BMED 2110 - Conservation Principles in Biomedical Engineering Syllabus

[Conservation Principles in Biomedical Engineering, AO, and 3]

[Summer 2026]

Instructor Information

Instructor: Julia E. Babensee, Ph.D.

Email: Julia.babensee@bme.gatech.edu

General Course Information

Description
1. Course Purpose:
2. Engineers seek to create value for others. They do so by finding opportunities,

experimenting, mathematical modeling, and prototyping. Biomedical engineers use well-
established engineering design practices to create new processes and products that are
intended to improve the health and well-being of people. Engineering is a social endeavor since
it is almost always done collectively by teams who seek to help people. Because of this, there is
a demand for biomedical engineers who are competent in the physical and life sciences, in
working with diverse others, and who have an entrepreneurial mindset for using their technical
and social skills in combination to create value for others.

3. The primary purpose of this course is to develop your skill in using mathematical models
as a part of the engineering design process. Mathematical modeling (sometimes called “model-
based reasoning”), just like all other aspects of engineering design, is typically conducted
collectively with others and in the service of creating value for others. It requires one to be able
to work well with others to use modeling to better understand complex systems. And it is
subject to human error and biases. We hope this course will foster your interest and abilities for
collaboratively building and using mathematical models in the service of engineering design.

A year after this course is over you will:

1. Be skilled in several model-based reasoning practices including being able to:

a. Convert quantities from one set of units to another quickly and accurately



b. Calculate and estimate system and material properties such as fluid density, flow rate,
chemical composition variables (mass and mole fractions, concentrations), fluid pressure,
temperature, enthalpy, work, and heat capacity

c. Construct a diagrammatic representation of complex systems

d. Carry out a degree of freedom analysis

e. Perform pressure-volume-temperature calculations for ideal gases

f. Calculate internal energy and enthalpy changes for fluids undergoing changes in

temperature, pressure, phase, and chemical composition

g. Write and solve conservation equations for single-unit and multi-unit processes,
processes with recycle and bypass, and reactive processes

2. Be able to critique, compare, contrast, and use mathematical models in ways that
support improving people’s healthcare and well-being. For example, you will be able to:

a. Look at diagrammatic or mathematical models and be able to connect the numbers,
parameters, and relationships they depict to the real-world people (or biosystems) they seek to
describe.

b. To compare and contrast models to critique and evaluate their usefulness, including
being able to identify their biases or other shortcomings.

3. Become more aware of, and skilled at overcoming, the challenges of working with
others to use model-based reasoning approaches to identify and solve complex biomedical
engineering problems

a. Evaluate and change the level of psychological safety in a team

b. Prepare for difficult conversations and have such conversations with collaborators



Course Learning Outcomes
4, Course activities and philosophy

5. Mastering a new way of thinking requires deliberate practice. That is, to become an
expert at something, you need to practice, practice, and practice. But for the practice to work it
needs to be deliberate. This means it is not how much you practice, it is how you practice, that
matters. In other words, the quality of your practice time is important to your learning.
Deliberate practice means you work to actively identify which concepts and skills you are least
comfortable with and then focus your efforts on learning them.

6. Learning takes time and is hard work. We understand that and we’re here to help. In
this course you will almost certainly be asked to do and learn things that feel hard to master.
That’s normal. Everyone feels that way. Please, don’t panic. Instead, ask for help. And engage
in deliberate practice. And be optimistic. Being optimistic means being secure in the
knowledge that if you carry out enough deliberate practice, you will, in time, become an expert
at this stuff. We call these three qualities (deliberate practice, understanding that learning
takes time, and optimism) SCHOLARLY GRIT. We're going to work together to develop our
“scholarly grit”.

7. Learning how to solve engineering problems requires deliberate practice using a logical
problem-solving process. It also requires a willingness to deal with ambiguity and uncertainty.
Billy Koen says that “the engineering method is the strategy for causing the best change in a
poorly understood situation within the available resources”. In other words, engineers have a
“method” and a “strategy”, and they are used to dealing with “poorly understood” situations
under a lot of constraints. This is what you will begin to learn to do in BMED 2110.

