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Learning Objectives from the beginning of the chapter in OpenStax College Physics
31.1. Nuclear Radioactivity
• Explain nuclear radiation.
• Explain the types of radiation—alpha emission, beta emission, and gamma emission.
• Explain ionization danger of radiation.
• Define the range of radiation.

31.2. Radiation Detection and Detectors
• Explain the working principle of a Geiger tube.

31.3. Substructure of the Nucleus
• Define and discuss the nucleus in an atom.
• Define atomic number.
• Define and discuss isotopes.
• Calculate the size and density of the nucleus.
• Explain nuclear force.

31.4. Nuclear Decay and Conservation Laws
• Define and discuss nuclear decay.
• State the conservation laws and balance nuclear reactions
• Explain parent and daughter nucleus.
• Calculate the energy emitted during nuclear decay.

Introduction to Radioactivity and Nuclear Physics
The previous chapter was concerned with the electron structure in the atom.  The next two chapters discuss the nucleus, radioactivity, and nuclear energy.   You will discover that there are two more forces (not gravity and not the electromagnetic force) that are active inside the nucleus.   

31.1 Nuclear Radioactivity
Discovery of Nuclear Radioactivity
Did you every have shoes or a toy that would “glow in the dark?”  In the late 1890’s Becquerel was studying how various minerals stored up light energy and released it later (phosphorescence).  As part of his experiments he would take photographs of the light from the minerals.  On one occasion he stored a photographic plate (chemical emulsion that responds to light, not a CCD camera) in light-tight paper in a dark drawer with a mineral that contained uranium.  When he took the photographic plate out of the drawer and used it in an experiment he found that the plate had already been exposed (by the uranium).  Becquerel discovered that radiation from some minerals can pass through paper (and thin metals).  The study of nuclear radiation began.

In phosphorescence, the mineral has to be exposed to light to move electrons up to metastable states.  If the mineral is not re-energized by light it soon does not glow in the dark.  The minerals involved in radioactivity do not need to be energized by light.

Define the word “decay” in the context of nuclear physics.

What takes place if a mineral is radioactive?

The light emitted from atoms due to electron transitions changes if the atoms are studied with different temperature, pressure, how many electrons have been removed, and magnetic field.   None of these changes affect the nuclear radiations.

Nuclear radiations have energies measured in the millions of electron volts (MeV), while light from atoms due to electron transitions has energy of a few eV.

Q1.  TRUE or FALSE  Transitions in electron energy levels create nuclear radiation.

Our current understanding of the atom is that it has a nucleus and has electrons.  Since the electrons are not involved with nuclear radiation, the nuclear radiation must originate in the nucleus.

Alpha, Beta, and Gamma
The three common nuclear radiations are alpha, beta, and gamma.  As part of the scientific process scientists label observations so they can communicate with other scientists.  As the phenomena is better studied the initial label may change.  The cathode ray is now called an electron but the alpha, beta, gamma labels continue to be used for nuclear radiation.

How was the charge for the nuclear radiations deduced?

How does the mass of an alpha particle compare to the mass of an electron?

What are the basic characteristics of alpha, beta, and gamma emissions?



 Charge

Type of object

Alpha

Beta

Gamma

Q2, True or False   Before a beta particle (electron) is emitted by the nucleus the electron exists as a separate object in the nucleus.

Ionization and Range
Define the term “ionizing radiation.”

Q3. Why can alpha, beta, and gamma radiations ionize atoms?

As the alpha, beta, or gamma passes through shielding material it loses energy by ionizing atoms.

In your own words, describe why it is reasonable that a nuclear radiation with more energy will have a greater range (thicker shielding material is needed to stop the radiation).

Denser materials are often composed of atoms that have more protons.    e.g. Lead is denser than graphite (carbon).  If an atom has more protons it will have more electrons (given that it is electrically neutral).  If the material has more electrons there is a greater probability that the nuclear radiation will interact with those electrons and lose energy.  Denser materials provide greater shielding (given that the two shields have the same thickness).  You can use paper as shielding material but you will need a greater thickness than a lead shield.

There is an error in the first edition of the OpenStax textbook regarding the charge on the beta.  The charge is -1qe, not -2qe. 

For the following section assume the alphas, betas, and gammas have the same energies.

Why does the alpha particle have a shorter range than the beta particle?   Read the whole paragraph before answering.  There are two factors that cause the range of the alpha to be smaller.

    1.

    2.

Why does the gamma have the largest range?

Write down the range of alphas through the skin __________________   through air ____________ .

Write down the range of betas through paper  ______________   through air ______________ .

Write down the range of gammas through air _____________   through lead ______________ .

All of these ranges are approximate.   The goal of shielding is to reduce the number of alphas, betas, and gammas to a level comparable with what humans experience from natural sources (cosmic rays, radon gas in the air, radioactive materials in brick, granite, bananas, carbon dioxide, organic molecules, dirt, ….)

