MEDICAL BIOPHYSICS Il

X-ray - generation and properties

X-ray - diagnostic foundations

Medical use of electronics

Thermodynamics - equilibrium, change, laws

MEDICAL
BIOPHYSICS 1

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
Methods of investigating biomolecular structure and dynamics. MRI

Molecular mechanisms of biomolecular motion. Biomechanics, biomolecular
and tissue elasticity
® Respiratory and cardiac biophysics. Physical examination
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X-RAY

GENERATION, SPECTRAL FEATURES
INTERACTION WITH MATTER
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W. C. Rdntgen: Ueber elne mese Art von Strahlen.
(Vorlkutige Mittbeilung.)
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"medical” X-ray, of his wife's hand, taken on 22 December 1895 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 RADIOSCOPE

Late 1890s I. World war

MEDICAL DIAGNOSTICS

SHOE-FITTING
FLUOROSCOPE (1930-50)

CERTIFICATE

SHOE-FITTING TEST DATA FOR
1. ANKLE ROLL
2. WEIGHT DISTRIBUTION * 3. X-RAY FITTING TEST

LEFT RIGHT

This scientific way of approaching the problem of poorly-fitted shoes
eliminates guesswork. Now you can see for yourself!

X-RAYS ARE
ELECTROMAGNETIC WAVES
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about3m | |about3cm Wavelengths about

or 10 feet | |or1inch 400-700 nm | | 30 x diameter

long. long. of hydrogen
atom

Wavelength
is about

3 football
fields long.

Wavelength 10 - 0.01 nm. Frequency 30x10'°- 30x10'8 Hz. Energy 120 eV - 120 keV.




X-RAYS

* Generation of X-rays

¢ X-ray spectrum

e Interaction with matter 1: diffraction
e Interaction with matter 2: absorption

e 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)

GENERATION OF X-RAY:
IN CATHODE RAY TUBE

Tanode

(anticathode) rays
h Y Photo of a Coolidge x-ray tube, from the early 1900s. The
ca;aode heated cathode is on the left, the anode target is on the
U A right. The x-rays are emitted in a downward direction.
anode
cathode

anode I—j X-
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Rotating anode X-ray tube

“BREMSSTRAHLUNG”

electrons
accelerated

to velocity v
e, M

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




SPECTRUM OF BREMSSTRAHLUNG

Maximal photon energy (€max)
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CHARACTERISTIC X-RAY

electron lack of two possible ways
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Knocked-out inner-shell electron is replaced by one on a higher-energy shell
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SPECTRUM OF CHARACTERISTIC
X-RAY
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Line spectrum

X-RAY SPECTRUM
CHARACTERIZES THE ELEMENT

Because inner-shell electrons participate in characteristic X-radiation,
only the atomic (and not the molecular) properties are revealed
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Electronic transitions in
a calcium atom.

Energy dispersive X-ray
fluorescence spectrum.




DETECTION OF

CHARACTERISTIC X-RAY X-RAY DIFFRACTION
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X-RAY ABSORPTION X-RAY PHOTOEFFECT

Exponential

o Main effect in
Binding energy (A)
attenuation principle

diagostic X-ray!
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p=attenuation coefficient
Um=mass attenuation coefficient (cm?/g)
o=density (g/cm?)




PHOTOEFFECT ATTENUATION DEPENDS
STRONGLY ON ATOMIC NUMBER

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

COMPTON SCATTER

valence electrons
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electron
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%0 e=photon energy Compton Z0
] Z=atomic number (1892-1962)
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photon energy (keV) Soft tissue 7.4 scattered
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PAIR PRODUCTION ATTENUATION MECHANISMS
inconlizng photo pair production —— Dependence on photon energy and material
o

B- (electron)

B* (positron)

E

9

%/1/] l hf=mg¢ £ 0,511 MeV
Bre’

radiation %%

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.
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Um=mass attenuation coefficient
om=Compton effect mass attenuation coefficient

Ttm=photoeffect mass attenuation coefficient
km=pair production mass attenuation coefficient




SUMMARY OF ATTENUATION

MECHANISMS
Variation of u_ | Variation of p | Energyrangein
Mechanism with E with Z tissue
Rayleigh ~1/E ~72 1-30keV
photoelectric ~1/E3 ~73 10 - 100 keV
Compton falls gradually with E independent 0.5-5 MeV
~Z
pair production | rises slowly with E ~72 >5 MeV

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

FUTURE TRENDS OF X-RAY
APPLICATIONS

—m

Spiral CT

Virtual {3
endoscopy

3D

reconstruction

Angiography




