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A Scientific Response to the Chester Beatty Library Collection

A SCIENTIFIC RESPONSE TO THE CHESTER BEATTY LIBRARY COLLECTION

It is a powerful and natural instinct in humans to wonder about 
the nature and workings of our bodies, our surroundings and our 
universe.  Modern science (with its demand for experimental 
evidence and/or mathematical modelling) has made enormous 
strides in the last 400 years in unlocking nature’s secrets.  In 
addition to basic understanding, science gives us useful applications 
in engineering and medicine in new technologies, processes and 
products.
 
The rapid progress in science in Europe, from the late 16th century 
to the early 18th century has led many to call this era the Scientific 
Revolution.  But, while we can recognise an identifiably modern 
science by the end of the 17th century, this change did not arrive 
from nowhere, nor was it as fast and complete a transformation as 

is suggested by the term ‘revolution’.  Indeed, not only did the 
development of modern science emerge from an existing 
European endeavour/enterprise of inquiry, its roots stretch back 
throug h the Islamic world to China, India and ancient Greece 
and Rome.
 
The collection of the Chester Beatty Library is rich in sources 
illustrating this story of the evolving nature of global science and 
technology.  On the occasion of Dublin as the 2012 European 
Capital of Scientific Culture, this response has been collated to 
tell the story of the roots of modern science.
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A Scientific Response to the Chester Beatty Library Collection2

Science seeks to understand the natural or material world while 
technology is about developing techniques or products to fulfil a 
particular purpose.  Professions such as medicine and engineering 
develop and use techniques and products but are also strongly 
rooted in science.  The words science and technology are so often 
used together they almost seem inseparable.  The progress of 
modern science has resulted in new technologies but, in the past, 
technologies have often been developed independently of any 
supporting scientific knowledge.  In fact technological develop-

ments have often accelerated scientific progress: the printing press, 
telescope and microscope being good examples.  Nowadays, it is 
common for us to talk about basic research aimed at advancing 
scientific insight and applied research aimed at producing useful or 
commercial technologies.  There is a long running debate about 
the relative importance of each approach.  Consideration of the 
history of science and technology may give additional perspective 
to this and other issues in modern science. 

SCIENCE AND TECHNOLOGY1
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A Scientific Response to the Chester Beatty Library Collection

Science and mathematics in early China were oriented towards 
practical applications rather than theory. Although there were 
notable discoveries in astronomy and science, early China is better 
known for its great output of technological developments.  These 
include: advances in agriculture; engineering; mining and processing 
of metals; coal and petroleum; and silk and textile making.  
However, the four great inventions that impacted on the course of 
human history are considered to be gunpowder, paper, printing 
and the magnetic compass.  These technologies were adopted by 
the Islamic world and from there passed into Europe.  Paper was 
in widespread use in China by the 3rd century and by the 9th 
century woodblock printing was being used.  Moveable type was 

also first used in China.  But because of the large number of 
Chinese characters needed it was not as advantageous as it would 
later become in Europe with printing in the Roman alphabet.  
Gunpowder was used in warfare in 9th century China and changed 
the nature of warfare as it spread through the Islamic world and 
Europe.  The magnetic compass was used for maritime navigation 
by 12th-century Chinese seafarers and was in use in Europe by the 
end of the century.  The compass revolutionised seafaring and was 
an essential ship’s instrument for later European voyages of 
discovery. 
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A Scientific Response to the Chester Beatty Library Collection4

Science is the name given to knowledge about the natural world, 
established by evidence and organised systematically.  It is also the 
name for that process of establishing that knowledge by 
observation, experimentation and mathematical analyses, i.e. the 
scientific method.

In ancient cultures, knowledge of the natural world was 
established largely by observation and supernatural explanation.  
The Babylonians developed sophisticated mathematics and 
astronomical observations and the Egyptians made further 
advances in astronomy, mathematics and medicine. However, it is 
in the Greek civilisation that we first see signs of the separation of 
the natural and supernatural world and the idea that the natural 
world could be understood without invoking supernatural 
agencies. The work of the Greeks, especially Plato and Aristotle, 
were to influence the direction of science for twenty centuries.
  
The Greeks imagined a world made up of four elements: earth, 
water, air and fire.  The earth is at the centre; over the earth is 
water and the earth and water is surrounded by air.  Above the air 
is the realm of fire.  Everything is made from a combination of 
these elements and that combination governs a material’s 
properties and behaviour.  Things have a ‘proper place’ and have a 
tendency to return to their ‘proper place’.  Therefore a falling rock 
is trying to return to earth, a rising bubble in water is trying to 
return to the air, and so on.  This philosophy could be extended to 
the entire universe which is arranged around the earth, where 

heavenly bodies move along great transparent spheres made of a 
fifth and incorruptible element, aether.  The lunar sphere 
immediately surrounds the earth, while the planets, sun and the 
stars in turn, move around on their own spheres.  This model of 
the universe was modified to take into account apparent 
anomalies in planetary motion, and was in good agreement with 
observations and so held fast until the 17th century.  The idea of 
the four elements also extended into medicine, where it was 
believed that the health of the body was dependent on the 
balance of four humours: blood, phlegm, black bile and yellow bile. 
If illness is caused by an imbalance of the humours, then medical 
response must focus on the restoration of that balance by the 
extreme treatments of bleeding, induced vomiting and purging, but 
also by diet, exercise and herbal and other medicines.  This theory 
of medicine lasted up to the 19th century in Europe. 

