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Wall Text 1
The Archimedes Palimpsest
In the center of this room are two leaves (four pages) from a manuscript prayer book known as the Archimedes Palimpsest. They are two of 174 such leaves from the book, which has now been taken apart. You will see many of them in this exhibition. The manuscript was made entirely by hand. It was written in Greek, and it was written on parchment. By looking at the handwriting, we know that it was made in the 13th century, and by studying the prayers, we know that it was made in Jerusalem.

On October 29, 1998, this manuscript was sold at Christie’s auction house in New York for two million dollars. It was not the prayers that were worth so much. Underneath the prayers were known to be texts by the most important mathematician of the ancient world: Archimedes. These texts, or treatises as they are called, had been washed off and overwritten with the prayers in a process known as palimpsesting. Hence, this manuscript is a palimpsest.
In 1999, the Archimedes Palimpsest’s new owner deposited the book at the Walters Art Museum. He wanted it conserved; he wanted it imaged; and he wanted it fully read. It was a leap of faith and a shot in the dark: many thought that nothing more could be recovered from this book.

This exhibition is about the story of this book and particularly what has happened to it since 1999. Based at the Walters, an international team of experts in many different fields—including conservation, scientific imaging, and classical scholarship—worked together to discover as much about the book as they could.  By the time work on the book finished earlier this year, the team had fundamentally reinterpreted Archimedes’ achievements, and they had discovered entirely new texts from the ancient world.

Why are the lights so dim?
The lights in this exhibition are dim to protect the fragile objects on display. Prolonged exposure to bright lights may damage certain works of art and cause colors to fade. We thank you for your understanding.

Photography permitted.

No flash.

Room 1/looping projection/ selection of images from 1 thru 22

Case 1.1: AP 98v–102r
More Than Meets the Eye
In front of you are two leaves of the Archimedes Palimpsest. What you see at first glance are prayers written in Jerusalem during the 13th century. But look closely in the space between the two columns of the prayer book text. You might just very faintly make out a couple of lines of text written vertically and, below them, near the initial with the hand, a circular diagram. This is the text of Archimedes, written in the 10th century, but washed off and overwritten with prayers. On the wall of this room are images of this leaf, some of which show the Archimedes writing more clearly.
The Archimedes Palimpsest, leaves 98v–102r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century
Pen and ink on parchment
Private Collection
Case 1.1: AP 102v–98r
More Than Meets the Eye

In front of you are two leaves of the Archimedes Palimpsest. What you see at first glance are prayers written in Jerusalem during the 13th century. But look closely in the space between the two columns of the prayer book text. You might just very faintly make out a couple of lines of text written vertically. This is the text of Archimedes, written in the 10th century, but washed off and overwritten with prayers. On the wall of this room are images of this leaf, some of which show the Archimedes writing more clearly.

The Archimedes Palimpsest, leaves 102v–98r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Video
The Archimedes Palimpsest: An Introduction

7 minutes

Editing and Animation by Penny Forester
Photography and Production by John Dean

Wall Text 2

Who Was Archimedes?

Archimedes was a citizen of the Greek city-state of Syracuse, in present-day Sicily. He lived in the 3rd century BC, and he died at the hands of a Roman soldier during the siege of the city by the Roman general Marcellus in 212 BC. Archimedes is legendary for the feats he is said to have performed in defending the city from the Romans, including using mirrors to direct the sun’s rays and burn the boats of the enemy.
Some of these legends build on a known fact. The fact is that Archimedes was a truly amazing mathematician. When you think of Archimedes, you can think of him in the company of other great scientists, like Galileo, Newton, and Einstein. He discovered the principle of Specific Gravity—that different types of things have different densities relative to water; he discovered the Law of the Lever—that magnitudes are in equilibrium at distances reciprocally proportional to their weights; and he calculated to extraordinary accuracy the value of Pi—the ratio of a circle’s circumference to its diameter.

He is a founding figure of the modern disciplines of mathematics and physics, and, outside of his legend, his importance is in the treatises that he wrote. Two of these survive only in the Archimedes Palimpsest. By studying these treatises over the last ten years, we have discovered that Archimedes also calculated with Infinity and that he wrote the first treatise in an important branch of mathematics called Combinatorics, which is concerned with how many answers there are to any given problem.

Room 2: From Obscurity to Fame
Case 2.1: AP 50v–55r

Palimpsesting
These two leaves of the Archimedes palimpsest are what the front leaves in the graphic to the left look like to the human eye. You can see that two leaves of the prayer book were made from one leaf of the Archimedes manuscript. The holes in the center of the Archimedes leaf are where the prayer book leaves were sewn into the spine of the book. It is in the blank inner margins of the prayer book leaves, on either side of the centerfold, that you can normally see the Archimedes text most clearly.
The Archimedes Palimpsest, leaves 50v–55r (prayer book orientation)

Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Vinyl Title

Recycling Archimedes

Graphic Element 2D
A Closer Look

The palimpsesting process was done to all the leaves in the Archimedes Palimpsest. Here, we will look at two leaves in more detail. This picture, made in the last few years, shows the text that was erased by the scribe of the prayer book. He took these two joined leaves and washed off as much of the original text as he could. He then nailed the leaves to a board and let them dry under tension to keep the parchment flat. Next, he took the leaves off the board and cut them down the centerfold. He then rotated the two leaves 90 degrees and folded them in half. Then, he used them to write his prayer book. 
As you can see, two leaves of the Archimedes manuscript, make up four leaves of the prayer book. Here, we see a modern image that shows the two Archimedes leaves now, one on top of the other. The Archimedes text is enhanced in red, and the prayer book text is in black.

Two Archimedes Leaves = Four Prayer Book Leaves

1. Whole Sheet

2. Cut in Half & Rotated

3. Assembled

Graphic Element 2C
What Is a Palimpsest?

The Archimedes Palimpsest was made in the first half of the 13th century. A palimpsest is a manuscript in which the medieval scribe used parchment taken from other books and recycled it. The reason for this is that parchment was often in short supply, and scribes recycled old parchment from books that they considered less important than the book they wanted to make. The scribe took apart the books he was going to use, erased the old text by washing the parchment, and wrote new text over the top of the text he had erased.
The leaves of the manuscript were made from sheepskin. Only four leaves can be made from one skin.

A palimpsest is a book made out of parchment taken from older books.

1. The Archimedes book was taken apart.

2. The Archimedes text was washed off.

3. The sheets were cut in half.

4. The sheets were rotated.

5. New text was written.

6. The leaves were assembled, and the prayer book was bound.
Case 2.3: first side: 158v–159r

All that is gold does not glitter,
Not all those who wander are lost. . .

(J. R. R. Tolkien, The Fellowship of the Ring, 1954)

The Archimedes Palimpsest is not a pretty sight. In its thousand years of life, much has happened to it. The Archimedes text has been written over with Greek prayers; the prayer book leaves have been charred at the edges by fire, mottled by water, stained by wine, and spattered with wax from the candles used by priests for more than 600 years. But the secrets of Archimedes lay buried in these leaves.
The Archimedes Palimpsest, leaves 158v–159r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Case 2.3: second side: 159v–158r

The old that is strong does not wither,
Deep roots are not reached by the frost.

(J. R. R. Tolkien, The Fellowship of the Ring, 1954)

Underneath the grime and the text of the prayer book is part of a text by Archimedes called Method. This treatise does not exist anywhere else in the world. It is unique to this manuscript. It is very hard to see under natural lighting conditions. You might just be able to make out a diagram in the middle center of these leaves. It comes from the very important part of this treatise called Proposition 14. But don’t worry if you can’t see it. All will be revealed a little later in the exhibition.

The Archimedes Palimpsest, leaves. 159v–158r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

MAP
The World of the Archimedes Palimpsest
Graphic Element 2A: Information Not Final
Timeline
This timeline explores three things: great people and events in world history, changes in the way that information is transmitted, and specific moments in the history of the Archimedes Palimpsest. Items mentioned will often play an important part in the exhibition as it unfolds, so look for them to reappear as you go through the show!

3100 BC: Cuneiform writing on clay tablets starts to be used for texts in a number of different languages.
ca. 500 BC: Pythagoras of Samos is credited with the first proof of what is now known as the Pythagorean Theorem. The students and successors of Pythagoras are credited with ushering in the Golden Age of Mathematics and Philosophy in ancient Greece.
480 BC: The battles of Thermopylae and Salamis take place. The Greeks ultimately triumph over the Persians, and the dominance of Greek culture in the central Mediterranean region is secured.
432 BC: The Parthenon is completed in Athens, Greece.
384 BC: Aristotle is born. He is considered to be the greatest scientist of the ancient world, and with Plato, the greatest philosopher. 

