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QUIZ:

Q1: RTG zareni:
Vznika interakci urychlenych elektronll s materialem terce (anody rentgenky)

b) Je totéz, co katodové zareni, avsak vyvedené ven z rentgenky (napf. Lenardovym okénkem)

Vznika, pokud urychlené nabité castice, zejména elektrony, intenzivné brzdi v elektrickém poli
atomU teréového materidlu (anody)

d) Vznika, pokud je energickou Castici (elektronem) vyrazen elektron z atomu cilového materialu
(anody), a to z valencni nebo jiné elektronové hladiny vzdalené atomovému jadru.

@ Vznika, pokud je energickou castici (elektronem) vyrazen elektron z atomu cilového materialu
(anody), a to z elektronové hladiny blizké atomovému jadru.



QUIZ:

Q2: Specifické RTG zareni vznika:
Je-li energickou Castici (elektronem) vyrazen z néjakého atomu elektron z hladiny blizké

atomovému jadru. Nasledné dochazi k zaplnéni vzniklé elektronové diry preskokem elektronu z
nekteré z vyssich elektronovych hladin, pficemz je uvolnéna energie vyzarena ve forme fotonu X
o specifické energii

Vzajemnou interakci elektronu a pozitronu

Pokud mezi katodou a anodou evakuované vybojové trubice vytvorime vysoké napéti, zaCnou
byt z katody trubice emitovany fotony se specifickou energii

pokud urychlené nabité Castice prolétaji elektrickym polem atomu, ¢imz dochazi ke zménam
drahy jejich letu (forma zrychleni) a uvolnéni energie ve formé fotonu X o specifické energii

Pouze pri velmi energetickych procesech ve vesmiru (vybuchy supernov a srazky neutronovych
hvézd)



QUIZ:

Q3: Brzdné RTG zareni vznika:

a) Maji-li interagujici (urychlené) elektrony minimalné takovou energii, ktera se rovna nebo je vétsi
nez vazebna energie elektronl teréového materidlu na hladinach K, L, M.

Deceleraci elektront (pripadné i jinych nabitych ¢astic) v cilovém materidlu, a to jiz pfi nizsich
energiich, nez jsou nutné k produkci specifického RTG zareni.

c) Pouze pokud se foton priblizi do blizkosti atomového jadra

‘ pokud urychlené nabité Castice prolétaji elektrickym polem atomu, ¢imz dochazi ke zménam
drahy jejich letu (forma zrychleni) a uvolnéni energie ve formé fotonu X o specifické energii

e) Pouze jako vedlejsi produkt na pri srazkach castic na velkych urychlovacich



QUIZ:

Q4: Radiodiagnostika je zalozena na:

a) Comptonovu rozptylu (rozdilném rozptylu fotonl X v rtznych tkanich)
Fotoefektu (rozdilné absorbci fotont X v rtznych tkanich)

c) Rozdilné efektivni produkci elektron pozitronovych parq, k niz dochazi priblizi-li se foton X k
atomovému jadru

d) RuUzné intenzivni ionizaci atomu v rdznych tkanich téla

e) Razné intenzivni excitaci atomU v rGznych tkanich téla



QUIZ:

Q5: Pokud budeme zvysovat urychlovaci napeti mezi katodou a
anodou rentgenky, budeme pozorovat nasledujici zmeny spektra

produkovaneho RTG zareni:

a) o b) .4
S S
& ]
£ i &
S ~ ©
8 2
g €
= > =

Energy of photons (keV) Energy of photons (keV)

@ al d) g
2 2
o) O
= i
ro% o
4o ©
i @
S e
g \ -%
= \ - =

Energy of photons (keV) ! Energy of photons (keV)



QUIZ Q6

v . . 10
Zmény RTG spektra uvedené na obrazku 35
muUzeme pozorovat pokud ménime: .

* A) katodovy (zhavici) proud
. 2.5
e B) material katody
e C) urychlovaci napéti mezi anodou a 2 -
katodou 3 15
O

materiél anody 1

* E) hodnotu vakua v rentgence

0.5
* F) rozsah filtrace nizkych, diagnosticky / {
nevyuzitelnych energii RTG zareni za O 97 10 20 30 40 50 60 70 80

ucelem snizeni expozice pacienta

Energy (KeV)



QUIZ:

Q7: Spektrum brzdného RTG zareni ma:

Spojity charakter, s maximalni energii danou soucinem e.U [keV]

b) Charakter diskrétnich maxim (pik() energeticky odpovidajicich preskokiim specifickych
elektrond zahrnutych v produkci RTG zareni

c) Spojity charakter, s maximem (pikem) v oblasti maximalni energie (dané soucinem e.U [keV])
d) Diskrétni charakter, jde-li o filtrované RTG zareni (eliminace fotonuU X nizkych energii)

e) Spojity charakter z néhoz vystupuiji periodicky se opakujici triplety peakt



QUIZ:

Q8: Pri dopadu urychlenych elektront (vytrzenych z katody) na anodu
rentgenky vznika predevsim:
a) Brzdné RTG zareni
b) Katodové zareni
c) Anodové zareni
Teplo
e) Specifické RTG zareni

f)  Cerenkovovo zafeni



Breaking radiation X-rays (Bremsstrahlung)

Characteristic (specific) X-rays

occurs due to

Acceleration (deflection/breaking) of incident electrons by the
electromagnetic field of the target (anode) atoms; Coulomb
interactions between negatively charged e- and positively
charged nuclei of anode atoms. In general: Charged particle
(here an electron) is slowed down or deflected by the e.m. field
of a charged nucleus or another charged particle.

Electron transitions between inner shells of the target (anode) atoms.
The accelerated e- knocks out a specific e- from the inner electron
shell of an atom (anode). This creates a "hole" after the original e-,
which is immediately filled by the transition ("jump") of an e- from

a higher energy level (shell) to minimize the atom's energy. The energy
released by the jump is emitted in the form of an X-ray photon.

contribution

dominant component

minor component; appears only at higher energies, sufficient to eject
electrons from inner electron "shells" (high energetic levels)

spectrum

continuous, with Emax (Amin) given by the kinetic energy of the
accelerated e- [The maximum energy in kiloelectron volts (keV)
is numerically equal to the voltage difference between the anode
and the cathode in kilovolts peak (kVp); average E is about 1/3

of Emax] (later in this lecture)

discreet (discontinuous/line spectrum), peaks characteristic
for a given element (later in this lecture)

the reason for the
given character of
the spectrum

Electrons travel at different distances from the nuclei of the
anode atoms - their trajectories are therefore
deflected/curved to varying degrees and the electrons are
braked with different intensities; X-photons of different
energies (continuous spectrum) are thus generated

Electrons in an electron shell have different energies, specific to
elements. the energy required to eject a certain e- is therefore
exactly given. In the same way, the energy of the transition ("jump")
of another electron, which fills the "hole" after the ejected electron,
is also given. Hence, by knocking out specific electrons, X-ray
photons of a specific energy (peaks in the spectrum) are created.

the shortest
wavelength is given

Voltage applied to the tube (anode voltage). Does NOT depend
on the: a) nature of gas in tube, b) atomic (Z) number of the
target (anode) element, c) cathode voltage (also see below)

The energy of the most energetic transition ("jump") in the electron
shell of the anode atoms. Does NOT depend on the: kinetic energy
of accelerated e-, i.e., anodic voltage (see below)

“anodic" voltage (the
potential difference
across the tube) and
the speed of e-

Determines the energy of accelerated e- and thus the "intensity
of breaking", i.e., maximum and average energy of X-ray
photons. Anodic voltage also increases non-specific production
(the amount) of e- at the anode.

No effect once the energy of the accelerated e- is sufficient to eject
the electrons from the target (anode) atoms. However, the energy
of X-ray photons depends only on the energy of jumps in the atoms
of the anode (see below)

material of anode (Z
number)

4 Z(anode) increases Bremsstrahlung but no efect on energies

1M Z(anode) = PE(R-Ray.)




Vilastnosti RTG zareni
(paprsky X)

* RTG zareni je pronikavé elektromagnetické zareni o velmi kratkych vinovych
délkdch 10 m to 108 m (0.01 — 10 nm) a vysokych frekvencich.

e prochazi hmotou i vakuem, jeho intenzita slabne se ctvercem vzdalenosti od
zdroje

e Sifi se primocare

* ma ionizacni ucinky (coz znamena, ze mnozstvi energie, které nese, staci na
uvolnéni elektronu z atomu).

Efekty RTG zareni:

* Luminiscencni efekt. Rentgenove zareni ma schopnost premenit se na
viditelné zareni, ale pouze pri interakci s urcCitymi latkami.

* Fotochemicky efekt. PUsobenim RTG zareni na fotograficky material dochazi
ke zménam v jeho chemickém slozeni.

* lonizacni efekt. Energie, kterou rentgenove zareni nese, je postacujici k
ionizaci atomu nebo molekul ozarene latky. To znamena, ze pfi pusobeni na
elektricky neutralni atomy se z nich stavaji elektricky nabité ionty.



