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CONCEPT


This module will use many of the principles of biomechanics to create some interesting and relevant learning experiences for the students.


OBJECTIVES


One of the objectives of this module is to help science teachers take advantage of the built in lab (human body) by showing the relationships between the subjects of physics and biology. 


This module is intended to do three things: 


To give the teacher some new ideas that could be used to teach a concept better.


To substitute for an activity that doesn’t seem to be working too well, and


To give the teacher some basic information so that they can create some activities of their own.


SCIENCE PROCESS SKILLS


�
Observing


Seeing Patterns


Questioning


Organizing Information


Analyzing Information


Recognizing Applications


Practicing group decision making


Using models to organize and understand observations


�
AAAS SCIENCE BENCHMARKS


�
The Scientific World View


Scientific Inquiry


Technology and Science


Design and Systems


Issues and Technology


Motion


Forces of Nature


Models


�
�
SCIENCE EDUCATION CONTENT STANDARDS(NRC)


�
Grades 5-8


Design and Conduct a Scientific Investigation


Use Appropriate Tools and Techniques to Gather, Analyze, and Interpret Data


Construct Explanations and Models Using Evidence


Think Critically and Logically About Relationships Between Evidence and Explanations


Recognize and Analyze Alternative Explanations and Procedures


Communicate Scientific Procedure and Explanations


Motion and Changes of Motion


Grades 9-12


Identify the Questions and Use Concepts to Guide Scientific Investigations


Construct and Revise Scientific Explanations and Models Using Logic and Evidence


Recognize and Analyze Alternative Explanations and Models


Communicate and Defend a Scientific Argument


Forces and Motion


Interations of Energy and Matter�
STATE SCIENCE CURRICULUM FRAMEWORKS


Grades 5-8:	1.1.18,  1.1.10,  1.1.11,  1.1.13,  1.1.14,  1.1.15,  1.1.16


Grades 9-12:	1.1.20,  1.1.21,  1.1.22,  1.1.26,  1.1.27,  3.1.37


BIOMECHANICS


In these days of large classes and small budgets it is nice to know that each student is actually carrying around with them an excellent physics laboratory. Of course, the point of reference here is the human body. Today, more than ever, it is necessary that the school make the student’s education as relevant as possible, not only to keep more students in school but to make their classes interesting and possibly even enjoyable. 


The area of science that actually relates physics to the human body is called Biomechanics. This experiment will use many of the principles of biomechanics to create some interesting and relevant learning experiences for the students, introduce them to the field of Biomechanical  Engineering and, hopefully, make the teacher’s life a little less stressful.


Materials Per Group (Pair)


10 sheets of paper


Masking tape 


Pencils


Ruler


Rubber bands of different sizes and thicknesses


PROCEDURES


Activity 1	Degrees of Freedom and Joints.


Using their own hands they can determine (a) the degrees of freedom of each finger and the total number of degrees of freedom for the whole hand. In order to keep it fairly simple we will use the longitudinal axis of each bone. Degree of freedom is defined as the ability to move in  certain direction or plane. For example the first two bones in your finger have only one degree of freedom while the proximal bone has two. (i.e. can move in the horizontal and vertical plane). Your whole finger would therefore have a total of four degrees of freedom. Based on these criteria, the hand should have 21 degrees of freedom. Using their own bodies they are to determine how many degrees of freedom they have in their (a) shoulder, (b) elbow, (c) ankle,   (d) wrist, (e) hip and (f) their knee.


Have them compare and contrast the types of joints found in the hip or shoulder joint with that of the knee or elbow.


Activity 2	Mechanics of the Arm and Hand and Mechanics of the Finger.


Working in groups have the students construct a robotic arm (with hand) that works independently of gravity and can perform some task such as pick up a tuna fish can and place it somewhere else. The arm and hand may not contain any part that was originally made for a robot, i.e. Robotix, Capsula, etc. The students must operate their arm from behind a line and must reach out and pick up a tuna fish can that is located four feet from the base line. They must pick it up and move it 60 degrees to the right and place it on a target that is two feet from the base line. Extra credit is given for every 100 grams that the arm can lift up to a maximum of  1 kilogram. These masses are placed in the can. (This could be a six weeks type project). Like a real arm and hand this project illustrates many physics concepts such as torque, moment arm, force just to name a few.


Working in a group have them construct one finger that operates as much like a real finger as possible. This could also be a major group project. This would be a very good project to relate physics to biology.


