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Unit 1
Prehistory, the Ancients, Rome (to AD 600)
Introduction to Unit 1
Goals and Objectives of GPH-205
Integration of homework, reflective essay, and conclusions work

Introduction

Hi—my name is Jim Janossy. I’m your mentor as we explore art and the technologies used to create
it by reading The Story of Art by Sir Ernst Gombrich, a classic art history text. We begin hundreds of
feet underground in Lascaux, France where thousands of amazing, remarkably sophisticated
drawings were discovered in the 1930s. These drawings were made by peoples about whom we
know very little—people who lived an estimated 30,000 years ago. We’ll then trace some elements
of civilization through northern Africa about 7,000 BC, the Sumerians, Egyptian civilization, the
Assyrians, Persians, and Greeks. We’ll end up with Rome, “world conquerors.” That’s quite an
expanse of time and history! You’ll learn about the colorants and some of the techniques used by
these civilizations to create art and architecture and the ideas that they had about it.

Goals and Objectives

This course aims to acquaint you with the wide range of technologies used to create art. In
order to do this it’s inescapable that we consider what these technologies were used to create: the
art and architecture itself. A further goal is to help you understand how the orientation,
perspectives, and philosophies—the “world view”—of each of several civilizations shaped
their use of technology and the development of visual objects. Lastly, our goal is to help you
form your own perspective to be able to articulate trends in these areas so and see a “big
picture” of art, its creators, its purposes and evolution. The objectives for each unit are the
same: to develop in each learner the knowledge of facts concerning these topics, the skill to express
them in an articulate and cogent manner, and to be able to see trends leading to the modern world.
The coursework for each of the four learning units” of this workbook is a physical implementation
of the objectives of the unit in the form of an information-recording document for note-taking.

Integration of homework, reflective essay, and conclusions work

This course is designed to make the most productive use of your time. To accomplish this the
homework is closely integrated with the end-of term “take home” final exam:
x Each of the four learning units has written homework that is designed to help you identify
and document the important facts of the subject matter. This is the Unit Summary Form.
x Each unit provides an interesting multi-part hands-on project to help you understand how the
technology you have studied was actually used.
x All during the course you develop the first part of the final exam, in the form of a first-person
reflective essay “story” that provides the framework for facts you have gathered.
x In the last two weeks of the term the conclusions work is posted; you complete this by
proving or disproving the posted statements using facts drawn only from your own essay.
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This workbook, and how the course works
This workbook is designed to accompany The Story of Art by Sir Ernst Gombrich, a classic introductory
art history text. That text is rather unique in that unlike most college textbooks it was not written with the
intent of being revised frequently to create new, incompatible editions (which, it’s no secret in the
publishing world, is done primarily to make used textbooks unusable). Instead, Ernst Gombrich and the
publisher, Phaidon Press, have maintained the same content throughout all editions of The Story of Art.
They could do this because historical events don’t change with the passage of time and an introductory
text deals primarily with the presentation of facts. They could also do this because Phaidon is interested in
distributing knowledge rather than artificially inflating sales, and because Gombrich himself saw no need
to indulge in the specious process of moving chapters around simply to change things. And quite as a
public service, the cost of even the newest edition of The Story of Art (the 16th edition) has been held to
the economical range of $25-30.
This workbook was created to supplement The Story of Art with readings and web resources providing
historical background and coverage of the technologies used by craftsmen and artists to create images,
sculpture, and architecture from prehistoric times to AD 1900. What you will find here parallels the
preface, introduction, and chapters 1-25 of Gombrich’s book. I have broken the text reading down into
four sections I call “units” but which some may call “chapters” and other may refer to as “modules.” Each
unit starts with pages called a “Unit Summary Form” which is intended to be useful, in printed form, to
students as a note-taking device. These pages are available as a separate 8-page .pdf download at the
course web site (see the footer below). I suggest that you download and print those pages and use them as
intended. You will be gathering up facts on the purpose of art for each historical era we study, the rules
for the formation of what the civilization in that era deemed to be “valid” art, the technologies they used,
and the modern impact, if any, of their art and technologies they developed. Your sources for these facts
are The Story of Art chapters assigned for reading in the unit, the workbook pages assigned for reading,
and the required video viewings for which web links are provided at the course web site unit web page.
When you have completed gathering the facts for the USF and jotted notes on a printed copy of it you
download the USF form in .docx or .rtf form at the unit web page. You then your choice of word
processor to type up your notes and submit them electronically as a .docx, .rtf, or .pdf file.
Each of the four units in this workbook ends with instructions for a project. The projects are designed to
help you “get the feel” of some of the technologies covered in the unit. In creating the projects I purposely
kept them simple; they require only commonly available inexpensive items. Most students find the
projects fun! All products of the projects are designed to be submitted electronically, most as pictures of
your work, with you in the image, taken with a cell phone camera. Each unit also contains an optional
extra credit project that’s available for possible credit.
The course this workbook supports requires that students develop a first-person story all during the term
as they imagine themselves living through each of 12 specified eras. Detailed instructions for this story
are contained in the pages labeled “GPH-205 Essay Guide” at the end of Unit 1. This essay becomes a
form of “oral history” that each student uses to support the Conclusions Work posted near the end of the
term as a take-home final exam. A draft of the first page of the essay is due in Unit 1 simply so that I can
confirm that each student understands the intended nature of this story-writing assignment.
The following page provides a checklist of the assignments (USFs, projects, and essay work) on which
your course grade is based. Your grades will come to you on a consolidated score and feedback form that
includes comments on all of your work; the most recent copy will contain everything that preceded it as
well as new scores and feedback. I teach this course with a “mentoring” pedagogy by which I mean that I
help you “perfect” your work. Every assignment is repeatable; you can revise it based on my feedback
and resubmit it for re-grading. The USFs are your source of facts for your essay and the Conclusions
Work. In this way all of the work of the course is integrated to make your study time most productive. I
think you will enjoy this approach to learning!
-- Jim Janossy

Copyright (C) 2016 James Janossy

All links mentioned for web resources can be accessed at http://bit.ly/gph205-info

ASSIGNMENT CHECKLIST

50

Project 2 – Historiated initials, 12-segment (petal) rose window, drawing Celtic knots

100

20

17.5

5

10

5

10

5

10

2.5

5

10

% of course grade
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You can see from the bolded point/percentage values that the USFs and essay/conclusions work counts for 80% of your course grade. Place
the greatest emphasis on completing those well! The USFs are where you gather the facts that you need to write into your reflective essay!

1000

200

Conclusions Work (take-home final; instructions will be posted 10 days before end of term)
Total

175

Remainder of essay body (due near the end of the course)

See the essay instructions on workbook pages 50-54

50

Project 4 – Identifying symmetry and perspective use in Renaissance and Baroque art

Reflective essay

100

Unit Summary Form 4 (USF4)

Story of Art chapters 19-25, workbook pages 125-170

50

Project 3 – Egg tempera experimentation, typography, and color theory and use

UNIT 4 – Baroque and Beyond

100

Unit Summary Form 3 (USF3)

UNIT 3 – Renaissance, Reformation Story of Art chapters 12-18, workbook pages 87-124

100

Unit Summary Form 2 (USF2)

Story of Art chapters 6-11, workbook pages 55-86

25

Draft of the first essay page, on Lascaux; start of your story

UNIT 2 – The Middle Ages

50

Project 1 – Perfect solids, golden rectangle, Fibonacci series

Points

100

Story of Art chapters 1-5, workbook pages 1-54

Unit Summary Form 1 (USF1)

UNIT 1 – Prehistory, Ancients, Rome

Unit Summary Forms are provided at the start of each unit, and the unit project is at the end of the unit.
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GPH-205 Unit 1 Summary Form (USF1) Page 1
THIS IS BOTH A STUDY AID AND HOMEWORK ASSIGNMENT. Use a printed copy of this page for
hand-written notes that you prepare as you accomplish the required reading and viewing. Put
concise phrases in the boxes, not sentences! Then download the editable .docx or .rtf copy of this
form from the link on the course Unit 2 web page and type in your responses. DO NOT COPY AND
PASTE FROM TEXT OR WEB SOURCES. The boxes for your responses on this form will automatically
expand as necessary. Submit your word-processed document NOT a scanned copy of your handwritten responses! This work is integrated with your reflective essay and take-home final exam.
The facts you gather form the basis for your essay and the Conclusions Work.
Civilization/Art
movement

Art purpose(s)

Ancient
Lascaux
peoples (this
row is already
filled in for you as
an example and
for use in forming
reflective essay
page 1)

Honor animals,

Look lifelike,

Natural earth

Not much.

Work magic,

draw accurately

colorants, not

Surprised that

Rites of passage

with colors they

combined, no

prehistoric

really had (as

binder, colors

people could

much as

rubbed on

create such

possible with

walls, or water

graceful looking

the limited

or animal fat

pictures.

technology!)

binder.

rituals,
Gain control
over animals

Art formation
rules

Art technologies

Their art’s impact
on our modern life

African
civilization
7000 BC

Egyptians

Sumerians
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GPH-205 Unit 1 Summary Form (USF1) Page 2
THIS IS BOTH A STUDY AID AND HOMEWORK ASSIGNMENT. Use a printed copy of this page for
hand-written notes that you prepare as you accomplish the required reading and viewing. Put
concise phrases in the boxes, not sentences! Then download the editable .docx or .rtf copy of this
form from the link on the course Unit 2 web page and type in your responses. DO NOT COPY AND
PASTE FROM TEXT OR WEB SOURCES. The boxes for your responses on this form will automatically
expand as necessary. Submit your word-processed document NOT a scanned copy of your handwritten responses! This work is integrated with your reflective essay and take-home final exam.
The facts you gather form the basis for your essay and the Conclusions Work.
Civilization/Art
movement

Art purpose(s)

Art formation
rules

Art technologies

Their art’s impact
on our modern life

Assyrians

Persians

Greeks

Romans
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Strange Beginnings: it all begins with the sun
We live on a planet that orbits around a star. We can live at all because of that star, which we call
the “sun”. The sun is responsible for coal, oil, gas, and the plants that lived eons ago from which
these sources of energy were formed. The sun continues to supply us with energy without which
no living thing on earth could survive. Because of this, and the sun’s impact on past and present
civilizations and the way we humans visually perceive things, our quest to understand the
historical foundations of visual technologies starts with the sun.
The sun is actually an ordinary star,
much like the other billions of stars we
can see on a clear night. We see the
sun differently than we see other stars
because it is, relatively speaking, so
close to us. Science tells us that the sun
is a giant ongoing nuclear fusion
reaction running on hydrogen. Each
second about 700,000,000 tons of hydrogen are converted to about 695,000,000 tons of helium at
the sun’s core. The remaining 5,000,000 tons of mass are given off as energy. (The mass of a
helium atom is slightly less than the mass of two hydrogen atoms, and that small excess of mass
is liberated directly as energy. Einstein’s famous equation e=mc2 tells the amount of energy:
about 386 billion billion megawatts per second!). 1 A tiny portion of the energy sent forth from
the sun falls on the surface of the earth after travelling 93,000,000 miles through space. That
energy gives plants—the bottom of the food chain—the ability to perform photosynthesis to
create what they need to live and grow. That energy also warms the land and oceans, creating our
weather.
The sun has had its direct effect on what prior civilizations
created that we now call “art.” It was personified as a god by
many civilizations; the Greeks called it Helios and the
Romans called it Sol, and
before both of them the
sun was the ancient
Egyptian god Ra. So in
addition to powering
human societies the sun has been the focus of much of
human life.
The light from the sun makes it possible for us to see objects.
Light we see with our human eyes is a small special part of
the energy that the sun sends us. Although sunlight looks
dazzling white at noon on a clear day it’s actually composed of what humans perceive as many
colors. A prism forces these different colors to separate as do the droplets of water lingering in
the air that produce a rainbow. Sunlight is what gives things color; objects appear to be the color
or colors they do not absorb! For example, a red apple absorbs the light energy of all colors
except red, and reflects the light energy that our eyes detect as red.
1

