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Learning objectives

By the end of this session, the learner should be able to:

J describe the atom and the nucleus

 differentiate between stable and unstable atoms

J describe radioactivity and the common modes of radioactive decay

d explain the term half-life in radioactive decay

.l illustrate the radioactive decay curve
J use the chart of nuclides

1 access and use nuclear data
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,_ Development of the knowledge about the atom

1803 1904 1911 1913 1916 1926
O °
Dalton Thomson Rutherford Bohr Sommerfeld Schroedinger

1803 — J. Dalton - the atom as the smallest indivisible part of matter

1904 — J.J. Thomson and L Kelvin — the atom contains electrons in random order - “plum-pudding model”

1911 - E. Rutherford — the atom is largely empty space and contains a massive core of matter at the centre

1913 — N. Bohr — the electrons orbit round the nucleus without emitting radiation - “planetary model”

1916 — A. Sommerfeld — introduced elliptical orbits, finite mass corrections and relativistic effects for the electrons
1926 — E. Schroedinger — introduced the concept of electron clouds

1932 — J. Chadwick — presence of neutrons in the nucleus of the atom
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Observations Conclusions

P 7 * most of the a — * the atomic space is
. particles went through largely empty
L ” un-deflected
*- = = ~ >  few of the o — particles ¢ thereis aregion of net
Source of ~ ~ were scattered in the positive charge in the
a particles forward direction atom
Thin metal foil * very few of the o — * thereis a massive core of
Pb collimator Zine sulphide particles were scattered matter in the atom — the
screen back to the source nucleus

More information: E. Rutherford. The scattering of a. and 3 particles by matter and the structure of the atom.
Philosophical Magazine. Series 6, 21 (May 1911) p. 669-688
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The current atomic model

Atoms are made of protons, neutrons, and electrons.

>
(e)

electron 9.1x103'Kg -1
0.511 MeV/c?
proton 1.672 x 10?7 Kg +1
2
RStition 938.3 MeV/c
neutron  1.675x 1027 Kg 0

nucleus
The nucleus has an

AAAAAA overall positive charge. Nuclei are identified by:

\ Z = no. of protons

electron cloud N = no. of neutrons
The elec.tron cloud has A =7+N =mass number
a negative charge.

939.6 MeV/c?
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proton

nucleus
~10""%cm

atom~10~"cm

https://www.nuclear-power.com/nuclear-power/reactor-physics/atomic-nuclear-physics/atomic-nuclear-
structure/volume-atom-nucleus/
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What keeps
the nucleons
in the nucleus?
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The Binding Energy Curve

* Binding energy is the energy that keeps the
< 348 56Fe 84Ky 10 g . gy gy P
Sn nucleons inside the nucleus
160

> 14p Most stable nucleus *__Mass of nucleus < mass of nucleons
= 7 _ 238
: 7—94 e U
2 Fusion Fission
o B~ e B * Mass defect = mass of nucleons — mass of
= Li nucleus
o 5—| SLi
?4_ mzzmp_l_(A_Z)mn_mnuc
& Region of very
<} stable nuclides . Bindi leon is eiven b
23 _: g inding energy per nucleon is given by
©
o 2- B Zm, + (A—=2Z)m, — M(Z,A)

1 e 2H A

0 l I i T l l I I l l .

0 20 40 80 100 120 140 160 180 200 220 240

Mass number (A)
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The Binding Energy per Nucleon

Example 1: The mass of the nucleus of :"B is 10.0165u.
The mass of protons is 5 x m, = 5 x 1.00728u = 5.03641u
the mass of neutrons is 5 x m,, = 5 x 1.00867u = 5.0433u
so that the total mass of nucleons is 5.03641 + 5.0433 = 10.0797u.

The mass deficit is therefore 10.0797u — 10.0165u = 0.0637u

and the binding energy per nucleon is,

B ,
7 = L 0:33711 x 931Mev/u = 5.93 MeV /nucleon.

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa




Nuclear Mass Density

The volume and radius of the V x A R = R, AL/3
nucleus depend on the
number of nucleons ... where Ro=12x10"""m = 1.2fm

Example 2: Consider the isotope éZC. The radius of the nucleus is estimated

as follows, ‘
R ~ 1.2(12)Y3fm = 2.75fm

and hence the nuclear density can be calculated as follows,

m (12u)(1.66 x 10~2"kg /u) 17 .
= — = — = 24 x 10"k .
P Y T T (4/3)m(2.7 x 10-15m)3 < 107 kg /m
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Nuclear Models

+*»* Liquid Drop Model
**Fermi Gas Model
+*Shell Model

+** Collective Model

o
”‘ LN}

No single model explains all
known nuclear phenomena!

