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Abstract

The Golden ratio, like pi, is an important and relevant irrational number in the world of mathematics.  Although most people are familiar with pi, the Golden ratio is not widely known.  The golden ratio has other names.  For example, the Golden ratio is also known as the golden number, golden section, divine proportion, the golden mean, and the dividing of a line in the mean and extreme ratio.  Also, the Golden ratio is represented by a Greek letter and symbol, just like pi.  The symbol is the Greek letter http://mathworld.wolfram.com/GoldenRatio.html INCLUDEPICTURE "http://mathworld.wolfram.com/images/equations/GoldenRatio/inline9.gif" \* MERGEFORMATINET 


, and is pronounced Phi, named after the Greek sculpture known as Phidias ().  Numerically, the Golden ratio is irrational and is noted by the ratio of (1 + √5)/ 2.  Also, it is important to also look at a famous sequence known as Fibonacci sequence, which is a numerical pattern in which each term is found by adding the previous two terms.  For example, 0, 1,1,2,3,5,8,13,21, etc.  How does Fibonacci sequence relate to the Golden ratio?  By choosing two adjacent Fibonacci numbers and dividing the larger by the smaller, you can get a close approximation of the Golden ratio!  (Note:  later terms in the sequence are a closer approximation of the Golden ratio).  A close approximation would be around 1.618.  Therefore, where there is Fibonacci sequence, there is the Golden Ratio!  The Golden ratio can be found in various places including, nature/biology, art/aesthetics, architecture, and geometric shapes (the golden rectangle has a length: width ratio of 1 + √5 : 2.  The following is a simple lesson plan for middle school students that will enrich their knowledge of the Golden ratio as well as Fibonacci sequence and how it relates to geometric shapes and Greek architecture.

Lesson Plans

Objectives:

· Familiarize students with the Golden ratio, as well as its symbol, other names, and its irrational numerical representation as well as an approximation.

· Explore the relationship between Fibonacci numbers and the Golden Ratio

· Gain understanding of what makes a rectangle a Golden rectangle

· Discover architectural structures that have the Golden Ratio in them. (Examples include Greek statues, the Parthenon, Egyptian pyramids, and the Mona Lisa)

· Complete lab assignment and extension:  Texas Instrument Golden Ratio Lab “Go for the Gold.”

NC Standards:

· 1.01     Develop and use ratios, proportions, and percents to solve problems.
· 5.01     Identify, analyze, and create linear relations, sequences, and functions using symbols, graphs, tables, diagrams, and written descriptions.
National Standards:

· NM-ALG.6-8.1 Understand Patterns, Relations, and Functions 
· NM-GEO.6-8.1 Analyze Characteristics and Properties of Two- and Three-Dimensional Geometric Shapes and Develop Mathematical Arguments About Geometric Relationships 

· NM-MEA.6-8.1 Understand Measurable Attributes of Objects and the Units, Systems, and Processes of Measurement 

· NM-MEA.6-8.2 Apply Appropriate Techniques, Tools, and Formulas to Determine Measurements

Lesson Outline:

· Materials:  handouts (Appendix I and II), pencil, paper, calculator, rulers, graph paper (may be optional), magazines (may be optional)
· Warm-Up:  Students will read a brief introduction to the Golden Ratio (see Appendix I), which describes the golden ratio, the numerical approximation, specific architectural structures that contain the golden ratio, and what a golden rectangle is.  Afterward, the teacher will then explain further that golden rectangles have a length : width ratio of 1 + √5 : 2, and ask them to divide the two for an approximation.  Then, the teacher will instruct the students (with rulers handy) to find one example of a golden rectangle in the classroom by measuring to the nearest centimeter.  (A really good example of a golden rectangle is credit cards and the screen on a TI-73 calculator!)  Students should find various rectangular objects within the classroom, measure the objects length and width, divide the length by the width, and see what the outcome is, and note if the numerical answer is close to the Golden Ratio.  Explain that golden rectangles historically are noted to be pleasing to the eye and don’t forget to mention the credit card!
· Instruction:  The teacher should explain Fibonacci sequence and how it relates to the golden ratio and golden rectangles.  For example, the teacher should show the students Fibonacci sequence (0,1,1,2,3,5,8,13,21,etc) and explain, or have the students try and figure out the pattern.  Next, the teacher should explain that later on in the sequence, adjacent numbers in the series, when divided largest by smallest, yield an approximation of the Golden Ratio.  Therefore, if the students wanted to construct a golden rectangle, then all they would have to do is pick two adjacent Fibonacci numbers for the length and width.  For example, draw a rectangle whose length and width are 21cm and 13cm.  (Note:  this will only yield rectangles that are approximately golden rectangles, not precisely golden rectangles.  To do so would be to make a rectangle whose length and width is 1 + √5 and 2 respectively).
 As an extension, the teacher can show the students some basic examples of Fibonacci sequence where it is found in nature, such as bee genealogy, and conch shells (spiral).
1. Bee genealogy:  Male bees only have one mother, the queen.  Female bees have two parents (a mother and a father).  It is in this information that we can see Fibonacci sequence in the ancestry of either the male or female bee.  For example, a male be has 1 parent (the queen), but he also has two grandparents, which would be the queen’s mother and father.  Furthermore, this same bee would have 3 great-grandparents, which would include his grandmother’s mother and father and his grandfather’s mother (the grandfather would only have on parent because he is male!) Look at the diagram below to see how the pattern works for both male and female ancestry http://www.mcs.surrey.ac.uk/Personal/R.Knott/Fibonacci/fibnat.html#rabeecow :





