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A scientist has proI)a!)ly never passed so suddenly from  the  seclusion of serious 

study to world celebrity  and po]>ularity as did Rdnt^en when he discovered his rays 

at W iirzlmrg in 1895. He had <leterniined their presence in a few weeks of tridy 

classical research. H e was well aw are that he had discovered something; perfectly 

new : thanks to his astonishing knowledge of the lite ra tu re  and his b rillian t mem ory, 

he could be sure of that. Hut he had no t yet recognized the  essential nature of his 

rays. F o r th is reason he used the  unknow n ” X” to denote them . A fter his lecture 

iij)on them  before the  W urzburg Physikalisch-iiiedizinische Gesellschaft, the ana­

tom ist K olliker gave them  the  nam e of ’’Rontgen rays” , w hich however has not 

becom e cu rren t among all foreign scientists, although a doub t can hardly be en te r­

tained any m ore about th e ir nature,

W ilhelm  C onrad R ontgen was born  at Lennep, in the  R hine province, on M arch 27, 

1845. He was the  only child  of a G erm an fa ther and a D utch m other. H is fa ther was 

an industria lis t who w orked at first in  th e  R hineland, and th en  in H olland. Rontgen 

consequently  received his first education in Dutch schools, a t U trecht. H e spent a 

happy boyhood there.

R ontgen was reticent about his private life. As far as I know, he has left no 

m em oirs. T he reader m ust therefore  excuse me if, in  com pliance w ith the request 

to  give the  story of his career and in  o rder to describe his character, I find m yself 

obliged to  relate  various incidents in  w hich I play a part. I t  was only in the last 

years of his life that one or two friends learned a few details concerning his youth 

One of these friends, E. W olfflin. gives us the  follow ing account, based on R ontgen’s 

own statem ents : ”  After the  first years at school had passed sm oothly , h e  entered the 

G ym nasium  *) at U trecht, where la te r he was to see plainly th e  dangerous rocks in 

his course, on w hich m any capable natures had already made shipw reck before him . 

As a resu lt o f some harm less school-boy trick , all the  boys of the  class were sub ­

jec ted  to  a searching cross-exam ination. R ontgen adm itted th a t he was the ringleader 

(although actually  he  ha<l no t been), bu t could no t bring him self to denounce two 

of h is class-mates as being also guilty. T he consequence was that he  was obliged

*) G y m n a s iu m  c o r re s p o n d s  ro iifjh iy  to  th e  E n g lish  P u b lic  S c h o o l. T h e  e d u c a t io n  is  ch ie fly  c la s s ic a l . T h e  

M u tu r ita t  (A b so lu to r iu m ) e x a m in a tio n  is  h e ld  b y  th e  a u th o r it ie s  o f  th e  G y m n a s iu m , a n d  a t  th e  t im e  w h e n  

R o n tg e n  w as a t  s c h o o l, i t  w as e s se n tia l  to  p a ss  th i s  e x a m in a tio n  in  o rd e r  to  b e  a b le  to  e n te r  a u n iv e r s i ty .
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to leave the  Gymnasium after he had already reached the  highest class hu t one 

It consoled him a little  in  th is m isfortune th a t his m other thoroughly approved of 

his hehaviour at the cross-exam ination. A sim ilar episode cut short the  scholastic 

career of the  Swiss poet G ottfried K eller, and was a sore po in t with him  during 

the  whole o f his life.

’W hat was to he done His fa ther was then  inform ed th a t his son would
he adm itted to  a so-called P rivatahsolu torium . which would enable him  to enter 

the university.

”  .All seemed to be going well. B ut on the  day before the  exam ination the teacher 

by whom it was being conducted and who was favourably disposed to Rontgen, 

was taken ill. .He was replace<l by a strange teacher, and Rontgen was failed. The 

second a ttem pt to enter upon an academ ic career had thus come to nothing. T here 

seemed to  be no m ore hope.

’’B ut by a curious working of destiny Kiintgen now got to know a young Swiss, 

nam ed T horm ann, who to ld  him  th a t he could attend the  Po lytechnic  at Zurich 

even though he had no t passed his M atura. R ontgen joyfully  accepted th is proposal, 

and in 1865 went to Zurich  to  begin his academ ic stud ies .”

On the  occasion of R ontgen’s 70 th  b irthday  A. Som nierfeld writes that Rontgen 

also attended th e  school fo r the construction  of m achines at A iieldoorn in  H olland. 

Clearly R ontgen had a special fondness fo r the  subject of m achine construction. 

W hen he was allowed to sm oke, his uncle gave him  a m eerschaum  cigar-holder and 

to ld  him  to colour i t  nicely. F o r th is purpose his fa th e r’s cigars were at his disposal. 

B ut the  colouring of the  ho lder took  too long for his patience, so he constructed 

a sucking-pum p to sm oke cigars, by m eans of tvhich th e  desired  end was attained 

in  a short tim e. But i t  may be doubted  w hether his fa ther was altogether pleased 

with the  rapid  d im inution  of h is stock of cigars !

Speaking of his tim e as a student at Z urich, Rontgen told m e that he had never 

been a regular attendant at the lectures and practical courses in m achine construc­

tion. T he beautifu l lake and the  surrounding m ountains were too tem pting. Rowing 

on the  lake was his special am usem ent, as well as m ountain-clim bing. T he neigh­

bouring U etliberg  could be quickly clim bed, and fo r his ascents R ontgen generally 

chose the  shortest way, the  ” L eiterli ” , or little  ladder, as i t  is called, a very narrow  

path  w ith p rim itive  steps th a t passes th rough  a clayey wood along th e  edge of 

wooded and very steep clay slopes. On one ascent he slipped and fell, and in jured  

h im self so seriously th a t he  could no t m ove, bu t by a lucky chance he was found 

and taken to the Z urich  hospital. T his experience m ade him  m ore careful in his 

clim bing, and later he accom plished great feats, and also gave me useful advice. 

H e clim bed B ernina, Roseg and m any o ther o f the  m ore difficult peaks, as if  it was 

no th ing  very wonderful.

In  order to conclude his studies at th e  Z urich  Polytechnic in  the regular way, 

he entered  his name for th e  diplom a exam ination. H is professors how ever had 

rem arked a long tim e ago th a t he was no t a constant attendant a t th e ir lectures and
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practical courses. Riintgen told me that one of them  said to him  (piite b luntly  that 

he would never pass the exam ination. Riintgen thereupon  determ ined to m ake iq) 

the  ground he had lost and to prove to his profe.ssors that he did deserve the  d ip lom a; 

and so he  gained his dii>lonia as m echanical engineer.

