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Artykul Marii Skltodowskiej-Curie pt. ,,Radium & Radioactivity”
oraz artykul Ernesta Meritta pt. ,New Element Radium”
w czasopiSmie Century Magazine z 1904 r.

Joel O. Lubenau!, Richard FE. Mould?

Niniejszy artykul jest pelng wersjq (przedrukiem) artykutu Marii Curie, ktory ukazal sie w styczniowym numerze ,,Century
Magazine” z 1904 r. Ponadto omowiony jest poprzedzajqcy go artykul Ernesta Merritta, profesora fizyki na Uniwersytecie
Cornella (USA) rowniez na temat radu. Dolgczono do tego materiat biograficzny na temat prof. Merritta. Byt on jednym z
pierwszych fizykow w USA, ktory w lutym 1896 r. wykonal zdjecie rentgenowskie reki. Zdjecie to znajduje sie w Jego artykule
z 1904 r. Omowiono rowniez zdjecia rentgenowskie wykonane w USA w okresie styczeri-luty 1896 r. Podano liste fizykow,
inzynierow elektrykow i osob innych specjalnosci, ktorzy wykonywali tzw. ,,cieniogramy” (,,shadowgraphs” lub ,,skiagraphs”)
i wreszcie zdjecia rtg, wraz z odpowiednimi odnosnikami do pism takich jak Science czy Electrical Engineer.

“Radium & Radioactivity” by Maria Sklodowska-Curie
& “The New Element Radium” by Ernest Merritt
from the Century Magazine of 1904

Marie Curie’s January 1904 article in the Century Magazine is republished in full. In addition, the preceeding article in
the Century Magazine which is also about radium, written Ernest Merritt, Professor of Physics at Cornell University, is
commented upon. Biographical material on Merritt is also included. He was one of the first in the USA {in February 1896}
to make an X-ray photograph of a hand. This radiograph is contained in his 1904 paper. Commentary is also given on
X-ray pictures made in the USA in January/February 1896 and the physicists, electrical engineers and other professions who
took these shadowgraphs/skiagraphs/X-ray pictures are listed with references from journals such as Science and Electrical
Engineer.
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Wstep
Rok 1904

Celem niniejszego artykutu jest przedrukowanie pew-
nego artykutu Marii Sktodowskiej-Curie pt. Radium &
Radioactivity [1] ze styczniowego numeru pisma Cen-
tury Magazine z 1904 r. oraz omowienie innego artyku-

I Emeritus Certified Health Physicist tu autorstwa Ernesta Merritta z Uniwersytetu Cornel-
Lititz la (USA) pt. The New Element Radium [2]. Malzonko-
USA wie Curie doniesli o swoich pracach w Comptes rendus
2 Cartmel, Grange-over-Sands

Cumbria de I'Académie des sciences [3] 26 grudnia 1898 r. i dlate-
United Kingdom go na poczatku 1904 r. §wiat nauki wiedzial o istnieniu



510

Ryec. 1. Prawdopodobnie ostatnie wspolne fotografie Marii i Piotra
Curie. Piotr zmart w 1906 r. Ze stéw zamieszczonych na dole obu
portretow wynika, ze zostaly one zrobione w Charlottenburgu
w Berlinie

radu dopiero od pigciu lat (Rycina 1 niniejszej pracy).
Rok 1904 jest wazny rowniez z tego wzgledu, ze byt on
rokiem wydania pierwszego numeru pisma Le Radium,
jak réwniez poczatku dostaw radu przez firm¢ Armet de
Lisle z fabryki w miejscowosci Nogent-sur-Marne nieda-
leko Paryza. A co wigcej, byl to rok, w ktorym opubliko-
wano wiele ksigzek (udato si¢ ustali¢ ich liczb¢ na 21) na
temat radu [4-24]. Niewiele ksigzek na ten temat wyda-
no w latach 1902-1903, tacznie mniej niz pi¢¢. Prawdopo-
dobnie przyczyna bylo to, ze wigkszo$¢ autoréw czekala
na publikacje pracy doktorskiej Marii Curie w 1903 r. i na
5. rocznicg odkrycia radu.

Artykuty popularno-naukowe na temat
radu

Trudno jest znalez¢ w jezyku angielskim artykuly popu-
larno-naukowe autorstwa Marii Curie lub Piotra Curie
(tzn. takie, ktore maja jako odbiorcéw nie tylko ogdt spo-
feczefistwa, ale takze osoby o zainteresowaniach nauko-
wych) w zwyklych czasopismach w odrdznieniu od cza-
sopism naukowych typu Comptes rendus de I’Académie
des sciences lub znalez¢ artykuly o charakterze wywia-
doéw przeprowadzanych przez dziennikarzy z matzonkami
Curie. Najbardziej znany wywiad, jakiego udzielil Piotr
Curie w 1903 r. Clevelandowi Moffetowi z czasopisma
Strand Magazine [27, 28], zawiera trzy artystycznie wyko-
nane rysunki, przedstawiajace Piotra Curie na Sorbonie
w trakcie prowadzenia doswiadczen, w trakcie stosowa-
nia zrodla radowego do czytania w zaciemnionym pokoju
oraz przy badaniu diamentdw w czasie przyjecia w Lille.

The Strand Magazine
Stynne pismo The Strand Magazine ukazywalo si¢ od

stycznia 1891 r. do marca 1950 r. Pismo to od lipca
1891 r. publikowalo wiele z serii opowiadan detekty-

wistycznych z udzialem Sherlocka Holmesa autorstwa
Conan Doyla. Na famach The Stand Magazine oglaszali
swoje prace H. G. Wells, Edith Nesbit i W. W. Jacobs.
Dzigki zwigzkom z opowiadaniami o Sherlocku Holmsie
wielu innych autoréw, takich jak Agatha Christie i Doro-
ty Sayers, publikowalo tu réwniez swoje powiesci krymi-
nalne. Wreszcie regularnymi wspoipracownikami pisma
byli inni znani autorzy, np. S. Maughan, R. Kipling,
E. Wallace, W. Churchill, P. G. Wodehouse i G. K. Che-
sterton.

