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Wilhelm Conrad Rentgen: the man who saw the invisible.
On the 180t anniversary of his birth

and the 130' anniversary of the discovery of X-rays
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ABSTRACT

The article explores the life and scientific achievement of Wilhelm Conrad Rontgen (1845-1923), the outstanding experimental physicist
who discovered X-rays and transformed the course of modern science and medicine. It traces Réntgen’s path from his unjust expulsion
from school and the difficulties of his early education to his later leadership of major physics institutions in Germany, where he developed
into a scientist whose work shaped experimental physics for decades to come.

Particular attention is devoted to the circumstances of his November 1895 discovery of a new type of radiation capable of penetrating
opaque materials and revealing the internal structure of the human body without surgical intervention. The article highlights Rontgen’s
meticulous experimental approach, his long days and nights of isolated work, and his determination to investigate every hypothesis in
order to understand the nature of the mysterious rays that had no precedent in science.

Acentral theme is Rontgen’s principled decision to refuse a patent for his discovery. Believing that such knowledge must serve humanity,
he deliberately made the new radiation freely available, enabling its rapid adoption in medical diagnostics and ultimately saving millions
of lives.

The material presents Réntgen not only as a brilliant experimenter but also as a man of exceptional moral integrity, for whom scientific
truth and public good outweighed personal benefit. His legacy — an embodiment of talent, perseverance, and ethical conviction —
continues to define the development of physics and medicine to this day.
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Bunbrenom KoHpaa PeHTreH: YenoBek, KOTOpbIN yBUAEnN
HeBugumoe. K 180-neTtuio co gHA poxaeHus

n 130-neTnio OTKPbLITUA PEHTFEHOBCKUX Ny4en

.M. Maeugm, K.T. Abaynaraesa, [1./1. Bacunesckuit, B.M. Jlasapes

MepBblit CaHKT-MeTepbyprekuil rocyLapCTBEHHbIA MEAULMHCKWIA YHUBEPCUTET UMeHu akafemuka W.1. Masnosa, CaxkT-MeTepbypr, Poccus

PE3IOME

CraTbs NOCBSALLEHa XW3HU 1 Hay4YHOMY noasury Bunbrensma KoHpaga PenTreHa (1845-1923), BbigatoLuerocs uanka-akcnepumenTa-
TOpa 1 NepBOOTKPbIBaTENS X-Ny4el, KOTOpbIE CTan OLHUM U3 BENUYaLLINX JOCTXEHWI MPOBOI Hayku. B paboTe npocnexusaetcs
nyTb PeHTreHa — OT HecnpaBeAnv1BOro W3rHaHWs 13 LKOMbI U TPYAHOCTEl paHHero 06pa3oBaHMs O PYKOBOACTBA KpyMHEALUMMA
OU3NYECKUMM UHCTUTYTaMK [epMannm, roe oH chopMUpoBarcs Kak y4YeHblil, OnpeaenmBLUMA HanpaBneHue pa3BuTUS SKCNepUMeH-
TarnbHoW OU3NKN Ha AECATUNETUS BRepes.

Oco60oe BHUMaHMe yaeneHo 06CToATeNbCTBAM OTKPbITUS B HOsIGpe 1895 roga HOBOro TUna 13nyyeHus), cnocoBHOro NPOHMKATh CKBO3b
Henpo3payHble MaTepmarnb! 1 BNiepable B UICTOPUM NO3BOMNMBLLENO YBUAETb BHYTPEHHEE CTPOEHIE HENOBEYECKOro opraHn3ma 6e3 one-
pauuu. MoapobHO paccmMaTpuBatOTCS 3KCMEepUMEHTanbHbIe NONUCKM PeHTreHa, ero MHoOrogHeBHas paboTa B 130MsLuK, CTpemMneHue
NPOBEPUTH KaXayto MMMoTesy U YCTAHOBUTL NPUPOZY Nyyei, KOTOpble Ha TOT MOMEHT He UMENM aHamnoroB B HayKe.

