Medical biophysics |l

Medical biophysics Il

- X-ray - generation and properties

-+ X-ray - diagnostic foundations

- Medical use of electronics

- Thermodynamics - equilibrium, change, laws

- Diffusion, Brown-motion, Osmosis

- Flow of fluids and gases. Hemodynamics

- Bioelectric phenomena

- Sound, ultrasound

- Biophysics of sensory organs. Vision and hearing

- Building blocks of life: water, macromolecules, supramolecular systems

- Molecular mechanisms of biomolecular motion. Biomechanics, biomolecular and
tissue elasticity

- Methods of investigating biomolecular structure and dynamics. MRI

- Methods of investigating biomolecular structure and dynamics. X-ray diffraction,
spectroscopies.

- Respiratory and cardiac biophysics. Physical examination

X-ray

Generation, properties

X-ray
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Am 28, Dezember warde als Beitrag eingereicht:
W. C. Réntgen: Ueber elne mewe Art von Sirahlen,
(Vorlkusige Mittheilung.)

1. Lisst man durch eine Hittorf sche Vacuumrihre, oder

ne oder die andere Seite des Schirmes dem Entladungs-
apparat zogewendet ist. Die Fluorescenz ist noch in 2m Ent-
fersung vom Apparat bemerkbar.

Wilhelm Konrad Man dberzeugt sich leicht, dass die Ursacke der Fluores-
RéNt cenz vom Entladungsapparat und von keiser anderen Stelle der
ontgen Leitung ausgeht | -
2. Das an dieser Erscbeinung zunichst Auffallende fst, e e o K INST)
(1845-1923) dass durch die sclwarze Cartonbilse, welche keine sichtbaren % 'ﬂ n ey
N Lo o sltravioletten Strsblen des th-nedm oder des elektrischen o g ¥insat %
Bogenlichtes durchlisst, ein Agens hindurchgebt, das im Stande
Obe prlze' 1 901 ist, lebhafte Fluorescenz zu erzeugen, und man wird dnlh.l)b ::M
zuerst untersachen. ob auch andere Kirper diese Eigenschaft
Yan fndet bal, dass ale Kerper fir dasselbe darchliss I—{and mt I“ngen (Hand W-nh. Ring): print of Wilhelm Réntgen's first
sind. aber in sehr verschiedenem Grade. Einige Beispielo fubre 'medical" X-ray, of his wife's hand, taken on 22 December 1895
i on.: Répler b aeke Jmbifelg 11 Mntar: afacm aiagrbar- and presented to Professor Ludwig Zehnder of the Physik Institut,

University of Freiburg, on 1 January 1896. The dark oval on the
third finger is a shadow produced by her ring.
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Paper funnel radloscope

Late 1890s |. World war

Medical diagnostics

Shoe-fitting fluoroscope
(1930-50)

CERTIFICATE

SHOE-FITTING TEST DATA FOR

1. ANKLE ROLL GOO
2. WEIGHT DISTRIBUTION 3. X-RAY FITTING TEST
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This scientific wyof approachin gfhcpoblemofpoolyfﬂdsh es
eliminates guesswork. Now you can see for yourself!

X-rays are electromagnetic
waves
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Wavelength 10 - 0.01 nm. Frequency 30x10'5- 30x10'8 Hz. Energy 120 eV - 120 keV.




X-rays
Generation of X-rays
X-ray spectrum
Interaction with matter 1: diffraction
Interaction with matter 2: absorption
X-ray absorption mechanisms:
Photoelectric effect

Compton scatter
Pair production

Generation of X-ray (non-
conventional)

Triboluminescence: light emission evoked by / ‘

scratching or rubbing. Francis Bacon, 1605.

Peeling away sticky tape emits light... ...and X-rays. (Nature News, October 2008)
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Generation of X-ray:
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Photo of a Coolidge x-ray tube, from the early 1900s. The
heated cathode is on the left, the anode target is on the
right. The x-rays are emitted in a downward direction.
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Rotating anode X-ray tube

‘Bremsstrahlung”

electrons
accelerated

to velocity v
o.. M

Electrons decelerate, thereby loose their kinetic energy, when
interacting with the atoms of the anode (“braking radiation”).




Spectrum of Bremsstrahlung
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Characteristic X-ray
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X-ray spectrum characterizes the

Because inner-shell electrons participate in characteristic X-radiation,
AAP only the atomic (and not the molecular) properties are revealed
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Detection of characteristic X-ray
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X-ray diffraction
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X-ray absorption

Exponential attenuation
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p=attenuation coefficient
Um=mass attenuation coefficient (cm2/g)
p=density (g/cm3)

X-ray photoeffect

Main effect in

Binding energy (A) . .
generd diagostic X-ray!
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Photoeffect attenuation
coefficient:

T=1,p

incoming X-ray
photon (hf) —>




Photoeffect attenuation depends
strongly on atomic number

wavelength (pm)
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For multi-component system:
“effective atomic number” (Zef)

Zy =3 /2 wZ;
i=1

Compton scatter

valence electrons

Compton
electron

Arthur Holly i
# e=photon energy Compton e
Z=atomic number (1892-1962)
) w=mole fraction
n=number of components
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photon energy (keV) Soft tissue 7.4 scattered
Bone 13.8 photon
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Energy balance:
hf =2m,c* +2E,,

me=mass of electron
c=speed of light

Pair production relevant in high-
energy X-ray photons, y-radiation.

Dependence on photon energy and material
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U=T+O0 +K

Um=mass attenuation coefficient

Tm=photoeffect mass attenuation coefficient
om=Compton effect mass attenuation coefficient

km=pair production mass attenuation coefficient




Summary of attenuation
mechanisms

Variation of y_ with E| Variation of p | Energy range in
Mechanism with Z tissue
Rayleigh ~1/E ~Z2 1-30 keV
photoelectric ~1/E3 ~Z3 10 - 100 keV
Compton falls gradually with E independent 0.5-5 MeV
~Z
pair production rises slowly with E ~Z2 >5 MeV

Main contrast mechanism in diagnostic X-ray:
photoelectric effect (~Z3)

Trends of X-ray applications

—m

Spiral CT

Angiography