Maria Curie w USA w 1921 r.

Istnieja dwa popularno-naukowe artykuly Marii Curie.
Jeden zostal opublikowany w mato znanym technicznym
piSmie Chemical & Metallurgical Engineering, w 1921 r.
w Nowym Jorku. Pismo to na swojej okladce wyjasnia-
fo, ze ,,jest to tygodnik poswiecony sprawom technicz-
nym, zajmujacy si¢ zagadnieniami zwiazanymi z prze-
mystem elektrotechnicznym i metalurgicznym oraz
zagadnieniami zwigzanymi z zelazem i stala”. Ow pierw-
szy artykul zostat opublikowany w czasie zjazdu oddziatu
Chicagowskiego Amerykanskiego Towarzystwa Chemicz-
nego 4 czerwca 1921 r., kiedy to Maria Curie otrzymata
Medal Willarda Gibbsa [27, 28]. Drugi artykutl, rowniez
z okresu Jej wizyty w USA w 1921 r., jest przemdwie-
niem samej Marii Curie, wygloszonym podczas odwie-
dzin w Vassar College [27, 28].

Maria Curie i Edward Merritt

W niespodziewany sposob odkryliSmy artykul Marii
Curie we styczniowym numerze Century Magazine, do-
stepny na stronie internetowej Uniwersytetu Kalifornij-
skiego w Los Angeles [1, 30]. Inna niespodzianka byto
znalezienie w tym samym numerze artykutu poprzedzaja-
cego artykut Marii Curie, napisanego przez Ernesta Mer-
ritta, profesora fizyki Uniwersytetu Cornella, pt. The New
Element Radium [2].

The Century Magazine

Pismo The Century Magazine byto wydawane w Nowym
Jorku od 1881 r. do 1930 r.; zastapito ono pismo Wscrib-
ner’s Monthly Magazine. Zawarto$¢ tego pisma byta dos¢
eklektyczna: znalazly si¢ w nim artykuly poswiecone po-
drézom, polityce, sprawom biezacym, jak i zagadnieniom
ogolnym z dziedziny poezji i beletrystyki. Przyktadowo,
w numerze zawierajacym artykuly Marii Curie i Edwarda
Merritta opublikowano rowniez pierwszy odcinek 11-od-
cinkowej powiesci Jacka Londona pt. The Sea Wolf (Wilk
morski).

Nagroda Nobla w dziedzinie chemii
z 1911 r.

W 2011 r. przypada stulecie przyznania Marii Curie Na-
grody Nobla z dziedziny chemii, jak rowniez z powo-
du wcze$niej publikowanych materialéw biograficznych



zwigzanych z Marig i Piotrem Curie oraz Henri Becqu-
erelem na temat polonu i sztucznej promieniotworczo-
Sci [2, 31-35] wydaje si¢ rzecza odpowiednia, aby w ni-
niejszym numerze Nowotworow przedrukowaé 6w arty-
kut Marii Curie z 1904 r.

Maria Sklodowska-Curie, Century Magazine 1904 r.

Czcionka pogrubiona (lub tytuly podrozdziatow) nie byta
stosowana w oryginalnym tekscie z 1904 r., my uzyliSmy
jej w niniejszym artykule w Nowotworach, aby uwypukli¢
pewne aspekty tego artykulu, tacznie z nazwiskami uczo-
nych np. Pierre Curie, Antonie-Henri Becquerel, Euge-
ne Demarcay i André Debierne, jak rdwniez zastosowa-

nia radu, np. do obrazowania.

“The discovery of the phenomena of radioactivity adds
a new group to the great number of invisible radiations now
known, and once more we are forced to recognize how limited
is our direct perception of the world which surrounds us, and
how numerous and varied may be the phenomena which we
pass without a suspicion of their existence until the day when
a fortunate hazard reveals them.

The radiations longest known to us are those capable of
acting directly upon our senses; such are the rays of sound and
light. But it has also long been recognized that, besides light
itself, warm bodies emit rays in every respect analogous to
luminous rays, though they do not possess the power of directly
impressing our retina. Among such radiations, some, the infra-
red, announce themselves to us by producing a measurable rise
of temperature in the bodies which receive them, while others,
the ultra-violet, act with specially great intensity upon photo-
graphic plates. We have here a first example of rays only indi-
rectly accessible to us.

Yet further surprises in this domain of invisible radia-
tions were reserved for us. The researches of two great phy-
sicists, Maxwell and Hertz, showed that electric and magne-
tic effects are propagated in the same manner as light, and
that there exist “electromagnetic radiations,” similar to lumi-
nous radiations, which are to the infrared rays what these lat-
ter are to light. These are the electromagnetic radiations which
are used for the transmission of messages in wireless telegra-
phy. They are present in the space around us whenever an elec-
tric phenomenon is produced, especially a lightning discharge.
Their presence may be established by the use of special as.a-
ratus, and here again the testimony of our senses as.ears only
in an indirect manner. If we consider these radiations in their
entirety — the ultra-violet, the luminous, the infra-red, and the
electromagnetic — we find that the radiations we see constitu-
te but an insignificant fraction of those that exist in space. But
it is human nature to believe that the phenomena we know are
the only ones that exist, and whenever some chance discovery
extends the limits of our knowledge we are filled with amaze-
ment. We cannot become accustomed to the idea that we live
in a world that is revealed to us only in a restricted portion of
its manifestations.

