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The Creation of Light (Genesis 1.3-5)

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.
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The Four Fundamental Forces

Gravity Electromagentic Weak Force  Strong Force
Force

F. van Langevelde Let There Be Light . . . 2 NVT 2025




The Electromagnetic Spectrum |
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The Electromagnetic Spectrum I
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“Genesis” according to George Gamow
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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.
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Human Elemental Composition

Human Body Ingredients

The four ingredients below

1%

are essential parts of the body’s Other Key

protein, carbohydnﬁg_and fat Elements

archlmum. Calcium 1.5% o
Lends rigidity and 0
strength to bones and °

teeth; also important

for the functioning

of nerves and muscles,
and for blood clotting.
Phosphorus 1.0%
Needed for building

and maintaining bones
and teeth; also found

in the molecule ATP
(adenosine triphosphate),

which provides
energy that drives
chemical reactions in cells.
Potassium 0.4%
Important for electrical
signaling in nerves and
maintaining the balance
of water in the body. RONONY TN
MO Moo LT T T e

?ul!:v. 0.3"; [ e ST ammmm
ound in cartilage,
i G hormne . W R 0s Ir Pt Au -.-BI Po At Rn

““-use sugar), breast milk, WL WOAN AN RORM AN RO PANM Q1D
%_proteins that play a role

16.5%

OXYGEN

65.0%

Critical to the conversion
of food into energy.

]

CARBON

18.5% F

73%

1 in the immune system,
The so-called backbone “.» -and keratin, a substance r a
of the building blocks of the in skin, hair and nails. =
body and a key part of other . %
important compounds, such as 53::;1?»3-»;;
testosterone and estrogen. « %4 function pr ty:

£35 helot produce !. - = ) e e £ ) ==
;:,‘;:::“;:. o Eu Gd Tb Dy Ho Er Tm W' Lu
"‘y*.‘"b“l'ok AN AN PRASECOMM  NECOMN SN arow GOONM  THEN OFFORN MMM oM UM TR wEwm
in nerves’ electrical

+ signaling: also helps A Th P U
regulate the amount c a
of water in the body. KTNN TORM RODCTMM A
Magnesium 0.1%
Plays an important role
in the structure of the
skeleton and muscles;
also found in molecules
that help enzymes use
ATP to supply energy for

. L .
chemical reactions in cells. °
adionuclides in the body:
Part of an essential

hormone produced

by the thyroid gland:

regulates metabolism.

Iron (trace amount)

Part of hemoglobin,

which carries oxygen

in red blood cells.

Zinc (trace amount)

Forms part of some

enzymes involved

in digestion,

HYDROGEN

9.5%

Helps transport nutrients,
remove wastes and regulate
body temperature. Also plays
an important role in energy
production,

NITROGEN

3.3%

Found in amino acids, the
building blocks of proteins;

an essential part of the nucleic
acids that constitute ONA.

(Percentage of body welght. Source: Biology,
Campbell and Reece, eighth edition.)
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Earliest Human Experience with Light

X
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17t Century Age of Light (Telescope)
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17t Century Age of Light (Microscope)

Denieuw ontdektemicroscoop van Antonivan Leeuwenhoek

Werking vande microscoop
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17t Century Age of Light
(particles or waves?)
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18th Century Age of Light Optics

CHROMATIC SPHERICAL
ABERRATION ABERRATION

occurs because the lens occurs when light waves

refracts the various colors passing through a lens with
at different angle according spherical surface are not
to the wavelength brought into exact focus
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19th Century Age of Light/Electricity

Booglamp
Electromotor
Electromagneet
Dynamo
Telegraafkabel
Brandstofcel
Oplaadbare batterij
EM theorie
Gloeilamp
Transformator
Radiogolven
Draadloze telegrafie
Kathodestraalbuis

(2 B Ontdekking electron
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New York City 1880 vs Bangkok 2025

