I. Wilhelm Conrad Rontgen

“Der Kiirze halber méchte ich den Ausdruck “Strahlen” und zwar sur Unterscheidung von auderen den

Namen “X-Strahlen™ gebrauchen.” (1895)

Wilhelm Conrad Rontgen was born March 27,
1845 in the lower Rhine town of Lennep, the only child
of Friedrich Conrad Rontgen, a well-to-do textile mer-
chant, and of his Dutch wife, and cousin, Charlotte
Constance Frowein. When Wilhelm was three years of
age, his parents moved to Apeldoorn in Holland, the
home of his maternal grandparents, and became
Dulch cilizens. He altended primary school in Apel-
doorn and boarding school at Middelaan. At age 17, he
registered at a private Technical School in Utrecht. He
lodged in the home of one of his professors, Dr. Jan
Willem Gunning, a fine scholar who became his tutor,
guide, and mentor; Wilhelm was to remain loyal and
affectionately devoted to him (“...your place in my
heart never became empty”). Wilhelm served as in-
structor in chemistry and wrote a section in the profes-
sor’s textbook. Towards the end of his studies at the
technical school, a disparaging caricature of one of the
teachers appeared on a blackboard. Because Wilhelm
refused to reveal the name of the mischievous artist,
he was expelled from the school as an accomplice. As
the only alternative he audited courses and was pri-
vately tutored but he failed to gain admission at the
University of Utrecht. His lofty dream of higher educa-
tion had vanished.?'® (Figs. I-1 and I-2.)

In 1865 Rontgen learned that the Ziirich Polytech-
nikum accepted students without the customary cre-
dentials, provided they passed a stiff entrance exami-
nation; he applied for admission and, wupon
consideration of his documents and letters, the exami-
nation was waived. Rontgen was a tall, slender, and
broad-shouldered young man with distinguished facial
features: ample forehead, deep-set brown eyes, thick
and wavy black hair, and well-groomed sideburns. He
dressed impeccably: he wore a soft wing collar with a
large bow cravat and a gold chain across his vest. He
was reserved and rather shy but very friendly; his eyes
betrayed both his determination and his kindness.
(Fig. I-3.)

At age 23, Rontgen finished his studies on me-
chanical engineering with excellent grades, and in
June 1869, after acceptance of his dissertation, “Stu-
dien Uber Gase,” Guilielmo Rontgen, Apledoornensi,
received his diploma of Doctoris Philosophiae from the
University of Ziirich. On the evening of his graduation
he eagerly hiked the steep Leiterlei up to the Uetliberg
“to meet and share his joy with an admired friend at a
health resort: she was Anna Berta Ludwig (1839-
1919), the daughter of a German political refugee and
innkeeper. She was tall and slender and possessed un-
usual charm. She lacked formal education but had
been brought up to be orderly, “sincere” and morally

Fig. I-1. Wilhelm C. Rontgen, age 17 (1862).
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Fig. I-2. Modern photograph of Réntgen’s home in Apledoorn,
Holland.

upright. Berteli and Willi often sailed on the blue wa-
ters of Lake Ziirich. Their tenderness for each other
grew from the vastness of their mutual interests and
the intensity of their intellectual interchange.

August Edward E. Kundt, an experimental physi-
cist, known for his work on sound, offered Rontgen an
assistantship (“Kundt...introduced me to physics and
thus removed the doubt and uncertainty regarding my
future”). In 1870, Kundt accepted the chair of physics
at the University of Wiirzburg and Rontgen went
along as his assistant. On January 19, 1872, Berta and
Wilhelm were married and moved into an apartment
in Heidingsfelderstrasse; she assumed all of the house-
hold chores and he faced the demands of his exacting
position. His early failure to obtain the Abitur proved
to be an academic obstacle.”®®

In April 1872, Réntgen followed Kundt to the Kai-
ser-Wilhelms University at Strassburg where in
March 1874, he became a Privat Dozent. With no
further obstacles to his academic career, he undertook
to do fundamental research. He proved himself a ser-
ious experimental physicist, conducting well con-
ceived experiments and reporting them in a precise
manner. Kundt became the most important scientific
influence on Rontgen’s life; together they studied pie-
zoelectric properties and thermal conductibility of
crystals. Rontgen responded to the lure of a professor-
ship of his own at the Agricultural Academy of Hohen-
heim, Wiirttemberg, but after 18 months he accepted
Kundt’s offer to return to Strassburg as an associate
professor of theoretical physics. A passionate hiker, he
enjoyed the Alsatian forests and the Vosges mountains
(“If I ever should be missed, never look for me on the
main road”).