338 BC: Philip II of Macedon and his son Alexander the Great defeat Athens and Thebes at the Battle of Chaeronea.
331 BC: Alexander the Great, in conquering the known world, founds the city of Alexandria. Fifty years later, the Great Library of Alexandria is founded.
ca. 300 BC: Euclid is born. His Elements will become the standard text on geometry.

ca. 287 BC: Archimedes is born in the Greek city-state of Syracuse, Sicily. 

ca. 275 BC: Eratosthenes is born. A master of many disciplines, he calculated the circumference of the earth with great accuracy. He also became librarian of the Library of Alexandria.

263–214 BC: Archimedes develops most of his major ideas, including:
· the fundamental principles of mechanics

· methods for finding the center of gravity, surface area, and volume of geometric figures

· an estimation of the value of pi

· the principle of buoyancy

214–212 BC: The Romans conquer Syracuse. They are held at bay for two years, and Archimedes is instrumental in the defense of the city, strengthening the walls and devising war machines. Archimedes is killed by a Roman soldier when the city is finally sacked.
196 BC: The Rosetta Stone is created for the first anniversary of the coronation of 13-year-old Ptolemy V.
Case with timeline: W.517

A Papyrus Scroll

Archimedes wrote his treatises on papyrus scrolls, which do not survive. Before the book format was commonly used, most texts were written on papyrus scrolls. This papyrus fragment is shown unrolled and mounted to a board, but it would have been kept rolled up and read from left to right, rather than from top to bottom. This papyrus is one of a large number of scrolls that were discovered by chance in 1905 under the foundations of a collapsed house in an Egyptian village named Kom Ishgaw, 400 miles south of Alexandria. It was written by Dioscorus of Aphrodito, a lawyer and administrator in the Byzantine Empire during the reign of Emperor Justinian. Dioscorus was also a poet. He wrote this poem in Greek around AD 553, and in it, he complains about how heavily he is being taxed.

Poem by Dioscorus of Aphrodito
Egyptian, ca. AD 553

Ink on papyrus

W.517, the Walters Art Museum

100 BC–AD 400: The book replaces the scroll as the storage vessel for most texts.
30 BC: Cleopatra, the last pharaoh of Egypt, commits suicide.

27 BC: Augustus becomes the first Roman emperor.
AD 1: The Christian calendar begins.
330: Constantine founds Constantinople as the capital of Roman Empire in the East. This will become the capital of the Byzantine Empire.
537: The cathedral of Hagia Sophia in Constantinople is completed during the reign of Emperor Justinian.
950: A scribe copies Archimedes’ works into the Archimedes Manuscript in Constantinople (present-day Istanbul).
Case with timeline: W.530a

A Scribe Writes

Archimedes was the author of some of the texts in the Archimedes Palimpsest. But they are not in his hand. His treatises were copied over centuries first on to other papyrus scrolls and then into books. One of the great achievements of the scribes of the Middle Ages was to copy ancient texts into books, often enough that some copies still survive to this day. This beautiful painting is actually from a medieval manuscript written about 50 years after the Archimedes manuscript and made in Constantinople. It shows a figure writing in a book, with another book on the lectern in front of the scribe. The painting is of the Evangelist Mark, but it gives the idea of a medieval scribe at work.

St. Mark on a Leaf from a Gospel Lectionary

Byzantine (Constantinople), ca. 1025

Paint and gold on parchment

W.530a, the Walters Art Museum
1229: The Archimedes texts are erased, and their parchment, together with the parchment of six other books, is used to make a prayer book in Jerusalem.
1453: Constantinople falls to Ottoman Turks and is renamed Istanbul.
1455: Gutenberg invents the printing press in Mainz, Germany, and prints the first Bible. 

ca. 1500–1800: A prayer book with “hidden” Archimedes text is being used at the Monastery of St. Sabas in the Judean desert.
1638: Galileo publishes Discourses Concerning Two New Sciences, for which ideas he is deeply indebted to Archimedes.
1687: Isaac Newton publishes Mathematical Principles of Natural Philosophy and develops calculus.
1844: Constantin von Tischendorf finds a palimpsest containing mathematics and takes a leaf of the book away with him when he visits the Metochion of the Holy Sepulcher in Istanbul.
1906: Johan Ludvig Heiberg discovers the Archimedes Palimpsest in a religious community in Istanbul.
1914–18 World War I

ca.1920: The Archimedes Palimpsest disappears from Istanbul and ends up in the hands of the French antiquities dealer Salomon Guerson.
1935: Frank Lloyd Wright designs Fallingwater, a beautiful house in Pennsylvania, that relies on Archimedes’ Law of the Lever for its construction. 
1936: Alan Turing delivers the academic paper “On Computable Numbers,” in which he proves that machines can perform any conceivable mathematical computation. The idea of the modern computer is born.
1939–45: World War II
ca.1940: Forgeries are painted on leaves of the Palimpsest.
1945: ENIAC (Electronic Numerical Integrator and Computer), the first general-purpose electronic computer, is designed for the U.S. Army during WWII.

1963: California makes “Eureka” the official state motto because it is said that Archimedes shouted it after he discovered a method for determining the purity of gold. The saying has appeared on the state seal since 1849.

1975: Steven Sasson builds the first digital camera at Eastman Kodak.

1989: Three commercial internet service providers began operations: UUNET, PSINet, and CERFNET.
October 29, 1998: The Archimedes Palimpsest is sold at auction to a private American collector.

1999: The Archimedes Palimpsest is deposited at Walters Art Museum for conservation, imaging, and scholarship. Conservators document the condition of the Palimpsest.

April 2000: Walters’ conservators begin to disbind the Palimpsest.

2001: Imaging scientists begin producing pseudocolor images of the Palimpsest, and scholarly decipherment begins.

2002: Lost speeches of Hyperides are discovered in the Palimpsest.

February 2004: Mark Zuckerberg and Eduardo Saverin launch the social network called Facebook.
November 2004: Conservators finish disbinding the Palimpsest. 

2005: A lost commentary on Aristotle’s Categories is discovered in the Palimpsest.

May 2006: Forgeries in the Palimpsest are imaged at the Stanford Sychrotron Radiation Laboratory. The name of the scribe of the prayer book is discovered.
October 29, 2008: Archimedes digital images and transcriptions are distributed for free on the Internet.

Wall Text 3

From Obscurity to Fame

At the beginning of the 19th century, no one knew about the Archimedes Palimpsest. It was an obscure prayer book, much battered, and located in a monastery outside Jerusalem. By the early 20th century, it had become one of the most famous manuscripts in the world.

Found in 1844

Graphic Element 2B

The Manuscript Is Found in 1844
The manuscript was first found in Istanbul (formerly Constantinople) in the 19th century. In his travels to the Middle East, the biblical scholar Constantin von Tischendorf (1815–74) visited a religious house known as the Metochion of the Holy Sepulcher in Istanbul and looked at their manuscripts (2B01, 02). He found nothing of special interest, he says, except a palimpsest containing mathematics. No one knows the particular circumstances, but he left the Metochion with a leaf of this manuscript, a picture of which is shown here. You might just be able to see traces of a diagram beneath the prayer book writing. This leaf was sold to Cambridge University Library by the executors of Tischendorf’s estate in 1876. It was identified as coming from the Archimedes Palimpsest only in 1968.

Caption/credit for Tischendorf photo:

Constantin von Tischendorf, ca. 1850

Photo: Collection of the Archives of the University of Leipzig, Germany
Caption/credit for Cambridge leaf:

Leaf from the Archimedes Palimpsest, Cambridge University Library, Add. Ms. 1879.23.
Caption
The Metochion in present-day Istanbul

The only thing he found of interest was a mathematical palimpsest.

Traces of a diagram can be seen beneath the prayer book writing.

Case 2.2
The Palimpsest Is Catalogued in 1899

Cataloguers are the unsung heroes of medieval manuscript studies. It is through catalogues that scholars find out what texts libraries contain. A man called Athanasios Papadopoulos-Kerameus catalogued the manuscripts in the Metochion of the Holy Sepulcher in 1899. The prayer book now identified as the Archimedes Palimpsest was number 355. As well as cataloguing the prayers, he catalogued a little bit of the undertext that he could discern, but he did not identify what that text was. The catalogue also mentions a 16th-century library inscription in the book on a leaf that has since disappeared. It said that the book belonged to the Monastery of St. Sabbas. From this we can discover something of the history of the manuscript.