OTMmevaeTcs NpuHLMNnanbHas nosuLmMs Y4EHoro, KaTeropuvecku OTKasaBLLEroCs NaTeHTOBATb CBOE OTKPLITUE, MOCKOMbKY OH cyuUTan,
4TO Nofo6HOE MU3MyYeHe JOMKHO CRYXUTb BCEMY YeNOBeYecTBy. Ero pelleHne OTKpbINO NyTb K CTPEMUTENBHOMY Pa3BUTUIO Meau-
LIMHCKOM ANArHOCTUKW 1 CNAco MUMIMOHBI XWU3HEN N0 BCEMY MUPY.

MaTepuan noseonseT yBuaeTb B PEHTTeHe He TOMbKO reHUanbHoro SKCepuUMEHTaTopa, HO U YenoBeKa BbICOYaMLLIMX MOparbHbIX
MPWHLMMOB, 151 KOTOPOTO Hay4Has UCTUHA U 0BLLEeCTBEHHOE Bnaro CTOSNM BblLle NMYHOI Bbirodbl. Ero Hacneaue, onuueTsopsioLLee
COEMHEHWe TanaHTa, ynopcTaa 1 3TUKK, NPOAOIIKaET ONPEAeNnsaTb Pas3BUTUE MEAULIMHBI U (PU3NKN N CETOaHS.

KntoueBble cnoBa: BumbrenbM PEHTTEH, OTKpbITUE PEHTIEHOBCKYX Nyyel, UCTopus Hayku, HobBereBckas mpemusi no dmanke, peHTre-
HOBCKWI CHUMOK, Hay4Has aTuKka, Guorpadusi y4eHoro

Kak uutmpoBatb
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Genius may be nothing more than a fleeting opportunity.
Only hard work and determination can bring it to life and turn it
into glory.

Albert Camus

Throughout history, some people have been born
with the ability to perceive the world differently. They
see it from a unique perspective, discern what remains
hidden from others, and shed light on what still lies in
darkness. These individuals are key contributors to
progress; thanks to them, humanity has evolved into a
civilization, and science continues to make new strides
every year. |t seems that fate itself guides such people:
every encounter, every event comes together to form a
path leading to a great discovery (Fig. 1).

It was precisely such a person who was born on
March 27, 1845, in the small town of Lennep to Friedrich
Conrad Rontgen and Charlotte Constance. The boy
was named Wilhelm Conrad. His mother came from the
ancient Frowein family, which lived in Holland, and his
father belonged to a respected merchant dynasty whose
roots stretched far back into the lands along the Rhine.

In 1848, the French Revolution erupted, its
echoes reaching as far as Prussia. Rontgen’s father
sold the family home and moved with his family to
the Netherlands. Thus, three-year-old Wilhelm unex-
pectedly became Dutch. Nevertheless, as he began a
new life in a foreign land, he forever kept the house
in Lennepe in his heart: he recalled every corner of
it with particular tenderness and sadness, where he
had spent the most carefree years of his childhood.

In 1850, the Rdontgen family settled in Apeldoorn,
in a house that came to symbolize their love and

Fig. 1. Portrait of Wilhelm Conrad Réntgen. 1900 (Photograph. Public
domain)

Puc. 1. Moptper Bunbrensma Kowpapa Pentrena. 1900 r. (®oto-
rpacpust. O6LLECTBEHHOE LOCTOSHME)

hopes. They engraved the name of their five-year-old
son, Wilhelm, on the south wall. This touching gesture
speaks volumes about parents’ feelings: they were
not simply furnishing a home, but creating a space
where their only and dearly beloved son could grow
up to be a decent person.

Wilhelm Rontgen spent fourteen years in this
house, while attending the school of Martinus Herma-
nus van Doorn. In 1862, the family moved to Utrecht.
At nearly eighteen years old, Wilhelm Conrad moved
in with Dr. Hanning, a Utrecht chemist who taught at
both the university and the technical school.