In the Greek civilisation, towering figures such as Aristotle in 
science, Galen in medicine and Ptolemy in astronomy and 
geography created enormous bodies of knowledge that 
dominated the sciences for centuries.  With the fall of the Western 
Roman Empire in the 5th century much of these writings in Latin 
were lost to Western Europe.  However, the Eastern Empire 
endured at Constantinople and the knowledge of the ancient 
world was stored in Greek manuscripts. 

SCIENCE IN ANTIQUITY 1

T
h

e R
o

o
ts O

f M
o

d
er

n
 Sc

ien
c

e



A Scientific Response to the Chester Beatty Library Collection5

While the Western Roman Empire was fading from history a new 
civilisation was being born in the hitherto quiet region of Arabia.  
The Prophet Muhammad was born in Mecca in 570, had his first 
revelation from God in 611 and as a result founded the religion of 
Islam.  In his lifetime he united the tribes of Arabia and within a 
few short years of his death the Muslim world had rapidly 
expanded through the Persian and Byzantine empires, stretching 
from Libya in the West to the Indian sub-continent in the East.   

In 750 the Abbasid Caliphs took power and were to rule for five 
centuries. It was during this time that science and learning 
flourished in the Islamic world. Ruling from Baghdad, the Abbasids 
actively funded and promoted the search for knowledge.  This era 
began with searching out knowledge from other civilisations such 
as Byzantium, Persia, India and China, but particularly the work of 
the Greeks.  There arose a great industry of translation. Books 
were translated and copied by hand.  Paper was introduced from 
the Chinese and that enabled production of cheaper more 
durable books. 

This was only the start of it! The first phase was focussed on 
acquiring classical texts and translating them.  In the next phase, 
Islamic scholars began analysing, criticising and developing ideas. 

The great wealth and munificence of the Abbasids and other 
rulers supported and encouraged scholarship.  Interest in 
astronomy and mathematics could have been driven by Islamic 
religious practices.  Islam requires that Muslims pray at five set 
times of the day (Salat) and that these should be performed facing 
in the direction of Mecca (Qibla).  Therefore the calculation of 
time and direction assumed great importance. Astronomical 
observations could be used to tell time and direction.  Technologi-
cal developments such as the astrolabe and mathematical 
developments such as trigonometry enabled believers in any part 
of the Muslim world to fulfil their religious duties.  Islam also has 
precise rules governing inheritance which led to the development 
of algebra.  Therefore the Islamic mathematicians took Greek 
geometry and numerals from India and developed trigonometry 
and algebra to revolutionise mathematics.  Medicine also 
flourished in the Islamic world. In addition, the obligation for 
charitable works led to the establishment of many large hospitals 
throughout the Islamic world. Many of these would become great 
research and teaching hospitals. Largely adopting the Galenic 
philosophy, Islamic doctors nevertheless made great strides 
particularly in the areas of anatomy and surgery.  

GOLDEN AGE OF ISLAMIC SCIENCE1
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A Scientific Response to the Chester Beatty Library Collection6

Transmission of knowledge from the Islamic world to Europe 
came through several interfaces. There was a great deal of 
interaction between the two civilisations during the Middle 
Ages—through the Crusades—through trade and in cities and 
states with multicultural populations such as Antioch, Sicily and 
Toledo.  Many Christian scholars travelled and studied in the 
Islamic world, a famous example being Leonardo of Pisa 
(Fibonacci) who introduced Arabic numerals and algebra to 
Europe.  One of the most fruitful interfaces was in Toledo in Spain 
where scholars such as Gerard of Cremona (1114–1187) 
translated scientific works from Arabic into Latin thus making 
them available to scholars around Europe. 

As knowledge from the Classical and Islamic worlds spread into 
Christian Europe, it was industriously received by scholars.  The 
Aristotelian world view, assimilated by the Islamic philosophers, 
was seen as compatible with Christian doctrine and eagerly 
accepted.  Arabic numerals and zero were adopted, making large 
calculations easier and faster.  The highly developed trigonometry 
of the Islamic world advanced astronomy and navigation.  Works 
by al-Razi and Ibn Sina also include medical texts for centuries in 
Europe.  Ptolemy’s Almagest outlined his geocentric model of the 
universe and mathematical descriptions of the planetary 
movements.   Various Islamic works, based on the Almagest, 
shaped European astronomy, unchallenged until Copernicus 
(1473 – 1543) in 1543, proposed that the sun was the centre of 
our solar system.  Such was the hold of Aristotelianism that in the 
decades following only a handful of astronomers in Europe 
believed Copernicus’ ideas.  But, the genii were out of the bottle, 
and Kepler (1571 – 1630) and Galileo (1564 - 1643) produced 
evidence of the heliocentric system.   Natural philosophers began 
to question Aristotle’s teachings on other areas of the physical 
world. In the year of Galileo’s death a close associate, Evangelista 

