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“X-rays provided the medical field with
a window into the secrets of the body,
turning the fight against many diseases
into a battlefield with unparalleled
knowledge” 
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X-ray Imaging



X - r a y  p r o p a g a t i o n  t h r o u g h
m a t t e r

Maxwell’s wave equations
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X - r a y  p r o p a g a t i o n  t h r o u g h
m a t t e r

Helmholtz equation
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X - r a y  p r o p a g a t i o n  t h r o u g h
m a t t e r

Solution (Lineal Medium): Neccesary Assumptions

X-ray Imaging
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Paraxial aproximation

Projection approximation



X - r a y  p r o p a g a t i o n  t h r o u g h
m a t t e r

Solution (Lineal Medium)

X-ray Imaging
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Refractive index: Complex number

Spatial and time solution
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X-ray Imaging
X - r a y  p r o p a g a t i o n  t h r o u g h

m a t t e r
Solution (Lineal Medium)

Phase shiftBeer-Lambert equation



X-ray Imaging
Beer-Lambert Equation-Phase Shift



Absorption Imaging
Beer-Lambert Equation



Absorption Imaging
Applications
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Absorption Imaging
Limitations
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Air

L im i t a t i on
Dependence with energy

Absorption Imaging
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X-ray Imaging
Absorption and dispersion of materials



Phase Contrast  Imaging
Beer-Lambert Equation-Phase shift

Bonse-Hart interferometer



Beer-Lambert Equation-Phase shift

Analiser-based interferometer

Phase Contrast  Imaging



Beer-Lambert Equation-Phase shift

Grating interferometer

Phase Contrast  Imaging



Beer-Lambert Equation-Phase shift

Edge Illumination

Phase Contrast  Imaging



Beer-Lambert Equation-Phase shift

Inline (Free-propagation)

Phase Contrast  Imaging



I n l i n e  ( F r e e - P r o p a g a t i o n )
Solution (Air): Neccesary Assumption

Phase Contrast  Imaging
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Paraxial approximation
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I n l i n e  ( F r e e - P r o p a g a t i o n )
Transport-Intensity equation

Phase Contrast  Imaging

General

(16)

(15)



Phase contrast Imaging: Inline
Applications
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I n l i n e  ( F r e e - P r o p a g a t i o n )
Phase retrieval: Paganin approach

Phase Contrast  Imaging

Assumption
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E=49 keV

Paganin
Algorithm

Phase retrieval: Paganin Approach
Scheme

E=27 keV

Phase Im
age
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E=22 keV

Phase retrieval: Paganin Approach
Applications
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I n l i n e  ( F r e e - P r o p a g a t i o n )
Phase retrieval: Spectral approach

Phase Contrast  Imaging

(19)

Assumption



I n l i n e  ( F r e e - P r o p a g a t i o n )
Phase retrieval: Spectral approach

Phase Contrast  Imaging
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E=49 keV

Spectral
Algorithm

Phase retrieval: Spectral Approach
Scheme

E=27 keV

Phase Image

E=20 keV



Phase retrieval: Spectral Approach
Applications

E=24 keV

E=34 keV
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Phase retrieval: Spectral Approach
Applications

E=15 keV

E=22 keV

E=15 keV

E=22 keV
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