THE PHYSICS OF LIFE PROFESSOR RAGHUVEER PARTHASARATHY

(PHYsICs 171)
DEPARTMENT OF PHYSICS

WINTER 2024 THE UNIVERSITY OF OREGON

SYLLABUS

Welcome to “I'he Physics of Life!”
Please note that aspects of the syllabus may change. If so, I'll inform everyone in class and through Canvas.

Instructor Information

Professor Raghuveer Parthasarathy

Email: raghu@uoregon.edu
Office: Willamette 362
Office hours: Tuesday 12:30-1:20 pm, Friday 11:30 am - 12:20 pm.

Graduate Teaching Assistant: Lance Blagg
Email: 1blagg@uoregon.edu
Office hours: Tuesday 2:00-2:50 pm, Friday 1:00-1:50 pm in Willamette 315

Undergraduate Learning Assistant: Michaela Cheechov

Email: mcheecho@uoregon.edu
Office hours: Thursday 11:00-11:50 am in Klamath 134

Make use of office hours! Even if you don’t have specific questions, feel free to drop by. Office hour
times may change, both by request (if particular times are not good for many students) and due to
scheduling conflicts that arise.

Email: You can certainly ask questions by email or through Canvas! Please address me as “Prof. [X]”
in communications. Recommended: Copy the graduate teaching assistant on emails.

Time and Place
Monday and Wednesday 2:00-3:50 pm, Price Science Commons (Science Library) B040.



Course Description and Learning Goals

What are you made of? This simple question has a great deal of depth. It is easy to make a list of

your “components” — cells, bones, muscles, etc. — but this is neither interesting nor illuminating. What

is it about your flesh that makes you “squishy?” How do you pack a meter of DNA into a cell nucleus

one-millionth of a meter wide? If you shrank a whale to the size of a bacterium, could it swim? How

can we read and write genomes to re-engineer organisms or cure diseases? These questions, like many

at the forefront of contemporary science, bring together concepts from a variety of disciplines, mixing

together biology, chemistry, and physics.

This course will explore topics in biophysics. We will use readings, discussions, and hands-on

exercises to study the physical aspects of biological materials and the constraints that physics places

on living organisms.

Learning Goals. By the end of the course, students will be able to:

Understand how physical principles guide the form and function of living things.

Understand connections between biophysical concepts and contemporary issues related to health,
disease, and biotechnology.

Assess and interpret graphs and quantitative data.

Understand the process by which science generates knowledge.

Prerequisites. There are no scientific prerequisites, and mathematics will be at the level of basic

algebra.

Topics

Introduction, Motivation, and Illustrations
Scales and Powers of 10 — Iz which we get a sense of the size of things

DNA mechanics — In which we examine the physical properties of life’s most important molecule, and why they
matter

Proteins — In which we explore the shapes of proteins, and how they are determined

Genes — In which we learn what genes are, and how their activity can be combined to perform computations

Cell membranes — Inz which we examine similarities between soap films and cell membranes

Randomness and diffusion — I which we explore the perpetnal motion of small things, both its unavoidable
canses and its far-reaching consequences

Surfaces and surface tension — I which we explore the consequences of surface tension on the functioning of your
lungs and ask: why can’t you walk on water

Fluids — I which we ask: Why don’t bacteria swim like whales?

On size and shape— In which we ponder how size and shape of can affect an organism’s properties

Reading and Writing DNA — I which we learn about our newfound abilities to decode and modify genes and
entire genomes, reshaping what organisms (including humans) can do, with potentially major consequences for society



Textbook

We'll use a book written by Prof. Parthasarathy: So Simple a Beginning: How Four Physical Principles Shape
Our Living World (Princeton University Press, Princeton, 2022); this book required. Physical copies
are available at the DuckStore and the e-book is available free through the UO library at this link.
(You may need to be on campus, or use the UO VPN, to access the library link).

In addition, I’ll distribute articles and other documents and videos via Canvas. We’ll look at a
variety of sources, including pop-science readings and more technical sources accompanied by
explanatory commentaries.