Som nierfeld goes on to  say : ” At Z urich he was fascinated by the conceptual 

clarity and the conscientiousness of C lausius’lectures on the m echanical theory 

of heat. To th is day R iintgen feels vividly that questions of technical application 

have a value as great as those of pure  science, and he is always attracted  by the 

plastic m ethod of working of the  technician, bo th  in  the  w ritten word and in figures. 

But his m ind was so set upon extrem e accuracy, upon determ ining the  last decim al 

place, in practical work, and upon a corresponding exactitude in theoretical tre a t­

ment, th a t he could no t find satisfaction in the  necessarily m ore rough m ethods of 

technical work. H e therefore  graduated as doctor of philosophy (June 22, 1869), 

and becam e assistant to K undt. Like so m any o th er G erm an physicists, he  cherishes 

his m em ory with g ra titu d e .”

Rontgen also to ld  m e th a t after obtaining his d iplom a he again rowed in dustri­

ously on the  lake of Z urich , and went on shorter and longer m ountaineering  expe­

ditions. One day K und t m et him , and asked h im  what he was working at now. 

■’ N o th in g ” , was the  gist of R ontgen’s answer, w hereupon K undt asked h im  to do 

experim ental work in his laboratory, which R ontgen did. At that tim e Schneebeli 

and another young physicist (F. E xuer?) were already working in the  laboratory . 

Rontgen related  to me the  follow ing story about them . These two physicists once 

made a rem arkable discovery. They were w orking w ith sensitive m agnetic needles, 

with a m agnetom eter. I t  is know n that owing to d isturbances th rough  the  m agne­

tism  of the earth  these needles are liab le  to vio lent oscillations which may even 

become a rapid trem bling. T he physicists observed such disturbances, bu t curiously 

enough they were m uch greater than  had  ever been seen before, an<l — w hich was the  

most rem arkable feature — they occurred only at noon, betw een 12 and 1. Clearly 

they had m ade a great discovery ! Day after day th e  observations were strictly  regist­

ered. On one occasion one of th e  two observers was delayed, and it  was no t till after 

12 that he approached the  laboratory building. W hat did he  see ? A w orkm an, 

sitting on the  window-sill and plying h is knife and fork , was eating h is m idday meal. 

W ithin the  laboratory, in the  im m ediate vicinity of the  same window, th e  shu tters 

of which were closed to darken the  room , stood the  m agnetom eter of the  two dis­

coverers, and its needle reacted to the  m ovem ents of th e  w orkm an’s knife and fork. 

T he cause of the  m ysterious discovery was found. T his experience was no t published , 

although it  was very in structive  fo r budding physicists and certainly also fo r R ontgen. 

I t  made him  careful in  the  announcem ent of new scientific finds.

In  the  O bere Zaune at Z urich  was the  restauran t know n as Zum Griinen Glas 

(The Green Glass), m uch esteem ed by students. I t  was kep t by a Germ an, nam ed 

Ludwig, who had had a university  education and at the  tim e of revolution  of 1848 

had fled from  Germ any w ith K inkel and others, and sought refuge in Zurich. In
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his spare tim e Ludwig translated th e ir dissertations for students who did not know 

enough Latin, the  use of th is (dassieai tongue being then still eom pulsory for sueh 

treatises. In addition, he was a fencing master. For these reasons he was a very 

popular figure among the  students, and his Green Glass was one of th e ir favourite 

resorts. Kontgen was also a fre<juent v isitor, and fell in love with the  p roprie to r’s 

daughter, Hertha. He m arried her shortly  afterwards, having J)eeii appointed  assistant 

hy K iindt when the  latter was offered the  chair at W urzhurg in 1870. In 1872 K undt 

move<l to Strasshurg, taking Rontgen with him.

W hile at W iirzburg, Kontgen published two scientific papers, of which P. P. Koch 

w rites: ’’Kontgerrs first papers, which appeare<l in the  early seventies of last centurv 

and dealt with the  determ ination  of the  relation  of the  specific heats o f gases, already 

show th a t he possessed the  essential (jualities of the research scientist in th e  most 

m arked degree - the  fine flair in the realization of the i»roblem, th e  experim ental 

skill in carrying ou t th e  exam ination, th e  keen criti<*al sense w hich took  in to  account 

to the  greatest possible extent the  sources of error and th e ir effect upon the  result 

an<l thus obtained w ithin the  lim its o f possibility a sharply defined m easure of 

certain ty  in the final answ er” . And indeed these papers a ttracted  a great deal of 

notice am ong physicists on account o f the  acute intelligence displayed in  th e  arran ­

gem ent of the experim ents and on account of the precision of the  results, which 

for m any years were n o t im proved upon by o ther experim enters.

I t  goes w ithout saying that K undt esteem ed m ore am! m ore Kontgen’s b rillian t 

<{ualities as physicist, and he therefore  took him  w ith him  when after two years 

a t W urzburg he was offered the  chair at Strasshurg. T his change of university was 

a fo rtunate  th ing  for R ontgen. For at the Bavarian universities it was im possible 

to be received into th e  faculty w ithout having passed the  M aturita t at a Gym nasium. 

B ut at Strasshurg U niversity , after th e  Franco-Prussian war of 1870,71, th ere  was 

greater liberty . K undt was thus able to procure for his b rillian t assistant the  right 

of adm ission into the  faculty. R ontgen was a<lmitted in 1874. B ut in  the follow ing 

year he  received an appoin tm ent at the  Agricultural High School at H ohenheim , 

where however his experim ental work was severely handicapped by the  lack of 

precision aj^paratus. H e was therefore  very glad when th rough  K und t’s influence 

he was recalled to Strasshurg a year later as Extraor<linarius fo r physics, and had 

to give lectures in m athem atical physics. At Strasshurg Kontgen spent a very happy 

tim e with his young wife, who had sym pathy and um lerstanding fo r his w ork ; in 

la te r years both of them  liked to rem em ber th e ir stay there.

Soon however, in  1879, th e  university  o f Giessen honoured R ontgen with the 

offer o f a professorship. H ere he form ed firm friendships with von H ippel, the 

o]>hthaImologist, and o thers, which were ended only by death.

