
Math 896 Homework Day 3

“It is indeed wonderful that so simple a figure as the triangle is so inexhaustible
in properties. How many as yet unknown properties of other figures may there not
be?”
—August Crelle, 1780–1856. German civil engineer and mathematician.

1. In GeoGebra, construct a triangle ABC with three movable points. For each item below,
add the following lines, and the intersections between the three lines of each item. Put
all of the lines in the same figure; it may be helpful to hide some of the lines and points
while working on another item. You may use all of the built-in features of GeoGebra (i.e.,
you do not need to do this with straightedge and compass).

(a) centroid: from each vertex, draw a line to the midpoint of the opposite side.
(b) circumcenter: for each side, draw the perpendicular bisector (that is, the perpendic-

ular line through the midpoint of the side).
(c) incenter: from each vertex, draw the angle bisector.
(d) orthocenter: through each vertex, draw an altitude (that is, a line through the vertex

that is perpendicular to the opposite side).

Now experiment with your dynamic figure to answer the following questions:

(a) For each item, do the three points always intersect in a point?
(b) Is the point always inside the triangle?
(c) When do any two of the points coincide? Three? All four?

2. Suppose that Chef I. Sauce Alees bakes a cake in a triangular pan. She then flips the
cake out of the pan and frosts the top (so that the frosted side is the side that was on the
bottom when the cake was baked in the pan). To deliver the cake to a Geometry class,
she decides to transport the cake in the pan it was baked. However, the cake no longer
fits with the frosting on the top! Chef Alees consults the Geometry class, and they tell
her that the cake can be cut into three pieces using three straight cuts, and the resulting
pieces can be put into the cake pan with the frosting up. How did the Geometry students
explain to make the cuts, for any triangular pan?

3. The following problem is claimed to be from a manuscript from about 100 AD in ancient
China.
There is a square town of unknown dimensions. There is a gate in the middle of each
side. Twenty paces outside the North Gate is a tree. If one leaves the town by the South
Gate, walks 14 paces due south, then walks due west for 1775 paces, the tree will just
come into view. What are the dimensions of the town?

4. Given five points on a sphere, prove that four of them lie on a closed hemisphere (i.e, a
hemisphere that includes its bounding great circle).


