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Radiant exitance 
Re 

Radiated energy (E) per 
unit of surface (A) and 
unit of time (t) [W/m2]

Spectral density of 
radiant exitance 
r 

Radiant exitance for 
narrow wavelength 
interval  per this 
wavelength interval

Spectral absorption 
coefficient 
 

Ratio of absorbed energy 
to all incident energy for 
narrow wavelength 
interval 
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A widely used model of a 
black surface is a small hole 
in a cavity with walls that are 
opaque to radiation.



Name Formula Description

Kirchhoff’s 
law

Ratio r/  for any body is 
constant and it is equal to 
spectral density of radiant 
exitance of absolute 
blackbody ( ) at the same T

Stephen-
Boltz-
mann’s law

The radiated energy 
increases very rapidly with 
increasing in temperature

Wien’s 
displace-
ment law

The peak of the emission 
spectrum of the blackbody 
moves to shorter 
wavelengths as the 
temperature increases



The peak shifts 
to short-wave
spectral range
as temperature
increases. 

The area 
under the 
curve  is 
equal to R.
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Abnormal tissue
in right breast

For a recording of thermogram a photoelectric sensor is used. 
Operation principle of a photoelectric sensor is based on the 
photoeffect phenomenon





400 nm 80-10 nm  0.01-0.001 nm

Infrared Ultraviolet

Visible

1-2 mm   750 nm

X-ray -ray

E=hf=hc/

Ionizing radiation





X-ray Production Possibilities (sources)

• Synchrotron radiation is emitted by charged 
particles traveling on a curved path (as would 
happen while moving through a magnetic field)

Charged-particle 
accelerators 

(synchrotron)



X-ray Production Possibilities 
(sources)

• http://www.nature.com/nature/
videoarchive/x-rays/



AnodeCathode

electrons

X-rays

u X-ray tube comprises a cathode, in the form of a filament, and 
an anode, both in an evacuated container. X-rays are 
produced when the electrons hit the atom of anode target 
(copper, molybdenum or tungsten). The electrons slow down 
and lose kinetic energy in form of x-ray quanta



Wavelength

Intensity

Brehmsstrahlung
(continuous spectrum )

Characteristic 
(linear spectrum)



Negative charged anode atom electron 
shells decelerates moving electron and 
induction B of its magnetic field 
decreases that causes, according to 
Maxwell’s theory, the emission of 
electromagnetic wave (x-ray).

The incident electron removes an 
electron A from an inner shell of anode 
a tom,  leav ing  the  vacancy.  The 
electron from upper orbit occupies the 
vacancy, and a -photon is emitted 
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              In practice:

 where [V] in kilovolts, 
    [min]in Angstroms

V
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The short-wave limit of x-
ray spectrum defines the 
hardness of x-ray
Hard radiation (low )
Soft radiation (high )



where i is a current, 
V is a voltage, 
Z is an atomic number of anode atom, 
k is a coefficient (k = 10-9 V-1).
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   M
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K-series

L-series

Excitation 
of K-series

Excitation 
of L-series

The inner electron 
shells of atom 
are named as K, L, 
M and so on. 
The characteristic x-
rays is composed of  
some spectral series 
named as K series, L 
series, M series and 
so on.

With increasing nucleus charge the characteristic spectra move to the high 
frequency region:

where f is a frequency of x-rays, Z is a ordiecutive (atomic) number of the element 
and A and B are constants

( )BZAf -=

Moseley's law 



• The linear attenuation coefficient of material increases 
with increasing its atomic number and density, and varies 
with the energy of the incident X-rays.  In general  
increases with decreasing energy. 

• Mass attenuation coefficient: 

LeII -= 0



Diagnostic 
radiology

The pharmaceutical compounds 
with high x-ray attenuation coefficients for radiography are called 

(or  radiographic contrast medium)
Example: BaSO4

Therapeutic 
radiology

The rapid mitosis of cancer cells made them more 
susceptible to radiation destruction and less capable of 
regeneration than slower-growing normal cells. 
X-rays can be used for killing the cancer cells without 
destroying an unacceptable amount of normal cells.
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Ionizing radiation is radiation that carries 
enough energy to ionize atoms. 
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ELEMENT RADIOISOTOPE ACCUMULATION

iodine 131
53I thyroid, lung, kidney

chromium 51
24Cr spleen

selenium 75
24Se pancreas

technetium 99m
43Tc

brain, lung, liver, spleen, 
bone, kidney, thyroid, heart, 

skeletal muscle
gallium 67

31Ga lymphomas

hydrogen 3
1H a variety of clinical assays



teNN -= 0
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N=N0e-t

Time t

Number of 
radioactive 
nuclei N

N0/2

T1/2 2ln1
21 
=T

Major radioactive 
substances released by 
the Chernobyl accident
Iodine-131 8.02 days
Strontium-90 28.79 years
Caesium-137 30 years
Plutonium-
241 (which 
decays 
into Americiu
m-241)

14.4 years 
(430 years)
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The unit of the activity of radioactive sample is Becquerel (Bq). 
. 

The off-system unit of activity is Curie (Ci). The activity in 1 Ci 
characterizes the source with decay rate in 3,71010 
disintegration/second.  .
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Type of Radiation
 

K

X-Ray, beta particles, 
electrons

1

Protons (2 MeV) 5

Neutrons (energy 
dependent)

5-20

Alpha particles and other 
multiple-charged particles

20



 
 



Tissue or organ
 

wT
 Gonads 0.20

Bone marrow (red) 0.12
Lung 0.12

Stomach 0.12
Breast 0.05
Liver 0.05

Esophagus 0.05
Thyroid 0.05

Skin 0.01