In the  last years of his tim e at Giessen 1 becam e acquainted w ith R ontgen. It 

happened qu ite  by chance at the ” Weisses Kreuz ”  at Pontresina, where Rontgen 

spent h is sum m er holidays alm ost every year. Enderlin , the  p ro p rie to r of the  hotel, 

who was also a schoolm aster and a m ountain-guide, offered to show' my wife and
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me "razing cham ois, and saiil lie wouhl like  to bring a Germ an gentlem an as well. 

T he Germ an gentlem an was Rontgen. We got in to  conversation, and <liscovered 

that Rontgen’s wife was from our native town of Zurich, which was at once a Ixuid 

between us. From  that m eeting date<l our friendship  with Rontgen and his wile.

As m arried man, w ith an education sim ilar to Rontgen’s, I was studying at that 

tim e in Berlin. As however it was no t possible for me to graduate as a doctor at 

Berlin University, 1 asked Rontgen six m onths after our m eeting w hether it would 

be ]>ossible for me to graduate under him . He answered in the affirm ative, but 

ad<led that if  I im agined that in view of my age he would m ake the exam ination 

easier for me, I was m aking a m istake; on the  contrary, he dem anded a high level 

from  his students. T hat did not terrify  me. 1 subm itted  to h im , among o th er things, 

a piece of experim ental work which, follow ing an idea of my own, 1 had <‘arried 

out at H elm holtz’s institu te, and asked him  w hether he would consi<ler accepting 

it as a dissertation, although it gave a value for an elasticity coefficient for which 

there  was no im m ediate explanation. For on account of my age I was anxious to 

take my degree in the  coming sum m er term . After looking at the  work, Rontgen 

agreed, bu t stipulate<l that I should do experim ental work under him  (hiring the  

coming term  on the  chance of being able to get a m ore satisfai^tory dissertation 

finished w ithin the  tim e. F irst of all he  to ld  me to take up one of my earlier pieces 

of work, w hich he had liked, and to try to get greater exactness, f worked at th is 

for several weeks, bu t w ithout success. He then  proposed th a t he should give me 

an entirely  new subject, as he thought 1 m ight be able to solve the  prolilem  w ithin 

the  rem aining e ight weeks of the  sum m er term . If I did no t succeed, he would 

accept my work on the  elasticity coefficient as dissertation. T hereupon  1 set to 

work, and the ven ture  tu rned  ou t w e ll: w ithin the  tim e I finished the dissertation 

” On the influence of pressure on the refraction-exjionent of w a ter” . Rontgen later 

published papers on th is subject in conjunction  with me.

After taking my doctor’s degree, 1 went hom e for the  holidays. Shortly  a fte r­

wards Kontgen offered me the post of assistant, which had ju st becom e vacant and 

w hich I gladly accepted. He then  in itiated  me in to  the  work of h is practical course, 

which I now had to conduct inde]»endently; in th is way I came to  know and appre ­

ciate his conscientious, thorough m ethod of working and his carefulness in taking 

in to  account all sources of error. D uring this period  he m ade his b rillian t experi­

m ents on the  m agnetic effect of a rotating, electrically charged insulator in an 

electric field, w hich on account of their great im portance for the  general theory of 

electricity  and especially for the theory of electrons were subm itted  by Helm holtz 

to  the B erlin Academy and a])peared in th e ir publications. H. A. Lorentz gave the 

name of ’’ R ontgen c u rre n t” to th is effect which Rontgen had discovered, and based 

his theoretical w ork upon it. Theoretical physicists like  Lorentz, Som m erfeld and 

others, attach alm ost as much im portance to th is discovery of R ontgen’s as to his 

discovery of the  Rontgen rays. W hen Rontgen had set him self a problem , he alw ays 

worked at it <juietly and secretly, w ithout allowing anybody a glim pse into his
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m ethod of workinji; and thinking;. Thus 1 knew  nothing of the  experim ents m entioned 

with which he was still oecaipied. But as th is Kontgen effect was so weak that to 

he certain  of the m ovem ent of the m agnetom eter required  the greatest care, he 

fetcfied me one <lay and told me to look  through the  telesco]>e. He then  said to me 

th a t he wouhl m ake an experim ent of which f coul<l see no tliing : I was then  to tell 

him  w hether F could notice anything a t the  cross tlireads of the telescope. I actually 

did see a very sligFit m ovem ent, to the left, le t us say, of about two ten ths of a 

division of tlie scale. W hen the  experim ent was re})eated, I saw a m ovem ent of 

al)out the  same extent to the  right. I had to m ake several such readings w ithout 

l)eing allowed to know what Rontgen was doing, o r w hether the  m ovem ent was to 

he expected towards the  right or the left. Rontgen wanted to  have his own readings 

con tro lled  hy an un])rejudiced observer. It was only after its appearance in the 

puhlications of the  B erlin  Academy th a t I learned of th is discovery of R ontgen’s.

D uring  my second term  as assistant Ifontgen asked me to com pare a newly p ro ­

cured set of precision weights, ranging from  500 to  0.01 gr., as accurately as possible 

with a norm al kilogram  standardised at B erlin , and to standardise the  separate 

weights. W hen 1 had alm ost finished th is work, which took  up a great deal of tim e, 

R ontgen was offered th e  chair at W urzburg in 1888, as successor to  F. K ohlrausch. 

I follow ed him  there  w illingly, although he to ld  me at once that H eydw eiller, who 

had been first assistant to K ohlrausch. wanted to re ta in  his position  under him , and 

that i t  would be im possible for him  to m ake me his first assistant. H e w ould however 

take steps to ensure th a t H eydw eiller and I should be  independent of each other, 

and 1 should have charge of the  practical course in physics, which had first place 

in his affections. T hink ing  that the standardisation  of the set of weights which I 

had ju st com pleted would no t have any great value fo r his successor, he ordered a 

new and exactly sim ilar set of weights fo r the  Giessen In stitu te  and took w ith him  

the  set which I had standardised to th e  W urzburg Institu te . For an exact set of 

weights, standardised with the utm ost care, was essential fo r the w ork he  had on 

hand, in w hich the weighing had to be as accurate as possible. At the  beginning of 

the  long vacation, therefore, Rontgen m oved to W urzburg, and I also. T h en  I went 

to Sw itzerland fo r the  holidays. Rontgen however had various things to see to in  

his new institu te  at W urzburg. In  the  in stitu te  he found a norm al 100 gr. weight 

w hich had also been standardised at B erlin . He laid  it on the  scales w ith a 100 gr. 