This information is from a marvelous web site named The Nine Planets created by Bill Arnett and located at the
Lunar and Planetary Laboratory, University of Arizona, Tucson, Arizona, USA.
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Light’s “color temperature” and art
For things that don’t create light on their own, the color we see them is whatever they
reflect of the light that is falling on them. It’s important to understand this because things
will look different under different lighting conditions. That’s why stores where house paint is
sold usually have a small enclosure where you can view paint samples under incandescent
lighting. Stores are usually illuminated with fluorescent lights, which provide a bluer light than
light bulbs. Various kind of light sources are rated with a measurement called the color
temperature. This has a basis in physics and is expressed in a scale as in this illustration:

Color temperature is expressed in degrees in the absolute temperature scale, Kelvin, which starts
at absolute zero, -459.67 degrees Fahrenheit (-273.15 degrees Celsius). You don’t need to
remember what the actual values are, just realize that there’s quite a difference in the yellow or
bluish content of common light sources. The incandescent light bulb, inefficient as it is (it
generates a lot more heat than light!) produces a cozy warm glow while the newer energyefficient fluorescent equivalents usually produce a “colder” white or bluish-white light. A given
colored object will look different—in some cases radically different—under each type of light,
and may look different in sunlight depending on the time of day. As the sun crosses the sky it
may appear to be red, orange, yellow or white depending on its position. The changing color of
the sun during the day is mainly a result of scattering of light. The blue color of the sky is caused
by scattering of sunlight by particles in the atmosphere.
This background on light is important as we consider visual objects because we need to think

about what type of illumination was available to and was used by people creating art,
to view the art as they saw it. As we’ll see, the very first “artists” from whom we have any
legacy of “art” worked 30,000 years ago and placed their images in caves far beneath the surface
of the earth. How the colorants they used appeared in daylight and how they appeared
underground where they worked was different—in sunlight, or by the light of flickering
torches—a factor that very likely contributed to magical qualities they may have associated with
the place where they created and left their art.
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Colorants, pigments, binders and paint
Dark objects, and black objects in particular, absorb more of the sun’s light and convert it to
heat; lighter ones reflect more, and objects that we see as white reflect all of the visible light
frequencies. The “color temperature” of a source of illumination (the frequencies of visible light
it contains) can certainly affect the light an object can reflect. Now the question: how do artists
obtain and apply substances of desired colors to form images?
The substances people used earliest to create images were naturally
occurring in the form of different colors of soil (earth) and rocks and
the very black carbon formed when wood or bones are burned.
Different soils and rocks have different colors depending on the
minerals and chemical compounds in them, such as iron oxide (rust).
These colors range from shades of gray to light yellows, reds, oranges
and browns, sometimes call “ochre”. These are the colors the Lascaux
peoples had to work with. Let’s assume that each of these was worked
into a powder by grinding them with stones. We call these pigments.
To apply a pigment to a surface such as a cave wall you need to make paint out of it so you can
apply it using something like a stick, a bit of moss or cloth, or by blowing it on. Paint is a
pigment mixed with a binder. A binder is some substance or fluid that accomplishes two things:
it sticks the pigment particles together, and it sticks them to the surface on which the image is to
be created. The Lascaux peoples may have experimented with animal fat as a binder, or any
liquid such as water or blood. Most pigments won’t mix well with water but if a little plant sugar
is added to the water from plant sap the powder will mix adequately well and the binder will dry
with adhesive qualities. A better binder is egg yolk but it wasn’t until the Egyptians and later that
people discovered this. And it wasn’t until the early Renaissance about 1400 AD that the Dutch
artist Van Eyck tried using various kinds of plant-derived oil as a binder, which has turned out to
be one of the best substances for this purpose.
There’s another way to produce a colorant, the general name for a coloring material such as a
pigment. Some types of plant, such as the madder plant, the woad plant, indigo, and some types
of wood from trees can produce a strongly colored liquid called a dye when the roots are dried,
ground up, and boiled in water. In civilizations later than the Lascaux, people also learned to use
some types of insects, such as the kermes or cochineal beetle to produce a red dye, or a small
shellfish to produce a deep purple dye, or even the dark ink produced by the octopus. Dyes can
be used to color cloth produced from plants or animals such as sheep, but dye is too thin to use as
paint (try painting with coffee and you’ll see this firsthand!). A form of colorant called a lake
can be made from a dye by using the dye to color a receptive white powder such as chalk, ground
up egg shells, or ground up bone. The powder absorbs some of the coloring. When it’s dried, it
can be made into paint in the same way a pigment is made into paint.
If a colorant is colorfast it will retain its color even after exposure to the sun. Natural earth
pigments are usually colorfast. But lakes unfortunately tend to fade or change color when
exposed to light, as do clothes colored with the dyes the lakes are made from. This is not a
problem for clothes, which wear out, but a colorant that’s not colorfast is disastrous for any
image intended to last a long time! Colorants that are not colorfast are known as fugitive.
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Ways paint was formed and used
Boiled plant
roots or bark

Ground up
rocks, soil,
or chalk
Colorants
Pigment

“Lake” (lac)

Dye

White chalk
Ground up egg shells
Ground up bone
Animal fat
Water
Egg yolk
Oil

Binder

Paint
Rock face
Wood
Papyrus
Parchment
Vellum
Paper
Canvas
Copyright (C) 2016 James Janossy
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Surface

Rubbed
Dabbed
Blown
Brushed
Knife
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Lascaux, Chauvet, and Altamira cave art
Quite amazingly, humans who lived as much as 15,000 to 30,000 years ago in western Europe
created and left behind huge amounts of art on the walls of natural subterranean caverns. These
caves, in southern France and Spain, were discovered and explored only within the last century.
Because the art in these caves dates from before the time of
recorded history (history for which we have written records)
they are called “prehistoric” art.
What did their art mean to these peoples—why did they create
it—what purpose did it serve in their lives? And further, what
was the status or role of the person who created the art? Were
they artists as we would imagine them, creating something that
expressed some aspect of their view of the world, or simply
workmen regarded as would be a carpenter or shoemaker who
practiced a trade according to accepted practice?
Because no written records exist we can only try to make an
intelligent guess why these people created this art and how they used it. We can base this guess
on some facts we do know and can appreciate. The caves are deep underground, places where
most people would have to muster
quite a bit of courage to explore,
especially by just the light of
flickering torches. So the reason for
the creation of this art was not
trivial; this wasn’t a bored sailor
carving at scrimshaw for recreation.
The art may have served a magical
purpose, capturing the essence of an
animal to be hunted, with mastery
of the picture giving the hunter
mastery of the beast—with the
depiction in the cave preserved to
honor the beast after it was killed.
These decorated underground places may have served as places for sacred rituals, such as
coming-of-age ceremonies surrounded by the animals that a young hunter was now able to stalk
on his own. These places were something special.
The fact that these places were special doesn’t necessarily mean that the people who created the
images on the walls were regarded with an exalted status. They may well have been, but as we’ll
see with many of the civilizations that arose later, people creating images were often regarded as
skilled craftsmen, not creative artists. They followed rules dictated by the society for the
intended purpose of the images and their work was judged on how well they followed those
rules. In The Story of Art Sir Ernest Gombrich consistently points out the status within their
societies of the people creating art and the rules they followed. To this we add in this workbook
an emphasis on the tools and techniques at their disposal and which they used, including some of
the mathematical and scientific discoveries that underlay the art and architecture they created.
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Rope Pullers as ancient surveyors
Ancient peoples were much more sophisticated than many modern people imagine. A type of
worker known as a “rope puller” could accurately and quickly accomplish a lot of what modern
surveyors do, using only stakes and knotted ropes. A very useful knotted rope was a cord with a
knot at each end and 11 equally spaced knots on its length, as you see here:

5 x 5 = 25

5
3

4
4 x 4 = 16

3x3=9

16 + 9 = 25

Using such a rope, a small group of people could stake a point in the ground and quickly pull the
rope taught, putting the knots at the corners of a right triangle as shown. The angle at the lower
right corner is a perfect 90 degrees, such as would be needed for the corner of a building
foundation or even for the corners of a pyramid! This is a clever use of the Pythagorean theorem.
Pythagoras, an ancient Greek, figured out that the sum of the squares of the sides of a right
triangle is equal to the square of the hypotenuse (the longest side). In other words, sides of a
length of 3 and 4 produce a hypotenuse with length 5 as shown above, and you could calculate
that length of that longest side with simple arithmetic.
You might think that the theorem is useful if you know the short sides of the triangle and want to
determine the length of the hypotenuse—since that’s how this is often demonstrated in geometry
and algebra classes. But that’s kind of a lame! How useful is that, really? You have probably had
to find the length of a hypotenuse about as often as you’ve been called upon to find the length of
a hippopotamus!
But ancient engineers realized that when you need to lay out a perfect corner, constructing a right
triangle like this could give you the angle you needed just by using a rope knotted as shown. This
may be the way that the base of a pyramid was laid out on the desert sand or the walls of a
building were made vertical or the mast of a ship made square with the deck.
In addition to laying out a perfect 90 degree angle, ropes can be used to develop circular shapes
(as you might do with a compass) and polygons within circles, or to bisect angles or to arrange
widely separated lines in parallel. The ancients had rope and made use of it; we use a compass.
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BC, AD, BCE, CE, and BP dates explained
The terminology associated with dates that cross over the “0” year dividing line can be
confusing. The birth of Jesus Christ has long figured as a pivot point in the way dates are
expressed in Western societies. Many other calendars—ways to count the years—do indeed
exist. Another well known one is the Jewish calendar, in which 2016 is actually expressed as
year 5776 (the Jewish calendar begins with 0 at the creation of Adam and Eve). The Hijri date is
the Islamic calendar. It started in the year in which the prophet Muhammad immigrated from
Makkah (Mecca) to Madinah: 579 AD. Year 2016 in the western calendar is year 1437 in the
Hijri calendar. The French Republican calendar (French revolutionary calendar) was proposed
during the French Revolution and used in France. It designated 1789—the year of the French
revolution—as year I with years numbered in Roman numerals. It was abandoned by Napoleon
in 1806 (year XVIII). The easiest way to picture the BC/AD calendar is with a number line:
birth of Christ

Before Christ (BC)

-500

-400

fifth
century

-300

fourth
century

Anno Domini (AD)