8. Entrepreneurial mindset (EM)

BME2110 is one of several courses in our curriculum that focus on developing students’
entrepreneurial mindset (EM). When faculty in BME talk about ‘EM’ they don’t just mean
starting a company. Instead, when we talk about EM, we want students to develop several
elements that we call the 3Cs:

° Be Curious — we want our graduates to understand the broader world, look towards the
future, and explore multiple perspectives when solving problems.

o Make Connections — we want our graduates to think outside the box, put old ideas into
new contexts, and connect information together in novel ways to generate insights

o Create value — we want our graduates to seek out opportunities, understand the impact
of their work on all stakeholders, and work in ways to maximize their impact on society

While this can happen in ANY course, this course is designed to create specific opportunities to
develop your EM. You will likely find the 3Cs most obvious in the value sensitive design project.
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You may also notice a focus on stories in these EM courses. Whether from the value sensitive
design project or another experience you have in this class, | strongly encourage you to think
about things that have a good story attached. Those stories are a way of helping you reflect on
and communicate your own growth, and share what you can do with others. They are also
useful as you look for your first job, prepare for grad school admissions, or take whatever your
next step is. We have a class at the end of the BME curriculum, BMED 4000, where we help you
develop those stories to make them impactful both on your sense of yourself and how others
understand you. In the following figure you can see where our course stands in your journey in
the BME program.
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Required Course Materials

Textbook Required: Bioengineering Fundamentals, Saterbak, Mclntire, and San, Pearson
Prentice Hall (2018), 2nd Edition

Reference (not required): Basic Principles and Calculations in Chemical Engineering, 8th
Edition, D.M. Himmelblau and James B. Riggs, Prentice-Hall (2012) (on reserve at the library)

Prerequisites: (MATH 1501 Minimum Grade of D or MATH 1511 Minimum Grade of D or MATH
1522 Minimum Grade of D) and (CHEM 1211K Minimum Grade of D or Undergraduate
Semester level CHEM 1310 Minimum Grade of D)

Grading Policy:
Homework grading. We use Gradescope and Canvas Speed Grader to grade your work. The
homework will be graded for solution correctness, completeness, and format as follows:



Grading Format: 10% (e.g., if you don’t scan your HW properly you will earn a 0 for 10% of your
HW)

Completeness: 40% (did you do all of the assigned problems?)

Spot check: 50% (> 1 problems will be chosen at random and graded for correctness, if your
submission does not include the spot check problem, you will miss the whole points for the
spot check, also you don’t get the complete points for completeness).

Quizzes:

Quiz 1-8 : Weekly quizzes will be given throughout the semester on material covered in the
most recent lectures, reading assignments, homework sets, and PSS sessions. The quizzes will
start as soon as the Thursday/Friday problem solving session starts. You will have 30-45
minutes to complete the quiz. Extra time will not be given to students who show up late — so be
on time! A missed quiz will be graded as a zero unless you have excused letter due to illness or
a family emergency from dean of students living office or communicated that with your
professor in a timely manner. No more than two make-up quizzes can be made each semester.
Note: Dr’s appointment letter is not an excuse letter, the excuse letter should have an specific
date on it showing the period of time student is excused from class participation.

Tests. There will be two tests during the semester and a comprehensive final exam. Make-up
exams will not be given unless you have approved excused absence by the dean of students
living or the professor of your section. The final exam is mandatory. The final exam date and
time are scheduled by the Registrars’ office and cannot be changed. You may not request to
take the final exam at an alternative time or date unless you have 3 final exams back-to-back.

Regrades. The number of points awarded for each part of an assignment is decided by the
instructors. However, if you believe, using the grading rubric designed by the instructors, that
you should have been awarded more points than you were, please submit a typed regrade
request to the person who graded the assignment via Canvas within one week after receiving
the graded assignment. Please do not discuss regrade requests orally with your TA or instructor.
Instead, take the time to carefully compare your graded work to the published solutions and
grading rubric. Then, if you find that mistake has been made and your overall grade is lower
than it should be, please by all means write up your observations and submit the typed written
request. Please know that whenever an assignment is regraded, the entire assignment is
regraded. These processes are to help ensure the regrade process results in a fair grade.

NOTE: For HW, please submit regrades through Gradescope using their regrade
button/function.



Calculation of course grade. A weighted average grade will be calculated as follows:

Calculation of course grade. A weighted average grade will be calculated as follows:

Assignment Weight toward final grade
Course project 10%
Quizzes (7 weekly quizzes) 30%
Homework 10%
Class participation and assessments 10%
Exam (2 exams each worth 20%) 40%
Total 100 %

The minimum grades that will be assigned for a given course average are:

>83%
>74%-83%
>65%-74%
60%-65%
<60%

g O W

Description of Graded Components

Reading assignments and extra practice videos: Please, try to complete the reading
assignments before PSS. This will help you get the maximum benefit of your time in PSS.
Readiness pop quizzes on the readings may be given from time to time during a demo session
or in PSS. Pop quizzes, if given, will be graded and become part of your overall participation
grade. We have also prepared a number of extra videos that can help you better understand
the material. Links to these videos can be found in Canvas.