Among recent scientific achievements which have attrac-
ted most attention must be placed the discovery of cathode
rays, and in even greater measure that of Roentgen rays. These
rays are produced in vacuum-tubes when an electric discharge is
passed through the rarefied gas. The prevalent opinion among
physicists is that cathode rays are formed by extremely small
material particles, charged with negative electricity, and thrown
off with great velocity from the cathode, or negative electro-
de, of the tube. When the cathode rays meet the glass wall of
the tube they render it vividly fluorescent. These rays can be
deflected from their straight path by the action of a magnet.
Whenever they encounter a solid obstacle, the emission of
Roentgen rays is the result. These latter can traverse the glass

and propagate themselves through the outside air. They dif-
fer from cathode rays in that they carry no electric charge and
are not deflected from their course by the action of a magnet.
Everyone knows the effect of Roentgen rays upon photographic
plates and upon fluorescent screens, the radiographs obtainable
from them, and their as.lication in surgery.

The discovery of Becquerel rays dates from a few years
after that of Roentgen rays. At first they were much less noti-
ced. The world, attracted by the sensational discovery of
Roentgen rays, was less inclined to astonishment. On all sides
a search was instituted by similar processes for new rays, and
announcements of phenomena were made that have not always
been confirmed. It has been only gradually that the positive exi-
stence of a new radiation has been established. The merit of this
discovery belongs to M. Becquerel, who succeeded in demon-
strating that uranium and its compounds spontaneously emit
rays that are able to traverse opaque bodies and to affect pho-
tographic plates.

It was at the close of the year 1897 that I began to study
the compounds of uranium, the properties of which had gre-
atly attracted my interest. Here was a substance emitting spon-
taneously and continuously radiations similar to Roentgen
rays, whereas ordinarily Roentgen rays can be produced only
in a vacuum-tube with the expenditure of energy. By what pro-
cess can uranium furnish the same rays without expenditure of
energy and without undergoing as.arent modification? Is ura-
nium the only body whose compounds emit similar rays? Such
were the questions I asked myself, and it was while seeking to
answer them that I entered into the researches which have led
to the discovery of radium.

First of all, I studied the radiation of the compounds of
uranium. Instead of making these bodies act upon photogra-
phic plates, I preferred to determine the intensity of their radia-
tion by measuring the conductivity of the air exposed to the
action of the rays. To make this measurement, one can deter-
mine the speed with which the rays discharge an electroscope,
and thus obtain data for a comparison. I found in this way that
the radiation of uranium is very constant, varying neither with
the temperature nor with the illumination. I likewise observed
that all the compounds of uranium are active, and that they are
more active the greater the proportion of this metal which they
contain. Thus I reached the conviction that the emission of rays
by the compounds of uranium is a property of the metal itself —
that it is an atomic property of the element uranium indepen-
dent of its chemical or physical state. I then began to investiga-
te the different known chemical elements, to determine whe-
ther there exist others, besides uranium, that are endowed with
atomic radioactivity — that is to say, all the compounds of which
emit Becquerel rays. It was easy for me to procure samples of
all the ordinary substances — the common metals and metallo-
ids, oxides and salts. But as I desired to make a very thorough
investigation, I had recourse to different chemists, who put at
my disposal specimens — in some cases the only ones in existen-
ce — containing very rare elements. I thus was enabled to pass
in review all the chemical elements and to examine them in the
state of one or more of their compounds. I found but one ele-
ment undoubtedly possessing atomic radioactivity in measu-
rable degree. This element is thorium. All the compounds of
thorium are radioactive, and with about the same intensity as
the similar compounds of uranium. As to the other substan-
ces, they showed no as.reciable radioactivity under the condi-
tions of the test.

I likewise examined certain minerals. I found, as I expec-
ted, that the minerals of uranium and thorium are radioactive;
but to my great astonishment I discovered that some are much
more active than the oxides of uranium and of thorium which
they contain. Thus a specimen of pitch-blende (oxide of ura-
nium ore) was found to be four times more active than oxide of
uranium itself. This observation astonished me greatly. What
explanation could there be for it? How could an ore, conta-
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ining many substances which I had proved inactive, be more
active than the active substances of which it was formed? The
answer came to me immediately: The ore must contain a sub-
stance more radioactive than uranium and thorium, and this
substance must necessarily be a chemical element as yet unk-
nown; moreover, it can exist in the pitch-blende only in small
quantities, else it would not have escaped the many analyses of
this ore; but, on the other hand, it must possess intense radio-
activity, since, although present in small amount, it produces
such remarkable effects. I tried to verify my hypothesis by tre-
ating pitch-blende by the ordinary processes of chemical analy-
sis, thinking it probable that the new substance would be con-
centrated in passing through certain stages of the process. I per-
formed several experiments of this nature, and found that the
ore could in fact be separated into portions some of which were
much more radioactive than others.

To try to isolate the sus.osed new element was a great
temptation. I did not know whether this undertaking would be
difficult. Of the new element I knew nothing except that it was
radioactive. What were its chemical properties? In what quan-
tity did it as.ear in pitch-blende? I began the analysis of pit-
ch-blende by separating it into its constituent elements, which
are very numerous. This task I undertook in conjunction with
M. Curie. We expected that perhaps a few weeks would suffi-
ce to solve the problem. We did not suspect that we had begun
a work which was to occupy years and which was brought to
a successful issue only after considerable expenditure.

We readily proved that pitch-blende contains very radio-
active substances, and that there were at least three. That which
accompanies the bismuth extracted from pitchblende we named
Polonium; that which accompanies barium from the same sour-
ce we named Radium; finally, M. Debierne gave the name of
Actinium to a substance which is found in the rare earths obta-
ined from the same ore.

Radium was to us from the beginning of our work a sour-
ce of much satisfaction. Demarcay, who examined the spectrum
of our radioactive barium, found in it new rays and confirmed
us in our belief that we had indeed discovered a new element.