-200

third
century

-100

second
century

-1 1

first
century

100

first
century

200

second
century

300
third
century

400

fourth
century

500

fifth
century

Now for the fine print: In this line zero is the point at which Christ was born and is not a number
associated with a year—there is no year 0. It would be easiest to think of the year as a signed number in
which years after this point were positive and years before this point were negative. Here you see the
1,000 years between 500 BC and 500 AD measured out in centuries that way. But negative numbers had
not been conceptualized when the Anno Domini dating system was devised in 525 by the monk
Dionysius Exiguus. Years after Christ’s birth were given the name “anno domini” which means “in the
year of our Lord.” The AD is placed before the year. For example, the year that Columbus landed in
America would be stated as AD 1492, reading as “in the year of our Lord 1492.” Dates before the birth of
Christ were stated as “BC” for “before Christ.” By convention the “BC” was placed after the date, so for
example the defeat of the Persians by Alexander the Great 336 years before Christ’s birth would be stated
as 336 BC. Needless to say, the ancients had no idea of “BC” dating, it’s a much later invention!
Confusion enters the scene when scholars refer to a range of years with a term like “the fifth century.”
“Century” means 100. Count the centuries forward from the zero point and you’ll see that the first
century spanned years 1 through 100. The second century spanned years 101 through 200. The fifth
century AD is 401 through 499. The 20th century was 1901-2000. We’re now in the 21st century.
The potential for more confusion exists when scholars refer to centuries BC without saying BC as in
“fifth century Greece.” To know what this means you have to know that ancient Greece existed only in
the BC era! So “fifth century Greece” refers to the years -500 through -401, that is, 500 BC through 401
BC. And since the years count backwards in BC, it is harder still to form an accurate conception! AD is
now often stated as CE (Common Era) and BC is stated as BCE (Before Common Era) to avoid reference
to any specific religion. “BP” is sometimes used as “Before Present.” It’s poor form to omit the “BC” or
similar reference when referring to BC dates but scholars do it all the time in referring to “century!”
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The Persian Empire (550 BC – AD 651)
A documentary on the Persian Empire is contained in the video playlist for chapter 3 and 4 of
The Story of Art. The Persian Empire receives scant coverage in the textbook but it is well for
you to understand more about the history of the region, this once-vast empire and its effect on
western civilization and art. The actions and accomplishments of Cyrus the Great, one of the
most famous rulers of antiquity, extend down to the present day.
Persian is the ancient name for the region now known as Iran. There is a tendency for Americans
to stereotype all Muslims as “Arabs” but this is not an accurate portrayal. Present-day Iranians
are descendants of the Persians, not the nomadic tribes from which many other Muslim peoples
are descended. Even the “denomination” of Islam of the Iranians is different from that of the
majority of Muslims. Iranians are Shiite Muslims and comprise about 15% of the Muslim world
while Sunni Muslims form the vast majority. The significant differences between these sects are
rooted in different beliefs concerning the rightful successors to the prophet Muhammad which
are beyond the scope of our consideration. But this difference is what makes the present situation
in Iraq, immediately west of Iran, confusing to many Americans. The rulers of the area that
forms Iraq were for hundreds of years Sunni Muslims while the majority of the population of
Iraq was and continues to be Shiite Muslims, as are almost all Iranians. 1
As you watch the playlist focus your attention on the types of art and architecture developed by
the Persians, the engineering work that they accomplished, and the differences between their art
and the art of the Greeks. I have annotated the map below to help you visualize the areas we
study in this unit and the references to geography in the video segments.

See this map in a
larger form at the web
link for this page at
the course web site.

1

By invading Iraq to ostensibly bring democracy to it, America empowered the previously long-suppressed Shiite
majority to assert control. This introduced a dynamic into the region with far-reaching consequences. It is therefore
not surprising that Iran took great interest in supporting the Shiite majority in Iraq during recent and continuing
hostilities. Given the past glories of the Persian Empire it’s also not surprising that present day Iran has a tendency
to assert itself in the region; the longevity of its culture and illustrious history naturally foster nationalistic fervor
even apart from its religiously conservative leaders. Sadly, it appears that much of the American populace as well as
some of their elected leaders are ignorant of this history or choose to ignore it.
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Ancient Greek, Persian and Roman history
Archaic Greek Period (750-500 BC) – This period saw advancements in political theory,
especially the beginnings of democracy, as well as in culture and art. The style of pottery and
sculpture show the beginnings of the more naturalistic style of the Classical period.
Classical (Hellenic) Period and conflict with Persia (500-336 BC) – The Greeks came
into conflict with the Persian Empire to the east. This conflict began with the defeat of the
Persians by the Greeks at the Battle of Marathon in 490 BC after which the Greeks assumed
greater prominence in the ancient world. This included the full development of the democratic
system of government under the Athenian statesman Pericles, the building of the Parthenon on
the Acropolis, the creation of the tragedies of Sophocles, Aeschylus and Euripides, and the
founding of the philosophical schools of Socrates and Plato.
Hellenistic Period after defeat of Persia (336-146 BC) – This is the period between the
conquest of the Persian Empire and the point at which the Rome took control of the area. It’s
called “Hellenistic” to distinguish it from the Hellenic culture of the classical period. Alexander
the Great, a king of Macedon, a state in northern ancient Greece, was born in 356 BC. He was
tutored by Aristotle until the age of 16 and became king in 336 BC. He used his experienced
army to invade Persia and overthrow the Persian King Darius III in 336 BC. During these 200
years Greece enjoyed the greatest height of its power and its culture spread in the region.
Roman Era (145 BC-476 AD) – While it is impossible (and a bit silly) to be so precise the
generally agreed-upon date for the founding of Rome is April 21, 753 BC. According to legend it
was founded by the brothers Remus and Romulus, who had been raised by a wolf after being
abandoned. Romulus eventually killed Remus in a fit of anger.
From the time of its founding Rome gained strength and frequently started wars to gain new
territory and safeguard its security. From the fourth century BC (399-300 BC) onward Rome
steadily expanded its political and military influence through central Italy through an astute
combination of diplomacy and warfare. In 340-338 BC the Romans gained mastery of Latium
and fought and won wars with the Samnites to the east in 327-304 BC and 298-290 BC. This
extended Rome’s power to the Adriatic and southwards to the Bay of Naples. Their next major
war was against Pyrrhus, King of Epirus in northwest Greece, who landed in southern Italy in
280 BC to invade Rome with an army of 25,000 men and 20 elephants. Epirus was stopped and
eventually gave up trying to conquer Rome; the Romans were able to hold on to southern Italy. 1
The continued expansion of Rome put an end to the empire created by Alexander the Great:
Macedonia was conquered by Rome in 167 BC and Greece in 145 BC. Seleucid Asia was
conquered by 65 BC. Cleopatra VII, the last Macedonian descendent of the pharaoh Ptolemy to
rule Egypt, committed suicide in 30 BC after which Egypt was also added to the Roman Empire.
Rome’s government changed from a republic governed by a senate to an empire governed by a
dictator when Octavian took the name Augustus in 27 BC. From that point until Rome gradually

1

Much of the detail here is extracted from
http://www.classicsunveiled.com/romeh/html/unifyitaly.html and edited to provide an
appropriately brief summary. Additional information was extracted from WikiPedia.
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fell apart and was conquered in the fifth century AD, by peoples from northern and Eastern
Europe, it was ruled by a series of emperors who gained power by inheritance or intrigue.
The Christian church, which grew out of the Jewish religion, eventually established a governing
structure of bishops; the bishop of Rome gradually was acknowledged as first among equals and
eventually the position of this bishop became known as the Pope. When the Roman civil
government fell, the church, under the Pope, became a bridge of continuity between the culture
of the ancient and modern world and provided some semblance of a unifying structure in the
absence of the Roman government. The time from the fall of Rome (about AD 500) until the
Renaissance (about AD 1500) is often referred to as the Middle Ages or the “Dark Ages.”

Rome

Constantinople

The Roman emperor Constantine (reigned AD 306-337) moved the capital of the Roman Empire
eastward from Rome to Byzantium, which was renamed Constantinople and rebuilt from AD
324-330. The eastern part of the church (the Byzantine church) was much more heavily
influenced by Greek artistic forms than the church in Rome in the west.
The eastern church and the western church formally separated in AD 1054 over theological
issues including celibacy for priests. The Eastern Church is known as the Eastern Orthodox
Church led by the Patriarch in Constantinople. The western part is the Roman Catholic Church
led by the bishop of Rome, the Pope. The Eastern Church has about 300 million adherents and
the western church about 1.2 billion members.

Copyright (C) 2016 James Janossy

All links mentioned for web resources can be accessed at http://bit.ly/gph205-info

Unit 1 -- Prehistory, the Ancients, Rome

16

Ancient colors, pigments, and painting techniques 1
Prehistory: Lascaux, Chauvet, Altamira, North Africa, India

The colors available to prehistoric people were those naturally occurring minerals at or near the
surface of the earth, and from accessible substances that could be crushed to a powder, including
these dull colors:
x Carbon black, from charred bones, wood, or charcoal
x Yellow and red earths, from iron oxides (“rust”)
x Brown earth, a mixture of iron and manganese oxides; the colors ranging from red brown to
almost purple
x Green earth, from clay minerals containing aluminum, iron, magnesium and potassium;
these are less common that other types of naturally-occurring materials
x White pigments, from chalk and crushing animal bones.
Prehistoric peoples probably mixed pigments with animal fat to form a greasy paint, which they
applied to cave walls with sticks, fibrous plant stems, or brushes made of tufts of animal fur.
Explore these pigments and many more that we’ll discuss below by visiting the web site at the QR
code and URL at the right! This informative web resource shows you the colors of pigments and the
time periods each was originated and used. (The link isn’t a typical lecture on this page.)

Egypt

Ancient peoples of the Sahara, which in prehistory had been a moist and lush land, developed from
hunters into a settled people by about 4000 BC. Nomadic tribes began to unite and by about 3000
BC Egypt was unified by the first pharaoh. Our earliest legacy of Egyptian pottery and hieroglyphics
date from about then. The pharaoh was believed to be divine and would have an afterlife. His body

Mineral

1

Color

Composition and nature

Azurite,
Malachite

Green and blue

Ground up copper compounds

Cinnabar

Red, tends to get darker as affected by
light

Compounds of mercury, poisonous,
but used of necessity by Egyptians,
Greeks, and Romans in spite of its
toxicity

Orpiment

Bright golden yellow

Arsenic sulphide, toxic, gives off
poisonous fumes and a bad smell

Lapis lazuli

Deep blue

Durable, crushed to a powder, not
toxic and no odor; but expensive
since it was also used as gems in
jewelry. One of the most expensive
pigments.

This writing draws much information from multiple web-accessible references; see the index for attributions.
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had to be preserved so that his "ka," his soul, could live forever.
Cinnabar
Painting and art followed strict rules because picturing the
environment of the dead pharoah accurately was necessary for
his afterlife. Significant events and surroundings of the
pharoah's life were recreated inside his tomb. The natural
pigments used by the Egyptians to form these depictions
included the minerals illustrated in the pictures here. Egyptian
craftsmen also developed new pigments to serve the needs of
their art. They learned how to make natural pigments brighter
by heating or refining them and
experimented with and perfected ways to make new pigments by mixing
and heating natural substances. By about 2500 BC they developed a blue
pigment in the form of a glass that could be ground up to form a powder.
To make this, which is called “smalt,” they mixed sand, copper metal,
copper ore, alkali, and mineral containing
Smalt
Orpiment
cobalt, then heated the mixture. This is an
early form of chemistry and was probably done by a process of trial and
error to see what different mixtures produced.
The Egyptians developed pottery glazes in
a similar trial and error way. Glazes
invariably require much experimentation to
create. A glaze is a thick liquid slurry of
materials applied to once-fired pottery. The glaze changes to a different
color when the pottery is fired a second time, to melt the glaze and
adhere it to the pottery. “Firing” is the heating of the pottery in a
covered pit or oven to a temperature of 600 to 900 hundred degrees.
The resulting color of the glaze depends not only on its chemical
composition but on the nature of the clay forming the pottery and the
temperature of the second firing. Achieving a specific desired result meant keeping accurate
records and developing ways to perform consistent mixing and firing.
The Egyptians discovered dyes that could be used not only to color cloth but to make pigments in
the form of lakes. The woad plant, indigo, and madder plant are among those they used. Woad
and indigo produce a blue color. These were boiled in water and the foam produced on the boiling
water mixed with ground chalk, which was then dried and used as pigment. Red dye was produced
from dried madder roots, boiled with water mixed with alkali. This dye could be converted into a
lake. Carmine, a deep red color mentioned in the Old Testament, was also used by the Egyptians.
They discovered that the kermes beetle, when killed, dried, ground up and boiled in water, could
produce a deep red carmine dye that could be used to make a lake pigment red in color. (Thousands
of years later the Spanish conquerors of Mexico discovered that the native Aztecs used the
cochineal beetle in the same way, and this produced an even richer red than the kermes beetle.)

