This work is dedicated to Pythagoras, and all
the modern students of the Mysteries.
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Introduction
The purpose of this book is to provide artists the instruction needed to
construct the geometry that underwrites so much of the natural world. Everywhere we look the same ratios and proportions are found again and again providing the foundation upon which nature is built. The ability to reproduce this geometry in a simple manner is a powerful tool that vastly expands an artist’s skill
in expressing ideas.
Being able to sit down with nothing more than a compass, straight edge,
and pencil to ﬁnd the Golden Cut of a line, or create a logarithmic spiral, is an
acquired skill; to know that you can make on paper that which deﬁnes how a
shell grows around a nautilus, or deﬁnes the length of a dragonﬂy’s wings in relation to its body; that knowledge is power.
There are some who would call these concepts sacred geometry. I prefer
to call it natural geometry because it is in nature that we ﬁnd these proportions.
It is not supernatural, or rare; these relationships are found everywhere we look:
atoms, minerals, bacteria, plants, animals, people, galaxies…
I ﬁnd it redundant to go over all the instances of these principals in the
natural world; there are many great authors who have already done that to a degree that far surpasses my ability. Chances are that if you are holding this book
you already understand the importance of the subject.
My goal is to show you how to make these designs. The layout is rather
straight forward; each section has a brief commentary followed by the lessons.
If you’re looking for more in-depth exploration of the topic, I highly recommend
the amazing book, “The Power of Limits: Proportional Harmonies in Nature, Art,
and Architecture”, by György Doczi. The other book that rounds out an education
of the subject is the monumental work by Rochelle Newman and Martha Boles,
“Universal Patterns”, which ignited the ﬁre in me, and relayed an understanding

of these wonderful concepts. These two books should be in the library of any serious artist. Nothing can stop you now…
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Basics
The natural world is built upon basic principals which lead to complexity.
The same is true for utilizing the geometry found in this book. Before you can run
you must learn to walk. These ﬁrst few lessons show you some basic constructions, but do not take them as frivolous; knowing how to construct a pentagon is
useless if you cannot accurately bisect a line.
All you will need is:
• A mechanical pencil that provides a clean consistent line.
• Straight-edge of some sort, preferably without measurements on it.
• A Compass
• Paper
Exactness is of the utmost importance when doing these constructions; a minor
miscalculation early on can result in major ﬂaws later down the line, which can
be very frustrating and time-consuming.
One of the biggest factors in maintaining accuracy is paying close attention to the
lead of your compass. It should always be kept sharp and to a point. Also, ensure
that the pencil lead and the metal tip are level. You will ﬁnd that after drawing for
a length of time the lead will wear down. When this happens take it out, sharpen
it, and the realign it with the metal tip.
Also, choose a pencil with a ﬁne line. I prefer using a .05 mm lead with HB hardness. Often, using a thick lead will result in lines that are messy and make it
hard to ﬁnd the exact point of intersection.
Finally, maintain a clean and organized workspace. This can be difﬁcult at times
(especially if you get absorbed for hours on end in an artwork) but overall it will
improve the quality of your drawing.
As we progress through the lessons, the directions will become more abbreviated. As such, mastering the early lessons is essential to mastering the more complex constructions. Take your time, and have fun.
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Find the midpoint of a line

Begin with line AB. Open the compass to measure more than half way
from A to B. Put the metal tip on A and cut an arc on each side of the
line. Without changing the compass, put the metal on B and cut arcs to
intersect the ones from A.
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Draw a line connecting each intersection. Where that
line crosses line AB is the midpoint, here labeled C. Now
AC=CB. You can also use this same construction to erect a
perpendicular to a given line segment.
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Bisect an angle

Start with an angle, here shown as <BAC. Begin by placing the metal tip on A and cutting an arc inside <BAC. Label the intersections D
and E.
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Open the compass to more than halfway from D to E. Put the metal tip
on D and cut an arc inside <BAC. Do not change the compass and put
the metal on E. Cut an arc to intersect the one just cut from D. Label the
intersection F. Draw AF. Line AF cuts <BAC in half. Also <BAF=<FAC.
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Construct a perpendicular
using a point not on the line

