
BIOMEDE 231: An Introduction to Biomechanics (Fall 2019) 
 
What is this class? 
This course will provide students with an introduction to topics in mechanics, including statics, 
dynamics, and deformable body mechanics, with applications to biological tissues and systems. 
 
When and where does this class meet? 
Lecture (required): Mondays and Wednesdays, 10:30 a.m. – 12:30 p.m., 1032 FXB 
Review (optional): Mondays, 3:30 – 5:00 p.m., 2189 LBME 
 
Who teaches this class and how can they be reached? 
Prof: Barry Belmont  
OH: Th. 2:00 – 4:00 p.m. 
2130 LBME 
belmont@umich.edu  
734-647-8638 

IA: Megan Busch 
OH: Th. 10:30 – 12:30 p.m. 
Duderstadt atrium 
buschme@umich.edu  

IA: Sam Dolphin 
OH: Wed. 3:30 – 5:00 p.m. 
Duderstadt atrium 
sdolphin@umich.edu  

   
What is required for this class? 
Prerequisites 
MATH 116 (“Calculus II”) and PHYS 140 (“General Physics I”) 
 
A textbook 
Introduction to Statics and Dynamics by Andy Ruina and Rudra Pratap. This is a textbook freely 
available at: http://ruina.tam.cornell.edu/Book/. Specifically, we will be referencing the latest 
available edition (from 01/20/2015), though other editions and/or equivalent texts may be used 
to supplement. You are expected to read (and will be treated as if you have read) every single 
page assigned. Several of sections of this book will be included as part of an in-class reading 
summary required of every student. A full listing of said sections may be found in this syllabus.  
 
Writing materials 
A good pen and some sheets of paper ought to suffice.  
 
Access to the internet periodically 
Much of this class’s administration will be done through a Canvas site including but not limited 
to the distribution and the turning in of assignments, announcements regarding the course, 
current grades, etc. It can be found by visiting https://umich.instructure.com/courses/321534. 
Check it regularly. 
  



What determines one’s grade? 
Grades serve two primary purposes, one during the course, the other after. During the course, 
they are intended to give you, the students, feedback regarding your achievement and your 
progress so as to motivate action with regards to learning (in both “carrot” and “stick” fashions). 
After the course, they are meant to certify one’s performance of the specific learning objectives 
and outcomes of this course (listed below) to others (e.g., potential employers, graduate/medical 
school admissions boards, etc.). While grades can be important, more important is undergoing 
the learning process to internalize a foundation of knowledge, a set of skills, and a confidence to 
use both. Do not set your gaze on too short a horizon. 
 
The abject material of the thing 
To gauge one’s performance during this course, four distinct assessment types will be used. 

1. Nine homework assignments (5% each, 45% overall). Homework will be assigned 
through Canvas at least one week before it is due. These are intended to be individual 
assignments and they will serve their educational purpose best if you do them yourself. If 
you work with one or more other people on an assignment, you must list their name and 
a short description of how they aided your understanding on that assignment. Homework 
must be submitted by the beginning of class on the due date (10:30 a.m. on Mondays) as 
an electronic copy on Canvas. Failure to submit by the beginning of class on the due date 
will result in a deduction of points subject to the policy regarding late assignments 
specified herein. Moreover, homework must be presented in a neat/orderly/clear/concise 
fashion with no more than one problem answered on one page. Failure to adhere to this 
mandate will result in a minimum loss of 10% of that assignment’s overall grade. 

2. Three exams (15% each, 45% overall). Barring mitigating circumstances exams will be 
held October 9th (10:30 a.m. – 12:30 p.m.), November 13th (10:30 a.m. – 12:30 p.m.), 
and December 18th (4:00 – 6:00 p.m.). While they will focus on statics, dynamics, and 
mechanics of materials, respectively, the material builds upon itself and each can be 
thought of as ever more cumulative. 

3. Two in-class reading summaries (2.5% each, 5% overall). A concise, written summary (~1 
page) submitted to Canvas and a short verbal summary (~5 minutes) given in class will be 
required of every student for at least two of the assigned readings. 

4. One in-class demonstration (5% each, 5% overall). At least once during the semester, an 
assigned problem must be answered in class for one’s peers. 

