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1.1 Introduction
We want to find out how golden ratio is used in the modern
world and if it actually helps to make things look pleasing to the eye.
We also want to find out if it can help us in our daily life.
1.2 Rationale
● The research idea is about applications of Phi in the real world
● Euclid, a Greek mathematician, gave applications in his book
where constructions of certain shapes involve dividing a line in
the golden ratio
● In 2019, 08-22 also researched about the golden ratio and its
applicability in songs.
● There are also numerous ancient architectures that use the
Golden Ratio in their constructions.
● Golden Ratios are also discovered in Nature such as the Spiral
arrangement of Sunflower seed.
● With so much interest in the Golden Ratio both in ancient times
and the modern world, we will like to embark on our own
journey of discovery to unravel the mysteries of the Golden Ratio.
● Φ (Phi) is the symbol for the Golden Ratio.
1.3 Objective
● Gain an insight into the various means of generating the Golden
Ratio such as algebraic and geometrical methods.
● Discover the mystery behind Golden Ratio and Nature.
● Finding the most efficient method to calculate the Golden Ratio.
● Apply Golden Ratio in various aspects of daily life.

1.4 Research Questions
1.

What are the various applications of Golden Ratio in ancient time
and modern day?

2.
3.
4.

What is the relationship between Golden Ratio and Nature?
Compare Golden Ratio with other irrational numbers like Pi.
Is a person’s face that follows the Golden Ratio Beautiful?

1.51 Methods to calculate Phi (Φ)
1.52 First method
The first method to calculate the golden ratio is by using the quadratic
formula to solve the quadratic equation x2-x-1=0. Therefore phi is
approximately 1.618. This is the most efficient method to find the value
of the golden ratio. By using the formula [√(5)+1]/2, the value of the
golden ratio can be calculated.

1.53 Second Method
This is the second method. Without using the quadratic formula,
leaving phi in continued fraction would result in phi=
1+1/1+1/1+1/1+...
If we study the continued fraction, we can simplify it into x=1+1/x
By completing the square, we would obtain (x-½)2=5/4. Therefore
we would get x= (1±√5)/2.
The positive value of x would equal to the value of phi.

1.54 Third Method
The third method to calculate the golden ratio is using a compass
and ruler. Triangle ABC is a right-angled triangle, where angle
BAC is 90 degrees. The length of side AB is 1 unit and the length
of side AC is 2 unit. The Pythagoras theorem can be used to
determine that the length of side BC is the square root of 5. Side
BC can be extended by 1 unit of length to establish point D. Line
segment DC can then be perpendicularly bisected to establish
point E.
Length DC equals to √5 +1. Therefore by having a perpendicular

bisector, EC would be (√5 +1)/2, which is equal to the golden ratio.

2.11 Literature Review
2.12 Article 1
“Around the World: Finding the Golden Ratio” by Ashley Jones
Summary:
-

The Golden Ratio is a great example of mathematics that we
encounter almost daily, without even knowing it.
The Golden Ratio has been said to be the most appealing ratio,
and is therefore used frequently. Most jobs from commercial
advertising companies, to painters and even doctors incorporate
this ratio into their works.

2.13 Article 2

“How Architects Take Advantage of The Golden Ratio”
Summary:
-

-

It is little surprise that this ratio is rooted in architecture’s
fundamental principles
Studies have shown that we subconsciously gravitate towards
others whose proportions most closely conform to the golden
ratio
Adherence to the ratio increases chances that people will find
the building aesthetically pleasing.

Limitations:
-

Buildings may have different backgrounds or landscapes
This may affect how one perceives the dimensions
Therefore the value of the “Best Ratio” to use in architecture may
not be the exact golden ratio

Relation to our project:
-

The Golden Ratio can be used in architecture to “beautify”
However, the best ratio can only be estimated
The applicability of the Golden Ratio is largely opinionated

2.14 Article 3
“The Golden Ratio”
Summary:
- The golden ratio is found in common nature
- Such as bananas, sunflowers and other nature objects
Relevance to project:

- The ratio is not a man made number, but a ratio found in nature
2.15 Article 4
“Proportion Control”
Summary:
- Euclid derived the ratio by using the pentagon method

- The red line is exactly 1.618… times longer
- The ratio of red to black is golden
Relevance to project:
- This shows the Golden Ratio is not just a “randomly” derived
number as the value is exact in structures like the pentagon.
- Therefore, it is not a coincidence that the red side is exactly 1.618
times longer than the black side.