Homework. All assignments should be submitted virtually (via Gradescope) before the
deadlines indicated in Canvas. Problem sets will be assigned weekly, based on a combination of
problems from the book and/or created by the professor or TAs. Typically, the homework
assignment will be posted on CANVAS one week in advance of the due date and is due on
Mondays at 8 pm. Solution sets will be posted shortly after the homework is due so late
submission will not be accepted after that. Students may collaborate to help each other to
understand the material, but each student is responsible for completing their own solutions for
the homework. Please do not use another person’s solutions to homework problems, or
solutions that you may find on the internet or on campus. You will not learn that way. Turning
in homework that you did not complete yourself is also a violation of the Honor Code.

Homework format. Use plain white paper, engineering paper, or a tablet (such as ipad). Write
on only one side of each page. Begin each problem on a new page (unless the problems that
are assigned are short answer, as often occurs early in the course). Use black ink (ball point) or
medium-weight pencil. Don’t crowd your work. The margin on the left side of the paper should



be at least 1”. Clearly mark the final answers by boxing them. Staple the pages together (in
case you were asked to submit a hard copy, for canvas submission this will not be required). At
the top of the first page write your name, the problem set number and date, and the course
number. Scan and submit your assignment via assignment tab (Gradescope) which can be
found both in modules section of Canvas and also in assignment section of canvas. You can also
use your pen tablets and create the electronic version of your homework and save that as pdf.
Note: by writing your name on a solution set, you are certifying that you personally solved the
problems. The purpose of these formatting standards is to help our homework graders do their
jobs well. It is important that you follow them. Therefore, we will deduct a small number of
points (see “Homework grading” section below) if your homework does not meet these
standards.

Course Policies

Attendance and/or Participation

Class Structure and meeting times:
Final Exam: TBD. Location will be announced later.
Lectures (Demo): Asynchronous virtual, they must be watched before the assigned deadlines

The videos will be available in Canvas, and each video includes an assessment. You must watch
the videos and complete the assessments by the assigned deadlines (Mondays at 11:59 PM).
Each assessment can be attempted a maximum of three times. After the deadlines, the videos
will remain accessible for viewing, but the assessments will no longer be available. Please note
that these deadlines cannot be extended, as the videos must be completed before the studio
sessions.

Technology and platforms:
The use of following technologies and platforms are required during our class:

Canvas: We will use canvas for official announcements, direct communication, sharing
assignment files, quiz files, test files, sharing supplementary materials, posting and submission
of all graded assignments, grade reporting, and sharing of links to instructional videos. Please
make sure you check the Canvas website and familiarize yourself with all its features.

Point Solutions (Turning point): You are expected to participate in class activities. Often this will
include participating in a “Turning Point” quiz or survey. You can access Point Solutions both
from your canvas website and the application. You should create an account or activate your
existing account in this application, before the first day of classes. When the instructors ask you



to participate in a class activity, you should enter the session code in your application, and then
participate in the class activities. Please contact the in-class TAs if you have faced any error
while you are dealing with the Turning point.

We are committed to creating an inclusive and supportive classroom

It is our intent for this class that all of us (students, teaching assistants, and instructors) feel
respected and connected as a community of learners. In this class, we place a great deal of
emphasis on working together. Cognitive science shows that people learn best when they
interact with each other, building on each others’ ideas. So, we’ve set things up so that you will
almost always be interacting with someone else — your partner, your tablemates, and the
instructors. Working with others can be challenging but we must learn how to do so effectively
because it is an essential skill for today’s engineer. This is because engineering teams
composed of individuals with diverse backgrounds, skills, and perspectives are better able to
identify new opportunities to create value and to solve problems efficiently and creatively.
Diverse teams achieve these benefits only if they know how to work well together, to operate
inclusively, and to authentically value their teammates varied skills, perspectives, and prior
experiences.

