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* Objev paprsku X
ved| az Kk jisté
posed|osti

» Zdravotni rizika
tehdy jeste neznama

- aplikace X
paprsku ,vSude, kde
se dalo”

makeamem

2.0rg



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

» propuklo doslova obdobi
bezuzdného opojeni
radioaktivitou

» Paprsky X se pouzivaly nezridka
ke zcela nepatiricCnym ucelim

a radium se pridavalo snad do
cehokoliv 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 pfedpokladala, Ze vyznamné
zdravotni benefity maze pfinést m;j.:

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

injekéni vstrikovani ozareného/radioaktivniho fyziologického roztoku pfimo do krevniho obéhu,
svall a kloubu,

inhalovani radonem obohaceného vzduchu,
a také koupele v radioaktivni vodé

Jelikoz vSak byla védkyné, upozorinovala zaroven, ze védecké podklady pro tato tvrzeni jsou zatim
nedostate€né a prevazuje jen empiricka zkusenost

| presto Iékafri v té€ dobé predepisuji radium proti artritidé, dné, hypertenzi, ischiasu, bolestem
v kFizi a celé radé dalSich obtizi

Jesté v roce 1916 Iékarsky Casopis Radium ubezpecuije, Zze radium nema absolutné zadné toxicke
ucinky a je harmonicky prijato télem jako rostliny pfijimaji svétlo




X-rays:
KURIOSITY DOBY

SUPERFLUOUS

HAIR

REMOVED
PERMANENTLY
PAINLESSLY
HARMLESSLY

Positively will not injure the most
delicate skin. Devoid of all semsation.

THE MODERN METHOD
NO CHEMICALS
NEEDLES
OR WAX

Grand Prix d Gold Medal
PARIS 1925 n LIEGE 1926

Consultations Gralis
Booklet sent on veguesi

TRIGHO

87 REGENT ST.
LONDON
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Hair Removed Permanently

recetving treatmenl s Uy bk, Mo pain o sonwbion of any lkind
The INFALLIBLE methed suicesafully wisd for 16
E::l by Dr. Albert C. Gayser, lnte Preflesser of
trical Therapesiics st Cornell Universiiy and
enderied by many leading physiciam.
No Needle, No Waz. No Chemical
Palndess and Hermlesr—Guaranieed to be Permanent

Tricho Sy

Contrdd 1010 State-Lake Bldg. 190 N. State St. p it

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 perfect back al
California’s health show in Los Angeles.

Afler examining X-rayv 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
fect alignment, unmarred by any curvature.

The young lady hails from Boston and
18 sald to have a promising film careen
ahead. The photo at the right shows allrac-
tive Miss Allen and the remarkable X-ray
picture held by Dr. Donovan.

California's

health show and
future Hollywood
actress selection i xey shot poves e s Jusios Attn, o

wctress, had the most perfect back in a contes
onducted at California's health show De. Lester

donovan i holding the X-ray pacture of Miss Allen's ba




* ‘Human Telescopes’ —a
crude form of fluoroscope,
became fun party toys
among the elite, where
they offered a new use for
those Crooke’s tubes
which were ever-so
popular novelties back
then.

« Carnivals set up displays
allowing people to see
iInside the human body.

* And well-to-do parents
even rented x-ray
machines for birthday
parties.

L'ILLUSTRATION
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Fraudeuse denoncee par les rayons X.




JAMES BOND X-RAY

GLASSES

X-RAY

SPECS

An Hilzrious Optical
Musien slm

Scientific optical principle really works. Imagine
— you put on the ‘“‘X-Ray’’ Specs and hold your
hand in front cf you. You seem to be able to
look right through the flesh and see the benes
underneath. Look at your friend. Is that really
hisl bodhv‘ y.:ud ;;lsec'; ungler h;s clothes? Loads
n at parties. Send
Q'gc"ﬁmm charges e iy
Money Back Guarantee

HONOR HUUSE PRODUCTS CORP.
Lynbrook. N. Y. Dept.72xn %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: leCebné
radioaktivni kapky
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Ebenezer McBurney Byers (April 12, 1880 — March 31, 1932)

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

» Jednalo se o 3x destilovanou
vodu s nepatrnym pridavkem radia

aktivita v radech jednotek Bqg az kBq
je velice nizka;

« Existovaly vsak i pripravky urcene
primo pro intravendzni (injekeni)
aplikaci

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

. (He won the 1906 U.S.
Amateur in golf)



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

REVIGATOR:
levnejsi cesta k leCebné radioaktivni vode

Jl.h.,

L -
L

“Here'sHealth!”