Absorption of X-rays

* The intensity (1) of an X-ray beam as it passes through any
homogeneous substance is proportional to the distance traversed (Xx)

]JC — IOB_HX

e = Euler number

where M is called the linear absorption coefficient and is dependent on the target
material, its density, and the wavelength of the X-rays (short waves penetrate better)
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M/p is called the mass absorption coefficient and is a constant
of the material independent of its physical state (solid, liquid,

or gas)

mass absorption coefficient for compounds
containing two or more elements:
weight ratio w, for each element j, using the

bulk density, p




Tvrdeé zareni RTG (<o,o1 nm = E >100 keV) VS.
zar

Vinove délky neJengglcteJS| casti RTG zareni se castecné prekryvaji s vinovymi délkami zareni gama. RTG
a gama zareni neni rozliSovano podle energie (€asta chyba vyu€ovana na strednich Skolach)

RozliSujeme je vSak podle ptivodu:
RTG: vznika v elektronovém obalu atomu (excitace/ionizace = deexcitace s emisi RTG fotonu),

zareni gama: vznika nasledkem deexcitace atomového jadra



http://www.wikiwand.com/cs/Z%C3%A1%C5%99en%C3%AD_gama
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X-ray crystallography Mammography Medlcal CT Airport security




Mekkeé a tvrdé RTG zareni

* Roentgenovy trubice mohou byt vycerpany bud’ vice nebo ponékud
mene

e v prvnim pripadeée (vysoké vakuum) vznika tvrdé RTG zareni (<0.1 nm)

e v druhém pripadeé (nizsi vakuum) mékké RTG zareni (>0.1 nm)

* Mékké RTG trubice: vydavaji paprsky, které jsou hustymi telesy
snadno pohlcovany, tak ze davaji napr. obrazky ruky velmi pekné,
s ostre vyznacenymi rozdily mezi kostmi a masem

 tvrdé RTG trubice: vysilaji paprsky, které jsou pomérneé malo
pohlcovany a proto nejsou obrazy lidského téla prilis zretelné




The dependence of the absorption
coefficient on the wavelength of X
rays

The absorption coefficient varies with wavelength approximately
according to a relation of the form

A
p

where k = constant, Z = atomic number of absorber

Soft and hard X-
rays
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Of X-rays by ( bending magnet * In fact, X-rays come from one

source @ electron beam of several processes that usually, but not

’ .~ always, involve e-.
(nOt entlrel! N ot radation * Indeed, X-rays can be produced also by
t Also works with other charged
co rrec ) particles . . .
* other charged particles interacting

with atomic nuclei (Bremsstrahlung
X-rays; PIXE)

Slab Targel
sy e “non-electron” excitation of atomic e-
(characteristic X-rays, e.g., LASER-

induced X rays)

* and charged particles interacting with
magnetic fields (e.g., synchrotron X-
rays and cyclotron X-rays)*

X-ray Laser

*At a synchrotron, intense X-rays are the desired product, while at particle accelerators they are a by-product complicating research



=-BARK LIGHTNINGS”
Terrestrial gamma-ray
flash

Stephan K.D. et al. Hazards to
Aircraft Crews, Passengers,
and Equipment from
Thunderstorm-Generated
X-rays and Gamma-Rays.
Radiation 2021, 1(3), 162-
173;
https://doi.org/10.3390/radia
tion1030015



https://doi.org/10.3390/radiation1030015
https://doi.org/10.3390/radiation1030015

Pro pobaveni

https://zoom.iprima.cz/zajimavosti
/blesky-gama-zareni-110471

Blesky vytvareji radioaktivni
gama paprsky. Koneéné vime,
jak vznikaji

Adam Vala
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PRVNI MEDICINSKE APLIKACE
ZARENI-X (RTG)



| EKARSKA
APLIKACE
RTG

Lancet, 23. ledna 1896
Roentgenovy paprsky pouzity
pro detekci ulomku noze v
pateri opilého namornika,
ktery byl po rvacce diky
tomuto zranéni paralyzovan,
dokud mu nebyl dlomek
vyjmut.

Poté se RTG diagnostika
prudce rozviji jak v Evropé tak
USA



Just Months After Its Discovery, the X-Ray Was in

Used in War
.

Chest X-ray of a person with advanced
tuberculosis: Infection in both lungs is marked
by white arrow-heads, and the formation of a
cavity is marked by black arrows.

A technician takes an X-ray fluoroscope of a female patient. Fluoroscope exams delivered much more radiation
exposures than modern X-rays. (National Cancer Institute, public domain)



Various imaging methods
Sciagraphy (z skia (oKIG) — ,stin“ a grafie — ,zaznam®).-
skiascopy (classical X-ray on screen, higher doses) — pfimé pozorovani
CT (computed tomography)

Mammography

Angiography (with contrast agents, higher doses)..........-:



https://cs.wikipedia.org/wiki/%C5%98e%C4%8Dtina

Radioterapie paprsky X

Research Article: https://www.birpublications.org/doi/epdf/10.1259/bir.1926.0081

X-ray apparatus used for treatment of epithelioma of
the face, 1915. The tube is in a localizing shield, and a

perforated sheet of metal is securely fashioned to the X'ray treatment Of tu be rCUIOSiS in 1 91 O

surface by adhesive plaster




RADIOTHERAPY OF
TUBERCULOSIS

MM. Robert Colicz et Lucien Mallet 345

https://www.birpublications.org/doi/abs
/10.1259/bir.1926.0081?journalCode=
bir

Mycobacterium tuberculosi

Organism viability began to decrease at radiation
levels of 10 Gy...

https://doi.org/10.1378/chest.66.3.240

THE RADIOTHERAPY OF PULMONARY TUBERCULOSIS.®
By Pror. VitTorio Maracriaxo, Genoa.

INCE the early days of the Rontgen discoveries, the radiotherapy of
pulmonary tuberculosis has been the goal, hitherto unattained, of
many research workers.

Among [tahan investigators alone, we have Vigano, Fornari, Attili,
Gortan and Brunetti, while numerous foreigners, and more especially
Bacxmeister and Fraenkel, have devoted themselves assiduously to the
study of this problem.

1. The rays promote the neo-formation of connective pulmonary
tissue and consequently the process of sclerosis or fibrosis, as it is
sometimes called. '

2. The rays augment the defensive substances circulating in the
blood. This end is attained by subjecting to the influence of the rays
the heematopoietic organs and especially the spleen, in accordance with
the theory of Manouchkin, who admits that by means of such radiation
the lysis of the white globules is accelerated, as is also the entry into
circulation of the defensive substances contained in these globules.
Moreover, the systematic radiation of the spleen would also, according to
Stephan, have the effect of increasing the coagulating power of the blood,
thus preventing haemoptysis as far as possible. (Gortan, Brunetti, ete.)

* Read before the First International Congress of Radiology, London, 1925,


https://doi.org/10.1378/chest.66.3.240
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The first X-ray image - Mrs. Roengen's
hand with the wedding finger.

The
famous
first X-ray
‘portraits”

The well-known Photo 51, the diffraction
pattern from DNA in its so-called
B configuration.



5
DNA crystals. Polarized light micrograph of crystalline D

Magnification x25 at 6x7cm size. A gradual transition from blue to green shades in the focal conic texture oﬁ.thT?IiquiH

crystalline DNA specimen are indicative of a progressive thickness gradient. Note
the yellow and blue bands in some portions of the texture, which are evidence
of a variation in the molecular organization of the mesophase. The DNA concentration
for this specimen is approximately 400 milligrams per /millimeter, and
K the magnification is approximately 200x. The digital image presented above was
originally recorded on Fujichrome 64T transparency film using a Nikon Optiphot-Pol
microscope with crossed polarized illumination.

ut
TTCLLA

e
Ya, .
.'lll-I-l'_>




> Discovery of DNA double helix

In 1962 J. Watson (b. 1928), F. Crick (1916—2004), and M. Wilkins
(1916—2004) jointly received the Nobel Prize in Physiology or Medicine
for their 1953 determination of the structure of deoxyribonucleic acid

(DNA). Rosalind Franklin
Ye Ye Ye .




XRF, X-ray fluorescence spectroscopy / microscopy

Primary X-ray

K. A-ray

T K-shell

Mucleus

K o A-ray

FPhotoelectron

Electron

L+shell
M=shell

XRF is a method that uses
characteristic X-rays
(fluorescent X-rays)
generated when X-rays
irradiate the analyzed
substance.

XLF can be thought of as spectrochemical
analysis within an X-ray region.

It has the same characteristics as atomic
absorption spectrometry and optical
emission spectrometry except that the
sample does not need to be dissolved in

a solution to be analyzed.




Multi-Element Fluorescence from " Cd

https://blog.tcradvanced.com/x-ray-
fluorescence-spectroscopy-xrf/

Mn
Cu Mo
K Pb |
_ 221 keV
Ni
a Au "cd
= Zr Excitation
S Ti Rb ﬁ Source
Fe
M 25 keV
w/‘f\» JMJ SO AT AL ft
0 2 6 8 10 12 14 16 18 20 22 24 26
Energy (keV)

For quantitative analysis several samples of known element concentration are subjected to measurements using XRF and
a correlation is developed between the intensity of the measured element’s fluorescent X-rays and its concentration in
the sample. Based on the calibration curve drawn, the concentration of various elements present in an unknown sample

is found out.



X-rays reveal the secrets of works of art

Ca [10] l —n [14]  Fe [38]

e
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Cu [5] Zn [100]
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i J Zero
As [13] Ba [10] Hg [18]

a b
Using specialized X-ray imaging, a team of researchers in Australia has revealed a striking painting

of a woman's face hidden under French Impressionist Edgar Degas' portrait of a Woman.




Radlacnl biofyzika 2
Objev pnrozene radloaktlwty a daIS| VYVO])




Objev prirozene

radioaktivity

(1852/12/15 - 1908/08/25)
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- How can such a "nothing spot" lead to a Nobel Prize?



ontgen ce predtim zjistil, ze

fi pracho eIektron#kuovou
' ymi latkami'a zanechavat ™

y na fotografické desce, stejné jako obycejné

0. Snimek kosti ruky i s kovovym prstenem jeho

zelky obletél svét a uved| védce do varu. Zareni,

e dokaze zobrazovat véci dosud neviditelné!

inora 1895. Jako radny ¢len francouzské

emie ved se Becquerel sporadané dostavil na
dani této ctihodné instituce, aby tu vyslechl
dnasku svého kolegy a pritele jeho otce Henriho
incarého [pontaré] o Rontgenovych pokusech s
odovymi paprsky.



Dalsi inspirace
pro
Becquereluv
objev
EXPERIMENTY
svetélkovani latek ve

slunecnim svétle
JEHO OTCE.

(otcem H.B. byl
Alexandre Edmond
Becquerel, 1820-
1891, téz vyznamny
fyzik)

Hanne



Becquerel's idea Catodicrays

+ X-rays |
ANNANNN

VVVVVVVVL
Phosphorescence

+ X-rays ??7?



H. Becquerela tak napadlo, zdali svétélkujici
nerosty také nevydavaji paprsky X....

Aren't visible light and
invisible X-rays

produced together by
the same mechanism?




EXPERIMENT 1:

Nejprve si myslel, ze nerosty mohou vydavat tajemné
neviditelné zareni jen tehdy, kdyz viditelné svetélkuji.

paprsky -X

™ /\/\/\/\;Iuorescence
a ol




krystalky soli uranu

cerna latka

fotodeska

dalial, Vel e L
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Epochalni
Becquereluv
experiment

e Dal vybrané kameny z otcovy
sbirky na slunce, a

4

* polozil je na svétlotésne zabalené
fotografické desky (alternativné:
dal dukladné svétlotésné zabaleni
fotografické desky na nékolik
hodin na slunce)

* a po Case je vyvolal
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EXPERIMENTU:

Nestacil divit!!

