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                                             Radioactivity	
What is radioactivity?
  When the binding energy is not strong enough to hold the nucleus of an atom together, is said to be unstable .
  Atom with unstable nuclei are constantly changing as a result of imbalance of  energy within the nucleus.
 When the nucleus losses a neutron it gives off and is said to be radioactive. 
Radioactivity : is the release of energy and matter that re-form changes in the nuclear of an atom.
     As the unstable  nucleus changes it give radiation and said to be radioactive .
Units of radioactivity:
The units of radioactivity is Courie (Ci) ,it is the number of disintegration per one second which is equal to 3.7× 1010   d.p.s
                          millicurie   (mCi) = 3.7× 107  d.p.s 
                        microcurie   ( = 3.7× 104     d.p.s
                          nanocurie (nCi) =  10-9 Ci =37 d.p.s  

          Becquerel (Bq):it is 1 d.p.s
	1 Ci = 3.7× 1010 Bq  (it is so small)
                kBq= 103 d.p.s , MBq =  106 d.p.s  , GBq =  109  d.p.s 



Nuclear medicine
-Radioactivity and radioactive isotopes(Radioactive isotopes are often called radioisotope.) 
· The nucleus  can be excited and this excitation energy is lost by emission of particles () as well as photons ().this emission of radiation by an excited nucleus is called Radioactive decay .
 
· The structure of the atomic nucleus is made up of two type of particles , The Proton " P"  and the Neutron  "n"   
[bookmark: OLE_LINK1]    Proton = +ve     1.6       (C)Colum 
    P mass  =  1.67 kg .
            (  Proton same electric  charge of electron but +ve)
  Neutron uncharged and slightly heavier than proton.
· A particular nucleus represent by the symbol  
                                  
 X = chemical element 
 A = the mass number (atomic weight ) 
     = No. of proton +No. of neutron 
Z  = atomic number = No. of proton 
   Example   11 Na23            No. of  protons = 11   ,   No. of neutron = 23-11=12
· Isotope  : nuclides of the same chemical element with different No. of neutrons called the isotope  of that element .
   3 isotope for Hydrogen :  1H1    hydrogen  1H2  deuterium   1H3   tritium 
   6 isotope for Carbon : 6C10  ,  6C11 , 6C12 , 6C13 , 6C14, 6C15   
 
·   Extremely minute  quantities of radioactive substances used in nuclear medicine for diagnostic (typically less than 1) which do not affect the normal physiological functioning of the body . These radioactive element will behave physiologically like its stable counterpart. 
· Nuclear medicine involve : 
Physicists                             Pathologist                              Pharmacist 

-Computer application          nuclear medicine             Radiopharmaceutical                                                                                
-Dose measurement              physician                                   for injection           
-instrumentation                    
-radioisotopes 
-radiation protection 
-nuclear medicine
Equipments such as gamma camera.
       

           Some radioisotope  used in nuclear medicine     
                          I125,127,131,135,…..
 Iodine has 15 known radioisotope used in many diagnostic ,especially for thyroid function .

6C14   ,    1H3 ,  Rb86      :  used in medical research 

  P32   :used for tumor  diagnostic .

T99m :  Man mode radio isotope .(radio nuclides) emit types of radiation not emitted by natural radioactive substances. The m in  T99m stand for met stable, which mean half –stable ,and decays by emitting  only .

Physics of Nuclear medicine
· Investigates of radioactivity.
· Unstable nuclei that disintegrate to emit various rays and radiation particles 
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 L.E.T  (linear energy transfer)              
                         	   few cm in air, very short in tissue few  microns 
                                           High L.E.T
                                    few meter in air or few mm in tissue ,high    speed electron.
                                      very penetrated ,physically identical to X-rays but more energy than X-rays used in diagnostic radiology.
    The absorption of electrons (  -particles )                    
-Excitation and ionization occur as described for -particels.
    -due to its small mass  and single –ve charge            it is deflected from orbital electrons path.
-greater density of ionization occur at the end of the track of the electrons .
-low energy (small K.E.) (low velocity )             slowing down increases the probability of interaction (ionize ,  excitation) with media.
-  and   from a given sources have fixed energies.
1--rays have a spread energies up to a maximum characteristic of the sources.