weight of the  set I had standardised and found a difference of about a hundred- 

thousandth  part o f these weights. T h at was too m uch fo r Rontgen. conscientious 

as he  was in his weighing. W ith e rrors of such m agnitude, he could  no t possibly 

attain  th e  desired precision. H e therefore sent a very stiff le tter to my holiday 

address, and to ld  me that he  had found  niy m easurem ents were no t sufficiently 

reliable. I  w rote back that 1 thought I could vouch for my m easurem ents, and did 

no t believe that I  had m ade a m istake anyw here as the  contro l m easurem ents had 

always com e ou t right. T he discrepancy rem ained unexplained u n til we had both 

com e back from  the holidays. I then  had to  repeat som e of my standardisations.
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and obtainecl the same results. Rontgen w ent over some of them  himself. H e then 

sent the W iirzburg norm al weight to B erlin to be standardised again, and had the 

Giessen norm al weight sent to him  at W urzburg for a second com parison. B ut the 

inaccuracy was still there. The set of weights I had standardised, w hich weighed a lto ­

gether 1 kg., differed from  ten tim es the W urzburg norm al 100 gr. weight by about 

14 m illigram m es. T hen  Rontgen noticed th a t the  W urzburg norm al 100 gr. weight, 

bein<^ made of a different com position of brass, had  no t exactly the  same buoyancy 

in the air as the  ten th  p a rt of the  buoyancy of the  Giessen norm al kilogram . T hat 

covered about h a lf the  difference. A bout the  o th er half R ontgen never to ld  me 

anything, and 1 never asked because in my standardisations no erro r had been found 

outside the  perm issible lim its. T his little  episode will serve to illustra te  w hat im ­

portance R ontgen attached to the m ost extrem e accuracy possible in  m easurem ent.

A lasting im pression was made on R ontgen l)y an incident during  a visit to the 

Physikalisch-Technische Keichsanstalt, w hich had a battery of standard  cells for 

the purpose of standardisation. L ike o ther electric batteries, it could be connected 

in series o r parallel by m eans of plugs. In  the course of his explanations, the  offi­

cial who was showing Rontgen round  brough t some m etal object too near the 

term inals of th is l)attery, and touched them  with it. T he battery  was discharged in 

a single spark. T h at went to R ontgen’s heart, fo r the costly battery  was no  longer 

above doubt for purposes of j)recise m easurem ent.

A t that tim e F. B raun, later one of the  p ioneers of wireless telegraphy, had 

published his sensational announcem ent th a t electric  currents could  be produced 

directly through deform ation — deform ation c u rre n ts : nickel wires, if  drawn 

through a draw-plate and then w ound in to  cylindrical spirals, gave electric currents 

when deform ed, w ithout there being any o ther dem onstrable source of the  e lectri­

city, the  curren t being of opposite  d irection  according to w hether the  spiral wires 

were pressed together o r pulled  a p a r t ; and the  same th ing  in the case of iron  wires. 

I had read the  paper and found it  no t free from  objection, when Rontgen asked me 

w hether I would no t test it. R ontgen then  w ent away for th e  W hitsuntide  holidays, 

while I  set to w ork w ith the  greatest zeal to exam ine B raun’s deform ation currents, 

in  the  hope of being  able to explain their na ture  during  R bntgen’s absence. I suc­

ceeded ; and Avhen R ontgen came back, he  saw that I was right and B raun was 

wrong. For I was able to show th a t when the  draw-plate was em ployed in  the  usual 

way, the deform ation  currents noticed  by B raun were p ro d u ced ; b u t when the  draw- 

p late was reversed, deform ation currents were produced opposite in d irection  to 

those of Braun. T hat clinched th e  m atter. R ontgen now to ld  me to  write a reply 

imme«liately. B ut when I subm itted  my draft, I could no t adm ire sufficiently his 

care and conscientiousness. For hours he tu rned  the  subject over, talked w ith  me 

about my experim ents and the explanation  given. In  the course of these conver­

sations he  s a id : ” In  your rem arks about B raun’s deform ation currents there  m ust 

no t be a single word, no t the h in t of an idea, w hich he  could seize on and use to 

prove that there  was even a grain of tru th  on his side or even a suspicion of an
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error on y o u rs” . The proofs were then  ready, and my draft was com pletely altered 

I was in a hurry to p rin t my attack on Hraun, for 1 felt absolutely <*ertain about 

the results of my experim ents. But Kdntfien laid the paper aside. A ])aper m ust be 

jtone over again and again, he explaine<l. After some <lays he sent for me once 

m ore. Again he weighed each word as if  it was gold, exam ined everything with the 

extrem est care, and then  — again he laid the paper aside. After some days he filed 

at it and exam ined it for a th ird  tim e to see if there  was any word for which a 

better one m ight be found. At last he was satislie<l and let me hand it in  to be 

printed. I freely adm it th a t as far as 1 can rem em ber there  was little  left of my 

original draft as regards style. B ut the ideas and the  arrangem ent of the experi­

m ents as well as their execution were m ine. Kdntgen had sought the  cause of the 

deform ation currents elsew here. He therefore  claim ed no share in th is refutation 

of B raun’s theories. I was eager to see w hether B raun w ould answer. Actually he 

added a note to his th ird  article on the  deform ation curren ts in w hich he tried to 

prove th a t my views were wrong and rejected my exj)lanation of the  cause of his 

deform ation currents. I t  was then  easy for me to prove conclusively that in his 

answer Braun had started from  false m echanical (‘onceptions, and the  question of 

B raun’s <leformation currents was thus settled once and for ail.

As I had no t passed th e  M aturitat exam ination a t a Gym nasium , it was also 

im possible for me to  be received in to  th e  faculty at W urzburg. I therefore  went to 

Basle in 1890 to be received in to  the  faculty there, and eighteen  m onths later suc­

ceeded in being received in to  the faculty at Freiburg  in Baden. T hus when Rdnt- 

gen discovered his rays, I was no t with him . Frau Rdntgen however to ld  my wife 

and me th a t her husband sent special copies of his work on the  subject and some 

photographs, notably of h is own hand w ith two rings taken w ith the  rays, to some 

m edical friends in  V ienna, and having done so, said to  h e r : ” Now the  fun can start.” 

