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Natural Radioactivity

In 1896, Henri Becquerel was working on the phenomenon of fluorescence in which certain sub-
stances, when exposed to ultra-violet radiations, emitted visible light.
In one of the drawers of his desk, Becquerel had kept a collection of various minerals, including
some salts of uranium. He had also kept several boxes of photographic plates wrapped in thick
black paper. A few days later, he took out one of the unused boxes of photographic plates for use.
When he developed the plates, he was amazed to observe that they were exposed.
Becquerel conjectured and then proved experimentally that uranium salts, placed near the photo-
graphic plates, have emitted some new kind of radiations which exposed the photographic plates.
This emission of ionising and penetrating radiations from elements is called radioactivity.
The elements which emit radiations are called radioactive elements. It was found that ra-
dioactivity is the property of some nuclei of certain elements. Such nuclei are called radioactive
nuclides. The radioactivity shown by these nuclei found in nature is called natural radioac-
tivity. Radioactivity exhibited by certain nuclei produced in the laboratory through nuclear
reactions is called induced radioactivity or artificial radioactivity.

Radioactive Decay

An unstable nucleus will decompose spontaneously, or decay, into a more stable configuration but
will do so only in a few specific ways by emitting certain particles or certain forms of electromag-
netic energy. This decaying process is called the radioactive decay. It is also called as nuclear
decay, radioactive disintegration or nuclear disintegration.
The unstable radioactive nuclide can produce a stable nuclide after many decays. The original
nuclide is called the parent and its decay products are called the daughters. The final stable
nonradioactive nucleus is called the end product.

Types of Radioactive Decay

The basic types of radioactive decay are,

a. Alpha decay

b. Beta decay

c. Gamma decay

d. Positron emission

e. Electron capture
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Figure 1: Types of Radioactive Decay

Alpha - Decay

In alpha decay, the unstable nucleus emits an alpha particle (nucleus of Helium). The proton
number and neutron number of the parent nuclide decreases by 2. It can be represented as,

A
ZX → A–Z

Z–2Y + α
(
4
2He

)
As the proton number is changed, the element changes. α-decay occurs in all nuclei with mass
number greater than 210.
A heavy nucleus will be unstable because of the Coulomb repulsive forces. By emitting alpha
particles, the nucleus decreases its mass number to move towards stability. The nucleus before the
decay is called parent nucleus and that after the decay is called daughter nucleus.
Let Ui be the rest mass energy of initial constituents and Uf be that of the final products. The
difference between these energies is called the Q-value of the process.
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Alpha Ray

A stream of alpha particles is called alpha ray. The properties of α-rays are,

a. Alpha particles are positively charged and hence alpha rays can be deflected by an electric
field as well as magnetic field.

b. Alpha rays have speeds of the order of 106 m/s.

c. Alpha rays causes ionization in gases.

d. The penetrating power of the rays is low. Even in air, its intensity falls down to very small
values within few centimetres.

e. Alpha particles coming from a particular decay scheme have the same energy.

f. Alpha rays produce scintillation when it strikes fluorescent materials like barium platinocyanide.

Beta Decay

Beta decay is a process in which either a neutron converts to a proton or a proton is converted into
a neutron. Such transformations take place because of weak forces operating within a neutron or
a proton.

β− Decay

When a neutron (n) is converted into a proton (p), an electron (e) and an antineutrino (ν̄) are
created and emitted from the nucleus. It can be represented as,

n→ p+ e− + ν̄

The emitted electron is called as Beta Particle and is denoted by β−. The antineutrino has zero
rest mass, no charge and the spin quantum number is ±1/2.
This decay is also called as Beta Minus Decay and results in the increase of the atomic number
of the parent nucleus by 1.

A
ZX → A

Z+1Y + e− + ν̄

A
ZX → A

Z+1Y + β− + ν̄

The Q-value of the decay is given as
Q = Ui − Uf
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β+ Decay or Positron Emission

When a proton (p) is converted into a neutron (n), a positron (e+) and a neutrino (ν) are created
and emitted from the nucleus. It can be represented as,

p→ n+ e+ + ν

The emitted positron is called as Beta Particle and is denoted by β+. The neutrino has zero rest
mass, no charge and the spin quantum number is ±1/2.
This decay is also called as Beta Plus Decay and results in the decrease of the atomic number
of the parent nucleus by 1.
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The Q-value of the decay is given as
Q = Ui − Uf
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In both types of decays because of the large mass, the daughter nucleus does not share appreciable
kinetic energy. Hence the energy Q is shared by the antineutrino (or neutrino) and the beta
particle.
Depending upon the fraction taken away by the antineutrino (or neutrino), the kinetic energy of
the beta particle can be anything between zero and a maximum value Q.