OAK RIDGE National Laboratory
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The Liquid Drop Model of the Nucleus

This model assumes that all nuclei have similar mass densities with binding energy
approximately proportional to their masses just as in a classical charged liquid drop

volume energy E, = a,A a; = 14.1MeV
surface energy E, = —ayA*? ay = 13.0MeV
Z(Z -1 _
Coulomb energy  Ec = —ag ( 1173 ) az = 0.595MeV
A—27)?
assymetry energy E, = —a4( y ) ay = 19.0MeV
pairing energy Aﬂf‘l as; = 33.5MeV

Semi — empirical binding energy formula:

E, = E, + E, + Ec + E, + E,
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The Liquid Drop Model of the Nucleus

Example 3: Consider the zinc isotope 5 7Zn with atomic mass 63.929u. The
binding energy is given by,

B = |[(30)(1.007825u) + (34)(1.0088665u) — 63.929u|(931.49MeV /u)

= 559.1MeV
Using the semi-empirical binding energy formula,
2/ .095M y
Ey = (14.1MeV)(64) — (13.0MeV)(64)%3 — (0.595 (68;;3}:)0)( 9)
19.0M 1 5M
~ (19OMV)UI6) 335NV _ 561 7nev

64 (64)3/
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Neutron — Nuclear Interactions

@ © elastic scattering
(n,n)

% radiative capture
(n,y)

n AX
o~

o f. a

(n,f)

O inelastic scattering
(n,n’y)

other reactions
& (n,p), (n,d), (n,a)
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Nuclear Fission and Nuclear Fusion

nuclear fission nuclear fusion .
* Nuclear Fission is the

splitting of heavy nuclei to

. roduce lighter ones, e.g.
9 } p g g
n + o°U — 530U

deuterium tritium

J

neutron
144 89
+ neutrons, gamma — rays, ...

* Nuclear Fusion is the joining
/ \ of lighter nuclei to form

heavy ones, e.g.

neutron helium

Ba-144 neutrons Kr-89

© 2006 Merriam-Webster, Inc. production in the sun

/

°H + 2H — %He + 23MeV

* Main process of energy

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa 15



Induced Fission

Induced fission: In order to induce fission in nuclei, some energy called
actiwation energy must be provided to excite the parent nucleus above the
fission barrier and split up into smaller nuclei. Figure 4.11 illustrates the pro-
cess of induced fission using the liquid drop model. Neutrons are commonly

used to induce fission.
& 0

Energy. —* o Neutrons

Fsson
fragment

/very heavy nuclei

oY

activation
“““ energy

2 -
. »
Hsson
fragment
| >
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The Fermi Gas Model of the Nucleus

Fermi Gas Model: the protons and neutrons that make up the nucleus are assumed to
comprise two independent systems of nucleons, each freely moving inside the nuclear

volume subject to the constraints of the Pauli principle.
Fermi energy:

Proton potential

o~ : Br = TF & 33Mev
4 ' = — = ¢
I TN YV
-’ ! ~
----- - ' ! et -

: ' Potential depth:
. Protons Neutrons, l ~BIA
| - 0—0——O—0—"
: : Vo = Er + § ~ 40MeV

. : 00O -O0=0=)

Neutron potential—, n
: : Ec P The potential felt by every nucleon is
: : ¥ the superposition of the potentials
g - e + - due to all the other nucleons
OO0~ Y
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[ Atoms are either stable or unstable o
e Stable —if the internal forces are balanced it .t
e Unstable —if the internal forces are unbalanced

O Instability may be caused by

_— S:‘
»
Proton-nich Neutron-rich 0
X Side Side
'mllc}' of
Stability e
’ ) o
- Primary Decay Mode
. W Stk P .

ol Py |
L - 2
i) o P
| .-
o . ¥
IC
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excess of neutrons or protons

Unstable (radioactive) atoms
attain stability by ejecting:
nucleons (protons, neutrons)
energy (gamma-ray photons)
other particles