T Tl e | | .»\.
Dit is New York City in de jaren 1880. Dit is Bangkok anno 2025.
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Discoveries of X-rays & Radioactivity

Radio-
active

- 1 Elements
i (Po & Ra)
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Birth of Atom Physics

% {l | nuclear reaction by using

1‘5 3 \ % r'CldiO-C(CTiVG elemen’rs
b il i '
V. + =" . | | . "
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The Composition of Matter
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Periodic table of the elements

[] Alkall metals [[] Halogens
R group [] Alkaline-earth metals [ ] Noble gases
§ k [ Transition metals [[] Rare-earth elements (21, 39, 57-71) e
. 1 B Giher motais and lanthanoid elements (57-71 only) | 2
H 2 13 14 15 16 17 | He
3 4 ] Other nonmetals [ Actinoid elements 5 I 7 8 0 10
°l U | Be B|C|N|O|F|Ne
1|12 [13 |14 [15 [16 [17 |18
’| Na Mgl 3 <« 5 6 7 8 9 1w 1 12|AFSItTPLIS |C| Ar
, 19 |20 |21 22 |23 |24 |25 |26 |27 |28 |20 |30 |3t 32 |33 |34 |35 |36
K|Ca|Sc|Ti|V |Cr| Mn|Fe|Co|Ni |Cu|Zn|Ga|Ge | As | Se | Br | Kr
|37 38 39 |40 |41 42 |43 |44 |45 |46 |47 48 49 50 51 52 |53 |54
"|mRb|sr| Y |2z [Nb|/Mo|Tc |Ru|Rh|Pd|Ag|Cd|mn|sSn|Sb| Te| I | Xe
55 |56 |57 |72 77 |78 |19 |80 |81 |82 |83 |e4 |85 |ee
°| cs | Ba | La | Hf ir | Pt |Au|Hg| T | Pb| Bi | Po| At |Rn
87 |88 |89 |104 100 (110 [111 112 [113 (114 (115 |116 117 [118 |
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9 |91 92 193 |94 |95 (96 |97 |98 |99 100 (101 102 |103
actinod series 7
Th{Pa|] U Np|/Pu|Am|Cm | Bk | Cf | Es | Fm | Md | No | Lr

"‘Numbering system adopted by the International Unlon of Pure and Applied Chemistry (IUPAC) © Encyclopaadia Britannica, Inc




Natural and Other Radionuclides

URANIUM 238 (U238)

RADIDACTIVE DECAY Terrestrial radionuclides:

type of nuclide half-life
radiation

. UraniLh
o« + )

i Cosmogene radionuclides:

Nitrogen 14 @ Neutron capture @ Carbon 14
S
/ All three isotopes
of car 12,

Artificial Produced
Radionuclides
medical:

Following death & burial, wood & bones lose
C-14 as it changes to N-14 by beta decaw.

} : -
Carbon 14 @ Beta "1""‘“' @ Nitrogen 14 lndUSTr'lal i
Beta

particle /) @ Proton @ Neutron
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Human Elemental Composition

Human Body Ingredients

The four ingredients below

1%

are essential parts of the body’s Other Key

protein, carbohydnﬁg_and fat Elements

archlmum. Calcium 1.5% o
Lends rigidity and 0
strength to bones and °

teeth; also important

for the functioning

of nerves and muscles,
and for blood clotting.
Phosphorus 1.0%
Needed for building

and maintaining bones
and teeth; also found

in the molecule ATP
(adenosine triphosphate),

which provides
energy that drives
chemical reactions in cells.
Potassium 0.4%
Important for electrical
signaling in nerves and
maintaining the balance
of water in the body. RONONY TN
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%_proteins that play a role

16.5%

OXYGEN

65.0%

Critical to the conversion
of food into energy.