 
The largely arbitrary but nevertheless significant scale by which said grade will be measured 
As this is my first time teaching this course, some calibration (on an individual assignment 
and/or class-wide basis) may be required. That said, I plan on grading this class against the 
following scale: 
 
A+ ≥ 97; A ≥ 93; A- ≥ 90; B+ ≥ 87; B ≥ 83; B- ≥ 80; C+ ≥ 77; C ≥ 73; C- ≥ 70; D ≥ 60; F ≤ 59. 

 
I am fairly liberal in my rounding so please do not petition me to round “in your favor”.  
If you do, I won’t.  



What policies are in place should things go awry? 
If one is absent 
At this level of education – that is, the level at which one pays for oneself rather than as a 
recipient of significant taxpayer funds1 – personal accountability is paramount. You are under no 
obligations to attend any class period with the exceptions of those for which your grade depends 
on it (e.g., a reading summary, an in-class demonstration, an exam, etc.). Even then, it is merely 
your grade at stake. That said, I believe it will be to your educational benefit to attend each and 
every lecture, to take copious notes, and to ask as many questions as you can of your instructor, 
his instructional aides, and your fellow classmates. If you are going to be absent when your grade 
is not at stake, do not worry about informing the instructor. If you are going to be absent when 
your grade is at stake, please inform the instructor and his instructional aides sufficiently in 
advance (>48 hours) so as to make necessary arrangements. If you are absent following an illness, 
please contact the instructor. 
 
If one wishes to turn in a late assignment 
One has 50 hours from the initial due date of an assignment to turn in a late version. One will 
lose 1% of the total assignment’s worth per hour of lateness until 50% of penalties are accrued 
after which point the assignment will no longer be accepted. 
 
If one wants some previously graded assignment to be regraded 
One has 50 hours from the time a graded assignment is returned to request a regrade. Said 
request must be for a documented and specific reason and the instructor reserves the right to 
deny any such request. 
 
If one desires to change some aspect of this course  
Any substantive change proposed by you, the students, to this course (e.g., changing a due date, 
course content, etc.) will go through a democratic process in which at least a supermajority of 
those present must agree to the change. The instructor reserves the right to change aspects of the 
course of his own accord, though will solicit the open counsel of the students of this course. 
 
If one thinks to engage in academically dishonest behavior 
Please don’t. What you learn here matters. And the way you go about learning it matters too. To 
the extent one deceives oneself or others about what one knows one is hollowing out the world 
one occupies of a truth and beauty it might otherwise have. In the College of Engineering at the 
University of Michigan, we subscribe to a specific honor code whose particulars may be found 
here: http://elc.engin.umich.edu/wp-content/uploads/sites/19/2019/03/Honor-Code-Pamphlet-
2018.pdf. If you insist at any point of swindling yourself (and/or others) out of an honest 
education, please reconsider your decision(s) to do so, otherwise this whole engineering thing 
might not be the discipline for you.  

 
1 Of the total operating budget for the University of Michigan for the 2020 fiscal year, approximately 3.3% of the 
funds have come from the state of Michigan (and, ultimately, its taxpayers). The total amount given to the 
University, ~$325 million, has not risen in absolute terms in about a decade. 



What topics are covered in this course? 
1. Force, moment, and torque vectors 
2. Statics: systems in equilibrium and applications to biomechanics 
3. Dynamics: linear kinematics and kinetics, angular kinematics and kinetics 
4. Deformable body mechanics 
5. Stress and strain, stress analysis 
6. Mechanical properties of biological tissues 

 
What are the objectives of this course? 
Numbers shown in brackets are in reference to the topics covered in this course (see above). 

1. To review methods of vector mathematics and mechanics. [1] 
2. To teach students methods of statics with applications to biomechanical systems. [2] 
3. To teach students methods of dynamics with applications to biomechanics systems [3] 
4. To introduce students to methods of solid mechanics, including stress and strain. [4, 5] 
5. To introduce students to the basic mechanical properties of tissues. [6] 

 
What outcomes can a student expect of themselves from this course? 
Numbers shown in brackets are in reference to the objectives of this this course (see above). 

1. Review mathematical concepts and methods relating to force, moment, and torque 
vectors. [1-4] 

2. Learn methods of statics for systems in equilibrium, including Newton’s laws, free-body 
diagrams, constraints, and reactions. [2-4] 

3. Apply methods of statics to biomechanical systems. [2, 6] 
4. Learn methods of dynamics, including linear and angular kinematics and kinetics. [3] 
5. Learn basic principles and methods of solid mechanics, including stress, strain, stress-

strain diagrams, elastic and plastic deformations, models of material behavior, multi-axial 
deformation, Mohr’s circle, torsion, and bending. [4] 

6. Learn about mechanical properties of biological tissues, including viscoelastic ones. [4, 5] 
 
 
 
 
  



What will we be taught and when? 
 

