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• Discovery of X-rays 
• What is X-ray? 
• Production of X-ray 
• Bremsstrahlung and characteristic X-ray 
• Interaction of X-ray with the matter 
• Bases of X-ray diagnostics 
 

Textbook chapter: II/3.1. 

Related practices: X-ray, CAT Scan (2nd semester) 

Outline 

Warning: This presentation on its own is 
not enough to learn this topic!  

Wilhelm Conrad Röntgen 
1845-1923 

Nobel prize: 1901 

Discovery of X-rays 

Crookes tube „Hand mit Ringen” 
22 Dec 1985 

What is X-radiation? 

A form of electromagnetic waves. 
X-rays 
f = 1015 - 1018 Hz (penta-exahertz) 
λ = 10 nm - 0.01 nm 
ε = 100 eV- 100 keV 

𝜀 = ℎ ∙ 𝑓 = ℎ ∙
𝑐

𝜆
 

Production of X-ray 

Schematic X-ray tube 

X-ray tube from the 1930-s. 

X-ray tube with rotating anode 
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𝜆𝑚𝑖𝑛 =
𝑘

𝑈𝑎𝑛𝑜𝑑𝑒
 

(𝑘 = 1230 𝑝𝑚 ∙ 𝑘𝑉) 

Duane-Hunt law: 

𝜀𝑚𝑎𝑥 = 𝑒 ∙ 𝑈𝑎𝑛𝑜𝑑𝑒  

𝜀𝑚𝑎𝑥 = ℎ ∙
𝑐

𝜆𝑚𝑖𝑛
 

𝜆𝑚𝑖𝑛 =
ℎ ∙ 𝑐

𝑒
∙
1

𝑈𝑎𝑛𝑜𝑑𝑒
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Bremsstrahlung: „braking radiation” 
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P = 𝐶𝑋 ∙ 𝑈𝑎𝑛𝑜𝑑𝑒
2 ∙ 𝑍 ∙ 𝐼𝑎𝑛𝑜𝑑𝑒 

𝜂 =
𝑃𝑒𝑚𝑖𝑡𝑡𝑒𝑑
𝑃𝑖𝑛𝑣𝑒𝑠𝑡𝑒𝑑

=
𝐶𝑋 ∙ 𝑈𝑎𝑛𝑜𝑑𝑒

2 ∙ 𝑍 ∙ 𝐼𝑎𝑛𝑜𝑑𝑒
𝑈𝑎𝑛𝑜𝑑𝑒 ∙ 𝐼𝑎𝑛𝑜𝑑𝑒

 

𝜂 = 𝐶𝑋 ∙ 𝑈𝑎𝑛𝑜𝑑𝑒 ∙ 𝑍 

Total emitted power: 
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Radiation production efficiency 

Bremsstrahlung 

P= AUC (Area Under Curve) 

Bremsstrahlung – characteristic spectral changes 

𝑈1 < 𝑈2 < 𝑈3 𝐼1 < 𝐼2 

𝜆𝑚𝑖𝑛 =
𝑘

𝑈𝑎𝑛𝑜𝑑𝑒
 

P = 𝐶𝑋 ∙ 𝑈𝑎𝑛𝑜𝑑𝑒
2 ∙ 𝑍 ∙ 𝐼𝑎𝑛𝑜𝑑𝑒 
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Characteristic X-radiation 

Generation of Auger electron 

vacancy 

Auger 
electron 

E transfer 
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Interaction of X-ray with the matter I. 
X-ray diffraction (Bragg-diffraction) 

Application: 
• spectrum measurement 
• crystallography 

Max T.F. Laue William H. és William L. Bragg 

2d ∙ 𝑠𝑖𝑛Θ = 𝑛 ∙ 𝜆 

Bragg formula: 

X-ray diffractogram of a crystal and L. Bragg’s calculations 
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Absorption – general rules 

J0 

J 

x 

J0 J 

Δx 

J0/2 

J0/e 

D δ= 1/μ 

𝐽 = 𝐽0 ∙ 𝑒
−𝜇𝑥 

𝜇𝑚 =
𝜇

𝜌
          [𝑐𝑚2 ∙ 𝑔−1] 

Mechanisms at atomic scale: 
• Photoeffect  
• Compton scattering  
• (Pair production) 

Mass attenuation coefficient: 

𝜇 = 𝜏 + 𝜎 + 𝜅 

Strong dependence on absorbent’s Z and Ephoton: 

Interaction of X-ray with the matter II. 
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Atomic scale absorption processes 

𝜏𝑚 =
𝜏

𝜌
 

Interaction of X-ray with the matter III. 

𝜎𝑚 =
𝜎

𝜌
 𝜅𝑚 =

𝜅

𝜌
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• Shadow image.  
• Based on absorption. 
• Summation image: 2D representation. (except 

for 3D reconstructions in tomography 

𝐽 = 𝐽0 ∙ 𝑒
−𝜇𝑚∙𝜌∙𝑥 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑚𝑎𝑠𝑠 𝑎𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓. 

𝜇𝑚 = 𝜏𝑚 + 𝜎𝑚 

𝜏𝑚 = 𝐶 ∙ 𝜆
𝟑 ∙ 𝑍𝟑 

medium Zeff ρ [g/cm3] 

air 7.3 1.3·10-3 

water 7.7 1 

soft tissue 7.4 1 

bone 13.8 1.7-2 

Bases of X-ray diagnostics 
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Bases of X-ray diagnostics 

Absorption in tissues 

• Contrast between soft tissues and bone : mainly photoeffect. 
• Contract insode soft tissues: mainly Compton scattering. 
• Importance of „soft” and „hard” radiation. 

𝑍𝑒𝑓𝑓 =  𝑤𝑖 ∙ 𝑍𝑖
3

𝑛

𝑖=1

3

 
Effective atomic number of a tissue: 

ABSORPTION 

PROCESS 

mm as a function of 

the atomic number Z 

mm as a function of the photon 

energy E 

elastic scattering mm ~Z 2 mm ~ 1/E 2 ~l2 

photoeffect mm ~Z 3 mm ~1/E 3~l3 

Compton scattering does not depend decreasing slightly 

15 

Absorption in tissues 

Bases of X-ray diagnostics 
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double contrast: BaSO4 + air cerebral angiography with KI contrast gold nanoparticles in the kidney 

Contrast agents 

Bases of X-ray diagnostics 
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Thank you for your attention! 