]

CARBON

18.5% F

73%

1 in the immune system,
The so-called backbone “.» -and keratin, a substance r a
of the building blocks of the in skin, hair and nails. =
body and a key part of other . %
important compounds, such as 53::;1?»3-»;;
testosterone and estrogen. « %4 function pr ty:
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in nerves’ electrical

+ signaling: also helps A Th P U
regulate the amount c a
of water in the body. KTNN TORM RODCTMM A
Magnesium 0.1%
Plays an important role
in the structure of the
skeleton and muscles;
also found in molecules
that help enzymes use
ATP to supply energy for

. L .
chemical reactions in cells. °
adionuclides in the body:
Part of an essential

hormone produced

by the thyroid gland:

regulates metabolism.

Iron (trace amount)

Part of hemoglobin,

which carries oxygen

in red blood cells.

Zinc (trace amount)

Forms part of some

enzymes involved

in digestion,

HYDROGEN

9.5%

Helps transport nutrients,
remove wastes and regulate
body temperature. Also plays
an important role in energy
production,

NITROGEN

3.3%

Found in amino acids, the
building blocks of proteins;

an essential part of the nucleic
acids that constitute ONA.

(Percentage of body welght. Source: Biology,
Campbell and Reece, eighth edition.)
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Medical Imaging Modalities

* Non-ionizing Radiation Techniques

* |onizing Radiation Techniques
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Why are there so many
modalities?

structure or function?
desired temporal resolution
desired spatial resolution
desired field of view
tissue culture, tissue slice, or in vivo ?
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The Electromagnetic Spectrum
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Gamma ray
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Ultraviolet
10°

X-Ray UV-radiation

Anatomy

Bone injuries  Skin, chronic

Inflammation

Healing/Therapy

Visible Light
10°

Arthroscopy

Anatomy

Intraarticular
structure,

inflammation
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Infrared
Imaging

Anaromy
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Physiology
Surface

temperature

Low Energy

Microwave

Radio Wave
10° 3

MRI image Ultrasound

Anatomy Anatomy

Tissue Edema. flow

structure Chemical
characteristics, composition

flow
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Spatial Scales

Organs and Tissues

Microbes
B\

Molecules

10°m 10>m
nanometers micrometers millimeters
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Spatial Scales in the
Central Nervous System

__ Epithelial
-~  and

connective | ) CELLULAR LEVEL

e L Ty,
et

€) CHEMICAL LEVEL
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Q
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S ./, =
> / tissue layers
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e

7

x T 1 i ! | |
CNS Systems Neurons gSynapsesfiMolecule
1m 10 cm 100 pm 1 pym 0.1 nm

Electron Microscopy

Positron Emission Tomography
Ultrasound Imaging Light Microscopy
Autoradiography

Computed Tomography

Magnetic Resonance Imaging
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Artificial Produced Radionuclides &
Radiopharmaceuticals

Radiopharmaceuticals Production

Radiochemical
grade product

from reactor X
Nuclear to production facility
reaction —— e ¥

from reactor

to production facility o 1 4L W Radiopharmaceutical
Radioisotope ' N product

production « Labeling (if required)

«Active Pharmaceutical * Dispensing
Ingredient» (API) » Sterilization
* Quality Control

« Purrification
= * Packaging

+ Quality Control + Shipping

+ Dispensing
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Radionuclides for Diagnosis and Therapy

Diagnostic applications

7

P

Radiopharmaceutical
lTargeted delivery

distribution

Scanning device:
PET-C1
SPECT-CT
PET-MRI elective tumor destruction

Image reconstruction
= Therapeutic radiation

Key applications:
Oncology, Neurology, Cardiology
Early detection, Disease staging, Treatment planning, Response monitoring
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Optical /
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-IVM 1
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/’/' PRE=Treatment POST-Treatment P ET / CT
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/ e
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MRI ¥ - ‘ ability to monitor a
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Hyperpolarized MR : _ patient’s response to
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Clinical

Ultrasound y
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BRAIN IMAGING Normal brain Alzheimer's brain