Beta Ray

A stream of beta particles is called beta ray. The properties of β-rays are,

a. It is a stream of electrons (or positrons) coming from the nuclei.

b. As the rays are negatively charged (or positively charge for β+ rays), they can be deflected
by an electric as well as magnetic field.

c. Beta rays causes lesser amount of ionization in gases than alpha rays.

d. The penetrating power of the rays is greater than that of alpha rays. They can typically
travel several metres in air before the intensity drops to small values.

e. Beta particles coming from a particular decay scheme don’t have the same energy. It is
because the available energy is shared between the antineutrinos (or neutrinos) and the beta
particles. The energy of the beta particles vary from zero to a maximum.

f. Beta ray produces scintillation when it strikes fluorescent materials like barium platinocyanide
but the scintillation is weak.
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Electron Capture

In certain nuclides, the nucleus captures one of the atomic electrons (most likely from the K shell).
A proton in the nucleus combines with this electron and converts into a neutron. A neutrino is
created and emitted from the nucleus. It can be represented as,

p+ e− → n+ ν

The process and the corresponding Q value is
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The capture is followed by the emission of a X-ray owing to vacancy in the atomic shell.

Gamma Decay

The nucleons move in discrete quantum states with definite energies. In the ground state, the
nucleons occupy such quantum states which minimises the total energy of the nucleus.
When an alpha or a beta decay happens, the daughter nucleus generally is of an excited species.
Such an excited nucleus comes to ground state by emitting a photon or photons.
This electromagnetic radiation is called as gamma ray and the process is called gamma decay. In
gamma decay, the proton or neutron number does not change. Only the quantum states of the
nucleons change.

Gamma Ray

A stream of electromagnetic radiation emitted in nuclear transitions is called gamma ray. The
properties of γ-rays are,

a. The wavelength of the electromagnetic radiation is short and hence has high energy.

b. Being chargeless, the rays are not deflected by electric or magnetic field.

c. Gamma rays have the least ionizing power.

d. Gamma rays have the largest penetrating power among all nuclear radiations.

e. All the photons coming from a particular gamma decay scheme have the same energy.

f. Being an electromagnetic wave, gamma ray travels in vacuum with the velocity 3× 108 m/s.

Radioactive Series

Most of the radionuclides found in nature are members of four radioactive series, with each series
consisting of a succession of daughter products all ultimately derived from a single parent nuclide.
The series are a group of genetically related radioisotopes in which each succeeding isotope is
formed as a result of the alpha or beta decay of the preceding isotope. Each radioactive series
has a parent isotope, which is the one with the longest half-life. Radioactive series end in stable
isotopes.
The series are enumerated in table (1).
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(a) Thorium Series (b) Neptunium Series

(c) Uranium Series (d) Actinium Series

Figure 2: Radioactive Series
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Mass Numbers Series Parent
Half Life
(in years)

Stable End
Product

4n Thorium 232
90Th 1.39 ×1010 208

82Th

4n + 1 Neptunium 237
93Np 2.25 ×106 209

83Bi

4n + 2 Uranium 238
92U 4.51 ×109 206

82Pb

4n +3 Actinium 235
92U 7.07 ×108 207

82Pb

Table 1: Radioactive Series

As alpha decay decreases the mass number of a nucleus by 4, the nuclides whose mass numbers
are all given by A = 4n , where n is an integer, can decay into one another in descending order
of mass number. The other three series will have mass numbers specified by 4n+1 , 4n+2 and
4n+3 . The members of these series also decay into one another.
The Thorium, Uranium and Actinium series are found in nature while the Neptunium series has
to be produced in the laboratory as the half-life life of Neptunium is considerably less than the
age of the solar system.
Each radioactive series includes both long-lived and shortlived isotopes. If an isotope belongs to a
natural radioactive series, then it must be present in nature, even if the rate of decay of its nuclei is
great. This is related to the establishment, with time, of secular equilibrium in radioactive series.
In secular equilibrium, the rate of formation of an isotope is equal to its rate of decay. Thus, the
content of such an isotope remains virtually unchanged over centuries. Its content decreases at an
undetectably low rate only as the parent isotope of the series decays.
The establishment of secular equilibrium in natural radioactive series explains the presence in
nature of such relatively unstable radioactive chemical elements as protactinium, actinium, radium,
francium, radon, astatine and polonium.
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