Begin with point A above line M. With the compass open more
than the distance from A to line M, put the metal tip on A and
cut two arcs on the line. Label these B and C.
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Open the compass more than halfway the distance from B to C. With the
metal on B cut an arc below line M. Keep the compass the same and cut an
intersecting arc from C. Label the intersection D. Draw line AD. Now line AD
is perpendicular to line M.
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Proportions
A proportion is a comparison. It deﬁnes how one thing relates to another.
By using a proportion we can establish a pattern, and that is exactly what we
ﬁnd in nature; the same proportions appear again and again.
Proportions can be expressed in terms of a ratio, such as 2:3, but most
often we sense them intuitively. You don’t have to be a designer or an architect to
know when you like the way something’s proportions look. And more often than
not we gravitate towards the same proportions that govern nature.
Two such proportions are PHI, also shown as Ø, and what’s known as the
Golden Ratio. For those who work well with numbers the golden ratio is…

1:61803
Or

Ø=1:61803
It is seems redundant when you ﬁrst learn about Ø and the Golden Ratio
because in fact they are the exact same thing. When you have a whole series of
proportions that are all in a 1 to .61803 relationship, such as a tree trunk compared to a branch compared to a twig, it is Ø. If you have just one such proportion, we call it the Golden Ratio.
Another proportion I would like to touch on is the Fibonacci Sequence. This
proportion is also closely related to Ø. It is found most extensively in the plant
kingdom. The ﬁrst ﬁfteen Fibonacci numbers are:

1,1,2,3,5,8,13,21,34,55,89,144,233,377,610
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You might notice the pattern; by adding the two prior numbers you arrive
at the next number in the sequence…

0+1=1 1+1=2 1+2=3 2+3=5 3+5=8 5+8=13
The ratio of any consecutive pair past the ﬁfteenth Fibonacci number is in
alignment with Ø within ﬁve decimals…
610
377

=1.61803714

As beautiful as the math may be there are much easier ways to work with these
proportions than crunching fractions. Working with the visual arts there are
shortcuts to ﬁnding and incorporating these amazing ratios. You may ﬁnd that
after exposing your eye to these proportions on an increasing basis that you start
to notice them more and more in the world around you. You might be surprised
in how many places you ﬁnd them!
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Find the Golden Ratio of a Line

Begin with line AB. First construct a perpendicular from B. Next,
bisect line AB, and label it C.
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Open the compass to measure CB. With the metal tip on B, cut
an arc on the perpendicular at B. Label the intersection D. Draw
line AD. Without changing the compass, put the metal tip on D
and cut an arc on AD. Label the intersection E.
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Open the compass to measure AE. Put the metal tip on A and
the pencil on E, then cut an arc to intersect line AB. Label it F. F
AF
marks the Golden Cut of line AB. Now AB
AF = FB
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Divide a Line into Ø Proportions

Begin with line AB. Extend the line through B. With the metal tip
on B and the pencil on A cut arc on the opposite side of B. Label
it C.

17

Construct a perpendicular on C. Next, ﬁnd the Golden Cut of line
BC. Label it D.
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Measure BD. Put the metal on D and cut another arc on the line.
Label the intersection E. Next, measure line DC. Put the metal
on C and the pencil on D and cut another arc on the line. Label
the intersection F. This process can be carried on indeﬁnitely to
further establish Ø proportions.

AB
BD

=

BD
DC

CE
= DC
CE = EF = Ø
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Create a Fibonacci Sequence.