Athanasios Papadopoulos-Kerameus
Hierosolimitike Bibliotheke, vol. 4 (Russia, St. Petersburg), 1899

Printer’s ink on paper

On loan from the Sheridan Libraries, Johns Hopkins University

The Palimpsest’s Home for Centuries

The Great Lavra (Monastery) of St. Sabbas was founded by St. Sabbas of Cappadocia in the year 483. It is one of the oldest functioning monasteries in the world. This view of it was made by David Roberts and published in 1842. The Monastery of St. Sabbas is in the middle of the Judean Desert, about eight miles east of Bethlehem. The Archimedes Palimpsest was used as a prayer book here for at least 300 years. The manuscript was well used by the monks; it was covered in wax droplets, and parts of the book were replaced with more modern prayers. By the time Roberts made this picture, however, the book had already left the monastery and was back in Istanbul, where Tischendorf found it and where it was catalogued by Papadopoulos-Kerameus.
David Roberts

The Holy Land (England, London), 1842
Printer’s ink on paper, lithograph

The Walters Art Museum
Graphic Element 2E, with New York Times page
Johan Ludvig Heiberg Discovers the Palimpsest
Johan Ludvig Heiberg (1854–1928) will forever be the person who saved the secrets of Archimedes. He was professor of philology (the study of ancient languages) at the University of Copenhagen, and he recognized that a bit of the undertext that Papadopoulos-Kerameus had transcribed in his description of the prayer book was from Archimedes’ Sphere and Cylinder.
Heiberg travelled to the Metochion of the Holy Sepulcher in 1906, and there he discovered that the book contained no fewer than seven treatises by Archimedes. It is, in fact, the oldest Archimedes manuscript in existence and is the unique source for two of his treatises: Stomachion and Method. The day Heiberg discovered Method, he wrote a postcard to his friend Anders Bjørn Drachmann: “Dear Drachmann, I cannot refrain from immediately telling you that today I have determined that my manuscript contains parts of a lost work, the Method, dedicated to Eratosthenes.”
Heiberg was aware of the difficulties he would face in deciphering the book. “It will be tough to read it without the help of a text,” he wrote, “but I damn well have to, even if it may mean less time in Italy.” Heiberg could not complete his work at the monastery, so he had photographs made of the manuscript leaves and worked from them back in Copenhagen. Heiberg’s discovery made the front page of The New York Times on July 16, 1907.
“Dear Drachmann, I cannot refrain from immediately telling you that today I have determined that my manuscript contains parts of a lost work, the Method, dedicated to Eratosthenes.”

Case 2.5 GT
Archimedis Opera (The Works of Archimedes)

Heiberg was an expert on Archimedes long before he stumbled across the Palimpsest. He had, in 1881, published a complete edition of Archimedes’ known works. But after he found the Palimpsest, he had to publish a whole new edition, including the two unique treatises in the Palimpsest—Method and Stomachion—as well as the Greek version of Floating Bodies. It was published between 1910 and 1915.

Archimedes’ Method Published

Heiberg was immensely excited by his discovery and published an article the next year entitled “A New Archimedes Manuscript,” and in it, he transcribed Method. This is the opening page of the article, together with a photograph that Heiberg had taken of the manuscript in Copenhagen.
J. L. Heiberg
“Eine neue Archimedeshandschrift”

Hermes 42 (1907): 234–303
On loan from a Private Collection
The Archimedes Palimpsest: Codex C

This is the first volume of Heiberg’s 1910–15 edition. It is open to the page where Heiberg lists all the Archimedes manuscripts that he used to create his complete new edition of Archimedes’ works. Heiberg called the Archimedes Palimpsest “Codex C,” which you can see on the left page. Heiberg notes that it is a palimpsest codex, from the Metochion of the Holy Sepulcher, that he inspected last in 1908.
J. L. Heiberg

Archimedis Opera Omnia, vol. 1

Teubner editions, 1910
On loan from the Sheridan Libraries, Johns Hopkins University

Stomachion Published

This is the second volume of Heiberg’s 1910–15 edition of the works of Archimedes, open to the beginning of the treatise Stomachion, which, like Method, is to be found only in the Archimedes Palimpsest. The transcription is on the left; Heiberg placed dots where he could not read the original. On the right is a Latin translation.
J. L. Heiberg

Archimedis Opera Omnia, vol. 2
Teubner editions, 1913
On loan from the Sheridan Libraries, Johns Hopkins University

Sorting Out the Archimedes Manuscript

In the introduction to the third volume of his edition of the works of Archimedes, Heiberg gives a detailed description of the manuscript. He lists the order in which you should read the leaves of the Palimpsest, if you wanted to read the Archimedes manuscript from start to finish. This gives you some idea of how Heiberg had to go back and forth in the book when he was trying to decipher the Archimedes text. It’s far easier to do it with digital images that can be rearranged at the touch of a button!

J. L. Heiberg

Archimedis Opera Omnia, vol. 3

Teubner editions, 1915

On loan from the Sheridan Libraries, Johns Hopkins University

Case 2.4: AP leaves 46r–43v
The Beginning of Archimedes’ Method
This is the only surviving copy of Archimedes’ greatest treatise, Method. It was written as a letter to his friend, the famous lover of learning and librarian of the great Library of Alexandria, Eratosthenes. It starts “Archimedes to Eratosthenes, Greetings!” and then goes onto state:

Since I know you are diligent, an excellent teacher of philosophy, and greatly interested in any mathematical investigation that may come your way, I thought it might be appropriate to write down and set forth for you a certain special method. . . . I presume there will be some among the present as well as future generations who by means of the method here explained will be enabled to find other theorems which have not yet fallen to our share.
The Archimedes Palimpsest, leaves 46r–43v (undertext orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Label for the pseudocolor image 2F
The Letter Revealed
This is an image made in 2008 of the leaf to the left, which contains the beginning of Archimedes’ Method. This image enhances the Archimedes text in red, beneath the black prayer book text. As you can see, the text is in two columns. The first column contains the last part of another treatise called Floating Bodies and ends with diagrams. Method begins at the top of the second column with Archimedes’ name. Compare this image to what you are able to see in the manuscript itself.
The Archimedes Palimpsest, leaves 46r–43v (undertext orientation)
Enhanced pseudocolor image, Archimedes Palimpsest Project, 2008
Vinyl quote on wall above 2F:

Give Me a Place to Stand, and I Will Move the Earth.
—attributed to Archimedes
Room 3: The Archimedes Palimpsest in the 20th Century
Wall Text 4
A 20th-Century “Write-Off”

The story of the Archimedes Palimpsest might have ended when Heiberg transcribed as much as he could of the book and published his results in 1910–15. But, amazing to say, this world-famous book disappeared from the Library of the Metochion of the Holy Sepulcher in Istanbul and remained largely hidden for nearly all of the 20th century. It re-emerged only in 1998 and was put on auction at Christie’s New York on October 29. The sale made the book famous again, and it was front-page news in The New York Times once more. The manuscript sold to a private collector for $2,000,000.
[PHOTO of NYT Oct. 30, 1998]
This private collector entrusted the manuscript to the Walters Art Museum in January of 1999. He wanted the manuscript conserved, imaged, and researched in order to see if it had any more secrets to reveal. And he wanted to make the results publicly accessible to everyone for free.
It was immediately clear, however, that the manuscript was in truly terrible condition and extremely unstable. It had suffered appalling damage during the 20th century at the hands of nature, and of man.
In this gallery, you will travel through the history of the Archimedes Palimpsest and learn about the damage it sustained from the time it left the Metochion of the Holy Sepulcher to its arrival at the Walters Art Museum.
Case 3.1
The Archimedes Palimpsest, sale catalogue 9058

Christie’s New York

Thursday 29 October 1998
On loan from a Private Collection
Square column 1, side A
Label for Heiberg photo 166v–167r(3J) & Case 3.4: AP 166v–167r—SW
*[Photograph of the Archimedes Palimpsest in 1906, 166v–167r to size—need dimensions & higher res. photo]
The Condition of the Palimpsest in 1906

When Johan Ludvig Heiberg discovered the manuscript in 1906, he had photographs taken of many of its leaves. These photographs are housed in the Royal Library of Copenhagen, but they were imaged as part of the work of the Palimpsest Project. These photographs are important historical evidence. They tell us that the Palimpsest was in a different binding and in reasonable condition at that time. It was extraordinarily hard to read the Archimedes text even then, but it was not as difficult as it is now. The photograph above shows the condition of two leaves of the Archimedes Palimpsest in 1906.
The Condition of the Palimpsest in 2011

Here, at left, are the same two leaves as they exist today. They are in much worse condition, principally because they have been ravaged by mold, most clearly seen in the purple stains. Parchment is a strong material relative to paper. If it gets damp, however, it can get moldy, and the mold eats the parchment and the ink that is embedded in it. Even the prayers in the book are more difficult to read than they were in 1906, let alone the Archimedes text beneath them.

The Archimedes Palimpsest, leaves 166v–167r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Square column 1, side B
Graphic Element 3A
Degraded Parchment
Parchment is made of treated animal skin. Like your skin, it has an outside (hair side) and an inside (flesh side). And like your skin, the outside has evolved to be resistant to microbial attack. But the flesh side of a parchment leaf is much more vulnerable to damage from bacteria and fungi, especially when it is left in damp conditions. When this happens, the fiber structure of the skin—in particular, the collagen that makes it both tough and flexible—begins to degrade.
This photograph, taken through a microscope, shows a detail of particularly degraded parchment. The treatises of Archimedes are clearly in jeopardy.
Tiny core samples were taken from the Archimedes Palimpsest to help identify the type of mold and to better understand the damage it had caused. The holes left by the core sample were 1 mm wide. The core samples were sent to a research institute in Rome and were studied by Dr. Flavia Pinzari.
Pinzari analyzed the core samples using a scanning electron microscope, which magnifies the sample 1,500–2,000 times. Spore chains of bacteria and fungal structures were found in two samples.