Torricelli (1608 – 1647), made a barometer in which a column of 
mercury was held up by atmospheric pressure and demonstrated 
a vacuum for the first time – another assault on Aristotelianism.  
The English statesman Francis Bacon (1561 – 1626) espoused a 
careful experimental approach to investigating the world and this 
was to inspire a flurry of scientific investigation in England by 
luminaries such as Irish born Robert Boyle (1627 – 1691) resulting 
in the founding of the Royal Society (1660) which firmly 
established the ‘new experimental science’.  Many of the old 
explanations of the natural world were supplanted by new 
theories.  Theories that needed evidence to survive or be 
supplanted by improved or new theories.  This modern science 
shows no respect for tradition, longevity or name.  In fact, it could 
be said that a great deal of the activity of modern science is aimed 
at improving upon or disproving established theory.

In marvelling at the achievements of science and the advances in 
technology it is good to remind ourselves that instinct for 
discovery is common to all civilisations and ages. Many civilisations 
have developed world views and technologies suitable for their 
needs.  Many cultures have independently evolved mathematics, 
astronomy and medical practices.  The roots of modern science 
stretch back through the ages and can be traced through many 
cultures, religions and civilisations.  One thing that today’s scientists 
will readily admit – there are a lot more questions than answers.  
Many countries, ethnicities and cultures will ask those questions in 
the future and play their part in answering them; for the spirit of 
inquiry is part of our humanity and science belongs to humanity. 

TRANSMISSION OF KNOWLEDGE TO EUROPE1
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A Scientific Response to the Chester Beatty Library Collection

Science is one of the great triumphs of humanity.  The 
development of modern science can be seen in Europe in the 
17th century.  Many are familiar with the great advances in recent 
centuries, but science has roots stretching back through the 
millennia.  Many cultures have developed, added to and conveyed 
the large body of scientific knowledge.

After all, curiosity is deeply part of the human condition and 
from the earliest times humans stared into the heavens and 
wondered what were these distant bodies watching over them?  
They observed and recorded the movements of these bodies 
and learned to calculate and predict their motions.  These 

observations and calculations laid the foundation for navigation, 
travel and trade which further accelerated the spread and 
exchange of ideas.

The development of modern science in Europe owes a great 
debt to scientific advancements from the Islamic world and East 
Asia.  The Chester Beatty collection is ideally suited to illustrate 
this story of curiosity, inquiry and discovery.  For this reason we 
have responded to the East Asian, Islamic and European 
Collections, allowing visitors to follow the story through distant 
lands and through the centuries.

7

A SCIENTIFIC RESPONSE TO THE CHESTER BEATTY LIBRARY COLLECTIONS 
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We will begin our story with the Chinese, who made great technological advances centuries before Europe including the four great 
inventions: gunpowder, the compass, paper and printing.
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THE GREAT ENCYCLOPAEDIA OF THE YONGLE REIGN
(Yongle Dadian) 

8

The Great Encyclopaedia
of the Yongle Reign
(Yongle Dadian)
 

Volume of a manuscript book: 
Ink on paper
16th century copy of the Yongle 
(1403-25) edition
Ming dynasty (1368-1644), 
Jiajing reign (1522-67)
China
CBL C 1756

In 1403, the Yongle emperor 
commanded that an 
encyclopaedia be created to 
record all Chinese knowledge. 
Along with history, literature, art 
and philosophy, this included a 
great deal of science and 
technology, including agriculture, 
astronomy, geology, medicine and 
the natural sciences.  This 
enormous project was transcribed 
by 3,000 officials of the National 
University at Nanjing and 
completed by 1408. It comprised 
over 22,000 juan (chapters).  The 
original set was lost. A copy was 
ordered after it was nearly lost in a 
fire in 1557.  The volume on 
display is from this copy.  Only an 
estimated 400 volumes of the 
11,095 volumes produced survive 
in libraries around the world.

IN THE CHESTER BEATTY LIBRARY COLLECTION
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IN THE CHESTER BEATTY LIBRARY COLLECTION

9

Phenomena of the Sky 
(Tianyuan yuli xiangyi tushuo) 
 
Printed book (4 volumes)
Ink on paper
Preface dated 1619 AD, 
Ming dynasty, Wanli reign 
(1573-1619)
China
CBL C 1703 

This is a printed book, ink on 
paper, dated 1619.
This book was originally produced 
by imperial command in 1425 
shortly after the death of the Ming 
Emperor Yongle.  This was 
produced in Nanjing in 1619, 
illustrated and annotated by the 
scholar-official Yu Wenlong.  It 
deals with astronomical 
phenomena including planets and 
solar eclipses and meteorological 
phenomena such as cloud 
formations. 