Canvas

Well use Canvas to distribute materials, post links, submit assignments, etc.
https://canvas.uoregon.edu/ . If you have questions about accessing and using Canvas, visit

the Canvas support page. Canvas and Technology Support also is available by phone or live chat: 541-
346-4357 | livehelp.uoregon.edu

In class

I'll lecture, but not exhaustively. We’ll spend quite a bit of time in class on discussions and problem-
solving. To have fruitful discussions, it is important for people to have read the pre-class readings and
be ready to participate.

Powerpoint slides will be posted after each class on Canvas. As will be discussed, the slides are rather
minimal and aren’t a substitute for taking notes in class.

Absences

This  course  follows  the  university’s  policies on  absences, described  at

https://provost.uoregon.edu/course-attendance-and-engagement-policy. Please note the “reason

neutral” policy: instructors “shall not ask for reasons for absences and shall not distinguish
between ‘excused’ and ‘unexcused’ absences.” Attendance is not mandatory but succeeding in
the class without consistent attendance will be very difficult.

I realize that it is unavoidable that people will have to miss a few classes, for example due to illness.
I will therefore drop certain scores and rescale various grade components as described below.

Course structure and grade components


https://alliance-uoregon.primo.exlibrisgroup.com/permalink/01ALLIANCE_UO/1rhmvnu/alma99900836723101852
https://canvas.uoregon.edu/
https://service.uoregon.edu/TDClient/2030/Portal/Requests/ServiceDet?ID=38635
tel:+15413464357
tel:+15413464357
https://livehelp.uoregon.edu/
https://provost.uoregon.edu/course-attendance-and-engagement-policy

I’'m fond of having a variety of tools for fostering and assessing student learning, rather than just high-
stakes exams. (There’s a lot of educational research literature that supports this approach.) There are
therefore a lot of components to the coursework. These are listed below along with their weight
toward the overall course grade.

Reading assignments and Reading Quizzes (5%). Reading assignments will precede most classes
and will usually have required “reading quizzes” associated with them, administered through Canvas
and due 30 minutes before the start of class,. The reading quizzes are intended to be straightforward,
with the aim of providing a bit of feedback to facilitate your reading. More comprehensive questions
will appear on regular quizzes and exams. Fach student’s lowest two reading quiz scores will be
dropped from the overall total. [Modified Jan. 24, 2024: I’ll drop the lowest three reading quiz
scores, to help deal with weather-related issues. |

Post-class notes (5%). Briefly reviewing what one learned from a class session helps cement one’s
understanding. Within 24 hours of the end of each class, submit a short (less than 300 words) summary
of what the key points of that day’s class were. You can also describe things that were unclear or that
need further explanation. These will be submitted on-line, via Canvas. The notes will be graded on
content (i.e. that they capture something important about the day’s lessons) and clarity. We’ll give
examples of good and bad notes. I will rescale the grades of the post-class notes such that 90%
becomes 100%. (In other words, I will divide each student’s percentage by 0.9, with a ceiling of 100%.
If your original score were 75%, the rescaled score would be 83%.)

Quizzes (20%). There will be several short in-class quizzes. They won’t be surprises; youll get
advance notice of at least one class. We'll use these to assess understanding of key points without the
heavy weight of an exam. Each student’s lowest quiz score will be dropped from the total. There
won’t be any make-up quizzes; if you miss one, this will be the dropped quiz.

Homework (14%). There will be homework assignments approximately every week. Feel free to
discuss the questions with others, but of course, #he work_you submit should be your own. Assignments will
be submitted online, via Canvas. Solutions will be posted — study these. No late homework will be
accepted. Each student’s lowest score will be dropped from the overall total. We will not comment
in detail on your homework when grading it. It is therefore important to study the homework
solutions.

Popular Science Articles (14%). Throughout the term, I’ll assign various “popular’” science articles
and ask you to analyze and comment on them. These assignments will be described in detail as the
term progresses.

Exams (21% and 21%). There will be one midterm exam, scheduled for Monday, February 12, and
a final exam on Thursday, March 21 at 2:45 pm. (Final exam times are set by the Registrar’s office.)
Exams will have a combination of multiple-choice and short-answer questions

OVERALL GRADE: A: scotre 2 90.0%; B: 90 > score 2 80.0%; C: 80 > scotre 2 70.0%; D: 70 > score
> 60.0%; F: score < 60.0 %, where “score” is the overall weighted course score. Note that these are
minimum guarantees, which I may choose to loosen.