The Utrecht Technical School accepted boys aged
14 to 18, training them to become future managers of
factories and enterprises. At first, a quite predictable
path lay ahead for Rdntgen as well. He would continue
the family business and get involved in textile manu-
facturing. But fate had other plans. In early 1865, his
mentor, Dr. Jan Hanning, was appointed professor of
chemistry in Amsterdam. This was a turning point for
the young Wilhelm: he increasingly realized that he was
drawn to natural sciences.

Réntgen was a gifted student and easily mastered
most subjects, except for physics. It was taught by Ger
Patterson, a man who disliked Wilhelm from the very
beginning, and the feeling was mutual. The story ended
in a sad misunderstanding: one of his classmates drew
a caricature of the teacher on a piece of paper, but the
blame fell on Rontgen. He did not reveal the real culprit
and paid a high price for his silence — at the age of
seventeen, he was expelled from school [1].

Wilhelm Réntgen weathered this stroke of fate with
his characteristic nobility and fortitude, even though the
lack of a high school diploma hindered his admission to
university. His father supported his son: “It’s all right; three
generations of men in our family have been cloth manu-
facturers, and you will make an excellent cloth maker”.

But Rontgen decided not to give up; his innate te-
nacity and determination prevailed. He began prepa-
ring himself for exams to Utrecht University. However,
due to a cruel twist of fate, his math exam was proc-
tored by none other than Ger Patterson, who was filling
in for a professor who had unexpectedly fallen ill. And
he failed the exam.

It is no surprise that after such trials, Réntgen
viewed exams with a touch of irony for the rest of his
life. In 1920, he wrote to Mrs. Boveri, the daughter of
his friend, the biologist Theodor Boveri, whose ideas
anticipated modern mutation theory: “Student exams,
as a rule, do not reveal true aptitude for a subject. Un-
fortunately, they are a necessary evil. The true test of
aptitude for a profession comes only in adulthood”.

However, Wilhelm Rontgen did not give up this time
either. Four days after his failure, he enrolled in the
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philosophy department, which accepted students wi-
thout strict high school diploma requirements. However,
philosophy alone was not enough. He was too drawn
to natural sciences. In 1865, by a stroke of good for-
tune, the Polytechnic Institute opened in Zurich, where
one could enroll without a high school diploma, sim-
ply by passing exams in mathematics, Ancient Greek,
and Latin. Rontgen was admitted, exempted from the
language exams as his exceptional knowledge of ma-
thematics impressed the examiners. Thus, the twenty-
year-old young man became a student at the institute
that would shape his scientific destiny.

During his student years, Rontgen and his friends
would gather in the evenings at the “Green Glass”
café. There he met Bertha Ludwig, the daughter of
the café’s owner. Seven years later, this meeting cul-
minated in their marriage.

His acquaintance with Professor August Kundt
proved no less significant. After hiring Rontgen as his
laboratory assistant, Kundt once asked him a ques-
tion that would prove fateful: “What do you really want
to do with your life?” This question compelled Ront-
gen to finally define his path in science.

Not receiving a precise answer, the professor
advised: “Start doing science — it's never too late”.
For Rontgen, Kundt was not merely a mentor, but
a true guide into the world of physics. He managed to
instill in the young researcher a love for experimenta-
tion, patience in his work, and the ability to build instru-
ments on his own. It was alongside Kundt that Rontgen
got a taste of genuine scientific inquiry and finally found
his calling to become an experimental physicist [2].

In 1870, August Kundt was appointed to the Uni-
versity of Wirzburg, and invited his loyal assistant,
the young Wilhelm Réntgen, to join him. There, Ront-
gen began work on his dissertation, but the university
dean rejected it for unknown reasons. These difficul-
ties were temporary: soon Kundt was transferred to
the Imperial University of Strasbourg, and Rontgen,
of course, followed him. There, in 1874, Rontgen was
appointed a private lecturer at the Institute of Physics.

