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A 100 éves magdfizika ABC-j

Nuclear Science
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Alapveto kérdeések

i at rest and in collisions. They ask

scientists calculate and measure the masses, shapes, sizes, and decs
rllwﬂimls. such as: Why do nucleons stay in the nucleus? What combinations ui"p:r::llu:ll.li and neutrons are |ms>i|.1|.t‘?

.‘\\"‘I]Ii![ hi!ETI.“{‘IlN 'I\']I-'u!l] f]lll'.'lt‘i are I'.'I."['I]l'lrt‘}\L't] or F.'{].‘i.l'l]ll-' H.‘[ill{‘l'l.'.‘ \\"‘I]IH[ i.N l]l-'u! []rigi.f] llf‘]hL‘ ]Il][.]l’.‘i i“lllll]d an F..'thh'.:

Phases of
Nuclear Matter

When collisions excite nuclei, individual
protons and neutrons may evaporate from
the nuclear fluid. At sufficiently high tem-
perature or density, a gas of nucleons {red
background) forms. At even more extreme
conditions, individual nucleons may cease
to have meaningful identities, merging
into the quark-gluon plasma (yellow

temperature (K)

5 . .. k
provide hints that physicists (E,}m
have glimpsed the quark- ]
eluon plasma.
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Unstable Nuclei

Stublt nuclides form a narrow white band on the Chare of

the Nuclides. Scientists produce unstable nuelides far from chis
band and study their decays, thereby learning abour the extremes
of nuclear conditions. In its present form, this chart contains
abour 2500 different nuclides. Nuclear theory predicts that
there are at least 4000 more o be discovered with Z <112,

e
11

F Element
’ 112

Sciemisrs first synthesized
Element 112 in a particle

F accelerator experiment. They
identified it by observing its charac-

teristic six alpha particle decay chain.

Az atommag szerkezete, tulajdonsagai, kdolcsonhatasai,
pl: tomeg, alak, meéret, bomlasok, litkozések, reakciok,
halmazallapotok, extrém koriilmények, mesterséges elemek.
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Vilagegyetem Osszetétele, osrobbanas

Expansion of the Universe

Afeer the Big Bang, the universe expanded and cooled. At about 107 second, the universe consisted of a soup of quarks, gluons, electrons, and
neutrinos. When the temperature of the Universe, T,y cooled to abour 10" K, this soup coalesced into protons, neutrons, and electrons. As time
progressed, some of the protons and neutrons formed deuterium, helium, and lithium nuclei. Sdill later, electrons combined with protons and these
low-mass nuclei to form neutral atoms. Due to gravity, clouds of atoms contracted into stars, where hydrogen and helium fused into more massive

chemical elements. Exploding stars (supernovae) form the most massive elements and disperse them into space. Our earth was formed from
supernova debris,

-
-
Big quark-gluon proton & neutron  formation of formation of star dispersion of today
Bang plasma formation low-mass nuclei neutral atoms formation massive elements
Tosiverse  >107 K 10" K 10° K 4,000 K 50 K-3 K SOK-3K 3K
time 10-°s 10 s 3 min 400,000 yr 3% 10 yr =3 % 10" yr 1410 yr

Osrobbanas elmélet pillérei:

A Hubble torvény, v = H r. A vilagegyetem tagul.
A kozmikus elemgyakorisag: magfizika
Kozmikus hattérsugarzas homogeén, izotrop.
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Radioaktivitas
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.E?adioactivc decay transforms
a nucleus by emitting different
particles. In alpha decay. the
nucleus releases a > He nucleus
—an alpha particle. [n beta decay.
the nucleus either emits an elec-
tron and antineutrino {or a posi-
tron and neutrine} or captures an
atomic electron and emits a
neutring, A posicron is the name
tor the antiparticle of the electron,
Antimarter is composed of anti-
particles. Both alpha and beta
decays change the ariginal nucleus
into a nucleus of a different
chemical element. In gamma
decay, the nucleus lowers its
internal energy by emitting a
photon—a gamma ray. This decay
does not modify the chemical
properties of the atom.