PHENOMENA OF THE SKY
(Tianyuan yuli xiangyi tushuo) 2
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IN THE CHESTER BEATTY LIBRARY COLLECTION

TREATISE ON ASTRONOMY AND CHRONOLOGY 
(Tianyuan lili daquan) 

Treatise on Astronomy and 
Chronology 
(Tianyuan lili daquan)  
 
Printed book (6 volumes) 
Ink on paper
c. 1682 AD, Qing dynasty 
(1644-1911), Kangxi reign 
(1662-1722)
China
CBL C 1702

This book, compiled by European 
missionaries in China around 
1630, focuses on astronomy and 
chronology.  In addition, it is 
interesting as it makes reference to 
western scientific theories recently 
brought to China by European 
missionaries.  It shows an interest 
in and awareness of European 
science. 
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IN THE CHESTER BEATTY LIBRARY COLLECTION

ILLUSTRATED SCROLLS OF GOLD MINING ON SADO ISLAND
(Sado kinzan zukan)

Illustrated Scrolls of Gold 
Mining on Sado Island 
(Sado kinzan zukan)
 
Handscroll (3 scrolls)
Ink and light colours on paper
Anonymous
19th century, late Edo period 
(c. 1600-1868)
Japan
CBL J 1134.1

These fascinating scrolls tell the 
story of gold mining on the 
Japanese island of Sado.  Full-scale 
gold and silver mining occured here 
from 1601 when the island was 
taken under direct control of the 
Tokugowa Shogunate, the first of 
the Edo period.  They give a clear 
illustration of the mining 
technologies used at this 
economically important site.  On 
Sado they not only mined gold, but 
processed it and minted coins on 
the island.  The illustrations show 

the different tasks: tunnelling, 
drainage, extraction and 
conveyance of the ore.  Simple 
ladders are evident and buckets 
and pulleys are used for raising 
water.  The only hint of machinery 
in the mine is the flight of 
Archimedes screws used to lift 
water and this, as the annotations 
tells us, was already an ancient 
technology. Under the Meiji 
government in the late 1860’s the 
mines were modernised using 
western technology. 

The mines were modernised under 
the Meiji government in the late 
1860s and continued to operate 
until 1989.

The activities shown in these 
scrolls should be compared to the 
book by Agricola (1556) which 
shows a greater degree of 
mechanisation in Europe at the 
same time.
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A Scientific Response to the Chester Beatty Library Collection12

Galen was a Greek physician who worked in Rome and died 
somewhere between 200 and 217 AD.  He promoted Hippo-
crates’ theory of humours that moods and illnesses are caused 
by an imbalance of the four bodily humours: blood, phlegm, black 
and yellow bile.  Treatment would therefore aim to restore the 
balance by methods such as blood-letting. Galen wrote an 
enormous amount in all branches of medicine and remained a 
major influence on medicine for centuries.  He made many 
discoveries in anatomy but his erroneous teachings also endured 
and the practice of blood-letting perservered into the 19th 
century.

The works of Galen were eagerly sought and translated into 
Arabic in the 9th century.  One of the great translators was 
Hunayn ibn-Ishaq (809 – 877), a Nestorian Christian working in 
Baghdad.  Although respected as a great authority, Galen was 
subject to challenge by al-Razi (865 – 925).  Known in the West 
as Rhazes he was born in Ray, Persia.  He studied in Baghdad and 
returned to Persia to practice.  He wrote a comprehensive work 
on medicine which drew on knowledge from Greece, Syria, India 
and even as far as China.  Illustrating that the Islamic scholars 
were not just minders and conduits of Greek knowledge, al-Razi 
also wrote a book, Doubts about Galen, and carried out clinical 
trials.  His medical writings were highly influential in Europe for 
centuries.  In chemistry he used a system to classify substances 
and discovered sulphuric acid. 

ISLAMIC MEDICINE3
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IN THE CHESTER BEATTY LIBRARY COLLECTION

MEDICAL COMPENDIUM, by al-Razi
(Al-tibb al-mansuri) 

Medical Compendium, 
by al-Razi   
(Al-tibb al-mansuri)

Arabic text
AD 12th century
Probably Iran or Iraq
CBL Ar 3003

This copy of al Razi’s great 
medical work Al-tibb al-mansuri 
(the Book of Medicine for Mansur) 
is written in Arabic and dates from 
the 12th century.
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IN THE CHESTER BEATTY LIBRARY COLLECTION

Encyclopaedia of Medicine, 
by Ibn Sina  
(Al-qanun fi’l-tibb)

Arabic text
AD 1267 (dated AH 665)
Probably Iran
CBL Ar 3981

This is Ibn Sina’s famous Al-qanun 
fi’l-tibb –the Canon (law) of 
medicine, known for centuries as 
The Canon.  This copy is in Arabic, 
dates from 1267, and is probably 
from Iran.

