
All I want is a completely closed, mirrored room with lasers in the corners . . . Problem Set 5: Fire The Laser!!

Problem Set 5: Fire The Laser!!

Opener

1. Today is Mike’s birthday and he got a laser! It just so happens that
he lives in a 7-by-3 rectangular room with mirrors for walls. So of Ours is not to wonder why.

course the first thing Mike does is fire a laser beam at a 45◦ angle
from the lower-left corner of the room to see how the laser beam
bounces off the walls.

Which corner of the room will the laser hit first? (Grid paper may
come in handy!)
Experiment with different room sizes. Keep firing the laser beam Excuse me, shouldn’t that

be called a frickin’ laser
beam?

until you can predict which corner the laser beam will reach in a
m-by-n room, wherem and n are positive integers.

Important Stuff

2. An isosceles right triangle is an isosceles triangle with a I wonder why they call it
that.right angle.

a. What are the angles in this triangle? Why is there
only one possible answer?

b. If one side of an isosceles right triangle is 6 units
long, what are the possible lengths of the other sides?

3. a. Brian says that Mike’s 7-by-3 room is too small. He
wants to see the laser fired in a 28-by-12 room. What
changes? What stays the same?

b. Brock would prefer to see the laser fired in a 12-by-28
room. What changes? What stays the same?

4. a. How long was Mike’s laser beam’s path in Problem 1
until it reached one of the corners? Step 1. Cut a hole in a box.

Step 2. Put your laser in
that box. Step 3 . . .

. . . is that too much to ask for? 17



Problem Set 5: Fire The Laser!! All I want is a completely closed, mirrored room with lasers in the corners . . .

b. Mike’s 7-by-3 room has a floor tiled with 1-by-
1 squares, as shown above. How many of these
squares did Mike’s laser beam cross over?

c. What happens in a 21-by-6 room? Why don’t you and the laser
beam get a room? Oh.d. How long was the laser beam’s path in Brian’s 28-

by-12 rectangular room?
e. How will be the length of a laser beam’s path in am-

by-n rectangular room, wherem and n are positive
integers?

5. Claire loves trig, so she picks her two favorite positive
integers: 30 and 45.

15 and 90? Claire loves
those too!

The greatest common divisor of 30 and 45 is 15.
The least common multiple of 30 and 45 is 90.

a. Find the GCD and LCM for 21 and 6; for 28 and 12. Some people refer to the
least common denominator
but that is a specific
example where the LCM
is . . . fire the laser!

b. Find the GCD and LCM for some other interesting
pairs.

c. Describe in your own words how to calculate GCD
and LCM.

d. Something interesting happens to the sum or the
product of GCD and LCM. One of those. I don’t understand what this

has to do with the Grand
Comics Database and
the Louisiana Children’s
Museum.

6. Draw a 16-by-5 rectangle on your grid paper. Chop off
the largest square that you can from one side of your
rectangle. Keep removing squares until there is nothing
left.
a. How many squares did you cut in each phase of this

operation? Unfortunately, the patient
did not survive the opera-
tion.

b. How big is the final square?
c. Try to relate these numbers to the original 16 and 5

that you started with.

7. Repeat Problem 6 with a 21-by-6 rectangle, and a 28-by-
12 rectangle.

8. Write each improper fraction as a mixed number in These fractions wear white
after Labor Day.lowest terms.

a.
16
5

b.
21
6

c.
28
12
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Neat Stuff

9. Repeat Problem 6 with a 69-by-16 rectangle. What
changes? Does anything stay the same? Besides Dick Clark’s hair, of

course.

10. There’s a bunch of circles in the plane, all the same size,
never overlapping. Rachell’s circle is happy because it
touches the maximum possible number of other circles.
How many circles does Rachell’s circle touch?

11. How many times does Mike’s laser bounce off walls in
the 7-by-3 room before hitting a corner? Separate bounces
into top/bottom and left/right. Keep experimenting with
other room sizes until you can find a general rule for the Salute the general! This can

be a description of the rule,
not a function.

total number of bounces in anm-by-n room.

12. David notices there is a fly hovering in Mike’s room, so
the other David tries to hit it with Mike’s laser. He misses The fly was hovering at

(4, 2) but escaped. Whew!
Unfortunately for the fly, the
entire room is not a door.

but the laser beam continues along that path. Figure out
stuff about the path of the laser.

13. Picture the square-chopping process of Problem 6, start-
ing with a “golden rectangle” whose dimensions are
φ-by-1. Some company was selling

cheap golden rectangles.
Too bad they were a φ-by-
night operation.

a. After chopping off one square, what are the dimen-
sions of the remaining rectangle?

b. Write a proportion that must be true if the remaining
rectangle is a scaled copy of the original.

c. After chopping off a second square, what are the
dimensions of the remaining rectangle?

d. Keep going . . .
e. What are the dimensions of the remaining rectangle

after 10 chops, and what does this tell you about the
value of φ?
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14. Pool tables come in different sizes, but the playable
surface is always a rectangle with a 2:1 ratio of length to
width. It also has side pockets located in the center of
the long sides. If a ball is shot from any point along one
of the sides at a 45◦ angle, which pocket will it go in? Ignore inconvenient truths:

the fact that the ball would
eventually have to stop
and has a nonzero radius;
that pockets have a width;
that Al Gore causes global
warming.

15. Cora wants to repeat Problem 1 but instead of shooting
the laser at 45◦, she wants to shoot it at 60◦ (relative to
the long side of the rectangle). Investigate what happens.

16. You know all of those observations you made about Ha, that’ll teach you to stop
observing things.Mike’s laser beam in Problem 1? Prove them.

17. Today is 7/7/14, and 7 + 7 = 14.
a. How many times during 2014 does this happen?
b. How many times will it happen in 2015?
c. How many total times will this happen in a century?

Oh, snap!

18. If a and b are positive integers with GCD d and LCM m,
prove that

a · b = d ·m

Tough Stuff

19. There’s a bunch of spheres in 3-D, all the same size, never
overlapping. Ben’s sphere is happy because it touches
the maximum possible number of other spheres. How
many spheres does Ben’s sphere touch? Hey! Stop observing things!

20. Come up with a three-dimensional analogue for the kite
and dart tilings we’ve been working with.

20 . . . is that too much to ask for?