In 1879, Réntgen was appointed Professor of Phys-
ics at the Hessian University of Giessen and there he
lived contentedly for nearly a decade. He lectured five

hours and offered two practical exercises weekly dur-
ing both semesters. He improved the University labo-
ratories, continued his studies on the properties of
crystals and of the absorption of heat by water vapor,
and wrote 15 additional papers. His parents moved to
Giessen and shortly afterwards his mother died: he
strongly identified with her and was grieved for a long
time (“... how far does motherly love reach beyond the
grave”). His father died also in Giessen. Not having
children of their own, the couple decided to adopt Ber-
ta’s niece, who became their legal heir. The Rontgens
enjoyed spending their grosse Ferien in the Swiss peak
of Pontresina in the Engadine.

Réntgen acquired a reputation as an investigator
with his study of electrical effects of moving dielec-
trics, a work which coordinated to perfection his ge-
nius as a theorist and his ability for experimentation.
The “Réntgen current,” his colleagues called the elec-
tro-dynamic force essential to the concept. His fame
brought him offers from the Universities of Jena and
of Utrecht, both of which he declined. Then the Kénig-
liche University of Wiirzburg offered him the chair of
physics plus the directorship of the new Physikalische
Institut. The position entitled them to spacious living
quarters above the laboratories in Pleicher Ring.
Thus, in 1888, he returned to the University where, 16
years previously, he had not been able to become Pri-
vat Dozent, and to the beautiful city on the River Main
where he and his bride had made their first home. His
teaching schedule was as full as at Giessen. He lec-
tured in a black cutaway coat. He had allowed his mus-
tache and beard to grow freely, acquiring a patriarchal
appearance that matched his demeanor. (Fig. I-8.) His
lectures were meticulously prepared but monotonous-
ly delivered in a fast, deep voice which was difficult to
follow.2%! His examinations were comprehensive, diffi-
cult, and dreaded (“Don’t pamper the students.... Let
each find his own way out of difficulties”). Despite his
classroom commitments, he did research on the com-
pressibility of liquids, the conductibility of electro-
lytes, and the thermal coefficient of expansion, and he
published 17 additional papers. Rontgen enjoyed the
social graces as well as the scientific brilliance of his
faculty colleagues at Wiirzburg. An outdoor enthu-
siast, he often went hunting in the Rimparer Wald.

Réntgen was 49 years of age when he was elected
Rector. Upon assuming the highest office of the Ju-
lius-Maximilian University of Wiirzburg, he quoted
Werner von Siemens:

If some phenomenon which has been shrouded in
obscurity suddenly emerges into the light of
knowledge...if the missing link of a chain of
thoughts is fortuitously supplied, this then gives
to the discoverer the exultant feeling that comes
with a victory of the mind...which lifts him to a
higher plane of existence.

The new Rector, Wilhelm Conrad Rontgen, had
served for six years as Professor of Physics and Direc-
tor of the Physical Institute at the Bavarian Universi-
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ty. Already a well known and respected teacher and
researcher, he had yet to face his own fateful chal-
lenge, to prove his mettle by his ingenious response,
and to experience the exultation of original intellectu-
al achievement. “The University is a nursery of scien-
tific research and of mental education,” he said, “a
place for cultivation of ideals for students as well as for
teachers. Its significance as such is much greater than
its practical values... . Every genuine scientist...is an
idealist in the best sense of the word... .”

“Only gradually,” he insisted, “has the conviction
gained importance that experimentation is...the most
reliable lever enabling us to extract secrets from na-
ture, and that the experiment must constitute the fi-
nal judgment as to whether a hypothesis should be re-
tained or discarded.”