The organisms were identified as bacteria of the genus Streptomycetes. These bacteria digest collagen and transform its network of fibers into a spongy and fragile state. They also produce pigments that turn from red to violet or blue, depending on their local environment. In an acidic environment, they appear red; in an alkaline environment, they appear violet or blue, like the pigments in hydrangeas. Since parchment is alkaline, the pigments are of various shades of purple in the palimpsest.
The mold has nearly destroyed some of the pages in the Archimedes Palimpsest.

The core samples are magnified 1,500–2,000 times.


Collagen fibers


Fungal spores


Chains of spores of bacteria, less than 1 micron in diameter


Bacterial pseudo-hyphae


Degraded parchment

Square column 1, side C
Graphic Element 3B
Degraded Ink
The ink used in all the texts in the palimpsest is known as iron gall ink. Among other things, it consists of iron (ferrous sulphate), a binding agent (gum arabic), and natural acids extracted from crushed oak galls—small, abnormal growths on oak trees.

The ink is permanent and normally very stable. You can see from this microscopic cross section from the Palimpsest that it penetrates into the top layer of the parchment.  It is only because it sinks into the parchment that we can read erased texts at all. 
The palimpsest was subject to a great deal of use and stored in poor conditions, and this has led to deterioration of the ink, and much of it has flaked off. On this leaf, because the acid in the ink actually corroded the alkaline parchment, the outlines of the letters can still be seen under transmitted.
For some reason, the bacteria in the parchment seem to have been attracted to residues left behind when the ink was erased. Although the ink has disappeared, the outlines of the Greek characters can be made out from the pigments produced by the bacteria. Here, the words of Archimedes have been transmitted to the 21st century by bacteria.
Oak Galls

Sometimes the Archimedes ink has completely disappeared.

Square column 1, side D
Graphic Element 3C
Archimedes Glued Up

This picture shows the spine of the Archimedes Palimpsest with the covers removed (before it was disbound). You can see clearly that the book is put together almost like a stack of newspapers that have been sewn together. When the prayer book was bound, as it was when Heiberg studied it, the erased undertext disappeared into the gutter (fold) of every opening, because each leaf of the palimpsested manuscript was rotated 90 degrees and folded in half in order to make two leaves of the prayer book.  It was clear that we would have to take the book apart to learn more from the Archimedes Palimpsest, but this was going to be extremely difficult.

The difficulty in taking the book apart was not the stitching; that is simple to remove. The problem was that the spine had been covered in glue. In the photo, you can see that the left side of the spine is darker than the right. The left side was covered in animal hide glue. Hide glue is a traditional bookbinding adhesive, and while it is not easy to deal with, skilled conservators have developed techniques for its removal. It is the right side, which looks brighter, that presented more difficulties.

The right half of the spine of the book was glued with a synthetic adhesive called poly(vinylacetate) emulsion (PVAc), commonly known as white glue. White glue is extremely difficult to remove, as it does not dissolve in water after it has aged. The glue on the Palimpsest has a high percentage of clay, indicating that it was made for use in woodworking. White glue became widely used only after World War II, and it seems likely that this glue was put on the manuscript within the last few decades. Someone had clearly tried to look after the book, but they had made a catastrophic decision to use PVAc and made the job of reading the Archimedes text much harder.
The underlying Archimedes text disappeared into the gutter.

It was clear that we would have to take the book apart, but the difficulty was that the spine was covered in glue.

In the 20th century, glue was put on the spine.
Square column 2, side A
Above Heiberg image and photo of leaves 57r
Archimedes Painted Over

Beside Heiberg image of leaves 57r
The Palimpsest in 1906

Heiberg’s 1906 photos are unequivocal proof of much more subsequent damage to the manuscript than is simply the work of bacteria and fungi. They also demonstrate that someone had created forgeries on four leaves of the Archimedes Palimpsest. This is a photograph that Heiberg had taken of leaf 57 in the Palimpsest. It contains the introduction to Archimedes’ Method, which survives only in the Archimedes Palimpsest.
*3D09
The Palimpsest Today

This is a photograph of the same leaf of the manuscript as it exists today. It is not recognizable as the same leaf. This forged painting might look old, but it had to have been created after Heiberg had taken his photograph of the manuscript. If we were going to improve upon Heiberg’s reading of this leaf, then we would have to find an imaging technique that would allow us to see through the pigments and gold paint.

*3D02
Square column 2, side B
Case 3.6: Omont
The Source for the Forgeries

This book contains reproductions of miniatures from some of the great Byzantine manuscripts in the Bibliothèque Nationale (National Library) of Paris. It is open to a place that shows reproductions of the Evangelists in a Greek Gospel book. The 20th-century forger used these reproductions as the basis for his paintings in the Archimedes Palimpsest. He traced the figures in the book and then reproduced them.
H. Omont

Miniatures des plus anciens manuscripts grecs de la Bibliothèque nationale du VIe au XIVe siècle
France (Paris), 1929
The Walters Art Museum
Graphic Element 3E
The Forgeries

A staff member from the conservation laboratory at the Walters traces a figure from the Omont publication of 1929 (displayed below) and lays it over a forgery in the Palimpsest to demonstrate that the forger painted his image at the same scale.
The forgers traced figures in the Omont publication and reproduced them in the prayer book, trying to increase its value.

The overlay demonstrates that the forger painted the image at the same scale.
Square column 2, side C
Case 3.2: 88v–81r
A Forged Leaf

One of these two leaves of the Archimedes Palimpsest has been painted over with a forged painting. In this case, the forger used a leaf containing parts of two treatises by Archimedes: The Equilibrium of Planes and Floating Bodies. The Greek text of Floating Bodies is unique to this manuscript. Or at least it was until it was covered up with a painting. . . It was treated in a cavalier fashion: at the top of the right-hand leaf, in the middle, you might just make out the rust stain from a paper clip, with which the forger attached it to a support.
The Archimedes Palimpsest, leaves 88v–81r (undertext orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment, with pigments and gold
Private Collection

Square column 2, side D
Case 3.3: 123r–118v and *Heiberg Photo of it above 3D10
Lost Leaves
Three leaves of the Archimedes Palimpsest have disappeared since Heiberg studied the manuscript in 1906. Leaf 123 was once attached to the one shown here, leaf 118. The photograph above is one Heiberg had taken of it before it was cut from the codex. Study in the conservation laboratory revealed traces of pigment on the stub that was left behind when leaf 123 was removed. Tragically, it seems very likely that these three leaves had forgeries painted on them as well, but they were cut out from the manuscript and perhaps sold separately. Keep an eye out for them please!

The Archimedes Palimpsest, leaves 118v–123r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Square column 3, side A
Unraveling the Mystery
Unraveling the Mystery
In 1906, Johan Ludvig Heiberg discovered a manuscript containing unique texts by Archimedes, the greatest mathematician of the ancient world. In 1907, the manuscript was so famous that it made front-page news in The New York Times. How is it possible that the manuscript became so damaged over the next 100 years? In the last ten years, we have uncovered quite a lot about the journey of the Palimpsest during the 20th century. We found out that the two world wars are largely responsible for its present condition.

World War I
The Ottoman Empire, based in Istanbul (formerly known as Constantinople) since 1453, sided with Germany in World War I and was defeated by the Allied powers. A young military officer named Mustafa Kemal Atatürk organized resistance to the Allies and founded the modern nation of Turkey in 1923. The Greek communities in Istanbul suffered badly as a result of the new Turkish nationalism, and the monks of the Metochion of the Holy Sepulcher were in dire straits. Most of their manuscripts were secretly moved to Athens. But some, including the Archimedes Palimpsest, disappeared.

It is difficult to determine exactly when the bacterial and fungal attack did its worst to the Archimedes Palimpsest. It seems very likely that it started when the manuscript was in the Metochion. There is some evidence of the discoloration in the Heiberg photographs, and other manuscripts from the Metochion have been subject to similar attack. However, conditions had to be conducive for the rapid spread of the bacteria, and these storage conditions might have happened after the manuscript left the Metochion.

Case 3.5
Another Moldy Book

This Gospel book was made in the 11th century, and, like the Archimedes Palimpsest, it belonged to the Metochion of the Holy Sepulcher in Constantinople. Like the Palimpsest, it left the Metochion under unknown circumstances. The book was acquired by Henry Walters before 1930, and it now belongs to the Walters Art Museum. Also like the Palimpsest, this book exhibits the tell-tale purple stains and degraded parchment that indicate that it has been subject to bacterial infestation.

