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Final Exam, MAT 480
10:10 am, Wednesday, December 11th, 2002
For Arthur Baragar

Calculators are NOT allowed. There are ten questions. Each question is worth 10
points. This exam is out of 100 points. Not all questions are of equal difficulty, so do the
easy ones first. If you want your grade posted, please include a pseudonym. If not, please
leave it blank. For the constructions, you may use a ruler to find midpoints, and the corner
of a piece of paper to find perpendiculars. Otherwise, please be sure to follow the rules of
constructions. Good luck.

1. (10 points) State and prove the Law of Cosines (in Euclidean geometry).

2. (10 points) Let ∆ABC be an equilateral triangle (in Euclidean geometry) with sides of
length s. Let R be the circumradius for ∆ABC. Find an expression for R in terms of s.

3. (10 points) In ∆ABC, there is a circle Γ that goes through A and the centroid G (see
Figure 1). The point A′ is the midpoint of BC. A line is drawn through A′ which intersects
the circle at Q and Q′ in such a way that |QQ′| = |AA′|. Suppose |A′Q| = 1. What is |AA′|?
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Figure 1.



4. (10 points) Let Γ be the circumcircle of ∆ABC. Let D be the midpoint of the arc BC.
Prove that the incenter I of ∆ABC lies on the circle Γ′ that is centered at D and goes
through B.

5. (10 points) Below is a segment of length one. Use this, a straightedge, and a compass to

construct a segment of length
√√

3 − 1.
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6. (10 points) In Figure 2, there are three points A, B, and I. The points A and B are two
vertices of ∆ABC. The point I is the incenter of ∆ABC. Use a straightedge and compass
to construct the third point C.

7. (10 points) Suppose the unit sphere S is tiled with congruent equilateral triangles with
five triangles at each vertex. What is the area of each triangle?

8. (10 points) Suppose the unit sphere S is tiled with congruent regular pentagons, three
pentagons to a vertex. Find the length s of each side of each tile.

9. (10 points) Suppose the pseudosphere H is tiled with congruent regular pentagons, six
pentagons to a vertex. Find the length s of each side of each tile.

10. (10 points) Let ∆ABC be a triangle on the pseudosphere H, and suppose a = b = c (so
∆ABC is ‘equilateral’). Let the circumcircle of ∆ABC have radius R. Prove that

sinh R =
2 sinh(a/2)√
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