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IN THE NAME OF ALLAH, MOST
GRACIOUS, MOST MERCIFUL

PREFACE

Historians and scientists emphasize that the
history of scientific discovery, like the history of
all civilization, has gone through cvcles. Howev-
er, in respect of the cycle of Islam, it is of ten
alleged that the role of Islamic civilization was
restricted to preservation of Greek legacy and
that Muslim scientists, following the Greek
theoretical tradition blindly, added nothing to
science and to scientific method. Indeed, this is a
false allegation and the glaring achievements of
Muslim scientists in developing science and
methods of scientific research are made known as
a matter of fact . In Briffault’s words : « ....What
we call science arose as a result of new methods
of experiment, observation and measurement,
which were introduced int Europe by the
Arabs .... Modern science is the most momen-
tous contribution of the Islamic civiliza-
tion .... » .

In this connection, we are still in need to read
again and again in the legacy of Muslims in terms
of contemporary scientific language, not only to



modernmize our Islamic scientific culture, but also
to Istamize the methods of scientific thinking
according to the teachings of the Holy Qur’an
and the Sunnah of our Prophet, prayers and
peace from Allah upon him .

Islamizationn fo knowledge in general, and
scientific thought 1n particuler, should be one of
the essential features of the contemporary Isla-
mic renaissance. The past and the present,
combined, give rise to the futute - a future in
which the Muslhims will once again be able to
speak proudly of their achievements in all fields
of human activity .

These thoughts are behind the goal of the
present study on some topics of natural sciences
in the heritage of Islam .

May Allah ta'ala accept this work as humble
contribution of one of His servants in the field of
Islamic scientific thought .

Ahmad Fouad Basha




1. GRAVITATIONAL PHENOMENA

1.1. Law of Universal Gravitation

The law of universal gravitation was forma-
lated by Newton on 1686. It states that “every
particle of matter in the universe attracts every
other particle with a force which is directly
proportional to the product of the masses of the
particles and inversely proportional to the square
of the distance between them”. The constant of
proportionality is called the universal gravitation-
al constant. The gravitational force is responsible
for holding the planets in their orbits about the
sun. Moreover, it holds all terrestrial objects on
the surface of the earth, keeps the atmosphere of
earth in place and acts between all material
particles which compose our universe .

It is alleged that Newton was led to deduce the
law of universal gravitation from speculations
concerning the fall of an apple toward the earth,
but the real story of gravitation was initiated long
ago before the birth of Newton by Muslim
scholars .

1.2. Freely Falling Bodies & Projectiles

The most common example of motion with



neerly constant acceleration is that of a body
falling toward the earth under the effect of
gravity. The idealized problem is spoken of as
“free fall”, although the term includes rising as
well as falling motion .

Scientists of Islamic civilization were the first
who studied this problem on scientific basis.
Ibn-Malka-al- Baghdadi examined the motion of
projectiles and differentiated between the forced
motion and the motion under the effect of
gravity. He proved that the velocity of freely
falling bodies does not depend upon their masses
provided the absence of any external opposing or
frictional forces. He also observed that a freely
falling stone aquires an energy depending on the
distance it travels. This because, in his words, the
higher the position from which it is thrown the
quicker will be its motion and hence the larger
-will be its energy .

On the other hand, the idea of gravity was
introduced for the first time in scientifically
acceptable form. Al-Hamdani of Yemen, in his
recently discovered manuscript on gold and silver
(Kitab al-Jawharatayn al-Atiqatayn), spoke ab-
out the rotation of earth and why people and
trees do not fall from it. He considered the earth



as a “magnet” which attracts iron from all
directions. Nearly hundred years later, the
thoughts of Al-Hamdani were echoed by Al-
Biruni who added that the earth attracts every
thing on its surface tawards its centre. Fakhr
ad-Din al-Razi generalized the idea of gravitation
for all bodies existed in the universe and spoke
about the attraction between distant bodies.
Al-Khazini, in a remarkable treatise entitled
“The book of the Balance of wisdom” (Kitab
Mizan al-Hikmah), worked out a theory of
universal gravity directed towards the centre of
the earth, he was also responsible for the
assum-ption that air has weight and for original
work on capillarity .

All of what we have mentioned are great new
ideas about various gravitational phenomena,
made by Muslims long before the fall of Newton’s
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2. MECHANICS

2.1. Elements and Tvypes of Motion

Muslim scholars were aware of the physical
quantities and concepts that describe the motion
of bodies. Ibn-Sina (Avicenna) determined the
elements of motion in the moving body, the force
causing the motion, the initial position of the
body, the position at any time, the position at the
end of motion and the time interval of motion .