Mild cognitive Alzheimer’s
impairment disease

Normal
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20 Century Age of (lonising) Radiation

eacihsoon X @ Demonstranten op de Ro... O <

nationaalarchief.nl
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IH[SE[HEBhéSTE]] |[94rggy BN CHERNOBYL
- DISASTER
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5

£ Terug
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tegen kernenelsgie
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Examples of Collective Exposure

Uranium mijnwerkers

Erzgebergte (CZ/DE) i

T

"""- A JOHN HERSEY
3?;, oA DIDSED LY
RADIUM GIRLS

"Radium Girls" de wijzerplaat ververs
(lick, dip, paint)

F. van Langevelde Let There Be Light . .. 32 NVT 2025




Nuclear fission products
Dust and soot from fire on cities

. Radioactivg
B Fireball —_— i fallout

/ /|\ |niﬁ>radiaﬁ°n e
/1N

Radioactivation by neutrons

-

v

__| Fire and blast damage |

korte termijn effecten (1):

korte termijn effecten (2):
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Radiation exposure }

o Biologic Effects based on
0000 Hiroshima/Nagasaki

6,000

Typical dosage recorded in those Chernobyl workers who died within a month

Single dose which would kill haﬁ:)?glgse exposed to it within a month D ETE R IVI I N I STI SC H E E F F ECTE N

1,000

Single dose which could cause radiation sickness, nausea, but not death

400

Max radiation levels recorded at Fukushima plant 14 March, per hour

350

Exposure of Chernobyl residents who were relocated

100

Recommended limit for radiation workers every five years

10

Dose in full-body CT scan

9

Airline crew NYC -Tokyo polar route, annual

2 STOCHASTISCHE EFFECTEN

Natural radiation we're all exposed to, per year

1.02

Radiation per hour detected Fukushimia site, 12 March

0.4

Mammogram breast x-ray

0.1

Chest x-ray

0.01

Dental x-ray

E: WNA, RADIOLOGYINFO.ORG, REUTERS
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Radiation in Daily Life |

.. . . . Public exposure to natural radiation®
Radiation in Daily Life
Annual effective dose (mSv)

Natural Radiation Effective dose Man-made Radiation Source of exposure -
Average  Typical range

Directly ionizing and photon component 0.28

Cosmic radiation Neutron component 0.10

Cosmogenic radionuclides 0.01

Total cosmic and cosmogenic 16% 0.39

Outdoors 0.07
External terrestrial radiation
Indoors 0.41

I Total external terrestrial radiation 20% 0.48 I

Uranium and thorium series 0.006

Inhalation Radon (Rn-222) 1.15
Thoron (Rn-220) 0.1

Air passage from

< pongfengio. Ave Total inhalation exposure 53% 1.26
: _ K-40 0.17
Ingestion

Uranium and thorium series 012

I Total ingestion exposure 16% 0.29 I

Public exposure to natural radiation 100% 2.4 mSv,

F. van Langevelde Let There Be Light . .. 35 NVT 2025



F. van Langevelde

Radiation in Daily Life Il

Radioactive
Products
We Use Every Day

Radioisotopes are unstable atoms that decay and emit excess energy,
also known as radiation. There are hundreds of uses for radioisotopes
and they can be found in countless everyday products—including these
five for starters.

Clocks and Timepieces

1 Some wrist watches contain a gaseous tritium i
source (GTLS), which are sealed glass containers filled
with radiocactive tritium gas that used to make a
timepiece giow in the dark.

Gemstones

Irradiated gemstones include amethysts, yellow
sapphires, and green diamonds, and their initial
distribution is actually regulated by the U.S. Nuclear
Regulatory Commission.

Smoke Detectors

Housechold detectors contain a tiny amount of
Americium-241, a radioactive isotope used to detect
smoke particles. The two charged plates inside create a
flow of positively and negatively charged ions that trigger
the alarm when smoke breaks the constant flow of ions.