The question now was to separate the polonium from the
bismuth, the radium from the barium. This is the task that has
occupied us for years, and as yet we have succeeded only in
the case of radium. The research has been a most difficult one.
We found that by crystallizing out the chloride of radioactive
barium from a solution we obtained crystals that were more
radioactive, and consequently richer in radium, than the chlori-
de that remained dissolved. It was only necessary to make repe-
ated crystallizations to obtain finally a pure chloride of radium.

But although we treated as much as 50 kilograms of pri-
mary substance, and crystallized the chloride of radiferous
barium thus obtained until the activity was concentrated in
a few minute crystals, these crystals still contained chiefly chlo-
ride of barium; as yet radium was present only in traces, and we
saw that we could not finish our experiments with the means at
hand in our laboratory. At the same time the desire to succeed
grew stronger; for it became evident that radium must possess
most intense radioactivity, and that the isolation of this body
was therefore an object of the highest interest.

Fortunately for us, the curious properties of these radiu-
m-bearing compounds had already attracted general attention
and we were assisted in our search.

A chemical factory in Paris consented to undertake the
extraction of radium on a large scale. We also received certain
pecuniary assistance, which allowed us to treat a large quanti-
ty of ore. The most important of these grants was one of 20,000
francs, for which we are indebted to the Institute of France.

We were thus enabled to treat successively about seven
tons of a primary substance which was the residue of pitch-blen-
de after the extraction of uranium. Today we know that a ton
of this residue contains from 2-3 decigrams (from 4/10,000
t07/10,000 of a pound) of radium. During this treatment, and as

soon as I had in my possession a decigram of chloride of radium
recognized as pure by the spectroscope, I determined the ato-
mic weight of this new element, finding it to be 225, while that
of barium is 137.

The properties of radium are extremely curious. This body
emits with great intensity all of the different rays that are pro-
duced in a vacuum-tube. The radiation, measured by means of
an electroscope, is at least a million times more powerful than
that from an equal quantity of uranium. A charged electrosco-
pe placed at a distance of several meters can be discharged by
a few centigrams of a radium salt. One can also discharge an
electroscope through a screen of glass or lead 5 or 6 cm thick.
Photographic plates placed in the vicinity of radium are also
instantly affected if no screen intercepts the rays; with screens,
the action is slower, but it still takes place through very thick
ones if the exposure is sufficiently long. Radium can therefore
be used in the production of radiographs.

The compounds of radium are spontaneously luminous.
The chloride and bromide, freshly prepared and free from
water, emit a light which resembles that of a glow worm. This
light diminishes rapidly in moist air; if the salt is in a sealed
tube, it diminishes slowly by reason of the transformation of the
white salt, which becomes colored, but the light never complete-
ly disas.ears. By redissolving the salt and drying it anew, its ori-
ginal luminosity is restored.

A glass vessel containing radium spontaneously charges
itself with electricity. If the glass has a weak spot, — for exam-
ple, if it is scratched by a file, — an electric spark is produced at
that point, the vessel crumbles like a Leiden jar when overchar-
ged, and the electric shock of the rupture is felt by the fingers
holding the glass.

Radium possesses the remarkable property of liberating
heat spontaneously and continuously. A solid salt of radium
develops a quantity of heat such that for each gram of radium
contained in the salt there is an emission of 100 calories per
hour. Expressed differently, radium can melt in an hour its
weight in ice. When we reflect that radium acts in this man-
ner continuously, we are amazed at the amount of heat produ-
ced, for it can be explained by no known chemical reaction. The
radium remains as.arently unchanged. If, then, we assume that
it undergoes a transformation, we must therefore conclude that
the change is extremely slow; in an

hour it is impossible to detect a change by any known
methods.

As a result of its emission of heat, radium always posses-
ses a higher temperature than its surroundings. This fact may be
established by means of a thermometer, if care is taken to pre-
vent the radium from losing heat.

Radium has the power of communicating its radioactivi-
ty to surrounding bodies. This is a property possessed by solu-
tions of radium salts even more than by the solid salts. When
a solution of a radium salt is placed in a closed vessel, the radio-
activity in part leaves the solution and distributes itself through
the vessel, the walls of which become radioactive and luminous.
The radiation is therefore in part exteriorized. We may assu-
me, with Mr. Rutherford, that radium emits a radioactive gas
and that this spreads through the surrounding air and over the
surface of neighboring objects. This gas has received the name
emanation. It differs from ordinary gas in the fact that it gra-
dually disas.ears.

Certain bodies — bismuth, for instance — may also be
rendered active by keeping them in solution with the salts of
radium. These bodies then become atomically active, and keep
this radioactivity even after chemical transformations. Little by
little, however, they lose it, while the activity of radium persists.

The nature of radium radiations is very complex. They
may be divided into three distinct groups, according to their
properties. One group is composed of radiations absolutely ana-
logous to cathode rays, composed of material particles called
electrons, much smaller than atoms, negatively charged, and



projected from the radium with great velocity — a velocity which
for some of these rays is very little inferior to that of light. The
second group is composed of radiations which are believed to
be formed by material particles the mass of which is compara-
ble to that of atoms, charged with positive electricity, and set in
motion by radium with a great velocity, but one that is inferior
to that of the electrons. Being larger than electrons and posses-
sing at the same time a smaller velocity, these particles have
more difficulty in traversing obstacles and form rays that are
less penetrating. Finally, the radiations of the third group are
analogous to Roentgen rays and do not behave like projectiles.

The radiations of the first group are easily deflected by
a magnet; those of the second group, less easily and in the os.o-
site direction; those of the third group are not deflected. From
its power of emitting these three kinds of rays, radium may be
likened to a complete little Crookes tube acting spontaneously.

Radium is a body which gives out energy continuously and
spontaneously. This liberation of energy is manifested in the
different effects of its radiation and emanation, and especial-
ly in the development of heat. Now, according to the most fun-
damental principles of modern science, the universe contains
a certain definite provision of energy, which can as.ear under
various forms, but cannot be increased.