3.1 The Study and Methodology
❏ Strategies used to develop our project
a. Research on different topics

b. Use real world examples to understand more about Phi
c. Use objects around us like sunflowers and even our own
fingers
3.2 Research Question 1
1. The Great Pyramid of Giza built around 2560 BC is one of the
earliest examples of the use of the golden ratio. I t was originally
146.5 metres tall T
 he length of each side of the base is 756 feet,
and the original height is 481 feet. The ratio of the base to height
is 756/481= 1.571725572. Therefore the golden ratio is used in
buildings.

2. The facade of homes also adhere to the golden ratio. An example
is the Farnsworth House designed by Ludwig Mies van der Rohe.
The windows were built in the ratio of 1:2. Furthermore, The
length of the house to the width of the house was built in the
ratio of 1:1.75, which is 8.16% off the actual phi value.

3.3 Research Question 2
1. We also made a connection between the fibonacci sequence and
the golden ratio. By taking the numbers which are consecutive,
for example 34 and 21, and dividing them, the answer would be
nearing the golden ratio.
2. The ratio of the second segment of our finger to the first segment
of our finger lines is 1.55 which is about 4.49% off the actual
golden ratio value, and the ratio of the third segment of our finger
to the second segment of our finger is 1.6176, which is 1.618 to 4
s.f! Therefore this shows that our fingers are in golden ratio.

3.4 Research Question 3
Constant

Symbol

Value

Pi

Π (pi)

3.141592653589793238
46264...

Golden ratio

Φ (phi)

1.618033988749894...

Natural log base / Euler's
number

e

2.718281828459045235
36....

Euler's constant /
γ (gamma)
Euler-Mascheroni constant

0.577215664901532860
606512090082...

1. By using an application, we were able to find out how sunflowers
use the golden ratio to enable its seeds to have the least gaps
within them.
2. When compared to Pi, the golden ratio is the most irrational out
of all of them. This can be seen by its continued fraction. The
continued fraction of the golden ratio is 1+1/1+1… Therefore, no
matter where we truncate it, the answer would not be as
accurate as compared to truncating pi, as the continued fraction
of pi has x+292/… Therefore, since 1/292 is small, if we truncate
the value of pi before that fraction, it would still give us a
accurate answer.

Sunflower seeds using pi.

Sunflower seeds using Euler's number.

Sunflower seeds using Euler-Mascheroni constant.

Sunflower seeds using golden ratio.
3.5 Research Question 4
1. Furthermore, faces which follow the golden ratio generally look
nicer, thus the golden ratio can be used to calculate beauty.
2. Lastly, f or checking the beauty calculator, the length and width
of one’s face is measured, then the length of the face is divided by
the width. When measured with the golden ratio, the result
should be 1.6, meaning that the ‘perfect face’ should be 1.5 times
longer than it is wide.
Next, one measures three sections of the face,
- from the forehead hairline to a spot between the eyes,
- from between the eyes to the bottom of the nose,
- and from the bottom of the nose to the bottom of the chin.
Calculating such with the ratio; if all three sections are of equal
length, one is considered to be more beautiful.
3. Lastly, the “perfect face” has the length of an ear equal to the
length the nose, and the width of the face’s eye is equal to the
distance between the eyes.

As you can see, we have tested this method out on ourselves, and
using a beauty ratio software we have gotten the full results of our
pictures, mine being 69% and Ortons' being 71%.

69%

71%

As we compare our faces to celebrities who were ranked one of the top
10 in 2016 for "beauty perfection", there is a distinct difference as
certain factors like face symmetry, face shape and the length of
different segments of our face does affect our beauty, showing that a
persons' face that follows the golden ratio will be more beautiful.

92%

89%

4.1 Conclusion
● Outcomes, Analysis & Discussions
❖ The outcome is that many of the modern
architectures have backtracked to using the golden
ratio to construct buildings as it gives the building a
sense of equilibrium and it is pleasing to the eye.
❖ We also found out that many animals also reflect the
golden ratio, such as sea anemones or even the
human arm!
❖ We also found out that plants also reflect the golden
ratio. An example would be the sunflower. Its seeds
are shaped in such a way that it follows the fibonacci
sequence. The fibonacci sequence also follows the
golden ratio!
❖ We also realised that old buildings, such as the
Pantheon also follow the golden ratio so as to ensure
that the building is appealing to the human eye.

● Implications and Recommendations
❖ Some implications could be that it is almost
impossible to measure buildings ourselves to see if
they follow the golden ratio.
❖ We recommend that one should cover a greater
variety of topics with the golden ratio as it is being
extensively used.

● Possibility of project extension
❖ Golden ratio is applied in many more ways that we
have yet to find out about.
❖ We could potentially make a golden ratio caliper that
can help us measure if objects have or do not have the
golden ratio.
❖ Therefore there can be endless possibilities to
research on how Golden Ratio is useful to us.
❖ For example, it can also be used in timing the chorus
of music pieces.
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