He was thus fully aware of the  extraordinary  im portance of his discovery.

T here  is no need fo r m e to describe the trem endous sensation w hich R ontgen’s 

discovery aroused in the  whole world, as that is general knowledge. T he Em peror 

W ilhelm  II  also took  a lively in terest in it and k ep t him self inform ed through 

Slaby. R ontgen was presently  asked in confidence w heter he w ould consider coming 

to B erlin  to show the  K aiser some of his experim ents. R ontgen — perhaps because 

of his re la tions w ith Switzerland — was inclined to republicanism  and did no t care 

a straw fo r the  noble gentlem en who at that tim e set the  tone in W urzburg. W hen 

he was m ade a Bavarian privy councillor by the P rince Regent, w ith the  title  of 

”  Exzellenz ” and the righ t to sign him self ” von Rdntgen ” , he  scorned to w rite  the 

form al le tter w'hich the  acceptance of th a t right involved. H e did no t however 

reject the  proposal from  B erlin and was therefore sum m oned th ith e r to give the 

lecture. H e to ld  me that he  was not at all easy in his m ind, as he  had only one 

serviceable X-ray tube w ith which he had to m ake all his experim ents, and was 

w orried by the thought that it m ight get b roken  on the way to Berlin. B ut Kdntgen 

was so careful and cautious in scientific m atters that the  tube did no t suffer and

his experim ents were com pletely successful. Rdntgen was convinced beforeband 

that the Kaiser hardly understood anything of the sphere of physics with which 

his discovery was <*oncerncd. He tobl me however that he was astonished at the 

intelligent and pertin en t (piestions wliich the  Kaiser jmt. After the  lecture the 

Kaiser conferred upon him  one of the  h igher orders of the crown, though Kdntgen 

had no in terest in decorations. He was also sounded as to w hether he would accept 

a call to Berlin, bu t he  answered in the  negative as the  (piietness of W iirzburg suited 

him m uch bette r than  the  bustle  of Berlin.

At the tim e of Riintgen’s discovery I was professor at F reiburg  in Baden. 

Being a form er pu])il and assistant of Rdntgen’s, 1 was asked by the j)resident of 

the N aturforschende G esellschaft of F reiburg  to  give a lecture before the  society on 

Kdntgen’s discovery, and if possible to carry ou t some of his experim ents. T hereupon 

1 tried to im prove the tidies which were then  available for use, and constructed a 

Kdntgen tube w hich could be regulated by m eans of wood charcoal. R dntgen askeil 

me to send him  one of these tubes, ami then wrote to me that it had given him  the  

sharpest pictures he had h ith e rto  got. X̂ ith  the  use o f such a tube 1 was the first 

to succeed in taking a Rdntgen photograph, in six sections, of the  w hole of the  

hum an body. On the occasion of the next annual m eeting of the  society of form er 

pupils of the Polytechnic at Zurich (1896). of which Rdntgen and 1 were m em bers 

and had agreed to attend the  meeting, 1 surprised Rdntgen by showing these R dnt­

gen photographs. They, as well as the  regulatable Rdntgen tube w ith which 1 took 

them , are now on perm anent exhibition  in the G erm an Museum in M unich.

After that 1 did no t occupy m yself any m ore for th e  tim e being w ith Rdntgen’s 

discovery. I follow ed however the publications concerning it, and saw how a host 

of physicists threw  them selves upon it in order to seize on som e new phenom enon 

connected wih it and if possible to explain the nature  of the  rays. D uring m ore 

than  ten years hundreds of ])ublications appeared, bu t none of them  brought to ligh t 

anything essentially new. Rdntgen had already exam ined everything him self and 

ilescribed it clearly in his th ree  papers on the subject. But the  au thors’ excitem ent 

and their haste lest they  should be too late w ith their supposed discoveries, prevented 

a thorough and careful reading of R dntgen’s com m unications. O therw ise they would 

have recognized that R dntgen really had discovered and described everything already. 

The com m unication of D orn and Bramles on the d irect effect of the  Rdntgen rays 

on the  eye, in a sense the visibility  of the  R dntgen rays, was the only one that 

contained anything n o t already published by R dntgen. But R dntgen later told me 

that he had already perceived th is effect h im self by observing the p o in t of issue of 

his rays through a narrow  slit. T hereby the  image of the  slit had no t been in 

straight lines bu t hail appeared as a curved line, because a section of a plane 

through the  retina does no t ajipear to  our consciousness as a straight line. For 

geom etrically it is easy to understand th a t a straight line , after refraction through the 

lense of the  eye, m ust be reproduced upon the  alm ost spherically shaped retina in 

another form  than th a t plane section through the  re tina  w hich is produced through
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the unrefracted Kontgen rays. Hut Kontgen, in his excessive caution, tiiought that 

th is observation m ight be the result o f a peculiarity  of his eyes, because he was 

colour-bliinl - which personal defect he, especially as he was a physicist, did not 

w ant to  pub lish  to  th e  w hole world. He therefore d id  no t announce th is observation.

Many physicists tried  to find m ore simj)le and convenient ways of producing 

K ontgen rays, hu t w ith o u t success. 1 ma<le attem pts w ith th e  explosion  of powder 

but gave up the experim ents w ith m ore powerful explosives as on one occasion in 

B erlin  such an explosion had unfortunate  consequences, including the tem porary 

loss of my hearing. I believe however that violent exi>losions are the  m ost likely 

new way of producing Kontgen rays.

O ne scientist however was fo rtunate  and found a really new source of Kontgen 

rays. T his was Hecquerel in  Paris. H e discovered radio-activity, w hich at last placed 

the theory  of the atom , so long a subject of dispute, on a sure basis and in its 

subsequent results threw  extraordinary  ligh t upon the  in te rio r of th e  atom .

