LibreTextsw

17.1: Introduction and Learning Objectives

Introduction to Nuclear Physics
e This Chapter is authored and remixed by Claude Mona from San Diego Community College District

In this chapter, we delve into the fascinating and complex world of nuclear physics and its applications to chemistry, exploring
fundamental concepts that underpin much of modern science and technology. We begin with an overview of the timeline for the
development of nuclear physics and note its relatively recent discoveries. Not all aspects of nuclear physics are settled, and the
Standard Model of Physics leaves some gaps.

We then discuss some core ideas in nuclear physics and examine standard notation and units used in the discipline. This prepares us
for discussing the way the nucleus is modeled, which provides a framework for understanding subsequent topics. Atomic theory
describing the nature of atoms and their components—protons, neutrons, and electrons—has evolved significantly since its
inception. Understanding atomic structure and the forces at play within the nucleus allows us to grasp how elements are formed and
why certain isotopes are stable while others are radioactive.

Atomic decay, another central topic in nuclear physics, involves the transformation of an unstable nucleus into a more stable one
through the emission of particles or radiation. This process, which includes alpha, beta, and gamma decay, has profound
implications for both natural phenomena and technological applications. Fission, the splitting of a heavy nucleus into smaller
nuclei, and fusion, the merging of light nuclei to form a heavier nucleus, are both central to our understanding of how atomic nuclei
interact. These reactions are not only critical for the production of energy in nuclear power plants and stars but also offer insights
into the forces that hold nuclei together.

The uses of nuclear energy span a wide range of applications, from generating electricity to powering space missions and
advancing medical technology. By harnessing the energy released from nuclear reactions, humanity has developed powerful tools
for progress, albeit with significant considerations regarding safety and environmental impact. Understanding the principles behind
these applications helps us appreciate both the potential and the challenges of nuclear energy.

Finally, integrating these advanced scientific concepts into a K-12 educational environment requires creativity and thoughtful
pedagogy. Simplifying the complexities of nuclear physics and chemistry for younger students can be achieved through engaging
activities, hands-on experiments, and visual aids that illustrate abstract ideas in tangible ways. For example, demonstrating the
basics of atomic structure with models, simulating fission and fusion with safe classroom experiments, and discussing the everyday
uses of nuclear energy can make these topics accessible and fascinating. By incorporating real-world examples and interactive
learning strategies, educators can inspire a new generation to appreciate and pursue the wonders of nuclear science.

@b Learning Objectives

1. Gain understanding of the development of nuclear physics.

¢ Recent discoveries
o Indirect evidence

2. Become familiar with standard notation, nomenclature and units used in nuclear physics.

e Nucleons
e Atomic Mass Units
e Mass-Energy conversion

3. Understand the current model of the nucleus.
e Structure

o Stability

e Droplet

o Rigid Sphere

4. Examine radioactive decay.

o Statistical Basis

e Decay Types
e Activity
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5. Explore nuclear fission.

e Binding Energy
o BEN curve
e Water Drop Model

6. Understand nuclear fusion.

o BEN curve
e Nucleosynthesis
o Fusion as power supply

~

. Investigate the beneficial and harmful biological aspects to nuclear physics.
o Nuclear Medicine

Ionizing Radiation

Radiation Dose
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