0 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 Radium-5Spa.

LT AT




RADIUM THERAPY

The only scientific apparatus for the preparation of
radic-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.

The perforated e: rthenware “ ac-
tivator” in the glass jar contains an
insoluble preparation impregnated
with radium. It continuously emits

W radium emanation at a fixed rate,

Il and keeps the water in the jar always

s charged to a fixed and measure-
able strength, from 5,000 to
10,000 Maché units per litre
per diem.

FridiD mYv

RADIUM LIMITED,

9, MORTIMER STHEET, LOMNLOEN, W,
Tomphans om0 WA FF0AR

« Kdo nemél finance na drahé
leCiveé 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 i nepatrné
,obohacena" pritomnym uranem
a radiem

* Nasledujici den byla voda
pripravena ke konzumaci
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RADIUM

SCHOKOLADE
S REICHS . ]jE:-:: I\_J_T :j‘.;:.‘nNﬁS'P.&T-_-_..

. DEUTSCHES REICHSPATE

Radioactive Chocolate Bar - to make
you look and feel younger (vyrabéna
v Némecku)

Sweets & Food...

Hippman-Blach bakery’s Radium Bread,
made with that amazing radium water.
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« Urovné radioaktivity velmi nizké, nicméné deklarovano, Ze tato pasta:

D) Oramad _ » ‘“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
or v - healing process of gum disease ... ” ...its radioactive qualities gently polishes
pasta s primesi the dental enamel, so it turns white and shiny."
i * Vyrabéla a prodavala s v Némecku v letech , tedy béhem 2.
oria

svétove valky. Jesté Stésti, ze némecke védce tehdy vice zajimali aplikace
radioaktivnich materialt v kosmetice nez ve vyvoj atomovych zbrani.
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STRENGTH OF IRON
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L ADION

ZDRAV| - Radione
energy pills

, hapfiklad 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 sekreCnich zlaz

Uginnou latkou bylo vysoce preéisténé RADIUM
v kakaovem masle jako nosici

VITA RADIUM SUPPOSITORIES

UR VITA RADIUM SUPPOSITORIES
0 (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 Su -
itories has an effect on the human body like recharging has of h

M battery.

Radium se mélo vstfebat v tlustém stfevé, 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 dn(

Vyrobce garantoval neprostou neskodnost pripravku

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




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.




"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 |&Ci

Lestidlo na boty




Tho-Radia Beauty Products

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

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

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

CREME
CoLp-C E_E_.E\M

CREME
HAURE SQUE
POUDRE
SAVON
LAIT . TOILETTE

DEMAQUILLANT

ROUGE » LEVRES
DENTIFRICE

METHODE

SCIENTIFIQUE

BEAUTE .
-

"Tho-radia" pudr
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Hm.n the firnt todet proparstions ts ambody Actusl Radism,

Baasty. Loam how the -
boon 16 the human dhin. Leam what Radiom arfuslly means 6
Beauty and bow its power i employed in “Radier” Proparations.
Study car $5,000 puarastes. Then turn to “Radior” Tollet Res-
wisites.  When you have wsed, snjoyed and tested them yoo will
adopt theem ma your suen first wid s Beauty,

rincess Radium Lingerie

& cosmetics
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RADIUMISED
~ CORSET

Silhouelle
RADIANTE
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Silhouette Radiante

IIIII «ACTIVE CORSETRY
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HANDLEYS w.
SOUTHSEA
Telephane 2241

Korzety a spodni pradlo
s primesi radia / thoria

Prvné patentovano v Pafizi roku 1937

Radioaktivni materialy mely zajistit stimulujici, posilujici, IéCebné,
antibakterialni, a ... ucCinky

