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e- and e+ are also called beta radiation 

Positrons have same 

mass and spin as 

electron but positive 

charge
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When a nucleus decays, all the conservation laws must be 

observed:

◼ Mass-energy

◼ Linear momentum

◼ Angular momentum

◼ Electric charge

◼ Conservation of nucleons

❑ The total number of nucleons (A, the mass number) must be 

conserved in a typical (relatively low energy) nuclear reaction or 

decay.

Alpha, Beta, and Gamma Decay
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Alpha, Beta, and Gamma Decay

◼ Let the radioactive nucleus       be called the parent and have the 

mass

◼ Two or more products can be produced in the decay.

◼ Let the original one be My (mother) and the mass of the subsequent 

one (daughter) be MD.

◼ The conservation of energy is

where Q is the energy released (disintegration energy) and equal to 

the total kinetic energy of the reaction products.

◼ If Q > 0, a nuclide is unstable and may decay.

◼ If Q < 0, decays emitting nucleons do not occur.
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Beta Decay

◼ Unstable nuclei may 

move closer to the line 

of stability by 

undergoing beta decay.

◼ The decay of a free 

neutron is

◼ The beta decay of 14C 

(unstable) to form 14N, 

a stable nucleus, can 

be written as
The electron energy spectrum from the beta decay

The electron does not exist in the nucleus, it is 

created from the energy that results from the 

decay (which is due to the weak force)

Observed experimentally, but should be impossible according to the 

prevailing understanding of physics before Pauli’s neutrino
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Beta Decay

◼ There was a problem in neutron decay, the spin ½ neutron cannot

decay to two spin ½ particles, a proton and an electron. 14C has

spin 0, 14N has spin 1, and the electron has spin ½.

we cannot combine spin ½ & 1 to obtain a spin 0.

◼ Wolfgang Pauli proposed a new particle, the neutrino, that must

be produced in beta decay. It has spin quantum number ½, charge

0, and carries away the energy that is apparently missing in the fig.

in the previous slide

◼ Momentum seems not to be conserved either, so Pauli predicts a

particle that must exist and carry away just the right amount of

energy so that the conservation principle of total energy is not

conserved, that way, momentum will also be conserved and

everything is Oki-Doki again

That particle will actually be much later experimentally observed
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Beta Decay

◼ An occasional electron is detected with the kinetic energy close to 

the required Kmax (to conserve energy), but in most cases the 

electron’s kinetic energy is less than Kmax.

the neutrino has very very very little mass, and most of its 

energy is kinetic.

◼ Neutrinos have no charge and do not interact electromagnetically. 

◼ They are not affected by the strong force of the nucleus.

◼ They are due to the weak interaction (result from the weak force).

◼ The unification of the electromagnetic and weak force is the 

electroweak force.
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β- Decay

◼ There are actually antineutrinos    . (In beta-minus decay)

◼ The beta decay of both a free neutron and 14C is written as

◼ In the general beta decay of the parent nuclide       to the 
daughter         , the reaction is

◼ The disintegration energy Q is

◼ In order for β− to occur, we must have Q > 0.

◼ The total number of nucleons A is constant, but Z changes to Z + 1.

Note that A is constant
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β+ Decay
◼ What happens for unstable nuclides with too many protons

◼ Positive electron (positron) is produced.

◼ Positron is the antiparticle of the electron.

◼ A free proton might decay with t1/2 > 1032 y, nobody knows for sure

◼ The nucleus 14O is unstable and decays by emitting a positron and 

a neurino to become stable 14N.

◼ The general β+ decay is
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Electron Capture

◼ Classically, inner K-shell and L-shell electrons are tightly bound 

and L-orbits are highly elliptical, possibility of atomic electron 

capture.

◼ The reaction for a proton is p + e− n + v

◼ The general reaction is

◼ The disintegration energy Q is
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Gamma Decay

◼ If the decay proceeds to

an excited state of energy

Ex rather than to the

ground state, then Q for

the transition to the

excited state can be

determined with respect to

the transition to the

ground state. The

disintegration energy Q to

the ground state Q0.

◼ Q for a transition to the 

excited state Ex is
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Gamma Decay

◼ The excitation energies tend to be much larger, many keV or 

even MeV.

◼ The possibilities for the nucleus to rid itself of this extra energy is 

to emit a very high energy photon (gamma ray).

◼ The gamma-ray energy hf is given by the difference of the higher 

energy state E> and lower one E<.

◼ The decay of an excited state of AX* (where * is an excited state) 

to its ground state is

◼ A transition between two nuclear excited states E> and E< is
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Gamma Decay

◼ The gamma rays are normally emitted soon after a nucleus is put 

into an excited state.

◼ Sometimes selection rules prohibit a certain transition, and the 

excited state may live for a long time.

◼ These states are called isomers or isomeric states and are 

denoted by a small m for metastable.

◼ Example: one state of at 0.271 MeV excitation energy 

does not gamma decay because of a large spin difference 

transition.
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Radioactive Nuclides

◼ The unstable nuclei found in nature exhibit natural radioactivity.

All living people are 

somewhat radioactive, e.g. 

depending on how much 

NaCl they eat (it is obtained 

from mines, where there is 

some KCl present as well
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Radioactive Nuclides

◼ There are only four paths that the heavy naturally occurring 

radioactive nuclides may take as they decay.

◼ Mass numbers expressed by either:

❑ 4n

❑ 4n + 1

❑ 4n + 2

❑ 4n + 3

All four paths lead to different types of isotopes of Pb
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Radioactive Nuclides

◼ The sequence of one of the radioactive series 232Th

◼
212Bi can decay by either alpha or beta decay (branching).



Applications

◼ Medicine  
❑ Chemotherapy 

❑ Power pacemakers

❑ Diagnostic tracers

◼ Agriculture
❑ Irradiate food

❑ Pesticide

◼ Energy 
❑ Fission

❑ Fusion



X-ray examination of luggage at a security station.
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Food Irradiation

•Food can be irradiated with g rays from 
60Co or 137Cs.

•Irradiated milk has a shelf life of 3 mo. 

without refrigeration.

•USDA has approved irradiation of meats 

and eggs.



An image of a thyroid gland obtained through the use of radioactive iodine.
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Images of human lungs obtained from a γ-ray scan.
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A cancer patient receiving radiation therapy.
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The world’s first atomic explosion, July 16, 1945 at Alamogordo, New Mexico.
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Remains of a building after the explosion of the uranium bomb at Hiroshima, August 6, 

1945.
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Cooling towers of a nuclear power plant. 
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The nuclear power plant at Chernobyl, after the accident of April 16, 1986.
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◼ Hazardous wastes produced by nuclear 

reactions are problematic.

❑ Some waste products, like fuel rods, can be re-used

❑ Some products are very radioactive, and must be 

stored away from living things.

◼ Most of this waste is buried underground, or stored in 

concrete

◼ It takes 20 half-lives (thousands of years) before the 

material is safe.

Challenges of Nuclear Power

»Disposal of waste products



Construction of a tunnel that will be used for burial of radioactive wastes deep within Yucca 

Mountain, Nevada.
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Disposal of radioactive wastes by burial in a shallow pit.
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Albert Einstein, he discovered the equation that relates mass and energy.
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