Math & Art Problem Set 3 Due Tuesday 2/14/07

1. You want to paint a picture on a rectangular canvas, and you want the
ratio of the length of the long side to the length of the short side to
be ¢ — that is, you want the canvas to be in the shape of a Golden
Rectangle. 1f the short side of your canvas is 2’ wide, how long should
you make it be?

2. You have read, in the excerpts from The DaVinci Code, that "my
friends, each of you is a walking tribute to the Divine Proportion.” In
this exercise, you will explore whether you are a such a tribute to the
Golden Ratio.

(a) Measure the following. In each case, give an accuracy range based
on your sense of how accurately you (or a friend) measured that
quantity.

i. your height
ii. the height of your belly button
iii. the distance from your shoulder to your fingertips
iv. the distance from your elbow to your fingertips
v. the distance from your hip to the floor
vi. the distance from your knee to the floor
Make sure your lengths are not in mixed units like feet and inches.
For instance, rather than listing my height as 5'3.5” +.5” I would

write it as 63.5” £ .5”. Also, use the same units throughout your
measurements.

(b) Height to belly button height:
i. Calculate the ratio of your measured height to the measured

height of your belly button.

ii. Calculate the range that actual ratio might fall into, using the
ranges you found above.

iii. Does the Golden Ratio fall into this range?
(¢) Arm length to fore-arm length:

i. Calculate the ratio of your measured arm length to your mea-
sured fore-arm length.

ii. Calculate the range that this actual ratio might fall into.
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iii. Does the Golden Ratio fall into this range?
(d) Leg length to height of knee:
i. Calculate the ratio of your measured leg length to the mea-
sured height of your knee.
ii. Calculate the range that this actual ratio might fall into.
iii. Does the Golden Ratio fall into this range?
(e) Draw some conclusions as to whether you believe you are the trib-

ute to the Divine Proportion that Dan Brown’s Robert Langdon
claims you are.

3. You have read, in Under the Starry Pointed Pyramid, that it is fre-
quently said that Herodotus described the construction of the Great
Pyramid by saying that the Pyramid was built so that the area of each
face would equal the area of a square whose side is equal to the Pyra-
mid’s height. You have also read that if Herodotus had indeed said
this, it would have meant that the Golden Ratio was sure to appear in
the Great Pyramid, but Livio left out some details.

In this exercise, we will explore this idea in more detail.
Let
h = height of pyramid
%(length of base) — so 2a = length of base
s = slant height = the height of a triangular face

(a) Find the area of a square whose sides all have length h (the height
of the pyramid).

(b) Find the area of one of the triangular faces of the Pyramid.
Remember: Area of a triangle=3 (base) x (height).
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(c) Rewrite the statement attributed to Herodotus, using the expres-
sions for area you found in parts 3a and 3b.

(d) By looking at the above diagram of the pyramid, find another
equation that connects h, s, and a.

Hint: Look for a different triangle!

(e) Combine these two equations in a logical way to find a relationship
between a and s. Solve for s/a. (You should get that s/a = ¢!)

4. You have also read in " Under the Starry Pointed Pyramid” that if the
Egyptians used rollers to measure the length of the base of the pyramid,
and ropes to measure the height of the pyramid, then 7 would have been
sure to appear in the Great Pyramid. Livio left out some details, so in
this exercise, we will explore these ideas in more detail.

(a) Suppose you build a model of a pyramid as follows: take a wheel
of diameter d and lay out a square base whose sides are each one
revolution of the wheel long. Then make the pyramid height equal
in length to two diameters of the wheel.

i. How long is the base of your model? (Your answer will be in
terms of d.)
Remember: Circumference of a circle=2mx radius = wXx diameter.

ii. How tall is your model? (Again, your answer will be in terms
of d.)

iii. Find the ratio of the height of your model to the length of the
base of your model.

iv. Find the ratio of the height of the Great Pyramid to the length
of the side of the base of the Great Pyramid.
Recall: The height of the Great Pyramid is 481.4 feet and
the length of the side of the base of the Great Pyramid is
755.79 feet.

v. Draw some conclusions about the shape of the Great Pyramid
and the shape of your model.
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(b) In this part of the problem, you're going to show that the Egyp-
tians wouldn’t have had to use a gigantic measuring wheel for this
process to have worked.

i. Suppose you lay out a square base whose sides are each 10
revolutions of the wheel long, and you make the height be
20 diameters of the wheel. Find the ratio of the height of
this new model to the base of this new model. How does it
compare to the ratios you found in the previous parts?

ii. Suppose you lay out a square base whose sides are each n
revolutions of the wheel long, and you make the height be 2n
diameters of the wheel tall. Again, find the ratio of the height
of this new model to the base of this model, and compare.

(c) Using the dimensions for the Great Pyramid given above, find the
diameter of the measuring wheel required so that 100 revolutions
of the wheel would produce one side of the base of the Great Pyra-
mid and 200 diameters would give the height. Is this a reasonable
sized for the measuring wheel? That is, is it likely the Egyptians
would use a measuring wheel this size, if they constructed the
pyramid this way?

5. Which are similar

(a) Which of the following pairs of figures are similar? If they are
similar, explain why.
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ii. (Notice that the pair below consists of the big triangle and
the smaller one inside it.)

C
(b) For the pair(s) above that you decided were similar, find the scale
factor of the sides.

6. Assume that the following pair of triangles are similar, and find the
unknown value x.

7. P and @, shown below (but not to scale), are similar polygons. If the
perimeter of P is 10, what is the perimeter of ()7

5
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