The young scientist’s career continued to ad-
vance. Thanks to a recommendation from Heinrich
Weber, a former professor at the academy, Réntgen
was appointed professor of physics and mathematics
at the Agricultural Academy in Hohenheim. However,
as early as 1876, he returned to Strasbourg to take up
a position as a lecturer in physics. Although Rontgen
had to teach theoretical physics, it was his years in
Strasbourg that revealed his true calling. His research
at that time was distinguished by a clear formulation
of problems, the elegance of his experimental tech-
niques, and a rare ability to analyze results with clear-
headedness and depth.

From that point on, Wilhelm’s circle of acquain-
tances expanded; he met the biologist Georg Gafki,
an outstanding German physician and bacteriologist,
a close associate of Robert Koch, and the surgeon
Rudolf-Friedrich Krenelin, one of the pioneers of ap-
pendectomy in Europe and a surgeon who developed
and refined his own technique for gastric resection.
Getting to know such outstanding scientists signifi-
cantly broadened Réntgen’s scientific horizons and
had a beneficial influence on his work.

But Rdntgen never forgot about his family. Although
the couple had no children of their own, they adopted
Bertha’s niece, Josephine Ludwig. Wilhelm was a ca-
ring husband and became a true father to the girl [3].

While in Giessen, he wrote a number of papers, one of
which was titled “On the Electrodynamic Force Caused by
the Movement of a Dielectric in a Homogeneous Electric
Field”. Rontgen demonstrated that free charges located at
the interface of an electrically polarized dielectric, namely
on the surface of the insulator within a capacitor, also
generate an electric current during mechanical motion
and are surrounded by a magnetic field. For this purpose,
he caused the dielectric to rotate between the plates of
a charged capacitor and was thus able to experimentally
prove the validity of Maxwell’s first equation.

This work aroused particular interest among scien-
tists of the time. Ludwig Zender, a research associate at
the Massachusetts Institute of Technology, wrote: “This
discovery by Rontgen was valued by theoretical scien-
tists such as Lorentz, Sommerfeld, and others almost as
highly as his discovery of X-rays” [4].

On October 1, 1888, Rdntgen received an offer to
take up a professorship in Wirzburg, succeeding the
renowned physicist Friedrich Kohlrausch (1840-1910).
Thus, he returned to where his journey had once begun.
But now Rontgen was returning not as a student, but as
a recognized scientist and an outstanding experimenter.
He had reached this pinnacle through his own hard work
and talent. During this period, he began studying the ef-
fect of pressure on various properties of liquids. Based
on the anomaly of water (the presence of maximum
density at 4 °C), he concluded that water consists of
two different molecular structures: a more voluminous
ice structure and structures of smaller volume that are
formed only at higher temperatures.

Wilhelm Rontgen was a strict and demanding men-
tor, both to himself and to his students. He disliked for-
mal exams and preferred to assess his students’ genuine
depth of understanding. This approach often put those
who were accustomed to rote memorization, rather than
a true grasp of science, in a difficult position.

Despite his numerous responsibilities, Rontgen actively
pursued scientific research. From 1888 to 1894, he pub-
lished 50 papers on how pressure affects the properties




of liquids. At the same time, his attention was drawn to
cathode rays in gas discharge tubes. The scientist believed
that this phenomenon had not been sufficiently studied and
devoted a great deal of time to its investigation. By the end
of 1895, he was conducting experiments with a modified
gas-discharge tube located directly beneath his apartment
as he did not like to waste time. At that time, he did not yet
know that he was on the verge of his greatest discovery [5].

