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Electrical current is the flow of electrical charge 
1 Ampere (A) is 1 Coulomb ( C ) passing a point in an electric circuit per second 
 
Voltage or electrical potential (V) is the difference in the electrical potential energy  of an 
electrical charge at 2 position (a,b) divided by the charge 
 

Vab = (Epa – Epb)/q 
1 V = 1 J/C 
 
According to the principle of conservation of energy, the gain in kinetic energy of a charged 
particle is equal to its loss of potential energy 

 
K final – K initial  = Ep initial – Ep final 

 
Assuming that  K initial = 0 

K final  = q V 
 
For example, the kinetic energy of an electron (charge = 1.602 x 10-19 C) accelerated through a 
electrical potential difference of 100 kV is: 
K final  = q V = (1.602 x 10-19 C)  (100 kV) =1.602 x 10-14 J 
 
1 eV is the kinetic energy of an electron accelerated across a potential of 1V: 

1 eV =  1.602 x 10-19 J 
 
For example, kinetic energy of 1 electron through a potential of 100 kV is: 
K final  = q V = (1 electron charge)  (100 kV) = 100 keV 

Electrical potential difference 



Bremsstrahlung spectrum  
On impact with the target the kinetic energy of electrons is converted to other form of energy. 
Most of the interaction are collisional and energy exchange gives rise to heat. A small fraction of 
the accelerated electrons comes in proximity of the atomic nucleus and it is influenced by its 
positive electric filed. Electrical forces attract and decelerate an electron and change its 
direction, causing a loss of kinetic energy, emitted as an x-ray photon of equal energy  
(Bremsstrahlung radiation). 
The energy loss and thus the energy of the x-rays depends on the distance between the 
incident electron and the target nucleus (Coulomb force ~ 1/r2) 



Bremsstrahlung spectrum  





Bremsstrahlung spectrum  

X-ray production efficiency includes atomic number Z of the target material and the kinetic 
energy of the incident electrons. 
 
The approximate ratio of the radiative energy loss caused by bremsstrahlung production to 
collisional (excitation and ionization) energy loss  within diagnostic x-ray energy  
(potential difference of 20 to 150 kV) is: 

This equation is not applicable beyond diagnostic imaging  x-ray energies 



Characteristic X-ray spectrum  

In addition to the continuous x-ray spectrum, discrete x-ray energy peaks (characteristic 
radiation) can be present depending on the anode target element and the x-ray tube voltage. 
The peaks depend on the electron binding energy “characteristic” of the element. 
The energy of the incident electron is determined by the x-ray tube voltage  and, if exceeds the 
binding energy of an electron shell, can eject the electron and create a vacancy.  



Characteristic X-ray spectrum  

For tungsten , an L-shell (binding energy =10.2 keV) electron transition to fill an K-shell 
(binding energy =69.5 keV) vacancy produces a characteristic x-ray with a discrete energy of: 
EbK – EbL = 69.5 keV – 10.2 keV = 59.3 keV 
  



Characteristic X-ray spectrum  
Electron transitions occur from adjacent and non adjacent electron shell in the atom, giving rise 
to several discrete characteristic energy peak superimposed on the bremsstrahlung spectrum.  



Characteristic X-ray spectrum  



A diagram of the major components of a 
modern x-ray tube and housing assembly 

Picture of an x-ray tube insert and partially cut-
away housing, shows the various components of 
the x-ray tube. For the housing the lead shielding 
thickness is 2 mm. 

X-ray tube  
Major components: cathode, anode, rotor/stator, glass or metal envelope, tube port, cable 
sockets, tube housing.  The x-ray tube generator supplies the power and permits the selection 
of tube voltage, tube current  and exposure time.  Depending on the kind of examination  
tube voltage is set from 40 to 150 kV for diagnostic imaging and 25 to 40 kV for 
mammography. The x-ray tube current, measured in mA, is proportional to the number of 
electrons per second flowing from the cathode to the anode. 1 mA = 6.24 x 1015 electrons/s 



Cathode structure 

Cathode is the negative electrode comprised of a filaments and a 
focusing cup. A filament is made of tungsten wire wound in a 
helix and connected to a filament circuit which provides a voltage 
of about 10 V and variable current up to 7 A. When energized the 
filament circuit heats the filament through electrical resistance  
and electrons are releases by thermionic emission. Electrons 
flow to the anode only when the tube voltage is applied 
between the electrodes. Number of electrons are adjusted by 
the filament current and the filament temperature.  
At any kV, x-ray flux is proportional to the tube current. Higher 
tube voltages  produce a slightly higher tube current for the same 
filament current   

X-ray tube: cathode  



X-ray tube: anode  



Rotation speeds are: 
 3000 to 3600 (low speed) or 9000 to 10000 (high speed) revolutions per minute (rpm) 

X-ray tube: anode  



X-ray tube: anode  



anode angle – focal spot size  



As the anode angle decreases the effective focal spot becomes smaller for the same actual focal area. 
Typical anode angles range from 7 to 20 degrees (most common from 12 to 15 degrees) 

anode angle – focal spot size  



Geometry of projection radiography 



Geometry of projection radiography: magnification 



Geometry of projection radiography: penumbra 

b/a is the magnification of the focal spot 



Geometry of projection radiography: penumbra 



Factors affecting x-ray emission 

The output of the x-ray beam is described in terms of quality (penetrability of 
the x-ray beam with higher x-ray photons) and quantity (number of photons 
comprising the beam) 



Factors affecting x-ray emission 

For example 
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Filtration 



Filtration 