(a patrné i oslInit ostatni pritomné ;-))
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Radium (Undark) Girls
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Une laine, souple, élastique, résistante, épaisse
el confortable, qu'un traitement physico-chi-
mique o doué d'un remorquable pouvoir: lo
radio-activité. Chacun connait les extroordinaires
ettets de stimulation organigque, d'excitation
celluloire, transmis por le rodium, Une laine
ainsi troitée allie oux ovantages propres du
textile une indéniable valeur hygiénique. Pour
tricoter la layette de Bébé, les loinoges des

enfants, vos sous-vllements el vos pull-over,
utilizser la

NE ORADIUM

Jource précieuss de choleur et
d'énergie vitale, irrétrécissable
infeutrable. C'est un Produit de
lo LAINE MEDICALE, 20, rue
ot-Georges, PARIS - Trud. 07-28
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|DAGWOOD ! Ainmlc Energl'
SPLITS "‘HA om! MANUAL

WETRUCTIONS FOR OPERATING GILBERT ATOMIC ENIRGY LAB

GILBERT HALL OF SCIENCE

by JOE MUSIAL

" =it

Farpaerd wilh php Giesiili Advor e
Li Gem. Lol B Gaoeves {Rik.) = Druhnlﬂunnln: uvl.a-u-lul-Hﬂl

The Gilbert Atomic Energy Lab —
_ Patrné nejnebezpelnéjsi détska hracka
Children toys. .e Prodavana pouze : 1950-51

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




The Gilbert Atomic Energy
Lab - pokracovani

Mezi ingredience ,stavebnice” patily napf.:

* Uranova ruda
. Pok tavebni vedcila, avsak deti
. 210Ph (¢ + (b Z&FiE) okud se stavebnice osvedcila, avsak deti

. 106RY? (Cista B-zafic) stinly radioaktivni zdroje rozprasit po okoli —
e g 657n (V-Zéﬁé), zadny problem, rodice mohli svym

.+ spintariscop (pro poéitani 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

L ith PROJECTOR ILLUMINATOR
> ATOMIC SLOLS ;}[‘:‘H"‘Liﬂm‘ .:;l ulﬂnn.dhw-pcﬂbdn,ulul el TOTh.
- Sﬂmmm - Shows explodisg choms.

» ELECTROSCOPE - Meeteres badgrognd rodiction ond test

» Geigeruv pocitac (ktery asi zejména umoznoval rodi¢im

zmeérit kontaminaci jejich déti ;-)) s "
* manual, 52 B e O e san s o
« Komixovou knihu Dagwood Splits the Atom exciTing  §
» A vladni manual “Prospecting for Uranium.”




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, rodiCe si
mohou doprat trochu relaxace
S povzbudivymi, omlazujicimi,
léCivymi,... CIGARETAMI

S RADIEM



Jsou pravé! lva

Kubelkova podala I 500276 - o
diikaz o puvodu svych PS-TWWW. SUPSt.G2 -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



Uc&inky Ra na lidsky organismus , radioterapie

Henri Becquerel i Pierre a Marie Curie i nékteri dalsi si 1920s
postupnée povsimli, ze kdyz si chténé Ci nechténé prilozili
sklenénou radium ke kuzi, pocitili paleni a doslo k téZce a
dlouho se hojicimu spaleni podobnému silnému spaleni od
Slunce

Tehdy se nadory |éCily vypalovanim, a tak zde byl jen kra¢ek
k ndpadu vyuzit radium pro terapii nadort

Sklenéné nadoby s radiem vsité do bandazi se pfimo
prikladaly k nadorum

: y ¢
Radium ale velice drahe: 1 g Ra = 7 tun uranove rudy (1908 SEEr ‘;
-1 g Au = 66 centu, 1 g Ra = 88 tis USD) Mask for radium treatment for

cancer of the neck and face.
http://t.co/Y52s5yAKE



RADIUM V LEKARSTVI

Prvni pokusy o prostorove . TP |

frakcionovanou terapii
B ARl

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
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znamenal pro Jachymov L

« Becquereluv objev

£l

novy rozkvet.