The history of science is full of examples where the
greatest discoveries arose from chance. Such was the
case with Wilhelm Rontgen. On the evening of November
8, 1895, he was about to have dinner with his family when,
after closing the curtains and covering the cathode tube with
cardboard, he absentmindedly failed to turn it off. Turning
around at the doorway, he noticed a strange glow: a sheet
of paper with barium salt was glowing green, even though
there was no light source nearby. The scientist instantly
realized — he was facing a phenomenon of unknown
nature. Rontgen returned to the laboratory and no longer
allowed anyone to enter; he instructed his wife to bring
food only and leave it outside the door. He decided to dig
up the truth, working day and night, resting only a couple
of hours a day. For 50 days, no one saw the scientist, and
he experimented with the rays, passing them through all
the objects in the laboratory (Fig. 2). “Having learned of an
entirely new type of rays, | naturally began to investigate
what they would do... Soon, the tests revealed that the rays
possessed a penetrating power of a previously unknown
degree”, wrote Wilhelm Rontgen [6].

Fig. 2. Artistic illustration: Wilhelm Conrad Réntgen in his laboratory at
the moment of discovering X-rays. Late XIX — early XX century (public
domain)

Puc. 2. XypoxecTtseHHas unmoctpaums: Bunbrenom KoHnpag PeHTreH
B nabopatopuu Bo Bpemsi OTKpbITUS X-nyyen. Korel XIX — Havano
XX Beka (06LeCcTBEHHOE JOCTOSIHIE)

Fig. 3. The first X-ray image — the hand of Anna Bertha Ludwig with
a ring on her ring finger. W.C. Rdntgen, 8 November 1895. Physical
Institute of the University of Wiirzburg (public domain)

Puc. 3. lNepBas peHtreHorpamma — kuctb AHHbI BepTbl Jliogsur ¢
konbLioM Ha 6e3bimaHHOM nanbLe. B.K. Pentren, 8 Hos6ps 1895 ropa.
dunandeckuin MHCTUTYT Blopubyprekoro yHuBepcuteTa (06LLECTBEHHOE
[0CTOsHNE)

The great immunologist Louis Pasteur said: to res-
train oneself and not announce a discovery until all
hypotheses have been tested is a difficult task. These
words describe Wilhelm Rontgen very accurately. Im-
mersed in the study of the mysterious rays, he worked
late into the night, sacrificing sleep and his health.

His wife was worried about her husband’s health, as
he hadn’t seen daylight for many days. “How long will this
go on?” she asked him. “As long as it takes”, Rontgen
replied. After seven weeks of experiments, he called his
wife into the laboratory and took an X-ray of her hand.
Seeing the image of her own bones on the plate, Bertha
cried out in horror: “I have seen my own death”. It was
the world’s first X-ray [7].

On January 5, 1896, a sensation shook the readers
of the Viennese newspaper Die Presse. The front page
reported that on November 8, 1895, a certain Professor
Rontgen had discovered a new type of radiation capable
of penetrating opaque materials and even allowing one to
see through the human body. But how did the story get into
the newspaper? During a discussion evening, Professor
Franz Exner (Rdntgen’s colleague and friend) brought a
special edition of Rdntgen’s work, as well as a photograph
of a human hand in which the bones, joints, and even a
ring on the ring finger were clearly visible (Fig. 3).

Soon, the whole world heard about Rontgen’s great
discovery. Everyone was stunned, except the scientist
himself, who was convinced that sensationalism was
merely a “pastime of vanity”, whereas true science
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Fig. 4. Artistic engraving: Wilhelm Conrad Réntgen demonstrating the
use of X-rays to examine a young boy. Late XIX century (public domain)

Puc. 4. XypoxectBeHHas rpasiopa: Bunbrensm KoHpag PentreH
LEMOHCTPUPYET NpuMeHeHne X-nyyen ans obcnesoBaHUs Manbyuka.
Koneu XIX Beka (06LLeCTBEHHOE AOCTOSHME)

requires modesty. He refused to patent the discovery,
declaring: “My discovery belongs to the people!” The
significance of X-rays proved to be enormous: for the first
time, medicine gained the ability to look inside the human
body without surgical intervention, and soon the first
radiology laboratories appeared, including in Russia [8].

