Problem Set 28

Problem 28.1. Given a water faucet and a cylindrical pot, how can you
ﬁll the pot exactly half-way with water?
Problem 28.2. Why are manhole covers circular rather than a square?
Problem 28.3. The letter P was painted in one of the squares
of the assembly of seven congruent squares shown on the right.
A cube with faces congruent to these squares was placed on the
square with the P so that its face coincided with the square, P
and then the cube was rolled over its edges along the ﬁgure. In the process,
the letter was imprinted on the face of the cube and also on all squares of
the ﬁgure where this face landed. Which of the squares of the ﬁgure got an
imprint of the letter, and what exactly do those imprints look like?
Problem 28.4. Is it possible to place six identical unsharpened pencils in
a conﬁguration where each pencil touches all the other ones?
Problem 28.5. (a) The left half of the picture on the left shows the path of a ﬁsh as seen
from the front of an aquarium. The picture
next to it shows the same path as seen from
the right side of the aquarium. Draw the path
of the ﬁsh as seen from above. (b) Do the same problem for the paths shown
on the right.
Problem 28.6. Is it true that 1-liter and 2-liter Coke bottles are proportional (one can be obtained from the other by scaling up all dimensions by
the same factor)?
Problem 28.7. An unfolded cube is shown on the left half of the ﬁgure
below. Which of the three cubes on the right can unfold in this way?

Problem 28.8. Can the shadow of an opaque cube be a regular hexagon?
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Problem 28.9. Suppose we have three identical bricks. How can we ﬁnd
the length of the diagonal of a brick (i.e., the distance between two vertices
not belonging to the same face) using only one measurement with a ruler?
Problem 28.10. (a) Is it possible to
saw a ﬁgure out of a piece of wood so
that every face of the ﬁgure is a square,
but the ﬁgure is not a cube? (b) What
if we ask, in addition, that the ﬁgure be
convex?
Problem 28.11. The picture shows
that the yacht Alpha was moored at the
dock before Kvant. Can Alpha sail ﬁrst
without having to take Kvant’s mooring cable oﬀ the bollard?

Additional Problems
Problem 28.12. In three-dimensional space, we are given a point light
source emitting light in all directions. Is it possible to choose (a) 100 opaque
balls, (b) 4 opaque balls, and place them in space in such a way that they
don’t intersect each other, don’t touch the light source, and completely block
its light, i.e., every light ray emanating from the bulb meets one of these
balls?
Problem 28.13. You have a compass, a ruler, a piece of paper, a pencil,
and a ball. You can draw on the surface of the ball using the compass and
the pencil, and you can draw on the paper using the compass, the pencil,
and the ruler. Can you draw a line segment on the paper whose length is
the radius of the ball?