Activity 3	Vertical  Stress (Bones)


Divide students into groups of from 3 to 5. Give each student one sheet of typing paper and one foot of one - inch masking tape. Be sure you know the weight of four sheets of typing paper and four feet of masking tape before starting the lab. Have them fold the paper in half so that the paper is now 5 ½  by  8 ½  inches. Now have them carefully roll it up into a column that is exactly one inch in diameter. They may use their piece of tape in any manner they wish. They MAY NOT use any more paper or tape.


Now have each group select the best four columns in their group. These will be the legs of their building. Have them place the legs in a square on the floor and begin stacking text books on the legs. Continue stacking until the legs collapse. Do not count the book that causes them to fall. It is not unusual for the columns to hold 15 to 20 books. Be sure you know the weight of the text books by weighing one prior to starting the activity. Divide the total weight of the books by weight of the four sheets of paper. It is not unusual to get ratios of around 2000:1. This is a very good demonstration of vertical strength. In a discussion either before or after the lab you can relate the columns to the bones in the leg as well as columns that support houses, etc. The students are always very impressed with this lab but keep an eye on the more competitive students they sometimes tend to bend the rules a little.


Activity 4	Mechanical Advantage and Efficiency


The greater the mechanical advantage of a system the less force it has to exert in order to move a greater load. Mechanical advantage and efficiency can be demonstrated and calculated using pulleys but see saw, lever type demonstration would be more appropriate here to simulate how the arm works. All you would need is a pencil for a fulcrum, a stiff ruler and something to act as a load. A more elaborate demonstration or lab can be done using meter sticks, meter stick stand, and various masses that can be attached to the meter stick at any location. You can easily show how for example, a mass of 25 g can balance a mass of 50 g if the 25 g is placed twice as far from the fulcrum. Mechanical Advantage can be calculated by dividing the force by the distance the load is from the fulcrum. It can also be calculated by dividing the distance the applied force moved by the distance the load (object) moved. The efficiency can be calculated by dividing the Work Output by the Work Input. This is done by dividing the product of the load times the distance it moved (Work Output) by the product of the applied force by the distance over which it was applied (Work Input). The percent can be calculated by multiplying this answer by 100. Power can also be calculated by dividing the work products by the time it took to do the work. The physics concepts involved here are: torque or moments, work, power, mechanical advantage, leverage and efficiency.


Activity 5	Viscosity


Many fluids in the body act as shock absorbers (such as the fluid in the joints) based on their viscosity properties. The more viscous a fluid, the denser it is and the more it resists changes (i.e. inertia). An experiment could be designed where various fluids (water, syrup or various motor oils) could be put in syringes and forces applied to the syringe’s plunger. A good demonstration or lab could be build around the different effects a force applied over a long period of time differs from a sudden force. Students could show the relationship between viscosity and inertia.


Activity 6	Elastic vs. Plastic


When a material is stressed and becomes permanently deformed it is said to have undergone a plastic change. If it can return to its original shape it is said to have undergone an elastic change. These concepts of physics have many applications in the human body. For example, a muscle may be very elastic at first but over time and over use it can no longer return to its original shape. Skin becomes less elastic with age and most burn scars create many problems due to the skin’s loss of its elastic properties. This is especially bad in children because their skin needs to stretch as they grow. Simple demonstrations of plastic and elastic properties can be done with modeling clay and rubber bands. Springs are good examples because you can stretch a spring with its limits, but beyond that it will not return and becomes permanently deformed.    


Activity 7	Hysteresis and Viscoelasticity


Many fluids in the body show both viscous and elastic properties. They are sort of built in shock absorbers for the body. When a material is stressed  under a load it will be deformed as both its elastic and viscous properties come into play. A muscle, like a spring, can be stressed to the point where it will not return to its original shape. The degree to which it does not return to its original shape is called hysteresis. Demonstrations of these physical properties can be done along with those mentioned in activity 6. One such activity demonstrating elastic deformation, strain, and hysteresis can be done using rubber bands of different sizes and thicknesses. They will simulate muscles because muscles are stretched when loaded and loose energy to heat so it takes work (energy, i.e. food) to restore them to their original shape. We will be using the concept of strain in this activity. Strain is the ratio of change in length to the original length. Take a rubber band and measure its original length. Now stretch it, being sure to measure the amount of stretch. Do this a number of times recording your data for each trial. Calculate the strain ratio of the rubber band. Try this with several different rubber bands. The following questions can be answered by the students or used as discussion questions:


How is the rubber band similar to a muscle such as in the arm or leg?