31.2 Radiation Detection and Detectors
Write a summary of how the Geiger tube detects nuclear radiation.

The Geiger counter does not provide detailed information on the radiation.  A count can be created by an alpha, or beta, or gamma.  The Geiger counter does not give information on the energy of the nuclear radiation.

The scintillator is better at detecting gamma and beta radiation than the Geiger counter and can provide information on the energy of the radiation.

Semiconductors (computer chips, transistors) can be used to detect beta and gamma radiation and provide information on the energy of the radiation.

31.3 Substructure of the Nucleus
To understand nuclear radiation we need to better understand the nucleus.

Describe the net charge on the proton and neutron and compare their mass values. 

 proton                                                  neutron                      

Describe when and how the proton was identified.

Where would you find a nucleon and what could it be?

Why is the atomic mass unit, u, more convenient to use in this chapter than kg?

What is the standard for u?

You should memorize that Z is the atomic number, the number of protons for a nucleus.

You should memorize that A is the atomic mass number, the sum of the count of protons and neutrons.

What is N?     N = A - Z

How does one isotope of an element differ from another isotope?

Each isotope has a “natural abundance.”  How would that be determined?

What procedure allows an estimate of the radius of a nucleus to be determined?     

r = 1.2 x 10-15 A 1/3 
We will treat the nucleus to be a sphere.

Density = mass / volume

Why are nuclei so much more dense than water (1000 kg/m3)?

Nuclear Forces and Stability
In the carbon-12 nucleus there are 6 protons and 6 neutrons.  Are the protons close to each other?  Is there a large electrical repelling force between the protons.  Do you think the carbon-12 nuclei and atoms in your body are stable or radioactive?   Why do the protons stay close to each other in the nucleus?

The details of the behavior of the strong nuclear force are still being investigated.  It is about 100 times larger than the electromagnetic force but the strong force has a value of zero of the nucleons are separated by more than about 3 x 10-15 meters.  The nuclear force is a “short range” force while the electromagnetic force and gravity are “long range.”  For the nuclear force, protons attract protons, protons attract neutrons, and neutrons attract neutrons.

The strong nuclear force is associated with alpha decay. The weak nuclear force is associated with beta decay.  Gamma decay occurs when a proton or neutron makes a transition in an energy level in the nucleus.

We used equations for the force of gravity and for the electric and magnetic forces.  Why does the text not show the equation that allows for a calculation of the strength of the strong nuclear force for various nuclei?

The energies of the nuclear radiations are larger than the energy of light from electron transitions because the force is stronger, and some significant (but very small kg) mass is converted to energy in the nuclear processes.

Why does the number of neutrons exceed the number of protons for stable nuclei as Z increases?

31.4 Nuclear Decay and Conservation Laws
For nuclear decay, define parent.

For nuclear decay, define daughter.

What is a decay series?

How do the Z and A numbers change for a nucleus when alpha decay occurs?

What are the two conservation laws for nuclear decay?

ENERGY

You should be able to calculate the energy release for alpha and beta decay.

energy     = (MParent - Mdaughter - Mother)c2 

For alpha decay you need to use the parent, daughter, and alpha particle masses.

Steps to find the energy of the decay:

Look up the masses of the neutral atoms in atomic mass units.

Subtract to find the mass (in u’s) that became energy.

Use the conversion factor 931.5 MeV / u  to compute the energy.


You do not need to use 3 x 108 if you use atomic mass units instead of kg for the masses.

Note: Momentum is conserved in the decay.  The object with the smallest mass carries off most of the kinetic energy.

Beta Decay
How do the Z and A numbers change for a nucleus when beta decay occurs?

Why was the neutrino hypothesized to exist?   What are its characteristics?

Describe when the neutrino was hypothesized to exist and when it was actually detected in an experiment.

For beta decay you just need to use the parent and daughter masses.  The beta particle mass is included in the mass of the neutral daughter atom. The beta decay process involves a neutron decaying to a proton and electron inside the nucleus.  When the beta decay occurs the daughter will have one less electron than the number of protons.  The mass of the neutrino is near zero so we will not bother in using its mass in the calculations.

Gamma Decay
How do the Z and A numbers change for a nucleus when gamma decay occurs?

Do you agree with the textbook that this is the simplest form of nuclear decay?

What does the asterisk by the chemical symbol signify?

Be sure to work through the examples in the textbook on alpha, beta, and gamma decay.

ANSWERS   ……………………..

Q1. False   The nuclear radiations have much different properties than light emitted when an electron makes a transition to a different energy level.

Q2. False   The electron is created as a part of the nuclear decay and ejected from the nucleus.  Also, the beta particle is not one of the atomic electrons that surround the nucleus.

Q3. These radiations carry MeVs of energy but only a few eVs are needed to remove an electron from an atom.
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