" e iy,

» Uz v roce 1909 tu byly
zfizeny prvni radioaktivni i’g — -

=

f . g | , :
lazne na svete. -sg ‘. ﬁi _
» V lazenskem palaci Radium R ser Y
se leCily nemoci H\ "o =
pohyboveho ustroji, nervove ¢

| cévni.
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V 50. letech naSeho stoleti se nahle
stal

. Svéta, ve kterém hlavnim
trumfem byla atomova bomba.

Do Jachymova opeét plynuly obrovské
castky penez, zaroven se tu vsak
rodila smrt, bolest, strach a
zoufalstvi.

V uranovych dolech byli v
nepredstavitelne krutych podminkach
nuceni dobyvat strategickou surovinu
pro Sovetsky svaz Ceskoslovensti
politicti vezni.

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

Po vyrabovani zasob skoncila jiz
podruhé (tentokrat ponékud
pochmurna) slava meésta, které
mimodek stalo na zacatku noveé
epochy - epochy atomoveé energie.




Prvni procitnuti — nebezpeci I1Z

e Uz vroce 1901 Becquerel - patrnée jako
vUbec prvni clovék - 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
uspech, ale nikdy nezapomene na radné splaceni dluhu.

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



Prvni procitnuti (nebezpeci 12) e

- ECBASE PAR UN_CAMION.

Pfed¢asna umrti prvnich badatell HORT TRAGIQUE DE M. cum[

Le grand savant qui collabora a la démuverta dlh

* Marie Curie-Sho_deské — aplasti’cké anémi’e (s.elhénl' kry§tvorby), Radius & gggv; I8 mort, hler, soris los
rok 1934, 66 let (i jedno posmrtné prvenstvi — jako prvni Zena frangaise en deuil.

pohtbena ve francouzském narodnim mauzoleu Panthéonu,
v olovéné rakvi)

* Antoine Henri Becquerel — popaleniny kize ale pri¢ina 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)




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

...they shape and clean the tips with their tongues and lips. They
repeated this mechanical action several hundred times a day,
unaware of the extreme toxicity of the radium ....

see)




.... 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.




Radium Girls -

SARKOMY

* Ra biologicky podobné Ca
 (akumulace v kostech)
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SMRTICI POLONIUM

Po = jedna z nejtoxictéjsich substanci

1072 times ore toxic than hydrogen cyanide,
HCN.

Alfa emiter = nebzpecné pfi vnitini
kontaminaci

Irene Joliot-Curie (dcera M.C.) 17. biezna
1956 (59 let) zemrela na leukémii zplisobenou
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 meél 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,
Ccimz se tyto prvky meni na
jednodussi.



Rutherford + Soddy

* 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

* Ernest Rutherford se ,,spolcCil“ s Frederickem Soddym (chemik) a studovali uran a thorium



Rutherford + Soddy

o~ :
m !

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

oremenuji v atomy prvku linych za soucasné emise
(radioaktivniho) zareni

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

Soddy: ,,Rutherforde, tohle je transmutace”

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

TRANSMUTATION




DalSi mezniky: objev p* a n°

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 |1\|

. / Lead block \
"x_
a & -
Y rays

. arays | oaae

i _-Iﬁl'\. I.- ¥~ F e "
Y RAARR  RARR  HAAA

SRS prunurge WAVAY YR L ~
Radioactive substance Electrically charged Photographic / \‘\_

| i | plates plate
Paper Aluminium Lead k /




Deflection of nuclear radiation by electric fields

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

&+ -+ T

electric field lines

e

L S0Urce

tslow
II (lower ;-“fast
{energy) |/ (higher
/ ENeI0Y) e faster the beta
/ particles are travelling
the more momentum
they have and the
- o dEura ctlrgim“ itis to
B source e————m"" m;"g.'imt mass of the
alpha particles gives
{ source o