18



Common modes of radioactive decay

“_ L

alpha A 4 238 234 4 A decreases by 4
X — Y + He Th + He Z decreases by 2
beta - 14 14 _ A remains unchanged
%X — Z+1Y + e + 1, 6 C — 7 N +e Z increased by 1
beta + 64 64 NT: 4+ A remains unchanged
%X — %_1Y —+ e+ + Ve QQCU - 28N1 T € Z decreases by 1
e— A remains unchanged
A — A 64 — 64ANT:
capture zX + e — z_1Y+ Ve 29011 +e — 28N1 Z decreases by 1
gamma A A R 87 A remains unchanged
7 X — 7Y + 3381' — 3BSF + 7y Z remains unchanged
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Radioactive decay and radioactivity

(] Radioactive decay is a random event.
1 The rate of radioactive decay is directly proportional to the amount of radioactive
substance

—ﬂtxﬁ or —E:)«dt

dt N

Radioactive decay

where A is the decay constant. depends only on time

 The amount of radioactive nuclei is given by:

N(t) = Ny e e @
 The activity of a radioactive substance is given by:
A— - N | Curie = 1Ci = 3.7 x 10 decays/s = 3.7 x 10'° Bq

dt

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa 20



Growth of daughter in radioactive decay

SEENSFFESFENESEFEESEEEFFEESEENEE
SEENESFFEEFENESREEFE NS FEESENESE
SENESFFEEFENESFEEFE NN FEESE N EEE
FEFEFEFEEFF NI ST IR R ST I PR RIS
o ol ol e ol e e e b

Radloactive decay simulation
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Growth of daughter in radioactive decay
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O Half - life T, , is the time it takes for the amount of a radioactive substance to reduce

by half of it’s initial value.
O Att=T,,wehave A=A,/2
so that:

A
7{] = A[] exp(—)\Tl/g)

which gives the following expression
for the half life:

In 2 0.693
T = — = —
1/2 \ \
U The decay constant A determines
the rate of decrease of the

radioactive substance.

A,/2

A,/4

;att=0__A=A,initial amount of radioactive
N\ woo....Substance . L
= ? Latt=T,, A=AJ/2 .

' = A,/
:I 1 L i 1 L Ji I.]illli]I.JiII.IiJ]III]IiI.JIiLIIi]

1

Ty/n 2Ty, t
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Radioactivity

Example 4: Calculate the activity of 1mg of radon, **?Rn, whose atomic
mass is 222u. Calculate the activity of the radon sample at one week later.

Radon gas has a half-life of 3.8 days, hence the decay constant is,
0.693 0.693

A = = — 2.11 x 107
Ti/s (3.8d)(86400s/d) >
The number of atoms in 1mg of ???Rn is,
1.00 x 10 %k |
N = - 5 — 2.71 x 10"¥atoms

(222u)(1.66 x 10~27kg/u)

Hence the activity of the sample is,

A = AN = (2.11 x 107%)(2.71 x 10"®nuclei) = 5.72 x 10'* decays/s

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa — 155CH

24



Alpha radiation

 The decaying nuclei release heavy, positively charged alpha particles in
order to attain stability

* Alpha radiation:
e can easily be stopped by piece of paper
* cahnot penetrate our skin
e can cause damage to internal organs if ingested

Examples:
uranium — 238 found in rocks
americium — 241 used in smoke detectors
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Alpha radiation

Radioactive
atomic nucleus Radiation

o

.9

)

AL
©

(14

o

© \
alkae

2 |
- 238

< 92

New nucleus

https://www.iaea.org/newscenter/news/what-is-radiation
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>He
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234
90

Th

@ Neutron
& Proton
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Alpha decay of uranium - 238

decay equation: 22U — Z'Th + iHe

disintegration energy:

r4-—-—=-—=-=-=-—===- Qo = Amc® = (0.004589u)(931.5MeV /u) = 4.27TMeV.

lllustration of the deep
potential well for alpha
particles in nuclei

Classically: the alpha particles would never
be able to overcome the deep potential well

Quantum mechanically: the alpha particles
tunnel through the potential well and are
released from the parent nuclei

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa 27



Particle alpha energy (MeV)

Alpha decay of polonium —212

alpha decay of Polonium-212 (Z=84)

®-
(B)

i N
o

¥
Distance between centers {fermis)

https://radioactivity.eu.com/articles/phenomenon/tunnel effect

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa

Energy released
= 8.95 MeV

Classically:

it would be
impossible for the
alpha particles
trapped at the
bottom of the well
to escape the
potential barrier
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Distance between centers (fermis)

https://radioactivity.eu.com/articles/phenomenon/tunnel effect

Energy released
= 8.95 MeV

Quantum mechanically:
the alpha particle is
represented by a
superposition of wave.
There is a probability for
emission of the alpha
particle.
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Q- value of a decay process is given by the difference in mass between
the parent (X) and the daughter with the emitted particle (Y + x)

