Réntgen discovered X-rays in 1895, an achievement that led to his receiving the inaugural
Nobel Prize in Physics in 1901. It gives me great joy that in 2020, the year that marks 125 years since the
discovery of X-rays, the University of Tokyo and University of Wiirzburg are able to hold this exhibition, 125
Years of New Insights— Rontgen and the Discovery of the X-ray.

From its founding in 1877 until the present, some 140 years since the start of Japanese modernization,
the University of Tokyo has engaged in various kinds of academic exchange with institutions in many other
countries. At a time when Western learning was enthusiastically embraced in Japan, the tradition of our
university was built on the fusion of Western and Eastern scholarship to create something entirely new. With
Julius-Maximilians-University Wiirzburg, we have long exchanged research across many fields, not least physics
and biology, cemented by an inter-university agreement between our universities in effect since June 30, 2011,
and leading to many internationally noted scholarly achievements.

The relationship between the University of Tokyo and University of Wiirzburg can actually be traced
back to the 1895 discovery of X-rays by Rontgen, who was then the rector of University of Wiirzburg. Studying
in Germany at the time, Nagaoka Hantaro was quick to send word home of the first reports, while Muraoka
Han’ichi, who was friends with Réntgen, also heard details directly from the discoverer himself. Based on these
reports, Yamakawa Kenjird of Tokyo Imperial University (current University of Tokyo), Yamaguchi Einosuke of
the First Higher School, and others succeeded in producing X-ray photographs and, within a few months, could
verify the accuracy of the discovery. In light of the state of communications at that time, this is an example of
a successful procedure whereby news was received of a discovery and additional tests were then straightaway
conducted. It is also noteworthy that the University of Tokyo, less than twenty years after it was founded, was
already able to produce such results.

The idea for this special exhibition came from Prof. Dr. Alfred Forchel, president of University of
Wiirzburg, and his research partner, Emeritus Prof. Yasuhiko Arakawa. Through the tireless efforts of the
team, not least Prof. Dr. Yoshihiro Nishiaki, the director of the University Museum, the University of Tokyo,
Prof. Dr. Gen Suwa, former director of the University Museum, and Prof. Dr. Yoshiaki Nishino, director of
Intermediatheque, we were able to realize this exhibition. I would like to thank, in particular, Prof. Dr. Marcus
Holtz, the curator of University Archives, University of Wiirzburg, for his great contribution to the exhibition.
Alongside the opportunity offered by this exhibition to introduce part of the achievements and history of the
rich academic interchange that has taken place between our two universities, it is my hope that the University
Museum and Intermediatheque continue to embody the traditions and experiences of the University of Tokyo’s

scholarship, and function as platforms for disseminating them across the world.

Prof. Dr. Makoto Gonokami
President, the University of Tokyo
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