An inciden t during the holidays w ill serve to show how quickly the  w hole world 

becam e enthusiastically  in terested  in Kontgen. H e arranged with me th a t we and 

ou r wives should  m eet at Rigi-Scheidegg and afterw ards a tP o n tre s in a  fo r o u r sum m er 

holidays. W hen we arrived  at Kigi-Scheidegg station, Kontgen sent my wife and me 

on ahead as he had to  see about h is heavy luggage. W e m ade ou r way up  to the  

hotel th rough  a crowd of visitors who, m any of them  arm ed with cam eras, lined the 

road to see the great Kontgen. As we went past, my wife heard  m urm urs of ” But 

he doesn’t look like  th a t ! ” H e certainly d idn’t. K ontgen’s photograph had already- 

been published in  all the  m ore im portan t newspapers. Shortly afterw ards came 

K ontgen and his wife — a fine, im posing couple. At Pontresiiia also the  visitors 

were alwavs try ing  to get snaps of Kontgen, which he found very annoying. During 

the years when the curious were m ost im portunate, he used to choose the  least 

know n walks at Pontresina  where there  w ould be m ost chance of no t m eeting any­

body. H e could  som etim es be qu ite  rude  to  people w ho m olested him , like  the  

Swiss w riter G ottfried  K eller, whom  he had m et in  Zurich.

K ontgen often  fough t energetically  against ideas th a t seem ed to  h im  to  h e  wrong. 

T he exactness o f his w ork gained him  m ore than  one secret enem y am ong h is fellow- 

scientists. Many could no t forgive him  when he repeated  th e ir experim ents, made 

and published  m ore accurate m easurem ents, and was som etim es thus actually lead 

to new discoveries.

P robably  nobody has been so envied the  resu lt o f h is researches as Kontgen. 

Being in  the  hab it o f repeating in teresting  experim ents by o th er scientists, or of 

getting h is pupils to repeat them , in o rder thus to gain a clearer idea, he had repea­

ted  the  beautifu l experim ents w ith cathode rays published  by Lenard. Follow ing 

L enard’s directions, h e  had  encased the  L enard  tube in  b lack  cardboard im pervious 

to  light, and then  observed the  lighting up of the fluorescent screen when the Lenard 

tube  was se t in  activity. K now ing R ontgen’s m ethod  of w orking, I  im agine th a t h e  

then  took  o ther vacuum  tubes w hich he had in his institu te, encased them  in black
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^•ardboard and then  exam ined them  with' the  nuoreH<*eiit s<‘reen. One of the m ost 

effective of the cathode ray tubes was that constructed by H ittorf, the  discoverer of 

the cathode rays, fo r the proof of th e  heat effects of the cathode ra y s ; in this 

tube the cathode rays issuing from a hollow  spherical cathode are concentrated 

in a focal poin t, and at th is poin t H itto rf placed a platinum  sheet in the path 

of the rays. W hen th is ’’ H ittorf tu b e ” , as Kontgen always called it, is use«l, 

the platinum  sheet soon becom es red-hot at the focal poin t and with a powerful 

inductor may even he m elted through, as unfortunately  hap[)ened once to me 

when I was assistant for the  first tim e at W urzburg. Kontgen to ld  me him self 

that he  discovered h is X-rays with th e  H itto rf  tube  and n o t w ith th e  Lenard (L. 

Z eh n d e r: Uel)er K athodenstrahlen  und R ontgenstrahleii, Berichte der N aturfor. Ges. 

zu F reiburg  i. B., Bd. 11 H eft 1, S. 24, 1898). T h is sta tem ent o f  his cannot he  calle<l 

in  question, fo r Kontgen was tru thfu l through an<l through. H e hated nothing m ore 

than that anyone should  wish to  m ake even the  very slightest ’’c o rrec tio n ” o f a 

scientific resu lt for the  sake of a previously form ed opinion. Because Riintgen had 

been m aking experim ents w ith a Lenard tube  before his discovery, som e scientists 

out of m otives of envy said that Lenard had observed Kontgen rays before him . ^  hat 

is  true in th is is that Lenard  in his experim ents had had to do w ith Kontgen rays. 

But the  poin t is th a t he  did not realise they were p resen t in addition to the cathode 

rays, because he  concentrated  all h is a tten tion  on the  latter. In Leiiard’s b rillian t 

work on cathode rays there  is not the  slightest h in t concerning any o th er rays which 

m ight be those of Kontgen. An<l Kontgen rays are no t prc>duced at the  cathode, bu t 

at the anti-cathode, o r if there  is no anti-cathode, as in the  Lenard tube, then  on 

the sides of the  tube. T herefore in  the  Lenard tube, w hich lets the  cathode rays 

issue from  the  cathode only as a sheaf of parallel and partly  divergent rays, the 

Kontgen rays are extrem ely weak. In  conform ity w’ith  the  above descril)ed construc­

tion  of the H itto rf tube, which has got an anti-cathode, H itto rf  was already <Iealitig 

with Kontgen rays in m uch greater intensity . Sim ilarly, num bers of physicists -— 

all who had ever m ade experim ents with H itto rF s (heat) cathode-ray-tube, which at 

that tim e was very widely know n — all had  l)een dealing w ith Kontgen rays, in clu ­

ding myself. B ut none of us saw the  phenom ena w hich they  caused. Kontgen. one 

of the  m ost outstanding physi(.*al experim enters of the world, he alone saw them , 

discovered them , and because h e  carried ou t all th e  arrangem ents o f his ex ­

perim ents w ith the  greatest care and was in  addition  extraordinarily  well read, he 

knew at once a t th e  first lighting up  of th e  fluorescent screen th a t th is could 

no t be caused hy the  cathode rays them selves, and th a t he was therefore confronted 

w ith a perfectly  new phenom enon. An annoying th ing , alm ost a sham eful tiling, 

for all us physicists — and there  were countless num bers of us — who liefore 

Rontgen’s discovery had had K ontgen’s rays beneath  our hands, and had no t 

seen them . O r was it that Kontgen, ju s t because he was colour-blind, had an espe­

cially sensitive eye fo r differences in  brigh tness?  T h at he distinguished rem arkably 

fine details in  photographs — that I am sure of.
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O tlier (lelra<*tor« started the  re|K»rt that it was really lldiitfj;en’8 laboratory attend ' 

ant M arstaller who )ia<l first ohserve<l the li^htinp: up of the fluorescent screen and 

consetjuently  <liscovere<l th e  X-rays. But Kiintgen’s m ethod of scientific workim^ was 

certainly not to let a laboratory attendant help  him , or even an assistant. All the 

tim e that I was with him . he did everythinji h im self in his experim ents. Dr. Stern 

who was Kontgen’s assistant at the tim e, was as m uch surprised hy the dis<‘overy 

as the rest of Kdntjten’s colleajiues. Kurther, from  my knowledge of M arstaller during 

my th ree  years as assistant at W urzburg, he did not <»hserve i)articularly closely nor 

work particularly  well. Kven m ore absurd is the  statem ent that Kdntgen’s preparator 

a t M unich, nam ed W ehcr, was th e  <iiscoverer o f  th e  Udntgen rays. How b lind  must 

envy he when it does not even consider that Kontgeii was no t at M unich a t all wdien 

he nia<le his discovery, hu t at W u rzb u rg ! People also to ld  me m ore than  once that 

they had heard that 1 was the  real discoverer o f the  Hdiitgen rays. But 1 was not 

at W iirzhurg a t all at the tim e, hu t at F reiburg  in Baden. It was o?dy from 1898 to 

1900 th a t 1 was again K ontgen’s first assistant at W urzburg.

