Mth171 HW Sec. 3.1 #11-16.
11. Construct an equilateral triangle with straightedge and compass alone. 
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Mark an arbitrary segment. Strike an arc at both endpoints with radius equal to the length of the segment. Connect the three points and you have your equilateral triangle.

12. The base is bisected, so we have two congruent triangles (this can easily be proven using SAS!) which are ½ unit long and a hypotenuse equal to 1 unit. By the Pythagorean theorem we have (.5)2 + h2 = 12, so h = sqrt(3/4) = sqrt3 / 2. The angles of the two smaller right triangles will be 30, 60, and 90 because the equilateral triangle has three 60 degree angles and one of these has been bisected. That the base angle is 90 degrees is given in your text, but can also be argued using the fact that the two triangles are congruent if necessary.

13. To construct a square, one method is to start with a segment, erect perpendiculars from each endpoint, and use your compass to strike arcs with radius equal to the base segment from each endpoint. This gives the four points that make up the square. 

There are other methods as well, such as creating a circle, selecting a single point on the circle, striking an arc to form a chord, and then erecting a perpendicular to the chord through your original point. This forms a diameter that can be used as one diagonal of your square. Construct a perpendicular bisector and mark its intersection with the original circle. This identifies the second diagonal of your square (and the other two vertices) of the square.
14. To construct a regular hexagon, start with a segment AB and construct an equilateral triangle. A hexagon is made up of six equilateral triangles. Proceed by replicating your triangle to form the hexagon. 

Here’s another way to do it:
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15. Start with your square. Find the center by intersecting the diagonals. Construct a circle through all four vertices using the center you just found. Now construct the perpendicular bisector of each side of the square and mark where each line intersects the circle. These points, together with the original vertices of the square, will form a regular octagon.

16. List all regular polygons with up to 100 sides that can be constructed with straightedge and compass. 

The odd factors must be distinct Fermat primes. Of these, only 3, 5, & 17 are less than 100. We can also multiply by any power of 2. So our base options are:


No odd factors:    4, 8, 16, 32, 64


Odd factor is 3:    3, 6, 12, 24, 48, 96


Odd factor is 5:    5, 10, 20, 40, 80


Odd factor is 17:  17, 34, 68

If we also combine odd primes, we can have


3x5 = 15, and so we can also get 30, 60.


3x17 = 51


5x17 = 95

Those are the only combinations that have distinct odd Fermat prime factors together with various powers of 2. 