Vétsina desek
zustala naprosto
nezmenena, jen pod
nékolika vzorky
zCernaly




OQ EXPERIMENT :

Il.
* Uranoveé soli a sklo | - i
pod UV-svétlem AU S
svétélkuji podobné —
jako katodovy konec

trubice emitujici
paprsky X,

e to H. B. fascinovalo

a dovedlo ho to k

vykonani dalsiho -
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krystalky soli uranu

cerna latka

fotodeska

Becquereluv experiment. Soli uranu
osvitily zakrytou fotografickou desku.

Ukazalo se, ze jde
o fluoreskuijici
soli uranu!



mination under short wave uliraviolet light

Becquerelovo zareni

* Becquerel se podivhym zarenim z nitra uranu
dal intenzivné zabyval a zjistil, ze:

* cernani fotografickych desek
zpusobuji vSechny slouceniny
obsahuijici uran, zatimco
luminiscenci se vyznacuiji jen
nékteré jeho soli

(W 4 v 4

* Jiné fosforeskujici latky naopak
neznameé zareni nevyzarovaly




Becquereluv experiment

e Rok po Poincarého prednasce (24. unora 1896) Becquerel
informoval Akademii o svém objevu:

* To byl nepochybné vyznamny poznatek, ale k objevu prirozené
radioaktivity stale jesté nesméroval.

e Becquerel se totiz stale jesté domnival, ze zareni souvisi s luminiscenci
uranovych soli

* vedly ho k tomu i chyby v jeho experimentech tykajicich se vlastnosti

objeveného zareni (Martins, Roberto de Andrade. ,, BECQUEREL'S EXPERIMENTAL
MISTAKES ,, in Historical Essays on Radioactivity. Extrema: Quamcumaque Editum, 2021.
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desetileti.




Izolace URANU

VIV

Eugene-Melchior Péligot [péligo] (1811-1890, Pariz

francouzsky chemik

1841 jako prvni izoloval Cisty kovovy uran a pouzil
termin ,,uranyl” (pro oznaceni zlutych soli uranu).

Uran zacal byt zajimavy pro barveni skla, stale vsak
trpélive Cekal, az prijde jeho Cas...



OBROVSKA ENERGIE URANU
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Vznik nejtezsich prvku - URAN
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Pred 4.5 mld let — vznik Zemé
z hmoty, jez obsahuje uran

vyprodukovany erupcemi davnych
supernov

Dnes je jiz U ve Slunécni soustavé vzacny

Nicméneg, jeho pomaly rozpad je hlavnim
zdrojem zahtivani kdry Zemé, zodpovida

za kontinentalni drift (asi ale

i participace dalSich fenomén() -

vulkanicka aktivity

- existence Zivota




Becquereluv experiment lll. - A ZASE TA
NAHODA!

BAtel'pokus opakovat,

neocekavané se zatahlg

... rozhod| se proto experii _"b
a neexponované deskym
dni do Supliku

.
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Posléze desky ale presto z nejasnych pohnutek
vyvolal, a byl udiven jesté vice: opét ztmavly!



Becquerelovo zareni

* Becquerel se podivhym zarenim z nitra
uranu dal intenzivné zabyval a zjistil, ze:

Luminescencni krystaly soli uranu pritom
@ vydavaly neznamé zareni i poté, co nasledkem

rekrystalizace ztratily schopnost fosforeskovat

je vlastnosti samotného uranu bez ohledu na
jeho fyzikalni ¢i chemickou formu.,,

B 18. kvétna 1896 konstatoval: "Pronikava zarivost

PRAVE TAK OBJEVIL PRIROZENOU
RADIOAKTIVITU, nejprve nazyvanou jako
Becquerelovo zareni
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Becquerel zjistil nekteré dalsi zajimaveé

charakteristiky zareni vychazejiciho z
uranu:

Photographic * jonizuje vzduch

Plate
Magnetic ’P * |ze jej odklonit pomoci

Field :E: magnetického pole.
EXXX v e e
KE KK ' * Tento poznatek zverejnil v roce
rREX 1899. Vyplyvalo z néj, ze se
neznamé zareni (pfinejmensim
z urcité casti) sklada

N z elektricky nabitych castic.

*Rarinactive * Na jeho podstatu vsak pfrijit
Elernent nedokazal.
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RADIOAKTIV
ITA, A

Marie a
Plerre
Curieovi

Pierre Curie (1859-1906) Marie Sklodowska®Curie (1867-1934)



Marie Curie, tehdy jesté
Sklodowska, byla polského
plvodu,

a jednou z Becquerelovych
studentek a pravé se vdala

za fyzika Pierra...

Stafetu od H.B. pfevzali manZelé Marie
a Pierre Curieovi (byli to spolupracovnici

H. Becquerela - Pierre Curie mél pracovnu
jen nékolik krokt chodbou od laboratore
profesora Becquerela a sdilel ji se svou
mladou manzelkou Marii).

J

Curieovi jiz v roce 1896 zjistili, ze stejné zareni jako uran
vydavaji také slouceniny thoria - na svéte tedy existuje
prinejmensim jesté jeden ,zarici” prvek

(prvenstvi objevu bylo nicméné prirknuto Gerhardu Carlemu
Schmidtovi)

Marie a Pierre Curie zacali svou experimentalni praci
systematickym studiem uranu a jeho sloucenin, pricemz mérili
a tabelovali jejich ionizacni proudy.

90
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232.0381




Piezoelectric
Crystal '
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% Quadrant electrometer
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Electrometer apparatus
developed by Pierre Curie and his brother
Jacques for the precise measurement of
very weak currents (of the order of tenths
of picoamperes) following their discovery
of piezoelectricity in 1880.
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Zjistili znacné rozpéti od nejvétsich po nejmensi proudy...

...a Ze ionizacni proudy jsou Umérné mnozstvi uranu pritomného ve vzorku
(totéz platilo pro thorium).

Z pohledu chemika to byl zahadny vysledek. Vlastnosti chemickych sloucenin téhoz prvku
obecné zavisi na tom, s ¢im je sloucenina slozena, a na usporadani atomua v molekule.
Namérena (radio)aktivita vSak byla nezavisla na slozeni nebo strukture molekul.

Curieova dospéla k zavéru, ze radioaktivita je vlastnosti atomu - nazvala ji une propriété

atomique. Neméla na mysli atom uranu nebo thoria, ale atom jako zobecnénou hmotnou
jednotku s predpokladanym vnitrkem, z néhoz vychazeji radioaktivni emise. To je hluboka

koncepce, kterou Marie Curie vyznamne prispéla k rozvoji fyziky.



RadioaktiVita, « Zobecnéni Becquerelova objevu
Marle d Plerre Curleov' * Tehdy Marie Curie pro tuto

vlastnost (které se zpocatku rikalo
Becquerelovy paprsky)

* Objevitel zareni (H.B.) vSak o
fyzikalni zvécnéni svého jména
nakonec prece jen neprisel: byla po
ném pojmenovana jednotka
radioaktivity

(1 Becquerel [1 Bq] vyjadfuje
takovou aktivitu zdroje pfri niz se za
1 sec rozpadne 1 atom)
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Material picoamps
Uranium 24

Black oxide of uranium 27
Hydrated uranic acid 6
Pitchblende from Johanngeorgenstadt 83
Pitchblende from Joachimstahl and from Pzibran | 67

Natural chacolite 52
Artificial chacolite (see below)

A partial copy of the table in Rayverns Emis par les Compases de L'Uranium et du Thorium

|




*M a P Curie brzy zjistili, ze s horninami a radioaktivitou néco
nesedi:

N &4

» Radioaktivita nerostu uranitu a chalkolitu byla mnohem vyssi, nez by odpovidalo
zastoupeni uranu a thoria ve vzorcich

o

SMOLINEC CISTY URAN / URANOVE SOLI

* Jedinym logickym vysvétlenim bylo, ze rudy obsahuji dalsi dosud neznamé prvky, jejichz
radioaktivita je jesté vyrazné vyssi.



U0 years of element discovery

Marie Curie‘s
next brilliant idea

C U R I E * According to the periodic table, new elements have been predicted

DIE ERSTE FRAU DER but have not yet been isolated

WISSENSCHAFT .
IS * If there was a large content of them, they would have already been isolated

* It means, the unknown radioactive elements in pitchblende must be very small in
number, but they must be incredibly radioactive!



(SMOLINEC Z

PECHBLENDE
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Jachymov, dnedni CR, kdysi davno...

as IR Sniglicb vnd freye weitberiimbte Bergk St ‘r'. I’ b r n é d O I
ooy =y e Na zacatku byly stribrné mince, které byly razeny v Jachymové
= v Krusnych hordach. Némecky ndzev pro Jachymov byl Joachimstal
&1 o ta mince, kterd se tam razila, se nazyvala joachimstaler.
% A protoze to bylo dlouhé slovo, bylo zkracovano na taler. Z toho se
g} pak vyvinulo ceké tolar. To se sifilo do rtiznych zemi Evropy, protoZe
5 g tyto mince mély dobry zvuk, a dostaly se i do Anglie, kde byly prijaty
2 v podobé dollar. Kdy? v 18. stoleti hledaly Spojené stdty ziskaly

nezavislost, hledaly vhodny ndzev pro svoje oficidlni platidlo,
protoze se chtély odlisit od Francie, Anglie atd., a sahly po tomto
pojmenovani dollar, které od 16. stoleti v Anglii Zilo, ale nebylo
prakticky vyuZivdno. TakZe v pavodu amerického dolaru je cesky
tolar, ktery vznikl z jdchymovské mince na pocdtku 16. stoleti."
(etymolog z Ustavu éeského jazyka a komunikace Filosofické fakulty

UK PhDr. Jifi Rejsek).
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PECHBLENDE (SMOLINEC)

Po roce 1515 se rozviji tézba stribra v Jachymoveée
V dolech se tézily nejdrive stribrné rudy, pozdéji rudy kobaltu
a arsenu

Béhem tézby nékdy hornici narazily na zilu podivné horniny,

Nazvali ho proto (pech = smula, blende = nekov)
z toho (nosici smUlu), pozdéji nazyvan




Cancer
Silicosis

Gastrointestinal tract:
Stomach Cancer

,,smolné blejno* Liver Cancer

(typickd jachymovska uranova ruda —
ledvinity smolinec v zile s rizovym

dolomitem a tmavé fialovym fluoritem) Nephrits Bone marrouw:

Cancer Leukemia

Cancer



,,smolné blejno*
(typickd jdchymovskd uranova ruda —
ledvinity smolinec v zile s ruzovym
dolomitem a tmavé fialovym fluoritem)

PROC , SMOLINEC“ ?

jednak

V4

pak ho mohli takto oznacit
hornici ve stfibrnych dolech,
protoze se vyskytuje tam,
kde se nevyskytuje stribro,

a mohl jim tak prinaset

Jako treti plvod smolného
oznaceni se nabizi moznost,
ze si hornici spojili jeho
nalezy se

, i kdyz se
v té dobé jesté nevédélo
o rakoviné plic a jeji
spojitosti s touto horninou
(a jejimi Stépnymi produkty).