Exit Signs

Some exit signs contain tiny traces of tritium, a rare
and radioactive isotope of hydrogen, which is why
they're able to glow in the dark without batteries. The
tritium is contained in sealed glass tubes lined with
phosphor. Low-energy beta particles emitted by the
tritium bombard the phosphor, causing it to glow.

Snack Time

Bananas contain naturally occurring radionuclides
radioactive potassium-40, to be exact — which,
according to the EPA, means they can emit .01
millirem (0.1 microsieverts). And if you attend that
happy hour, there's a teeny bit (about 390 Picocurie
peor kilogram) of the same isotope potassium-40 in
your beer too!

LEARN MORE AT energy.gov/ne ENERCY | NUCLEAR ENERGY
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HIGH

Bone marrow
Reproductive cells
Intestines
Lymphoid tissue

MODERATELY HIGH
Oral mucosa
Skin

MODERATELY LOW
Salivary glands

Mature bone

Mature cartilage

Thyroid gland tissue

Liver
Optic lens
Kidneys
Muscle
Nerve

Radiation Dose from Medical
Examinations

Organs & tissues sensitivity to ionizing radiation

Radiation Dose to Adults

From Common Imaging Examinations

AEDOMINAL
REGION

Computed Tomography (CT) — Abdomen and Pelvis

10 mSv

3 years

Computed Tomography (CT) — Abdomen and Pelvis,
repeated with and without contrast material

20 mSv

7 yexs

Computed Tomography (CT) — Colonography

6 mSv

2 years

Intravenous Pyelogram (IVP)

ImSy

| year

Barium Enema (Lower GI X-ray)

8 mSv

3 years

Upper GI Study With Banum

6 mSv

2 years

Spine X-tay

1.5mSv

6 months

Extremity thand, foot. etc.) X1ay

0.001 mSv

3 hours

CENTRAL
NERVOUS
SYSTEM

Computed Tomography (CT) — Head

2 mSv

8 moaths

Computed Tomography (CT) — Head, repeated with
and without contrast material

4 mSv

16 months

Computed Tomography (CT) — Spine

6 mSv

2 years

Computed Tomography (CT) — Chest

7 mSv

2 years

Computed Tomography (CT) — Lung Cancer Screening

1.5 mSv

6 months

Chest X-ray

0.1 mSv

10 days

DENTAL

Dental X-ray

0.005 mSv

1 day

Coronary Computed Tomography Angiography (CTA)

12 mSv

4 yers

Cardiac CT for Calclum Scoring

3 mSv

1 year

MEN'S
IMAGING

Bone Densitometry (DEXA)}

0.001 mSv

3 hours

NUCLEAR
MEDICINE

Positron Emission Tomography — Computed
Tomography (PETICT)

25 mSv

B yeas

WOMEN'S
IMAGING

Bone Densitometry (DEXA)

0.001 mSv

3 hours

Mammography

0.4 mSv

7 weeks
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Risk of Cancer/Dying in a Lifetime

De kans op het krijgen van/sterven aan kanker Het rsico Op ka n ker ten
gevolge van
ioniserende straling is:

~5 % per Sievert

Other cancers (e.g., thyroid,
breast, lung, large intestine
and stomach)

10 20 30 40 50

Number of years after A-bomb radiation exposure, years
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Non-Medical Imaging
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Non-Medical Imaging
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Non-Medical Imaging and the Arts

scH: Schluckt Gold und redet Blech
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Some Medical Related Topics

* Preventive Whole-Body Scan?

e Unjustified use of Medical
Procedures

e Qverall Increase of Collective Dose
* Personalised Medicine

e Health Insurance costs

"Your cat scan looks fine, your pet scan looks
fine, your MRI looks fine, but your insurance
reimbursement doesn't look fine."
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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.

e Qverall Increase of Collective Dose

 Danger of Medicalization
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Some General Conclusions

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

* InShort:
Radiation is Energy on the move.

* |In Practice:
Be aware of the distinction between
lonising and Non-lonising Radiation

Exposure to lonising Radiation is
basically not without Risk.
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