In this course we will practice how to work and learn together. We need each of you to be
comfortable sharing with each other, with your teaching assistants (TAs) and professor, what
you don’t know and what you are not sure about. Be patient with each other and always work
to help each other learn. This is not a race. It is not the number of problems we solve together
that matters. Rather, it is the quality of our learning that matters. We are likely to learn more
by moving slowly and deliberately through a single problem than by racing through several
problems without taking the time to reflect on what we’ve learned and what we’re struggling
to understand. Civil discourse, reasoned thought, sustained discussion, and constructive
engagement without silencing or otherwise disrespecting others is expected of everyone in this
class. This is important because if you do not feel respected or connected you may find it
difficult to be at your best. Your problem-solving and productivity may suffer, and you may end
up learning less. We can’t let that happen. Let’s work together to create a course climate that
will enable everyone to realize their full

potential.
This course’s instructional practices

In this course we use instructional practices that help ensure everyone is interacting and feeling
included. For example:

. We carry out a set of introductory activities in the first week to help build a sense of
community while at the same time introduce key course concepts. In addition, we administer
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an in-class survey to learn more about students’ preferred names and personal pronouns,
interests, why they are taking the course, and what they expect to get out of the course.

. We use a straight grading scale so that students are not competing for a limited number
of high grades and we assign weekly homework and quizzes so that each assignment is worth a
relatively small fraction of the overall grade.

J Our grading system includes a grade replacement policy that helps ensure that one poor
performance on a quiz does not permanently adversely affect your grade. Furthermore, there
might be an opportunity to earn the right to have one of your lowest quiz grades dropped.

. We use an innovative learning environment called the problem-solving studio (PSS), first
developed by our department. PSS is based on the finding that students learn most when they
interact with each other, engaging in exploratory talk during which they share relevant
knowledge, challenge ideas, evaluate evidence, consider options, and try to reach agreement in
an equitable manner. PSS improves students’ learning and preparedness for follow-on courses.

. We regularly ask you to share your feelings and ideas concerning the course via
anonymous end-of-class surveys called critical incident questionnaires (aka CIQs). Your
suggestions are encouraged and appreciated. Please let us know how we can improve the
effectiveness of the course for you personally or for other students.

The Problem-Solving Studio

People learn best when they are actively engaged in applying new material together with other
people, listening to and building on each other’s ideas. To help this happen we have created a
learning environment called the Problem-Solving Studio (or PSS for short). As a participant in
PSS, you will spend most of your time in class working problems as part of a team of four. This
is your “table group”. You will have a partner that you will work most closely with as you solve
problems, but you are encouraged to work with all the members of your table group as needed.
From time-to-time we may ask you to hold focused discussions or carry out exercises with your
partner or table group that are intended to help you get to know each other better, to help you
work better together, and to build your interpersonal and small group engineering work skills.

The undergraduate teaching assistants and your professor will coach you, but they typically will
not (except when demonstrating a problem for the entire class) work the problems for you.
Solution keys will generally not be provided for problems worked during class, although the
final numerical answers may be provided. We encourage you to ask your professor and the
undergraduate teaching assistants questions that will help you progress through a problem. But
before doing that, challenge yourself to see how much you can figure out with your partner and
tablemates. You may be surprised by how much you can accomplish when you are open to
each other’s ideas and working to support each other’s learning.



If you do feel stuck, that’s normal. You can simply ask those questions from your professor or
in class mentors.

Please remember to bring your textbook, calculator, and writing materials to every PSS session.
It’s tempting to start working the problem on your own notebook paper but please don’t. It’s
much more beneficial to your learning if you work on the large paper pad with your partner.
We want you to enjoy yourself in PSS but try not to get too caught up in prolonged
conversations with your friends about topics that are not related to BMED 2110. We want you
to take maximum advantage of your time with us in PSS. And in that spirit, If you finish a
problem — ask for another. We have a bottomless cup of problems here in Café PSS.

As part of the PSS sessions, we will often use the Turning Point app to run survey or so-called
“clicker questions”. Your participation in these surveys is expected and will be used to
determine your participation grade. If the instructors or TAs visit the table group and you are
not there, you will not get participation credit for that PSS session, even if you did complete the
Turning Point questions. If you can't make PSS for any reason, contact your instructor in
advance or as soon as possible after you miss PSS to explain why.

Lectures Demo sessions

Every week one lecture video will be uploaded in Canvas site about the topic of that specific
week. The videos will feature the instructor demonstrating how to solve problems. The main
purpose of these sessions is to demonstrate the problem-solving approaches you will learn in
that week’s PSS sessions. All demo sessions end with a graded exercise that you will carry out
on your own. The videos will be posted one week in advance to give students enough time to
watch them as many times as they wish. All students are expected to watch the lectures and
take the participation assessment before the assigned deadline.

Table groups

Your instructor will assign you to a team of three to four students to work with during PSS. Your
responsibility as a member of your group is to 1) provide each other with support,
encouragement, and assistance in completing assignments, 2) hold each other accountable for
striving to learn, 3) ensure all members are making good progress. Generally new teams are
established two times, once at the beginning of the semester and a second time a few weeks
into the course.