Fresco as a painting method was probably invented either by the Egyptians or Babylonians. With
fresco, paint is applied to lime plaster while it is still wet. A sketch is drawn onto the second to the
last layer of plaster, and design outlines are marked. Then a fresh layer of plaster is put on the
surface in small sections which are then painted. The plaster dries in a reaction between the lime
and air to form a transparent calcium carbonate film. Fresco is very durable and was later used by
the Greeks, Romans, and even Renaissance artists.
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Encaustic is another medium used in Egypt. This term comes from the Greek

word enkaustikos meaning “to burn in.” Pigments are mixed with beeswax
and a resin and then softened by heating the mixture. A heated knife in then
used to forced the soft warm “goo” onto a wooden panel. Encaustic gives a
brilliantly colored, hard, long-lasting surface. Used for funerary images such
as the Fayum mummies, encaustic was later adopted in the Byzantine era as a
medium to create sacred icons.

Tempera is another ancient binder technique probably developed in
Babylon and later learned by the Egyptians. Here, pigment is mixed with egg
yolk and possibly a little vinegar. This is applied with a brush working quickly
on a small area, since this dries quickly. The yellow color of the egg yolk does
not affect the color of the paint because the yellow color is fugitive and
bleaches out quickly as light falls on it. Despite its organic nature, and
contrary to casual thought, tempera paints can produce images that age well over hundreds or
thousands of years with no odor.

Greece

The Greeks learned lessons of art from Egypt and then built on them. But unlike the Egyptians, who
built a single pyramid for each pharoah because they had just one divine ruler, the Greeks built
many smaller temples structures reflecting their polytheistic beliefs. A revolution in art took place
in Athens where philosophy, politics, and drama developed. As Gombrich notes in The Story of Art,
the Greeks began to use their eyes rather than just following a formula to create an image or
sculpture. They departed from the mechanistic method to prepare art, and
began to represent things as they actually saw them.
Greek art flourished but very few original examples of their works survive.
The sculptures we do have are lifeless, cold copies made by Roman art
collectors. The original statues were often 30 feet tall or taller, made in
bronze or wood, painted with bright colors and decorated with gold. The
eyes of sculptures were created from gemstones to produce lifelike faces.
Greek sculpture depicts “perfect” human bodies created from their
knowledge of anatomy. You might say that while they used their eyes and
tried to represent things as they saw them, they also idealized the human
form to create sculpture that was more perfect in all its elements than any
individual human could be.
The Greeks inherited the range of colorants from the Egyptians but soon
started to explore natural substances not known to or used by the
Egyptians. To the natural pigments they learned from the Egyptians the Greeks added sepia, gold
and crysocolla.

Sepia is a transparent dark brown colorant. It was obtained from the octopus found in the Adriatic

and Mediterranean seas. The octopus squirts dark ink as a defensive measure. The ink sacs were
removed from these creatures after they had been caught by fishermen and this ink could be used
directly as a watercolor or fresco paint. If the ink sacs were dried and ground up they could be used
as a pigment to make paint.

Gold was used by the Greeks to adorn their statues and temples
but was also ground up and used as a pigment—a very precious
one!
Crysocolla is a natural green copper mineral found in Syria and

Israel. It was used by the Greeks as an adhesive for gold as well as
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functioning as a pigment. The name crysocolla literally means "gold glue" in Greek. Like green
earth, it’s a mixture of iron, magnesium, aluminum and potassium salts.
In addition to these new natural pigments the Greeks introduced
white lead, red lead, yellow lead, verdigris and red vermilion
pigments, all of which they manufactured. How they developed
some of the preparation processes is not known, but given the
complexity of these processes it must have taken quite a bit of trial
and error to come up with them.

White lead is lead carbonate and works much better as a white
pigment than chalk or crushed bones; it’s still used in oil painting. It’s made by putting strips of lead
in clay pots hanging above vinegar. The pots are sealed up in a small enclosure packed with animal
dung between them. After about three months the acetic acid, oxygen and carbon dioxide ferment
the dung and form white lead carbonate on the surface of the lead strips. The white lead is scraped
off and the pigment then ground to a powder. White lead is a popular pigment even today.
Red lead (lead tetroxide, also called minium) and yellow lead (also called massicot or litharge),
were produced by stirring molten lead for several hours so a yellowish-grey powder formed on the
surface. This was ground up and washed in water to separate the yellow massicot from metallic
lead. Massicot is not a very good pigment and is best used as an intermediate product to
manufacture red lead. A second stage of work similar to the first is used to create red lead, except
that temperature control is more critical. The pigment red lead can be a darkish, dull red or a
brighter red orange. It is a very durable colorant and was long used as a protective coating for
exposed iron and steel.
Verdigris (“green of Greece”) is a transparent blue-green pigment
prepared by the Greeks from copper and wine vinegar. It was
manufactured by pouring sour red wine into a pot and placing
copper plates onto a grill above the wine, then sealing up the pot for
a week. When the copper plates were removed they were sprinkled
with wine vinegar and pressed under
weights for several weeks. Green matter
formed on the surface of the copper; this
was scraped off, dried, and used as pigment.
Verdigris gets its color from copper acetate, which is highly toxic. Verdigris
is also highly reactive in air and ages to dark brown or black.
Vermilion is the naturally occurring mineral cinnabar ground into a fine
powder. It’s a bright red color. It could also be manufactured by heating
liquid mercury and sulfur to form mercury sulfide, which was then ground
up. Vermilion made in this way was initially black but turned red as it was
ground. Because of its mercury content, cinnabar can be toxic. It was
dangerous to those who mined cinnabar; mercury poisoning caused
shaking, loss of balance, dementia, and ultimately death.

Rome

The great achievements of the Romans are in the fields of civil engineering and architecture, such as
the use of the arch to construct monumental aqueducts and structures like the coliseum. The
Romans were not particularly noted for their artistic achievements but were fond of Greek art and
frequently commissioned copies of Greek sculptures.
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Art was used in a decorative manner in Roman times as
archaeological evidence from Pompeii attests. Many of the
wall decorations in homes and buildings in Pompei were
preserved for almost 2,000 years by the accumulations of
ash that rained on the city from Mt. Vesuvius in 79 AD.
These reflect the use of the types
of pigments used by the Greeks,
from whom the Romans
borrowed heavily. Here too,
even toxic pigments such as
cinnabar and orpiment were
used since they were the only colorants available to produce brilliant reds
and yellows, still vibrant after two thousand years on the interior walls of
structures excavated in Pompeii.
Much Roman art was focused on propaganda. The military campaigns and
conquests of the emperors were recorded in carvings to serve as
“broadcast” mechanisms of the day. Roman commemorative arches were decorated with carved
images of victories, the parading of captured enemies as slaves, and bringing home the booty of
victorious campaigns.
Roman sculptures and coins show the actual appearance the emperors. These portray real people
rather than images of anatomical perfection, for a very practical reason: Roman emperors wanted
to be recognized by the people they ruled!

Coins of three
different emperors

Two busts and a coin of emperor
Claudius (AD 41-54)
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The Pitsa panels: early Greek painting1
Very few ancient Greek paintings survive since the paints have deteriorated and the wood on
which the paint was applied has decayed. The four painted panels here are a group of painted
wooden tablets found near Pitsa, Corinthia in the 1930s. They can be dated to about 540-530 BC.
They were probably preserved due to the unusually dry conditions inside the cave in which they
were found. Read pages 626-37 of The Story of Art for an update on art of this era.

The Pitsa panels are thin wooden boards covered with stucco (plaster) to form a surface on which
to paint. Since the plaster was allowed to dry before paints were applied these are not frescos but
actual paintings. The artists used pigments made from naturally occurring minerals and most
likely a binder made egg yolk to form the paint. Only eight colors (black, white, blue, red, green,
yellow, purple and brown) are used; they are bright with no shading or gradation.
Most ancient paintings that survived from this early a time are either frescoes (pigment applied
to wet plaster) or vase paintings (painted in glaze on pottery and fired). According to ancient
Greek authors panels such as this were the most respected form of Greek art. The subjects were
often portraits and still-lifes (inanimate objects arranged specifically so that an image of them
could be painted). These types of paintings were collected and often displayed in public spaces.
The ancient author Pausanias describes such exhibitions at Athens and Delphi. From ancient
literature we know the names of many famous painters but not one example of this type of highquality panel painting has survived. Unfortunately the Pitsa panels are not good examples—they
are thought to be low-quality renditions of this form of Greek art.
These tablets are connected with the rural cult of the nymphs (Greek goddesses). This is a
religious scene: a sacrifice. Two women are approaching an altar accompanied by musicians
playing the lyra and aulos (flute). The woman nearest the altar is pouring a liquid offering. A
small figure behind her is most likely a slave leading an animal to be sacrificed. The ancient
inscription names two woman, Euthydika and Eucholis, the people who paid to have it created.

1

From http://en.wikipedia.org/wiki/Pitsa_panels and heavily edited by Jim Janossy
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On constructing an ancient personality
An extract from a writing by Ben Witherington III 1
…our own modern way of thinking about the relationship of the body and the mind, or the
body and the spirit/soul, have largely arisen out of Cartestian ways of thinking. 2 Rene Descartes
distinguished pointedly between mind, the nonphysical realm and the supernatural on the one
hand and body, material existence and the natural on the other. 3 For Descartes the “I,” or the
sense of human identity, could be identified with the mind or soul: “I think, therefore I am.”
In such a worldview the body can neatly be distinguished from the mind as simply a physical
nature, a house of the soul. There is no essential connection or relationship of substance between
body and mind, or body and soul, or body and spirit. “On the one side were body, matter, nature,
and the physical; on the other were soul or mind, non-matter, the supernatural, and the spirit or
the psychological. 4 Whatever we may think or say about this dichotomy, such a
dichotomized approach has affected and continues to affect modern ways of thinking about
human life and personality, and also about the way God works in a mechanistic natural
universe. 5 To be sure, there has been some quite proper reaction to this mode of thinking in
modern medical discussions of humans as psychosomatic wholes and in explorations of holistic
medicine. But we still remain deeply influenced by the Cartesian model and it prevents us from
hearing ancient texts and ideas about the body and the human person as we should—for
Cartesian ways of thinking would have been quite foreign to the ancients.
Martin suggests that the ancients saw the human body as hierarchically arranged, in a sense
a microcosm of the hierarchically arranged society of the times. In fact, he says, “the hierarchical
concept of the body… supports and maintains the power structure of Greco-Roman society.” 6
Within the bodily hierarchy there were various dimensions or parts.
The Greeks and Romans did make a distinction between body and soul, but there was
considerable discussion about the nature of “soul.” Aristotle, like many others, assumed that the
soul was a part of nature. From his point of view nature included everything, from the mind or
soul to what we would call biology and physics. 7 Aristotle quotes a number of other authors on
the nature of the soul. Democritus says it is fire and heat, Pythagoreans that it is identical with
the particles of the air, Leucippus that it is constructed of highly mobile spherical atoms. In other
words, while the soul might not have a form and might not be visible it did have substance and
so was a part of nature. Earth, air, fire and water were assumed to be the elements of which all
nature was composed. … Matter and spirit were not seen as opposites.
Furthermore, it was widely believed that the human body is a microcosm of the
universe itself. Remember, it was assumed that the human body was made up of the same
1
2
3

