
Massachusetts Institute of Technology MITES 2017 — Physics III

Physics III: Introduction to Oscillations and Waves

Course syllabus

Instructor: Mobolaji Williams, mobolajiwilliams@g.harvard.edu
Teaching Fellow: Rene Garcı́a, rgarc@mit.com

Schedule:

– Lectures: Monday, Wednesday, and Friday from 1:15PM – 2:45 PM in RM. 5-233.
Attending lectures is mandatory.

– Recitations: Thursdays from 2:30PM – 3:30PM in RM. 5-233. Attending recitation is mandatory
– Office Hours (Tentative): Mobolaji: MWF 12:15PM -1:15 PM in RM. 5-233; SUN in Simmons 1-3PM;

Rene: TTh 7-9PM in Simmons.

Course Description
This course will cover the basic mathematics and physics of oscillatory and wave phenomena. Content-wise,
by the end of the course, students should be able to explain why oscillations appear in many near equilibrium
systems, the various mathematical properties of those oscillations in various contexts, how oscillations and
waves are related, and the basic mathematical description and properties of a wave. Skill-wise, students
should become adept at translating conceptual understanding into mathematical explanations, writing short
programs to solve analytical systems, and developing clear questions about physical systems.

Prerequisites: With regard to mathematics, students should be proficient in algebra, matrix
addition/multiplication, trigonometry, analytic geometry, and basic differentiation/integration.
With regard to physics, students should have had prior exposure to and practice with Newton’s
laws of motion, 1D kinematics, 2D projectile motion, and conservation of energy/momentum.

Online Resources
The course will not have a formal textbook. However, many useful references can be found online.

– The Physics of Vibrations and Waves by Pain: Comprehensive overview of oscillatory and wave phenom-
ena. This course overlaps with chapters 1-6.

– The Physics of Waves by Georgi: Similar to Pain in its scope and mathematical level. This course overlaps
with the chapters 1–3 and 5–6.

– Oscillations and Waves notes by Morin: Chapters of a book in progress from David Morin. Contains
many examples of concepts and very solid explanations. This course overlaps with chapters 1-5 and
chapter 8.

– MIT 8.03 Video Lectures by Lewin: ∼ 1 1
2 hr lectures from the MIT course on which this course is

based.

Assignments:
Most of the knowledge and skills you gain from this course will come from the problems you solve in as-
signments. Consequently, how much you learn will grow in direct proportion to how much effort you put
into these assignments.

But you should see these well-defined problems of the assignments as bare-minimum requirements for
your learning; If you want to obtain any actionable familiarity with the material, you will certainly have
to work through these problems (or others like them), but in order to develop a deeper proficiency you
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will have to look beyond the assigned work and develop your own ways to interpret the world through the
material you’re learning. To this end, the assignments will include opportunities for you to ask and answer
your own questions about physical systems.

In completing these assignments, you can use online resources and your peers for help, but plagiarism
(passing off someone else’s work or explanation as your own) is not acceptable and will result in a zero for
the assignment.

Noting Collaboration: To prevent any mistakes in this direction, at the end of your assignment,
list the people you collaborated with and the online resources you referenced. This list does not
mean you can copy derivations from your friends as long as you cite them. Any work you submit
must follow from your own reasoning.

Finally, in writing up your work, it is important to not only write out derivations but to include an expla-
nation of your mathematical derivations. In short, you need both words and equations in your solution.
The lecture supplement (”Sup 01” on the course website) will review the proper format for writing up your
solutions.

Due Dates: Except for the last assignment, problem sets will be due on Wednesday the morning
before the start of class (under Rene’s door). The last assignment will be due on the Monday
(July 17th) the day before the final exam..

Exams:
There will be a midterm on Friday June 30th and a final exam on Tuesday July 18th.

Evaluation:
There are no formal grades in MITES, but you will receive numerical grades on your assignments and ex-
ams so that you (and I) can track your progress. Overall don’t stress too much about the absolute value of
these grades over the course of the program. What is more important is consistently showing up in class,
recitation, and office hours, and working to complete all assignments.

Topic Outline:

◦ Simple Harmonic Oscillator: equation of motion, solutions to equation of motion, classical pendulum
◦ Damped Oscillator: underdamped, overdamped, and critically damped oscillator
◦ Forced Oscillator and Resonance: pushing friend on a swing, resonance, beating, amplitude and

phase
◦ Coupled Oscillations and Normal Modes: two masses connected by springs, eigenvalues and eigen-

vectors, three masses connected by springs, N masses connected by springs
◦ Wave Equation and Standing Waves: N →∞ limit of coupled oscillators, transverse and longitudinal

waves, boundary conditions, Fourier series
◦ Traveling Waves: traveling wave solutions, relationship between traveling wave and standing waves,

reflection and transmission of a wave, wave through a medium
◦ Electromagnetic Waves: electromagnetic phenomena, Maxwell’s equations, wave equation, speed of

light, properties of electromagnetic waves
◦ Linear Systems: one-dimensional linear systems, fixed points, stability, bifurcations
◦ Phase Space: two-dimensional linear systems, stability, graphical characterization of two-dimensional

linear systems
◦ Limit Cycles: self-oscillations, alone on a swing
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