Nuclear Physics								Name:  ________________
										Period:  __________

Section 30.4:  Part A:  Nuclear Stability   Using the periodic chart, identify Z and N for the following elements: 	Element	Z 		N 			Element	Z 		N
(Atomic number – 	(number of neutrons)				(atomic number – 	(number of neutrons)	
Number of Protons)						number of Protons)			

(1)   He - 4		______		______			(5)  O	- 16	______		______

(2)    C – 12		______		______			(6)  Ne - 20	______		______
A change occurs once the value of A is over 20.  What is happening? 

(3)   Ca - 40		______		______			(7)  Ca - 48	______		______

(4) U- 238		______		______			(8)  Pb	207	______		______

What is the change between Z & N as you go further down the periodic table?  _______________________

What is a Coulomb force and which nuclear particle is affected by it?   (Circle one)	Proton      or 	Neutron	
Why do you think this change is occurring?  ____________________________________________________

Part B:  Spins of the Protons & Neutrons:  Just as the electrons have spins, so do protons and neutrons.  What is different about the nuclear particles and the electrons, electrons have different orbitals.  

There are only four (4) odd-odd nuclei which are stable:  2H1, 6Li3, 10B5 and 14N7.  There are however 160 even-even nuclei, in other words, the nucleus contain an even number of protons and an even number of neutrons.

So why are there more neutrons in a nucleus than protons?  ______________________________________

Consider the following models:  You can only have pairs of neutrons and protons.  Put in the protons and neutrons for each with the proper paired spins.  
Over abundance of Neutrons 		Over abundance of Protons
							Change to					Change to
	Stable C-12		C-15			N - 15			O – 13			N - 13
Energy 	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
12.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
11.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
10.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
9.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
8.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
7.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
6.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
5.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
4.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
3.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
2.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
1. _____	_____		_____	_____		_____	_____		_____	_____		_____	_____
	Protons Neutrons 	Protons Neutrons		Protons Neutrons		Protons Neutrons		Protons Neutrons	

				

START WITH		Make change to		START WITH		Make change to		Make change to
	C-14			N - 14			Ti - 44			Sc-44			Ca-44
Energy 	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
14.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
13.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
12.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
11.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
10.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
9.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
8.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
7.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
6.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
5.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
4.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
3.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
2.	_____	_____		_____	_____		_____	_____		_____	_____		_____	_____
1. _____	_____		_____	_____		_____	_____		_____	_____		_____	_____
	Protons Neutrons 	Protons Neutrons		Protons Neutrons		Protons Neutrons		Protons Neutrons	

Part C:  Transformation of the nucleus:  So how does this happen?   
Through Neutron decay, Proton decay or Electron capture.

When this happens you get all different types of particles that come OUT OF THE NUCLEUS.   Positrons, anti-neutrino, neutrinos, even electrons.    Beta usually refers to an electron type.  

1.   In β− decay, the weak converts a neutron (n0) into a proton (p+) while emitting an electron (e-) and an antineutrino(νe):
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2.  In β+ decay, energy is used to convert a proton into a neutron, a positron (and a neutrino ()
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3. Electron capture (K-capture)
In all the cases where β+ decay is allowed energetically (and the proton is a part of a nucleus with electron shells), it is accompanied by the electron capture process, when an atomic electron is captured by a nucleus with the emission of a neutrino:
	Energy   +     +              +   



Nuclear transmutation
If the proton and neutron are part of an atomic nucleus, these decay processes transmute one chemical element into another. For example:
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	   (beta minus decay)
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	(beta plus decay)
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	(electron capture)


Beta decay does not change the number of nucleons, A, in the nucleus but changes only its charge, Z. 
Other types of decay are:  

4.  Alpha decay is a type of  radioactive decay in which an atomic nucleus emits an alpha particle (two protons and two neutrons bound together into a particle identical to a helium nucleus) and transforms (or 'decays') into an atom with a mass number 4 less and atomic number 2 less. For example:
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	+ 
	 



5.  Gamma Decay  -  Neutron is taken into the nucleus – like U -238 + 1 neutron forming U- 239.  This is unstable and gives off a gamma particle which is high energy leaving a stable U-239 nucleus.  

