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SCALING BUILDINGS

In this activity we will see how scaling affects various properties of a building.

1. Let’s begin with a very simple building:  a building that has a 2 x 3 rectangle as a base outline, and a uniform height of 1 cube.  Let’s call this Building 1.
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2. We might be interested in planting a narrow flowerbed around the base of the building.  What is the perimeter P1 of the base outline?

3. We might be interested in painting the sides and the roof of the building.  How many square units of surface area A1 do we need to paint?

4. We might be interested in the amount of living space in the building.  How many cubic units of volume V1 does the building contain?

5. Now let’s make a new building, Building 2, by scaling Building 1 by a scale factor of 2.  This means that we will double the length of every segment in Building 1.  How do the measurements in problems 2-4 change (let’s call them P2, A2, and V2)?  Can you explain why this makes sense?

[image: image2.emf]
6. Now let’s make a new building, Building 3, by scaling Building 1 by a scale factor of 3.  How do the measurements in problems 2-4 change this time (let’s call them P3, A3, and V3)?  Can you explain why this makes sense?
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7. Compare the ratios P3/P1, A3/A1, and V3/V1.  Can you explain your results?

8. Compare the ratios P3/P2, A3/A2, and V3/V2.  Can you explain your results?  What scaling factor must you use to scale Building 2 up to the size of Building 3?

9. Repeat problems 1-8 with the building given in Problem 1.3 of Ruins of Montarek.  Summarize your results.

10. Roughly speaking, the ability of a warm-blooded organism to generate heat is proportional to its volume, and the ability to radiate heat is proportional to its surface area.  A well-designed organism must keep these two processes in balance so that it does not generate more or less heat than it radiates.  If such an organism is scaled up by a scaling factor of 10, by what factor is its ability to generate heat multiplied?  By what factor is its ability to radiate heat multiplied?  Why does this help explain why birds eat much more in proportion to their size than humans?

11. Roughly speaking, the weight of an organism is proportional to its volume, and the strength of its bones is proportional to the cross-sectional area of the bones.  A well-designed organism must have bones strong enough to support its weight.  If such an organism is scaled up by a scaling factor of 5, by what factor is its weight multiplied?  By what factor is the strength of its bones multiplied?  Why does this help explain why elephants have legs that are proportionately much wider than those of humans?

12. For a nice follow-up, read the essay “On Being the Right Size” by J.B.S. Haldane, http://irl.cs.ucla.edu/papers/right-size.html.

