SOLUTIONS
(Lesson 9)

Symmetry in Beadwork

Questions:

1. How many beads are required to complete the belt?
SOLUTION: There are two reasonable approaches here:
(a) Note that each horizontal row of the belt is 40 inches long, so with 14 beads per inch, this gives 14*40 = 560 beads per horizontal row. Similarly, each vertical row of the belt is 4 inches tall, so with 14 beads per inch, this gives 14*4 = 56 beads per vertical row. There are 560 vertical rows altogether (since the horizontal rows have 560 beads, each of which corresponds to exactly one vertical column).  Thus, we obtain 56*560 = 31,360 beads in total.
(b) We can do the calculation in part (a) in terms of inches first.  Since the belt is 4 inches tall by 40 inches wide, the belt has a 4*40 = 160 square inches.  In each square inch, there will be 14*14 = 196 beads, since there are 14 beads per linear inch.  Thus, we have 196*160 = 31,360 beads for the whole belt.

2. What fraction of the belt consists of the border to the belt?
SOLUTION: Since the outside four rows of beads on all sides must consist of the border, the non-border rectangular region on the interior is 56 – 8 = 48 beads tall (vertically) and 560 – 8 = 552 beads in width (horizontally). Note we have subtracted 8, not 4, since there are 4 beads on each side of the border, so we must subtract 4 beads twice in both the horizontal and vertical directions.  Thus, the number of beads that do NOT belong to the border of the belt is 48*552 = 26,496.  Thus, there are 31,360 – 26,496 = 4,864 beads on the border of the belt.  This is 4,864 / 31,360 ≈ 15.51 %.
3. Assume that all Native American women work on belt manufacturing at the same speed.  If five Native American women can complete three belts in two days, how long does it take one woman to make a single belt?
SOLUTION: Observe that one woman can complete 1/5 as much as all five women working together in any given period of time.  Therefore, in a course of two days, one woman could complete 3/5 belts. In one day, this same woman could complete half as much: 3/10 belts.  Thus, one woman requires 10/3 days (approximate 3.33 days) to complete a single belt.
4. If the belt is placed on a coordinate plane where each unit of measurement along each axis is one inch in length such that the center of the belt sits at (0,0),
(a) what are the coordinates of the corners of the belt?
SOLUTION: The coordinates of the corners of the belt are (20,2), (20,-2), (-20,2), and (-20,-2).
(b) At what acute angle (less than 90 degrees) do the pair of diagonal lines joining the corners of the belt meet?  
SOLUTION: In this question, we are essential looking for the angle A at (0,0) formed by the sides of the isosceles triangle with vertices located at (0,0), (20,2), and (20,-2). Note that (0.5)A is the angle at (0,0) in the right triangle with vertices at (0,0), (20,0), and (20,2).  Therefore, tan(0.5)A = 2/20 = 0.1.  Thus, 0.5A = arctan(0.1) ≈ 5.71 degrees.  Hence, A ≈ 11.42 degrees.
(c) What is the corresponding obtuse angle in part (b) ?

SOLUTION: The obtuse angle and the corresponding acute angle in part (b) have measures that sum to 180 degrees.  Thus, we simply subtract the answer to part (b) from 180 to obtain the (approximate) answer: 180 – 11.42 ≈168.58 degrees
5. In explaining to others how you designed your belt, what role could mathematical symmetry play in simplifying your explanation? 

SOLUTION: It is only necessary to explain how to design half of the belt, since the beading pattern on the opposite half (across the center line of the belt) must be a mirror image.  
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