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The Creation of Light (Genesis 1.3-5)

Gustave Doré – Bible Illustrations

1 In den beginne schiep God den 
hemel en de aarde.
2 De aarde nu was woest en 
ledig, en duisternis was op den 
afgrond; en de Geest Gods 
zweefde op de wateren. 
3 En God zeide: Daar zij licht! en 
daar werd licht.
4 En God zag het licht, dat het 
goed was; en God maakte 
scheiding tussen het licht en 
tussen de duisternis.
5 En God noemde het licht dag, 
en de duisternis noemde Hij 
nacht. Toen was het avond 
geweest, en het was morgen 
geweest, de eerste dag.

Aldus De Statenvertaling 1637
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The Four Fundamental Forces
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Gravitonen (?)            Fotonen              W&Z Bosonen        Gluonen

                  1                                             𝟏𝟎𝟑𝟖                                          𝟏𝟎𝟏𝟓                            𝟏𝟎𝟒𝟎
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The Electromagnetic Spectrum I
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c=λ.f
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The Electromagnetic Spectrum II
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Een verhaal over straling

François van Langevelde
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“Genesis” according to George Gamow

From Big Crunch to Big Bang?

In het begin schiep God Straling en Ylem. 
En Ylem was zonder vorm of getal, en de nucleonen 
raasden als gekken over het oppervlak van het diepe.

En God zei: "Laat er massa twee zijn." 
En er was massa twee. 
En God zag Deuterium, en het was goed.

En God zei: "Laat er massa drie zijn." 
En er was massa drie. 
En God zag Tritium, en het was goed.

En God bleef getallen noemen totdat Hij bij de 
Transuranium elementen kwam. 
Maar toen Hij terugkeek op zijn werk, zag 
Hij dat het niet goed was. 
In de opwinding van het tellen had 
Hij gemist om massa vijf te noemen, en dus 
konden er natuurlijk geen zwaardere elementen
gevormd zijn.

. . . . . . . . .



First Three Minutes and beyond . . .
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You are here, 
Living in Fear 
for Paying Taxes

no stable nuclide 5



Human Elemental Composition
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Radionuclides in the body:

Elements from Big Bang and Stars

40K   isotope of Potassium
   14C   isotope of Carbon
226Ra isotope of Radium



Earliest Human Experience with Light
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SUN FIRE



17th Century Age of Light (Telescope)
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Johannes Lipperhey

1608



17th Century Age of Light (Microscope)
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Antoni van Leeuwenhoek 1632-1723



17th Century Age of Light 
(particles or waves?)
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Christiaan HuygensIsaac Newton 1704 1690

17e Eeuw                      19e Eeuw                20e Eeuw    



18th Century Age of Light Optics
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Herschel Telescope 1787 



19th Century Age of Light/Electricity 
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Davy
Ørsted
Volta

Ampere
Faraday

Ohm
Henry
Morse

Maxwell
Bell

Edison
Thompson

1837 Booglamp
Electromotor

Electromagneet
Dynamo

Telegraafkabel
Brandstofcel

Oplaadbare batterij
EM theorie
Gloeilamp

Transformator
Radiogolven

Draadloze telegrafie
Kathodestraalbuis

Ontdekking electron

Crookes Tube

1815

1879
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New York City 1880 vs Bangkok 2025
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Dit is New York City in de jaren 1880. Dit is Bangkok anno 2025.



Discoveries of X-rays & Radioactivity
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1895 X-rays

1896 Radioactivity

   1898 
      Radio-
      active 
      Elements
      (Po & Ra) 

Marie & Pierre Curie

Henri Becquerel

Wilhelm Röntgen



Birth of Atom Physics
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Ernest Rutherford

1913 Atom Models

Niels Bohr

1919 nuclear reaction by using           
radio-active elements 



The Composition of Matter
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   the Elements

   118 elements

   atoms and nuclei

   periodical system

   (Mendeleev)

   the Nuclides 

   280 stable

   >2300 instable 

   nuclide chart

   (Segrè)
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Natural and Other Radionuclides
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Terrestrial radionuclides: 
238U(4.5*109y), 232Th(1.4*1010y), 

40K(1.3*109y), 235U(7*108y), . . . 