Without renouncing this conception, we cannot believe
that radium creates the energy which it emits; but it can either
absorb energy continuously from without, or possess in itself
a reserve of energy sufficient to act during a period of years
without visible modification. The first theory we may develop
by sus.osing that space is traversed by radiations that are as yet
unknown to us, and that radium is able to absorb these radia-
tions and transform their energy into the energy of radioactivi-
ty. Thus in a vacuum-tube the electric energy is utilized to pro-
duce cathode rays, and the energy of the latter is partly trans-
formed, by the bodies which absorb them into

the energy of Roentgen rays. It is true that we have no
proof of the existence of radiations which produce radioacti-
vity; but, as indicated at the beginning of this article, there is
nothing improbable in sus.osing that such radiations exist about
us without our suspecting it.

If we assume that radium contains a sus.ly of energy which
it gives out little by little, we are led to believe that this body
does not remain unchanged, as it as.ears to, but that it undergo-
es an extremely slow change. Several reasons speak in favor of
this view. First, the emission of heat, which makes it seem pro-
bable that a chemical reaction is taking place in the radium. But
this can be no ordinary chemical reaction, affecting the com-
bination of atoms in the molecule. No chemical reaction can
explain the emission of heat due to radium. Furthermore, radio-
activity is a property of the atom of radium; if, then, it is due
to a transformation this transformation must take place in the
atom itself. Consequently, from this point of view, the atom
of radium would be in a process of evolution, and we should
be forced to abandon the theory of the invariability of atoms,
which is at the foundation of modern chemistry.

Moreover, we have seen that radium acts as though it shot
out into space a shower of projectiles, some of which have the
dimensions of atoms, while others can only be very small frac-
tions of atoms. If this image corresponds to a reality, it follows
necessarily that the atom of radium breaks up into subatoms of
different sizes, unless these projectiles come from the atoms of
the surrounding gas, disintegrated by the action of radium; but
this view would likewise lead us to believe that the stability of
atoms is not absolute.

Radium emits continuously a radioactive emanation
which, from many points of view, possesses the properties of
a gas. Mr. Rutherford considers the emanation as one of the
results of the disintegration of the atom of radium, and belie-
ves it to be an unstable gas which is itself slowly decomposed.

Professor Ramsay has announced that radium emits
helium gas continuously. If this very important fact is confir-

med, it will show that a transformation is occurring either in the
atom of radium or in the neighboring atoms, and a proof will
exist that the transmutation of the elements is possible.

When a body that has remained in solution with radium
becomes radioactive, the chemical properties of this body are
modified, and here again it seems as though we have to deal
with a modification of the atom. It would be very interesting to
see whether, by thus giving radioactivity to bodies, we can suc-
ceed in causing an as.reciable change in their atoms. We sho-
uld thus have a means of producing certain transformations of
elements at will.

It is seen that the study of the properties of radium is of
great interest. This is true also of the other strongly radioacti-
ve substances, polonium and actinium, which are less known
because their preparation is still more difficult. All are found in
the ores of uranium and thorium, and this fact is certainly not
the result of chance, but must have some connection with the
manner of formation of these elements. Polonium, when it has
just been extracted from pitch-blende, is as active as radium, but
its radioactivity slowly disas.ears; actinium has a persistent acti-
vity. These two bodies differ from radium in many ways; their
study should therefore be fertile in new results. Actinium lends
itself readily to the study of the emanation and of the radioacti-
vity produced in inactive bodies, since it gives out emanation in
great quantity. It would also be interesting, from the chemical
point of view, to prove that polonium and actinium contain new
elements. Finally, one might seek out still other strongly radio-
active substances and study them.

But all these investigations are exceedingly difficult becau-
se of the obstacles encountered in the preparation of stron-
gly radioactive substances. At the present time we possess only
about a gram of pure salts of radium. Research in all branches
of experimental science — physics, chemistry, physiology, medi-
cine — is impeded, and a whole evolution in science is retarded,
by the lack of this precious and unique material, which can now
be obtained only at great expense. We must now look to indi-
vidual initiative to come to the aid of science, as it has so often
done in the past, and to facilitate and expedite by generous gifts
the success of researches the influence of which may be far-re-
aching.”

Ernest Merritt, Century Magazine 1904 r.

Artykul Marii Curie jest poprzedzony historycznym prze-
gladem autorstwa Ernesta Merritta, poS§wigconym temu,
jak doszto do odkrycia radu i ewentualnemu naukowe-
mu znaczeniu tego odkrycia. W przeciwiefnstwie do arty-
kutu Marii Curie, artykul Merritta jest bogato ilustrowa-
ny 9 rysunkami odnoszacymi si¢ do doSwiadczen z radem
i jedng fotografia Henri Becquerela oraz jedna fotografia
Marii i Piotra Curie z cérka Ireng w ogrodzie ich domu
w Seévres w czasie, kiedy Piotr Curie byt profesorem fizyki
na Sorbonie, a Maria uczyta w Ecole Normale w Sévres.

Notatki z wyktadow Marii Curie w tym czasie zosta-
ty wykonane przez Izabelle Chavannes w 1907 r. [36].
Angielskie tlumaczenie pracy doktorskiej Marii Curie
z 1903 r. [25] zostalo niedawno opublikowane w 2002 r.
[37].

Rysunki i podpisy pod rysunkami sg dla nas w XXI
wieku najciekawszym aspektem tego artykutu. Ilustra-
cja 1 oryginatu przedstawia ,,Cieniowg (shadow) fotogra-
fi¢ wykonang przez Becquerela [za pomoca zaczernienia
kliszy], przedstawiajaca promienie wysytane przez rad.
Pokazana odbitka jest pozytywem. Jasniejsze czgsci wska-
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zuja miejsca, w ktorych promieniowanie Becquerela jest
najsilniejsze”.