great-     great,great   gt,gt,gt

                           grand-      grand-     grand         grand

Number of       parents:   parents:    parents:   parents:      parents:

of a MALE bee:    1           2           3          5             8

of a FEMALE bee:  2           3           5          8            13

2. Shell Spirals (conch shell):  Look at the diagrams below http://www.mcs.surrey.ac.uk/Personal/R.Knott/Fibonacci/fibnat.html#rabeecow and http://www.sacredarch.com/sacred_geo_exer_shell.htm:
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Each square is made using Fibonacci Numbers (mentioned before).  Start with a 1 X 1 square, another 1 X 1 square, 2 X 2, 3 X 3, 5 X 5, 8 X 8, and so forth.  Graph paper would be a good choice.
· Guided/Independent practice:  The teacher should hand out the “Go for the Gold” lab assignment (See Appendix II).  Students should complete the following with a partner:
-Activity 7:  Number 1 and Number 2 (Teacher should help them work out 1A, 1G, and 2A, as an example).
-Going Further:  Number 4 (Teacher can provide magazines, pictures, or have the students bring them in).

· Closure:  Teacher should recap all basic concepts of the Golden ratio, golden rectangles, and Fibonacci sequence.

· Homework:  Going Further #3 and students must turn in one fact about the Golden ratio, golden rectangles, or Fibonacci sequence that was not discussed in class.

Appendix I
Throughout history, the ratio for length to width of rectangles of 1.61803 39887 49894 84820 has been considered the most pleasing to the eye. This ratio was named the golden ratio by the Greeks. In the world of mathematics, the numeric value is called "phi", named for the Greek sculptor Phidias. The space between the columns form golden rectangles. There are golden rectangles throughout this structure which is found in Athens, Greece. 
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Top of Form

Bottom of Form

He sculpted many things including the bands of sculpture that run above the columns of the Parthenon. You can take a slide show visit to the Parthenon which is pictured above. 

Phidias widely used the golden ratio in his works of sculpture. The exterior dimensions of the Parthenon in Athens, built in about 440BC, form a perfect golden rectangle. How many examples of golden rectangles can you find in the below floorplan of the Parthenon? You may want to print the diagram and measure the distances using a ruler. 
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Top of Form

Bottom of Form

Following are more examples of art and architecture which have employed the golden rectangle. This first example of the Great Pyramid of Giza is believed to be 4,600 years old, which was long before the Greeks. Its dimensions are also based on the Golden Ratio. The website about the pyramid gives very extensive details on this. 
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Many artists who lived after Phidias have used this proportion. Leonardo Da Vinci called it the "divine proportion" and featured it in many of his paintings. To the left is the famous "Mona Lisa". Try drawing a rectangle around her face. Are the measurements in a golden proportion? You can further explore this by subdividing the rectangle formed by using her eyes as a horizontal divider. He did an entire exploration of the human body and the ratios of the lengths of various body parts. 

Top of Form
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Golden Section Plate 1, 1993
by Fletcher Cox
birds-eye maple, spalted
red oak, bubinga, wenge, and maple veneer; lathe-turned
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31 x 4 cm
Lent by the White House
gift of the artist
Photograph by John Bigelow Taylor
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Above is an example of a modern day artist who is interested in the golden ratio. He titled his work the Golden Section which is simply another name for ratio, meaning it is cut into sections of golden proportion. 
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