4
5
6
7

Ben Witherington III, The Paul Quest: The Renewed Search for the Jew of Tarsus, p.p. 35-38.
Dale B. Martin, The Corinthian Body, pp. 4-20.
Descartes: French philosopher, 1596-1650. A generally well-known version of dualism is attributed to René
Descartes (1641), which holds that the mind is a nonphysical substance. Descartes was the first to clearly identify
the mind with consciousness and self-awareness and to distinguish this from the brain, which was the seat of
intelligence.
Martin, p. 6.
Consider Webster’s dictionary definition of a miracle as “something that violates or interrupts nature or known
natural laws.”
Martin, p. xviii.
Aristotle, On the Soul, 1.1. 402a
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elements or materials as the universe itself—earth, air, fire, and water. It was assumed that
conditions in the macrocosm (the environment) affect conditions in the microcosm (the body).
The same violent wind that uproots trees could also cause apoplexy if it occurred within an
individual. 8 The boundaries between individual and world became rather blurred, such that “the
workings of the internal body are not just an imitation of the mechanics of the universe; rather
they are a part of it, constantly influenced by it.” 9
The state of the soul was believed to be affected by the condition of one’s blood, and
both were linked to the appearance of the body. Blood was thought to be either hot or cold,
thick or thin, moist or dry, swift or slow, and these characteristics affected not only the
physiology of the soul but also a person’s behavior and appearance. If a person was hot-blooded
he might be quick to anger. The ancient physician Galen put it this way: “For if very much heat
dominates, straightaway there is bitter anger and madness and rashness.” 10 In this view “the
faculties of the mind follow the mixtures of the body”. 11
From such reasoning we can easily see why ancient persons might believe that one’s
outward appearance mirrors one’s soul. The modern clear boundary between the
psychological and the physiological, the inner and outer person, was by no means so clear-cut in
antiquity. The boundary was thought to be quite porous, if it existed at all, with influence going
in both directions, from inner to outer and outer to inner. 12 The isolated individual did not really
exist because of the ongoing interchange between an individual’s body and soul with the outside
forces and world. The self was shaped by outside forces, material as well as social. People were
thought to take in “spirit” (pneuma) when inhaling; they needed air for nourishment. 13 “The
outside air (which either is or contains pneuma) sustains the inner pneuma by inhalation… The
body is a refinery for processing, among other things, pneuma. 14 This inhaled pneuma was
considered by Galen as the basic stuff from which came thought, rationality and sensation. 15 It
was believed to be susceptible to pollution and corruption, as we speak of air being polluted.
Not only was there an interaction between the inner and outer person, the inner and
outer world, but a hierarchical ordering was assumed to exist in the universe, in society,
and in the human body. God ruled the universe as the emperor ruled society and the mind
or soul ruled the body.
An important thought to gain from this discussion is that in ancient times people did not think
in the same way that we as modern people do. Their conception of how people related to their
environment and how the environment affected people was far different from ours. This
affected the way they looked at everything, including the art that they created. “Artists” as we
know them today did not exist; art was not created to “express” the view of the person creating
it, or for aesthetic enjoyment, but to serve a specific purpose in the hierarchical ordering of
society and the universe. Think about who defined the purpose of art in a given society…

8

Hippocrates, The Nature of Humankind, Breaths, 3, p. 13.
Martin, p. 17.
10
Galen, Ars Medica 10.
11
Ibid., 4.767-822.
12
Martin., p. 20.
13
Dio Chrysostom, Discourse, 12.30.
14
Martin, p. 22.
15
Galen, Hygiene, 1.4, 11.
9
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Building with stone: problem and solution
The most common material for building important structures in ancient times was stone, quarried
from natural deposits such as outcroppings of rock in Egypt, Europe, and other places in the
world. Stone was used by Egyptians to construct the pyramids by piling up blocks into a
mountain shape. It was cut into interlocking
parts by the Greeks to build their temples,
such as the Parthenon on the hill named the
Acropolis.
But there was a problem using stone. It’s not
possible to span a large distance with a stone
beam. Stone has great “compressive” strength
but it does not have great “tensile” strength.
You can try to compress it and it won’t crush,
but you can’t try to stretch it much or it
breaks. This limited the span between the
columns of a Greek temple to about 7 feet.
Making the stone beam wider and thicker
doesn’t help much because the added weight
of the stone still puts too great a tension on
the bottom of the beam, cracking it as you see
in the second illustration.
In modern construction concrete is used much
like stone. It can be molded in the form of
long beams and it “sets” to stone as a result of
a chemical reaction. Beams of 50 or more feet
in length can be constructed because we now
have the technology to make large quantities
of steel reinforcing rods or cables. Steel does
have great tensile strength and is used to
overcome the weakness of stone in regard to
tension.
Steel reinforcing is included in the lower part
of the concrete beam to resist the stretching
forces that the slight“flexing” of the beam
causes. In the case of “pre-stressed” concrete
beams often used in modern parking garage
construction, the concrete is formed with
hollow conduits along the bottom edge in
which steel cables are strung. The cables are
tightened to give the concrete beam a slightly
arched shape that flexes down into a level
surface under the weight of the load. The
modern solution for an ancient problem!
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The ancient solution for the problem of stone
The Sumerians invented the arch and used it to span openings in brick and stone walls. The
Greeks knew about the arch but did not make much use of it. Neither the Greeks (or the Romans)
had the technology to make large amounts of steel of consistent quality—this takes iron, carbon,
and continuous high heat and the ability to control the carbon content of the result. The Greeks
therefore exploited the temple architectural form and refined it. The Romans, however, were
preeminent civil engineers. They constructed massive public works projects such as aqueducts to
bring water to Rome and other
cities and massive structures like
the coliseum. The Romans
perfected the use of the arch for
these purposes.
The arch cleverly exploits the
compressive strength of stone.
Individual stones are cut in the
form of trapezoids. A temporary
support called “falsework” is
constructed from wood in the
shape of the intended circular
opening. Masses of weight are
placed on each site of the
intended opening, and the stones
are built up on the falsework on
both side of the arch. The last
step is to set in place the keystone, the stone at the top of the arch. When this stone is in place,
gravity pulls it down, which exerts force on the stones on each side. The weight of the keystone,
and the weight of any wall built above the arch, is
channeled to the side masses and the ground.
The Romans realized that the role of the side masses
could be assumed by another arch since the weight it was
channeling around the opening acted in opposition to the
forces on the first arch. Arches could be repeated as
much as was necessary to go any require distance. They
used this technology to build aqueducts many miles long.
While a solid
wall could have
been used in many places, the arch also reduced the
amount of stone needed.
Once you understand how an aqueduct built with arches
works, it’s easy to understand how the coliseum works.
It’s really the very same arch wall, wrapped around in a
large circle! Here is what the coliseum in Rome looked
like about AD 100. Roman arches are round, they are
half-circles. The Romans refined their use of the arch to
create large, structurally complex domed buildings.
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The Pantheon in Rome: dome construction
The Pantheon is one of the oldest buildings of the
Roman Empire still standing and in use; anyone can
walk in to it free of charge. Constructed at the height
of Roman power about AD 126, it was intended to be a
monument to all the Roman gods, including the
emperors. In 609, the Byzantine emperor Phocas gave
the building to Pope Boniface IV, who converted it
into a Christian church and consecrated it to Sancta
Maria ad Martyres, now known as Santa Maria dei
Martiri, Saint Mary and the Martyrs. The building's
consecration as a church saved it from the abandonment and the worst of the spoliation that
befell the majority of ancient Rome's buildings during the early medieval period. Even so, parts
were removed since ancient time for use elsewhere.
The original bronze tiles were removed and sent to
decorate buildings in Constantinople, much fine
external marble has been removed over the centuries,
and Pope Urban tore away the bronze ceiling of the
portico in about 1640, to be melted down into
defensive cannon for the nearby Fort San Angelo.
Since the Renaissance the Pantheon has been used as a
tomb. The artist Rafael is entombed there.

Construction
It took 732 construction workers over 3 years to construct the Pantheon. The grey granite
columns that were used in the Pantheon's porch were quarried in Egypt. Each is 39 feet tall, five
feet in diameter, and 60 tons in weight. These were dragged more
than 100 km from the quarry to the river on wooden sledges. They
were floated by barge down the Nile River and then transferred to
vessels to cross the Mediterranean Sea to the Roman port of Ostia.
There, they were transferred back onto barges and pulled up the
Tiber River to Rome.
The recessed shapes for the concrete dome were poured in molds,
probably on the temporary scaffolding. The concrete dome of the
Pantheon weighs over 4500 tons! The thickness of the dome varies
from 21 feet at the base of the dome to 3.9 feet around the oculus.
The height to the oculus
and the diameter of the
interior circle are the same, 142 feet, so the whole
interior could house a sphere 142 feet in diameter. These
dimensions make more sense when expressed in ancient
Roman units of measurement: The dome spans 150
Roman feet; the oculus is 30 Roman feet in diameter;
the doorway is 40 Roman feet high. The Pantheon is still
the world's largest unreinforced concrete dome.
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Simple geometry, perfect solids, Golden Mean
Why take a look at geometry in considering the technology of art? Much of the art that we study
in the ancient world, the Middle Ages, and even into later periods relies on the use of geometric
forms and operations. The Greeks made much use of complicated geometry in constructing
temple, and very simple tools were fashioned from material as basic as rope to aid in building.

Basic definitions
A point is a place in space. It is an imaginary construct that has no dimensions. You can think of
it more as a location than a physical thing.
A line is a connection between two different points. A line has only one dimension, its length. A
line has no width or height. One way to think about a line is to imagine it as a rope connecting
two points, except that in this case the rope has no “thickness.” Another way to think about a line
is to picture it as what you would see if a luminous point moved between two other fixed points.
A plane is what you get if you “sweep” a line through space. If you do this in such as way as to
use only two dimensions, you define a flat surface. A plane has only two dimensions: length and
width. A plane has no thickness any more than a line has thickness. You can think about it as a
flat sheet of paper, but as a theoretical concept a plane has no bound like a cut sheet of paper
does—the plane extends outward in its two dimensions as far as the universe goes.
We live in a world in which we experience three dimensions, commonly thought of as length,
width, and depth. As humans we are biologically and neurologically “wired” to sense our
surroundings in these terms. We have two eyes and a brain that “triangulates” the observations of
our two eyes. The brain integrates the slightly differing observations of the two eyes into a
visualization of three-dimension space. This lets us move through three-space with a visual sense
of distance, or depth perception.
A shape is a collection of points connected with lines. For example, three points not on the same
line can be connected with three lines, forming a triangle. One point swept around another point
so as to remain in the same plane and always the same distance from the other point maps our a
circle. Four equally space points on a circle when connected map out a square.
A solid is mapped if you move a two-dimension shape through three-dimension space. If the
shape was a square, the movement of it in a third dimension for a distance equal to the length of
a side of the square can define a cube. There are other ways to construct solids. For example, if a
point exists above a circle and a line is drawn from that point to the circle and then rotated
following the circle, the moving line maps out a cone. Solids are also known as polyhedra.
There is a set of five solids that were long ago discovered to be the most basic solids possible,
named Platonic Solids, also called the Perfect Solids.
The perfect solids raised a lot of questions in the minds of the ancients. Why were there only 5?
Did this imply that the gods had some special favor or give significance to this number? Were
the shapes of the triangle and the pentagon of some special significance? Since the ancients
thought that everything was made of four elements: air, earth, water, fire, and the heavens was
the number 5 a guide to that “truth?” These questions became even more interesting when
connections were established between the pentagon and the golden section (golden mean) which
we’ll consider a bit later.
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The circle
A circle is defined by rotating one point about another point, keeping the moving point in the
same plane and the same distance from the other point as it is rotated:

