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The “double bubble” and the “torus bubble”

Courtesy of John Sullivan http://torus.math.uiuc.edu/jms/Images/double/
Queen Dido’s Problem

According to legend, Queen Dido fled to the African coast after her husband was killed.  There, she begged King Jambas, the local ruler, for land.  He granted her only as much land as she could enclose with a bull’s hide.  Queen Dido sliced the hide into strips, then used the strips to surround a large area.  According to the story, this land became the city of Carthage.

Activity:

Suppose that you have a 12-inch strip of hide.  If you made an equilateral triangle (the sides all have equal length) out of the strip, how much area would it enclose?  Find the answer using geometry.  You need to know the length of each side of the triangle, the height of the triangle, and the formula for the area of a triangle.  Do you remember it?  

Here’s a triangle to help you figure out the height:

Side length: ______

Height:  ________

Area:  _________
What area would you get if you used the same 12-inch strip of bull’s hide and made a square?  This one should be a little easier to compute!  Again, you need to know the length of each side, and the formula for the area of a square.

Side length: ________

Area:  ___________

What area would you get if you again used the 12-inch strip of hide and this time made a hexagon?  Recall, a hexagon is a 6 sided regular object, each side having equal length.  Do you remember the formula for the area of a hexagon?  


If not, then you can deduce it from the

formula for the area of a equilateral

triangle and picture to the right. 

Side length:  ______

Area of a hexagon formula:______________

Area of this hexagon: __________

Have the areas been going up or going down? ______
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Now, use a pipe cleaner to construct 4 other different shapes that Queen Dido might have considered using to get her land.  Estimate the enclosed area by tracing the shape on the grids on the next pages, and counting the squares that you have enclosed.  Each square is 1/4 inch x 1/4 inch.  List the estimated areas of the four objects below:

Object 1: _________

Object 2: _________

Object 3: _________

Object 4: _________

Which shape had the largest area?  _____________

What is the ideal shape, the one that encloses the maximum area?

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Soap Bubbles! 



When asking the Queen Dido problem in 3 dimensional space, the question becomes “what is the largest amount of 3D space one can enclose with fixed surface area”?  The answer is similar to the answer in the 2D case, given a fixed perimeter, a circle has the maximum area, in 3D, you should use a sphere.  This is what nature is doing when you blow a bubble, it is enclosing 3D space with a (almost) perfect sphere!  It is only almost perfect because gravity and the  surrounding air will distort it a little bit.

The Belgian physicist Joseph A. Plateau (1801-1883), was the first to study bubble math.  Plateau began dipping wire frames into soap solutions and was astonished by the beautiful results.  Soap bubbles and films are examples of minimal surfaces, that is surfaces whose area is the smallest possible, subject to certain other constraints, like the volume enclosed.  To learn more about minimal surfaces and bubble math, see the web site http://www.fortunecity.com/emachines/e11/86/bubble.html.
SOAP FILM RECIPE

2/3 cup Dawn liquid detergent.

1 tablespoon glycerine (You can buy this at a drugstore).

Water to make one gallon.

Mix and let sit in an open container at least one day before using.

Store loosely covered in a cool place.

The mixture becomes better with age.

Use thin wire to make curved frames.  Frames with straight edges can be made from florist’s wore or cotton swabs with the tips removed and put together with a glue gun.  Today use the wire provided.

Activity:  Using the wires provided, make a circular loop.  Blow some bubbles and look at the perfect spheres they form.  

Now make the loop into a triangle.  Blow a bubble using the triangle.  You still get a sphere!!!!  Now try it with a rectangle, a hexagon…you will always get a sphere!

Next, use another wire to make a wire frame which is not a circle, but a knot.  You can make your own up, or try to make one of the following:
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               The Figure 8 Knot                                                                                 The Trefoil Knot
Dip the wire frames in bubble solution, and check out the minimal surfaces that arise.  Try popping different parts of the bubble.  You can make it so the bubble is a twisted ribbon.

Can you make more complicated knots, like
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or 
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       The 6-3 Knot





     The 5-1 Knot 
Nature knows how to make a möbius band!  Can you believe it?  It has only one side!!  Try the following experiment.  Make a loop of wire.  If you were to dip this in bubble solution, you get a disk.  Now gradually make a loop with in your loop by twisting the wire, can you get a möbius band?  Use the following pictures as  guides.

[image: image8.jpg]



The Grumpy Neighbors

Consider the following situation.  Four neighbors live in a grid pattern as follows:













In the center plot is another neighbor, and this one is very grumpy!  He does not want his neighbors to be able to communicate with each other by talking across his property.  One way to reach his goal is to build a fence around the land which would block any line of sight across it.  This grumpy neighbor is also extremely cheap and wants to build the shortest length fence possible.  Here is one example.  The fence is the darker lines.













Can you think of a fence that would also work, but would cost less money?

On the next two pages, draw some fences, using a ruler, that would cost less to build then the fence above.  Assuming that the length of each side of the grumpy neighbors lawn is 12 yards, measure the total length of fence that the grumpy neighbor would have to build, using geometry.  What is the shortest amount of fence you can find that would do the job?






12 yards
12 yards


12 yards




12 yards


Length of fence:____________













Length of fence:____________













Length of fence:____________













Length of fence:_______________