Gospel Book
Byzantine, mid-11th century

Ink on parchment

W.529, the Walters Art Museum
Square column 3, side B
Graphic Element 3F
The Palimpsest Resurfaces
When the manuscript was put up for auction in 1998, little was known about its whereabouts during the 20th century beyond the fact that it was being sold by a French family that had had it in their possession for decades. Researchers during the last ten years have shed more light on the whereabouts of and circumstances surrounding the manuscript during the 20th century.
A series of letters in an archive in the University of Chicago Library reveals that the Palimpsest was in the hands of a dealer in carpets and antiquities in Paris named Salomon Guerson. He sent a leaf of the Palimpsest to Harold R. Willoughby at the University of Chicago and offered to sell it to him in 1932. Willoughby himself sent the leaf to Reginald Haselden, keeper of manuscripts in the Huntington Library near Los Angeles, and Haselden identified the manuscript leaf as being from the Archimedes Palimpsest that Heiberg had found. So in 1932, the manuscript was “rediscovered,” and it belonged to a Parisian antiquities dealer.

In a letter dated February 10, 1934, Salomon Guerson offered the Archimedes Palimpsest to Willoughby again, this time for $6,000. He had already tried to sell it to the Bibliothèque Nationale (National Library) in Paris and to the Bodleian Library in Oxford, but no one was prepared to pay a sufficient amount of money. Willoughby did not buy the manuscript either.
The Palimpsest in 1998. Little was known about its whereabouts earlier in the 20th century.

In the 1930s, the Palimpsest is mentioned in three letters.

Dealer Salomon Guerson was unable to sell the manuscript.

Square column 3, side C
Above Omont forgery
The Guerson Forger

Framed: TL.2006.07; *photo (8.25" x 6.75") Omont 3K06
A Fake Crucifixion
Salomon Guerson owned a number of manuscripts that came from the Metochion of the Holy Sepulcher. Several of these manuscripts now have forgeries on them, all painted in a similar style, and all based on pictures in Omont’s 1929 publication of illuminated Greek manuscripts from the Bibliothèque Nationale. They all seem to have been painted by one person.
The leaf at right contains a picture of the Crucifixion, but it is not as old as it looks. It comes from a Greek Gospel book that was once in the Metochion of the Holy Sepulcher in Istanbul and which later had belonged to Salomon Guerson. Most of this book, which contained seven forgeries, is now in Duke University Library, Durham, North Carolina. This leaf was sold, as a forgery, at auction, in 2006. It was based on a picture (see photograph above) from Henri Omonts’s 1929 publication.
Crucifixion, originally part of a Gospel Book

Gospel Book (MS Duke Gk. 84): Greek, 12th century
Crucifixion Miniature: France, first half of the 20th century
Pen and ink on parchment, with pigments and gold
Private Collection
Square column 3, side D
Case 3.7 AP 28v–21r
Archimedes or Your Life?

It is extremely likely that Salomon Guerson was responsible for the forgeries in the Archimedes Palimpsest. But why did he do this? He knew what the manuscript contained, and he knew it was valuable.
Some of the forgeries in the book were painted after 1938. We know this because the Canadian Conservation Institute analyzed the pigments in the forgeries, and two of them contain an artificial pigment called phthalocyanine green, which became commercially available only after that date.

The combination of circumstances seems to indicate that the forgeries might have been done in desperation during World War II. Salomon Guerson was Jewish, and he lived on the Boulevard Haussmann in Paris, not far from the Arc de Triomphe. After the Nazis occupied the city, the fate of the Jewish community became ever more precarious, and many thousands were deported to death camps. Salomon Guerson needed to save his life, and he may have needed money. Nazi leaders were not particularly interested in ugly palimpsests, but they were interested in art, and many forgeries were made at this time to satisfy this market. This may explain why forgeries were painted over the text of Archimedes.  Guerson may have sold the Archimedes Palimpsest, now containing forgeries, to his friend and resistance fighter Marie Louis Sirieix. Certainly Guerson escaped from France.
After World War II, Salomon Guerson returned to Paris and lived to a ripe old age. The Archimedes Palimpsest ended up in the hands of Sirieix’s daughter Ann, who had married Guerson’s son Robert. When Salomon died in 1970, Ann set about selling the manuscript, and finally the manuscript did, indeed, get sold on October 29, 1998.

The Archimedes Palimpsest, leaves 28v–21r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Case 3.8: AP leaves 3v​–6r side one
A Disaster Zone
These leaves of the Archimedes Palimpsest demonstrate what can happen to objects of the greatest world significance if they are not cared for properly. It contains the introduction and the first proposition of Archimedes’ great treatise Sphere and Cylinder. In this treatise, among other things, Archimedes proves that a sphere has to be exactly two thirds of the volume of the cylinder that contains it. The leaves were very legible when Heiberg saw them, but now they are wrecks.

The Archimedes Palimpsest, leaves 3v–6r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Case 3.8: AP leaves 6v–3r side two
A Disaster Zone
At some stage in the 20th century these two leaves were separated. The more deteriorated leaf has small remnants of wood and leather on this side. It may have been pasted onto the inside of a leather bookbinding and later carelessly peeled off. This kind of treatment is typical of much of the abuse that the Palimpsest suffered during the 20th century. Its condition led many to believe that no more could be recovered from the manuscript than Heiberg had transcribed in 1906.

The Archimedes Palimpsest, leaves 6v–3r (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Room 4: The Archimedes Palimpsest in the Operating Room
Wall Text 5
Archimedes in the Emergency Room

By the time the Archimedes Palimpsest arrived at the Walters in 1999, it was in critical condition. Conservation of the Palimpsest was the responsibility of Abigail Quandt, Senior Conservator of Manuscripts and Rare Books at the Walters. This has been her toughest job in 28 years as a conservation professional.

Video
Abigail Quandt: Conserving the Archimedes Palimpsest

4 minutes

Push button to start.
Photography by John Dean

Edited by Penny Forester
Case 4.1, front
The Ultimate Challenge

Images of the Evangelists Matthew and John appear on these two leaves. But we know that they are not original to the prayer book. One of the pigments used is phthalocyanine green, which was available only after 1938. Beneath these images is the text of the prayer book. Beneath that prayer book text is the erased text of Archimedes. Actually, the Archimedes text is from the introduction to Method, which exists only under these forgeries. Clearly, we had to read it. But these leaves were not just a challenge to image; they were also an extraordinary challenge to conserve. Look at the backside of these forgeries. There you will see tracings by Quandt that document the extensive damage that these leaves had suffered.

The Archimedes Palimpsest, leaves 64v–57r

Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection
Case 4.1, back wedge with tracings
Tracings of the Backs of the Forgeries

These two tracings record the pre-treatment condition of the backs of these two forgeries, which were rejoined using Japanese paper to replace parchment missing from the centerfold. The layers of materials found on the leaves provided clues about the history of the forgeries and their locations at different times within the altered manuscript. Before conservation, the more damaged left leaf (forgery of St. John) displayed remnants of linen and pressure-sensitive tapes, as well as paper strips along the inner edge from two different binding campaigns. The ragged leaf on the right (forgery of St. Matthew) was covered with bits of blue paper and adhesive residues from a paper lining, as well as rust stains from paperclips once attached to the edges. During conservation treatment, the various residues were removed from both forgeries, and a fragment of parchment that had been cut off the top inner corner of leaf 57 was reattached.
Guide to Materials and Their Layering on the Backs of the Forgeries

Dextrin = adhesive residue from a gummed linen tape used to reinforce the edges

LF paper = strip of long fibered paper used to repair a split in the parchment 

PS tape = pressure-sensitive tape used to repair tear in corner of leaf

LF paper guard = strip of long fibered paper used to attach leaf into binding

Rust = rust stains from corroding paper clips used to attach leaf to a piece of card

Blue tack = sticky substance used to attach an early lining of white paper

Blue paper = remnants from a later lining of blue paper that covered the back

White adhesive = residues of a synthetic adhesive used to attach blue paper lining

Silver metal = crushed fragments of aluminum found embedded in synthetic adhesive

MM paper guard = strip of machine made paper used to attach leaf into binding at a later date

Graphic Element 4A
Disbinding the Palimpsest 

In order to take scientific images of the manuscript, it was necessary to photograph the Palimpsest with its leaves flat. The only way to do this was for Quandt to disbind the prayer book. This was extremely time-consuming. The leaves were in extremely poor condition, and a large number of them were stuck together with white wood glue. Even worse, because of the way in which the prayer book was made, several lines of text on each leaf of the palimpsested texts went through the spine of the book and were themselves layered with glue. To take the manuscript apart, Quandt used surgical tools and an ultrasonic mister, with which she could apply an extremely small amount of water mixed with alcohol to help soften the glue. This process would take over four years, beginning in March of 2000 and finishing in November of 2004.
(images 4A03, 01, 05, 06,02, 07 – in this order)

Case 4.3
left

The Archimedes Palimpsest, leaves 112v–115r (undertext orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

right
The Archimedes Palimpsest, leaves 114v–113r (undertext orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Graphic Element 4B
The Eye of the Conservator
To the scholars who were working on the Archimedes Palimpsest, the manuscript was a unique source for invaluable ancient text. To Abigail Quandt, the Palimpsest was an archaeological dig, and she meticulously recorded every feature of the leaves. Her observations were to prove crucial to the scholars who were trying to decipher the texts by helping them arrange the various leaves in their correct order and orientation.
Shown are just two disbound leaves of the manuscript containing treatises by Archimedes. Originally, in the Archimedes manuscript, these two leaves were joined together, like the first and last pages in a newspaper. The scribe of the prayer book cut them down the center fold to make the parchment the right size for his book. Each single leaf of an Archimedes manuscript made two leaves of the prayer book. As a result, two Archimedes leaves = four prayer book leaves. Marked-up photographs of these leaves show you some of the features that Quandt observed. They are listed in the order in which the features were made on the parchment.
1.
A pattern of hair follicles. These indicate that we are looking at the outside, or hair side, of the skin of the animal. The pattern of the follicles indicates that the animals used to make the parchment of the Archimedes manuscript were sheep.

