A Robot’s Work is Never Done “E” Activity
The teacher provide the following scenarios to the class:
“Two people carry 50 pound sandbags for an hour.  Both have the same muscle mass-are able to lift the same amount of weight with the same ease.  Neither have any physical ailments.  Yet, one person becomes much more tired than the other person because s/he did much more work.  How is that possible?” 

“In another situation, two people who are identical in every way, each move a 300 pound box 100 meters down a long sidewalk.  One person is exhausted, the other is not nearly as tired.  How is that possible?”

FOR THE TEACHER: Possible reasons are:

1) One person has a greater mass than the other.

2) One took frequent breaks and so moved fewer bags less distance–doing less work.  

3) One person used a wheeled cart or low-friction pads under the box.

The teacher challenges the students to use a wheeled robot (such as a CEENBoT) to demonstrate two ways in which the robot could do more or less work (be more or less efficient) in accomplishing the task of pushing objects from one place to another and/or carrying an object from one place to another.  

If students need assistance in thinking of how this might be done, the teacher could help the students brainstorm ways that they could make an object easier to move: 1) smooth pads/skids under an object, 2) use of wheels under the object, and 3) creating a better angle of push against the object.  The students should be encouraged to think of creative ways to reduce the amount of work done (i.e. using ice or some lubricant to make a box slide more easily, reducing the weight of the robot…).  

Materials will be provided to students:

· Small cardboard boxes with weights which may be added/removed (the weights may simply be plastic bags with sand or any easily found item such as boxes of nails
· Small water bottles
· Rocks. 
NOTE: One to two pound weights may also be placed on the robots themselves, though care must be taken to not get foreign matter into the robots’ components. 

Once demonstrations are made, the teacher helps the students to summarize what they know about work:  The distance over which the force is applied is important—the easiest way to reduce the amount of energy needed is to require less work to be done (such as fewer trips in the car).  The total force applied is also important.  That total force can be reduced through efficient application of force.  
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