Begin with line AB. Open the compass to the desired unit length. Put the metal tip on
A and cut an arc on the line. Label the intersection N. Do not change the compass setting and put the metal tip on N. Cut another arc and label it O.
Open the compass to measure AO. Put the metal on O and cut another arc. Label the
intersection P. Now open the compass to measure PN. Put the metal on P and cut arc
Q.
Open the compass to measure OQ. With the metal on Q cut arc R. Now line AB contains a Fibonacci Sequence. Similar to the Ø Proportion, this sequence can be carried
on indeﬁnitely. The longer the sequence continues the closer it comes
mathematically to exact Ø.
Fibonacci numbers follow a set pattern:
1,1,2,3,5,8,13,21, 34, 55, 89, 144, 233, 377, 610, 987, …etc.
At any point in the sequence you can sum the two prior numbers to arrive at the next
number.
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Triangles
The triangle is the most solid and stable shape we know. Its strength
supports bridges and bird wings. Triangles have always had the obvious
connection with the number 3, and many mystical traditions use a triangle to
represent the primal creative force. From two opposites we arrive at that which is
created anew.
In nature we ﬁnd the triangle in many places:
•
•
•
•
•
•

Sea shells
Birds
The heads of reptiles, such as rattlesnakes
Skates and Rays
Butterﬂy wings
The faces of crystals

Here, we are going to focus on two important triangles, the equilateral and
the Golden. The equilateral triangle is the most symmetric of all triangles, with all
angles measuring 60°. It is the basis for much symbolism; it unites Man, Earth,
and Heaven; the alchemical Salt, Sulfur, and Mercury; and also serves as the
base for the Star of David so prevalent in many traditions.
The Golden Triangle is found by ﬁrst constructing a Golden Rectangle,
which can be found in the section on rectangles. It is also known as the Triangle
of the Pentalpha. It is the only triangle whose legs are in proportion to the golden
Ratio:

Base=1

Legs=1.618

Base Angle= 72

Vertex=36

The Golden Triangle serves as the seed from which is grown the Lute of
Pythagoras. This design is powerhouse of geometric design. Within it we ﬁnd the
Golden Ratio, Ø, and the pentagon/pentagram.
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Construct an Equilateral Triangle
using a line.

Begin with line AB. Open the compass to measure the distance
from A to B. Put the metal tip on A and cut an arc above line AB.
Next put the metal on B and cut an arc to intersect. Label it C.
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Draw line AC and line BC. Now ABC is an equilateral triangle.
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Construct an Equilateral Triangle
using a circle.

Use your compass to draw a circle. Without changing the
compass setting, place the metal tip on the circle and cut an
arc. Then put the metal on the arc you just drew and cut
another arc further along the circle. Repeat this process all the
way around the circle. There should be a total of six arcs.
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Draw a line between every other arc to form an equilateral
triangle within the circle.
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You can also use this construction to form a hexagram by drawing the inverse triangle from the other arcs. A hexagon is formed
by drawing all the sides.
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Construct a Golden Triangle.

Start with a Golden Rectangle (refer to lesson 3 in Ch. 4). Place
the metal tip on C and the pencil on A and cut an arc. Next, put
the metal on D and the pencil on B and cut an arc to form an
intersection. Label it E.

27

Draw a line from C to E. Also draw line DE. Now, CED is a
Golden Rectangle.
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Lute of Pythagoras

Begin with a Golden Triangle (page 27). Open compass to measure AB. With metal tip on A, cut arc D. Next put the metal tip
on B, and cut arc C. Draw CD. Now repeat this process, this time
starting by measuring CD to create arcs E and F. Use EF to
create B and H, and use GH to create I and J.
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Open compass to measure AC. With the metal tip on A, cut an
arc below AB. Now cut the same arc from B to intersect. Label
this intersection K. Draw AK and BK. Also draw the cross lines,
AD, BC, DE, CF, .etc.
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Draw CK and DK to ﬁnish the biggest star. Repeat as you move
up the construction. Smaller stars can be made by connecting
the vertices of the small pentagons made in the center of each
star. The Lute of Pythagoras is full of Phi proportions,
For example the rungs of the ladder,
AC CE EG
=
= GI =
CE EG

