
Math 130

Homework 5 – Due March 14, 2019
Jamie Conway

Work on all the questions, but please only submit questions 2:(8.5), 4, 6, and 7 to be graded.

1. Think about your independent project. Do research to help you choose a topic.

2. Do the following problems from Hartshorne (pages 89, 96):

8.5, 8.8, 9.2

3. Here is a proof of the AAS congruence theorem for triangles. Justify each step.

Given triangles ABC and DEF , such that ∠A ∼= ∠D, ∠B ∼= ∠E, and AC ∼= DF , assume that
AB 6∼= DE. Then AB < DE or DE < AB. If DE < AB, then there is a point G between
A and B such that AG ∼= DE. Then ∆CAG ∼= ∆FDE. Hence ∠AGC ∼= ∠E. It follows
that ∠AGC ∼= ∠B. This contradicts (fill in the blank [look at Chapter 10 in Hartshorne]).
Therefore, DE ≥ AB. Similarly, AB ≥ DE. Thus, AB ∼= DE, and hence AB ∼= DE.
Consequently, ∆ABC ∼= ∆DEF .

4. Here is a proof that a line segment has a midpoint. Justify each step (you can use Q3: AAS).

Given A and B, let C be a point not on the line AB. There is a unique ray
−−→
BX on the

opposite side of AB from C such that ∠CAB ∼= ∠ABX. There is a unique point D on
−−→
BX

such that AC ∼= BD. D is on the opposite side of AB from C. Let E be the point at which
segment CD intersects AB. Assume for contradiction that E ∗ A ∗ B. Since CA intersects
the side EB of ∆EBD at a point between E and B, it must also intersect either ED or BD.
But this is impossible, so A is not between E and B. Similarly, B is not between A and E,
so A ∗ E ∗ B. Then ∠AEC ∼= ∠BED. So ∆EAC ∼= ∆EBD. Therefore, E is a midpoint of
AB.

5. Read Ellenberg’s argument (see the course website) of how the Fano plane (that is, the
projective plane with 7 points) helps you buy lottery tickets (where the lottery has 7 numbers).

6. Using the axioms (P1–4) for a projective plane (see Hartshorne, exercise 6.3), prove that
every point is contained in (at least) 3 different lines.

7. Compare the axioms (P1–4) to Stillwell’s axioms in Section 5.3 (page 94). Is one axiomatic
approach to projective planes equivalent to the other? That is, given (P1–4), can you prove
Stillwell’s (1–3), and vice versa?

8. Explain how to produce a perspective drawing of a floor tiled with regular hexagons, using
straightedge alone (see problems 5.2.1 and 5.2.2 in Stillwell).


