
Exam for MA2401 and MA6401, 4.5.2020

1 Neutral Geometry (2+1+2=5 points)

De�ne the distance between two points (x1, y1) and (x2, y2) ∈ R2 by

D ((x1, y1), (x2, y2)) = max{|x2 − x1|, |y2 − y1|}.

(hereby, max{a, b} denotes the larger of two real numbers a and b)

a) Verify that D de�nes a metric.

b) Find all points (x, y) in R2 such that D ((0, 0), (x.y)) = 1. Draw a sketch in the Cartesian
plane. (This should explain the name square metric).

c) Let l be a line de�ned by the equation y = m · x + b, with m, b ∈ R. Show that for |m| ≥ 1,
the function f : l→ R, f(x, y) = m · x de�nes a coordinate function, using the square metric.

2 Euclidian Geometry (2+2+2+2=8 points)

An equilateral triangle is one which all three sides have equal length.

a) Prove that a Euclidian triangle is equilateral if and only if each of its angles measures 60◦.

b) Prove that there is an equilateral triangle in Euclidian geometry.

c) Split an equilateral triangle at the midpoint of one side to prove that there is a triangle whose
angles measure 30◦, 60◦ and 90◦.

d) Prove that, in any triangle with angle measures 30◦, 60◦ and 90◦, the length of the side
opposite the 30◦ angle is one half the length of the hypotenuse.

3 Hyperbolic Geometry (3+3=6 points)

Let 4ABC be a triangle and let D,E and F be the midpoints of the sides BC,AC, and AB,
respectively.

a) Prove that 4EDC is not similar to 4ABC.

b) Prove that the congruences AF ∼= ED, AE ∼= FD and BD ∼= EF cannot all hold.

4 Neutral Geometry (3+3=6 points)

a) Let a and c be two numbers such that 0 < a < c. Prove that there exists a triangle 4ABC
such that ∠BCA is a right angle, BC = a, and AB = c.

b) Let γ be a circle and let P be a point outside γ: Prove that there exist two lines through P
that are tangent to γ.
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