2.
Diagonal striations. These striations were made by the half-moon–shaped blade that was used to scrape the hair off the skin while the skin was held under tension on a wooden frame.

3.
Look closely and you will see many small holes in the parchment. These were made by the scribe of the Archimedes manuscript. He drew lines between the sets of holes to mark out the margins of his leaf.

4.
Ruled lines. These ruled lines for the margins of the Archimedes text were made with a metal stylus and a straight edge. Although the scribe of the Archimedes text marked out his margins, he did not draw lines for each individual line of text.

5.
Four big holes. These angular holes mark the centerfold of these two leaves of the Archimedes manuscript. It was through these holes that the leaves of the Archimedes manuscript were stitched together in four chain stitches that ran across the spine of the book.

6.
Smaller holes at the top and bottom of the centerfold. These smaller holes were made by the binder of the Archimedes manuscript, when he was sewing cords onto the top and bottom of the spine of his book. These cords are called endbands, and they were often embroidered with colored threads.

7.
Tensioning holes. After the Archimedes text was washed off, the leaves were nailed to a board and dried under tension to keep them flat. These holes are where the leaves were nailed, and you may be able to see stretch marks, which were made as the skin shrank as it dried.

8.
Two pairs of tiny holes. These two tiny sets of holes were for “quire tackets.” They were made by the scribe of the prayer book before he started writing so that he could assemble groups of four leaves together for the purpose of preparing his leaves for pricking, ruling, and writing.

9.
More small holes. These holes were made by the scribe of the prayer book. Like the scribe of the Archimedes text, he drew lines between the sets of holes to mark out the margins of his leaf.

10.
 Lines of small holes. These holes were also made by the scribe of the prayer book. Unlike the Archimedes scribe, the scribe of the prayer book drew lines between these holes for each line of the text that he was going to write.

11.
 Ruling for the bounding (margin) and writing lines of the prayer book text was executed with a metal stylus and a straight edge.

12.
 More big holes. These holes mark the centerfold of the four leaves of the prayer book. It was through these holes that the leaves of the prayer book were stitched together.

13.
 Smaller holes at the top and bottom of the centerfolds of the prayer book leaves. These smaller holes were made by the binder of the prayer book when he was sewing endbands onto the top and bottom of the spine of his book.

Graphic Element 4C
Abigail Quandt: Puzzle Master

(4C 07, 04, 06, 02, 03, 01, 05, in this order)

Every fragment of the Archimedes Palimpsest is important, because any fragment might contain unique text from the ancient world. The Archimedes Palimpsest was seen, by Quandt, as a huge mound of fragments; some were just bigger than others. The book had undergone so many changes and mutilations that much of Quandt’s job was putting the pieces back together.

This forged leaf of the palimpsest (07), which can be seen in the middle of this room, was reinforced along its inner edge with a narrow strip of parchment. Quandt carefully detached the strip from the forged leaf (04). She realized at this point that the strip was not part of the forgery at all, but came from another leaf of the manuscript entirely (06). She could line up parts of an initial letter found both on the strip and on the leaf from which it had been cut.
Another leaf in the book had a paper strip glued to its edge with two parchment fragments stuck to its top end. Quandt carefully detached these fragments from the paper strip (02). The fragments were then imaged under ultraviolet light (03). At this point Quandt could put them back in their proper place. One was originally part of the forged miniature of St. John, from which she removed the strip of parchment shown above (01). The other contained Archimedes text, and, with the help of the scholars reading the manuscript, she was able to put it back where it belonged on one edge of a leaf (05). You might be able to see it in the leaf on the right.
Case 4.4
The Archimedes Palimpsest, leaf 100 (prayer book orientation)
Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

Graphic Element 4D
The Patient Work of a Conservator
Much of what a conservator does is done under the microscope on a tiny scale. (4D 16) Quandt is seen here working at her bench, looking through a microscope. What she was seeing through the microscope is replicated on the monitor in the image. During her work, she made myriad tiny mends to the fragile parchment. (4D 17)
As we will see, the scientific imagers were very successful in enabling the scholars to read text in the manuscript. However, they never did find a way to image through the wax droplets that are found scattered throughout the prayer book. These wax droplets, caused by candles used by the monks of St. Sabbas in their services, were extremely dirty. There was nothing to be done but for Quandt to individually, and very carefully, pare down all the wax that obscured the palimpsested text before the leaves were imaged. (4D 09) 

It was not just wax that Quandt had to remove from the surface of the Archimedes Palimpsest’s leaves. She found all sorts of detritus (debris), including bugs (4D 18) and a synthetic substance called Blu-Tack, more normally used by college students as an adhesive for sticking posters onto walls! (4D 14) Small piles of this detritus were gathered and saved by Quandt as she worked on the Palimpsest. (4D 08)
This central section of one of the Archimedes leaves was cut with a knife and badly crushed (4D 10), and as a result, Archimedes’ text was hidden. Before the leaf was imaged, Quandt had to carefully humidify and unfold the damaged part of the leaf. (4D 11) Now, you can barely see the original damage, but the Archimedes text is faintly visible. (4D 12) Under ultraviolet light, the Archimedes text can clearly be seen. (4D19)
Case 4.2: Can this label text be incorporated at the end of 4D?—Please try!
The Conservation Process
Quandt’s workstation included tweezers, scalpels, a porcupine quill (flexible, with a very fine point), microscissors (normally used in eye surgery), and sable brushes (a sable is a small mink-like animal; brushes made with its fur are used to apply solutions to remove glue). Repairs made with thin Japanese paper were dried under pressure with squares of wool felt, Plexiglas squares, and sewing weights. Note the detailed tracing on Mylar and the copious treatment documentation. Here also is a box of the detritus (debris from the gutter, or fold, of the book) and tiny parchment fragments that she collected while conserving the Palimpsest. (The leaf shown here, from Archimedes’ Spiral Lines, is a facsimile.)
At the end of her work, after the leaves were imaged, Quandt mounted and framed each leaf in double-sided window mats as you see them in this exhibition. If you look carefully, you will see thin fishing line supporting the centerfolds on either side of each leaf.

Room 5: Seeing the Invisible
Wall Text 6
Seeing the Invisible

When Johan Ludvig Heiberg looked at the Archimedes Palimpsest in 1906, all he had was a magnifying glass. By 1999, however, there were a variety of techniques available to recover erased texts. Our hope was that by developing and using these techniques, we could recover more of the writings of Archimedes and also identify some of the other texts that lay hidden in the manuscript.

Video
Undeleted: Imaging the Archimedes Palimpsest
6 minutes

Editing and Animation by Penny Forester
Photography and Production by John Dean

Wall of Contributors
PHOTOS
Archimedes’ Secrets Revealed by Atom Smasher

Davide Castelvecchi for National Geographic News
news.nationalgeographic.com, August 3, 2006

“I have been cursing all morning”

Herrman said of his work on a few lines of Hyperides.

Los Angeles Times, December 26, 2006

It’s like receiving a fax from the third century BC.

William Noel, BBC News, August 2, 2006

Contributors to the Archimedes Palimpsest Project

A very large number of people worked on the Archimedes Palimpsest Project. We have selected just a few to give a sense of the range of expertise that the project drew upon and the international nature of the endeavor.
1) László Horvath, Eötvös Collegium, Budapest, Hungary

Laszlo is an expert on Hyperides and, together with his colleagues at the Eötvös Collegium, was instrumental in deciphering the speeches by Hyperides in the manuscript.

2) Vincent Carney, Conservation Technician, The Walters Art Museum

Abigail Quandt’s right hand, Vince matted and framed all 90 of the leaves in the Archimedes Palimpsest to make sure that they were preserved for posterity.

3) Neel Smith and the students of Holy Cross, Worcester, Massachusetts

Together with Chris Blackwell and students from Furman University, South Carolina, these students digitally encoded much of the Archimedes text in the manuscript.

4) Carl Malamud, Public.Resource.Org

Carl is the President and Founder of Public.Resource.Org. He hosts the Internet server that provides access to the digital palimpsest archive.

