Spherical Geometry – Brief Answers to Big Ideas Homework set #2-7 p. 93.

2. Lines of latitude (other than the equator) are not great circles because a plane that would “cut them” out would not divide the sphere into two congruent hemispheres. In fact, the latitude lines are just spherical circles (centered at either the north or south pole). 
3. The number of perpendicular lines to a given line through a given point depends on the location of the line and the point. For instance, the equator would have only 1 perpendicular that passed through La Crosse, WI, whereas there are an infinity of lines through the north pole that are perpendicular to the equator. 

4. No, the Pythagorean theorem does not hold in spherical geometry. (Hint: Use the 90-90-90 triangle as an easy counterexample). 

5. If a rectangle (with four 90o angles) really existed, then we could divide it up into two triangles by connecting a pair of opposite vertices. These two triangles would each have a vertex angle sum that was greater than 180o. This means the rectangle’s vertex angle sum of greater than 2*180 = 360o. But then the angles cannot all be 90o after all. (If we want to talk about spherical rectangles, we need to change the definition to read “a quadrilateral with four congruent angles” instead of “four right angles” as is common in Euclidean geometry.)

6. The triangle congruency theorems from Euclidean geometry that also hold in spherical geometry are SSS, ASA, SAS. Surprisingly, we can add AAA to our list of spherical triangle congruency theorems (this is not a theorem in Euclidean geometry). Note that AAS works in Euclidean geometry but not in spherical. ASS doesn’t work in either geometry.  I’ll leave it up to you to find appropriate arguments or counter-examples.

7. Spherical triangles that are similar (meaning that corresponding angles are the same) are also congruent to one another. This is connected to the fact that the area of a spherical triangle is equal to the spherical excess, or (sum of angles) – pi. If we change the size of the triangle, we also change the sum of the angles. Hence, any two triangles with the same angle measures will have the same size as well. (This is why the AAA theorem works in spherical geometry – see question #6.)
