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An atom is composed of a nucleus and electrons that go around the former. The nucleus is 

composed of protons with a positive charge and neutrons without charge, and the number 

of protons (atomic number) determines the chemical properties of the atom (element type).

seven or eight neutrons. All of them have the same chemical properties.

When calling them distinctively, they are called Carbon 11, Carbon 12, Carbon 13 and 

Carbon 14, adding the nuclear number (total of protons and neutrons) after the element 

name, which is a nominal designation that covers the same types of atoms. Carbon 12 is 

the one that most commonly exists in nature.

Carbon 14 is a radionuclide which exists in nature and is made through a process where 

a proton of Nitrogen 14 is hit and removed by a neutron created as a result of collisions of 

cosmic rays and the atmosphere. Carbon 14 has six protons and eight neutrons, and the 

state is energetically unstable because of the unbalance of both numbers.

If one neutron of Carbon 14 changes to a proton, the element becomes stable because 

the numbers of protons and neutrons are both seven. At this time, an electron is emitted as 
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Nuclei having the same atomic number (the number of protons) but differing in the number 

of neutrons are called “isotopes” to each other. There are “radioisotopes” that emit radiation 

upon radioactive disintegration and “stable isotopes” that do not emit radiation and so do not 

change in atomic weight.

from?”).

(Related to p.30 of Vol. 1, “Products in Nuclear Reactors”)
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Like hydrogen, there are elements (collectively referring to the same type of atoms) 

having only one type of radioactive nucleus, but there are also many elements having 

multiple types of radioactive nuclei. Some elements with a large atomic number such as 

uranium and plutonium do not have stable nuclei that do not emit radiation.

While most naturally occurring radionuclides have existed since the birth of the earth, 

there are some that are still being created by the interaction between cosmic rays and the 

Included in this reference material on March 31, 2013
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and taken into the earth when the earth was born.
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A nucleus of a radionuclide is energetically unstable. In order to become stable, it releases 

extra energy in the form of radiation.

amount that “one nucleus changes (disintegrates) per second.” Since nuclei often emit 

radiation during disintegration, the becquerel is used as a unit to express the ability to emit 

radiation. In a rock with 1 Bq of radioactivity, for example, each nucleus of the radionuclide 

contained in the rock will disintegrate per second. 10 Bq means that 10 nuclei will 

disintegrate per second.

Once nuclei of a radionuclide disintegrate and the radionuclide becomes stable by 

emitting radiation, it will no longer emit radiation. Some types of radionuclides repeat 

disintegration multiple times until becoming stable.

(Related to p.10 of Vol. 1, “Parent and Daughter Nuclides”)
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The phenomenon wherein a radionuclide emits radiation and transforms into a different 

nuclide is called disintegration. A nuclide before disintegration is called a parent nuclide and 

that after disintegration is called a daughter nuclide.

Some radionuclides remain energetically unstable even after disintegration, which 

means that the original radionuclides have transformed into other types of radionuclides. 

These types of radionuclides repeat disintegration until becoming energetically stable. A 

nuclide resulting from the disintegration of a daughter nuclide (seen from a parent nuclide) is 

sometimes called a granddaughter nuclide, and such daughter nuclide and granddaughter 

nuclide are collectively called progeny nuclides.

Included in this reference material on February 28, 2018
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An atom that has become stable in terms of energy by emitting radiation will no longer emit 

radiation. The amount of a radionuclide decreases over time and radioactivity weakens. The 

a quarter of the original state. A graph with the horizontal axis representing the elapsed 

time and the vertical axis representing the radiation intensity demonstrates exponential 

radioactivity decreases in a curve as shown in the slide.

Radioactive materials taken into the body will be excreted after being taken into various 

organs and tissues. The time required for the amount of radioactive materials in the body to 

Materials”).
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Some radionuclides become stable after a single emission of radiation, while some 

transform into various radionuclides as they disintegrate many times, until becoming stable.

original element transforms into different atoms more than 10 times before becoming stable 

series.

and Radioactive Decay”)
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