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Center of Gravity for the Perimeter of a Polygon

	1.
Find a line that balances the perimeter model of the triangle.
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	2.
Is this line unique?  (i.e. Can you find a different balancing line?)
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	3.
Is there a line through a vertex that balances the perimeter?
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	4.
Is there a line through the midpoint of a side that balances the perimeter?
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	5. Are the “partial perimeters” on each side of a balancing line equal?  i.e. JA +  AK =  KC + CB + BJ ? (Hint:  draw a balancing line on paper and measure the parts)

6. Do you think that they are ever equal?

7. Is it necessary to have the perimeter split into two equal parts by the line in order for the perimeter to balance?
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	8. Find a point that the perimeter model balances on.

9. Do all balancing lines go through this point?
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You have found the balancing point or center of gravity for the perimeter by experimentation.  Now see if you can use a systematic method to construct this point.

Perform this mental experiment.  First, consider a rod made of uniform density material.

10. Where will the rod balance?  Is this the only place where it will balance?

Now consider a second rod.

11. Where will it balance?  Is this the only place where it will balance?

With the first rod balanced in your right hand, you could balance the second rod with your left.  Pivot the two rods until they touch at an endpoint.  Consider these two “linked” rods as two adjacent sides of a triangle.

12. Could you balance these two adjacent rods on a line?  Is there more than one balancing line?

In order to make things a lot easier and standardize the process, use the line through the two points you found in questions #10 and #11.  The segment connecting the midpoints of two adjacent segments is often called a midsegment.  There is a point somewhere along this midsegment which will balance the two sides (rods).

13. If the two rods have equal lengths (and therefore equal weights), where will the balancing point be?

14. If the two rods have unequal lengths (and therefore unequal weights), the balancing point will still lie along the midsegment, but it will be closer to which rod?
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Now consider a third rod.  It too will balance at its ________________________.  If you join it with the first two to make a triangular shape, then you can find a balancing line which goes through the balancing point of the third side, and the balancing point along the midsegment between the first two sides.

Experiment with your triangle model and draw this situation on your paper printout.  Call the balance point along the midsegment “P.”

There is a law of physics, which states that the ratio of the weights of two objects is inversely proportional to their distances from the fulcrum, or balancing point.  This is sometimes referred to as the Law of the Lever.  For example, if a 2 meter lever or teeter-totter had a weight of 2 kg on one side and 6 kg on the other, then the fulcrum would have to be .5 meters from the heavier weight and 1.5 meters from the lighter weight, so that the ratios of the weights 
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 is equal to the inverse ratio of the distances from the fulcrum 
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Using standard notation, let the side opposite vertex A have length a units (BC = a), and the side opposite vertex B have length b units (AC = b).  There is a direct relationship between the length of a segment and its weight, such that for some real number k, the weight of segment BC is ak units.  Similarly the weight of segment AC is bk units.  So a weight of ak units is concentrated at midpoint D, and a weight of bk units is concentrated at midpoint E.  Since P is the balancing point, from the Law of the Lever you can write, 
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15. [image: image15.wmf]If you multiply the numerator and denominator of the left-hand side of the expression above by 
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, you get a new expression which is 
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Now look at the medial triangle (sometimes called the midsegment triangle).

16. What is the length of midsegment EF in terms of a?

17. What is the length of midsegment DF in terms of b?
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Can the expression in question #15 be related to the medial triangle in some way?  (Think hard, then ask me for a hint if you need it).  What does this mean for segment FP, the balancing line for the perimeter of triangle ABC?
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Hopefully, this mental experiment gave you a concrete way to construct a balancing line for a triangle through a midpoint.  For extra credit, prove or disprove that this line bisects the perimeter of triangle ABC.

Using a similar method, you could find a balancing line through the midpoint of a different side.

19. What’s so special about the intersection of these two balancing lines?

20. What else?  (What is this point in regards to the medial triangle?)

21. Would the balancing line through the third midpoint also go through this point?  How do you know?

22. Is this point the same as the center of gravity for the vertices or the area?  Explain.

23. Explain more.

This point is sometimes called the Spieker center because it is the center of the Spieker circle (What is the Spieker circle?).

The Spieker Circle is named in honor of the 19th century German geometer Theodor Spieker.
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