Radioactivity 1

An atom is composed of a positively charged nucleus, which consists of protons and neutrons, and is surrounded by
negatively charged electrons. The nucleus has a much smaller radius compared to the atom and contains almost all
of its mass. Atoms have a typical size (order of magnitude) ranging from 0.1 to 0.5 nanometers, while small
molecules have a similar scale, usually measuring just a few nanometers in size.

The structure of nuclei in isotopes can be described using atomic (proton) number and mass (nucleon) number, with
symbols such as 13C denoting an isotope of carbon with 13 nucleons. The nucleus of each element possesses a
unique positive charge, while isotopes of the same element have different masses due to varying numbers of
neutrons.

Relative masses and electric charges of subatomic particles are as follows: protons and neutrons have approximately
the same mass, while electrons and positrons are significantly lighter. Protons and positrons possess positive
charges, whereas electrons and neutrons carry negative and neutral charges, respectively. In a neutral atom, the
number of protons equals the number of electrons.

Electrons orbit the nucleus at specific distances, and they can change orbits when absorbing or emitting
electromagnetic radiation. This process, known as electron transition, occurs when an electron moves from one
energy level to another, either closer or farther away from the nucleus, as it gains or loses energy in the form of
electromagnetic radiation.

Glossary:
e Isotope: A variant of an element with the same number of protons but a different number of neutrons
e Nucleon: A collective term for protons and neutrons in the nucleus of an atom
e Electron transition: The process of an electron moving between energy levels in an atom

Questions:

1. What is an atom composed of?

2. What are the relative charges of protons, neutrons, and electrons?

3. What is the typical size of atoms and small molecules?

4. How do isotopes differ from each other?

5. What is the format for representing isotopes?

6. What is the mass of protons compared to neutrons and electrons?

7. How can you determine if an atom is neutral?

8. At what distances do electrons orbit the nucleus?

9. What happens during an electron transition?

10. What is the relationship between electron transitions and electromagnetic radiation?
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Atoms can form positive ions, also known as cations, by losing one or more outer electrons. This process is called
ionization and results in the atom having more protons than electrons, leading to a net positive charge. lonization
can occur through various mechanisms, such as chemical reactions, exposure to high-energy radiation, or collisions
with other particles.

Unstable atomic nuclei emit alpha, B- (beta minus), B+ (positron), gamma rays, and neutron radiation as part of a
random process to achieve stability. Alpha, B- (beta minus), B+ (positron), and gamma rays are classified as ionizing
radiation, meaning they possess enough energy to remove electrons from atoms or molecules and create charged
particles, or ions. Background radiation refers to the constant, low-level ionizing radiation present in our
environment, originating from both natural and artificial sources.

The origins of background radiation can be traced to terrestrial sources, such as radioactive elements in rocks and
soil, as well as cosmic sources, like radiation from the sun and other celestial bodies. Cosmic rays, primarily
composed of high-energy protons and atomic nuclei, continuously bombard Earth from outer space, contributing to
the background radiation levels.

To measure and detect radioactivity, devices such as photographic film and Geiger-Miiller tubes are used.
Photographic film darkens when exposed to ionizing radiation, providing a qualitative measure of radiation
exposure. Geiger-Miiller tubes, on the other hand, detect ionizing radiation by producing electrical pulses when
radiation interacts with the gas inside the tube. Alpha particles are equivalent to helium nuclei, beta particles are
electrons emitted from the nucleus, and gamma rays are a form of electromagnetic radiation. Comparing alpha,
beta, and gamma radiations, alpha particles have the least penetrating power but are the most ionizing, beta
particles have moderate penetrating power and ionizing ability, while gamma rays are the most penetrating but least
ionizing.
Glossary:

e Cation: A positively charged ion formed by the loss of one or more outer electrons from an atom

e lonization: The process of removing electrons from atoms or molecules, creating charged particles or ions

¢ lonizing radiation: Radiation with enough energy to remove electrons from atoms or molecules

e Background radiation: Constant, low-level ionizing radiation present in the environment from natural and
artificial sources

e Cosmic rays: High-energy particles, primarily protons and atomic nuclei, that originate from outer space and
constantly bombard Earth

e Geiger-Miiller tube: A device used to detect ionizing radiation by producing electrical pulses when radiation
interacts with the gas inside the tube

Questions:
1. How do atoms form positive ions?
What is ionization?
What are the types of ionizing radiation emitted from unstable nuclei?
What is background radiation?

What are the sources of background radiation?
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6. What are cosmic rays and their role in background radiation?

7. What are the two methods for measuring and detecting radioactivity?

8. What are the differences between alpha, beta, and gamma radiation in terms of particles emitted?
9. How do alpha, beta, and gamma radiation compare in terms of penetration and ionizing abilities?