Early in 1894, Rontgen’s attention had been
caught by the work on cathode rays of Philipp Lenard
(1862-1947).f When engaging in a new line of re-
search, he usually repeated the precedent experi-
ments. He corresponded with Lenard and purchased
tubes, photographic plates, and fluorescent materials.
There is evidence that, in March 1894, he had started
some work. Probably because of the added academic
obligations thrust upon him, he was unable to devote
enough time to experiments or publications for several
months. In the fall of 1895, he resumed his work but no
longer with Lenard type tubes or other equipment; he
adopted the arrangement of a condenser and trans-
former between the coil and the tube, as suggested by
Nikola Tesla (1856-1943).

On Friday, November 8, 1895, Rontgen was exper-
imenting with a Hittorf-Crookes high-vacuum tube
covered with a cardboard and tinfoil jacket. To test
that the jacket was lightproof, he connected the elec-
trodes of his Ruhmkorff coil and passed a high tension
discharge through the tube. In the dark, he noticed a
shimmering light (‘“Leuchtschirm”), as a reflection on
a mirror, coming from a point on a work bench about
one yard away. Lighting a match, he identified the
shining object: a piece of paper painted with barium
platinocyanide. Obviously, something excited the flu-
orescence at much greater distance than it was possi-
ble for cathode rays to do. Absorbed in his work, Ront-
gen delayed responding to his wife’s summons for
dinner in their adjoining quarters; when he finally sat
at the table, he failed to appreciate her culinary offer-
ing, returning promptly to the laboratory. Early the
next day and in subsequent days and weeks, Rontgen
devoted all his attention to the study of the observed
phenomena, eating his meals, and sometimes sleeping,
in the laboratory. He spoke to no one about his work;
his assistants found him irritable and less approach-
able than usual.

Four days were required to achieve the desired
vacuum in his tube. Having repeatedly verified his ex-
periment, he noted that an interposed wire projected a
shadow on the fluorescent paper but a book of 1000
pages was no obstacle, and the same was true of blocks
of wood and sheets of rubber. He compared the relative
“transparency” of various thicknesses of aluminum,
silver, copper, zinc, platinum, and found 1.5 cm of lead

Fig. I-3. Rontgen with members of his family (about 1875).

1 See Biographical Notes on page 171.
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Fig. I-4. Artist’s conception of the moment of discovery. (Courtesy of General Electric Co.)

to be entirely opaque; lead, in paint and glass, also
caused relative opacity. He measured the intensity of
the fluorescence to be inversely proportional to the
square of the distance from the tube. He noticed that
the fluorescence of the barium platinocyanide was vi-
sible on both sides of the paper on which it was painted.
Placing a piece of metal in front of the paper screen, he
noted the shadow of his fingers and the darker image of
the bones within; thus, the first fluoroscopy took place.
It occurred to him that many of these phenomena
could be recorded on photographic plates; thus, he
made radiographs of several objects. On December
22nd, he asked Berta to lend him a hand and took of it
the first clinical roentgenogram; he suggested to her
that others could probably say he had gone crazy (“Der
Rontgen ist wohl verriikt geworden™).

On December 28, 1895, Rontgen delivered to the
Secretary of the Wiirzburg Physical and Medical So-
ciety, a handwritten paper entitled, “Ueber eine neue
Artvon Strahlen,” on a new kind of rays. In a footnote,

