
 

Ocean 285/286: Physics across Oceanography: Fluid Mechanics and Waves 
Syllabus Fall 2017 

 
Lecture (Ocean 285)   M-Tu-Th  1:30-2:20 OSB 425 
Lab (Ocean 286)    Wed   1:30-3:20 OTB 206/306 or OTB 051 (Ocean Tech Center) 
Tutorial (Ocean 286)   Fri   1:30-2:20 OTB 051 (Ocean Tech Center) 
 
Midterm Exam:  Thurs Nov 2, 1:30-2:20 
Final Exam:  As determined by UW schedule 
 
Course Website: see Canvas 
 
 
Instructors: 

Susan Hautala      
Associate Professor      
Office: OSB 315      
Email: hautala@uw.edu     
   
Jacob Steinberg      
Graduate Teaching Assistant      
Email: jms000@uw.edu    
 
Miguel Jimenes-Urias      
Graduate Teaching Assistant      
Email: jimenezm@uw.edu  

 
 
Prerequisites:  PHYS 121 or 114 (required), MATH 125 or QSCI 292 (concurrent enrollment acceptable). 
Transfer students (or students switching majors) that have completed full year sequences in calculus (equivalent 
of MATH 126) and physics (equivalent of PHYS 123) may request to take just the 3-credit lecture-only section 
(contact Michelle Townsend, mtown@ocean.washington.edu) 
 
 
Class Goals and Structure: 
 
Ocean 285 covers a selection of topics from fluid mechanics and waves, prioritized by relevance to the marine 
sciences.  These topics are studied in the direct context of their applications. Included are traditional ‘physical 
oceanography’ concepts (e.g., buoyancy, geostrophic flow, ocean surface gravity waves) as well as concepts 
from other subdisciplines of oceanography (e.g., instrumentation, chemical dispersion, marine geophysics, 
physical controls on biological productivity including the upper ocean light field, and many others).    

Lectures build on assigned pre-class readings and videos, incorporate active learning components, and each 
lecture is accompanied by a short online quiz (no more than 3 to 4 questions) to help reinforce key 
concepts.  Labs provide a deeper opportunity to connect concepts introduced in lecture to applications, and 
observations, learn about oceanographic measurements, and get hands-on experience with the complexity of real 
fluids. Tutorial sessions consist of problem solving in small groups, dealing with aspects of the physics that are 
particularly interesting or subtle, and extending the concepts that are introduced in lecture. 
  
  



Learning Objectives: 
 
Students that will finish the course will: 
 

(1) Understand the basic principles of fluid mechanics and waves (including optics and acoustics), in the 
immediate context of their applications within oceanography and other marine sciences. 

(2) Understand vector fields and their mathematical representation, how these concepts appear in 
oceanography (fluid mechanics, heat transfer, etc), and how this mathematical representation is the 
foundation of our ability to predict and calculate in ocean science. 

(3) Have an ability to make quantitative calculations using differential mathematical equations that 
represent basic physical laws in laboratory and real-world oceanographic settings.  

(4) Understand relevant units and dimensions, along with how to use these aspects to assess the importance 
of various physical phenomena, and whether calculations make sense. 

 
 
Readings and Other Material: 
   
Readings are designed to efficiently introduce the lecture material for each day.  Please complete these before 
class.  Preliminary lecture slides will be available on the Canvas website 24 hours before class if you would like 
to print them out and take notes directly on those pages.  Within 24 hours after class final lecture slides will be 
posted.  There may be differences between the final and preliminary slides. 
 
A course pack (available at the UW bookstore) containing tutorials, tutorial homework and other selected 
readings is required.  Required class readings not in the course pack will be available on the Canvas website.  
While there is no additional required textbook for the class, we will be referring students to sections of online 
open source textbooks.  We also strongly recommend that each student have access to a good calculus-based 
physics textbook, such as Physics for Scientists and Engineers by Paul Tipler that may be familiar from PHYS 
121. 
 
Students will also be referred to a variety of web course materials in video, graphic and animated formats 
including, PhET (University of Colorado), Dan Russell’s Wave and Acoustics animations (Penn State), Kahn 
Academy Physics, and MIT Open Courseware in Physics. 
 
 
Assignments: 
 
Weekly problem sets are distributed on Tuesday, and are due in class the following Tuesday. We encourage you 
to work in groups and help each other understand the course content and problem sets. However, each student is 
responsible for writing up, and understanding, their own answers to problem sets.  Answers that are identical are 
potential flags for academic misconduct. Grades for homework will be based on numerical percentages of the 
problem set scores.  
 
Brief online quizzes are associated with each lecture.  The set of quizzes for each week are all due by Sunday 
night. These quizzes are designed to help you review and synthesize key aspects of the lecture material.  It is 
expected that students will spend 6 hours per week outside the classroom reviewing lecture material, reading the 
material assigned each week or viewing recommended videos and other animations, taking online quizzes and 
completing homework assignments. 
 
