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What	do	you	think	of	
when	you	hear	the	word	

Radiation	?	
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What is Radiation? 

RADIATION is an emission or propagation of energy 
through a medium or space in form of electromagnetic 
waves or particles. 
	
Type	of	radiation	based	on	physical	properties	
1.	Particle	

					a.	Charged	particle	(alpha,	beta)	
					b.	Uncharged	particle	(neutron)	

	
2.	Electromagnetic	waves	

					-	All	spectra	of	electromagnetic	waves	(Gamma		
					ray,	X-ray,	Radio	waves,	visible	light	etc.)	
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Type	of	Radiation	based	on	Ionization	
capability	

Non-Ionizing	

Ionizing	
• Directly	Ionizing	(charged	particles)	
• Electron,	proton,	alpha,	etc.	

• Indirectly	Ionizing	(neutral	particle)	
• Photon,	neutron	
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Non-Ionizing Radiations 

 MR	Imaging	(FM	Region)	
 Ultrasound.	
 Microwave.	
 Lasers	used	for	various	treatments.	
 Visible	Light	to	read	images.	
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Is radiation Hazard? 

Not All Radiation is hazardous 
 
§  IONIZING RADIATION   
       à HAZARDOUS 
§  NON-IONIZING RADIATION   
       à UN-HAZARDOUS 
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RADIATION  

HIGH ENERGIES 
(Ionizing Radiation) 

LOW ENERGIES 
(Non-Ionizing Radiation)  

  ELECTROMAGNETIC WAVES SPECTRA  
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Electromagnetic 
Spectrum 
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Electromagnetic 
Spectrum 
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Why Radiation happen ? 

Unstable nuclide will spontaneously change into stable 
nuclide. The change process is called radioactive decay 
where in each of the decay process the radiation will be 
emitted (alpha, beta and gamma). 
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 Characteristics of Radiation 

Type of  
 Radiation  Ionization Penetration 

Alpha large low 

Beta medium medium 

X- ray Small large 

Gamma ray Small More large 
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 	Invisible	
 	Senseless	
 	Colourless	
  not	influenced	by		
temperature	and	
pressure	
 	Ionize	

Characteristic of Nuclear Radiation 
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Atomic Models 
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Drawback	of	Rutherford’s	Model	
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Atomic Structure 

Atomic structure : 
-  Nucleus : proton and neutron 
-  Electron : that revolve around the nucleus in orbit or a 
                     certain distance  

 
BOHR'S  
ATOMIC  
MODEL 
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Shortcoming	of	Bohr’s	theory	
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NUCLEUS 

Consisting of protons and 
neutrons 

X  :  Atomic Symbol 

Z  :  Atomic Number (number of proton) 

A  :  Atomic Mass (number of proton +neutron) 
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4
2He

Element:	Helium	

Proton	(	Z	)	=	2	

Neutron	(	N	)	=	2	

59
27Co

Element:	Cobalt	

Proton	(	Z	)	=	27	

Neutron	(	N	)	=	32	
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Depends	on	the	composition	of	
proton	and	neutron	in	the	nucleus	

In	general:	
• 		Light	nucleus	è		N		=		Z	
• 		Heavy	nucleus	è		N		=		1½	.	Z	
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Proton					Neutron	No.	of	stable	Nucl.		Stability	
Odd	 	 	Odd	 	 	4	 	 					least	stable	
Odd	 	 	Even	 	 	50	 	 					more	stable	
Even	 	 	Odd	 	 	57	 	 					even	more	stable	
Even	 	 	Even	 	 	168 		 					most	stable	

Nucleus	Stability	
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Stable	nuclides	are	
shown	in	black	boxes	
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Unstable	
(radionuclide)	

Emits:	

	alpha	(α),	beta	(β)	atau	gamma	(γ)	
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Emission of alpha particle alpha that is 
identical to the nucleus of  Helium atom 

 α  ≈  2He4 

Charge  :     + 2 elementer charge 
Mass  :     4 amu 

Contoh: 	90Th230	 	è 	88Ra226		+		α	
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Emission of beta particle 

 β+  ≈  +1e0 

 β–  ≈  -1e0 

Charge  :  + or – 1 elementer charge 
Mass   :  0 amu 

Contoh: 	4Be11 	 	è 	5B11		+		β–	

	 	6C10 	 	è 	5B10		+		β+	
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Emission of electromagnetic wave 