E. Rutherford
osztalyozasa:

a, B, ésy
sugarzas

athatolo
képesség

és toltés
alapjan
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Az atommagok volgye

Chart of the Nuclides o R OISO

T | N & osztalyozasa:

he Chart of the Nuclides presents in graphic form all known e

nuclei with atomic number, Z, and neutron number, M. Crm

Each nuclide is represented by a box colored Ti V‘ 7
according to its predominant decay mode. 20 {}E;_:a M—._ N - neUtronsza m

Magic numbers (N or Z = 2, 8, 20, 28,
50, 82 and 126) are indicated by a
rectangle on the chare, They
correspond to major closed

Z = protonszam

shells and show regions
of greater nuclear

of e 1 szin - fo bomlas
inding encrgy.

2 He'm magikus szamok:

N vagy Z =

N=> 2, 8, 20, 28, 50,
82, 126
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A magdgfizika alkalmazasai

Applications

MNuclear Reactors

Nuelear reacrors use the fission of
; o .
a2 U o "gaPu nuslei w produce
elestric power, Reactors and maose

Space Exploration

Sojourner used alpha particles to

Radioactive Dating
MNarurally nccurring radicacrive isotopes
% .
such as gC are used w date objeces that
were onee living, such as wood, For example,

identify chemical elements present
in Martian tocks. On Earth, nuclear

from a study of artifacts found at the site, reactions are wsed in many areas other nuclear applications generate

CLRAY

e 7 S scientists decermined rhar Stonchenge from eriminal investigations to radivacrive wasee; disposal of this
i g e e . i h = R R X .
was built neary 40061 years ago. art authenticarion. waste i5 a subject of current research.
.. " v
Smoke Detectors Nuclear Medicine Magnetic Resonance Imaging
M 3 " B 3 s ) X Smn ol M . 3 . X -
any smoke detecrors use g small amount Radicacrive isotopes, such as™ 3 Te, 37Co fagnetic Resonance Imaging (MRI} makes use of atomic
of the alpha emitrer 1;;4\.11 1o bonize the ain and |$3|I. are commonly used in the diagnosis rransitions involving the magnetic field of a nucleus ro study
Smaoke enrering the derector reduces the and rrestment of disease, Positron emitters the local chemical environment. This technique accurarely
18y, . . —
current and sers off the alarm. such as gF are wsed in Positron Emission maps the density of hydropen o produce

three-climensional images of the human hedy.,

Tomography (PET) eo generate images of
brain aceiviry.

Astrophysical pictures courtesy NASA/JPL/Caltech and AURA/STScI.

Radioaktiv kormeghatarozas

Urkutatas

Atomenergia, atomeromivek
Fustdetektorok

Radioaktiv nyomjelzés, orvosi izotopok
Magmagneses rezonancia, képalkotas
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Az atom(mag)energia

E = mc?

Nidlear reactions release energy
when the total mass of the pro-
ducts is less than the sum of the
masses of the initial nuclei, The
“lost mass” appears as kinetic
energy of the products (E = me®).
In fission, a massive nucleus splirs
into two major fragments that

Nuclear Energy

Rutherford,
Szilard,
Einstein

=21

tomegkiilonbség
— energia

usually eject one or more
neurrens, In fusion, low mass
nuclei combine to form a more
massive nucleus plus one or more
ejected particles—neurrons,

protons, photons, or alpha i y e

panicls - magfuazio

1 the carly stages of stellar evolution of our sun and other 4
Y stars, hydrogen fuses to form helium. releasing energy in mMa g h asd d as
5 the form of photons (light) and neutrinos. During the later 7 -7
stages of stellar evolution, more massive nuclei up to and I dancrea kC 10
beyond uranium are synthesized by fusion. By measuring

the number of neutrinos that come from the Sun. :

scientists recently have demonstrated that neutrinas

. L. mmust have a mass greater than zero, 7 ' | CSiIIaQOk
energiatermelése
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