Q= [my—(my +m)]c?
If the Q-value is positive then the decay takes place spontaneously

If the Q-value is negative then the decay must be induced
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Q- value of this decay process is given by the difference in mass between the
parent (*!?Po) and the daughter with the emitted particle (?°®Pb + “He)

Q=[mp, — (M, + m,.)]c? =[211.9889 — (207.9767 + 4.002603)](931.5)
= 8.94 MeV
The Q-value is positive, the decay takes place spontaneously
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Beta radiation

 The decaying nuclei release smaller particles (electrons or positrons) in
order to attain stability

* Beta radiation:
* is more penetrating than alpha radiation

e can pass through 1 -2 cm of water depending on energy
e can be stopped by a few mm of aliuminium

Examples:
hydrogen - 3 (tritium) — used in emergency lights
carbon — 14 — used to determine age of objects
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Beta radiation

Beta particle

c Beta decay
e
.;
L
<
(0
oc
C
e
Q
a0]
14
6

https://www.iaea.org/newscenter/news/what-is-radiation
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Decay of protons and neutrons

The decay equations are as follows:

n — p+e + (3~ decay)

p — n+ e’ Ve (87 decay)

These decays are well understood by taking into account the quark
content of the protons and neutrons as follows:

 protor neutron The decay of protons into neutrons and vice
\ / \ versa involves the transformation of the
| uarks in them. The up-quark and down-
‘\ |/I\| q P-9

“\I
\< j /) \’v/ x\*// quark are transformed via weak interaction
process with the emission of W-bosons.

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa 34



Decay of protons and neutrons

The decays involve transformation of quarks as follows:

Beta™ - decay of neutron : n® —»> p* + e + V

Neutron Weak interaction Proton

Beta™- decay of proton : p* > n® + e" + v

Proton Weak interaction Neutron

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa

35



Decay of protons and neutrons

The decays involve transformation of quarks as follows:

t P i
A udu Vs
Ed /
1 DU
e Eu
lL.F‘I'-I-
w- o
L
[ 1
Lf
Time
udd
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"We store the beta+ emitters together with the
beta- emitters so that they can annihilate each other!"

37
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Gamma radiation

* The decaying nuclei release gamma radiation in order to attain stability
e gamma radiation:

* is electromagnetic radiation similar to X-rays

* is more penetrating than alpha and beta radiation

* can cause damage in the body

* s attenuated by suitable materials like concrete, lead

Examples:

cobalt — 60 — used in treatment of tumours
cesium -137
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https://www.iaea.org/newscenter/news/what-is-radiation
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2eNi

(S1able state)
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neutron

Paper/Skin Aluminum Lead Concrete
Source: SARWEB

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa 40


https://www.iaea.org/newscenter/news/what-is-radiation
https://www.sarweb.co.uk/radiation-protection-history-fundamentals/
https://www.sarweb.co.uk/radiation-protection-history-fundamentals/
https://www.sarweb.co.uk/radiation-protection-history-fundamentals/

Q —value in nuclear reaction

The Q-value of a nuclear reaction: Consider the general form of a nuclear
reaction,
A+ B —- C+ D.

The Q-value of the nuclear reaction is defined as the difference between the
rest energies of A and B and the rest energie of C and D,

Q = (ma + mp — me —mp)c?

If Q is a positive quantity, energy is given off by the reaction. If QQ is a
negative quantity, enough kinetic energy in the center-of-mass system KFE,,,
must be provided by the reacting particles so that KE.,, + Q > 0. The

kinetic energy in the center-of-mass system is given by,

1
KE., — ( i )KElah
mpy + Mg

where K L, is the kinetic energy in the laboratory system.