As I was often asked in F reiburg  to give public  lectures on Bbntgcn’s experi­

m ents. I w rote to  him  and asked him  w hether he wovild le t m e have som e copies 

of his first photographs with Hdiilgen rays fo r use at these lectures. He willingly 

consented, and even personally w rote in pencil explanations o f the  experim ents on 

the copies. As at that tim e there  was a hun t fo r letters, postcards etc. in Kdntgeii’s 

hand-w’riting  (I have never let any <>f K dntgen’s num erous letters to me ou t of my 

hand), I w rote on these <*opies which Kdntgen had given m e: ’’ Property  o f Prof, 

Dr. L. Z ehnder, Freiburg  i. H. ” , in o rder that these valuable copies should not 

he sto len  from  me when I hande<l them  round  at my lectures. It is  well kiu>wn 

how sham eless even educate<l peo]>le can he in this respect. After Kontgen’s death 

a Uiintgen room  was organised a t the W iirzhurg In stitu te  un<ier the  d irection  o f my 

younger friend F . W agiier, and I thought it was only right that I should present my 

copies to the Hontgeii room . They are now preserved there. If  there  is still any 

physicist left in the world who is no t perfectly  convinced hy my above rem arks 

and hy o ther facts that Kontgen really did discover the Kontgen rays, 1 should like 

to invite that physicist to  visit th e  Kontgen room . L et him  th en  look  a t th e  p h o to ­

graph in which Kontgen let his rays act on the  photographic p late llirough the 

closed door, and partly  th rough  the  door-post as well. Everybody can see a t the 

first glance that the  usual, fam iliar m oulding of the  <loor*post is reproduced. Q uite 

n a tu ra l! But Kontgen <lid not find it so natural. For he saw’ that the sha<ling of the 

door-post in the  ]>icture did no t exactly correspond to the absorption  through the 

mass o f wood in the  post. I imagine that probably thousands of o ther j)hysicists 

woidd have regarded this shading as qu ite  natural and w ould n o t have given it 

ano ther thought, and I do not venture to say th a t I should have been an exception. 

B ut Kontgen drew my special a tten tion  to  th is copy. ’’T h is shading a ttracted  my 

notice ” , he said to me, ” and made me realise that the decisive factor was no t the 

absorption  th rough  the unequal thicknesses o f the wood of the  door-post, bu t ab-
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ijorption hy the surface of the  post. 1 im piircd what the door had been painted 

with, and !earne<l that it was white lea<l. As lead is very im pervious to  these rays, 

a laver o f w hite lead running  in the  <lirection o f the  ray.s ahsor)>s them  consiflerahly 

m ore than a layer a t right angles to th e  rays.” In the copy of his shot-gun, which he 

photographed with his hard rays in the  first m onths after his discovery, he showed 

m e, not the lead pellets in the gun which anybody could see at once, hu t layers of 

cardboanl in the cartridge, a iuim l)cr struck in the barrel, and o th er hardly ii(>ti<*eahle 

irregularities. And Kontgen, who, w hile fully aware o f the  enorm ous im portance of 

his discovery, still observed w ith such keenness and care and considered every 

detail, Kontgen was no t the discoverer of the  rays nam ed after him , hut a not 

particularly bright laboratory a tten d an t?  No physicist can believe that.

In  1899 Kontgen was offered the chair in M unich. H e wanted to refuse because 

the  nice ({iiiet laboratory at W iirzhurg suited him  so well. J poin ted  ou t to  him  that, 

world fam ous as he now was, he should not th in k  too lightly of the w ider scope of 

activity that he would have in  M unich. And as artistic  town he valued M unich 

highly, and ha<l always enjoyed being there. Did 1 <lo w rong? After having taken 

me with him  for a close inspection of the M unich Institu te , he decided to accept 

th e  offer if  1 w ould com e with him  again. H e went to M unich in 1900, and I stayed 

there fo r four years as his assistant un til I m oved to  Berlin.

Much of Kontgen’s work b o th  before and after his great discovery is concerned 

with p roperties of atom s and m olecules and w hat takes place in them . The fact 

that water reaches its m axim um  density no t at freezing point hu t 4 ‘‘ above, led 

Kontgen to  the  hypothesis th a t in th e  neighbourhood of freezing p o in t there  are 

no t only water m olecules in the  water, bu t ice m olecules are already form ed in 

which the  two hydrogen atom s are differently arranged w ith relation  to  the oxygen 

atom  than in the water m olecules, on account of which the water becom es again 

less dense below’ 4 un til it changes com pletely in to  the lighter ice. A lthough this 

view, in  the  ligh t o f o u r present knowledge, is probaldy correct, Kontgen has m ore 

than  once expressed his regret to me that he had published th is hypothesis. For 

he  was a great enem y of unproved hypotheses.

I t  was a great joy to  Kontgen that it was in his im m ediate neighbourhood, in 

the laboratory of Som inerfeld, that the  wonderful discovery of von Lane and his 

coIIaboratf>rs Friedrich  amJ K nipp ing  was m ade, whereby ligh t was at last throw n 

upon the nature of the Kontgen rays. Shortly afterwards I happened to l>e on a visit 

to K ontgen from  B erlin . He took  me to the  Institu te  and show ed me a couple of 

tl e first of von Lane’s photographs with crystals. I said to him  im m ediately that 

they were rellections of the m olecules of the crystals, which m ust act like grate-points. 

