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80 = CHAPTER 2 Shapes in Our Lives

11. The following figure is made up of regular poly-
gons. Find the degree measures x and y.

12. The following figure is made up of regular poly-
gons. Find the degree measures x and y.

Problems 13 and 14

" Another way to approach the question of the sum of the
vertex angles of an #-gon is to think of beginning at one
vertex and traveling around the perimeter of the poly-
gon. When you come to the next vertex, you must make
a turn of a certain number of degrees. If you extend the
edge you just traveled, you will note that there are two
angles formed with respect to the vertex, the side you
extended, and the next side. One of these is the vertex
angle, and the other we will call the exterior angle as
shown next,

The measures of the vertex angle and the exterior angle
add to 180°. Since there are # vertices, the sum of the
measures of the vertex angles and exterior angles com-
bined is n(180°). As you travel around the perimeter of
“the polygon, you must turn 360°. Therefore, the sum of
the measures of the vertex angles in an n-gon is found to
be #(180°) — 360° = n{180°) — 2(180°) = (n — 2)180°.

Since the sum of the measures of the » exterior angles of

an n-gon is 360°, we have the following result for any
regular n-gon: # X (measure of an exterior angle) = 360°
360°

measure of an exterior angle '

orn =

13. a. ‘What is the measure of an exterior angle for a
regular hexagon?
b. If the measure of each vertex angle in a regular
polygon is 144°, how many sides does the poly-
gon have?

¢. How many sides does a regular polygon have if
' an exterior angle has a measure of 40°7

14. a. Whatis the measure of an exterior angle for a
regular pentagon?

b. If the measure of each vertex angle in a regular
polygon is 160°, how many sides does the poly-
gon have? _

¢. How many sides does a regular polygon have if
an exterior angle has a measure of 24°7

15. Refer to Figure 2.11(b) in which a regular tiling by
triangles that is not edge-to-edge is constructed by
sliding alternating rows of an edge-to-edge tiling to
the right.

a. If arbitrary rows were shifted, would the result
still be a regular tiling?

b. If the top vertex of each triangle were not in the
middle of a side, would the resuit still be a regu-
lar tiling? ;

¢. Explain your reasoning for parts (a) and (b).

16. Consider the edge-to-edge tiling from Figure
2.11(a). Slide alternating diagonal rows of triangles
so that the vertex of each triangle is in the middle of
a side of another triangle as shown.

Edge-to-Edge Tiling

Slide Diagonal Rows

a. Is the result of sliding the diagonal rows an edge-
to-edge tiling?

b. s this tiling different from the one in Figure
2.11(b)? Explain your answer. (Hint: Slowly ro-
tate and observe the tiling for a full 360°. What
do you notice?) : :

17. Explain why a regular edge-to-edge tiling cannot be
composed of regular heptagons {7-gons).

18. Explain why a regular edge-to-edge tiling cannot be
composed of regular octagons.
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82 @ CHAPTER 2 Shapes in Qur Lives

Problems 25 and 26

a. Any triangle can form a tiling. Make six copies
of the given triangle, cut them out, and paste
them on your paper to form a tiling.

b. Make four copies of the given convex quad-
rilateral, cut them out, and paste them on your
paper around a point to demonstrate how they
will form a tiling

27. Make six copies of the following concave polygon
and demonstrate how they form a tiling.

28. Make six copies of the following concave polygon
and demonstrate how they form a tiling.

Problems 29 and 30

There are exactly three kinds of irregular, convex hexa-
gons that tile the plane, Consider the following hexagon
with vertex angles labeled with capital letters and side
lengths labeled with lower case letters.

B

All regular hexagons will tile a plane. For irregular, con-
vex hexagons to tile the plane, any one of the following
sets of conditions must hold: '

() A+B+C=360%andf=c

(I) A+ C+D=360°,a=d andb =f
(Il A=C=E=120°%a=fb=cande=d

29. Consider the followmg convex, irregular hexagon.

3

a. Which set of conditions L, 1, or Il does the
hexagon satisfy?

b. Copy, cut out, and paste at least six copies of the
hexagon on your paper to form a tiling.
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84 = CHAPTER 2 Shapes in Our Lives

43. A 16-foot ladder will be used to paint a house. If the
foot of the ladder must be placed at least 4 feet away
from the house to avoid flowers and shrubs, what is
the highest point on the house that the top of the
ladder will reach? Round your answer to the nearest
tenth of a foot.

44. If the diagonals of a square are 40 feet long, what is
the length of each side? Round your answer to the
nearest tenth of a foot.

¢&y 45. We have seen that regular pentagons will not form a

tiling. However, some irregular, convex pentagons
will form a tiling. Currently, 14 general kinds of
irregular, convex pentagons are known to tile the
plane. Students, a physicist, and a homemaker dis-
covered these tilings. Research tilings that involve
irregular pentagons by using search keywords
“pentagon tiling” on the Internet. List the angle
and side length requirements for at least five of
the pentagons that will form tilings and provide
sketches of the tilings.

Problems 46 and 47

‘We saw that a vertex angle of a regular n-gon has measure
n— 2)180
LMMF?L degrees. If three regular polygons surround
a vertex, the three vertex angle measures must add to
360°. Therefore, if three regular polygons with a sides,
b sides, and ¢ sides surround a vertex we have the fol-
lowing.

a — 2)180 b — 2)180 - 23180

@180 | G0, = 0

360

1 1 1
implifying thi i ves — + — + — = —,
Simplifying this equation gives PR
46. a. Suppose one of the polygons is an equilateral tri-
angle, so ¢ = 3. Find all values for » and ¢ that
satisfy the equation.
b. Suppose one of the polygons is a square, so
a = 4. Find all values for b and ¢ that satisfy the
equation.
¢. Suppose one of the polygons is a regular penta-
gon, s0 ¢ = 5. Find all values for b and ¢ that
satisfy the equation.

d. Suppose one of the polygons is a regular hexa-
gomn, 50 @ = 6. Find all values for & and ¢ that
satisfy the equation.

47. Consider the possibility of creating a semiregular
tiling of three regular polygons such thata = 5,
b=5andc = lO.Notictathati + 1 + L = l

5 5 10 2
Consider the following figure, where s, », and p
represent the number of sides in the polygon.

a. Point 4 is surrounded by two regular pentagons
and a regular decagon. If point B is surrounded
similarly, what is n?

b. If point C is surrounded similarly, what is m?

¢. I[fpoint D is surrounded similarly, what is p?

d. What is the arrangement around E? What can
you conclude?

e. For every triple of numbers «, b, and ¢ that
. 11T 1 1,
satisfies the equation — + — + — = —in
a b ¢ 2
problem 46, determine whether a regular a-gon,
aregular b-gon, and a regular c-gon will form a

semiregular tiling.