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa
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Q —value in nuclear reaction

Example 5: Consider the nuclear reaction **N(a,p)*"O. The minimum ki-
netic energy in the laboratory system needed by an alpha particle to cause
the reaction is calculated by the Q-value using the individual masses as fol-
lows,

mass of N ~ 14.00307u, mass of *He ~ 4.00260u
mass of 'H ~ 1.00783u, mass of 17O ~ 16.99913u

Q = (14.00307u + 4.00260u -1.00783u - 16.99913u)(931.5 MeV /u)
= -1.20 MeV

The minimum kinetic energy K E.,, in the center-of-mass system must there-
fore be 1.20 MeV in order for the reaction to occur. In the laboratory system,

14.00307 + 4.002603
ansTT 613 LQQ@QZO%, iThem

KE, = ( (1.20 MeV) = 1.54 MeV

LABS, Cape Town, South Africa
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Q-value in radioactive decay

Example 6: If the nuclide ?**U were to emit a proton, the decay process
would be,

238U N QSTPEL + lH

Given the following masses, U-238 is stable
against spontaneous
mass of 27Pa ~ 237.051143u emission of protons

mass of 'H ~ 1.007825u
the total mass of decay products 2*"Pa and 'H ~ 238.058968u

the difference in mass between parent and decay products Am = —0.008183u

hence, @, = Amc? = (—0.008183u)(931.5MeV /u) = —7.622MeV.

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa
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Nuclear Data Services at the |IAEA

EXFOR — Experimental nuclear reaction data

ENDF — evaluated nuclear reaction libraries

LiveChart of Nuclides

ENSDF — Evaluated nuclear Structure and decay data

CINDA — Nuclear reaction bibliography

NSR — Nuclear Science Reference

NuDat-3 — selected evaluated nuclear structure data

PGAA — prompt gamma rays from neutron capture

NAA — Neutron Activation Analysis Portal

RIPL — Reference parameters for nuclear model calculations
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w International Atomic Energy Agency

j Nuclear Data Services

Cerumwa HopepHez Danderx MATATI
Hot Topics » IAEA-CIELO = TENDL-2023 = JENDL-5 = ENDF/B-VIIL.D News » Pointwise2020//TENDL-2019

;I Download data,
codes, packages

F

Charged particle refe-
rence cross section__

Decay Data Library for
Actinides

END

ENDVER

EPICS Electron & pho- ™

TALYS-2.0 - Nuclear reaction model code and related packages [page]
IDB - An International Database of Reference Gamma Spectra [page]
Stopping Power - Electronic Stopping Power of Matter for Ions [page]

NEW

Web-API for EXFOR/ENDF/IBANDL - software search/download for EXFOR/ENDF/IBANDL [page]

[ Main | [ All |[ Reaction Data |[ Structure & Decay |[ by Applications ][ Doc & Codes |[ Index |[ Events |[ Links |[ News |

L|J+ EXFOR
+ + Experimental nuclear reaction data

LiveChart of Nuclides
Interactive Chart of Nuclides
8| Mobile App: Isotope Browser

CINDA
: Nuclear reaction bibliography

| [===] ENSDF

o evaluated nuclear structure and decay data (+XUNDL) **

,_‘__/l\ ENDF
i Evaluated nuclear reaction libraries

MuDat-3 RIPL IBAMNDL

selected evaluated nuclear structure data ** reference parameters for nuclear model calculations Ion Beam Analysis Nuclear Data Library

: NSR
Muclear Science References ¥

Charged particle reference cross section
Beam maonitor reactions

PGAA FENDL
Prompt gamma rays from neutron capture Fusion Evaluated Nuclear Data Library

Photonuclear
- IAEA Phetonuclear Data Library, 2019
- EPICS Electron & Photon Interaction Data, 2017

IRDFF-II
Internationzl Reactor Dosimetry and Fusion File

NAA Safeguards Data
Neutron Activation Anzlysis Portal Last updated: May 2021

Medical Portal
Medical Portal

Standards
- Neutron cross-sections, 2017
- Decay data, 2005

*Database at the IAEA, Vienna  **Database at the US NNDC

=
%)

[ IAEA Nuclear Data Section |
‘fan 0 _,Fq;,

aArm© ==
IAEA-NDS  Atomic d = e = ™ - TAEA-NA
Mizsion and Meetings Mewsletters Coordinated y,clear Reaction Muclear Structure somal Technical Documents COCHSE:;EF Department of
Molecular Workshops Research Data Center & Decay Data Irftﬂ;” a{tlunal INDC Reports Wuclear Sciences
Data Projects Network Metwaork Netwiork of Nuclear Publications and Applications

