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PHYSICS AND ASTRONOMY

Professor Lundblad (chair); Associate Professor Diamond-Stanic; Assistant Professors Berger, Cole, Conley, Gillis, and Payne (Earth and Climate Sciences and
Physics and Astronomy)

Physics, the study of space, time, matter, and energy, is a fundamental component of a liberal arts education. Introductory courses in physics and
astronomy are designed to give students a broad background in the fundamentals of the discipline, an introduction to the logic and philosophy of
science, and insight into the understanding and applications of contemporary physics and astrophysics. Advanced courses provide greater depth and
sophistication as the student's background in physics and mathematics develops. Laboratory investigation provides a direct understanding of the
central role that experimental research plays in the advancement of science.

More information is available on the Physics and Astronomy department website.

+ Physics Major
+ Physics Minor

Physics Courses

PHYS 106 Energy and Environment (1 Credit)

This course examines energy as a fundamental concept in physics and an essential element of human society. Basic principles of energy conservation
and transformation are developed to understand sustainable and unsustainable energy resources, and their impact on impending climate change. No
background in physics or mathematics beyond algebra is assumed.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C006, C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor. John Smedley

Instructor Permission Required: No

PHYS 107 Introductory Physics of Living Systems I/Lab (1 Credit)

An introduction to physics designed for students majoring in life sciences and/or interested in pre-health studies. Topics include geometrical optics,
Newtonian mechanics, acoustics, fluids and thermal physics. Class meetings integrate group-based laboratory investigations, simulations and
problem solving. Not open to students who have earned credit for PHYS 109.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C006, C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor. John Smedley, Hong Lin
Instructor Permission Required: No

PHYS 108 Introductory Physics of Living Systems Il/Lab (1 Credit)

A continuation of PHYS 107, designed for students majoring in life science and/or interested in pre-health studies. Topics include wave optics,
electricity and magnetism, quantum and nuclear physics. Class meetings integrate group-based laboratory investigations, simulations and problem
solving. Prerequisite(s): PHYS 107 or 109.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C006, C056
Department/Program Attribute(s): None

Class Restriction: None

Cross-listed Course(s): None

Instructor: John Smedley, Aleks Diamond-Stanic
Instructor Permission Required: No


https://www.bates.edu/physics-astronomy/
https://catalog.bates.edu/departments-programs/physics-astronomy/physics-major/
https://catalog.bates.edu/departments-programs/physics-astronomy/physics-minor/
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PHYS 109 Energy, Matter, and Motion (1 Credit)

A calculus-based introduction to physics for students interested in the physical sciences. Organized around interactions and conservation laws, the
course develops mechanics and thermodynamics with a focus on energy, linear momentum, and angular momentum. Students analyze physical
systems at both macroscopic and microscopic scales and consider the atomic nature of matter and its statistical behavior. Laboratory activities
emphasize measurement, modeling, and data analysis, as well as the connection between theoretical predictions and experimental results. Not open
to students who have earned credit for PHYS 107. Prerequisite(s): MATH 105 or 106.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor. Jeffrey Oishi

Instructor Permission Required: No

PHYS 210 Spacetime, Waves, and Photons (1 Credit)

An exploration of several core topics in modern physics: waves and optics, special relativity and spacetime, the wave and particle (photon) nature of
light, and the consequences of energy quantization as applied to atomic structure and spectra. Laboratory investigations probe related phenomena.
Additional topics may include elements of quantum mechanics and selected areas of atomic, particle, nuclear, or condensed-matter physics. Not open
to students with credit for PHYS S31. Prerequisite(s): MATH 106, which may be taken concurrently, and PHYS 107 or PHYS 109.

Modes of Inquiry: [SR]

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor Permission Required: No

PHYS 211 Newtonian Mechanics (1 Credit)
A rigorous study of Newtonian mechanics. Beginning with Newton's laws, the concepts of energy, momentum, and angular momentum are developed
and applied to gravitational, harmonic, and rigid-body motions. Prerequisite(s): MATH 106 and PHYS 107 or 109.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C006, C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor. Hong Lin

Instructor Permission Required: No

PHYS 216 Computational Physics (1 Credit)

An introduction to computational methods for simulating physical systems, this course focuses on the numerical analysis and algorithmic
implementation necessary for efficient solution of integrals, derivatives, linear systems, differential equations, and optimization. While the course
presents a rigorous introduction to the numerical analysis underlying these techniques, the emphasis remains on practical solutions to important
physical problems. Students solve problems across a wide range of applications of computational physics, including astrophysics, biological
population dynamics, gravitational wave detection, urban traffic flow, and materials science. No prior experience in programming is required, though
students without a technical computing background are encouraged to take PHYS S10 before enrolling. Prerequisite(s): MATH 205, which may be
taken concurrently, MATH 106, and PHYS 108, 210, or S31.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C006, C056, C093
Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): DCS 216