ENCYCLOPAEDIA OF MEDICINE, by Ibn Sina 
(Al-qanun fi’l-tibb)

Another giant of medical history was Ibn-Sina.  Known in the 
West as Avicenna, he was born in central Asia in 980 and apart 
from his fame in medicine was also one of the foremost 
mathematicians, physicists and astronomers of the time.  His 
most famous work, The Canon of Medicine, was the standard 

reference book for all Islamic doctors and later became known 
in Europe it was one of the standard textbooks for centuries.  In 
addition to presenting preparations for hundreds of drugs, the 
Canon recommends procedures for testing new remedies.
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IN THE CHESTER BEATTY LIBRARY COLLECTION

Treatise on Surgery,
by al-Zahrawi
(Al-tasrif li-man ‘ajiza ‘an al-ta’lif) 

AD 13th century
Middle East
CBL Ar 3172

This version of  al-Zahrawi’s 
famous Treatise on Surgery, in 
Arabic , is from the Middle East 
and dates from the 13th century. 
The pages on display show 
instruments used in dentistry.  

The leading surgeon of the Islamic world was al-Zahrawi 
(936-1013 AD), born in Al-Andulus (Spain) and known in Europe 
as Abulcasis. Al-Zahrawi developed many surgical instruments 
and pioneered numerous developments in surgery. He is also 
credited with the huge advance of introducing catgut for use in 
sutures.  Catgut was suitable for internal stitching as it breaks 
down harmlessly inside the body in time.  Al-Zahrawi’s great 

medical encyclopaedia, in 30 treatises, drew on fifty years of 
practice and was completed around 1000 AD.  It was the first 
book with drawings of surgical instruments, with over 200 
illustrations.  First translated into Latin in the 12th century by 
Gerard of Cremona, the treatise on surgery became the most 
influential with an edition printed as late as 1778 in Oxford.

TREATISE ON SURGERY, by al-Zahrawi 
(Al-tasrif li-man ‘ajiza ‘an al-ta’lif)3
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Treatise on Human 
Anatomy,
by Mansur ibn Ilyas
(Tashrih al-badan)

Persian text
c. AD 1450 Iran
CBL Per 130

Mansur ibn Ilyas was a 
late-14th-century physician 
from the city of Shiraz, in 
Persia (now Iran). He was 
one of several generations of 
doctors. Mansur’s Aanatomy 
includes diagrams of the five 
basic systems of the body 
(skeleton, nerves, muscles, 
veins and arteries) and an 
additional diagram of a 
pregnant woman. The page 
on display shows the veins of 
the body in a schematic view 
rather than a lifelike 
representation. The squatting 
figure was common in Islamic 
medical illustrations and later 
in European books. It is 
strange to the modern 
viewer. However, it provided 
a useful device for drawing 
the important features of the 
body as large as possible on 
the page.

IN THE CHESTER BEATTY LIBRARY COLLECTION
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TREATISE ON HUMAN ANATOMY, by Mansur ibn Ilyas
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Barber – Surgeon 
toolkit from 1860

c. AD 1830
Iran (probably Isfahan)
CBL Is Sc 9

Interior Tray with Tools 
Toolkits were used by various 
professionals, each kit 
containing tools specific to a 
given profession. This 
particular one has long been 
referred to as a 
barber-surgeon kit. In 19th 
-century Iran (and elsewhere) 
barbers often performed 
certain dental and surgical 
procedures. This kit includes 
not only scissors and a comb 
but also pliers that could be 
used for pulling teeth and a 
circumcision knife. It has been 
suggested that some such kits 
were made specifically to be 
sold to foreign visitors as 
souvenirs of the fine 
workmanship of Iranian 
craftsmen.

IN THE CHESTER BEATTY LIBRARY COLLECTION
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BARBER -SURGEON KIT FROM 18603
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ISLAMIC ASTRONOMY AND MATHEMATICS

Hulaga Khan, a grandson of Genghis Khan, who led the Mongol 
conquest of Persia placed great store in the advice of his 
astrologers/astronomers.  One of his most trusted astronomers 
was Nasir al-Din al-Tusi (1201–1274) who was born in the city 
of Tus in Persia, but wisely agreed to work for Hulaga.  An 
indispensable reference for the astronomer was the Zij, a book 
which contained tables of values used for the calculation of the 
position of the sun, moon, planets and stars – essential for 
astrological predictions.  When al-Tusi pointed out that his tables 
were outdated, Hulaga funded the observatory at Maragha.  This 
became the largest in the world in its time and was an important 
centre for the production of Zijes.  Under al-Tusi astronomers 

from across the Islamic world, from the Byzantine Empire and as 
far away as China, worked on observation, measurement and 
mathematical calculations of the motion of heavenly bodies.  
Challenged by the shortcomings of the Ptolemaic system, al-Tusi 
developed a more advanced and accurate model.  Although still 
a geocentric model, some features were of direct benefit to 
Copernicus in developing the heliocentric model.  Al-Tusi also 
contributed to the development of the astrolabe.  Another 
interesting facet of Maragha is the international nature of its staff, 
which would have brought in different perspectives and 
contributions to the science but also would have helped 
disseminate the knowledge to a wider audience.  
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The Everlasting Cycles of 
Lights, by Muhyi al-Din 
al-Maghribi  
(Adwar al-anwar mada 
al-duhur  wa-l-akwar)

Arabic text
AD 15th century Iran or 
India
CBL Ar 3665

The Everlasting Cycles of 
Lights is the third of three 
well-known zijes 
(astronomical handbooks 
with tables) written by 
al-Maghribi (d. 1283).  This 
important zij is based on 
observations conducted 
during the years 1262–74 at 
Maragha.