Tutorials (Ocean 286 only) occur weekly on Fridays. These sessions are designed to pull apart key concepts 
from lecture in order to help you more fully understand these ideas. Selected materials from tutorials will 
assigned as separate tutorial homework, due one week after the tutorial at the beginning of class.  Grades for 
tutorials will be based on participation in each session (50%), and scientific reasoning and thoughtfulness of 
tutorial homework (50%).  Collaboration in the tutorial is encouraged, but each of you should complete your 
own tutorial homework.  It is expected that completing the tutorial homework will take one hour per week 
outside of class. 
 



 

Labs (Ocean 286 only) apply the lecture concepts to real world (often fluid based) manifestations.  Lab report 
templates are filled out in class and turned in at the beginning of the following week’s lab. Each question will be 
graded for scores based on percentage correct in factual content / numerical calculations and on thoughtfulness 
and scientific reasoning for more open-ended questions.  Collaboration in the lab during data collection and 
related calculations is encouraged, but you should expect to spend up to two hours outside the classroom 
completing the lab report. Labs cannot be made up, and a lab report will not be accepted unless you also 
attended the lab (with the exception of the first week).  For extenuating circumstances, contact Susan Hautala, 
in advance if possible. 
 
 
Late Policy:   
 
Most of the time, late homework will be accepted at a deduction of 10% per day from the total points.  The 
penalty may be waived for illness or other emergency circumstances (contact Susan Hautala).   
 
If you are carrying a full load of credits (12 hours or more) and another professional activity – i.e., ROTC, a job, 
conference, or athletics (not included in the credits above) – requires more than 25 hours of your time in any 
week, you may contact me by email to request a waiver of late penalties.  All late work must be turned in within 
1 week of its due date. Please provide official documentation, or at least a copy of your schedule, or orders, or 
conference abstract. Communication with me needs to happen with every assignment for which you are 
requesting a waiver. Please use this privilege only when you need it – if many students were to request waivers it 
would impact our ability to grade and return assignments in a timely manner. 
 
There are two Ocean 285 problem set assignments (the one due right before the midterm, and the last 
assignment) that cannot be late under any circumstance because I will discuss these in class and post slides with 
answers.  
 
There are no alternative exam times. Make-ups for exams will be available only for emergency situations that 
can be verified. If you miss an exam due to illness or other emergency, make sure that you or a friend contacts 
the instructor by email at hautala@uw.edu within 24 hours of the exam. Documentation of illness will be 
required for any missed exam. To preserve the academic integrity of the course, the instructor may alter the 
content of the original test in creating a make-up exam.  

 
Grading: 
 
Ocean 285 (3 credits) 
 45% Homework 
 15% Online quizzes (10% for completion, 5% for score) 

15% Midterm Exam 
25% Final Exam 

 
Ocean 286 (2 credits) 
 70% Lab Reports and participation 
 30% Tutorial homework and participation 
 
 
Students with Disabilities: 
 
It is crucial that all students in this class have access to the full range of learning experiences.  At the University 
of Washington, it is the policy and practice to create inclusive and accessible learning environments consistent 
with federal and state law. 
 
Full participation in this course requires the ability to attend tri-weekly lectures of 50 minutes with up to 60 other 
students, the ability to work alone or with others in 5-10 minute activities during lectures, the ability to work in 
groups for weekly 1-hour tutorial sessions and weekly 2-hour lab sessions, and the ability to complete out of 
class assignments, including online activities and collaboration. 



 
If you anticipate or experience barriers to your learning or full participation in this course based on a physical, 
learning, or mental health disability, please immediately contact the instructor to discuss possible 
accommodation(s).  A more complete description of the disability policy of the College of the Environment can 
be found at https://environment.uw.edu/intranet/academics/teaching/disability-accommodation. If you have, or 
think you have, a temporary or permanent disability that impacts your participation in any course, please also 
contact Disability Resources for Students (DRS) at:  206-543-8924 V / 206-543-8925 TDD / uwdss@uw.edu e-
mail / http://www.uw.edu/students/drs. 
 
Roles & Responsibilities: 
 

Student: inform the instructor no later than the first week of the quarter of any accommodation(s) you will or 
may potentially require. 
 
Instructor and TA: maintain strict confidentiality of any student’s disability and accommodation(s); help all 
students meet the learning objectives of this course. 

 
 
Academic Honesty:  
 
At the University level, passing anyone else’s scholarly work (which can include written material, exam 
answers, graphics or other images, and even ideas) as your own, without proper attribution, is considered 
academic misconduct. 
 