Date Lecture Assignment due 
4-Sep An introduction to (bio)mechanics  
9-Sep Vector mathematics I Principia Mathematica 
11-Sep Vector mathematics II; Remembrance 1.1, 1.2, 2.1, 2.2, 2.3, 2.4, 2.5  
16-Sep Free-body diagrams Homework I 
18-Sep Statics of one object I 3.1, 3.2, 3.3, 4.1, 4.2, 4.4, 4.5 
23-Sep Statics of one object II Homework II 
25-Sep Trusses and frames I 5.1, 5.2, 5.4, 5.5 
30-Sep Trusses and frames II  
2-Oct Tension, shear, and bending moments 7.1, 7.2 
7-Oct Review; A biomechanical foray I Homework III 
9-Oct Exam I  
14-Oct Fall Study Break  
16-Oct Dynamics in one dimension I 9.1, 9.2, 9.3, 9.4 
21-Oct Dynamics in one dimension II  
23-Oct Vibrations 10.1, 10.2, 11.1, 11.2 
28-Oct Particles in space: I. One Homework IV 
30-Oct Particles in space: II. Many 12.1, 14.1 
4-Nov Objects in motion: I. Planar Homework V 
6-Nov Objects in motion: II. Circular 16.1, 16.2 
11-Nov Objects in motion: III. Arbitrary Homework VI 
13-Nov Exam II  
18-Nov Stress and strain: I. Mechanics  
20-Nov Stress and strain: II. Cross-sections Humphrey & O'Rourke 
25-Nov Stress and strain: III. Transformations Homework VII 
27-Nov A biomechanical foray II On Growth and Form 
2-Dec Torsion and tensors Homework VIII 
4-Dec Under pressure, out of time A Gould compendium 
9-Dec A biomechanical foray III Homework IX 
11-Dec A philosophy of biomechanics  
18-Dec Exam III (4:00 – 6:00 p.m.)  

 
 

  



What are we reading and who will be summarizing? 
 

Date Reading Student 1 Student 2 

9-Sep Principia Mathematica Elissa C. Lauren W. 
11-Sep 1.1. The three pillars   
 1.2. Mechanics is wrong, why study it? Basheer M.  
 2.1. Notation and addition Andrew R.  
 2.2. The dot product of two vectors Mushtary C. Emma B. 
 2.3. Vector cross product Ali H. Giovana G. 
 2.4. Moment Ryan S. Elizabeth D. 
 2.5. Solving vector equations Chloe M. Hanna K. 
18-Sep 3.1. Equivalent force systems Makhoul C. Basheer M. 
 3.2. Center of mass and gravity Jordan O. Emma B. 
 3.3. Interactions, forces, & partial FBDs Brendan R. Makhoul C. 
 4.1. Static equilibrium of a particle Zain S.  
 4.2. Equilibrium of one object Mykel D. Jonathan B. 
 4.4. Internal forces Logan B. Giovana G. 
 4.5. 3D statics   

25-Sep 5.1. Method of joints Beth L. Casey H. 
 5.2. The method of sections Chloe M.  
 5.4. Frames and structures   
 5.5. Advanced truss concepts: determinacy   

2-Oct 7.1. Arbitrary cuts Mykel D.  
 7.2. Singularity functions Thaddeus T.  

16-Oct 9.1. Force and motion in 1D Jonathan B. Ali H. 
 9.2. Energy methods in 1D Brendan R. Zain S. 
 9.3. A mass and spring: the harmonic oscillator Andrew R. Beth L. 
 9.4. Coupled motions in 1D Logan B.  

23-Oct 10.1. Damped vibrations Mazem D. Mushtary 
 10.2. Forcing and resonance Mazem D.  
 11.1. Dynamics of a particle in space Thaddeus T. Hanna K. 
 11.2. Momentum and energy Rawan A. Jordan O. 
30-Oct 12.1. Coupled particle motion   
 14.1. Circular motion kinematics Casey H. Rawan A. 
6-Nov 16.1. Rigid object kinematics Elizabeth D.  
 16.2. Mechanics of a rigid object   

20-Nov Humphrey & O'Rourke Ryan S.  

27-Nov On Growth and Form Lauren W.  

4-Dec A Gould compendium Elissa C.  



 