Ilustracja 2 oryginatu przedstawia ,,Fotografi¢ ilu-
strujaca sposdb wykonania Ilustracja 3 oryginatu. Rad
zawarty jest w malej szklanej rurce tuz nad Srodkiem
plyty fotograficznej (przytwierdzonej za pomocg drew-
nianego stojaka do probdwek). Plyta fotograficzna jest
zawini¢ta w czarny papier, calkowicie nieprzezroczysty
dla zwyktego Swiatla”.

Ilustracja 3 oryginatu przedstawia ,,Zdj¢cia radio-
graficzne r¢ki. Zdjecie lewe zostalo wykonane przy uzy-
ciu promieni Becquerela; czas naswietlania wynidst
1 godzing. Zdjecie prawe zostalo wykonane przy uzy-
ciu promieni Roentgena. Zdjecia wykonat dr B. Wal-
ter z Pafistwowego Laboratorium w Hamburgu w Niem-
czech.

Bernhard Kurt Walter (1861-1950) byt fizykiem, za$
zdjecie rentgenowskie pokazane przez Merritta znaj-
dowato si¢ w archiwach British Institute of Radiology,
w broszurce wydanej w 1896 r. i napisanej przez Augu-
sta Dietmara, gdzie figuruje ono na tzw. frontspisie, to
jest stronie poprzedzajacej karte tytutowa ksigzki [38].
Istotnie byto to bardzo dawno wykonane zdjecie rtg, jak
wskazuje sam podpis: ,,Reka zyjacej osoby sfotografo-
wana za pomocg promieni X wg prof. Rontgena z Pan-
stwowego Laboratorium Fizyki w Hamburgu (17 stycz-
nia 1896 r.). Plyta fotograficzna znajdowala si¢ w drew-
nianym pudetku tak, aby promienie mogly przechodzi¢
przez r¢ke i drewniang pokrywke”. Wydawca ,,F. Bauer-
meister, Foreign Bookseller of Glasgow”, ofiarowywal
na sprzedaz komplet szesciu zdje¢ rentgenowskich za 4
szylingi i 6 pensoéw lub po 1 szylingu za sztuke (20 szylin-
g6w odpowiadato 1 funtowi brytyjskiemu). Oznaczato to,
ze zdjecia byly jak na owe czasy niezmiernie kosztowne,
np. tygodniowy zarobek robotnika wynosil jedynie jeden
szyling. Te sze$¢ zdjec to (1) Reka zyjacej osoby (Cie-
niowa (shadow) — fotografia wykonana przez Bernharda
Waltera). (2) pokrywka pudetka z otéwkami, z pokazany-
mi mosigznymi zawiasami wewnatrz pudetka. Zawarto$¢
zamknig¢tego futeralu na przyrzady matematyczne. (3)
Zlamanie koSci ramienia, wygojone po przemieszczeniu.
(4) Ryba (leszcz). (5) Prawa stopa, zdeformowana przez
nastapnigcie przez konia. (6) Mtoda §winka (jednodnio-
wa). [Zdjecia wykonane przez prof. dr L. Graeza z Insty-
tutu Fizyki na Uniwersytecie Monachijskim; zdjecia 1-5
zostaly wykonane w Hamburgu]. Ernest Merritt najpraw-
dopodobniej nabyt swoja kopie za jednego szylinga.

Tlustracja 4 oryginatu przedstawia ,,Fotografie cie-
niowg (shadow photograph) wykonang przy zastosowa-
niu promieni Becquerela, wysytanych przez tlenek uranu
(uranium oxid). Materialem tym w formie proszku posy-
pano klucz, tworzac mata kupke w srodku plyty fotogra-
ficznej. Czarny papier uniemozliwial bezposredni kontakt
z plyta fotograficzna. Czas ekspozycji wynosit 48 godzin.
Odbitka jest pozytywem”.

Tlustracja 5 oryginatu ,,Fotografia kawalka koszulki
zarowej Auera, wykonana za pomoca promieni Becqu-
erela. Koszulke polozono bezposrednio na ptlycie foto-

Ryc. 2. Koszulka zarowa Auera zawierajaca tor. Jarzaca si¢ koszulka
zawierajaca tor zostala wynaleziona w 1884 r. przez Carla Auera von
Welsbacha. W wynalazku tym po raz pierwszy zastosowano handlowo
radioaktywny pierwiastek tor. W USA koszulki byly sprzedawane
przez firme¢ Coleman i stad pochodzila ich nazwa koszulki zarowe
Colemana. Ocenia si¢, ze roczna produkcja i sprzedaz w USA w 2000 r.
wyniosta 50 milionéw. Okofo 1990 r. firma Colemana zastapila tor
przez pierwiastek itr. (za zgoda dr Paul Frame, Oak Ridge Associated
Universities, 1999)

graficznej i pozostawiono ja przez 48 godzin w ciemni.
Odbitka jest pozytywem.”

Firma Carla Auera von Welsbacha w Atzgersdorf
(obecnie dzielnica Wiednia) byta jedng z pierwszych,
ktore oczyszczaly smotke (blendg) uranowg i produko-
waly zrodta radowe dla celéw handlowych w 1904 r. Inne
firmy to firma Buchlera z Braunschweig i firma de Haén
z List, niedaleko Hannoveru [39-41] oraz Urangelbfabrik
w St. Joachimsthal [42]. Koszulki zarowe Auera zawieraja
tor (Rycina 2 niniejszej pracy). W USA tego typu koszul-
ki zarowe sprzedawano jako koszulki Colemana: do tego
celu w USA stosowano okofo 65% toru. Wedle najlepszej
naszej wiedzy powyzsze zdjecie radiograficzne koszulki

Ryc. 3. Fotografia koszulki zarowej Auera, wykonana za pomoca
promieni Becquerela



Ryc. 4. Wedlug Edwarda Marritta [2] jest to fotografia kawatka smotki

uranowej, wykonana za pomocg promieni Becquerela, ktora pokazuje

jedynie ,,zyly radowe”. Merritt nie podaje czasu ekspozycji. Nigdy

wezesniej nie widzieliSmy tego rodzaju ,radografii smoétki uranowej” .