Plagiarism, cheating, and other misconduct are serious violations of the University of Washington Student 
Conduct Code (WAC 478-120) [http://www.washington.edu/admin/rules/policies/WAC/478-120TOC.html]. We 
expect that you will know and follow university policies on cheating and plagiarism. Any suspected cases of 
academic misconduct will be handled according to university regulations. For more information, see the College 
of the Environment’s Academic Misconduct Policy [https://environment.uw.edu/intranet/academics/academic-
integrity/academic-misconduct/] and the Community Standards and Student Conduct website 
[http://www.washington.edu/cssc/].



 

Schedule of Topics: 
Week 1 (starts Sep 27) : Mathematical framework, conservation principles 

1st class Wed  Lab #1: Math lab on mathematical framework, dot product, gradient, divergence 

Lecture 2 
Fluid conservation principles for water properties, control volumes, Eulerian and 
Lagrangian reference frames  

Tutorial Continue to work on math lab  
Week 2 (starts Oct 2)  : Advective and diffusive fluxes  

Lecture 1 Advective fluxes of water properties, advective flux divergence 
Lecture 2 Diffusive fluxes of water properties, diffusive flux divergence 
Lab  Lab #2: Temperature diffusion lab 
Lecture 3 Advection/diffusion processes in oceanography, turbulent diffusion 
Tutorial Tutorial #1:  Newton’s Laws 
Week 3 (starts Oct 9): Forces in a fluid, vertical motion 

Lecture 1 Fluid conservation equations for momentum, normal forces in a fluid (pressure) 
Lecture 2 Vertical momentum balance in the ocean (hydrostatic balance) 
Lab  Lab #3: Cartesian diver lab 
Lecture 3 Frictional forces in a fluid (stress), boundary layers 
Tutorial Tutorial #2:  Pressure in a Liquid 
Week 4 (starts Oct 16): Forces in a fluid, horizontal motion, energetics 

Lecture 1 Inviscid steady flow, Bernoulli’s equation 
Lecture 2 The complete Navier-Stokes equation, turbulence 
Lab/Tutorial Lab #4: Bernoulli lab  
Lecture 3 Coriolis force, Rossby number scaling 
Lab/Tutorial Tutorial #3: Rotational Motion 
Week 5 (starts Oct 23): Rotating fluid mechanics 

Lecture 1 Geostrophic balance  
Lecture 2 Thermal wind 

Lab Lab #5: Geostrophic flow lab 

Lecture 3 Ekman layer 
Tutorial Tutorial #4: Tour GFD lab 
Week 6 (starts Oct 30): Midterm synthesis 

Lecture 1 Gyre circulation 
Lecture 2 Midterm review – no late problem sets this week! 
Lab No lab / Open Q&A 
Lecture 3 Midterm 
Tutorial Tutorial #5: Propagating wave math (done in class and turned in as HW) 
 
 
 
 
 



Week 7 (starts Nov 6): Basic physics of waves 

Lecture 1 Mathematics of waves, reflection, superposition 
Lecture 2 Huygen’s Law (refraction and diffraction), 2D wave propagation  
Tutorial/Lab Tutorial #6:  Superposition and Reflection of Pulses, Refraction short lab #6 

Lecture 3 Partial reflection and transmission, impedance 
Holiday No Class 
Week 8 (starts Nov 13): Ocean surface gravity waves 

Lecture 1 Dispersion, group velocity  
Lecture 2 Fluid mechanics of water waves, particle displacement 

Lab/Tutorial 
Lab #7: Observing the surface gravity wave dispersion relationship (Section B) 
Tutorial #6:  Propagation and Refraction of Periodic Waves (Section A) 

Lecture 3 Energy of water waves 

Lab/Tutorial 
Lab #6: Observing the surface gravity wave dispersion relationship (Section A) 
Tutorial #7:  Propagation and Refraction of Periodic Waves (Section B) 

Week 9 (starts Nov 20): Acoustics 

Lecture 1 Acoustics basics:  Compression waves, decibel scale, geometrical spreading, attenuation 
Lecture 2 Acoustic wave refraction, reflection and transmission, Doppler shift 
Lab Lab #8: Acoustic Doppler shift lab 
Holiday No class 
Holiday No class 
Week 10 (starts Nov 27): Light 

Lecture 1 Electromagnetic waves and photons, scattering, reflection 
Lecture 2 Absorption and emission 
Lab Lab #9: Spectrometer lab 
Lecture 3 Radiative transfer:  albedo, heat flux, black body radiation 
Tutorial Tutorial #8:  Reflection and Transmission 
Week 11 (starts Dec 4):  Synthesis and review 

Lecture 1 Course synthesis / problem solving  
Lecture 2 Course synthesis / problem solving – no late problem sets this week! 
Wed No lab, open Q&A 

Lecture 3 Course synthesis / problem solving  
Fri No tutorial, open Q&A 
 