PECHBLENDE (SMOLINEC)

jakozto

h kolem dolu

| na haldac
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Smolinec proto nejprve kon
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Marie a Pierre
Curieovi a

ryn;lle Clulrleoﬁgk%rovadell pecliva
nJ ymI@Mach (uranitu

a chalkolitu
Hlavni roli zde hral SMOLINEC Z JACHYMOVA

Badani bylo nesmirné narocné na mnozstvi
vychoziho materialu

 M.C. proto pozadala videnského ministra
orby, hrabéte Buquoye, o zaslani vzorku
smolince z Jachymova. Ten ji nechal poslat

(nakonec M-C. ziskala




pocatek vétrani smeés sirami a uhlic¢itant uranove karbonaty
smolince (uranopilit, zippeit. zellerit) (svétle Zluty zellerit s liebigitem)

uranove sirany tmaveé zeleny andersonit a svétle uranophan.
(zeleny johannit. zluty zippeit) zluty schrckingerit (karbonaty) (silikat uranu)

metatorbernit Zluty autunit metazeunerit
(fosfore€¢nan uranu) (fosforeénan uranu) (arzeniénan uranu)

zvétravanim jachymovského smolince vznika pestra skala napadné barevnych druhotnych uranovych mineralna,
ok a slid. kterych si mj. povsimli i sklafi
(Jachymov. 2010)



Marie a Pierre Curieovi — objev novych radioaktivnich prvku,
polonia a radia

Nejprve identifikovali polonium, které bylo 150X radioaktivnéjsi ne? uran.

Pozdéji jesté objevili radium, jeho? aktivita byla dokonce 900X vy&si nez u uranu. Proto ho také
pojmenovali ,radium® = zarici

Polonium s < ‘_: b '-__.h:‘ Ratsiiaum Tm — 1600 |et
s, Ra | Radium dostalo nazev
z latinského radius — paprsek.

POLONIUM (Po)

stribrité bily, silné radioaktivni kov

Existuje 42 izotopU polonia s atomovou hmotnosti
194 az 218 (izotopy = lisi se poctem neutron)

Malé mnozstvi radia vyelektrolyzované na tenky médény
pliSek a prekryté polyurethanem k zabranéni reakce se
vzduchem (stribrity kov alkalickych zemin)

34 znamych radioaktivnich izotopu, s nukleonovymi Cisly 201 az 234



Maria Curie-Sklodowska

Béhem I. sv. valky prosadila zrizeni polnich rentgenologickych stanic, které z pozice vedouciho vojenské
|ékarské buriky organizovala a ridila. Tyto stanice vysetfily vice nez 3.000.000 miliony pripadd zranéni
vojakau.

Po vélce cestovala po svété a iniciovala zakladani Ustavi pro Iéébu rakoviny. V této dobé pat¥i mezi jeji
zaky Frantisek Béhounek — zakladatel Ceskoslovenské atomové fyziky. V roce 1925 Marie Curie-
Sklodowska navstévuje mésto, které stalo na pocatku jeji védecké kariéry — Jachymov. Zde sfarala do
dolu Svornost a navstivila i lazné. Zde prokazala neucinnost pitnych kur a naopak vhodnost koupeli

v radiové vode. Bt

Zemrela v nemocnici Sallanches v Savoy
u Parize (1934, 67 let) na aplastickou
anémii, kterou si pravdépodobné
privodila absolutni absenci ochrannych
opatreni pri praci s radioaktivnimi
latkami.

Pro zasluhy na poli védy byly jeji ostatky
v roce 1995 slavnostné preneseny do
parizského Panteonu.

Marie Curie driving the Renault car that she converted into a radiological unit during the
first World War, 1917



Prvenstvi Marie Curie-
Sktodowske, 7. 11. 1867 - 4.
7.1934

Z Polska odesla do Francie, kde v roce 1891 slozZila

Becquerel na doporuceni Pierra nabidl Marii doktorandské studium ve
své laboratofri.

V roce 1903 1 F)
Sorbonné.

Diky své praci byla jako

Nejprve v roce 1903 za fyziku (spolecné s Becquerelem) za
zkoumani radiacnich jevu

Poté v roce 1911 za chemii za objev a izolaci polonia a radia
(spolecné s Pierrem)

jmenovana na misto svého zesnulého manzela a stala se tak historicky

a nékteré jeji pripominky k lazeriskym
proceduram se pouzivaji dodnes. Dnes jeji jméno nese lazensky hotel
Curie.




e 74d3a videriské ministerstvo $kolstvi o zakoupeni uranové hluginy
z jdchymovskych dolt, ale zamitnuto

* O cca. 25 let pozdéji, ta sama Zadost, avSak od manzel( Curieovych

Cesky chemik a pres jiné ministerstvo je schvélena...




Fenomenalni Marie Curie-Sklodowska

1911: druha Nobelova cena, nyni
za chemii, za izolaci radia a objev
polonia, plus dalSi objevy ohledné
radioaktivity

1903: Nobelova cena za fyziku
za objev radioaktivity, spolu s
Pierrem a A.H. Becquerelem



18485
Roentgen discovers bag
properties of x-rays. BECQUEREL

1896 - P CURIE

Becquerel announcesff EEVEET: -

radioactivity. = A _ ¥ 5 i
1859 1898 R = X B Rl i’ W € o
Mendeleev Curie discovers i L g Ve A<
introduces polonium and ol 50 & < Postes ; = f/
periodic system of radium and coins i GENTR “ RAC/
elements. term “radicactivity.” oo ,!,M LINIRATRILAYR,

1920s and 1930s

Organizations form to ad
radiation protection in the
United States and owversg

Environmental Protection
Agency.

Marie Curie

Prvni Zzena
ocenéna
Nobelovou cenou
Pdvodné mél byt
ale ocenén jen
Becquerel a Pierre

Curiell

1901 vabec prvni NB za fyziku 1903 Nobelova cena za fyziku; 1911 NC za chemii



* Objev paprsku X
vedl az K jiste
posedlosti

» Zdravotni rizika
tehdy jeste neznama

- aplikace
paprsku X a
radioaktivity’ vSude,
kde se dalo”®

maKeameme.org



PARTY
TIME
BITCHESS!

 Radium se nasledné zacalo
v USA vyrabét umeéle a nez se
poznalo nebezpedi ionizujiciho
zareni,

* propuklo doslova obdobi
bezuzdného opojeni
radioaktivitou

* Paprsky X se pouzivaly nezridka
ke zcela nepatificnym ucelim

a radium se pridavalo snad do
c¢ehokoliv kam to jen bylo mozné -
prodavaly se nejriiznéjsi magické
kosmetické a Ié€ebné pripravky, ale
také technické vyrobky a vyrobky
pro zabavu (glow-in-the-dark).



DOBA BEZUZDNEHO OPOJENI RADIOADTIVITOU

Casteéné tomu napomohla pfimo Marie Curie:

Sama totiz pred smrti navrhla, jak by lidstvo mohlo v budoucnu profitovat z IR

nastinila i mozné medicinské vyuziti IR — kromé radioterapie nadoru predpokladala, ze vyznamné
zdravotni benefity muze pfinést mj.:

piti vody ,,nasycené“ radonem (vznikajicim nasledkem rozpadu thoria a uranu),

injek¢ni vstrikovani ozareného/radioaktivniho fyziologického roztoku primo do krevniho obéehu,
svalu a kloubu,

inhalovani radonem obohaceného vzduchu,
a také koupele v radioaktivni vodé

Jelikoz vsak byla vedkyné, upozornovala zaroven, ze vedecké podklady pro tato tvrzeni jsou zatim
nedostateCneé a prevazuje jen empiricka zkusenost

| presto Iékafri v t& dobé predepisuji radium proti artritidé, dné, hypertenzi, ischiasu, bolestem
v kfizi a celé radé dalSich obtizZi

Jesté v roce 1916 Iékarsky Casopis Radium ubezpecuje, Ze radium nema absolutné zadne toxicke
ucinky a je harmonicky prijato télem jako rostliny prijimaji svetlo




X-rays:
KURIOSITY DOBY
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Positively will not injure the most
delicate skin. Devoid of all sensation.
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Hair Removed Permanently

recetving treaterad o Uhe absek. Mo pain or mnsbion o sny kind
The IHF&LLIBLE methad svecesifully wisd for 16
E“ by Dr. Albert C. Geyser, late Prefesser of
trical Therapestics at Cornell University and
endoried by many leading physiciam.
No Needle, No Waz. No Chemical
Palndess and H.-n-h- r—=Guwaranieed te be Permanent

Tricho Sy stem

o 1010 State-Lake Bldg. IH‘ N. State St

Advertisment showing a
drawing of the Tricho
machine. “Clients sat at a
mahogany cabinet with a
small front window for the
treatment area. The
operators ... threw a
switch, and then — nothing
happened, save for a faint
hum and a whiff of ozone.
After a few minutes the
machine automatically
shut off and the patient
booked her next session.”
(Collins, 2007)




X-rays:
KURIOSITY DOBY

Adrian shoe-fitting
fluoroscope used prior to
1950 in shoe stores for
testing the fit of shoes. A
high-tech sales gimmick,
these were phased out
due to concerns about
unnecessary radiation
exposure.



Miss International
Posture Queen with
her x-ray, 1957.

Miss X-Ray




X-ray Photos Find Girl With Perfect Back at Health Show

HE X-ray was the final judge in selecling

the girl with the most periect back al
California’s health show 1n Los Angeles.

