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BIOL 342:  Comparative Biomechanics

Proposal for a New Course

Janice Voltzow

Department of Biology

Biomechanics is the application of basic principles of physics and mechanical engineering to understand how organisms work.  The goal of the course is to help students understand how these basic principles provide opportunities for and restrictions to the structure, function, and evolution of plants and animals.

Objectives for students:

1.  Students will explore specific aspects of the physical basis of biological structures and functions.

2.  Students will discuss applications of physical principles to a diversity of biological systems.  

3.  Students will critically examine scientific data from the literature and from laboratory exercises and apply them to understand biological systems. 

4.  Students will explore a specific topic in comparative biomechanics through an independent project, collect and interpret their data, and present their findings in writing and in an oral presentation to the class.

Course schedule:  Two 2-hour sessions per week

Course format:  

Because biomechanics addresses the effects of physical realities such as force, flow, and friction on organisms, it lends itself to hands-on experiential exercises.  Some exercises take only a few minutes and others, including student projects, require longer lab times.  I propose to offer this course in a hybrid format that incorporates lectures, discussion, demonstrations, simple exercises, and more in-depth experiments within an inquiry-based learning environment.  When introducing the effects of viscosity on flow (as an extension of the Reynolds number, Re), for example, I will begin with first principles, then have students conduct simple experiments to visualize flow through fluids of different viscosities (water and Karo syrup).  After completing the exercise students will discuss their results and apply them to understand how organisms experience and use moving liquids at low Re.  (This exercise is described in more detail below.)

Grading will be based on:

Class participation







50 points

Homework assignments, including problem sets


50 points

Exams (3 x 100 points each)





        300 points

Lab exercises







        200 points 

Final exam








        200 points

Individual project






        100 points
Total









        900 points

Course materials:

One impetus to offer this course is the availability of a new textbook suitable for undergraduates who have little background in physics or math.  The author of the text is a close colleague who has generously shared many of the exercises he has developed at a new website for teaching biomechanics (http://sicb.org/dl/biomechanics.php3) sponsored by the Society for Integrative and Comparative Biology (SICB), AAAS, and NSF.  Faculty who offer similar courses are posting their exercises and other course materials at the web site as well.  This site will be an invaluable tool to me as I tailor the course to the interests and needs of our students.

Text:  

Vogel, S. 2003.  Comparative Biomechanics:  Life’s Physical World.  Princeton University Press, Princeton, NJ.  ISBN0-691-11297-5. 

Supplemental reading material:

Readings from the text will be supplemented by readings from the rich and diverse primary scientific literature dealing with comparative biomechanics.  The following is a sampling of what is available:

Alexander, R. M.  1962.  Visco-elastic properties of the mesogloea of the body wall of sea anemones.  Journal of Experimental Biology 39:  373-386.

Au, D. and D. Weihs.  1980.  At high speed dolphins save energy by leaping.  Nature 284:  548-550.

Bell, E. C. and J. M. Gosline.  1996.  Mechanical design of mussel byssus:  Material yield enhances attachment strength.  Journal of Experimental Biology 199:  1005-1017.

Blob, R. W. and A. A. Biewener.  1999.  In vivo locomotor strain in the hindlimb bones of Alligator mississippiensis and Iguana iguana:  Implications for the evolution of limb bone safety factor and non-sprawling limb posture.  Journal of Experimental Biology 202:  1023-1046.

Combs, S. A. and T. L. Daniel.  2001.  Shape, flapping and flexion:  Wing design for forward flight.  Journal of Experimental Biology 203:  2073-2085.

Dogterom, M. and B. Yurke.  1997.  Measurement of the force-velocity relation for growing microtubules.  Science 278:  856-860.

Hu, D. L. and J. W. M Bush.  2005.  Meniscus-climbing insects.  Nature 237:  733-736.

Kirkpatrick, S. J.  1994.  Scale effects on the stresses and safety factors in the wing bones of birds and bats.  Journal of Experimental Biology 190:  195-215.

Niklas, K. J.  1984.  The motion of windborne pollen grains around conifer ovulate cones:  Implications on wind pollination.  American Journal of Botany 71:  356-374.

Voltzow, J.  2004.  Continuity of flow through the gastropod mantle cavity.  American Malacological Bulletin 18:  155-161.

Outline of topics:
Week


Topic








Text chapters

1


Introduction, some  basic physics 



1-2

2


Size, scale, rates, and gradients



3-4

3


Solid mechanics, material properties


15

4


Properties of biological materials



16

5


Viscoelastic materials





17

6


Structure and support





18, 19

7


Hydrostatic skeletons





20

8


Joints and muscles





23

9


Fluid mechanics






5-6

10


Flow through tubes





7, 10

11


Life at low Reynolds numbers



6, 11




12


Swimming







7, 8, 13




13 


Flight







12, 13



14


Evolution and design





25

15 


Presentations of student projects


Example of in-class exercise:

(from Steve Vogel)

Reversible flow at very low Reynolds numbers can be demonstrated with corn syrup and molasses. Commercial corn syrup at room temperature is about a thousand times as viscous as water, so the Reynolds numbers get low indeed. Fill a clear, round, glass container (such as a pint measuring cup) with corn syrup; inject a blob of dark molasses near but not touching the outer wall with the aid of a soda straw. Then insert a cylindrical stirrer (such as the handle of a wooden spoon) into the center of the container and move it radially about halfway to the outer wall. Slowly and steadily stir clockwise about three full turns, watching the distortion of the blob of molasses. Then reverse things, moving the stirrer counterclockwise in the same pattern. The blob of molasses should reform, showing that it was distorted but not disorganized by the shear in the fluid.

Course assessment and mechanism for improvement:

Mid-way through the course and at the end of the course students will be asked to complete questionnaires regarding which aspects of the course they feel are the most and least valuable and why.  Their responses will be used to alter the topics and exercises integrated into the course.
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This is an upper level course for biology majors.  It requires previous experience in organismal biology.





Students should have had hands-on laboratory experience in which they manipulated or dissected macroscopic organisms.





BIOL 342								      4 cr.


Comparative Biomechanics


(Pre-requisites:  BIOL 241, 243, 245, 272, 273, 345, 349, or 374.)  The application of basic principles from physics and mechanical engineering to understand how organisms work.  Integrated lectures, labs, and discussions explore the limitations and opportunities the physical world provides to organisms.  Topics vary but may include how flies fly, how bones break, and why mucus is so sticky.
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Special equipment for laboratories, including a recirculating flow tank and an Instron materials testing machine, are already available in the Biology Department.  Because of the specialized nature of this equipment and because only one of each is available, class size is restricted to 20 students.