Nalezy stwierdzi¢, iz zwazywszy na niewielkg iloS¢ radu stanowigcego
czg$¢ kawatka smotki uranowej, fotografia ta jest niezwykla

torowej jest jedynym, ktore byto kiedykolwiek publikowa-
ne. W niniejszej pracy jest reprodukowane jako Rycina 3.

Ilustracja 6 oryginalu (A-C) jest to ,,Seria trzech
fotografii pokazujaca, jak promienie radu sa odchylane
przez magnes. Rad znajdowat si¢ w cylindrycznym otwo-
rze w bloku mosi¢znym. Promienie wychodzily przez
dwie waskie szczeliny w metalu, biegnac na prawo i na
lewo, ledwie ,,ocierajac” si¢ o powierzchnig plyty fotogra-
ficznej. Zdjgcie A wykonano bez udziatu magnesu, zdje-
cie B z jednym biegunem elektromagnesu pod ptyta foto-
graficzna, bezpoSrednio pod samym radem. W przypadku
zdjecia C magnes byt silniejszy. Warto zauwazy¢, ze pro-
mienie biegnace na prawo sa zakrzywione do gory, nato-
miast promienie biegnace na lewo sg skierowane w dot”.

[lustracja 7 oryginatu przedstawia fotografie ka-
walka radioaktywnego mineralu zwanego gummitem
i kawatka uranu, wykonang przez same promienie Bec-
querela. Oba kawatki byly potozone bezposrednio na ply-
cie i pozostawione w ciemnosci przez 48 godzin”.

Ilustracja 8 oryginatu jest to ,,Probka smotki urano-
wej, mineratu z ktérego otrzymuje si¢ rad.

Tlustracja 9 oryginalu jest to ,,Fotografia wykonana
za pomocg promieni Becquerela, pochodzacych ze smot-
ki pokazanej na Ilustracji 8 oryginatu. Probka zostata
umieszczona plaska powierzchniag w bezpoSrednim kon-
takcie z plyta fotograficzna. Fotograficzne zdjecie tworza
jedynie zyty w rudzie radowe;j. Fotografia ta jest w niniej-
szej pracy reprodukowana jako Rycina 4.

Fotografia Piotra i Marii Curie w laboratorium opu-
blikowana przez Ernesta Merrtta [2] jest ta sama foto-
grafia, ktora pojawila si¢ na okladce pierwszego nume-
ru pisma Le Radium w styczniu 1904 r. i od tego czasu
byta wielokrotnie reprodukowana wiele razy w réznych
publikacjach. Fotografia przedstawia Pokdj Pomiarowy
Fizyki w Laboratorium przy ulicy Lhomond w 1898 r.,
pokazujac nie tylko Matzonkéw Curie, ale takze Gustawa
Bémonta [3], szefa Wydziatu Chemii w Ecole Supérieu-
re de Physique et de Chimie Industrielles de la Ville de
Paris (ESPCI). W 1898 r. Piotr Curie zostal mianowa-
ny Profesorem Fizyki Ogolnej i Teorii ElektrycznoSci
w ESPCI. Widoczne na zdjeciu urzadzenie pomiarowe
to elektrometr Curie (Rycina 5 niniejszej pracy). Biorac
pod uwage fakt, ze Ernest Merritt pisal prawdopodobnie
swoj artykul w 1903 r., poniewaz opublikowal go w stycz-
niu 1904 r. [2], nastepujace dwa ustepy (reprodukowa-
ne ponizej) na koncu jego przegladu wykazuja niezwykta
zdolno$¢ przewidywania autora.

»,Zmiany substancji promieniotworczych zacho-
dza ogromnie powoli i to jest glowna przyczyna tego, ze
tak trudno jest je wykry¢. Prawdopodobnie rad traci na

Ryc. 5. Malzonkowie Curie i Gustav Bémont, ktory byt szefem Wydziatu Chemii w Ecole
Supérieure de Physique et de Chimie Industrielles de la Ville de Paris (ESPCI). Urzadzenie
pomiarowe pokazane na fotografii jest tzw. elektrometrem Curie [43]
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wadze. Wigkszo$¢ fizykow jest o tym przekonana. Ale
jesli proces ten trwa tysiace lat, musi uplyna¢ cale zycie,
zanim wystapi jakakolwiek mierzalna strata na wadze.

Trudno jest wyobrazi¢ sobie pojecie ekstremalnie
malych czasteczek emitowanych przez rad. Ich zachowa-
nie wskazuje na to, ze muszg by¢ one mniejsze od naj-
mniejszego atomu. Ale Madame Curie odkryta, ze cigzar
atomowy radu wynosi 225, a zatem atom ten jest jednym
z najci¢zszych znanych atomoéw. Jak to jest, ze pierwia-
stek ten produkuje czasteczki mniejsze niz jego wiasny
atom? Wydaje sig, ze istnieje tylko jedno wyjasnienie tej
trudnoSci, a mianowicie trzeba zalozy¢, ze sam atom jest
w stanie ulec podziatowi na mniejsze czgsci. Przypuszcza
si¢, ze rad jest przykladem powolnej dezyntegracji ato-
mowej, ze nastepuje w nim jakie§ gwaltowne poruszenie,
w ktorym mate cze¢Sci samego atomu uwalniaja si¢ i sa
wystrzeliwane z ogromna predkoscia do otaczajacej prze-
strzeni. Gdyby przyszie badania potwierdzily t¢ prawde,
trudno byloby przeceni¢ znaczenie tego faktu dla chemii.
Jezeli atomy moga by¢ rozerwane, dlaczego nie moglyby
one zosta¢ zndw polaczone ze soba? A moze mozna bylo-
by potaczy¢ je w taki sposob, aby otrzymac z poczatkowe-
go atomu nowy inny atom? Jezeli tak, zrealizowane bylo-
by marzenie alchemikow.”