THE EVERLASTING CYCLES OF LIGHTS, by Muhyi al-Din al-Maghribi  
(Adwar al-anwar mada al-duhur  wa-l-akwar)
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Commentary on the 
Tadhkira of Nasir al-Din 
al-Tusi
by Mansur ibn Ilyas
(Sharh al-tadhkira fi ‘ilm 
al-hai’a)

Arabic text
AD 1430 (dated AH 833)
Iran
CBL Ar 4309
 

COMMENTARY ON THE TADHKIRA OF NASIR AL-DIN AL-TUSI  
(Sharh al-tadhkira fi ‘ilm al-hai’a)

IN THE CHESTER BEATTY LIBRARY COLLECTION
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One of the great works of 
Nasir al-Din al-Tusi was his 
al-tadhkira fi ‘ilm al-hai’a or 
Memoir of the Science of 
Astronomy.  This book was 
intended to be a guide to 
astronomy for astronomers 
and students and had a 
huge influence on the 
history of astronomy.  It 
circulated widely in copy 
and many commentaries 
were written on it.  This 
particular commentary 

became popular in its own 
right as an advanced 
astronomical textbook. Its 
author, al-Jurjani (1340 - 
1413), was a theologian 
and philosopher who 
wrote several 
commentaries on various 
books in theology, 
philosophy and astronomy.  
He travelled widely in early 
life and was active at the 
court of Timur (Tamerlane) 
in Samarqand. 



ASTROLABES

The earliest astrolabes were developed by the Greeks where it 
was literally a device to measure the altitude of stars.  The word 
astrolabe is formed from the Greek words ‘astron’ (star) and ‘lab’ 
(to take).  The Islamic astronomers took the astrolabe and 
developed it into an astronomical instrument, timekeeper, 
navigation device and computer.  The principal of the astrolabe is 
simple enough.  The position in the sky of a particular heavenly 
body depends on the time, latitude and date.  If one knows the 
time, latitude, date, one can determine the position of a star from 
tables. If one knows any three of the four parameters — position 
of the star, time, latitude, date — one can determine the value of 
the fourth quantity.  The astrolabe can be used to measure the 
position of a star and can also perform relevant calculations 
without the need for tables.  While the principle is simple, the 
astrolabe in construction and operation is complex.  An astrolabe 
is made up of a mother plate, the mater, into which one or more 
flat disks called tympans or climates may sit.  The rim of the mater 
is normally graduated in hours or degrees.  These tympans are 

made for specific latitudes and are engraved circles denoting 
azimuth and altitude and the view of the night sky at that 
latitude.  On top of the tympan is mounted another disk called 
the rete.  The rete is mostly cut away so that the tympan 
underneath is visible. The rete rotates over the tympan and this 
shows the position of the stars in the sky at a particular time and 
path of the sun.  On the back of the mater there is a scale for 
measuring angles and usually engraved tables, trigonometric 
functions and curves to assist conversions and calculations.  On 
the back a pointing device, the alidade, is free to rotate about a 
central pin.  The astrolabe is suspended on a string from a ring 
mounted at the top.  This aligns the instrument vertically. The 
alidade is turned to point at the object of interest and the angle 
is then measured on the scale. 

Astrolabes had many uses from astronomy to surveying; 
however, in the Islamic world they were particularly useful to 
determine the direction to Mecca (Qibla) and the time of Salat 
prayers.
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ISLAMIC TECHNOLOGY

While the astrolabe attests to the sophistication of Islamic 
technology, this illustration serves to remind us of the technology 
used in the Islamic world to convey and use water. Persian 
hammams (bathhouses) differed slightly from Roman thermae but 
also consisted, in general, of three main sections: the undressing 
room, where a client would take tea, smoke and gossip; the 

steam room, in which the head and beard were washed, dyed 
and shaved; and the baths proper, one hot, one cold and 
sometimes a third, lukewarm. The inner workings of the bath are 
also depicted: one man is stoking the furnace, while another, with 
the help of an ox, is working the well. 
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ABBASID CALIPH, MA’MUM AT THE 

Abbasid Caliph, Ma’mum at 
the Hammam

Five Poems (Khamsa)
of Nizami
Persian text
AD 1529 (dated AH 936)
Iran
CBL Per 195

Nizami Ganjavi (1141 – 1209) 
was a great Persian romantic 
poet.  His five epic romantic 
poems, Khamsa, were 
reproduced in elaborately 
illustrated copies in later years 
(this copy dates from 1529).  
The illustration depicts the visit 
of Caliph Ma’mam to the 
bathhouse.  Abdallah 
al-Ma'mun (786 – 833) was 
the 7th of the Abbasid Caliphs 
reigning from 813 to 833.  
Al-Ma’mum was a great 
patron of science and funded 
a great amount of translation.  
He established the ‘House of 
Wisdom’ in Baghdad which 
housed an observatory and 
library.  Although he promoted 
‘rationalism’, he ruthlessly 
persecuted those that 
opposed it. 

