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• The practice problems are meant as exercise to the students. You are NOT required to
submit your solutions, but you are encouraged to work through all of them in order to
understand the course materials. The problems will be uploaded on Fridays and solutions
will be uploaded on Wednesdays before the next lecture.

• Please send an email to zdmu@math.cuhk.edu.hk if you have any questions.

1. The classical Pythagorean theorem is a relation between the side lengths of a right-angled
triangle. The theorem follows from the classical cosine rule. So it is natural to consider
right angled triangles in the non-Euclidean setting. Say if the angle C = π/2, then the
first cosine rule gives cosh c = cosh a cosh b − sinh a sinh b cos(π/2) = cosh a cosh b.
This is known as the hyperbolic Pythagorean theorem.

2. Divide the equilateral triangle into two halves along a median. By symmetry, the median
is also an perpendicular bisector, and therefore the angle that the median makes with the
opposite edge is π/2. And the median is also the angle bisector, so the angle A is divided
into A/2. So if we apply the second cosine rule to the smaller triangle, we obtain
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3. First we use the angle-area relation, which says that D = π−A−B−C, now A = π/2,
so D = π/2− (B + C). Then we can compute

sinD = sin(π/2− (B + C))

= cos(B + C)

= cosB cosC − sinB sinC

Now by second cosine rule, we have cosh a sinB sinC+cosA = cosB cosC, so we can
rewrite
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Subsituting these into the above, we obtain the following,
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Where we have used the identity cosh2 a− sinh2 a = 1.

4. We have
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Meanwhile in the Euclidean case
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So the hyperbolic length and hyperbolic area of a hyperbolic circle grows at the same rate
for large R.