This is exactly what you do when you use a drawing compass with a point on one end and a
pencil on the other to draw a circle. You can create a circle using any type of material for the line
connecting the fixed point (the point at the center of the circle) to the point you are sweeping
around the center. In ancient times, people used rope for this line, attached to a stake at the
center. The monuments and stones at Stonehenge were most likely laid out in this way.
The radius of a circle is the length of the line from its center to the curved line forming the circle
itself. The diameter is twice the radius, that is, the line continued to the opposite side of the
circle. The circumference of the circle is the length of line that forms the circle (the curved
line). The length of the circumference in relationship to the radius has often been regarded as
mysterious, especially by ancient peoples. The circumference is related to the length of the radius
by this formula ("x" here is the multiplication sign):
circumference = 2 x radius x pi
Pi is a number that can be computed in a variety of ways, but can only be represented (in base 10
numbers) by a series of digits that begin with 3.14 and go on forever. For example, here is pi to
50 decimal places:
314159265358979323846264338327950288419716939937510…
Pi is roughly approximated by the fraction 22/7, a fact some ancient people determined and used
to lay out and construct circular structures. 256/81 is another approximation of ancient Egypt.
The area of a circle is also related to pi. Suppose you drew four squares to cover the circle, each
with a side the same length as the radius:
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The area of each of these four squares would be:
radius x radius
and since we have four squares the area of the square surrounding the circle would be 4 x radius
x radius, which we could also write as 4 x radius2 since the superscript 2 means “squared” (that
is, multiplied by itself). The area of the circle is clearly less than this area. In looking at the area
of just one-quarter of the circle, you can see that this area is more than half the area of the square
with length radius, and less than whole area of the square’s area, which is radius x radius. This is
especially clear if you cut one of the radius x radius squares in half diagonally. It turns out that
the area of the circle is pi x radius x radius, that is, pi x radius2. The mystery deepens…

Angles
Four angles are formed when two lines intersect:

d
a

c

b

In this example two lines intersect; in doing so they have exactly one point in common. The four
angles a, b, c, and d are formed. Angles a and c are equal, and angles b and d are equal. Angles
are commonly measured in degrees. The sum of the angles a, b, c, and d is 360 degrees. This is
an important definition, because it tells us that all of the angles surrounding a point (or a circle)
add up to 360 degrees. If we have a circle and place four points on its circumference as far apart
as they can be from each other, they will space out evenly around the circle:

Now if we join the opposite points together, we have split the circle into four equal parts, and we
have split the 360 degrees around the point at the center of the circle into four equal parts. 360
divided by 4 is 90 degrees. 90 degrees is called a right angle, which is usually denoted with a
small box at the angle. A right angle is one corner of a square; a square encloses four of them.
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Geometric shapes
Plane (flat) shapes can be defined using a circle with points on the circumference. For example,
if we place three points on the circumference of a circle, such that they are each as far apart from
each other as possible, we can then connect the points to form an equilateral triangle:

All sides of the equilateral triangle are of equal length. It’s possible to construct triangles in
which the sides of not of equal length. If only two sides are of equal length, the shape is called an
isosceles triangle:

A right triangle has the property of having one of two of its sides forming a 90 degree angle.
While an infinite number configurations of right triangles exist, a special relationship
documented on a Babylonian tablet dated to 1900-1600 BCE, and described by Pythagoras (560480 BCE) lets us construct a right triangle very easily. If we use lines of length 3, 4, and 5 to
form a triangle, the angle between the sides of length 3 and 4 will be a right angle. The Egyptians
used this to construct a tool named a “square” to aid in constructing things precisely vertical:

5

3

4
Why is this important? If you want to construct something that is square, you need to be able to
compare what you are building to a right angle—hence the name of this masonry tool, the
square. Similarly, unless you want a structure (like a wall or tower) to lean and become unstable,
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you need to construct it precisely vertical in relationship to the center of the earth. To do this you
need to know what 90 degrees is, and you need to know what “level” is. But level that isn’t hard
to figure out. The surface of any still pond of water or bowl of water is level.
If we have a circle and place four points on its circumference as far apart as they can be from
each other, they will space out evenly around the circle. If we connect the four points with
straight lines the result will form a square. Each side of the square will be of the same length,
and each corner of the square will have a 90 degree angle:

If we have a circle and place five points on its circumference as far apart as they can be from
each other, they will space out evenly around the circle. If we connect the points we will form a
pentagon:

If we have a circle and place six points on its circumference as far apart as they can be from each
other, they will space out evenly around the circle. If we connect the points we will form a
hexagon:
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The perfect (Platonic) solids
Solids are three dimensional objects. It was discovered in ancient times that only a small set of
"perfect" solids exists. These are named the Platonic solids so named because they were first
documented by Plato in his work Timeaus between 427 BCE and 347 BCE. Euclid documented a
proof for their uniqueness between 325 BCE and 265 BCE. Ancient peoples thought these solids
had a sacred significance. Only five exist or can exist!
The five Platonic solids (and only these) meet these rules, which make them "perfect"—and
which seemed to give the number “5” special significance:
1. They look the same from any corner point.
2. For a given solid, each face is of the same shape and size.
3. Every edge and every angle is identical.
4. Their corner points are the most symmetrical distributions of 4, 6, 8, 12 and 20 points on
a sphere.
Just as the basic shapes are derived from a circle, we start with a 3D
circle to form the solids, that is, we start with a sphere. This is a circle
that has been completely rotated about an axis, just like a globe of the
earth. A sphere is "perfect." Every point on it lies exactly the same
distance from the center. It's surface is the smallest area that can be
formed to enclose a given volume. This is why a droplet of liquid
released in outer space naturally forms a sphere; the surface tension
forces the most compact enclosure for a given volume.
If we put 4 points on the surface of sphere, each as far apart from each
other as possible, we get a tetrahedron:

The ancients thought that four elements made up world: fire, earth, air, and water. They
associated each with one of the perfect solids. Plato associated the tetrahedron with fire. While a
tetrahedron resembles a pyramid (Greek pur means fire, and the Greeks also call the tetrahedron
puramis, from which we get the word pyramid), an Egyptian pyramid has a base that is square.
All faces of a tetrahedron are equilateral triangles, even the “bottom” so it is not a pyramid!
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If we put 6 points on the surface of sphere, each as far apart from each other as possible, we get
an octahedron:

An octahedron has 8 faces. The top half of it is a pyramid. Octahedrons, like the other perfect
solids, are found in minerals. Diamonds, for example, are often in this shape. Plato associated the
octahedron with air.
If we put 8 points on the surface of sphere, each as far apart from each other as possible, we get a
cube:

The cube was associated by Plato with earth, since its square base represents ultimate stability.
But the cube has several qualities that the ancients regarded as indicative of a special
significance. It has six "directions": north, south, east, west, up, and down. Numerology
(attributing significance to various numbers) was important in the lives of some ancients, and 6 is
the first "perfect" number since its factors 1, 2, and 3 all add up to the number itself. If you add
up the number of the cube's edges (12), face diagonals (12), and internal diagonals (4) you get
28, which is the second perfect number (1 + 2 + 4 + 7 + 14 = 28). Various biblical and religious
references to cubes are perhaps based on this special significance. Many molecular structures
such as salt crystals and the arrangement of molecules follow a cube structure.
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If we put 20 points on the surface of sphere, each as far apart from each other as possible, we get
a dodecahedron:

The dodecahedron has 12 faces which are pentagons, five-sided shapes. It was known as "the
sphere of twelve pentagons." Three of the four elements recognized by the ancients were fluid:
fire, air, and water. Water is the densest of the fluid elements, and Plato associated the
dodecahedron with water. If you join the two ends of any edge of the dodecahedron to the center
you form an isosceles triangle. As Daud Sutton notes in Platonic & Archimedean Solids (from
which much of this discussion of the perfect solids is drawn) this isosceles triangle has the same
proportions as the four faces of the Great Pyramid of Eqypt. Is this mysterious? Probably not.
The Egyptians, as did many other ancient peoples, knew about these solids and attributed
significance to many aspects of them. Since they felt that God (or the Gods) had created these
solids, the solids could be use for guidance on how to conduct life and build structures that
honored their deities.
Finally, if we put 12 points on the surface of sphere, each as far apart from each other as
possible, we get an icosahedron:

The icosahedron has 20 faces which are equilateral triangles. Plato associated it not with an
earthly element but with the stars.
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Visualizing the perfect solids is easier if you can play with a 3-dimensional representation.
Before doing part 1 of Project 1, visit the link for this page at the course web site where you can
rotate and play with these sophisticated graphic representations!
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The Golden Mean and the Golden Rectangle
A proportion is the relationship of two things with each other. For example, in a 4" x 6"
photograph, the height is 4 inches and the length 6 inches (for a "landscape" orientation). The
proportion is 4/6. If we enlarge the photo to an 8" x 12" size, the height and length are still in the
same proportion.
12

These are NOT Golden Rectangles!
Why? Their width and height are not in
the ratio of the Golden Mean. 12/8 =
1.5, as does 6/4. For the larger of
these rectangles to be a Golden
Rectangle, with a width of 12 the
height would have to be .618 x 12 =
7.4 inches (approximately). Why?
See below!

8
4

6

On the other hand, we can't enlarge a 4" x 6" to an 8" x 10" photo because they are not in the
same proportion. The dashed line above shows you what would happen if you did this. Simply
put, the "shape" of an 8 x 10 is not the same shape as a 4 x 6. (This is currently causing a lot of
dismay as people fond of 4 x 6 snapshot prints make enlargements in the common 8 x 10 size!)
Now here is a puzzle the ancients were fond of: "Take a line. Divide it into two unequal parts
such that the longer of the two segments is to the shorter as the whole line is to the longer
segment." Whoa! How about saying that in plain words? Let's do it graphically. Here is a line:

Cut it into two by putting a red dividing point somewhere on it:

Now let's label the whole line and each segment so we can talk about these easily:

A
B

C

Place the dividing point so that A is B equals B to C, that is A/B = B/C. This can be done only in
one way: where the length of C is .618 (approximately) that of B. To put it another way, if the
line as a whole (A) is 1.618 inches long, the red dividing point is where B is one inch long, and C
is .618 inches long. Does 1.618/1 = 1/.618 (very nearly)? Not exactly, because the Golden
Mean is an irrational number, a never-ending decimal number. But it defines a very
pleasing shape!
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Creating a Golden Rectangle with geometry
The golden rectangle involves the use of the golden mean. In such a rectangle the long side is
divided into segments with the golden mean dividing them. Then the longer of the two segments
is used as the width of the rectangle. By following these steps you’ll construct a golden rectangle
using only a compass and a straightedge—you cannot measure things because the ancients would
not have had used measurements for this process. This construction is covered in one of the
videos associated with this unit. That video implements the following sequence of actions:
1. Using a straightedge draw a line on a piece of manila folder similar in orientation to this
illustration:

2. Carefully mark off a 16.2 cm. section of the line putting two marks separated by this
distance on the line as shown.
3. Your goal is to construct a golden rectangle like the shaded area in this illustration. How
do you accomplish this? You need to follow the instructions below. This is not intended
to be a sketch! It is intended to be a very precisely detailed and accurately constructed
golden rectangle, developed using your compass and straight edge.

4. Using the straightedge, mark points an equal distance from point C on the horizontal line.
Construct a perpendicular line at C by striking arcs with a compass so that they intersect
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at point D. Finally, draw a line passing through D and C; this line will be perpendicular to
line AC.