IN THE CHESTER BEATTY LIBRARY COLLECTION
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The Nature of Things is in fact a reproduction of the earlier 
encyclopaedia  De Naturis Rerum, written by Thomas of 
Cantimpré around 1230.  It is an important illustration of the 
transmission of knowledge.  This copy was made almost two 
hundred years after the original. Its importance is that it shows 
that the science of the 15th century was still very much 
influenced by beliefs handed down unquestioned since the time 

of Aristotle, rather than based on empirical investigation.  
However, Aristotle’s authority was challenged by the work of 
inventors such as Leonardo da Vinci (1452-1519) and 
astronomers such as Copernicus who questioned the idea of an 
earth-centred universe in 1543.  In the following century figures 
such as Galileo, (Irish-born) Robert Boyle and Isaac Newton 
firmly established science on an empirical and mathematical basis.

EUROPEAN SCIENCE OF THE MIDDLE AGES

The Nature of Things 
(De Naturis Rerum)

By Jean Reynaud after 
Thomas of Cantimpré
Vellum Avignon, 
c.1420
CBL W 80

Jean Raynaud’s manuscript, 
The Nature of Things 
(c 1420), was an important 
textbook in the early 
European universities and 
reflects the revival of interest 
in the natural sciences.  It is 
an early example of a general 
encyclopaedia that contains 
naturalistic descriptions of 
birds and animals, the 
anatomy of the human body, 
as well as fantastical images 
of monsters believed to 
inhabit faraway lands and 
oceans.  It contains over 220 
pen and ink drawings 
(probably completed by 
Reynaud).  It is divided into 
twenty sections, including: 
the anatomy of the human 
body; the heart; the 
monstrous human races of 
the East; animals, birds, and 
marine monsters, aromatic 
and medicinal plants, the 
motion of the air, the four 
elements; and eclipses and 
celestial motion. The pages 
depict strange sea creatures 
with bodies of fish and 
mammalian heads.
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On Military Matters
(De Re Militari)

Roberto Valturio (1413-1484)
Paris: Chrestian Wechel, 1532
Third edition (first Paris 
printing) in contemporary 
colouring and gilding
CBL AB672
 

Meanwhile, advances in 
military technology did not rely 
on received wisdom but on 
experimentation. Robert 
Valturo’s treatise De Re 
Militari, circulated widely in 
manuscript form from 1460, 
was published in print in 
Verona in 1472, and contains 
many examples of important 
military innovations.  It was 
also the first printed book with 
technical illustrations; as a 
result, it was used as a 
handbook by European 
leaders throughout the 
Renaissance.

EUROPEAN TECHNOLOGY: On Military Matters
(De Re Militari)

IN THE CHESTER BEATTY LIBRARY COLLECTION
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Concerning Military 
Matters
(De Re Militari)

Flavius Vegetius Renatus
Antwerp: Christopher Plantin, 
1585
CBL AJ197
 

Flavius Vegetius Renatus 
wrote one of the earliest 
military texts which served as 
a warfare manual for 
centuries. It was printed 
several times throughout the 
16th c. This particular copy is 
important because of its 
numerous illustrations.

IN THE CHESTER BEATTY LIBRARY COLLECTION
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EUROPEAN TECHNOLOGY: Concerning Military Matters
(De Re Militari)
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On the Nature of Metals
(De Re Metallica)

George Agricola (1494-1555)
Woodcuts attributed to 
Hans Rudolf Manuel Deutsch 
(1525–1571) or, less 
commonly, Blasius Weffring
Basel, Switzerland: 
Hieronymus Froben & Nicolas 
Episcopius, 1556
CBL AB500
 

George Agricola, German 
scholar and scientist, is 
known as ‘the father of 
mineralogy’. He is best known 
for his work De re Metallica, 
which is the first systematic 
treatise on mining and 
metallurgy, and one of the first 
technological books of 
modern times. Agricola 
studied at Leipzig, Bologna 
and Padua and lived in the 
mining areas of Bohemia and 
Saxony where he studied 
mining practices first hand.   
These direct observations 
made his books particularly 
valuable and effective.  The 
work is illustrated with 273 
large woodcut illustrations 
showing some of the most 
important sections on 
mechanical engineering and 
the use of water-power.  
Agricola describes the 
assaying of ores, the methods 
used for enriching ores before 
smelting, and procedures for 
smelting and refining.