Since ordinary people knew absolutely nothing about
the nature of the rays, a very funny incident occurred.
Once, Wilhelm Rdntgen received a letter from a sailor
who asked the scientist to send him some X-rays so
he could locate a bullet in his chest, to which Réntgen
replied: “Unfortunately, sending the rays would be dif-
ficult, but there is an easier way: send me your chest, |
will find the bullet and send it back to you” [9].

Rontgen categorically refused to allow the military
use of his discovery. When asked to use the rays for
military purposes, he replied to the Kaiser himself, Wil-
helm II: “It is impermissible and inhumane to use for mili-
tary purposes a means that is needed by sick people”.
Ironically, the Kaiser fell down the stairs and sprained
his leg; for this reason, he had to agree with Rdntgen’s
opinion and use the invention for medical purposes.

Wilhelm Rdntgen was a man of rare nobility and
humanity: he dedicated all his work to serving science
and people, believing that a scientist’s mission is “to
make the world a better place” (Fig. 4). He shunned
fame, disliked interviews, and rarely left his home, as
if ashamed of the public attention that had descended
upon him following his discovery. In 1900, Réntgen
moved to Munich, where he took up a professorship at

the university and headed the Munich Institute of Phy-
sics [10].

In 1901, Wilhelm Rontgen became the first recipient of
the Nobel Prize in Physics. However, being a modest man,
he declined to give a public speech and refused honorary
titles, so the prize was sent to him by mail. The Nobel Prize
Committee’s letter stated: “In recognition of his extraordi-
narily important contributions to science, manifested in the
discovery of the remarkable rays subsequently named in
his honor”.

He also declined an honorary position at the German
Academy of Sciences, and shortly thereafter, the noble
title “von”. Whenever someone addressed him as Dr. von
Rontgen, the scientist would correct them indignantly: “Since
| have not yet submitted a special application and do not
intend to do so, it is not proper for me to bear the prefix ‘von™.

Munich became the final stop in Wilhelm Conrad Ront-
gen’s life. In 1900, he became head of the physics depart-
ment at Ludwig Maximilian University. In 1903, a young
Russian scientist, Abram loffe, came to him for an intern-
ship; he soon became Rontgen’s assistant and one of his
few close friends. Their collaboration marked the beginning
of joint research and became an important chapter in the
lives of both scientists [11].

World War | had a severe impact on Rontgen’s life. He
donated all his savings, including his Nobel Prize money, to
his country, lived extremely modestly, and traveled by train
in third class. After his wife’s death, he was left completely
alone.

In 1923, the scientist fell ill. The doctor who ex-
amined him was struck by the modesty of the patient,
whose name was known throughout the world. The
irony of fate was that his diagnosis, colon cancer, was
made using his own discovery, X-rays.

Fig. 5. Wilhelm Conrad Réntgen. Photograph. University of Wiirzburg,
late XIX century (Wirzburg University Library Archives, public domain)
Puc. 5. Bunbrenom KoHpap PeHtreH. ®otorpacus. YHusepcuteT
Bropubypra, komey XIX Beka. (ApxuB OubnuoTekn yHueepcuteTa
Bropu6ypra, 06LjecTBeHHOE JOCTOsHIE)




On February 10, 1923, Wilhelm Conrad Réntgen
passed away, never once compromising his moral prin-
ciples. His will instructed that his scientific papers be
burned, which was carried out [12].

The world lost one of the most hardworking, bril-
liant, and humane scientists, whose name is forever
inscribed in history thanks to a discovery that changed
the course of medicine and the fate of humanity (Fig. 5).

Do not look back — look life in the face,

Do not give up.

Lift your head, pay no heed to groans.

Whoever strives for a goal — do not retreat,

Do not look at backs and the past.

Look into the eyes of the light that lies ahead.
Richard von Violkmann. Berlin, 1890

ADDITIONAL INFORMATION
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