Biomimetics: Lessons from Biology

Spider silk, is it all it’s made out to be in the movies?
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Purpose

· Introduce the engineering concept of tensile strength

· Provide students with the opportunity to use metric conversions in a useful way

· Stimulate students to develop their critical thinking skills

· Introduce students to biomimetics and give examples of real world applications

· Provide students with an opportunity to use basic physics concepts of kinetic energy, work and force on a real world problem

Subject area(s),

Physics, Algebra, Materials Science with extension activities, Biology

Time required: 

2 class periods

Target Grade Level

High School: 9-12th
Advance preparation

Materials:

3- 2x4 cut to 4 ft lengths

Eye screws – how many?
Fishing line 10 lb test monofilament line – length?
Fishing line, braided, 10 lb test – length?
Elastic [explain/define – rubber band? String? Band from clothing?]
Kevlar fibers [probably a source for these would be useful to many]
Weight s [provide a range here]
Scissors

Meter sticks

Internet access

Safety information: 

Students must were protective eye wear during the tensile testing lab.
Assessment: Lab notebook are evaluated

[Shouldn’t there be something here in the way of description of activities, even if only a reference to the Student worksheet for details]

Lab outcomes:

Students should determine the first myth as plausible. Spiderman c ould easily hang from a fiber of the diameter portrayed in the films.  The second myth should receive mixed reviews. The dragline silk Spiderman uses is not portrayed as being elastic and does not elongate. In the case of the man being caught in the web, that is plausible, but the train is not plausible. The stopping distance for the train is far to much for the elongation of the fibers with that mass.

Difficulties with using estimated data:

Students may all have slightly different estimated data about the diameter of the dragline silk. Too make it easier to grade, and a uniform set of data, the teacher may select to use one specific estimate that the whole class uses. This way the students can also compare their answers.

References:

Got Silk? - strength of spider silk - Brief Article

Natural History,  July, 2001  by Adam Summers
PHYSICAL SCIENCES AND TECHNOLOGY

[image: image1.png]


Artificial spider silk

Scientists vie to synthesize the precious strands of the golden orb weaver 

By RICHARD LIPKIN  - [put this reference in the same format as others (modeling desired behavior for students – also, of course, complete the citation w/ date, publisher, etc.]
Foelix, R. F. 1996. Biology of Spiders, 2nd edition. Oxford University Press, New York, NY. 

Köhler, T. and F. Vollrath. 1995. Thread biomechanics in the two orb-weaving spiders Araneus diadematus (Araneae, Araneidae) and Uloboris walckenaerius (Araneae, Uloboridae). Journal of Experimental Zoology 271:1-17. 

Vogel, S. 1988. Lifeís Devices: the Physical World of Animals and Plants. Princeton University Press, Princeton, NJ. 
Gosline J. M., Guerette P. A., Ortlepp C. S. & Savage K. N. The Mechanical Design of Spider Silks: From Fibroin Sequence to Mechanical Function. The Journal of Experimental Biology 202, 3295-3303 (1999)
Wainwright, S. A., W. D. Biggs, J. D. Currey, and J. M. Gosline. 1976. Mechanical Design in Organisms. Princeton University Press, Princeton, NJ. 

Z Shao, X Chen and F Vollrath, Soft Matter, 2006 –[complete ref needed here too]