L ] L | L | | ] L |

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

Cyberphysics - LOJ 2007

* 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

B particles

(positrons) 0 FOOISOS®S® Flemingovo
\ pravidlo levé ruky
o particles - T
T — eee000®® - ek
neutrons _— ——> 0§66 6666669
y rays PO OOOOE® e
[ particles (+) charge direction
(elgctrons)

https://www.youtube.com/watch?v=k4xF4Mo2ILO




Aurora borealis

f=t

e T e A T W

Slunce (nepravidelnosti v jeho magnetickém poli) = vytvafi 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 spiralach 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
A that there were two
- oo o som indicatos components of the ionizing

leak rate radlatIOn
Metal Foils

Uranium * While Becquerel's works
ﬁ suggested the existence of
10V the two types of rays, there
T was still little understanding
of their nature.

= Earth Ground



Rutherford — tfi druhy radioaktivniho zareni

V roce 1903 si uvédomil, Ze typ radiace objeveny (ale nepojmenovany) francouzskym
chemikem Paulem Villardem pri pokusech s radiem v roce 1900, nemUze byt alfa i

beta zarenim, protoZe je mnohem pronikavéjsi = pojmenoval tento novy druh zareni

jako paprsky gama.
Decay Type Radiation Emitted Generic Equation Model
’ h
toop—ren @3 — @) e
y P+ WE
Parent Daughter Alpha
Particle
e LAt e@ — @
Parent Daughter Beta
Particle
0 Relaxation 0 ’,
Gamma emission oY EX* — é)(‘ +457 b . bk o
Paulem Villardem, :
Parent Daughter Gamma ray
StUdOV3| paprSky 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 podoba vzacnym plyndm.

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 proved|i pokusy (1909), kterymi
urcili, Ze hélium v okoli a-zarict vznika z alfa castic, jez
predstavuji jadra hélia, tedy %,He?*

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

, . v e . Proton - =3 4
naboj alfa castice je 2+. @ o He

Neutron

Alpha particle is nucleus of helium

Uranium

Prot actinium

Thorium

Astatine

Polonium

Bismuth

Lead

Thalliurm

Meroury



a-particle
Symbol

Proton -_ < 4
S He
Neutron -~ g

Alpha particle is nucleus of helium

Spektralni r
&ary He J\ He
ve vyboji

Zareni alfa = jadra hélia

e Sklenénou trubicku (A) z tenkych stén naplnili radonem, jako
zdrojem Castic alfa. Tloustka stén byla asi 0,01 mm, takze vétSina
Castic alfa jimi prosia.

* 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).

e Po Sesti dnech pfi elektrickém vyboji zjistili spektralni ¢ary 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 — zasobnik 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).

Co-60 Decay

100 AN
».3:%0 109
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Co0-60 remaining (%)
w
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N
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o
|

Number of half-lives
(1 half-life = 5.27y)



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
vzajemneé svazany radioaktivnimi preménami.

Dospél ke konecnému 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 néekdo 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
rozpadového 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 222

Polonium 218

Qlovo 214

Bismut 214
Polonium 214
Olovo 210
Bismut 210

Polonmum 210

Olowvo 206

stabilni



RADIOAKTIVITA

Svym zpusobem tak Marie Curie a Rutherford

- energie rehabilitovali davné alchymisty, kteri usilovali
uvolnéna pri 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 vlastnil zbran,
kterou by mohl znicit Zemi, kdyby
chtel.”




OSVOBOZENY

HERBERT GEORGE WELLS

1914: — novela Osvobozeny svét

Herbert George * kde se lide naucili ovladnout silu atomové energie — rok
Wells (Sci Fi 2036, o
spisovatel): + vénoval knihu pravé _ F. Soddymu.

Poprvé se zde objevuje znepokojivy vyraz — ATOMOVA
BOMBA




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

v kontextu udalosti atomy uvolnit energii v exponencialni kaskadé —

mysSlenka (12. 9. 1933)
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Leo Szilard v kontextu udalosti

* VV Némecku 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)




Iréne Joliot-Curie: umeéla radioaktivita

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

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

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

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

* Tento jev byl oznacen jako uméla radioaktivita (1934),
nebot byl vznik radioaktivniho zareni uméle vyvolan.