Instructor. Jeffrey Oishi

Instructor Permission Required: No



Physics and Astronomy 3

PHYS 220 Dynamical Climate/Lab (1 Credit)

An introduction to the dynamical behavior of climate on geologic and human timescales. Simple conceptual models are developed, with the goal
of understanding the role of feedback, stability, and abrupt changes. Topics include the basic physics of climate, El Nifio/La Nifia, climate models,
the greenhouse effect and global warming, and glacial cycles. Python is used as the main computational tool; no prior experience is required.
Prerequisite(s): MATH 105 or 106; and any 100-level earth and climate sciences course OR PHYS 109.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C006, C007, C056
Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): EACS 220

Instructor. Rebecca Payne

Instructor Permission Required: No

PHYS 222 Electricity and Magnetism (1 Credit)

A detailed study of the basic concepts and fundamental experiments of electromagnetism. The development proceeds historically, culminating

with Maxwell's equations. Topics include the electric and magnetic fields produced by charge and current distributions, forces and torques on such
distributions in external fields, properties of dielectrics and magnetic materials, electromagnetic induction, and electromagnetic waves. Recommended
background: MATH 206, which may be taken concurrently. Prerequisite(s): MATH 106; and PHYS 108, which may be taken concurrently, or PHYS 109.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C006, C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor. Hong Lin

Instructor Permission Required: No

PHYS 230 Electronics (1 Credit)

A laboratory-oriented study of the basic principles and characteristics of electronic components and their applications in circuits and instruments
found in a research laboratory. Both analog and digital systems are studied, as are microcontrollers and their applications. Prerequisite(s): PHYS 210,
222, 0r S31; or PHYS 108 and MATH 106.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor. Travis Gould, Nathan Lundblad
Instructor Permission Required: No

PHYS 231 Laboratory Physics/Lab (1 Credit)

Students investigate selected experiments relevant to the development of contemporary physics and the practice of experimental physics research.
They are introduced to the use of electronic instruments and computers for data acquisition and analysis, techniques of error analysis, and the
practice of speaking and writing about experimental physics. Prerequisite(s): PHYS 211, 222, 230, or s31.

Modes of Inquiry: [QF], [SR]

Writing Credit: [W2]

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor: Travis Gould, Nathan Lundblad
Instructor Permission Required: No
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PHYS 301 Mathematical Methods of Physics (1 Credit)

A study of selected mathematical techniques necessary for advanced work in physics and other sciences. The interpretation of functions as vectors
in Hilbert space provides a unifying theme for developing Fourier analysis, special functions, methods for solving ordinary and partial differential
equations, and techniques of vector calculus. These methods are applied to selected problems in acoustics, heat flow, electromagnetic fields,

and classical and quantum mechanics. Recommended background: MATH 206, which may be taken concurrently. Prerequisite(s): MATH 205 and
PHYS 211, which may be taken concurrently.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C006, C056
Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor. Hong Lin

Instructor Permission Required: No

PHYS 308 Introductory Quantum Mechanics (1 Credit)

An investigation of the basic principles of quantum mechanics in the Schrodinger representation and the application of these principles to tunneling,
the harmonic oscillator, and the hydrogen atom. Basic theoretical concepts such as Hermitian operators, Ehrenfest's theorem, commutation relations,
and uncertainty principles are developed as the course proceeds. Prerequisite(s): MATH 205, PHYS 211, and PHYS 210 or S31.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor. Jeffrey Oishi

Instructor Permission Required: No

PHYS 309 Quantum Computing (1 Credit)

In the emerging field of quantum computing, the laws of nature are used to store and process information in new ways. Leveraging the extraordinary
properties of quantum mechanics enables an exponential speed-up for certain classes of computational problems. In this course, students are
introduced to the ideas of the qubit, quantum gates, and quantum circuits; learn about experimental progress; explore quantum algorithms; and
implement their own code on quantum cloud computing resources. Prerequisite(s): PHYS 308, which may be taken concurrently, and MATH 205.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor: Nathan Lundblad

Instructor Permission Required: No

PHYS 331 Laboratory Physics/Lab (1 Credit)

Students investigate selected experiments relevant to the development of contemporary physics and the practice of experimental physics research.
They are introduced to the use of electronic instruments and computers for data acquisition and analysis, techniques of error analysis, and the
practice of speaking and writing about experimental physics. Prerequisite(s): PHYS 210, and PHYS 211 or PHYS 222.