After examining X-ray photographs of all
the girls entered in the contest, Dr. Lester V.
Donovan picked Miss Judith Allen, young
movie aclress, as the winner. An X-rav ol
Miss Allen’s back showed a spine in per
fecl alignment, unmarred by any curvature.

The voung lady hails from Boston and
18 said to have a promising film careei
ahead. The photo at the right shows altrac-
tive Miss Allen and the remarkable X-ray
picture held by Dr. Donovan.

California's

health show and
future Hollywood
ACtress SElECHION T xXeu sheto proved thar Mis it A, youes

screen actress, had the most perfect back in a conte
conducted at Califtormia s health show Lr. Lasti
Donovan is holding the X-ray picture of Miss Allen's b
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Fraudeuse denoncee par les ravons X.




JAMES BOND X-RAY

GLASSES

X-RAY

SPECS

An Hilzrieus Optical
Musien $1m

Scientific t¢:|:|tit:ta': prilxnc;ple really works. Imagine
— you put on the “X-Ray"’ s and hold
hand in front of you. You 532::1 to be .uﬂ'o'
look right through the flesh and see the benes
underneath. Look at your friend. Is that really
msl bod:’ y.:ud ;lsee'; ung.er his clothes? Loads
n at parties. Send
g’:,;gmm; charges oy
Money Back Guarantee
HONOR WUUSE PRODUCTS CORP.
Lynbrook. N. Y. Dept.77xw %o

* The ad that stoked every young
comic book reader’s imagination
was the one for X-Ray Specs.
These ads offered kids the
opportunity to see through
everything from fingers, an
eggshell, and possibly even
clothing all for the cost of a dollar.
The fine print in these ads is that
they only give the illusion of X-Ray
vision and don’t actually allow the
wearer to see through anything.

« Anyone who sent out for the
contraption found that they were
actually plastic glasses filled with
cardboard that had a depiction of
the things you could see if you had
x-Ray vision. Sorry kids, this is
one product that doesn’t work.




RADITHOR: lecebneé
radioaktivni kapky

RIg, U, 5. PAT.
CERTTFIE?
TE@.W"“

‘il - Contains
Tom and Mesothe

‘ iple Distilled '

Ebenezer McBurney Byers (April 12, 1880 — March 31, 1932)

Mala lahviCka prodavana jakozto
lek proti artritide, revmatismu,
mentalnim chorobam, rakovine
zaludku a impotenci

 Jednalo se o 3x destilovanou
vodu s nepatrnym pridavkem radia

aktivita v radech jednotek Bq az kBq
je velice nizka;

Existovaly vSak i pripravky urcené
pfimo pro intravenozni (injekeni)
aplikaci

« Ebenezer McBurney Byers
earned notoriety in the early 1930s
when

. (He won the 1906
in golf)



https://en.wikipedia.org/wiki/U.S._Amateur
https://en.wikipedia.org/wiki/U.S._Amateur

REVIGATOR:
levngjSi cesta k IéCebne radioaktivni vode

O keep that health you must keep Nature's laws. They are simple and easy

to keep: but if they are broken Mature exacts a heavy penalty from each

and every one. Get plenty of sleep, exercise and wholesome fun. Avoid
overwork, all other excesses, eat fresh, natural foods, breathe fresh air, and drink
plenty of fresh, invigorating, natural radioactive water from the Radinm-5Spa.




RADIUM THERAPY

The only scientific apparatus for the preparation of
radio-active water in the hospital or in the patient's own
home.

This apparatus gives a high and measured dosage of
radio-active drinking water for the treatment of gout,
rheumatism, arthritis, neuralgia, sciatica, tabes dorsalis,
catarrh of the antrum and frontal sinus, arterio-sclerosis,
diabetes and glycosuria, and nephritis, as described in

Dr. Saubermann’s lecture before the
Roentgen Society, printed in this
number of the * Archives.”

DESCRIPTION.

i The perforated e: rthenware “ ac-
@ tivator” in the glass jar contains an

insoluble preparation impregnated
with radium. It continuously emits
M radium emanation at a fixed rate,
il and keeps the water in the jar always
| charged to a fixed and measure-
able strength, from 5,000 to
10,000 Maché units per litre

per diem.

FFdRD By

RADIUM LIMITED,

91, MORTIMER STREET, LOMLOEN, W,
Tsisphans | @050 W VP8R

« Kdo nemél finance na drahé
leCive radioaktivni kapky, mohl si
pripravit radioaktivni vodu sam
doma pomoci Revigatoru.

 Jednalo se o keramickou nadobu
s vlozkou s primesi uranu a radia

* Revigator se pres noc naplinil
vodou, ktera byla behem noci
ozarena a patrne | nepatrné
,obohacena" pritomnym uranem
a radiem

» Nasledujici den byla voda
pripravena ke konzumaci



RADIUM

SCHOKQLADE

. DEUTSCHES REICHSPATENT . AUSUANDSPAT. L.
N A ; ] ] ) i »

Radioactive Chocolate Bar - to make
you look and feel younger (vyrabena
v Nemecku)

Sweets & Food...

Hippman-Blach bakery’s Radium Bread,
made with that amazing radium water.
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Ich - der ganz feine Putzkorper
- mache die Zahne blendend
weifd, schone den Schmelz]
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« Urovné radioaktivity velmi nizké, nicméné deklarovano, Ze tato pasta:

Doramad —  “Its radioactive radiation increases the defenses of the teeth and gums.
The cells are loaded with a new energy of life, the destructive effect of
radioaktivni zubni bacteria is hampered. That explains the excellent prophylaxis and the
vr v » healing process of gum disease ... ” ...its radioactive qualities gently polishes
paSta S primesi the dental enamel, so it turns white and shiny."
thoria * \yrabéla a prodavala s v Némecku v letech , tedy béhem 2.

svétove valky. Jesté stésti, ze némeckeé védce tehdy vice zajimali aplikace
radioaktivnich materialtl v kosmetice nez ve vyvoj atomovych zbrani.




ZDRAV| - Radione
energy pills

, hapriklad malatnost / letargii /
unavu, impotenci atd.

V tomto smeéru vynikaly napr.
Radione energy pills, jakysi pfedchudce
dnesni Viagry a obdobnych medikamentu



Vita Radium Suppositories —
Radioaktivni Cipky

ZlepSeni sexualnich funkci

Celkova energizace nervoveého systému, krevniho obéhu
a sekrecCnich zlaz

Uginnou latkou bylo vysoce piecisténé RADIUM
v kakaovém masle jako nosici

Radium se mélo vstrebat v tlustém stfeve, prostoupit takto
do krevniho obéhu, a nasledné distribuovano do celého
téla — tedy oslabenych organu, které potfebuiji vitalizovat.
Po zajisténi dlouhodobych zdravotnich benefitd mélo byt
radium postupné vylou¢eno béhem asi tfi dnu

Vyrobce garantoval neprostou neskodnost pripravku

Doporuc€ovala se kombinace s tabletami NU_MAN, téz na
bazi radia

VITA RADIUM SUPPOSITORIES

UR VITA RADIUM SUPPOSITORIES
O (HIGH STRENGTH) are ome of the

outstanding triumphs of Radium Sci-
ence. These Suppositories are guaranteed to
contain REAL RADIUM—in the exact amount
for most beneficial effect. They are inserted
per rectum, one each night, this being one
of the several practical and successful ways
of imtroducing Radium into the system.

After insertion, the Suppository quickly
dissolves and the Radium is absorbed by the
walls of the colon: then, within a few min-
utes, it enters the blood stream and traverses
the entire body. Every tissue, every organ

Actual Size of  of the body is bombarded by its health-giving

Suppository electric atoms. Thus the use of these S -
itories has an effect on the human body like recharging has S

[~y v

’
| . |

| electric battery.




Radiendocrinator

Radiendocrinator provided
you with a stack of
radioactive cards

Sleeping every night with
radium pressed against
your gonads was
supposedly a sure way to
reinject that lost vigor into
your days.

|
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"Degnen’s Radio-Active
Eye Applicator”

The label on the box identifies the item in the above
photograph as "Degnen's Radio-Active Eye
Applicator" and indicates that it was manufactured by
the Radium Appliance Company of Los Angeles,
California.

The lenses were available in three strengths: single
(X), double (XX) and triple (XXX). Based on the
measured exposure rate at one foot (ca. 10 to 15
uR/hr above background), | would estimate that the
Ra-226 activity of the double strength (XX) device
shown here is approximately 1 uCi. Not particularly
"hot," but definitely cool.

Quoting the manufacturer's literature: "the Radio-
Active lenses will be found helpful in imperfect
refraction, MYOPIA or Nearsight, HYPERMETROPIA
or Farsight, PRESBYOPIA or Oldsight,
HETROPHOBIA or difficulty in focussing."

"Headaches, caused by eyestrain and other eye
disorders, can be quickly relieved by the use of the
lenses."




Radium Hand Cleaner —

« Kolem roku 1910 (to neni tak davno!!!)

« Pasta rychle odstranujici maz, barvu,
asfalt, korozi atd.,

« Kuzi naopak Cisti a |éCi

Lesti
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Tho-Radia Beauty Products

» Po bezprecedentné dokonalem
pokozky Cisticimi pripravky s primési radia /
thoria bylo mozné postoupit k dalsimu osetreni
pleti a zkraslovani pomoci celé Tho-Radiove rady
produktu: : : :
a dalSich vyrobkd.

* Produkty zaruCovaly omlazeni a projasneni
pokozky, a vabec vSechny benefity, co si jen Ize
predstavit.

* Tho-Radiove produkty byly pysne propagovany
pod zastitou dr. Alfreda Curie. Tento doktor
prekvapiveé skutecnée existoval a takto se
jmenoval, nemél vSak zadny vztah k manzelim
Curie, jak se snazila reklama navodit dojem.

CREME
(OLDCREAM

CREME
FAURESOUE
POUDRE
SAVON
LAIT . TOILETTE

DEMAQUILLANT

ROUGE  LEVRES
DENTIFRICE

METHODE
SCIENTIFIQUE

"Tho-radia" pudr
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Princess Radium Lingerie
& cosmetics

METHODE

THO-RADIA

EMBELLISSANTE PARCE QUE CURATIVE
&
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RADIUMISED
= CORSET

| Silhouelle
RADIANTE
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%Silhovette Radiante

IIIII «~ACTIVE CORSETRY
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o, ost wesk_s conour sapert bam Comet Sihouete,

wearers—apart from hae unquashonshia pariaeion se—just cone!