MINING TECHNOLOGY: On the Nature of Metals
(De Re Metallica)

IN THE CHESTER BEATTY LIBRARY COLLECTION

27

4

Eu
r

o
pean

 C
o

llec
tio

n
s



The triumphal return of 
his British Majesty to 
Holland
(Relation du voyage de sa 
Majesté Britannique en 
Hollande)

Govard Bidloo (1649-1713)
Engravings by Romeyn de 
Hooghe (1645-1708)
The Hague: Arnout Leers, 
1692
CBL AL146

 

FIREWORKS: The triumphal return of his British Majesty to Holland
(Relation du voyage de sa Majesté Britannique en Hollande)

IN THE CHESTER BEATTY LIBRARY COLLECTION
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Another technological 
innovation was the use of 
fireworks for celebration.  
In The triumphal return of His 
British Majesty to Holland, 
we see engravings by 
Romeyn de Hooge (1692) 
depicting the use of 
fireworks to celebrate the 
occasion.  The scene 
celebrates William of 
Orange returning to his 
native Holland as King of 
England, Scotland and 

Ireland two years after 
defeating his father-in-law 
King James II at the 
battle of the Boyne.  
Fireworks were based on 
gunpowder which was 
invented by Chinese 
alchemists in the 9th 
century.  By the 10th 
century fireworks were in 
popular use in China.  
Gunpowder and 
fireworks were introduced 
into the Middle East in 

the 13th century and 
appear in European 
writings soon after.  
Firework displays 
became very popular in 
the European courts in 
the mid 17th-century.
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The Miseries of War
(Les Grandes Misères de la 
guerre)

Jacques Callot (1592-1635)
Etching
France, 1632
CBL Wep 2371.1-18 

In parallel with the spread of 
fireworks was the 
development and use of 
gunpowder, by this time in 
widespread use in cannon 
and muskets. The result was 
greater carnage on the 
battlefield. The Miseries of 
War reminds us of the reality 
of warfare and contrasts with 
the pomp and celebration 
accorded to William in the 
previous book.

IN THE CHESTER BEATTY LIBRARY COLLECTION
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FIREWORKS: The Miseries of War
(Les Grandes Misères de la guerre)
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Atlas of the countries of 
England and Wales

by Christopher Saxton
London 1590?
CBL AK589 

Mapmaking was another 
important innovation. The 
Map of Britain and Ireland 
here is an example of a 
collection of engraved maps, 
printed around 1590.

MAPMAKING: Atlas of the countries of England and Wales
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Great Atlas
(Atlas maior)

Joan Blaeu (1596-1673)
Coloured and 
embellished edition
11 volumes
Amsterdam: J. Blaeu, 1662
CBL AF547-557

The sophistication of 
17th-century mapmaking is 
evidenced by the famous 
Great Atlas of the World by 
Joan Blaeu, published in 
Amsterdam in 1648.  The 
largest and most expensive 
set of books published in the 
17th century, it is noted for its 
superb typography and 600 
hand-produced maps, and it 
remained the most accurate 
atlas for over a hundred 
years.

Joan’s father, Willem Blaeu, 
was also a mapmaker.  Prior 
to his mapmaking career, 
Willem studied astronomy 
with the outstanding Danish 
astronomer Tycho Brahe.  
Here we have a clear 
example of technology 
progressing in step with 
progress in science.
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MAPMAKING: Great Atlas
(Atlas maior)



Descriptions of the 
Universe
(Description de l’Univers)
Alain Manesson Mallet 

(1630-1706)
Volume 5 of 5
Frankfurt : Jean David 
Zunner, 1685
CBL AA834
 

Mallet was a French engineer 
and cartographer who served 
under Louis XIV in France.  
His major work, Descriptions 
of the Universe, contains 
maps of the known world at 
the time, including many 
showing North America and 
Asia, as well as the ancient 
world and star maps. As map 
making improved, King Louis 
complained that he lost more 
land because of his 
mapmakers than to any 
invading army.

MAPMAKING: Descriptions Of The Universe  
(Description de l’Univers)
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MAPMAKING: Progress In Science - Student’s Notebook

IN THE CHESTER BEATTY LIBRARY COLLECTION

Student’s Notebook 

Handwritten on Paper
Paris, c. late 16th-17th century
CBL W 208

 
Such notebooks, much cheaper 
than a printed copy, were widely 
used by students of astronomy 
and cosmology.  This object 
illustrates an example of 
contemporary knowledge of 
philosophy, astrology and 
cosmology.  Of particular interest, 
is the moving astrological wheel, 
not unlike the astrolabe, carefully 
constructed and inserted in the 
notebook.  This is an interesting 
example of the state of 
contemporary science just prior 
to the rapid developments of the 
late 17th-century.  These were 
accelerated by the founding of 
the Royal Society in 1660, based 
on ideas promulgated by Francis 
Bacon, and by ‘natural 
philosophers’ such as Robert 
Boyle, Christopher Wren, William 
Petty and Lord Brouncker.  
Brouncker was an Irish peer and 
became the first President of the 
Royal Society.

While military innovations and mapmaking technology 
progressed, science did not remain static, but its development 
was slow.  In particular, experimental methods of science, first 
suggested in Europe by Roger Bacon (1214 – 1294), only began 
to grow from the 14th century onwards.  Nowhere is this more 
marked than in the case of astronomy.  The remarkable Student’s 
Notebook, shown here dates from the 16th – 17th century.  This 

was originally the property of a Parisian Capuchin friar.  The 
notebook was later owned by two other friars who added their 
own notes, with the last entries dating around 1650.  The 
contents are varied with most of the notes taken from printed 
books on philosophy, astrology, chronology, medical tracts, 
metaphysics and other subjects.
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