Modes of Inquiry: [QF], [SR]

Writing Credit: [W2]

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor Permission Required: No
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PHYS 341 Physics of Materials and Devices (1 Credit)

A study of crystal structures and the electronic properties of solids, together with an investigation of some active areas of research. Topics include
crystal binding, X-ray diffraction, lattice vibrations, metals, insulators, semiconductors, electronic devices, superconductivity, and magnetism.
Recommended background: PHYS 308. Prerequisite(s): PHYS 222, and PHYS 210 or S31.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor: Nathan Lundblad

Instructor Permission Required: No

PHYS 360 Independent Study (1 Credit)

Students, in consultation with a faculty advisor, individually design and plan a course of study or research not offered in the curriculum. Course work
includes a reflective component, evaluation, and completion of an agreed-upon product. Sponsorship by a faculty member in the program/department,
a course prospectus, and permission of the chair are required. Students may register for no more than one independent study per semester.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor Permission Required: No

PHYS 361 Thermal Physics (1 Credit)
The theory of equilibrium states is developed in a general way and applied to specific thermodynamic systems. The concepts of classical and
quantum statistical mechanics are formulated. Prerequisite(s): PHYS 108, 210, or S31, and PHYS 211 or 222.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor Permission Required: No

PHYS 409 Quantum Theory (1 Credit)

A formal treatment of quantum theory using Dirac notation, including an introduction to approximation methods and their applications. The general
theory of angular momentum and time-independent perturbation theory are developed and used to derive the fine and hyperfine structures of
hydrogen. Additional topics may include quantum statistics, quantum dynamics, and time-dependent perturbation theory. Prerequisite(s): PHYS 308.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor: Jeffrey Oishi

Instructor Permission Required: No
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PHYS 412 Advanced Classical Mechanics (1 Credit)

A development of the Lagrangian and Hamiltonian formulations of classical mechanics, together with the ideas of symmetry and invariance and their
relation to fundamental conservation laws. Additional topics include kinematics and dynamics in noninertial reference frames, a detailed analysis of
rigid-body motion, and the theory of small oscillations and normal modes. Prerequisite(s): PHYS 211 and 301.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): None
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor: Jeffrey Oishi

Instructor Permission Required: No

PHYS 422 Electromagnetic Theory (1 Credit)

Starting from Maxwell's equations, this course develops electrostatics from solutions to Poisson's equation, magnetostatics using the vector
potential, electrodynamics with scalar and vector potentials, and properties of electromagnetic waves. Simple radiation problems are discussed as
well as the relativistic formulation of electrodynamics. Prerequisite(s): PHYS 222 and 301.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor. Hong Lin

Instructor Permission Required: No

PHYS 457 Senior Thesis (1 Credit)
An independent study program for students working on a research problem in a field of interest, culminating in the writing of a senior thesis. Students
register for PHYS 457 in the fall semester. Majors writing an honors thesis register for both PHYS 457 and 458.

Modes of Inquiry: None

Writing Credit: [W3]

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year, Sophomore, or Junior students
Cross-listed Course(s): None

Instructor Permission Required: Yes

PHYS 458 Senior Thesis (1 Credit)
An independent study program for students working on a research problem in a field of interest, culminating in the writing of a senior thesis. Students
register for PHYS 458 in the winter semester. Majors writing an honors thesis register for both PHYS 457 and 458.

Modes of Inquiry: None

Writing Credit: [W3]

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year, Sophomore, or Junior students
Cross-listed Course(s): None

Instructor Permission Required: Yes
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PHYS S11 Modeling & Data Analysis in the Physical Sciences (0.5 Credits)

How are models used in the physical sciences? How are models informed by data in different disciplines, and how do we analyze it? This course will
provide students with an opportunity to explore the many ways that models are used to conduct scientific research, and gain insights into how models
can support their academic and career goals. We will discuss a variety of models, techniques, and tools used throughout the physical sciences, and
guide students to use them for their own research project. Students will learn data fundamentals as well as specific applications of these data-driven
techniques to fields within the physical sciences. Lessons will be taught through a lecture and lab component, going over the concepts before letting
students work through coding projects, enabling them to create and conduct their own data-driven research. This course has no prerequisites, and
aims to bring together students from a wide variety of academic disciplines and any level of coding experience.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056, C093

Department/Program Attribute(s): None

Class Restriction: None

Cross-listed Course(s): ASTR S11,DCS S17, EACS S11
Instructor. Rebecca Payne

Instructor Permission Required: No

PHYS S34 Elementary Particle Physics (0.5 Credits)