Data Evaluators

Last Updated: 03-September-2025

https://www-nds.iaea.org/

i€ Copyright 2007-2025, International Atomic Energy Agency - Nuclear Data Section.
Vienna International Centre, PO, Box 100, A-1400 Vienna, Austria
Telephone (+431) 2600-0. Facsimile (+431) 2600-7. E-mail: nds.contact-point@iaea.org. Read our Disclaimer
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stable
1034y |Nuclide name | | Find |
loizy . . . .
ooy Directions for Using Table of Nuclides
108y
1. Locate the desired nuclide by dragging the chart or the
lofy horizontal slider.
104y
2. Click the nuclide to see its nuclear property and list of
0%y evaluations.
100y
1065 3. On the list of evaluated nuclear data libraries, click the '+' sign to
108 see the list of available reactions for the desired evaluation.
5
1025 4. Click the reaction name to see the plot. To compare the two or
100 more plots, click the "Add to XSViewer button for the desirad
e plots and then click the 'Open XSViewer button.
-10-25
-10-45
1055 « (Other information can be found here.
10-85
10-105
ZIN 10 20 30 40 30 60 70 80 a0 100 110 120 130 140 150 161 unetabie
] +] -

https://atom.kaeri.re.kr/nuchart/
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Nuclide chart at Karlsruhe

.

https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/joint-research-centre-publishes-new-

knowledge-elements-radioactivity-and-decay-user-friendly-chart-2022-03-17 en
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Data Center National Laboratory

National Nuclear Reactions Resources L‘O’) BFDUkhaVEH

s
;;;;;

Chart of Nuclides

National Nuclear Data Center

Building 817

Rronkhaven Natinnal | ahnratnns

https://www.nndc.bnl.gov/
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Summary

The following was discussed during this session:
the structure of the atom and nucleus
stability of atoms

radioactivity

common modes of radioactive decay

the half-life in radioactive decay

chart of nuclides

N N N N U RN

accessing nuclear data
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Kenneth S. Krane (1991)

BRIAN R. MARTIN Introductory Nuclear Physics.

INTRODUCTORY. GRAHAM SHAW Wiley. 3rd Edition
NUCLEAR PHYSICS ISBN-10 : 047180553X
Kot et e Kiane ISBN-13 : 978-0471805533
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John Lilley

Frank Close

NUCLEAR PHYSICS

~ A Vory Short lntroduct»orL

OXFORD
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John Lilley (2013). Nuclear Physics:
Principles and Applications
(Manchester Physics Series Book
44) Wiley 1st Edition, Kindle
Edition

ISBN-13 : 978-1118723333

Frank Close (2015) Nuclear
Physics: A Very Short Introduction
1st Edition. Oxford University Press
ISBN-10 : 9780198718635
ISBN-13 : 978-0198718635
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Radioécti\ﬁty
and Radiation

What They Are, What They Do,
and How to Harness Them

2 Springer

Claus Grupen

Introduction
to Radiation
Protection

Practical Knowledge for
Handling Radioactive
Sources

@ Springer
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Claus Grupen, Mark Rodgers
(2018). Radioactivity and
Radiation: What They Are, What
They Do, and How to Harness
Them. Springer; Softcover reprint
of the original 1st ed. 2016
edition.

ISBN-10 : 3319825542

ISBN-13 : 978-3319825540

Claus Grupen (2010). Introduction
to Radiation Protection: Practical
Knowledge for Handling
Radioactive Sources (Graduate
Texts in Physics). Springer; 2010th
edition.

ISBN-10 : 3662496038

ISBN-13 : 978-3662496039
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Further reading:

nttps://www-nds.iaea.org/

nttps://atom.kaeri.re.kr/nuchart/

nttps://joint-research-centre.ec.europa.eu/training-

programmes/karlsruhe-nuclide-chart en

https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/joint-

research-centre-publishes-new-knowledge-elements-radioactivity-and-

decay-user-friendly-chart-2022-03-17 en

https://www.nndc.bnl.gov/
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Useful illustrations

(1N  https://www.youtube.com/watch?v=UtZw9jfIxXM

SR https://www.youtube.com/watch?v=s7zPzBnf6Us

RN  https://www.youtube.com/watch?v=V4PFQpCCqzk

SNy https://www.youtube.com/watch?v=R2XWIhNz6 WU

S https://www.youtube.com/shorts/Ih9JflIFg24

ST https://www.youtube.com/watch?v=P SD5Rt6XMk&t=95s

SA7MMTY  https://www.youtube.com/watch?v=QCZQCi ukKpM

A"  https://www.youtube.com/watch?v=iGr6atucsBw

M https://www.youtube.com/watch?v=ksLNmLQbNT4

N https://www.youtube.com/watch?v=gDpyBifg6-s

i https://www.youtube.com/watch?v=m3dpUklemms
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Thank you for the attention
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