5) Roger Easton Jr., Professor of Imaging Science, Rochester Institute of Technology, New York
Roger was the guy in charge of the logistics of the imaging program; he pulled it all together. With his battery of student talent, he stitched the images that Keith Knox processed into full folios, distributed them to the scholars, and generated a whole host of experimental data on the images, many of which helped the scholars read particularly difficult pages.

6) Erik Petersen, Royal Library, Copenhagen, Denmark

Erik, here finishing the Berlin Marathon, tracked down the photos of the Archimedes Palimpsest that Heiberg had taken in 1906. They turned out to be not only important historical information on the history of the Palimpsest but sometimes the best evidence we have for the Archimedes text that was in the book.

7) Uwe Bergmann, SLAC National Accelerator Laboratory, Stanford, California
Uwe is an x-ray physicist. He immediately saw that the solution to imaging the forgeries in the Palimpsest was synchrotron radiation. He designed the experiment by which the Palimpsest was safely imaged at the Stanford Synchrotron Radiation Lightsource and supervised the rest of us as we ran the experiment, 24 hours a day over a combined period of several weeks.

8) Keith Knox, Air Force Research Laboratory, Maui, Hawaii

Keith spends most of his time looking at images of objects in space, taken from the earth, and devising algorithms to make them clear. Keith devised the Pseudocolor algorithm by which most of the palimpsest was transcribed.

9) Michael B. Toth, R. B. Toth Associates, Oakton, Virginia
Program Manager Mike brought his depth of experience in managing advanced technical programs to the team and program—balancing the conflicting demands of cost, schedule, and performance to give Archimedes’ text to the world, with value to the owner. He was also instrumental in setting up procedures that integrated the conservation, imaging, and scholarship in a way that mitigated risk in a highly experimental project.

10) William A. Christens-Barry, Equipoise Imaging, LLC, Baltimore
Bill is a physicist and a builder of things. It was his wide range of contacts in the imaging community that allowed us to apply so many experimental techniques to the Palimpsest. Bill also designed and built the LED multispectral lighting system by which the Palimpsest was imaged. These are now commercially available as the EUREKA lights!

11) Nigel Wilson, Fellow (Emeritus), Lincoln College, Oxford, United Kingdom

Nigel is one of the most distinguished historians and editors of classical texts alive today. Together with Reviel Netz, he transcribed the treatises of Archimedes in the manuscript. To the astonishment of the imagers, he did most of his work from hardcopy prints of the pseudocolor images, preferring to work with good natural light rather than stare for long periods at a screen. Nigel also played a major role in the transcription of the other unique texts in the Palimpsest.

12) Will Noel, Curator of Manuscripts and Rare Books, The Walters Art Museum

Will was the director of the Archimedes Palimpsest project, and he did most of the things that nobody else did.

13) Judson Herrman, Associate Professor of Classical Studies, Allegheny College, Meadville, Pennsylvania

Jud is an expert on the attic orator Hyperides and was one of the many scholars who were responsible for the transcription of his speeches in the manuscript.

14) Reviel Netz, Professor of Classics, Stanford University, California

Reviel was an inspiration to so many people who worked on the project. Together with Nigel Wilson, he transcribed the treatises of Archimedes in the Palimpsest. Reviel was particularly important in working closely with the imagers to create images that were not only spectacular but actually useful. He was the driving force behind much of the re-interpretation of Archimedes that resulted from the new readings. Reviel also championed the importance of the other palimpsested texts in the manuscripts.

15) Natalie Tchernetska, formerly Fellow of Trinity College, Cambridge, United Kingdom, currently affiliated to Bibliotheca Classica Petropolitana, St. Petersburg, Russia

In 2002 in a stunning discovery, Natalie announced that she had identified two speeches by Hyperides in the Archimedes Palimpsest and went on to decipher much of the Hyperides text. Natalie was instrumental in reading the much more difficult philosophical commentary in the Palimpsest that was unearthed in 2005. She was also important in working closely with the imagers to produce digital images to enable decipherment of these texts.


16) Alex Lee, University of Chicago, Illinois

Alex is one of the true heroes of the Archimedes Project. He prepared all the transcriptions for publication, ensuring as he did so that they conformed to digital standards that allow for their presentation on the web. It was a mighty task.

17) Abigail Quandt, Senior Conservator of Manuscripts and Rare Books, The Walters Art Museum

Abigail led the conservation effort on the Archimedes Palimpsest, ensuring that the book was in a satisfactory state to be imaged and stabilized for the future. She also worked closely with the scholars on the material aspects of each of the palimpsested manuscripts.

18) John Lowden, Professor of Art History, Courtauld Institute of Art, London, United Kingdom

John was the first to find the inscription that told us precisely when the palimpsest was finished (April 14, 1229). He also identified the forgeries in the manuscript. Together with information provided by Georgi Parpulov and Abigail Quandt, John was able to completely rewrite the 20th-century history of the manuscript.

19) Elissa O’Loughlin, Senior Paper Conservator, The Walters Art Museum

A world expert on modern adhesives and pressure-sensitive tapes, Elissa helped the conservation team in developing a technique to take the synthetic glue off the spine of the book. She also tested many of the protocols used in the treatment of the fragile leaves of the Palimpsest.

20) Jane Down, Senior Conservation Scientist, Canadian Conservation Institute, Ottawa, Canada

Jane has been working on adhesives for 25 years and has assembled a wide range of adhesive samples to study over time. Her identification and solubility testing of the modern glue on the spine of the book informed the course of treatment that Abigail and her team undertook.

21) Doug Emery, Emery IT, Baltimore

Doug was the data guy for the Archimedes Project, and the Archimedes Project generated a lot of data. He did the dull things nobody else wanted to do, like think about metadata (whatever that is) and file names, and put image files in the right folders. It is upon the firm foundation of his data skills that Archimedes’ treatises are presented, and hopefully will be preserved, on the Web.

22) John R. Stokes, Stokes Imaging, Austin, Texas

Together with his son John T. and Bill Christens-Barry, John. R. devised the imaging system by which the Palimpsest was imaged. A delightful man who is missed, John R. spent a lifetime at the cutting edge of analog and digital photography.

23) Scott Williams, Senior Conservation Scientist, Canadian Conservation Institute, Ottawa, Canada

Scott performed non-destructive analysis of the leaves and binding of the Archimedes Palimpsest. Together with his colleague Greg Young and other scientists, Scott also analyzed numerous microscopic samples to assess the overall condition of the Palimpsest and to understand what had been done to it in the 20th century.

Room 6: Discoveries That Changed History
Wall Text 7
Discoveries That Changed History

All of the imaging efforts would have been for nothing if we had not discovered important new information as a result of them. At the time of the sale of the Palimpsest in 1998, many people were skeptical that more could be recovered from the book. However, it soon became clear that exciting new things were being found in the Palimpsest through the imaging that was being undertaken at the Walters, and soon an army of scholars from around the world was eagerly working on the latest images that the scientists produced. And the discoveries were not just about Archimedes. The imagers uncovered two other unique texts from the ancient world. The Archimedes Palimpsest project did not just change the history of mathematics but the history of ancient politics and philosophy as well.
Case 6.1 Beside Euclid (34v+29r) and *6A
Archimedes and Euclid
Reviel Netz of Stanford University and Nigel Wilson of Oxford University had the task of painstakingly transcribing all of the Archimedes text in the Palimpsest and noting differences from the readings that Heiberg made in 1906. They found hundreds of small discrepancies in the course of their work. All of them helped establish the Archimedes text more clearly. But some of them are more important than others.

Archimedes is not the only ancient mathematician who is also a household name. Another very important ancient mathematician is Euclid, who wrote Elements of Geometry. There is some debate as to whether Archimedes lived before Euclid. It is an important question for understanding the development of mathematics in the ancient world.

Consider this:
Heiberg thought that a couple of lines on this leaf of in the treatise Sphere and Cylinder read: 
ταῦτα δὲ πάντα ὑπὸ τῶν πρότερον ἀπεδείχθη

(These all were proved by past [mathematicians].)
Netz and Wilson, however, read:
ταῦτα δὲ πρότερο(ν) | πάντα ὑπὸ εὐκλείδ̣(ο̣υ̣)ς ἀπεδεί | χθη

(These were all previously proved by Euclid.)
Now, who do you think lived first: Archimedes or Euclid?

left

The Archimedes Palimpsest, Archimedes: Sphere and Cylinder, leaves 34v–29r (undertext orientation)

Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

far left
Pseudocolor image of the Archimedes Palimpsest, leaves 34v–29r (undertext orientation)
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Case 6.2 Beside diagrams (82v–87r) and *6B
A Semicircle Floats on the World
Heiberg transcribed the text of Archimedes as best he could, but he did not reproduce the diagrams from the manuscript. This is an important oversight, because ancient mathematicians thought in terms of diagrams in much the same way that modern mathematicians think in terms of equations. There are 71 diagrams in the manuscript, all of which have now been reproduced, deciphered, and interpreted by Netz and Wilson.