X

A

F

D

E

C

B
X

5. Bisect line AC, that is, divide it in half by striking arcs above and below from its end
points and connecting the points where the arcs cross with a line.
6. Transfer for the measurement of half of line AC to the vertical line running through
points C and D. This is point E.
7. Draw a sloping line from point A to point E.
8. Transfer the measurement of half of line AC leftward from point E down the slope on
line EA to establish the location of point F.
9. Transfer for the measurement of the segment AF to line AC. This will establish the
location of point B. Point B establishes the golden mean of line AC.
10. Form a square with side of length AB, with its lower left corner at point A. You do this
by forming perpendiculars at points A and B, and measuring up on them length AB.
11. Extend the top side of the square to meet line CD. If you have done this correctly, your
golden rectangle will outline an area similar in proportion to the shaded area in the above
illustration.
12. Slightly darken the lines of your golden rectangle. Do not erase all of your arcs and the
working lines and marks by which you constructed the golden rectangle.
Check your work: if you established the location of point B correctly, the distance from point A
to point B will be exactly 10 cm long. Why? Because the definition of the golden mean is that
BC is to AB as AB is to AC:
BC
AB

=

AB
AC

This can happen only when BC is equal to .618 the length of AB. So if AB is 10 and BC is 6.18,
the sum (which is line AC) is 16.18, which is the length you marked off as line AC (close; it's
16.2 cm.). This value is named phi, pronounced as in "fee fi fo fum". Its value is irrational; it is a
never-ending decimal number that starts as
1.618033988749895...
and goes on forever. The golden mean establishes the golden rectangle, which is a
significant shape in the design of many visual objects.
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Project 1
Introduction
The Greeks and other ancient people thought about the world and god(s) differently than many
people living today. In civilizations like ancient Greece the ability to produce a surplus of food
made it possible for some members of society to not have to work at that. They had time to think
about the nature of things—with much less distraction than we have today. Philosophers such as
Plato, Aristotle, Pythagoras and many others thought a lot about geometry and the relationships
between things such as how the circumference of a circle relates to its diameter, how lines could
be divided in ways that produced a special effect, and how to “communicate” with their gods by
recognizing some of these relationship as “riddles” that the gods designed for people to solve. If
you solve a riddle someone has left for you they might think more favorably about you—and
having a god feel favorably about you or your city would be a good thing if a war arose, you
needed rain, or your city was sick. In the three parts of this project you’ll explore the perfect
solids, the Golden Rectangle, and the Fibonacci Series with some surprising results!

Project 1 Part 1 of 3: Constructing the five Perfect Solids

Review the material on the perfect solids and “rope pullers” in the
course e-book. Then print the next several pages on which you
will find fold-up patterns for the five perfect solids. Cut out the flat
patterns for the perfect solids and fold them up to make them.
Since these are physical object how you submit them for grading
electronically? Very simply! When you have created them put
them on a table, crouch behind them so that both they and your
face are visible and have someone take a picture of you and the
solids. E-mail the picture to the dedicated course e-mail address. The picture doesn’t have to be
high resolution, you and the shapes just need to be recognizable.

Project 1 Part 2 of 3: Constructing a Golden Rectangle

The Golden Rectangle is a fantastically interesting shape with many unique properties. View the
video playlist for this page (the link is at the class web site page for Unit 1). In the first of three
videos Donald Duck will explore the relationship of the Golden Rectangle to the pentagram and
the many uses the Greeks made of this rectangle shape. In the second and third videos I show
you how to do the geometric operations you need to use to form a golden rectangle. Use only
geometric operations, a straightedge, and a compass; no ruler or protractor, and no measuring!
Take a picture of yourself holding up your work and submit the picture for grading.
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Project 1 Part 3 of 3: Exploring the Fibonacci Series
The Fibonacci Series is a simple sequence of arithmetic operations that produces a series of
numbers. In this part of Project 1 you’ll produce 11 numbers in this series and do a simple
calculation on each pair of numbers. You’ll then plot the values that you compute, which will
help you see a trend. Finally, you’ll be asked to think about what the result means; that is, what
you think is happening with your plotted values, which seems more than coincidental… Follow
these steps using a separate sheet of paper:
1. Develop the Fibonacci Series of numbers by starting with 0 and 1. Write down 0+1=1 to
compute the third number in the series. The series is now 0, 1, 1.
2. Write down 1+1=2 to compute the next number in the series. The series is now
0, 1, 1, 2.
3. Write down 1+2=3 to compute the next number in the series. The series is now
0, 1, 1, 2, 3.
4. Write down 2+3=5 to compute the next number in the series. The series is now
0, 1, 1, 2, 3, 5.
5. Continue computing the series until you have 11 numbers in the series. In each case the
next number is computed by just adding the prior numbers.
6. Now start with the two 1’s in the series. Divide the second 1 by the first 1 and write down
the result at the bottom of this page (it’s 1).
7. Now move forward one position, and divide the 2 by the 1 before it (the result is 2; write
it down below).
8. Now move forward one position and divide the 3 by the 2 just before it (the result is 1.5).
9. Continue doing this to the end of your 11-number series keeping three decimal places of
precision and writing the division and its result below.
10. Now plot the your computed values on this graph, one result per horizontal mark, and
explain what’s happening and how it relates to the Golden Rectangle! Write your
name below, scan or photograph this work, and e-mail the image with your paragraph to
the dedicated course e-mail address. The paragraph you write can be the actual e-mail
message to which you attached the picture or scan of your plotted values.
Q

2
1.5
1

Q
Q

.5
0
Result:

1/1

2/1

1

2

3/2

5/3 …

1.5 …
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Tetrahedron

.
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Hexahedron (cube)

.
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Octahedron

.
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Dodecahedron
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Icosahedron
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Extra credit: Laying out a pyramid foundation
As of 2008 about 140 pyramids have
been discovered in Egypt, constructed
from 2630 BC onward. The pyramids
are the world's oldest monumental
structures. The Pyramid of Khufu at
Giza is the largest Egyptian pyramid
and is the only one of the seven
wonders of the ancient world still in
existence.
In this extra credit project you’ll
construct a rope similar to the ones used
by ancient Egyptian rope pullers to
define perfect right angles and you’ll
actually lay out the foundation for a
small pyramid!
You do this project in two sessions. In the first session you prepare a special Pythagorean rope,
which will take about an hour and then several more hours for glue to dry. In the second session,
also about an hour long, you’ll use your Pythagorean rope to lay out the pyramid base as a
perfect square.
To do this project you’ll need these things:
x 150 feet of twine (package tying twine or garden twine is fine; make sure it is heavy
enough not to stretch very much when pulled taut)
x Household glue such as Elmer’s glue or wood glue
x 4 wooden stakes or sticks each about one foot long
that can be pushed into the ground
x A hammer or mallet to pound stakes
x Access to a large open area such as a lakefront park
or beach at which you can see the sunrise
x Two friends to help you
x A digital camera to record your work.

Session 1 – Making your Pythagorean rope

A cubit is an ancient unit of measure; it’s approximately 20 inches in length. Just for fun we’ll
use that as a measure for an element of your Pythagorean rope. Do this to prepare your
Pythagorean rope:
1. Cut off a piece of twine about 22 feet long.
2. Cut another 13 pieces of twine each three inches long.
3. Tie a three inch piece of twine around the twenty foot twine every 20 inches. This will
look something like the sketch below, where the long line represents the 22-foot length of
twine and the short straight lines crossing it are the three-in ties:
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4. Put a drop of glue on each knot so the tied string knot won’t move. Let the glue dry.
5. Tie a second string at the four places shown with an “X”. Glue these in place and let the
glue dry. This is your Pythagorean rope. This complete the first session.
You will probably recognize how this string will work. You hold the end “X” ties together, and
another person holds the second “X” tie, and a third person holds the third “X” tie. If the second
and third person move so that all parts of the string become taut, you will be standing at a right
angle form by the string, since it defines a triangle with sides of length 3 cubits, 4 cubits, and 5
cubits:

You

Session 2: Laying out the base of the pyramid

Find a please in a lakefront park or open area where you have at least 20 feet to work with in
each direction and you can see the sunrise. Then take these actions:
6. Face the sun and place a stake in the ground. This is stake #1.
7. Then walk directly towards the sun for 12 cubits (use your Pythagorean rope as a
measuring device) and place another stake in the ground. This is stake #2.
8. Run a piece of fresh twine from stake #1 to stake #2 and tie the twine to each stake.
9. Stand near stake #1 and make sure that the twine stretched and tied between it and stake
#2 points toward the sun at sunrise. If it doesn’t, start the process all over again with new
stake locations so the holes you made in the ground don’t affect the process. If the twine
between the two stakes points directly toward the sun at sunrise, proceed with the next
step. This tied line is named baseline #1.
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Ultimately, you will lay out a square to form the base of the pyramid. The stake numbers and
elements of the base will be labeled in this way:
Baseline 3

Stake #4

Stake #6

Stake #5
Stake #7
Baseline 2

Baseline 4
Stake #3

Rising sun

Stake #2

Baseline 1

Stake #1

10. You and your two friends stretch the Pythagorean rope taut as shown in the sketch above.
You move to stake #2. Have the person three ties from you stand so as to align the twine
with baseline #1.
11. When all sides of the triangle now formed by the Pythagorean rope are taut, the side
leading to the person holding the twine four ties from you is forming a perfect right angle
to baseline #1. Place a stake along that edge of the triangle. Call that stake #3.
12. Again using your Pythagorean rope as a measure, stretch the rope between stake #2 and
stake #3 and beyond it. Measure 12 cubits along that line and put a stake at that location.
This is stake #4.
13. Tie a length of twine between stakes #2 and #4. This twine defines baseline #2.
14. You and your two friends stretch the Pythagorean rope taut as shown in the sketch above.
You move to stake #4. Have the person three ties from you stand so as to align the twine
with baseline #2.
15. When all sides of the triangle now formed by the Pythagorean rope are taut, the side
leading to the person holding the twine four ties from you is forming a perfect right angle
to baseline #2. Place a stake along that edge of the triangle. Call that stake #5.
16. Again using your Pythagorean rope as a measure, stretch the rope between stake #4 and
stake #5 and beyond it. Measure 12 cubits along that line and put a stake at that location.
This is stake #6.
17. Tie a length of twine between stakes #4 and #6. This twine defines baseline #3.
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18. Now comes an interesting part! You and your two friends stretch the Pythagorean rope
taut as shown in the sketch above. You move to stake #6. Have the person three ties from
you stand so as to align the twine with baseline #3.
19. When all sides of the triangle now formed by the Pythagorean rope are taut, the side
leading to the person holding the twine four ties from you is forming a perfect right angle
to baseline #3. Place a stake along that edge of the triangle. Call that stake #7.
20. Again using your Pythagorean rope as a measure, stretch the rope between stake #6 and
stake #7 and beyond it. Measure 12 cubits along that line. Have you arrived back at the
precise location of stake #1? If so, tie a length of twine between stake #6 and stake #1;
this is baseline #4. You have laid out a perfect square for the base of a pyramid that is
aligned with the rising sun! But if your last measure of 12 cubits along baseline #4
doesn’t arrive exactly at stake #1 you have made an error. The Pharaoh’s chief
architect will deem that you are unfit for this critical work and you will be reassigned to
chip out stone blocks in the quarry for the rest of your life!
21. Take a picture of your layout of the pyramid base with you and one of your friends (both,
if possible!) included in the picture.
22. Write a short narrative of your experience in performing this work; describe if your work
with the Pythagorean rope was successful or not, and if it wasn’t entirely accurate on
your first attempt try to identify the factors that resulted in errors.
23. Submit your picture of the work and your narrative for grading.
24. Don’t forget to remove your stakes and twine from the ground and take them away; you
don’t want other people tripping over these things and hurting themselves!
Scholars are pretty certain that this is the way the Egyptian builders actually laid out the
foundation for their pyramids, using just the same kind of simple tools. Now for the hard part…
how are you going to quarry a million stone blocks and get them in place on the site of the base?
We’ll work on that for a while yet…
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GPH-205 ESSAY GUIDE
Your Reflective Essay and Conclusions Work
An assignment with two parts