How do the elastic properties vary over time?


As it wears out (i.e. gets older) it may not return to its original shape. How important is this if  this were a muscle and what kinds of problems could this loss of muscle tension cause?  Springs could also be used in this exercise but rubber bands are cheaper.


Activity 8	Trainer


Have the sports trainer at your school come in to your class and talk about sports injuries, their causes and their treatments. Out of this you could get some good ideas for discussions of the laws of physics behind these injuries as well as come up with some ideas for better equipment design, etc. using physics and engineering principles. As a group project you could divide the class up into groups and assign each a specific sports related injury. You could have them  research the present forms of treatment for this type of injury, have them design a piece of equipment that will help prevent this type of injury, or design a device that doctors could use to treat this particular injury more effectively than they do now with current technology.


Activity 9	Center  of Gravity


The following are a couple of activities that not only demonstrate the concept of the center of gravity but also demonstrate differences between boys and girls. When you choose your volunteers be sure to pick boys and girls that are very mature (i.e. football players or cheerleaders), the point being that a grown man usually has higher centers of gravity due to upper body development while a grown woman usually has a lower center of gravity.


Have the student face the wall with their toes touching the baseboard.  Have them take two steps back having each foot touch the other as they step back.  Now place a chair in front of them.  Have them bend over and grab the chair on each side.  Have them put their head on the wall and try to pick up the chair without taking their head off the wall, then try to stand up.  Boys usually cannot do this because of their high center of gravity. Girls usually can because of their low center of gravity.


Have a student get down on their knees, place an elbow on their knee and stretch their arm and hand out in front of them as far as possible. Stand an eraser on its end at the tip of their middle finger. Now have the student place their hands behind their back and try to touch the eraser with their nose without falling on their face. Be sure to tell them to catch themselves before their face hits the floor (some actually don’t think of this). Boys again usually can’t do this and girls can.


Activity 10	Load vs. Deformation or (Bone Strength vs. Stiffness):


All biological materials are viscoelastic, i.e., their deformation behavior is time dependent. They are also anisotropic, i.e., their properties are specific to the direction of force application. In the case of bones, this means that the strength of the material depends upon the rate that it is loaded and the direction of loading.


Strength and stiffness are the important mechanical properties of bone. These properties can best be understood for bone or any other material by examining the material under loading. When a load in a known direction is placed on a structure, the deformation of that structure can be measured and plotted on a load-deformation curve, and the strength and stiffness of the structure can be determined. 


Activity 11	Research Topics


Have each student choose one of the following topics and either make an oral report or a more in-depth written report. The teacher may want to subdivide some of the topics into more specific ones. Each topic must relate the principles of physics whether the title specifically states it or not. Oral reports should last from 3 to 5 minutes.


�
Arthritis and other joint problems


The physics of joint mobility


Knee injuries: their causes and repairs


Bone injuries and their repair


Spine injuries and their long term effects


The most common sports injuries and how they are caused


Nerve damage and its physical ramifications on the body


Joints of the body and how they work


Surgical solutions to common injuries


Becoming a doctor and how long does it take


Why a doctor should know something about physics and biomechanics


Bioengineering and related careers


What is biomechanical engineering and what are some careers


Biocompatability of implant materials


Building better prosthesis through physics and engineering


CT (cat) scan


NMR (nuclear magnetic resonance imaging)


Orthopaedics


Carpel tunnel syndrome


Orthoscopic surgery


Careers in physical therapy


Effects of weightlessness on muscles


Effects of weightlessness on bone growth


Physics of walking


Comparing the muscles of apes to man


Biomechanical explanations for some common birth defects


Comparing the skeleton of apes to man


Physics and the opposable thumb


Computer imaging as related to medical research


Human cadavers vs. computer simulation: the pros and cons


Fluid dynamics and the circulatory system


Torque and its relationship to human mobility


Improvements in sports equipment over the last 50 years


Viscosity of liquids with particular emphasis on the human body


Elastic properties of materials with emphasis on the human body


Hysteresis - what is it, some examples with special emphasis on the human body


Bioengineering data and forensic data in the court room


�
Give examples of how each of the following physics terms apply to the human body:


�
Torque


Moment arm


Center of gravity


Force


Friction


Elasticity


Plasticity


Momentum


Energy


Velocity


Inertia


Acceleration


�
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