HANDLEYS wo.
SOUTHSEA
Telephane 2241

Korzety a spodni pradlo
s primesi radia / thoria

Prvné patentovano v Pafizi roku 1937

Radioaktivni materialy mély zajistit stimulujici, posilujici, 1éCebné,
antibakterialni, a ... u€inky

(a patrné i oslInit ostatni pritomné ;-))
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Radium (Undark) Girls




Une Aaine ok chalour,
. L
hadio - ackive

T
Une loine, souple, elastique, resistante, épaisse
el confortable, qu'un ftroitement physico-chi-
mique o douvé d'un remarquable pouvoir: lo
radio-activite. Chacun connait les extroordinaires
effets de stimulation orgonique, d'excitation
celluloire, transmis por le rodium. Une laine
ains troitée ollie oux ovonloges propres du
textile une indéniable valeur hygiénique. Pour
tricoter la layette de Bébé, les loinoges des

enfants, vos sous-vélements et vos pull-over,
utilizser la

NE ORADIUM

Jource précieuss de chaleur et
d'énergie vilole, irrétrécissable,
infeutrable. C'est un Produit de
lo LAINE MEDICALE, 20, rue
st-Georges, PARIS - Trud. 07-28

L lllrr* DR ADIUM et rerdigs (hag waiee
Phsiihgiles ay pris impoes de Baod 3D s

pabbe e M1 o e

AR Wt R i PR R iy 4 o A28 PE a8 'S m -



i A/0MIC BT

PERFORMS OVER 150 ilmlﬂﬁ El'ﬂiﬂl‘l’ﬂ
¢ .

GILBERT
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SPLITS the AToM! MANUAL

WITRUCTIONS FOR OPERATIMG GILBERT ATOMIC ENIRGY LAB

GILBERT HALL OF SCIENCE

by JOE MUSIAL
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The Gilbert Atomic Energy Lab —
Patrné nejnebezpeclnéjsi détska hracka

Children toyS. .n Prodavana pouze : 1950-51

Prodejnost vS§ak mala — ne kvdli této nebezpecnosti, ale pro
svou enormni cenu, tehdy $50 (dnes cca. $400)




The Gilbert Atomic Energy
Lab - pokracovani

Mezi ingredience ,stavebnice” patily napfr.:

 Uranova ruda
Ly Pok tavebni vedcila, avsak deti
« 210Ph (o + B ZAFiE) okud se stavebnice osvedcila, avsak deti

. 106Ry? (&ista B-zafi¢) stinly radioaktivni zdroje rozprasit po okoli —
e g 657n (V-Zéﬁé), zadny problem, rodice mohli svym

. spintariscop (pro pod&itani zableski vznikajicich pfi ratolestem doobjednat nove ;-)
dopadu ionizujicich Castic na povrch materialu; zablesky
je mozno pozorovat na stinitku zarizeni lupou-okularem) {

* mlznou komoru pro detekci a-Castic

 Electroscop

« Geigeruv pocitac (ktery asi zejména umoznoval rodicim
zmérit kontaminaci jejich déti ;-))

* manual,

« Komixovou knihu Dagwood Splits the Atom RACITINS

 Avladni manual “Prospecting for Uranium.”

[ AITOWR
MEBER wilh PROJIECT OR TLLUMAN
Wuﬂl‘hd ulﬂundhw-p-ﬂkdn,uiuhnﬂ.tmn.

= ATOMIC n::m.u:-f::l:l“ﬂ":l
SPINTHARISCOPE Showes aapledisg stoms.

: ELECTROSCOPE - Meeteres bodogrosnd rodiction ond tets

- RADIORCTIVE MATERIALS.  Kighe soerce ia bandy

coatnine and Urmniss Ore.
NE COVER USE

THEORY
FULL INSTRUCSTIO e




Batschari Radium
Cigarettes

the Batschari tobacco
company in Baden-Baden,
Germany made radium
cigarettes between

A mezitim, co si deti spokojene
hraji a zari usmevem, rodicCe si
mohou doprat trochu relaxace
s povzbudivymi, omlazujicimi,
léCivymi,... CIGARETAMI

S RADIEM



Jsou pravé! lva

Kubelkova podala I 500076 el o
dikaz o ptivodu svych PS.JWWW. SUPET.62 -jsou-prave-iva-kubelkova-podala-

o i h dukaz-o-puvodu-svych-ctyrek-ktere-zaujaly-i-jardu-jagra.htmi
ctyrek, které zaujaly

i Jardu Jagra




STAVEBNICE ,MLADY ROENTGEN*
a dalsi zajimavosti

https://www.orau.org/health-physics-museum/collection/radioactive-
guack-cures/index.html



Ucinky Ra na lidsky organismus,
radioterapie

Henri Becquerel i Pierre a Marie Curie i néktefi dalsi si
postupné povsimli, ze kdyz si chtené Ci nechténé prilozili
sklenénou radium ke kuzi, pocitili paleni a do$lo k tézZce a
dlouho se hojicimu spaleni podobnému silnému spaleni od
Slunce

Tehdy se nadory IéCily vypalovanim, a tak zde byl jen kri¢ek
kK ndpadu vyuzit radium pro terapii nadoru

Sklenéné nadoby s radiem vsSité do bandazi se prfimo
prikladaly k nadorum

Radium ale velice drahe: 1 g Ra = 7 tun uranove rudy (1908 5 i ' 38
-1 9 Au = 66 centu, 1 9 Ra = 88 tis USD) Mask for radium treatment for

cancer of the neck and face.
http://t.co/Yf52s5yAKE



RADIUM V LEKARSTVI

Prvni pokusy o prostorové T
frakcionovanou terapii |

i XER VT

Radium therapy. Man with neck cancer receiving radiotherapy treatment from

a Flint radium "bomb", designed in 1934 for four hospitals in London, England.
This bomb produced radiation from four radium sources placed close to the
patient's skin. Each source focused on the cancer from a different angle, so that
this was the only tissue that received radiation from all four. At left, the doctor can

be seen adjusting the bomb.




Jachymov
— radioaktivni koupele

« Becquereluv objev
znamenal pro Jachymov
novy rozkvet.

* Uz v roce 1909 tu byly
zfizeny prvni radioaktivni
lazné na sveéte.

* V lazenskem palaci Radium
se |leCily nemoci
pohyboveho ustroji, nervove
| cevni.
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V 50. letech naseho stoleti se nahle
stal

. Svéta, ve kterém hlavnim
trumfem byla atomova bomba.

Do Jachymova opét plynuly obrovske
castky penéz, zaroven se tu vsak
rodila smrt, bolest, strach a
zoufalstvi.

V uranovych dolech byli v
nepredstavitelné krutych podminkach
nuceni dobyvat strategickou surovinu
pro Sovétsky svaz Ceskoslovensti
politicti vézni.

Tisice jich to zaplatilo zivotem
nebo poskozenym zdravim.
Veskera tézba byla odvazena do
Sovetského svazu, aby z ni byl
vyroben jaderny arzenal.

Po vyrabovani zasob skoncila jiz
podruhé (tentokrat ponékud
pochmurna) slava meésta, které
mimodék stalo na zaCatku nové
epochy - epochy atomove energie.




Prvni procitnuti
|IZ

e Uz vroce 1901 Becquerel - patrné jako
vUbec prvni ¢lovék - doslova na vlastni
kazi zjistil, Ze radioaktivita neni jen
uzasna ale i zhoubna. Kdyz v dubnu toho
roku nosil néjaky €as vzorek uranoveé
slouceniny v kapse u vesty, kratce na to se
mu v téch mistech na téle objevila
spalenina. Rana se nehojila a nakonec
pomohl jen radikalni chirurgicky zakrok.

* Pravdépodobné i proto se Antoine Henri Becquerel ze svych Uspéch pfilis dlouho netésil.
Zemrel v Le Croisic 25. srpna roku 1908 ve véku pouhych 55 let. Mnohé nasvédcuje tomu, ze na
jeho predcasné smrti se podepsala predevsim radioaktivita - jako dabel, ktery za Upis zaridi
uspéech, ale nikdy nezapomene na radné splaceni dluhu.

* Marie Curie-Sktodowska kvuli dlouhodobému styku s radioaktivnimi prvky zemrela na anémii
roku 1934.



Prvnl prOCItHUtI (nebezpe IZ)  ECRASE PAR UN_CAMION. -
Pfedéasna umrti prvnich badat gy TRAGIOUE DE . cumr_

Le grand savant qni collabora a la découverie -ﬂlh

* Marie Curie-Sktodowska — aplasticka anémie (selhani krvetvorby), Ml & fodue kel auork, Irier, suns lex
rok 1934, 66 let (i jedno posmrtné prvenstvi — jako prvni Zena frnehiie o douil,

pohrbena ve francouzském narodnim mauzoleu Panthéonu,
v olovéné rakvi)

* Antoine Henri Becquerel — popaleniny klze ale priina smrti
neznama, rok 1908, 55 let.

* Pierre Curie — zabit sprezenim (nepozornost, ¢astecné i jiz
Spatnému zdravi v souvislosti s radioaktivitou?), rok 1906, 46 let

* Irene Joliot-Curie — akutni leukémie (accidentaly exposed to Po),
rok 1956, 58 let

* Frederic Joliot — nemoc jater (téz vlivem radiace), komplikace pfi
chirurgickém zakroku, rok 1958, 58 let (stejné jako Irene)

* Wilhelm Roentgen - rakovina strev, rok 1923, 78 let

(nepracoval s otevienymi zdroji IZ a ne tak intenzivné)



R d -  Between 1917 and 1926, the US Radium Corporation hired women to
a I u I I l paint the faces of watches with Undark, a revolutionary luminescent
paint made from radium salt.

|
G I r'I S * ..they shape and clean the tips with their tongues and lips. They
\ 7w repeated this mechanical action several hundred times a day, ...,

Wﬂ unaware of the extreme toxicity of the radium ....
—

e I




... Sometimes they would paint their fingernails and teeth
RAD I U M G I RLS glow-in-the-dark to surprise their boyfriends after work.
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Radium Girls - » Ra biologicky podobné Ca
SARKOMY e (akumulace v kostech)
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SMRTICIPOLONIUM o iuimene

Po = jedna z nejtoxictéjsich substanci

10'2 times ore toxic than hydrogen cyanide,
HCN.