Math Diagnostic Quiz

The mathematics in this course will be elementary, as discussed in class, but it is important to be
comfortable with these basic numerical skills. Therefore, there will be a diagnostic “quiz” to be taken
on Canvas on basic mathematics. Re-taking the quiz is allowed — you are encouraged to learn from
your mistakes, and to see the GTF or me for help! Scoring 75% or higher by the Friday of Week 2 is
required for continuing in the course. (A score of <75% will automatically result in a failing grade
for the course.)

Generative Artificial Intelligence (GenAl) Use

Students in this class can use GenAl tools such as ChatGPT to help with certain aspects of course
work. This includes asking GenAl tools for explanations of terms or concepts, keeping in mind that
the explanations might be incorrect. GenAl will probably be able to answer reading quiz questions or
possibly homework questions correctly, and you can use this to assess your answers, but you should
not use this as a substitute for answering questions yourself — the aim of these tasks is to develop your
own skills, and you will be assessed on this in-class quizzes and exams. For assighments that involve
writing, you might find it useful to bounce ideas off of GenAl tools. However, you cannot use content
such as text or graphics created by GenAl tools in your work; rather, you must be the author/creator
of your work submissions. Be advised, in accordance with UO policy, if I believe you’ve handed in
work created whole or in part by GenAl tools, I may submit a report of suspected academic
misconduct to the Office of Student Conduct and Community Standards for that office to make a
determination of responsibility and, if warranted, assess a grade penalty. So, if you are in doubt or
have questions about a particular GenAl tool and if its use is okay, check in with me and let’s discuss!

How to do well in the course

Plan ahead and start early! This applies to everything in the course — homework, reading
assignments, and general studying. It will be crucial to keep up with the course and not fall behind;
later topics build on earlier ones. For a 4 credit course, the University’s expectation is that you’ll spend
about 10 hours per week outside of class on coursework. .

Make use of resources. If you have questions about anything, come to office hours! Communication
by email is also welcome, though it’s often more effective to chat in person.

Sleep! Many studies show that sleeping helps memory and understanding,.

University Policies
Some of this text is quoted from https://provost.uoregon.edu/standard-university-syllabus-language:

I https:/ /blogs.uoregon.edu/uocc/files/2016/10/ Credit-Hour-and-Student-Workload-Policies-2afl3yr.pdf


https://provost.uoregon.edu/standard-university-syllabus-language

ACADEMIC DISRUPTION DUE TO CAMPUS EMERGENCY

In the event of a campus emergency that disrupts academic activities, course requirements, deadlines,
and grading percentages are subject to change. Information about changes in this course will be
communicated as soon as possible by email, and on Canvas. If we are not able to meet face-to-face,
students should immediately log onto Canvas and read any announcements and/or access alternative
assignments. Students are also expected to continue coursework as outlined in this syllabus or other
instructions on Canvas.

ACADEMIC INTEGRITY

The University Student Conduct Code (available at conduct.uoregon.edu) defines academic
misconduct. Students are prohibited from committing or attempting to commit any act that
constitutes academic misconduct. By way of example, students should not give or receive (or attempt
to give or receive) unauthorized help on assighments or examinations without express permission
from the instructor. Students should propetly acknowledge and document all sources of information
(e.g. quotations, paraphrases, ideas) and use only the sources and resources authorized by the
instructor. If there is any question about whether an act constitutes academic misconduct, it is the
students’ obligation to clarify the question with the instructor before committing or attempting to
commit the act. Additional information about a common form of academic misconduct, plagiarism,
is available at https://researchguides.uoregon.edu/citing-plagiarism .

I'will report misconduct to the Office of Student Conduct and Community Standards—consequences
can include failure in the course.

