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Terms to Know: half-life, activity, radioactive dating, binding energy, tunneling

Learning Objectives from the beginning of the chapter in OpenStax College Physics
31.5. Half-Life and Activity
• Define half-life.
• Define dating.
• Calculate age of old objects by radioactive dating.

31.6. Binding Energy
• Define and discuss binding energy.
• Calculate the binding energy per nucleon of a nucleus.

31.7. Tunneling
• Define and discuss tunneling.
• Define potential barrier.
• Explain quantum tunneling.

31.5 Half-Life and Activity
Suppose the popcorn bag in a microwave was transparent and you were watching one particular kernel of the popcorn.  

Q1. TRUE or FALSE  It is possible to predict when one kernel of popcorn will pop.   

Q2. TRUE or FALSE  For a given type of popcorn it is possible to predict when half of the kernels of popcorn will pop.

Q3. TRUE or FALSE  It is possible to predict when one radioactive nucleus will decay.

Q4. TRUE or FALSE  It is possible to predict when one-half of the radioactive nuclei of a particular isotope will have decayed.

In your own words define half-life.

Q5. TRUE or FALSE   In a time equal to one half-life, one half of the mass of the system disappears.

What is the specific name of the shape of the curve in Figure 31.21?

Unfortunately the symbol N has two meanings in this one chapter.  In the context of protons an neutrons N is the count of neutrons.  In the context of half-life N is the number of nuclei.

As radioactive decay occurs the number of original radioactive nuclei in the sample will decrease.  Let this be represented by N.  In the context of half-life  is the symbol for the decay constant.                    
N =   -  N t 
t is the time interval during which N nuclei decayed.   

Why is the number of nuclei that decay, N, proportional to N?

Using Calculus the law of radioactive decay can be derived: N = No e-t           No is the number of the original radioactive nuclei at the start of the time interval.  N is the number of the original radioactive nuclei that remain after the time interval.    t is the time interval.

Be able to solve problems that use N = No e-t                       

Decay Series

Radon-222 has a half-life of 3.8 days.  Suppose the earth formed 4.5 billion years ago with a certain amount of Radon-222 in its crust.  Would much of this original Radon exist today?  Why?

Why is Radon-222 detectable in our environment today?

Which isotopes in the decay chain will have the greatest abundance?

RADIOACTIVE DATING

What is the goal of radioactive dating?

Q6. What are the assumptions for carbon-14 dating?   (Don’t skip the answer given at the end of this reading guide.)

Why is dating with Carbon-14 limited to about the past 60,000 years?

What isotope would be useful in finding the age of the Earth through radioactive dating?

We may do examples of radioactive dating.

Activity, the Rate of Decay
Activity  =  N       The symbol R is used for the activity.         R =  N     = 0.693 / T ½


Or, R = 0.693 N / T ½

Units of activity:
1 Becquerel = 1 decay / 1 second





1 Curie = 3.7 x 1010 decays per second

We may do examples of activity calculations.

Why does the activity number increase when the half-life value decreases?

Suppose you are holding (YOU WON”T DO THIS) a radioactive isotope in your left hand and a different radioactive isotope in your right hand.  They both emit gamma rays.  What two pieces of information do you need to decide which is more dangerous?

31.6 Binding Energy
The mass of a stable nucleus is less than the sum of the masses of its separate nucleons.  You can calculate the “binding energy” of a nucleus by calculating the difference in mass in kg and using E=mc2 .  But, using the atomic mass unit and a conversion 931.5 MeV / u   provides an equivalent and easier method.

In order to ionize an atom the electron must be given energy.  In order to “ionize” a nucleus, to separate the nucleons of a stable nucleus, is energy required?

Know how to calculate the total and average binding energy.  A table of atomic masses will be given at the exam for various isotopes.

What is notable about Fe-56 in Figure 31.27?

Note:  The textbook has an error in 4) of the problem solving strategies.  The constant in the equation is 0.693, not 1.693.
31.7 Tunneling
Alpha decay:  One model of large nuclei is that alpha particles are likely to exist as objects in these large nuclei.  The don’t easily escape because they don’t possess enough energy to break free of the nucleus, as shown in Figure 31.31.  In order for the alpha particle to escape when its energy is less than the maximum PE caused by the nuclear force, the alpha particle has to have negative KE when it is at a distance where the PE is a maximum.(Figure 31.31).  

Q7. How is it possible that the alpha particle has a negative KE during the alpha decay process?

The probability nature of quantum mechanics allows the alpha particle to be found outside the nucleus.  After this occurs the positive nucleus repels the positive alpha particle.

What is “tunneling” in the context of alpha decay?

CHAPTER 31 MISCELLANEOUS

All isotopes with Z > 83 are radioactive.

Two elements with Z <= 83 have no stable isotopes.

There are about 280 stable isotopes and > 800 radioactive isotopes.

ANSWERS   ……………………..

Q1. False   This is a random event.

Q2. True  Statistically, one half of the kernels will pop in about a certain time.  This lets the manufacturer put a label on the bag of popcorn that states how many minutes it should cook in the microwave.

Q3. False   This is a random event

Q4. True  Statistically, one half of the nuclei will decay in a time that depends on what isotope is being studied.

Q5. False   In a radioactive decay, little mass disappears.  Most of the mass (protons, neutrons, electrons) is still present but the isotopes will be different after the decay.

Q6.   C-14 is produced in our upper atmosphere when a neutron produced by the collision of a cosmic ray and an atom in the upper atmosphere merges with nitrogen-14.  Shortly after the merger a proton from the nitrogen is ejected and the nucleus becomes a carbon nucleus with 8 protons.  I am 99.9999% certain our textbook has an error when it states that solar neutrinos are responsible for producing carbon-14.  In order to use carbon-14 for radioactive dating it is assumed that the equilibrium amount of carbon-14 in the atmosphere in the past is the same as the current amount of carbon-14 in our atmosphere.  Carbon-14 dating has been verified back to about 8,000 BC by using overlapping data from tree ring counts.

Q7.  Recall the Heisenberg Uncertainty Principle for Energy and Time   

ΔE Δt = h/(4 π )    For a short time the uncertainty in the energy allows the KE to be negative.
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