Many of Archimedes’ mathematical proofs are about buoyancy. He wrote a treatise on the subject called Floating Bodies, the Greek text of which exists only in the Archimedes Palimpsest. In this diagram, he is showing the conditions under which a body will be stable in water. If you were to draw this figure, you might draw a boat floating on the flat water of your bath. But Archimedes thinks radically and mathematically. The boat, therefore, is a semicircle turned upside down. The water is not flat. The water is a sphere, incomplete at the bottom. Why is the water a sphere? Because to Archimedes, the sphere represents the entire earth, filled with nothing but liquid. This is a wonderful example of the radical idealization of real-world phenomena that Archimedes introduced into the study of the physical world.
left
The Archimedes Palimpsest, Archimedes: Floating Bodies, leaves 82v​–87r (undertext orientation)

Constantinople and Jerusalem, 10th century and 13th century

Pen and ink on parchment

Private Collection

far left

Subtraction image of the Archimedes Palimpsest, leaves 82v–87r (undertext orientation)
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Wall Text 8
Archimedes and Company

When Johan Ludvig Heiberg studied the Archimedes Palimpsest at the beginning of the 20th century, he only transcribed the treatises of Archimedes. But the scribe who made the palimpsest erased the text of six other manuscripts as well. These texts were harder to see, and Heiberg did not identify any of them. In the 21st century, using modern imaging techniques, we have fully transcribed two other texts in the Archimedes Palimpsest. They, too, exist nowhere else in the world, and they are very important in the history of politics and religion.

Case 6.3 Beside 105–110
Archimedes and Infinity
Figuring out how to calculate with infinity (a boundless quantity) was the great achievement of Sir Isaac Newton and Gottfried Leibniz in the 17th century. The calculus that they devised revolutionized mathematics in many conceptual and practical ways. In some sense, the history of mathematics is the history of how people deal with infinity. It had always been thought that the ancient Greeks did not calculate with infinity. They certainly understood potential infinity (in which, if you think of a number, you can always think of a higher one). Archimedes used potential infinity all the time and very cleverly.

But in 2001, Netz and Ken Saito reread the Palimpsest and found in proposition 14 of Method that Archimedes claimed that different sets of lines had to be the same in number—which was an infinite number. Archimedes’ use of infinity is a long way from calculus, but he was much closer to it conceptually than had been thought, and Netz and Saito changed the history of the one number in mathematics that really matters.

This is the translation of the crucial passage:

There will be certain magnitudes, equal to each other, [namely] the triangles in the prism, and other magnitudes, which are lines in the parallelogram DH, being parallel to ZK, equal to each other and yet again equal in multitude to the triangles in the prism. There will also be other triangles, those that come about in the cut off [cylinder], equal in multitude to the triangles coming about in the prism; and the other lines, taken from the lines drawn parallel to KZ, between the parabola and the line EH, equal in multitude to the lines in drawn in the parallelogram DH parallel to KZ.

right

The Archimedes Palimpsest, Archimedes: Method, leaves 110v–105r (undertext orientation)

Constantinople and Jerusalem, 10th century and 13th century
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far right

Pseudocolor image of the Archimedes Palimpsest, leaves 110v–105r (undertext orientation)
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Case 6.4 Beside 177–172
Archimedes’ Stomach Ache

Archimedes liked games and puzzles, and his most sophisticated puzzle exists only in the Palimpsest. It is called Stomachion, or stomach ache (in the ancient world, if you had a puzzle, you didn’t have a brain-teaser—you had stomach trouble). The trouble for the team working on the Palimpsest was that they couldn’t read enough of the puzzle to work out what it was. Then, in 2002, they could. Archimedes was working on the underlying mathematics of a puzzle. It concerns a square, divided into 14 specific pieces. The puzzle is to work out how many ways these pieces can be arranged to make a perfect square. Archimedes worked out the answer mathematically. We have placed a modern day Stomachion game in the middle of the room. Try it yourself, and discover how many ways you can put the square together. 

If you want to get straight to the total number of combinations that exist by which the square can be put together, lift up this flap:
Under flap
17,152 ways!

Archimedes’ Stomachion was important to him as a game. But it is important to us because it is now understood as the first treatise in Western mathematics on combinatorics: how many ways you can get certain results given a finite set of objects. This is important if you are playing dice (if you have two dice, there are many more ways of getting the number 7 than there are of getting the number 12). It is also important today in modern computer science.

right
The Archimedes Palimpsest, Archimedes: Stomachion, leaves 177r–172v (undertext orientation)

Constantinople and Jerusalem, 10th century and 13th century
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Private Collection
far right

Pseudocolor image of the Archimedes Palimpsest, leaves 177r–172v (undertext orientation) 
*NYT stomachion 6E
Case 6.6 Commentary on the Categories
Understanding Aristotle’s Categories
Aristotle is considered by many to be the most important philosopher of all time. One of his most important works is Categories, in which he articulates the principles by which all things should be categorized. He has ten basic categories into which all things must fall (for example, their substance, quantity, quality, place, and time). From Aristotle’s time onwards, this text has become the first work that is read by students of logic.
Categories is a foundational text in the history of Western philosophy and has been of interest to many great philosophers down to the present day. The Palimpsest contains 7 leaves of a 2nd- or 3rd-century commentary on Aristotle’s Categories. We are not yet sure who wrote it, although Porphryry, Galen, and Alexander of Aphrodisias have all been suggested. Regardless of its authorship, the commentator seeks to clarify for his readers some of the terms and arguments that Aristotle uses, such as genus, species, and differentia, and the recovery of this text offers an abundance of new material on the debates about Categories during the period 50 BC–AD 300.

right
The Archimedes Palimpsest, Commentary on Aristotle’s Categories, leaves 143v–146r (undertext orientation)
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Principal Component Image, The Archimedes Palimpsest, Commentary on Aristotle’s Categories, leaves 143v–146r (undertext orientation)
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Listening Station
A Selection from Hyperides’ Speech Against Diondas
In English


In Greek

1 minute


1 minute

Case 6.5 6J Hyperides (leaves 137v–136r)
Hyperides vs. Alexander the Great
Hyperides was a famous Athenian speech writer and politician who lived in the 4th century BC; he was a contemporary of the politician Demosthenes and the philosopher Aristotle. Until 2001, the only Hyperides texts to have survived to the present day were discovered in the 19th century on papyrus rolls. Although he is thought to have written 77 speeches, it was thought that none of them had been copied from rolls into books. However, in 2002, Natalie Tchernetska of Trinity College in Cambridge, U.K., discovered two hitherto unknown speeches by Hyperides in the Archimedes Palimpsest.

One of these speeches, Against Diondas, is shown here. It was given after the Battle of Chaeronea in 338 BC, when Philip II of Macedon and his son Alexander the Great defeated an alliance of Greek city-states, including Athens and Thebes. Hyperides had to defend his policy of resisting the Macedonians when he was prosecuted by the politician Diondas in about 334 BC. It is an eloquent speech, in which Hyperides cites many of the glorious defeats suffered by the city-states, including the battle at Thermopylae where the Spartans were heroically defeated by the Persians (as recently retold in the movie 300). Many victories are forgotten, but this defeat is remembered. “Why? Because they were butchered to a man as they struggled for the freedom of Greece.”

Hyperides had his tongue cut out and was killed in 322 BC. It is not clear what happened to his body. His speech lay buried for 800 years. But now you can hear an excerpt from it again (to your left), in Greek and translated into English.

right
The Archimedes Palimpsest, Hyperides: Against Diondas, leaves 137v–136r (undertext orientation)
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Pseudocolor of the Archimedes Palimpsest, Hyperides: Against Diondas, leaves 137v–136r (undertext orientation)
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Case 6.7, 6G
Whodunit?

Palimpsests were made often during the Middle Ages. The Archimedes Palimpsest is exceptional only in that the erased texts are so very rare and important. Indeed, it has been revealed to be a treasure trove of unique texts from the ancient world. They were all erased in the 13th century and overwritten with a prayer book. So what do we make of the scribe who erased the texts? Our moral judgment on what he did doesn’t much matter. What is important to remember is that these works would almost certainly not have survived at all if they had been left unpalimpsested. The vast majority of ancient literature has been lost to us because it was deemed irrelevant. Ultimately, these texts survived precisely because they were given a disguise, as a useful Christian prayer book.

Through our research, we can also tell you who created the prayer book. We uncovered an inscription, hidden in the grime at the bottom of the first leaf of the book, at the Stanford Synchrotron Radiation Laboratory. It reads “This was copied by the hand of the priest Ioannes Myronas, Saturday, 14 April of the year 6737, II indiction.” The date corresponds to AD 1229, when the 14th of April did indeed fall on a Saturday. It was the Saturday before Easter in the Greek Orthodox Calendar and a time for the giving of gifts. What a gift Ioannes Myronas left us!

right

The Archimedes Palimpsest, leaves 1v–2r (prayer book orientation)
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X-ray image of the scribe Ioannes Myronas’s inscription (bottom of left leaf) on the Archimedes Palimpsest, leaves 1v–2r (prayer book orientation)
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