10. What is a Geiger-Miiller tube and how does it work?
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The atomic model has undergone significant changes over time due to advancements in technology and new
experimental evidence. One of the earliest atomic models was the plum pudding model proposed by J.J. Thomson in
1897. This model suggested that atoms were made up of a positively charged matrix with negatively charged
electrons scattered throughout. However, the model was eventually disproven by the results of the Rutherford alpha
particle scattering experiment.

The Rutherford alpha particle scattering experiment, conducted in 1911, involved firing alpha particles at a thin
sheet of gold foil. Rutherford expected the particles to pass straight through the foil or be slightly deflected, as
predicted by the plum pudding model. However, the actual results showed that some of the alpha particles were
deflected at large angles, suggesting that the atoms contained a small, dense, positively charged nucleus. This
discovery led to the development of the nuclear model of the atom, which was refined by Niels Bohr in 1913.

The Bohr model of the atom incorporated Rutherford's discovery of the nucleus and introduced the idea of electron
energy levels. Bohr proposed that electrons orbit the nucleus at specific distances, corresponding to specific energy
levels. This model helped to explain the spectral lines observed in the emission and absorption spectra of atoms.
However, the model was later modified by quantum mechanics to better account for the behavior of electrons and
their wave-like properties.

Glossary:

e Advancements: Progress or improvement in a particular field, often through the introduction of new
technology or ideas.

e Experimental: Involving or based on controlled testing and observation, often to gather data and draw
conclusions.

e Evidence: Information or data that supports a claim, hypothesis, or theory.

e Disproven: Shown to be false or incorrect through evidence or experimentation.

e Deflected: Changed direction or course due to encountering an obstacle or force.

e Nucleus: The central and typically densest part of an atom, containing protons and neutrons.

e Emission: The release of energy or particles, often in the form of light or radiation, from a source.

e Absorption: The process of taking in or soaking up a substance, often with the purpose of retaining or
utilizing it.

e Properties: Characteristics or qualities of a substance or object, such as size, shape, color, texture, or
behavior.

e Behavior: The way in which an organism or system acts or reacts in response to stimuli or internal processes.

e Energy levels: Distinct levels of energy that an electron can occupy within an atom, based on the Bohr model
and quantum mechanics.

e Spectral lines: Narrow bands of light or radiation produced by an atom as it transitions from a higher energy
state to a lower one, often used to identify the presence of specific elements or compounds.

e Energy levels: Distinct levels of energy that an electron can occupy within an atom, based on the Bohr model
and quantum mechanics.

e Spectral lines: Narrow bands of light or radiation produced by an atom as it transitions from a higher energy
state to a lower one, often used to identify the presence of specific elements or compounds.

Questions:

What caused the significant changes in the atomic model over time?

Who proposed the plum pudding model and what did it suggest about atoms?
What led to the eventual disproving of the plum pudding model?

What was the Rutherford alpha particle scattering experiment?

What did Rutherford expect to happen during the experiment?

What did the actual results of the Rutherford experiment show?

What did Rutherford's discovery of the nucleus lead to?

Who refined the nuclear model of the atom?

What is the Bohr model of the atom and how does it explain spectral lines?
10. How was the Bohr model modified later on?
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Radioactive decay is a fundamental process that occurs in many nuclei, including those of naturally occurring
elements and those produced artificially in nuclear reactions. One type of decay is f— decay, which involves a
neutron within the nucleus being converted into a proton and emitting an electron (known as a — particle) in the
process. This decay occurs when the number of neutrons in a nucleus is greater than the number of protons,
resulting in an unstable state.

Another type of decay is B+ decay, which involves a proton within the nucleus being converted into a neutron and
emitting a positron (known as a B+ particle) in the process. This decay occurs when the number of protons in a
nucleus is greater than the number of neutrons, again resulting in an unstable state. In both types of decay, the mass
number of the nucleus remains the same, but the atomic number changes by one.

When a nucleus undergoes radioactive decay, it may also undergo nuclear rearrangement, resulting in the emission
of gamma radiation. This radiation is a high-energy form of electromagnetic radiation that is emitted when a nucleus
transitions from an excited state to a lower-energy state. Gamma radiation has no mass or charge, but it can cause
ionization of atoms and molecules in its path, leading to potential biological and environmental hazards.
Understanding these different types of decay and their effects on nuclei is crucial in many areas of physics, including
nuclear energy and medicine.

Glossary:

e Fundamental: Basic or essential, forming the foundation or core of something.

e Proton: A subatomic particle with a positive charge found in the nucleus of an atom.

e Electron: A subatomic particle with a negative charge found outside the nucleus of an atom.

