Final Examination December 13, 1999 189-348A

1. (a) Let S be a rotation about a point A through an angle o and P a rotation about B
through an angle 3. Describe the isometry given by the formula R = PSP~

(b) A finite figure is a figure whose symmetry group does not contain nontrivial transla-
tions. Show that a finite figure cannot have two rotation symmetries with different
rotocenters.

2. Give the definition of isomorphic groups. Is Cg isomorphic to D3? Justify your answer.

3. Identify the following isometries:

(@) (@1,22) = (=21 43,2, +)
(b) (z1,22) = (z1 +6,—z5 — 1) .

4. Find analytic formulas for the following isometry: M;Ms, where M; is the reflection in
r1 — 2o+ 1 =0, and M, is the reflection in —z; + 2o =0,

5. Prove that if {u,v,w} is an orthonormal triple, then for all z € R?

z = (z,u)u+ (z,v)v + (z,w)w.

6. Explain how to measure angles on S?. Find the angles of the triangle PQR (or their

cosines), where P = (0, —1/v/2,-1/v/2), Q = (0,1/v/2,-1/v/2), R = (1//3,—1/3/3,1//3).

7. Define the projective plane P? and the mapping T : E? — P? — [|,. What are the
properties of this mapping?

8. (a) Define intersecting, parallel, and ultraparallel lines of H?. How to find the point of
intersection of two intersecting lines? If ¢ = (1,1,1) and v = 1/4/3(2,0, 1), what
can you say about the lines [ and m with respective unit normals  and v?

(b) Find all lines through P = (2,0,+/5) which are ultraparallel to the line with the
normal vector ¢ = (1,1,1).

9. What is “special relativity” . What is length contraction? What is time dilation? Deduce
these phenomena from the Lorenz transformation formulas.
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