


     The Atom 
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  Diagnostic imaging employs radiations : 

                                                 X, gamma, radiofrequency and sound  

 It has special properties of a number of elements & compounds.  

 Ionizing radiations (X-rays and gamma rays)   

need to understand the structure of atom and the production of X-rays.  





  Atom consists mainly of nucleus & shells.  

 Its mass is concentrated in a central nucleus  

 Nucleus contains (protons “+ve” and neutrons), = Mass number  

 Protons, number =  Atomic number  

  Atom of Neutral charge , Protons equal to electron  

Key1 :     

Proton is Positive   

             Neutron  is  Neutral  
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 Electron Shells :   

  Orbits Around nucleus  

  Electrons Rotating in it  

 Maximal number of orbits are 7  

  Named K, L, M, N, O, P,  Q,  

 Each orbit has certain number of electrons ( 2 in K shell, 8 in L 

….etc   

 



In each atom,  

 Outermost shell =  valence shell is : 

concerned with the chemical, thermal, optical and electrical 

properties of the element.  

have not > 8  electrons.  

 

Valence =  تكافؤ 



Electron shells in a sodium atom 

 2 electrons in the K-shell, 

 8  in the L-shell and  

 1 in the outermost M-shell. 



  The properties of X-rays and their interaction with materials 

concern the orbiting electrons, particularly those in the inner 

shell.  

 Metals have up to 3 electrons in valence shell ,  

 One of which is easily detached from the atom and being free.  

 This cause good conduction of heat and electricity. 

 







Binding energy 

 Ionized  atom = one of its electrons completely removed.  

 Detached electron is a negative ion  & the remnant atom a positive 

ion.  

 Binding energy (E)  

is the energy For removing electron from atom against the attractive 

force of  positive nucleus.  





 This energy is expressed in electronvolts (eV),  

 It depends on the shell (EK  EL EM…) and on the element,  

 It increasing as the atomic number increases.  

 





U235  اليورانيوم جرام واحد منيعطي  

 عند انشطاره

طن من الفحم 2.5الطاقة الناتجة من احتراق     



 Excited atom = when an electron is raised from one shell to 

another further out.  

 the atom as a whole has more energy than normal  so is said to be 

excited.  

 When electron is falls back,  energy is re-emitted as a single 

‘packet’ of energy or photon of light (visible or ultraviolet).  







 



 energy travelling across empty space.  

 All forms travel with the same velocity (c) as light =  

or  300.000.000 m i.e. 300.000 Km/sec  

 Named according to how produced and its special properties.  

 X-rays (emitted by X-ray tubes)  

 Gamma rays (emit-ted by radioactive nuclei)  

They have the same properties and differ only in their origin. 



Wave length & Frequency  









 Photon energy (E) is proportional to the frequency (f).  

 The constant of proportionality is called Planck’s constant (h).  

Thus E = hf. 



Key:    

Smaller Wave length  =  More Penetration ability   



 Radiation travels in straight lines called  Rays  

 It radiate in all directions from a point source.  

 Beam: A collimated set of rays .  

  A beam may contain photons of Different energies 

  Energies of all the individual photons  gives 

the total amount of energy / unit area   

passing through the cross section in the time, = 

Energy fluence at the point 



 The total amount of energy per unit area passing through the 

cross-section per unit time is called the energy fluence rate at 

the point, and is also referred to as the beam intensity. 

  Energy fluence and intensity are not easy to measure directly. 



 X ray :  

 Name : X  i.e.  Unknown  

 Type :  Electromagnetic wave  

 Wavelength :   0.01 : 10 nanometer  

 High penetration ability  

 Radiographic characters.  

Key :     

1 mm = 1 Million nano  



Types of Radiations  

  Alpha : He nucleus , +ve  – Large particle  low penetration  

  Beta :  Rapid electron , -ve , small particle  more penetration 

  Gama : electromagnetic waves , no charge, high Penetration  



Gamma Rays has High penetration ability  



Gamma Rays Not affected by magnetic Field   







 Farr’s Physics of Medical Imaging   

 https://ar.wikipedia.org/wiki/%D8%A3%D8%B4%D8%B9%D8%A9_%

D8%B3%D9%8A%D9%86%D9%8A%D8%A9 

 https://radclass.net/ 

 https://radiopaedia.org/articles/linear-attenuation-coefficient 

   
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 Next   
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