Ernest Merritt (1865-1948)

Ernest George Merritt (1865-1948) jest postacia znaczg-
ca w fizyce amerykanskiej. Ukonczyt Uniwersytet Cornel-
la w mieScie Ithaca w stanie Nowy Jork, ze specjalnoscia
inzynier elektryk i w 1889 r. zostat cztonkiem zespolu na-
uczycielskiego tego uniwersytetu. Objat funkcje Kierow-
nika Fizyki, a nast¢pnie zostal Dziekanem Studiéw Ma-
gisterskich (podyplomowych). Na emerytur¢ przeszedi
w 1935 r. Byl wspotzatozycielem i jednym z pierwszych
redaktoréw Physical Review, jak rowniez wspoizatozycie-
lem Amerykanskiego Towarzystwa Fizycznego (Ameri-
can Physical Society).

Promieniowanie rentgenowskie
(Promienie X) w USA w styczniu i lutym
1896 r.

Tablica I przedstawia list¢ osob, ktore, jak uwaza bio-
graf Rentgena, Otto Glasser (1895-1964) [44], wykona-
ly pierwsze radiogramy (zdjecia rtg) w USA w styczniu
i na poczatku lutego 1896 r. Miedzy nimi znajduje si¢
nazwisko Ernesta Merritta. Glasser nie podal odno$ni-
koéw do literatury dla Merritta i Molera, ale stwierdzit, ze
otrzymal od nich osobiScie t¢ informacje¢ i opublikowal
to w ksiazce [44], podpisujac ja jako ,,Zdjecie reki zywej
osoby, wykonane przez G. S. Molera w styczniu 1896 r.
w miescie Ithaca w stanie Nowy Jork”.

Otto Glasser [44] podaje réwniez, ze w liScie od
Ernesta Merritta z 26 wrze$nia 1929 r. ,,... Znalaziem
w naszym muzeum wydzialowym trzy wczesne zdjecia
rtg, dwa zrobione przez Profesora Molera i jedno przeze
mnie. Zdjecia Prof. Molera sa to zdjgcia cieniowe (sha-
dow pictures) rdznych przedmiotéw metalowych, np. klu-
czy i tancuchéw, zawinigtych w czarny papier lub umiesz-
czonych wewnatrz tekturowego pudetka, a nastepnie sfo-
tografowanych. Nie mamy danych co do dokfadnej daty,
ale Profesor Moler napisal na odwrocie zdje¢, ze zosta-
1y one wykonane po otrzymaniu wiadomosci telegraficz-
nej o odkryciu Rontgena, zanim jeszcze nadeszio pierw-
sze zdjecie wykonane przez samego Rontgena... Zdjecia
te zrobiono przy pomocy starej rurki Crooksa, ktéra znaj-
dowata si¢ w laboratorium od okoto 20 lat. Promienie X
powstaly na koficu rurki, gdzie wystapila jasna fluore-
scencja. Checac otrzymac ostrzejsze obrazy, zar6wno Pro-
fesor Moler jak i ja umieSciliSmy kawatek otowiu z otwo-
rem o Srednicy Y cala tak, aby przesioni¢ wigksza czes¢
powierzchni fluoryzujacej. Moje zdjecie reki wymagato
naSwietlenia ok.15 minut z odlegtosci ok. 8 cali...”.

O ile wiemy, Ernest Merritt opublikowal w 1896 r.
tylko jedno doniesienie na temat promieni X. Tytut
tego doniesienia brzmial: On the influence of light
upon discharge of electrified bodies [58]. Termin , light”

Tab. 1. Osoby, ktore wykonywaly radiogramy (zdjecia rtg) w styczniu i lutym 1896 r. Dane otrzymane od Glassera [44] i Griega [45].
Osoby podane na liscie bez odno$nikow komunikowaly si¢ z Otto Glaserem osobiscie

Florian Cajori (1859-1930) matematyk z Colorado College [46]
Thomas Alva Edison (1847-1931) i jego asystenci [47]

Edwin Brant Frost (1866-1935) astronom, ktory wykonat radiogramy w Dartmouth College, Hanover [48]

Arthur Willis Goodspeed (1860-1943) fizyk z University of Pennsylvania [49]

Daniel Webster Hering (1850-1938) fizyk z New York University [50]

Edwin James Houston (1847-1914) & Arthur Edwin Kennelly (1861-1939) inzynierowie elektrycy z General Electric X-Ray Company [51]

Edward Clifford Jerman (1865-1936) inzynier elektryk z Chicago

Ernest George Merritt & George Sylvanus Moler (1851-1932) fizycy z Cornell University, Ithaca

Dayton Clarence Miller (1866-1941) fizyk z Case School, Cleveland [52]
Charles Ladd Norton (1870-1939) fizyk z Bostonu [53]

Michael Idvorsky Pupin (1858-1935) fizyk z Columbia University, New York [54]

James Powell Cocke Southall (1871) fizyk z Miller School, Albermarle

Morris Wilbur Stine (1863-1934) fizyk z Armour Institute of Technology, Chicago [55]

John Trowbridge (1843-1923) fizyk z Harvard University [56]
Arthur Williams Wright (1836-1915) fizyk z Yale University [57]




lub , X-light” lub tez ,the new light” uzywany byl
w 1896 r. zamiennie dla promieni X czy promieni rent-
genowskich.
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