¢ Neutron: A subatomic particle with no charge found in the nucleus of an atom.

e Unstable: Not able to remain in a fixed or constant state, often due to a lack of balance or equilibrium.

e Nucleus: The central and typically densest part of an atom, containing protons and neutrons.

e High-energy: Referring to particles or radiation with high levels of energy or momentum.Radioactive decay:
The process by which the nucleus of an atom emits particles or radiation in order to become more stable.

e Beta (B) decay: A type of radioactive decay in which a nucleus emits a beta particle (either an electron or
positron).

e Mass number: The total number of protons and neutrons in the nucleus of an atom.

e Atomic number: The number of protons in the nucleus of an atom, determining the chemical properties of
the element.

e Nuclear rearrangement: The process by which the nucleus of an atom undergoes a change in its internal
structure or composition.

e Gamma radiation: High-energy electromagnetic radiation emitted by the nucleus of an atom during nuclear
decay.

e lonization: The process of adding or removing electrons from an atom or molecule, resulting in the creation
of ions with a net positive or negative charge.

e Nuclear energy: Energy released from the nucleus of an atom through processes such as fission or fusion.

e Medicine: The science and practice of diagnosing, treating, and preventing disease and injury.

Questions:

=

What is radioactive decay?

What is B— decay and what is involved in the process?
Why does B— decay occur?

What is B+ decay and what is involved in the process?
Why does 3+ decay occur?

What remains the same in both types of decay?
What changes in both types of decay?

What is nuclear rearrangement?

What is gamma radiation and how is it emitted?

10. What are the potential hazards of gamma radiation?
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Radioactive decay is a process by which the nucleus of an atom undergoes a change in its internal structure, resulting in the
emission of particles or radiation in order to become more stable. The half-life of a radioactive isotope is the time taken for half
the undecayed nuclei to decay, or the activity of a source to decay by half. This means that after one half-life, half of the original
number of undecayed nuclei or activity will remain, after two half-lives, only one quarter of the original will remain, and so on.

It cannot be predicted when a particular nucleus will decay, but the concept of half-life enables the activity of a very large
number of nuclei to be predicted during the decay process. For example, if we know the half-life of a radioactive isotope and the
initial activity of a sample, we can calculate the activity after a certain amount of time has passed. This is important in many
areas of physics, including nuclear energy, medicine, and environmental monitoring.

The dangers of ionizing radiation are well-known, and they include tissue damage and possible mutations. When high-energy
particles or radiation interact with biological tissue, they can cause ionization and disrupt the normal functioning of cells. This
can lead to tissue damage, radiation sickness, and an increased risk of cancer. As a result, it is important to take precautions
when working with radioactive materials, including wearing protective gear, minimizing exposure time, and ensuring proper
containment and disposal of radioactive waste.

In conclusion, understanding the concept of half-life is crucial in many areas of physics, including the study of radioactive decay
and the prediction of the activity of a radioactive source over time. It is also important to understand the dangers of ionizing
radiation and to take appropriate precautions to minimize the risk of exposure and harm. By following proper safety protocols
and monitoring radiation levels, we can safely work with radioactive materials and use them for the benefit of society.

Glossary:

e Half-life: The time taken for half of the undecayed nuclei to decay or the activity of a source to decay by half.

e [sotope: A variant of an element with the same number of protons but a different number of neutrons in the nucleus.
e Nucleus: The central and typically densest part of an atom, containing protons and neutrons.

e Decay: The process by which the nucleus of an atom emits particles or radiation in order to become more stable.

e  Predict: To estimate or forecast a future event or situation based on current knowledge or evidence.

e Radiation: Energy transmitted in the form of waves or particles, often used to refer to ionizing radiation such as alpha,
beta, or gamma radiation.

e  Precautions: Actions taken to prevent harm or injury. Undecayed nuclei: Nuclei that have not yet undergone radioactive
decay.

e  Activity: The rate at which a radioactive source emits particles or radiation.

e lonization: The process of adding or removing electrons from an atom or molecule, resulting in the creation of ions with a
net positive or negative charge.

e  Environmental monitoring: The process of measuring and analyzing the levels of pollutants or other harmful substances in
the environment.

e Radiation sickness: A set of symptoms that can occur after exposure to high levels of ionizing radiation, including nausea,
vomiting, fatigue, and a weakened immune system.

e Containment: The act of preventing the spread of harmful substances or organisms by confining them to a specific area or
container.

e Disposal: The act of getting rid of waste or unwanted materials in a safe and environmentally responsible way.
Questions:
1. What is radioactive decay?
What is the half-life of a radioactive isotope?
What happens to the undecayed nuclei or activity after one half-life?
How can we predict the activity of a very large number of nuclei during the decay process?
What areas of physics is the concept of half-life important for?
What are the dangers of ionizing radiation?
What happens when high-energy particles or radiation interact with biological tissue?

What can exposure to ionizing radiation lead to?
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What precautions should be taken when working with radioactive materials?

10. How can we safely use radioactive materials for the benefit of society?



