




b.  Define ‘amu’ and describe its meaning.  Amu = Atomic Mass Unit.  Amu is based on a single 
atom of the isotope, carbon-12.  1 amu = 1/12 the mass of a single C-12 atom.  Or, one atom 
of C-12 has a mass of exactly 12 amu. 

 
c.  Rutherford’s atomic theory proposed a dense nucleus surrounded by very small electrons.  This 

implies that atoms are composed mainly of empty space.  If all matter is mainly empty space, 
why is it impossible to walk through walls or pass your hand through your desk?  Objects that 
exist in our ‘macro’ world (i.e., a book, your hand, a wall) are made of more atoms that you 
can imagine (trillions and trillions) due to the smallness of an atom.  In order for you to 
pass your hand through a wall, all of the atoms in your hand, would have to pass through 
the atoms of the wall.  While most of the atom is empty space, there are large repulsive 
forces that exist between nuclei that extend beyond the boundary of the atom.  These 
repulsive forces make it impossible for that many atoms to pass through a similar number 
of atoms belonging to another object. 

 
d.  Describe the experiment that led Rutherford to propose his model of the atom.  What 

observations led to his conclusions (atom is mostly empty space surrounding a very small, 
positively charged nucleus)?  Rutherford targeted a thin piece of gold foil with a stream of 
heavy, dense, positively charged particles (called alpha particles).  While he expected most 
of the alpha particles to pass directly through the foil with little or no deflection, he was 
surprised to observe some alpha particles deflect at severe angles, with some bouncing 
directly back at the alpha source.  These deflections happened rarely, and most alpha 
particles passed through the foil with no deflection.  These observations led him to infer 
that the atom is mostly empty space (i.e., most alpha particles didn’t hit anything) with 
nearly all the mass concentrated in a small space called the nucleus (i.e., the deflections 
occurred when an alpha particle passed very near the nucleus or scored a direct hit). 

 
12.  Complete the blanks in the following table.  
 

Radiation Symbol Charge Mass 
(amu) 

Best shielding Internal Health 
Risk (low, 

moderate, or high) 

External Health 
Risk (low, 

moderate, or high) 
 

Alpha 
 

  
+2 

 
1 

 
Paper, clothing 

 
High 

 
Low 

 
Beta 

 

  
-1 

 
0.00054 

 
Sheet metal, 1 
meter of dry 
air, wood 

 
High 

Moderate (can cause 
skin burns and 

permanent damage 
to eyes) 

 
Gamma 

 

 
0γ 

 
None 

 
None 

 
Lead or other 
very dense 
metal 

 
High 

 
High 

 
13.  Write a balanced nuclear equations for the following types of radioactive decay: 
 
 (a)  alpha decay of plutonium-239 239Pu  !  4He  +  235U 
 
 
 (b)  beta decay of potassium-40 40K  !  0e  +  40Ca 
 

19 20 -1 

2 92 94 

4α or 4 He 2 2 

0Β or 0e 
-1 -1 

0 



14.  What is a transuranium element?  Describe the unique features of transuranium elements.  
Transuranium elements are all elements with atomic numbers greater than 92.  All isotopes of 
these elements are radioactive, and are synthetically made 

 
 
 
 
15.  Describe the difference between fission and fusion.  What is a chain reaction?  Fission is the 

splitting of a heavy, unstable nucleus into two or more smaller atoms.  Large amounts of 
energy and more neutrons are released when the atom splits.  A chain reaction is possible 
because each time an atom splits, more neutrons are produced, and those neutrons can go on 
to cause more fission. 

 
 Fusion is the combining of two small atoms to produce a larger atom.  Fusion is the process by 

which stars produce energy.   
 
 The first atomic bombs utilized fission only, but modern day thermonuclear devices (hydrogen 

bomb) utilize both fission and fusion.  The energy from the fission is used to fuse smaller 
atoms together.   

 
 Nuclear reactors used for power generation utilize the fission process.  Experimental reactors 

utilizing fusion exist, but do not produce practical amounts of energy, because the reactants 
are very hard to control due to the extremely high temperatures required to force two nuclei 
together. 

 
16.  Strontium-90 has a half-life of 28.8 years.  If a sample of Sr-90 has an initial mass of 125.2 mg, then 

how much Sr-90 remains after 122.4 years pass? 
 
   N = N0 * (1/2)n;  where N = amount present 
     No = initial amount 
     n = # of half lives 
 
   n = 122.4 y / 28.8 y = 4.25 
 
   N = (125.2 mg) * (1/2)^4.25   =   6.58 mg 