ACCESS AND ACCOMMODATIONS

The University of Oregon and I are dedicated to fostering inclusive, equitable, and accessible learning
environments for all students. The Accessible Education Center (AEC) assists students with
disabilities in reducing barriers in the educational experience. You may be eligible for accommodations
for a variety of disabilities — apparent disabilities, such as a mobility or physical disability, or non-
apparent disabilities, such as chronic illnesses or psychological disabilities. If you have or think you
have a disability and experience academic barriers, please contact the Accessible Education Center
(Location: 360 Oregon Hall; 541-346-1155; uoaec(@uoregon.edu) to discuss appropriate
accommodations ot support. The details of your disability will be kept confidential with the AEC and
you are not expected to share this information with others. However, I invite you to discuss any
approved accommodations or access needs at any time with me.

INCLEMENT WEATHER

It is generally expected that class will meet unless the University is officially closed for inclement
weather. If it becomes necessary to cancel class while the University remains open, this will be
announced on Canvas and by email. Updates on inclement weather and closure are also communicated

in other ways described here: https://hr.uoregon.edu/about-hr/campus-notifications/inclement-
weather/inclement-weather-immediate-updates

REPORTING OBLIGATIONS

I am a designated reporter. For information about my reporting obligations as an employee, please
see Employee Reporting Obligations on the Office of Investigations and Civil Rights Compliance
(OICRC) website. Students experiencing sex or gender-based discrimination, harassment or violence
should call the 24-7 hotline 541-346-SAFE [7244] or visit safe.uoregon.edu for help. Students


https://researchguides.uoregon.edu/citing-plagiarism
https://hr.uoregon.edu/about-hr/campus-notifications/inclement-weather/inclement-weather-immediate-updates
https://hr.uoregon.edu/about-hr/campus-notifications/inclement-weather/inclement-weather-immediate-updates

experiencing all forms of prohibited discrimination or harassment may contact the Dean of Students
Office at 5411-346-3216 or the non-confidential Title IX Coordinator/OICRC at 541-346-3123.
Additional resources are available at investigations.uoregon.edu/how-get-support. I am also a
mandatory reporter of child abuse. Please find more information at Mandatory Reporting of Child
Abuse and Neglect.

MENTAL HEALTH AND WELLNESS

Life at college can be very complicated. Students often feel overwhelmed or stressed, experience
anxiety or depression, struggle with relationships, or just need help navigating challenges in their life.
If you're facing such challenges, you don't need to handle them on your own--there's help and support
on campus. As your instructor if I believe you may need additional support, I will express my concerns,
the reasons for them, and refer you to resources that might be helpful. It is not my intention to know
the details of what might be bothering you, but simply to let you know I care and that help is available.
Getting help is a courageous thing to do—for yourself and those you care about.

University Health Services help students cope with difficult emotions and life stressors. If you need
general resources on coping with stress or want to talk with another student who has been in the same
place as you, visit the Duck Nest (located in the EMU on the ground floor) and get help from one of
the specially trained Peer Wellness Advocates. Find out more at health.uoregon.edu/ducknest.
University Counseling Services (UCS) has a team of dedicated staff members to support you with your
concerns, many of whom can provide identity-based support. All clinical services are free and
confidential. Find out more at counseling.uoregon.edu or by calling 541-346-3227 (anytime UCS is
closed, the After-Hours Support and Crisis Line is available by calling this same number).

BAsIC NEEDS

Any student who has difficulty affording groceries or accessing sufficient food to eat every day, or
who lacks a safe and stable place to live and believes this may affect their performance in the course
is urged to contact the Dean of Students Office (346-3216, 164 Oregon Hall) for support.

This UO webpage includes resources for food, housing, healthcare, childcare, transportation,
technology, finances, and legal support: https://blogs.uoregon.edu/basicneeds/food/

ACCOMMODATION FOR RELIGIOUS OBSERVANCES

The university makes reasonable accommodations, upon request, for students who are unable to
attend a class for religious obligations or observance reasons, in accordance with the university
discrimination policy which says “Any student who, because of religious beliefs, is unable to attend
classes on a particular day shall be excused from attendance requirements and from any examination
or other assighment on that day. The student shall make up the examination or other assighment
missed because of the absence.” To request accommodations for this course for religious observance,
visit the Office of the Registrat's website (https://registrar.uoregon.edu/calendars/religious-
observances) and complete and submit to the instructor the “Student Religious Accommodation
Request” form prior to the end of the second week of the term.