   Intensity                                     =  
                                
                                              
                            
 
                                                energy	
   - Range of   -particle     R=   g/cm2
                Penetration depth   t= R/     where  is density of material 

  Example :  What is the range of a S35  beta particle of max. energy ( 0.168 Mev) in Perspex if the density of Perspex (1.2 g/cm3).Find the penetration depth.
  Ans.  Range of   -particle     R=  =0.168/2 
                                                                    = 0.084 gm/cm2 
           Penetration depth   t= R/   =0.084/1.2 = 0.07 cm =0.7 mm .
   
    
The Biological effect of ionizing Radiation are caused by the absorption and distribution of that energy in the tissue.
· If the radiation were to pass straight through living material without leaving   any energy behind ,it would have NO biological effect.
      


2-The absorption of -particales : 
· Composed:  = 2n+2p
   Mass      m=6.7  Kg.
                       = 7500 time is heavy as an electron 
                                =9.1Kg.
· Positively charged  exerts a strong attractive force on the negatively charged orbital electrons of the atoms in its track           may pull one or more of these electrons            this required energy for such interaction causes the dissipation of some of the energy of -particales           A positive ion left behind an (ion pair) (ionization) (Excitation : it does not involve the removal of electrons from the atoms ,but rising of the inner orbital electrons to higher energy level within the atom).
· Excitation and ionization are the most important ways in which  –particles transfer their energy to the matter.
· 34 ev K.E. caused one ion pair .  1ev = 1.6 jouls
· Specific ionization(or linear ion density) : the No. of ion pairs formed/unit length of   –particles track.  And it depends on: 
       1-the charge ,
       2-the density ,
       3- atomic No. Z of tissue
· The No. of ion pairs produced is directly proportional to the initial energy of the particles.
· The rate at which  –particles lost energy along the track is proportional to the square of the  –particles charge 

                        
dE  : energy   ,   dX : path length 

deeper  penetration of   into tissue more and more interaction (ionization , excitation ) occur             lead to reducing    –particles speed and increases the chances of further interactions. 
             few cm in air .
                              few micrometer in dens    tissue  (shorter truck more damaging biologically)
     
 Faster moving particales is less likely to ionise media through which it is passing than a slower one 
           i.e                   :rate of energy loss
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 3- Absorption of neutrons on1  (no charge ) 
· on1 has no charge therefore interaction result from direct collision with atomic nuclei (rare event , depends on the energy of the on1s the atomic density and the masses of the atomic involved ).
on1 can penetrate deep into media .
                       Slow (thermal )( 0.025 – 0.1 )Kev 
                      (4.005 - 1.602 )joule
                     Interact by captured into atomic nuclei
on1 
                
                    Fast 0.02 Mev  , 2.304  joules .
1-  Interact by elastic collisions .
2- Total transfer of energy possible when two masses particles are equal m1(on1) = m2(proton (hydrogen))high    in living tissue ,

this interaction of great important for on1 therapy .                         

The nuclear radiation and its range in human tissue 
	Radiation 
	Mass(amu)
	charge
	Rang in air 
	Rang in tissue 

	Alpha   
	4
	+2
	3 cm
	0.04 mm

	                          
		1/1840
	(-1),(+1)
	3 cm
	0.5 mm

	
	0
	0
	High 
	Within the body

	Fast neutron
	1
	0
	High 
	Within the body

	Slow neutron
	1
	0
	High 
	150 mm
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                     The  excitation of nucleus and the energy is lost by emission of particles ()  or photons ().this emission of radiation by an excited    nucleus is called Radioactive decay .
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