Ø
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Rectangles
No shape is used more in the world of humans than rectangles. They are
quite literally the building blocks of our civilization. People tend to ﬁnd some
rectangles more beautiful in its proportions than others, and it just so happens
that these rectangles also fall in line with those commonly used in nature.
The square is the basis for the other two rectangles we will cover. From the
square, we can arrive at a whole family of rectangles. This family is known as the
Euclidean Series, or more commonly the Dynamic Rectangles. A few examples of
their uses:
• The √2 rectangle will be found to be the only one which when divided in half
results in two smaller rectangles that are reciprocals of the larger. This rectangle
lends itself well to bookmaking, and the design of functional objects, such as
cabinets and windows.
• The √3 rectangle is also contained in the hexagon, and is often found in crystal
formations.
• The √4 has sides twice as long as its width. According to Newman and Boles in,
Universal Patterns, it is the base unit used in the ﬂoor layout of traditional Japanese architecture.
• The √5 rectangle contains two overlapping Golden Rectangles. Many creatures,
such as butterﬂies and ﬁsh, can be perfectly contained in its proportions.
The Golden Rectangle not only serves as the germ for the Golden Triangle,
but also serves as the framework for the Golden Spiral. Likewise, it is the only
rectangle whose sides are in proportion the Golden Ratio.
The graphic artist will ﬁnd these rectangles very useful. They lend themselves well to helpful armatures for composing the elements of the picture plane.
Use them as the proportions for your canvas size and your patrons will intuitively
ﬁnd them to be harmonious and visually pleasing.
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Construct a Square

Start with line AB. Extend the line past point B. From B, construct a perpendicular.
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Open the compass to measure from A to B. With the metal tip on
B, cut an arc on the perpendicular from step one. Label it C. Now
put the metal tip on C and cut an arc above it. Open the compass to measure from A to C. Put the metal tip on B and cut an
arc to intersect the one drawn from C. Label the intersection D.
Draw lines AD and CD. Now ABCD is a square.
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Dynamic Rectangles
of the Square

Start with square ABCD. Extend lines AB and CD. Next, put the
metal tip of the compass on C and the pencil on B and cut an arc
to intersect CD. Label it F. Without changing the compass, place
the metal on A and cut an arc on line AB. Label it E. Draw line
EF.
AEFC is now a √2 rectangle.
Put the metal tip of the compass on C and the pencil on E. Cut
an arc and label it H. Do not alter the compass and place the
metal tip on A and cut another arc. Label it G.
AHGC is now a √3 rectangle.
Continuing the process will give you:
AIJC is now a √4 rectangle,
and
AKLC is now a √5 rectangle.
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Construct a Golden Rectangle

Start with a square ABCD. Extend the line through C. Bisect line
BC, and label the midpoint E.
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Put the metal tip on E, and the pencil tip on D, and cut an arc
to intersect the line BC. Label the intersection F. Extend line AD.
Open the compass to measure from B to F. Put the metal tip on
A and cut an arc on line AD. Label it G. Draw line FG. Now ABFG
is a Golden Rectangle.
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Finding the Reciprocal of a
Rectangle

Start with a rectangle, here shown as rectangle ABCD. Draw a
diagonal line from D to B. Next, erect a perpendicular to line DB
from C. Where the new line intersects AB, label it E.
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From point E, construct a perpendicular to line AB. Where the
new line intersects DC, label it F. Now rectangle EBFC is the reciprocal of ABCD.
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Special Constructions
Spirals are used extensively in nature, in everything from the arrangement of DNA, the seed placement of sunﬂowers, and the nautilus shell. Spiders
use spirals to construct a web that covers the most area with the least amount
of silk. Also consider that all the materials of the Earth were conceived and will
return to the spiral of the Milky Way Galaxy.
The pentagram has long been used as a symbol for the human being and
the spheres of high knowledge. The Pythagoreans used the symbol as a way to
signal their mutual allegiance in secret correspondence. It is still used to this day
to denote an adherence to mystical traditions.
It also has a strong connection with the planet Venus. If Venus is tracked
for the course of four years and a day, it will trace the symbol of the pentagram
in the sky, hence the association. Ancient and modern militaries across the world
draw upon this association with Venus as the goddess of war, Ishtar.
Another universal symbol is the Flower of Life. This symbol has been found
in Japan, Ancient Egypt, and the Americas to name a few. It has connections
with mandala making and the Kabala. I ﬁnd it to be one of the most meditative
designs to linger over and simply constructing it serves as a form of meditation.
Lastly, is Metatron’s Cube. From the construction can be extracted the ﬁve
Platonic Solids, so named because Plato theorized that all matter was made of
these ﬁve shapes:
•
•
•
•
•