Reading assignments and extra practice videos: Please, try to complete the reading
assignments before PSS. This will help you get the maximum benefit of your time in PSS.
Readiness pop quizzes on the readings may be given from time to time during a demo session
or in PSS. Pop quizzes, if given, will be graded and become part of your overall participation
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grade. We have also prepared a number of extra videos that can help you better understand
the material. Links to these videos can be found in Canvas.

Classroom etiquette. In class, you are expected to be fully engaged in the challenging job of
learning the concepts and skills that are taught in this course. Unless you are sick or are dealing
with a personal emergency, please arrive on time and stay in class until the end of the period.
Please do not use your cell phone or laptop unless it is required for the work you are doing in
PSS. Cell phones often prove to be a real distraction to students, and not just to the student
who is using it. Using a cell phone can easily distract your partner and your tablemates from
their work and it can suggest that you are not focused on the work that you are doing together.
So please do not use them during class. We reserve the right to count you as absent use of
electronic media, which is unrelated to the class content. This will affect your participation
grade. The reason for these rules is that it is our experience that when someone is texting or
otherwise distracted from the work at hand, they reduce the ability of their partner to learn
and damage the feeling of productive engagement that usually characterizes PSS.

Office hours. Itis important to us that you have a positive learning experience during this
course. Your regular and active participation in office hours is a great way to help make sure
this happens. Office hours are a scheduled opportunity for you to meet with your professor or
teaching assistants one-on-one, or in a small group setting, to discuss course topics and
concepts. In fact, feel free to chat with us about anything that interests you or concerns you.
We want to help you have a good experience in this course and as a student at Tech — please
give us the opportunity to do so by attending office hours.

Communication: All communication with students will be conducted through announcements
in Canvas. If you need to contact the instructional team, you must use your GATECH email, as
non-GT emails may be filtered by Outlook. When sending an email to the instructional team,
include the course code “BMED 2110” and a brief description of your inquiry in the subject line.
Please use professional and formal language in all correspondence with the instructional team.
Address course instructors by their professional titles, such as Dr. or Prof. Our students are our
top priority, and we strive to maintain clear and effective communication while fostering an
environment of mutual respect.

Academic Integrity

Georgia Tech aims to cultivate a community based on trust, academic integrity, and honor.
Students are expected to act according to the highest ethical standards. Review Georgia Tech’s

Honor Code and the student Code of Conduct.
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Any student suspected of cheating or plagiarism on a quiz, exam, or assignment will be
reported to the Office of Student Integrity, who will investigate the incident and identify the
appropriate penalty for violations.

Core IMPACTS

Core IMPACTS is the University System of Georgia’s General Education curriculum. If you are
teaching a course that counts towards Core IMPACTS, you should include a syllabus statement
about the Core area and associated career competencies. This resource developed by the

Center for Excellence in Teaching and Learning and Online Education at Georgia State University
includes template syllabus statements for each of the Core IMPACTS areas that you may adapt
for your course.

Accommodations for Students with Disabilities

If you are a student with learning needs that require special accommodation, contact the Office

of Disability Services (404-894-2563) as soon as possible to make an appointment to discuss

your special needs and to obtain an accommodations letter. Please also e-mail me as soon as
possible in order to set up a time to discuss your learning needs.

Student-Faculty Expectations Agreement

At Georgia Tech, we believe that it is important to strive for an atmosphere of mutual respect,
acknowledgement, and responsibility between faculty members and the student body. The
Student-Faculty Expectations articulate some basic expectations that you can have of me and

that | have of you. In the end, simple respect for knowledge, hard work, and cordial interactions
will help build the environment we seek. Therefore, | encourage you to remain committed to
the ideals of Georgia Tech while in this class.
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Campus Resources for Students

Undergraduate Student Academic Success Resources:

e Academic Support: Academic Success and Advising (a unit in the Office of
Undergraduate Education & Student Success) provides free support for your courses.
Students can attend scheduled supplemental review (PLUS) sessions, stop by Drop-In
Tutoring, or schedule a one-on-one appointment through Knack. To explore what
options work best for you, please visit us online at success.gatech.edu/tutoring, email us
at tutoring@gatech.edu, or come see us at Clough Undergraduate Learning Commons,
Suite 283.

Student Well-Being:

At Georgia Tech, we are concerned about your overall physical, social, and mental well-being. A
comprehensive list of wellness related resources has been compiled and maintained by the
Office of the Vice President for Student Engagement and Well-being (student-resource-guide

(gatech.edu)
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