Iréne JOI iOt-Cu rie V roce 1935 spole¢né se

svym manzelem
Frédericem obdrzela

ve stejném roce objevila
take

(navic
k prirozenym radam -
uranove, thoriové a
aktiniove). Kompletne
byla ale tato rozpadova
fada prozkoumana az
v roce 1947.




36 Kr

Expected: stop here > TRANSURANS

neutrﬂn

@.7 ‘ +2. 1010 kjjn

2236U
unstable nucleus

V roce 1938 Irene Joliot—Curie a Pavel Savic zjistili, ze
. Znamenalo to, Ze

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

doporuceno experimenty zopakovat s vétsi pfesnosti 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
zakladé jejich praci publikovanych v roce 1939.




Otto Hahn & Lise
Meitner

Otto Hahn — brilantni némecky
chemik, ktery studoval
u Rutherforda, pravé v dobég, kdy
se Soddym zjistil, ze uran se
stepi
Snazil se uran

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



Lise Meintnerova (1878 Videri —1968 Cambridge)

235

e Zjistila, ceho Otto Hahn
dosdhl = rozstépil atom
uranu

* To do té doby bylo
poOvazovano 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, stéepi se

36 2Kr

 Hmota uvolnénych
(rozStépenych) ¢asti uranu je neutron
silnou jadernou interakci vice
zhustovana nez v puvodnim
jadru uranu

+2.10'° kj/n

* - jejich celkovd hmota je proto 0,235 oy
v 7 ’ ’, 92
mensi = rozdil se uvolni ve unstable nucleus neutron
formé (obrovské) energie Slaigg

e Zaroven se uvolnuji dalsi 2 az 3
neutrony, ty mohou stépit dale
(Szilard = retézova reakce)

n+U='""Ba +LKr +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 BOMBE

e Szilard nyni vi, Ze uran muze vytvorit bombu
a Nemci vedi, jak to udéelat

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

* Kdyby Némci méli atomovou bombu prvni, vyhrali
by valku. Szilard proto pres Alberta Einsteina
apeluje na presidenta Franklina Roosvelta, aby (
USA zacaly s vyvojem atomové bomby '

* Albert Einstein byl v té dobé nejznamé;jsim védcem na svéte, ale myslenka na atomovou bombu
ho nikdy predtim nenapadla. Nyni meél 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
Allsl.llt an. 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 been com-
municated to me in manuscript, leads me to expect that the element uran-
fum 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 dbring
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 inm France as well as Permi 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 constructionm of bombs,
and it is conceivable - though rmuch 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.

«Ze

The United States has only very voor ores of urenium in moderates
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 betwesn 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 with this task a person
who has your confidence and who coulé perhape serve in an inofficial
capacity. llis task misht comprise the following:

&) to approach Government Departments, keep them informed of the
furtner development, &nd put forward recormendations for Government action,
Siving particular attention to the problem of securing a supply of uran-
ium ore for the United Statesg

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

1 understand that Germany has sotually stopped the sale of uranium
from the Czechoslovakian mines which she has taken over. That she shduld
have taken such early action mizit perhaps be understood on the ground
that the son of the German Under-Secretary of State, von Weizsicker, is
attached to the FKaiser-Wilhelm-Institut in Berlin where some of tlu
American work on uranjum 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

* Vybudovano méstecko v pousti v Novem 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 némecke fyziky — téz Otto
Hahna.

» Zjistilo se, ze Némecko s vyvojem bomby vilastné
nikam nepokrocilo




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

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

» Hledani kritického mnozstvi jaderného
materialu a studovani reakci priblizovanim
hemisfér s podkritickym mnozstvim k sobe
S pomoci sroubovaku



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

Jednou

, hez je Slotin
rychle odtrhl. Tim zachranil spoustu lidi, sam byl vSak
exponovan smrtelné davce neutronu a zareni gama
Po pfilisném pfiblizeni 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 vedcam. 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
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Leukippos + Démokritos

Vse je délitelné do
nekonecna

All matter is made
of four elements:
earth, air, fire, and
water

Matter is composed
of tiny, indivisible
particles called

Aristotle Democritus
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