Cube=Earth
Tetrahedron=Fire
Octahedron=Air
Icosahedron=Water
Dodecahedron=Ether or Mana

This construction is simple to construct yet is so complex it boggles the
mind. It is unclear how the angel Metatron came to be associated with the
symbol, but what is clear is that artists and mystics have drawn upon these
shapes for ages, and I think you ﬁnd much satisfaction in using them in your
designs.
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Create a spiral using alternating
points.

Begin by placing points A and B on a line. Open the compass to
measure AB, and then put the metal tip on A and cut a semicircle. Label the point of intersection C.
Next, put the metal tip on B, and the pencil on C, and cut another semi-circle. Label the intersection D.
Place the metal tip back on A, and the pencil on D, and cut
another semi-circle. The spiral will continue to grow as you alternate back and forth from points A and B, each time picking up
from the last semi-circle.
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The Golden Spiral

Start with a golden rectangle, here shown as ABCD. Open the
compass to measure AB. Put the metal tip on A and cut an arc to
intersect AD. Repeat the cut from B on line BC. Label the intersections E and F. Draw line EF.
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Open the compass to measure FC. Without changing the compass, cut arc from F and C, creating points G and H.
Draw line GH.
Repeat the above process, each time arriving at a smaller reciprocal of the original rectangle. To create the spiral, begin by placing the opening the compass to measure AE. With the metal on E
and the pencil on A, cut an arc from A to F.
Next, open the compass to measure FC. Put the metal tip on H
and cut an arc from F to G. Repeat this process, each time winding the spiral smaller and smaller.
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Construct a Pentagon.

Start with a circle. From the center, M, construct perpendicular
lines AB and CD.
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Bisect line MB and label it E. Next, open the compass to measure
from A to E. With the metal tip on E cut an arc on line CM. Label
the intersection F.
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Open the compass to measure from A to F. With the metal tip on
A, cut an arc on the circle and label the intersection G. Without
changing the compass, place the metal tip on G and cut another
arc on the circle. Label the intersection H. Repeat this process to
ﬁnd points I and J.
Now draw lines AG, GH, HI, IJ, and JA to create the sides of the
pentagon.
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Construct the Flower of Life

Start by drawing a circle. Without changing the compass, place the
metal tip on the circle and cut another circle.
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You will notice two points where the circles intersect, here indicated by arrows. Put the metal tip of the compass on these
points and draw two more identical circles.

48

Again ﬁnd the intersections from the prior step as shown by
arrows. Place the metal tip of the compass on these points and
draw two more identical circles.
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Draw another circle from the indicated intersection. You should
have a total of seven circles by now. This design is known as the
Seed of Life.
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Completing two more rotations will result in the Fruit of Life.
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If you continue this process outward, the resulting pattern is
what’s known as the Flower of Life.
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Metatron’s Cube.

If you look closely at the Flower of Life design, you will notice 13
circles, shown here in bold outlines. Connecting all the centers of
these circles will give you Metatron’s Cube, as seen below.
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Within this network of lines can be found the framework for the
ﬁve Platonic Solids…
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The Cube
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The Tetrahedron
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The Octahedron
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The Icosahedron
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The Pentagonal Dodecahedron
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For additional content and related projects, please visit
the author’s website,

www.chemicalmarriage.com
Thanks.

60

