Characteristics of Radiation:
1)  Penetrating Power:
When radiation interacts with matter it gives all or part of the energy it carries to the particle it hits.  Penetration refers to how deep into a material the radiation tends to reach.   

Penetration is based on the type of radiation and the material it is penetrating.  The particles of some materials, like lead, tend to get hit more frequently by radiation, thus the radiation does not penetrate well.  (This is why lead is used as shielding for X-rays and other radiation.)

The likelihood of a radioactive “particle” interacting with matter is based on the size of the “particle” and the charge it carries.  Larger charges can exert a larger electrical force, and therefore can interact with other particles (specifically their outer electrons) at a greater distance.  Thus, the radioactive “particle” does not have to get as close to the particle in the material to “collide” with it, and give up its energy.  Larger particles simply “collide” with more stuff, giving off energy as they go.  

Note:  I use “collide” in quotation, because the particles may not physically come into contact, just get close enough to interact.  I use “particles” in quotations because gamma rays are not made up of particles, but of photons which are packets of energy that behave like particles.
2)  Ionization Ability:

Ionization refers to the process of charging on atom by knocking 1 or more of its electrons out of orbit, forming an ion.  It is closely related to penetrating power.  In the collisions mentioned above, the point of contact between the particles is almost always the outer electrons of the atoms of the material being penetrated.  This will knock electrons out of orbit, ionizing the substance.

For the reasons outlined above, radiation with larger particles or larger charge is more likely to collide with, and ionize, particles in a material.  As a result, the ionizing ability of these types of radiation is higher.
3)  Health Effects
For biological materials, the change of charge that can occur in its atoms can have an effect on its ability to react chemically.  It can also cause the breaking of chemical bonds.  This, in turn, will have an effect on the ability to carry out biological functions.  THIS, in a very condensed nutshell, is the danger of radiation.

In the chart below, summarize the characteristics of the 4 main types of radiation.  (I realize that we haven’t discussed neutron radiation, but it should be fairly obvious:  It consists of a beam of neutrons!)  Try to reason through each part, then use the internet to confirm what you have done, and complete what you haven’t.
Summary of Characteristics of Radiation

	
	Alpha Radiation
	Beta Radiation
	Gamma Radiation
	Neutron Radiation

	Mass (in atomic mass units)


	
	
	
	

	Charge


	
	
	
	

	Speed


	~1/10 speed of light
	Just less than the speed of light
	Speed of light
	Varies

	Penetrating Power

(high, medium, or low)
	
	
	
	

	Ionizing ability

(high, medium, or low)
	
	
	
	


Practice Questions:
1.  Write the equations for…

a)  the β- decay of lead-212
b)  the α decay of uranium-236
c)  the γ decay of indium-116

d)  the β+ decay of nitrogen-13
Use the reference sheet provided to answer the following questions:
2. 
 i)  How many protons are in a uranium-235 isotope? neutrons?

ii)  What is the total mass of all these protons (in u)?


iii) What is the total mass of all its neutrons (in u)?


iv)  What is the total mass of the nucleons (in u)?


v)  What is the mass of a U-235 nucleus (in u)? 

vi)  What is the mass defect of U-235 (in u)?

vii)  Why are the answers to iv) and v) different? (What is the significance of the mass defect?)

viii)  What is the binding energy of a U-235 nucleus?

3.  For the nuclear reaction in 1b) above, determine

i) the binding energy of the parent isotope


ii)  the binding energy per nucleon of the parent isotope

iii) the total binding energy of the daughter isotopes *
iv) the binding energy per nucleon of the daughter isotopes *

v)  the energy released in the reaction

*  Don’t forget the He nucleus (alpha particle) when considering the daughter isotopes.

Answers:

1. a) 21282Pb ( 21283Bi + 0-1e (+ antineutrino)

b)  23692U ( 23290Th + 42He
 c)  11649In ( 11649In + 00γ


d)  137N ( 136C + 01e (+ neutrino)
2.  i)  p = 92, n = 143

ii)  92.669392 u

iii)  144.239095 u

iv)  236.908487 u

 v)  235.043924 u

vi) 1.864563 u

viii) 2.78266 x 10-10 J

3. i)  2.79315 x 10-10 J

ii) 1.1835 x 10-12 J
iii)  2.8005 x 10-10 J
iv)  1.1866 x 10-12 J
v)  7.3262 x 10-13 J