T h is seem ed to  m e so natural and von Lane’s photographs rem inded me so strongly 

of the corresponding optical grate-spectra (vide Schwerd) that I did no t th in k  I had 

said anything new. B ut a couple o f years ago I happened to  m eet my friend  E. W agner 

during tlie sum m er holidays at W engen, and we went for walks toge th e r; he to ld  me 

that Kontgen had sai<l to him  th a t I was the first who ha<l in terpreted  von Laue’s
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jihotograjilis to him  as reflection jihenom ena of the  crystallically arranged m olecules 

— a rem ark which Kdntgen never made to me, hu t which I was very glad to hear 

later, though I <lo not wish to claim  the sm allest share in von Lane’s discovery.

I t  was a great grief to Rdntgen that his rays had an in jurious effect and could 

even cause the  death of doctors w orking to relieve suffering. W hen Kiintgen diagnosis 

hecanie extrem ely im portant during  the war, I constructed in the  Z urich Hospital 

(where I was tem porarily  in charge of the  physical section of the Riintgen depart­

m ent) the first m etal Rdntgen trdte, which allowed the rays to issue practically only 

through a small window, so that the doctors em ploying the rays could protect th em ­

selves m ore easily against th e ir injurifm s effects. T his m etal Rdntgen tube is also 

now preserved in the  G erm an M useum . At C hristm as 1914 I telegraphed to Zehm e, 

the  ed ito r of the  E lektrotechnische Z eitschrift in R erlin , that I had  discovered a metal 

tube  (ETZ, S. 19, 1915). In  the first February  nundjer of the ETZ appeared my m ore 

detailed  account of this new tube, and I added that 1 handed it over for general 

use, w ithout taking ou t a patent. E’or my only wish was to pro tect the  doctors 

against injury. I also hoped to give pleasure to Rdntgen through the construction 

of the  tube. B ut when some weeks afterw ards 1 was re tu rn ing  to  B erlin by way of 

M unich and stopped for a few days w ith R dntgen, a representative of a Rdntgen 

tube  factory came to R dntgen’s house and wanted to learn from  me m ore details 

about this new tube, of which he had heard. H e had been to ld  at Z urich  that 1 had 

ju st left to visit R dntgen. B ut R dntgen was annoyed about the  inciden t and reproach­

ed me seriously for having m ade the publication, perhaps because I had  w ritten  in 

it th a t with correspondingly enlarged m etal Rdntgen tubes it w ould be possible to 

get effects a thousand tim es stronger than  could then  be obtained. All the same, in  the 

course of recent years the ” M etallix ” tube of the D utch firm  P h ilip s has established 

itself, and I still believe that its effects could be m ade a thousand tim es stronger.

R dntgen’s lectures were d istinguished by extrem ely clear experim ents, which 

never failed. H e had a strict sense o f justice, and therefore the  m ore friendly  his 

re la tions were to his pupils, the less eager he was to recom m end them  for a post. 

He also never m ade any m aterial profit ou t of his discovery, though he was often 

given the  opportunity . B ut he was the  first physicist to be awarded the N obel prize. 

H e also received m any o ther im portan t scientific prizes and num erous o ther d istinc­

tions. In  1919 he re tired  from  his professorship.

R dntgen’s m ost understanding and truest friend was — his wife. She was in  every 

respect an excellent wife, who took the  liveliest in terest in  all his scientific endeavours 

— a wom an of noble  character. L ike R dntgen, she loved na ture  and art. They used 

to spend their holidays together at Pontresina  and in  Italy , generally with friends 

like von H ippel, K rdnlein , Boveri and others. She accom panied her husband when 

he w ent hunting , and waited patiently  for hours w hile he  endeavoured to do from  

the stand what he was a m aster at w ith a gun in his hand, bu t w hat in science he felt 

as a disgrace — to shoot bucks* )! Frau Rdntgen was ill for m any years and had

'') A  t ra n s la tio n  o f  a G e rm a n  p ro v e rb ia l  e x p re s s io n  fo r  m a k ia e  a g re a t  m is ta k e .
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to have mor])hium injections, which Rdntgen him self gave her in the  most conscien­

tious m anner. But he used to change the dose daily according to  her condition , 

w ithout telling her anything. In th is way he trical again anil again to  break her of 

the habit. W hen her condition was at its best and she asked for m orphium , she got 

a dose w ithout any m oriihium . T here  is no doubt that in this way he added years 

to her life. After she had preceded him in death, for years he decorated her bed 

with flowers, as his fa ithfu l K athchen told us, who was with the Rdntgens for th irty  

years, was often taken w ith them  on their journeys, and served them  devotedly till 

her death.
Six m onths before Riintgeu’s death, I visited him  once m ore for a day w ith my 

wife. He wanted to  keep us longer, bu t the  reduced circum stances in w hich he, 

who had once enjoyed the  incom e of a very wealthy m an, now found  him self after 

the loss of his property , forbade m e to stay longer in spite of his urging. I did not 

want to involve him  in unnecessary expense, and also had no idea that he would 

soon be no m ore. 1 shall never forget the last and so strikingly pow erful ])ressure 

of his hand.
Riintgen died on February 10, 1923 in M unich after a short illness, his hand in 

those of his fa ith fu l nurse, the servant K athchen. In  accordance w ith his wish, the 

urn containing his ashes was placed next that of his wife in  the grave of h is parents 

in the old cem etery of Giessen.

Taking him  all in all, Riintgen was no t only one of the greatest physicists in 

the world, one of the  m ost im portan t benefactors of h u m an ity ; he  was also a fine 

man.

Bdsle University. Logis Zehnder, Basle.

Translated by J. A . West.
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S . 1, 1 8 9 1 . —  E in flu s s  d es  D ru e k s  a u f  d ie  B re c h u n g se x p o n e ii te n  v o n  W a sse r, S c h w e fe lk o h le n s to ff . B e n z o l, 

A e th y la th c r  u n d  e in ig e n  A lk o h o le n . M it Z e h n d c r .  B d . 44  S . 2 4 . 1891 . —  K o n s t i tu tio n  d e s  fliissigen  W a sse rs , 
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m e d .-p h y s ik . ( ^ s .  S . 1 3 7 , 1 8 9 5 ; 2 . M itt. S . 11 , 1 8 9 6 ; aurh  A n n . d . P h y sik  u . C h e m ., B d . 64  S . 1 ;  S . 12 , 

1898 . —  15 P h o to g ra p h ie n  e in er  n eu en  A rt v o n  S trah len . L irh td ru ck . B arth . L eip zig  1 8 9 6 .— W 'eitere B e- 
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