Cosmogene radionuclides: 
3H(12,4y), 7Be(53d), 14C(5730y),
22Na(2,6y), . . .

  Artificial Produced

    Radionuclides 

    medical:

    18F(2h), 99mTc(6h), 131I(8d), . . .

     industrial:

    60Co(5,7y),241Am(432y), . . .



Human Elemental Composition
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Radionuclides in the body:

Elements from Big Bang and Stars

40K   isotope of Potassium
   14C   isotope of Carbon
226Ra isotope of Radium





Rotary Bangkok 2015

PET scanner

MRI scanner

CT scanner

SPECT Camera

Ultrasound scanner



Medical Imaging Modalities
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• Non-ionizing Radiation Techniques

    MR Techniques (MRI)

    Ultrasound

• Ionizing Radiation Techniques

    X-ray Techniques (CT)

    Nuclear Imaging (PET)
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The Electromagnetic Spectrum
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Spatial Scales



Autoradiography

Light Microscopy

Electron Microscopy

Magnetic Resonance Imaging

Computed Tomography

Positron Emission Tomography
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Ultrasound Imaging



Artificial Produced Radionuclides &
Radiopharmaceuticals
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Radionuclides for Diagnosis and Therapy
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20th Century Age of (Ionising) Radiation
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19811986 20111945

1979
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1879
    Uranium mijnwerkers
    Erzgebergte (CZ/DE)

Examples of Collective Exposure

  1920s
    “Radium Girls” de wijzerplaat ververs 
    (lick, dip, paint) 

  1945
    Hiroshima
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  korte termijn effecten (1):
     - explosie  50% energie
     - hitte  35% energie
     - straling  15% energie
     - houten structuren verbrand < 2.0 km
     - massale destructive schokgolf < 2.5 km

  korte termijn effecten (2):
    - Hiroshima: 110.000 -140.000 doden 

       30%-40% van de populatie
     - mortaliteit >60% binnen 1 km

r = 3 km



Biologic Effects based on 
Hiroshima/Nagasaki

DETERMINISTISCHE EFFECTEN

• Stralingsziekte
 - “Beenmerg” Syndroom

 - “Darm” Syndroom

 - “Hersen” Syndroom 
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STOCHASTISCHE EFFECTEN

• Risico op kanker

LD100



Radiation in Daily Life I
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Total  cosmic and cosmogenic                   16%      0.39   

Total  external terrestrial radiation           20%      0.48   

Total  inhalation exposure                          53%      1.26   

Total  ingestion exposure                           16%      0.29   

Public exposure to natural radiation    100%      2.4 mSv 
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Radiation in Daily Life II



Radiation Dose from Medical 
Examinations
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Risk of Cancer/Dying in a Lifetime
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https://www.ntvg.nl/artikelen/ontwikkeling-van-de-kans-op-kanker-1990-2019

Het risico op kanker ten 
gevolge van 
ioniserende straling is:

~ 5 %  per Sievert



Non-Medical Imaging

• Drug- and Human Trafficking

• Baggage Screening

• Art Objects
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Non-Medical Imaging



Non-Medical Imaging and the Arts
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Frida Kahlo Francis Bacon

Steve MillerRauschenberg Heartfield



Some Medical Related Topics

• Preventive Whole-Body Scan?

• Unjustified use of Medical 
Procedures

• Overall  Increase of Collective Dose

• Personalised Medicine

• Health Insurance costs
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Some Medical Related Conclusions

• Medical Imaging is a non-invasive 
(mostly diagnostic) practice.

• Medical Imaging is team work and needs
highly qualified personnel.
(High Tech and Multi-Discipline)

• Medical Imaging Modalities are 
complementary. 

• Medical Imaging has a spin off in many domains.

• Overall  Increase of Collective Dose

• Danger of Medicalization
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Some General Conclusions

• Radiation is a General Natural 
Phenomenon all around in 
Time and Space.

• In Short: 
Radiation is Energy on the move.

• In Practice:
Be aware of the distinction between
Ionising and Non-Ionising Radiation

Exposure to Ionising Radiation is 
basically not without Risk.
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Francisco de Holanda (1545)
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