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Nuclear reactions are fascinating:

® Unicity of matter

® Large release of energy

®* Power of Life
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atomistic theory

“nothing comes from the

non-existing and nothing

returns to it

DEMOCRITUS of Abdere
(~460-360 BC)
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ARISTOTLE (384-322 BC)

restaured Empledocles's four element theory

denied conservation of mass
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Alchemists

David Teniers the jong (Antwerpen 1610-1690)
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... Chemuists:
. . 1ron ore=>
materials = mixtures of pure magnetite+silicates+...
substances . .
alr=oxygen+nitrogen

ite = Iron+ox N
pure substance = element or magnetite on+oxyge

compound water = oxygen+hydrogen

mixture # compound
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Chemical reactions:

¢ clements = compounds Ex: oxygen + hydrogen = water

¢ compounds =» compounds Ex: copper oxyde+sulphuric acid
=» water + copper sulphate

elaborated from ~50-60 elements (at the end of the XVIIIth century)
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Antoine LAVOISIER (1743-1794)

An element cannot be transformed
into another one
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John Dalton (1766-1844)

law of multiple proprotions:
-nitrogen + oxygen=» nitrogen oxyde

-nitrogen + oxygen=» nitrogen peroxyde
N/O =7/12, 7/20

\

elements made of identical atoms,

atom weights are commensurable

2N +30 = 2N,0;
2N +50 > 2N,0s
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A simple world:
a few tens of different atoms combine to myriads of
compounds

chemical reactions=rearrangements of atoms

Hg + O =» HgO
2 H,+O, =» 2 H,0
CUZO + stO4 9 CUZSO4 + Hzo
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In 1897:

# Discovery of the electron (J. J. Thomson)

Discovery of the radioactivity (H. Becquerel)

¢ atom = positively charged stuff + electrons
elements changes into one another (U=>Ra=Po):

“metabolous matter”
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In 1912, E. Rutherford :

€ atom = positively charged heavy and
tiny nucleus + orbiting electrons [
@ first nuclear reaction:

nucleus of helium + nucleus of nitrogen = nucleus of oxygen + nucleus of hydrogen

In radioactivity & 1n nuclear reactions, elements can be transmuted!!!
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1932: Discovery of the neutron (J. Chadwick)

nitrogen
1 :N | 5‘%—) l‘)

nuclel made of neutrons (n) and protons (p)

nuclear reactions = rearrangements of n's and p's

(2p,2n) + (7p,7n) = (8p, 9n) + 1p

‘He + “N = 0 + 'H
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An extraordinary simple world:

P matter is made of p, n, e

P reactions: rearrangements of atoms or of protons and neutrons

5 Unicity of matter
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At smaller scale :
nucleons and similar particles (hadrons) are made of quarks

¢ some reactions may look like chemical or nuclear reactions

K +p=2 A+ md

O+ L=+ &

uud uds

®but: -p — u+u+d does not exist (HCl-H+CI)
- quarks and antiquarks can be created
- other component (sea)
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Energy production in nuclear reactions:

CH,+20, - CO,+2H,0: 890 KJ/mole or 55KJ/gr

n + 23°U = 2 fission fragments: 20 TJ/mole or 600 MJ/grU
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Lavoisier's principle
1s challenged

Albert EINSTEIN (1879-1955)
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June: basis of Special Relativity

¢ constancy of light velocity -,
¢ principle of relativity

Newton's law should be modified:

September: an application of SR

time 1s not running the same
for all observers

1

T=—mv' >T=mc’
2 2

If a body emits a radiation of energy AE, its mass is reduced by Am:

AE

Am=——
2
C

=>conservation of mass + energy

Mass-Energy
Equivalence
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“with bodies whose content in energy vary in large proportions
(for example 1n radium salts)”

chemical reactions: combustion of methane

AH K
Am=— _ 8% JZ/mOZeZIOngr/mOIe

C C
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In 1932, first accelerator of particles

First experiment:
p+'Li= o+«

Conservation of mass + energy verified (<1%)

E. Walton



E m FRANCQUI Chair 2005-2006

UNIVERSITEIT . ..
GENT Universiteit Gent

Einstein < nuclear fission, atomic bomb

“E=mc?, the equation that changed the world, leading to the discovery
of fission, of the atomic bomb and of nuclear energy”

Nuclear fission would have been discovered, even if Einstein had not
published his paper on mass-energy equivalence.

“I do not consider myself as the father of the release of atomic energy”
(A. Einstein, 1945)
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Einstein and the atomic bomb

Fission 1s discovered in 1938 (O.Hahn)

Large release of energy (L. Meitner, 1939)

Chain reactions by neutrons (F. Joliot-Curie, E. Fermi and L. Szilard, 1939)

Szilard and Teller approach Einstein in summer 1939
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Albart Einstein
014 Grovae .
NHamsoay Point
Paconlo, Long Ialand
Ailgust Znd, 1839
.. Reosavell,
President of the United Siates,

Fnite House
Fashington, .0,

Bir:

Some resant work by E.Permi and L. Szilard, which has been come
muntoated to me 1n manuaeript, leads me to oxpect that the element uran-
fum may e turned inte o new and important eource of energy in the dm-
sadiate futurs. Jertain aspocts of the aituation which has arisen acexn
to eall for watchfulness and, Lf necessary, guick action on the part
af the Adninfatration. I believe therelore that it ia my duty fo bring
to vour sttention the followinz facts and reécommendationsi

In the courge of the last four montha 1% has been wmede probable -
throuph the work of Jeliot in France as well as Ferni and Sailard io
ameslon = that it may become possible to set up a nuclear chain reaction
in a large macs of wraninm by which vast smmounts of pewer and large quant-
itien of now cadfum-1ike sloments would be generated. Now 1% sppears
plmaat cortain that this could be mchieved in the imoediata Tuture.