(Revision 7, May 22, 2016)

Introduction
There is no midterm exam in GPH-205 and the course has no scheduled final exam. It has no
midterm because the amount of feedback you receive on every assignment—all of which can be
revised based on feedback provided to you and re-submitted for re-grading—is much greater
than the one-time “how am I doing?” feedback that you might receive from a rotememorization midterm test. The course has no schedule “test” type of final exam because the
degree of your learning is assessed much more comprehensively with a first-person reflective
essay you can work on all during the term, and by “conclusions work” based on your essay. This
assesses your ability to think critically employing what you have learned. All of the work of the
course is designed to help you learn what you need to understand to develop the essay and to
do the conclusions work. - Jim

The first part of the assignment: your reflective essay body
The first part of this assignment is writing the body of the essay, which is
imaginative and creative writing. In this part you put yourself in the shoes
(sandals?) of a person who was born into the Lascaux civilization and who for some
reason doesn’t age, grow old, or die. You live on and experience 22,000 years of
existence and wind up in 1900, with a memory of it all. You are NOT a modern
person who has gone back in time; you are a truly prehistoric person who has
lived from the time of Lascaux to the present. Part of the work here is developing
the character of this person, how they come to realize that they live on, and how
they experience life and art in the eras in which they keep a journal (or “diary”).
Your reflective essay does not have a “thesis statement.” In the essay you are
not trying to “prove” anything. You are recording your (imagined) life experiences in
living through the ages we study, especially those experiences in which you interact
with the art, and possibly artists of that era or civilization, in the way the art affects
you, and the way the people creating the art are treated by others, and the
technologies used to create it. This is akin to what is sometimes called an “oral
history.”
Your essay provides the basis for the conclusions work that you do at the end
of the term. But the basis it provides is as a source of facts to prove or disprove
conclusions I give to you; you don’t develop your own conclusions. So as you begin
this writing don’t worry about the conclusions. I will be giving you separate
instructions for the conclusions work 10 days before the end of the term. Focus now
on your life and live going forward in time as we progress through the material, and
have fun doing this creative but factual (in the sense of art) writing!
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Your first page: where you start
You are approximately 20 years old and living in the Lascaux cave civilization. You
give yourself a name that might have been appropriate to that civilization—
probably a short one or two syllable name. The point of this scenario is for you to
weave into your story the facts that you know about the civilization—the facts you
learn from the first part of Unit 1 of the workbook, chapter 1 of The Story of Art,
and the related videos. Those facts are collected by you from these sources on the
first row of the Unit Summary Form (USF) for Unit 1. In order to get you started and
to provide an example of the format and content intended for you USF entries I have
given you the facts you need on workbook page 57; there’s nothing keeping you
from beginning your essay in the first unit of the course. The first page of your
reflective essay is a required work item you must submit in Unit 1!
Your first page draft needs to be at least one double-spaced page with one inch
margins in 12 point Times New Roman font. It can be longer than one page if you
wish. 1 You develop it early in Unit 1 and you submit it to the dedicated course email
address by the end of Unit 1. It’s one of three items of work in Unit 1, the others
being USF1 and the Project 1

What eras or civilizations do you write about?
Your USFs will take you through a total of 27 eras or civilizations you are required
to learn about. However your reflective essay body only documents your life
experiences in less than half of these—specifically, these 12:
1
2
3
4
5
6
7
8
9
10
11
12

Civilization/era
Lascaux about 20,000 BC
Egypt about 2400 BC
The Persian Empire under Cyrus the Great
Greece about 300 BC
Rome about AD 400
The Middle Ages in Europe about AD 1000
China in about AD 1000
The Gothic Era in Europe about AD 1200
The Renaissance about AD 1550
The Baroque in Italy about AD 1700
The Enlightenment about AD 1800
Impressionist era about AD 1890

Studied in Unit…
1
1
1
1
1
2
2
2
3
4
4
4

Your essay simply ends about 1895. You don’t die, we just don’t hear from you
anymore. Your writing simply stops with no conclusions at its end; you’ll do the
conclusions work separately as later instructions will indicate.

1

The entire essay, due at the end of the term, must be at least 2,500 words minimum. But there is no
maximum length limitation, write as much as you like if you are thusly inspired!
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Making the body of your paper interesting
Developing your character takes imagination. But fleshing out your story line can be
fun! Here are some ideas that can help you add interest to your story:
x

Interact with noted people in history. In at least one era have your character
meet some person who we now recognize as very famous although he or she
wouldn't necessarily be in their own time. One student has herself being pushed
into a crypt by none other than King Tutankhamen himself and the sarcophagus
lid being slid shut! That was a transition for her to the next era since she just
slept (she’s immortal, remember?) and when she woke up she was in Greece.
The tomb Tut pushed her into had been pilfered by grave robbers who took the
sarcophagus to Greece where it was opened and she escaped (the slaves who
opened that mummy case for the Greek person who bought it from the thieves
really got a surprise!).

x

Express some astonishment early on that you are alive when people you
knew have died off, and how you don't seem to age although the people you
meet in your life do age and eventually die. Wonder about this and decide
eventually that something must have happened to you in that first event that
gives you this immortal "life force." Maybe some mist or strange-smelling water
you fell into? Or some of those weird berries you ate? That glowing rock you
picked up in a nearly hidden recess of a cave?

x

Introduce some tension. Some people around your character will notice that
he/she isn’t aging like they are. In earlier days this could make some locals
suspicious that your character is a witch, or whatever the male counterpart is to
a witch, and consorting with Satan! Or they may just be jealous and send some ill
will your way. Whatever, it gets tense for your character to be there and maybe
this is a good time to make an exit that happens to lead to the next era you’ll
document living through. Account for time and geographical distance somehow
in the transition.

x

Get to know some noted person really well and have a “flashback” later to
that memory long after that person is gone (you are still very alive and well!).
One student in her paper happened upon a young “Leo” in the Renaissance and
lived with him for a year and described what he was doing with art—she later in
another era learned from an old man tending a church that Leonardo da Vinci
painted the art on the wall. She remembered then that Leo had been sketching it
out when she knew him 300 years before! Things like this can fascinate readers
and make your writing very interesting as you describe simple details of a
person’s life that you can only know by having been there.

x

Describe some features of noted people you observe—for example, the
student who Tut pushed into a crypt saw his face and described it. That puts you
right there, in his presence. If you really want to be bold, put yourself in the
Roman Middle East about the time of Jesus and get a glimpse of him and mention
it matter of factly—remember, things that are held in esteem in modern times
were ordinary day-to-day experiences in ancient times to a person living then.
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Correct a person who doesn’t know as much as you do because you were
there and they weren’t. At the end of your creative writing (at which point you
have arrived in about AD 1900), let’s say you are talking with friends in an art
class; have another person say something about some historical art that is not
correct, and correct them in a way that reveals that you were actually there
seeing it being created. For example, someone asks you how come you know so
much about it, were you there in Rome when the Coliseum was being
constructed? You can respond in a coy way since you know they would never
believe that you actually HAD been there 1800 years ago and were still around!
One little episode that suggests itself is that hand print in a Lascaux cave where
the artist put his hand on the wall and must have spit paint out to form a
silhouette of it. Let's say someone says the artist painted dots around his fingers
like a pointillist painter would later do. You can blurt out something like "No,
Nhut did that by taking a mouthful of the gooey beast-fat paint and spitting it
out" and then you realize that you just said the name of a person who had been
dead 22,000 years and no one else knows anything about him. So you have to
backtrack a bit about how you knew this—but you know you really were there
and saw it, which brings a wry smile to your face.

x

Put yourself in some noted art. Looking at paintings in prep for an art history
final, someone you are studying with remarks that you look a lot like the woman
in Manet's A Bar at the Folies-Bergere. You remember that it really was YOU
who posed for that picture that rainy Thursday night in August 1881 when
Manet hobbled in on a cane, asked for absinthe, and sketched you on the back of
an old calendar page. But you don't mention it because you know people will
think you're crazy! A twist like these little reminiscences can add a lot of human
interest. They are easy and fun to cook up if you think about this technique.

x

Add some detail. One thing that can make writing more interesting is detail.
Don’t just say “flowers near the door” say “scarlet red geraniums overflowing the
broken rim of the old clay pot rightward of the door.” Don’t say the man looks
old, say “he had creases on his face around his eyes and lines caked with paint
around a nose that had for many years been pointed at frescoed ceilings.”
Remember, you were there. You saw all of this. Your reader didn’t and needs the
word picture to visualize it.

x

Use appropriate-period names for people and places. Don’t use modern
names. Make up short names that sound primitive like “Oog”or “Ahya.” Drop in a
variation of the name in the era such as "Lash Koa" for the first era. It's
reasonable to think that the modern name derives from some much earlier
words for a place. This helps anchor the character in the location and time
without using a modern name. The web site at this link
http://bit.ly/namehints can help you come up with all sorts of names.

x

Don't use numbers like "100" in prehistoric or ancient times because although
we take a capable numbering system for granted, numbers for counting large
quantities and Arabic numerals weren't invented until thousands of years later.
Use the word "many" and repeat it for emphasis to describe very long periods of
time, like "many, many". Repetition is still a part of some modern cultures as a
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means of emphasis. Express things like your age in term like “four hands cold
cold times” (ie., 4 x 5 fingers = 20).
x

Don't use the word "year" because this is a modern idea and term for time.
Instead, use "moons" or "warm times" or "cold times" which imply recognition of
an annual cycle.

x

Have other characters do some of the explaining. Don’t always have your
character tell the facts, have other characters that you talk to in eras explain
things. Have your character meet people who provide some of the information.
Variety is good as you progress through the eras.

This assignment is intended to be more fun than composing a typical dry
academic paper. It can be, if you start early enough and you work on it all
during the term as you study each era. It gets tougher and tougher to do if left to
the last part of the term. That’s why I demand that you compose the first page early
in the term and let me review it. I can help you take your writing in the intended
direction!

The second part of the assignment: your conclusions work
The GPH-205 reflective essay body is not traditional academic essay writing as you
now know from reading the above.
The conclusions work is not traditional either, because YOU don’t form
conclusions. Instead, I will give them to you; they are different every term!
Near the end of the term it will be your job to judge whether each of the three
conclusions I give you at that time is true or false, and then to draw facts from
your reflective essay body and cite them to substantiate your determination.
You’ll do this conclusions work in a very streamlined, structured way that’s timeefficient and focuses your attention on critical thinking, not on the arcane minutia of
typical academic paper-writing. Because your own reflective essay is the ONLY
allowed source of facts for your substantiating argument, there’s no outside
research involved (and other resources can’t be cited!). Also because of this there is
no need for a bibliography. And I provide a very simple citation format and form
that you use instead of writing free-form.
Your Unit Summary Form (USF) written homework for each unit is integrated
with your reflective essay/diary and conclusions work. On the USFs you gather
the facts on art purpose, rules for formation, and technology that you need to
weave into your essay. I help you “perfect” the USFs with my feedback. Keep
up with the USF work and you already make progress on your essay!
But enough for now on that conclusions work—it’s not your concern at the start of
the term! Your immediate job as GPH-205 begins is to develop the first page of your
reflective essay body and submit it on or before your Unit 1 due date! This is so that
I can confirm the kind of writing that’s intended—so you don’t waste time
developing a “traditional” kind of academic essay!
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