he explained that “to differentiate them from others”
he would call them x rays (*...und zwar zur Unterschei-
dung von anderen den Namen ‘X-Strahlen’ gebrau-
chen”). On New Year’s day, Rontgen sent printed
copies of his article (the word Ueber, was now omitted)
and prints of his radiographs to a few colleagues. The
historically privileged recipients were: Jules Henri
Poincaré (1854-1912) of Paris; Lord William Thomson
Kelvin (1824-1907) of Glasgow; Sir Arthur Schuster
(1851-1934) of Manchester; Hendrick Antoon Lorentz
(1853-1928) of Leiden; Otto Lummer (1860-1925) of
Berlin; August Voller (1842-1920) of Hamburg; Fre-
derich Wilhelm Kohlrausch (1840-1910) of Stras-
bourg; Ludwig Louis Albert Zehnder (1854-1949) of
Freiburg; and Franz Serafin Exner (1849-1926) of Vi-
enna. It was through Exner that the news of the discov-
ery found its way to the lay press: on Sunday, January
5, 1896, the Vienna Freie Presse (the “Reklametrom-
pete,” Rontgen called it) carried the front page news
which rapidly spread worldwide. Kaiser Wilhelm con-
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gratulated him and requested a private lecture; on the
afternoon of January 14, Rontgen made a demonstra-
tion before the august audience in Berlin: he was given
the Prussian Order of the Crown. It was not until Jan-
uary 23rd that Réntgen was called to make the formal
presentation of his paper before the Physicalisch-Me-
dizinische Gesselschaft. The reception given him by
his colleagues and students was heart-warming. Dur-
ing the presentation he took a radiograph of Albert
Rudolf Kéhllicker (1817-1905), Professor of Anatomy.
As the developed plate was shown, the audience broke
into applause; von Koélliker proposed that thereafter
the rays be called Rontgen’s rays. (Fig. I-7.)

In his first ten-page report, subtitled as prelimi-
nary (Vorldufige Mitheilung) and divided into 17 num-
bered sections, Réntgen discussed the properties of the
new rays as different from light and from cathode rays.
Defining them as a thing in themselves, he admitted
that their true nature was not known, that they origin-
ated on the tube’s glass wall (Fig. I-6) at the site of im-
pact of cathode rays, that they could not be reflected,
refracted, or deflected.

A second communication followed shortly with
five additional sections in seven pages. He reported
(March 1896) that the rays were capable of discharging
an electrometer and, likewise, to discharge insulated
dielectrics; he gave a scale for measuring x-ray intensi-
ty by fluorescence and by photographic means; he also
recommended the use of a concave aluminum cathode
and of a platinum anode placed at its focus in a 45°
angle. (Fig.I-9.) A year later, he made a third commun-
ication, with 17 pages and 11 sections in which he enu-

Fig. I-5. Reproduction of the original roentgenogram of Frau
Rontgen’s hand (December 1895).

merated eight variables affecting the intensity of x-ray
emission. He classified tubes as “hard” and “soft” and
indicated that they became harder with use, that the
harder the rays, the greater their penetration. He left
little for others to add about the new rays.

There is now little doubt that for at least 20 years
previously, experimental physicists, including Sir Wil-
liam Crookes (1832-1909), Johann Wilhelm Hittorf
(1824-1914), and Philipp Lenard had failed to recog-
nize their identity. This, of course, should add to, rath-
er than detract from, Réntgen’s credit. “The physi-
cist,” Roéntgen wrote, “must start with certain
resignation...that his work will be superseded by that
of others...that his methods will be improved upon,
more accurate results obtained and that the memory
of his life and his work will gradually disappear.” This
certainly applied more to his predecessors than it did
to himself, mostly due to the thoroughness of his in-
quiry.

“As soon as the paper was published,” wrote Berta
to a cousin in Indianapolis, “our domestic peace was
gone”: the pain of fame! Public speculation on the
“photograph of the invisible” was rampant. In Eng-
land newspapers carried advertisement of x-ray proof
undergarments for ladies. In New Jersey, an assembly-
man introduced legislation to forbid the use of x-ray
opera glasses! Even today it is difficult to imagine the
extraordinary interest and vertiginous activity moti-
vated by Rontgen’s discovery: over 1,000 scientific pa-
pers and 50 books were written on the use of the newly
discovered rays during 1896.

The news of the discovery appeared in the Chicago
newspapers on January 9, 1896. Emil Herman Grubbé
(1875-1960), a student instructor at the Hahnemann
Medical College who made a living manufacturing
vacuum tubes for laboratories, promptly proceeded to
experiment with a coil and tube.?®* On January 27th
just four days after Rontgen’s official presentation in
Wiirzburg, Grubbéf exhibited his reddened hands to
members of his faculty. As a consequence, one of his
professors referred to him a patient with recurrent
cancer of the breast; two days later, Grubbé started a
series of fractionated irradiations that lasted over

Fig. I-6. Tube of the type used by Rontgen in his discovery.

1 See Biographical Notes on page 171.
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Fig. I-8. Rontgen at the time of his discovery; facsimile of his signature.