Alfa emiter = nebzpecné pfi vnitini
kontaminaci

Irene Joliot-Curie (dcera M.C.) 17. bfezna
1956 (59 let) zemrela na leukémii zplsobenou
zarenim (z velké casti diky praci s Po), kterému
byla cely zivot vystavena.

Alexander Litvinenko — rusky agent otraveny
Rusy

Yasser Arafat mozna téz otraven Po (palestinsky
terorista na kterého mél dlouho spadeno
Mosad).




RADIOAKTIVITA = energie
uvolnéna pri preméné prvku

v roce 1899 Marie Curie objasnila
podstatu radioaktivniho zareni:

Radioaktivni zareni povazovala za
vedlejsi produkt rozpadu atomovych
jader.

Usoudila, Ze jadra tézkych atomu se
zbavuji vyzarovanim svych casti,
Cimz se tyto prvky méni na
jednodussi.



Rutherford + Soddy
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* M + P Curie — na oslavu Nobelovy ceny usporadali zahradni party, kde Pierre ukazal
lahvicku s radiem - Ernest Rutheford, mezi pritomnymi, se podivoval, proc€ tato latka zari

e Ernest Rutherford se ,,spolCil“ s Frederickem Soddym (chemik) a studovali uran a thorium



Rutherford + Soddy

* dospeli k prevratnému zaveru, ze radioaktivita je
atomarnim jevem, jehoz podstatou je nestabilita
atomu néekterych chemlckych prvka, jez se samovolné

premenuji v atomy prvku jinych za soucasné emise
radioaktivniho) zareni

* Objev Rn (radonova emanace) jakozto rozpadoveho
produktu Ra (kdyz Ra uzavreno ve zkumavce, rostla
vyznamne radioaktivita, ktera opét klesla po jejim
otevreni); mnohé zdrOJe uvadeéji Spatného objevitele!

Soddy: , Rutherforde, tohle je transmutace”

Rutherford: ,Proboha, nenazyvej to
transmutaci. Nebo ndm nechaji setnout hlavy
jako alchymistim®

TRANSMUTATION
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Ernst Rutherford, novozélandsky fyzik, 1871 — 1937

1897/98 rozlisil podle pronikavosti dva druhy radioaktivniho
zareni,

snadnéji absorbovatelné zareni alfa
a pronikavejsi zareni beta.
Zjistil odklon zareni alfa a beta v magnetickém a elektrickém poli. vakuum |T|
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Deflection of nuclear radiation by electric fields

positively charged plate - connected to the positive
terminal of a power supply
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negatively charged plate - connected to the negative
terminal of a power supply

Cyberphysics - LOJ 2007

e Beta Particles in an electric field: Beta particles

are attracted to the positively charged plate.
This confirms that they are negatively charged.

A beta- particle (B-: a high-energy, fast-moving
electron) has much less mass than an alpha
particle (a helium nucleus) - it has mass of
1/7300 of an alpha particle. A typical velocity for
an alpha particle is about 16 km/s, whereas the
typical speed of a beta particle is about 270
km/s - about 17 times the speed. But despite
the greater speed, the larger mass makes the
alpha particle have a lot more momentum than
the beta particle. Therefore, an alpha particle is
deflected less that a beta particle in a given
electric field because of its higher momentum.

Beta particles are fast moving electrons with a
very low mass and so have a high charge to
mass density. They are deflected much more
than the heavier alpha particles.

Higher level: A positron (B+) would be deflected
in a similar manner to the B- particle but in the
opposite direction because it has a positive
charge.



Deflection of Charged particles

In both magnetic and electric fields
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Aurora boreal
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Slunce (nepravidelnosti v jeho magnetickém poli) = vytvari slunecni skvrny = erupce ¢astic (elektrond,
protond...) =2 slunecni vitr = interakce s magnetickym polem Zemé (které je nejsilnejsi v polarnich oblastech)

- staceni el. nabitych ¢astic po spiradlach k zemské atmosfére = srazky s atomy kysliku nebo dusiku (v hornich

vrstvach zemské atmosféry) = excitace nebo ionizace téchto atoma. MACIE)] WINIARCZYK ©2014



Rutherford's Experiment to
Understand B-Rays

Electrometer

* This helped to confirm the

4 work of Becquerel, showing
" 4 that there were two
= components of the ionizing

Rate of spin indicates

leak rate radiation
Metal Foils

Uranium * While Becquerel's works
ﬁ suggested the existence of
20V the two types of rays, there
T was still little understanding
of their nature.

= Earth Ground



Rutherford — tri druhy radioaktivniho zareni

V roce 1903 si uvédomil, Zze typ radiace objeveny (ale nepojmenovany)
francouzskym chemikem Paulem Villardem pfi pokusech s radiem v roce
1900, nemuze byt alfa Cl_beta zarenlm protoZze je_ mnohem pronikavéjsi -

T4 r

pojmenoval tento 1
Decay Type Radiation Emitted Generic Equation Model
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Alpha decay 2 & X — 5 2X+20¢ as — B8 'n g
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Parent Daughter Alpha
Particle
0 A A 0
Beta decay 1P XK >, X+ B °
Parent Daughter Beta
Particle
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0 Relaxation 0 4 A
Gamma emission oY ;X* ——i é)(‘ + 97 ‘,_‘: . A
Paulem Villardem,
Parent Daughter Gamma ray
StUdovaI paprs ky X (excited nuclear state)




V roce 1900 Rutherford zjistil, Ze nej(radio)aktivnéjsi prvek neni
samotné radium, ale radioaktivni plyn vznikajici v disledku
rozpadu radia. Spolu s Fredericem Soddym prezkoumali
vlastnosti tohoto plynu a zjistili, Ze se podobda vzacnym plyntim.

Tak byla poprvé objevena samovolna preména jednoho
chemického prvku v jiny, a byl objeven nestaly prvek radon.

Kdyz v roce 1904 William Ramsay a Frederic Soddy zpozorovali
napadny vyskyt helia kolem radioaktivnich slouceninach radia,
domnivali se, Ze helium se tvori z radia.

Spolu s Thomasem Roydsem provedli pokusy (1909), kterymi
urcili, Zze hélium v okoli a-zaric¢u vznika z alfa €astic, jez
predstavuji jadra hélia, tedy #,He?*

. vel v - a-particle
Dale urcil, ze elektricky Symbol

i . v e . Proton - 3 4
naboj alfa castice je 2+. ® ; He

Neutron

Alpha particle is nucleus of helium




a-particle
Symbol

Proton 2+ 4
A1e
Neutron ~ g

Alpha particle is nucleus of helium

Spektralni r
&ary He J\ He
ve vyboji o (bez

Zareni alfa = jadra héelia

Sklenénou trubicku (A) z tenkych stén naplnili radonem, jako
zdrojem c¢3stic alfa. Tloustka stén byla asi 0,01 mm, takZe vétsina
castic alfa jimi prosila.

Naopak atomy radonu s mensi kinetickou energii sténami
difundovat nemohly.

Trubicka A byla obklopena jesté Sirsi trubici (T), ke které pritavili
vybojovou trubici s elektrodami (V).

Castice alfa hromadici se v $irsi trubici (pfipadné ve rtuti) (T) se
neutralizovaly (prijaly elektrony) na atomy helia, které
difundovaly do evakuovaného prostoru a po stlaceni se premistily
do kapilarni vybojové trubice (V).

Po Sesti dnech pfi elektrickém vyboji zjistili spektralni cary helia.
Tim bylo dokazano, ze Castice alfa jsou ionty, tj. jadra helia.

D — ventil pro napojeni pumpy pro evakuaci trubice V
F — drevéné uhli pro dokonceni evakuace trubice V (chlazené vzduchem)
H — zdsobnik rtuti — rtut se privadéla do trubice T aZ po spodek trubice A



Rutherford: alpha-particles and radioactive decay half-time (Tm)

» Alpha rays are in fact positively charged helium atoms that become true helium when they slow down

and their charge is neutralised by picking up electrons.
Beta rays were later shown to be made up of electrons, and gamma rays to have a shorter wavelength

than X-rays.

« with Frederick Soddy, he showed that over a period of time, half of the atoms of a radioactive
substance could disintegrate. During the process the substance spontaneously transmuted to other
elements. During radioactive decay, one kind of atom (radium) was ejecting another kind of atom

(helium).
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Rutherford + Soddy

prvek zalezi na poctu protonu v jadre (vodik — 1, ale U —92!!). U je tak tézky, ze tim ,trpi“

a zbavuje se proto svych ¢asti (alfa ¢astice), ¢imz se méni na prvek jiny

U = Thorium = Protaktinium = ..Radium = Radon = Polonium = celkem 14 generaci
,dcer“ —posledni je olovo

systemizoval dosavadni poznatky a usporadal radioelementy do skupin, jejichz Cleny byly
vzajemne svazany radioaktivnimi preménami.

Dospél ke konec¢nému vysledku, jimz je detailni popis tri rozpadovych rad: uranové, thoriové
a aktiniové (velmi vyznamné prispél Bertram Boltwood, 1870 — 1927)

Rozpadem U se postupné uvolnuje energie — kdyby ji nékdo dokazal z atomu dostat najednou,
mel by v rukach ohromnou moc

Postulovani exponencialniho rozpadového zakona a polocasu rozpadu

Rutherford navrhl vyuzit méreni aktualniho mnozstvi vychoziho a koncového elementu
rozpadoveho procesu ke stanoveni délky jeho trvani, t.j. k urceni stari vzorku. Timto
postupem, jenz je ideovym zakladem soucasné metodiky radioaktivniho datovani



Rozpad uranu 238

Thorium 234

Protaktium 234

Uran 234

Thorium 230

Radium 226

Radon 227

Polonium 218

Olovo 2 14

Bismut 214
Polonium 214
Clovo 210
Bismut 210

Polonmum 210

Olowva 206

stabilni



RADIOAKTIVITA

Svym zpusobem tak Marie Curie a Rutherford

- energie rehabilitovali davné alchymisty, kteri usilovali
uvolnéna p‘ﬁ o transmutaci prvku - jen ponékud

preméné prvku

nestandardnimi metodami.




Opet Frederick Soddy

* Prvnim, kdo spekuloval o vyuziti
|Jaderné energie byl Frederick
Soddy:

., Clovék, ktery dostane do rukou tuto
energii, jako by viastnil zbran,
kterou by mohl znicit Zemi, kdyby
chtél.”