Charge γ  :  0 

Mass  γ  :  0 

Example: 	56Ba137* 	è 	56Ba137		+		γ	
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Example: Radioactive Decay 

  90Th230   è      88Ra226  +  α

                4Be11   è  5B11  +  β– 

           6C10       è   5B10  +  β+ 

               56Ba137*      è  56Ba137  +  γ
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Number of disintegration  per time unit 

Determine the number of radionuclide which 
is not  stable  change  to become stable 

nuclide in one second  

Unit: 
•   Currie (Ci)   old  unit 
•   Bequerel (Bq)  new  unit (SI) 

 1  Ci  =  3,7  1010  Bq   or 

 1  µCi  =  3,7  104  Bq  =  37.000  Bq 

 1 Bq  =  1  disintegration per second 

What Activity of 
Radiation ? 

A = A0 e
–λ⋅ t
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t–
0 eAA ⋅λ=

Initial	
Activity	(Ao)	

Time	(t)	

Ac
tiv

ity
	(A

)	
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λ
=

693,0½T

Initial	
Activity	(Ao)	

Time	(t)	
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Time Activity
0 Ao

1 x T½ 0,5  x  Ao
2 x T½ 0,25  x  Ao
3 x T½ 0,125  x  Ao
4 x T½ 0,0625  x  Ao
5 x T½ 0,03125  x  Ao
6 x T½ 0,0156 x Ao

( ) 0
n

2
1 AA ⋅=

n	=	time	:	T1/2	
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Alpha	 		 				 	Beta	 	 		
1.   Ionization 	 				1.	 	Ionization	
2.   Excitation	 	 				2. 	Excitation	
3.		Nuclear	reaction 				3. 	Brehmsstrahlung	
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Charged	Particle	

Electron	emitted	
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Charged	Particle	
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4Be9 + α à 6C12 + n 
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F	=	3,5	x	10-4	.	Z	.	Emax	

High	energy	
Beta	

X-ray	
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❒  Elastic	collision	
❒  Inelastic	collision	
❒  Nuclear	reaction	
❒  Fission	
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Elastic collision 

Before	collision	 After	collision	
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Inelastic Collision 

Before	collision	 After	collision	
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Nuclear Reaction 

Before	collision	 After	collision	

Nuclei	
radiation	
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Fission 

	 	U235	+	nt	à	Y1	+	Y2	+	(2-3)n	+	Q	
	

92U235	+	nt	à	54Xe140	+	38Sr94	+	20n1	+	Q	
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❒  Photoelectric	
❒  Compton	
❒  Pair	Production	
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Electromagnetic	
waves	

Electron	emitted	
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Electromagnetic	
waves	

Electron	emitted	
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Electromagnetic	waves	

Electron	

Positron	
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Types	 Ionization	 Penetration	

Alpha	 High	 Low	

Beta	 Medium	 Medium	

Gamma	 Low	 Very	High	

X-ray	 Low	 High	
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xµ–e0II ⋅=

x–µ
0 eB.II ⋅=

Narrow	beam	

Broad	beam	



www.batan.go.id	

58 

Radiation Sources 
Nature: 
§  Cosmic (high energy radiation from 
             cosmic (1017eV), produced: C-14, Be-7, 
            Na-22 and H-3.) 
§  Terrestrial (primordial radiation  (T1/2 = 
          109 years; Ra-222 (Radon), Ra-220 
          (Thoron), K-40.) 
§  Internal (inside the body: K-40,C-14, H-3.) 

Artificial: 
§  Radioactive material (for industry,   
          medical etc: Co-60, Cs-137, I-131, 
        Mo-99.)   
§  X-ray Machine (for industry and medical) 
§  Accelerator (to accelerate charge 
        particles: LINAC, Cyclotron.) 
§  Reactor (for research and power plan) 

Radiation  
Sources 
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X-ray	Machine	
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60 
Source Connector 

Radioactive	sources	
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RADIATION SOURCE AND EQUIPMENT 
RADIOGRAPHY 

Radioisotope Sources 
 
Type               Energy (MeV)        Half live 
 
 Co-60             1,17                   5,3 years 
 Tm-170             0,07                127  days 
 Se-75                  0,4                     118  days 
 Ir-192                  0,31           74   days 
Cs-137              0,66           30   years 
 Yb-169             0,17           30   days 
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