At subatomic scales, all known physics is described in terms of a small number of types of particles, classified as leptons (and antileptons), quarks
(and antiquarks), gauge bosons, and the Higgs boson. This course explores the properties and interactions of these elementary particles. Topics
include the historical development of relativistic quantum mechanics and quantum field theory; the modern theories of the strong, weak, and
electromagnetic interactions; electroweak symmetry breaking; experimental methods of particle physics; and the ongoing quest to discover and
understand physics beyond the Standard Model. Prerequisite(s): PHYS 308

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor Permission Required: No

PHYS S50 Independent Study (0.5 Credits)

Students, in consultation with a faculty advisor, individually design and plan a course of study or research not offered in the curriculum. Course work
includes a reflective component, evaluation, and completion of an agreed-upon product. Sponsorship by a faculty member in the program/department,
a course prospectus, and permission of the chair are required. Students may register for no more than one independent study during a Short Term.

Modes of Inquiry: None

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor Permission Required: No

Astronomy Courses

ASTR 106 Introduction to Astronomy/Lab (1 Credit)
How can we use light to learn about the universe? How can we measure the properties of planets, stars, and galaxies? How can we explore our cosmic
origins and the history of the universe? This course provides an introduction to modern astronomy with an emphasis on how we know what we know.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056, C091
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor: Aleks Diamond-Stanic
Instructor Permission Required: No
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ASTR 116 The Sun and Space Weather (1 Credit)

An introduction to the Sun and the phenomena known as space weather. In this course, we will explore the basic properties of the Sun (such as its
structure and fuel source) and features of solar activity (such as sunspots and solar flares). We will learn how events produced by the active Sun travel
through the solar system and interact with Earth to create powerful geomagnetic storms. These space weather events can produce amazing displays
of northern lights, but can also have negative impacts on life and infrastructure on and above our planet.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056
Department/Program Attribute(s): None
Class Restriction: None

Cross-listed Course(s): None

Instructor. Sarah Conley

Instructor Permission Required: No

ASTR 202 Galaxies and Cosmology (1 Credit)

An introduction to the astrophysics of galaxies and cosmology with an emphasis on the physical principles required to understand and interpret
astronomical observations. Building on a foundation of the introductory physics sequence, this course explores properties of the Milky Way Galaxy,
galaxy formation and evolution, the interstellar and intergalactic medium, dark matter and dark energy, the expansion history of the universe, and
modern cosmology. Prerequisite(s): PHYS 107 or 109, and PHYS 108, 210, or s31.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor: Aleks Diamond-Stanic

Instructor Permission Required: No

ASTR 217 Planetary Atmospheres (1 Credit)

What do we know about the history of the Earth’'s atmosphere? How different is Earth’s atmosphere from the atmospheres of other planets? And how
can we study the alien atmospheres of faraway exoplanets? This course explores the atmospheres of planets within our Solar System—from Earth to
Venus and Mars, to more distant planets and moons such as Saturn’s moon Titan—and beyond, with an emphasis on the feedbacks and physics that
have most influenced atmospheric formation and evolution. Topics include the history of the atmospheres of Earth and other planets; atmosphere
stability; key concepts within atmospheric composition, feedbacks, and thermodynamics; the relationship between stars and the atmospheres of
planets orbiting them; and methods used to detect and analyze exoplanet atmospheres. Recommended background: PHYS 210 or S31. Prerequisite(s):
PHYS 109 or EACS 109.

Modes of Inquiry: [SR]

Writing Credit: None

Concentration(s): C056

Department/Program Attribute(s): None

Class Restriction: Not open to: First Year students
Cross-listed Course(s): None

Instructor. Rebecca Payne

Instructor Permission Required: No
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ASTR S11 Modeling & Data Analysis in the Physical Sciences (0.5 Credits)

How are models used in the physical sciences? How are models informed by data in different disciplines, and how do we analyze it? This course will
provide students with an opportunity to explore the many ways that models are used to conduct scientific research, and gain insights into how models
can support their academic and career goals. We will discuss a variety of models, techniques, and tools used throughout the physical sciences, and
guide students to use them for their own research project. Students will learn data fundamentals as well as specific applications of these data-driven
techniques to fields within the physical sciences. Lessons will be taught through a lecture and lab component, going over the concepts before letting
students work through coding projects, enabling them to create and conduct their own data-driven research. This course has no prerequisites, and
aims to bring together students from a wide variety of academic disciplines and any level of coding experience.

Modes of Inquiry: [QF], [SR]

Writing Credit: None

Concentration(s): C056, C093

Department/Program Attribute(s): None

Class Restriction: None

Cross-listed Course(s): DCS S17, EACS S11, PHYS S11
Instructor. Rebecca Payne

Instructor Permission Required: No