OSVOBOZENY
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HERBERT GEORGE WELLS

1914: — novela Osvobozeny sveét
Herbert George kde se lidé naudili ovladnout silu atomové energie — rok

Wells (Sci Fi 2036, e e

. ] vénoval knihu pravé F. Soddymu.
splsovatel). Poprvé se zde objevuje znepokojivy vyraz — ATOMOVA
BOMBA




1933 — Londyn, Leo Szilard — docCetl Osvobozeny
Leo Szilard | svét, coz mu vnuklo myslenku — co kdyby $lo pfimét

atomy uvolnit energii v exponencialni kaskade —
myslenka (12. 9. 1933)

v kontextu udalosti
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Leo Szilard v kontextu udalosti

* V Néemecku byl toho ¢asu kanclérem Adolf
Hitler a Némecko bylo védeckou mocnosti

Albert Einstein a Leo Szilard (madarsky zid)
prchaji do USA

Szilard vedél, ze Némecko ma vysokou sanci
vyrobit atomovou bombu jako prvni

(= Otto Hahn — Kaiser Wilhelm Institut)




Irene Joliot-Curie: umeéla radioaktivi

Ve stopach svych rodicu dale pokracovala Iréne Joliot-
Curie s manzelem Frédericem,

* Dokazali, ze neutrony maji o néco vétsi hmotnost nez
protony.

* Pfi vyzkumu neutronu ostrelovali atomy hliniku, horciku
a boru casticemi a (kladné nabita jadra helia)

e Zjistili, e tyto prvky, PUVODNE NERADIOAKTIVNI,
zacCaly vyzarovat neviditelné radioaktivni zareni (az na
zakladé jejich ostrelovani).

* Tento jev byl oznacen jako uméla radioaktivita (1934),
nebot byl vznik radioaktivniho zareni uméle vyvolan.
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V roce 1935 spolecné se
svym manzelem
Fredericem obdrzela

ve stejném roce objevila
take

(navic
k prirozenym radam -
uranoveé, thoriové a
aktiniové). Kompletné
byla ale tato rozpadova
rada prozkoumana az
v roce 1947.




V roce 1938 Irene Joliot—Curie a Pavel Savic zjistili, ze

. Znamenalo to, ze

Tento vysledek byl v fijnu 1938 na Solvayovskem kongresu . Bylo obéma

doporuceno experimenty zopakovat s vétsi presnosti a dukladnosti, protoze takovy vysledek nebyl podle teorie
mozny.

Proto prvenstvi objevu Stépeni uranu bylo priznano az Otto Hahnovi, Fritzi Strassmanovi a Lise Meitner na
zakladeé jejich praci publikovanych v roce 1939.




Otto Hahn & Lise
Meitner

Otto Hahn — brilantni nemecky
chemik, ktery studoval
u Rutherforda, praveé v dobé, kdy
se Soddym zjistil, ze uran se
stepi
Snazil se uran

s nejasnymi vysledky -
poslal je sveé kolegyni Lise
Meitnerové (zidovka, dlouho
pracovala s O.H., ale po anexi
Rakouska musela uprchnout
z Némecka)



Lise Meintne rowém Videfi —1968 Cambridge)

e Zjistila, ceho Otto Hahn
dosdhl = rozstépil atom
uranu

* To do té doby bylo
povazovano za nemozneé

» Stépi se pouze 235U
(92 protonu, 143 neutronu)




 Silna jaderna sila — nejsilnéjsi sila ve vesmiru, drzi pohromadé atomova jadra

* Presto je jadro uranu tak nestabilni, ze pronikne-li do néj dalsi neutron, stépi se

* Hmota uvolnénych
(rozStépenych) ¢asti uranu je
silnou jadernou interakci vice
zhustovdna nez v pivodnim
jadru uranu

* - jejich celkovd hmota je proto

mensi =2 rozdil se uvolni ve
formé (obrovské) energie

e Zaroven se uvolnuji dalsi 2 az 3 235
neutrony, ty mohou stépit dale

(Szilard = retézova reakce)

1 2 144 * 89 * l
Nt U= Ba +; Kr +3,n



Albert Einstein

E = mc?

Hmota a energie jsou zaménitelné!
Nebo téz: malé mnozstvi hmoty nam
da (protoZe *c?) obrovské mnozstvi

energie



CESTA K ATOMOVE BO

e Szilard nyni vi, Ze uran muze vytvorit bombu
a Némci védi, jak to udélat

 Okupace Ceskoslovenska — nyni ma Hitler pfistup
k jedinému nalezisti uranu v Evropé (U je jesté
vice i v Némecku, tenkrat ale nebyl objeven)

e Kdyby Némci méli atomovou bombu prvni, vyhrali
by valku. Szilard proto pres Alberta Einsteina
apeluje na presidenta Franklina Roosvelta, aby 6/49"'
USA zacaly s vyvojem atomové bomby |

* Albert Einstein byl v té dobé nejznaméjsim védcem na svéte, ale myslenka na atomovou bombu
ho nikdy predtim nenapadla. Nyni mél vsak také ihned jasno a byl vydésen. Podepsal proto
Szilarduv dopis Roosveltovi, kde ho varovali, Ze Némecko patrné vyviji uranovou bombu

* Roosvelt ihned naridil aby USA zacaly urychlené pracovat na uranové bombé

* > PROJECT MANHATTAN



Albert Einstein
014 Grove Rd.
Hassau Point
Peconic, Long Island
Allgl.llt Zﬁd. 1939
¥.D. Roosevelt,
President of the United States,

White House
Yashington, D.C.

Sirs

Some recent work by E.Fermi and L. Sazilard, which has bdeen com-
municated to me in menuscript, leades me to expect that the element uran-
ifum may be turned into a new and important source of energy in the im-
mediate future. Certain espects of the situation which has arisen seem
to call for watchfulness and, if necessary, quioi action en the part
of the Administration. I believe therefore that it is my duty to bring
to your attention the follovwiny facts and recommendationss

In the course of the last four months it has been made probable -
through the work of Joliot in Prance as well as Termi and Szilard in
America - that it may become possible to set up a nuclear chain reaction
in a large mass of uranium,by which vast amounts of power and large quant-
ities of new radium-like elements would be generated. How 1t appears
almost certain that this could be achieved in the immediate future.

This new phenomenon would also lead to the construction of bombs,
and 1t is conceivable - though much less certain - that extremely power-
ful bombs of a new type may thus be constructed. A single bamd of this
type, carried by boat and exploded in a port, might very well destroy
the whole port together with some of the surrounding territory. However,
such bombs might very well prove to be too heavy for transportation by

air.

e

The United States has only very poor ores of urenium in moderate .
quantities. There is some good ore in Canada and the former Czechoslovakia,
while the most important source of uranium is Belzian Congo.

In view of this situation you may think it desirable to have some
permanent contact maintained between the Administration and the group
of physicists working on chain reactions in America. One possible way
of achieving this might be for you to entrust witﬁ this task a person
who has your confidence and who coulc perhape serve in an inofficial
capacity. llie task misht comprise the following:

&) to approach Government Departments, keep them informed of the
furtiner development, egnd put forward recormendations for Government actiom,
Siving particular attention to the problem of securing a supply of uran-
ium ore for the United States;

b) to speed up the experimental work.which is at present being car-
ried on within the limits of the budgets of University laboratories, by
proviuing funds, if such funds be required, through his contactes with
private persons who are willing to make contributions for this cause,
and perheps also by obtaining the co-operation of incustrial laboratories
which have the necessary ejuipment.

1 understand that Germany has aotually stopped the sale of uranium
from the Czechoslovakian mines which she has taken over. That she shbuld
have taken such early action miz1t perhaps be understood on the ground
that the son of the German Under-Secretary of State, von Veizsicker, is
attached to the Faiser-Wilhelm-Institut in Berlin where some of ihn
American work on uranium is now being repeated.

Yours very truly,
¥ b,
(Albert Einstein)



ATOMOVY DZIN BYL
VYPUSTEN Z LAHVE
a uz se do ni nikdy
nevrati...

Radioaktivita, neni z tech
dzinu, které jde snadno
vyvolat a stejne snadno
take zapudit zpet do lahve.




Project Manhattan

* VVybudovano méstecko v pousti v Novém Mexiku
- Los Alamos

* Vynalozeny 2 mld USD a povolani
nejvyznamnejSi vedci. Tenkrat zde nejvetsi
koncentrace nositell Nobelovy ceny.

. fascinovala ho uranova ruda

» Byl to fyzik se slabosti pro Martini, zeny a
davnou indickou poezii

» Nemecko kapitulovalo jesté pred dokoncCenim
bomby — USA zadrzely némeckeé fyziky — téz Otto
Hahna.

« Zjistilo se, ze Némecko s vyvojem bomby vlastné
nikam nepokrocilo




Louis Slotin
Tahani draka za ocas "tickling
the dragon's tail"

* Na projektu se podilel i mlady vedec Louis
Slotin. Jiz predtim pracoval na stavbe prvniho
funkcniho jaderného reaktoru

» Hledani kritického mnozstvi jaderneho
materialu a studovani reakci pfiblizovanim
hemisfér s podkritickym mnozstvim k sobe
S pomoci Sroubovaku



Louis Slotin
Tahani draka za ocas "tickling
the dragon'’s tail”

Jednou

, ez je Slotin
rychle odtrhl. Tim zachranil spoustu lidi, sam byl vSak
exponovan smrtelné davce neutronu a zareni gama
Po prilisSném priblizeni kovovych hemisfér v jejichz
stfedu byla umisténa podkriticka mnozstvi plutonia

Laborator osvitil modry zablesk a radiace vystoupala
nad kritické hodnoty.

Slotin nasledné zakreslil pozice jednotlivych
pracovniku pro odhad jejich ozareni

rekl
obraceje se k ostatnim vydésenym védcim. Mél
bohuzel pravdu, za pouhych devét dni v nemocnici
zemrel.
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Einstein: A Security Risk

 In July 1940, the U.S. Army Intelligence office
denied Einstein the security clearance needed to
work on the Manhattan Project. The hundreds of
scientists on the project were forbidden from
consulting with Einstein, because the left-leaning
political activist was deemed a potential security risk.

* "Woe is me."—Albert Einstein, upon hearing the
news of the Hiroshima bombing