This snew ghonomenon would also lead to the construstion of bomba,
and 1t i eenceleshle - theugh much loss certain - that extrensly pawer-
ful bembe of B new type may thus be comntruoted. A single bonmb of this
type, sarried by bont and expledsd in & port, might wery well destraoy
the winole port together with some of the surrounding territery. However,
puch hemba might very well prove te be teo heawy Cor transperiatlion by

air.

-
Tha Unitel States hea ouly very poor ares of amenium in 2odbraty

qaantitiso. There jo sowe good ore in Osnada gnd the former Caechomlavaiin,

wnlle dhe mond jmporitant sducee of urenium ls Delgilan Congo.

In wdew af this situatien you =ay think [t deésirable to hava sone
perrwanent contast walnbained betwesn the Admizlybrubizn wnd the rouc
of ohFgleipta worklng on ohain readthlona in Amecica. Ona poscible way
of noldoviage thia =lghk be for yeu to entrast with this tark n person
o bz your confidence emd who coull perhaDs Kerve it gN Inefrisisnl
tapgeity. i task miaht domorise the followinz:

a) to anpproaczh Sovermment Depariments, xee: them informed of the
[urkther gevelapzent, =nd it forvsrd recoomendationg LoF GOVERNmont actlon.
Alving tardizular attentdon to bthe opoblem of securing e suDply of cran-
fnm org far the Tnited Statesy

B} te spood wn Ehe cxmerimental workywhich iz ot precoat bolng cac-
vied on wizhin the Zlwlty of Llke ndgete of Prlvareity Jabcrataries, Ty
provaistne funde, 40 oueh funds e Telulred, tRSoumn Ris fentadte with «
sedvats patsons who ere willias fo meks sendrdbubiena for this enusc.
aad perhang aLee By ootadning the es-operstian of fmteatrisl laborateries
whish have the noecesnary egulpment.

T umteretand that Jermamy hes schually stopped tao s&le oF wTanium
fror the CGoscihgsloraslian mines whlchh ohe hos taken ower. That ele sheuld
nave taXen sack eurly nelion wmight pecheps ‘be underatoot of tha Zround
that e son of the Sarman Under-Seseetsry of Siale, ven Welznlighers 13
astached o the FalseroWillwlosTnaketut in Berlin where aema of the
Amerigaw WeFs on urenium ie #ew belng rupesied.

Tiwya wary touly.
S T -
(Albe=t Einstein)
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myth : Einstein's sole support to the atomic bomb program and use =
sending this letter (with reluctance)

nourished by:

Einstein's antimilitarism (especially during 1* World war)

Einstein-Russell manifesto against nuclear weapons (1935)
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Einstein wrote 3 letters to Pres. Roosevelt (Aug 39-April 40)

He made (limited) work on gaseous diffusion
In March 1945, he wrote to Truman concerning “atomic policy”

He didn't make any public statement during the year after the 1* bombings

Afterwards, he opposed clearly to the development of nuclear weapons

“The discovery of nuclear chain reactions need not bring about the destruction of

mankind any more than did the discovery of matches” (A. Einstein, 1953)

"I made one great mistake in my life... when I signed the letter to President Roosevellt...;

but there was some justification - the danger that the Germans would make them." (Clark, pg. 752).
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Nuclear reactions and life




£/ ™ FRANCQUI Chair 2005-2006
UNIVERSITEIT
GENT Universiteit Gent

600 million tons of H are transformed into He every second

L, =3.85x 1026 W

Only 50 parts in a billion for the Earth (166 X 101> W)

Only 0.023% 1s used to power Life (photosynthesis) 3800 GW
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Contents of the lectures:

1. Description of nuclear reactions
2. Nuclear reactions have shaped (and are shaping) our World
3. Applications

4. Relation with fundamental science
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DESCRIPTION OF NUCLEAR REACTIONS

We do not have a unified (tractable) theory

Recent progress: this could be achieved in ~40 MeV- a few GeV range
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NUCLEAR REACTIONS SHAPE OUR WORLD

Primordial matter (H,He) has been processed in early stars

We have been “‘made” inside a star by nuclear reactions
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\cosmic ray |
 air nucleus Cosmic rays are responsible

pions for part of natural radioactivity

< ground level
p + 100 =14C +...

Super—K
Detector
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Radioactive decay of
238(J, 232Th, 40K, 87Rb

Heat flow 0.090 W/m?

Motor for tectonics, orogenesis,
volcanism, tsunamis, etc...
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Two billion years ago,
a natural nuclear reactor
worked for a million year

OKLO, Gabon
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Current APPLICATIONS:

®* energy production

* medical diagnosis and therapy
* environmental science

® water resources

* pollution control

* food sterilisation

® engineering, new materials

*® archeology and art
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Two recent (or future) applications
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NUCLEAR REACTIONS & FUNDAMENTAL SCIENCES

* primordial nucleosynthesis — number of neutrinos
* Oklo data — variability of physical constants (Dirac)

® heavy-1on reactions — quark-gluon plasma
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May 17, 2p:m. Nuclear reactions: properties and description
May 31, 2p:m. Fusion nuclear reactions (ITER and the sun)
June 14, 2p:m. Nuclear reactions in the cosmos
Sept. 6, 2p:m. Nuclear fission and applications

Sept. 13, 2p:m. Modern transmutation: a solution to the
nuclear waste problem?

http://www.theo.phys.ulg.ac.be/