Ibn-Malka-al-Baghdadi distinguished clearly
between the types of motion, i.e. tramslational,
rotational, forced and free types of motion.
Moreover, several authors referred implicitly to
the viscosity of the medium when they spoke
about the resistance to motion. Ibn-Sina com-
pared the effect of different media on freely
falling bodies and concluded that the frictional
force of the medium resists the moving force of
the body. Ibn-Malka pointed out that denser
media make the motion of the body slower. He
also proposed the “hypothetical experiment” that
“if bodies of various mass and shape are moved in
vacuum they will have the same velocity because
the velocity depends on the nature and type of
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medium”. Ibn-Al-Haytham (Alhazen) reported
that “a stone moving in air is quicker than when
moving in water because the resistance of water
to motion is greater than the resistance of air”

2.2. Laws of Motion

Regarding the laws of motion, Ibn-Sina
enunciated the law of inertia, later to become
Newton’s first law of motion, as follows - “Every
moving body possesses the tendency of keeping
itself moving unless it is subjected to any external
effect” .

The second law of motion was qualitatively
described by Ibn-Malka in the form : “Every
motion must be in time under the effect of larger
forces. Increasing the force entails an increase of
velocity and a decrease in time interval”. Of
course, Newton rediscovered and elaborated this
approach in the well-known mathematical formu-
la F=ma, where F in the force, m is the mass and
a 1s the acceleration .

The third law of motion can be infered from
the work of Fakhr ad-Din-al-Razi who explained
the idea of equilibrium under the effect of two
equally opposing forces. He enunciated that : “a
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vope pulled by two persons of the same force to
opposite directions seems to be as if unaffected
by the action of each person, and this is not the
case becouse the action of one force is prevented
by the reaction of the other force”
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3. THE ATOMIC THEORY

3.1. The Origin of the Atomic Theory :

One of the longest and most exciting stories in
the history of science is that of the development
of the idea of the atom. The story has begun at
least 2400 years ago and is not yet complete .

The word atom is Greek in origin and means
“Something which cannot be divided”?. The idea
of the atom arose in part to answer a rather
fundamental question about matter : is it possible
to go on subdividing it indefinitely or would
eventually a fundamental particle be reached
which could no longer be divided? Those who
believe matter is “continuous” believe in infinite
divisibility; those who believe matter is “discrete”
believe in some fundamental particle or atom .

The Greek philosopher Leucippus (ca. 450
B.C.) is usually credited with the origin of the
atomic theory. The idea of the atom was also
current in ancient India at about the same time.
The ancient geographer strabo attributed the
atomic theory to Mochos, a Phoenician who
predated Leucippus by some centuries .

Leucippus was followed by his student Demo-
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citus and by a number of Greek and Roman
plitosophers. The most thoroughgoing exposi-
uon of ancient atomic theory which survives is a
work titled “On The Nature of Things” by the
Roman Lucretius. Anyhow, the ancient atomic
interpretation was gnerally besed on the assunp-
tion that matter consists of atoms which are
infinite in their number, shape, volume and
arrangement. The idea of “void”, i.e. truly empty
space, was also introduced to make the motion in
universe possible .

3.2. Atomic Theory in Islamic Lagacy

Muslim philosophers have repudiated the
views of Greek naturalists concerning the pro-
fanization of the atomic interpretation of matter.
In Islam, nature is creation and gift of Allah. As
creation it is teleological, perfect and orderly; as
gift it is an innocent good placed at the disposal of
man. Its purpose is to enable man to do the good
and achieve felicity. This treble judgement of
orderliness, purposiveness and goodness char-
acterizes and sums up the Islamic view of nature.
Muslim rationalists spoke about the atom from
their Islamic point of view. The mo’tazilite
Abul-Hudhayl Al-Allaf said : “A seed of mus-
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tard may be repeatedly cut in two halves, then
four, then eight, until reaching parts which are
indivisible (i.e. atoms). The laws of these atoms
and of nature in genera! are governed by com-
mand of Allah and His will” .

On the other hand, Muslim scientisis, although
had different opinions about aichemy, succeeded
in obtaining many chemical compunds. The great
chemist Gaber Ibn-Hayyan, for axample used
sulpher and mercury in a chemical experiment to
produce a solid red material called “zenjavr”.
The components of this material are dissolved in
eacli other to a degree that naked eye could not
distinguish them. In Gaber’swords:” This hap-
pend after the components have been dissociated
into minute particles and their combination took
place to give a homogeneaus product”. By this
discription of chemical combination Gaber was
anticipating Dalton by 1000 years .
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4. OPTICS

4.1. Historical Approach
(Theory of Vision)

Islamic achievements in optics were solidly
based on the foundation laid by the ancient
Greeks. Greek optics was primarily a theory of
vision, and it was a subject of varied discussions
initiated by Euclid, Ptolemy, Aristotle, Galen
-and others. The manner in which the eyes
function was a point of great misconception until
Al-Hasan Ibn-al-Haytham alias Alhazen (965-
1039) formulated a theory of vision quite distinct
from any other that had existed earlier. Ibn-al-
Haytham denived the idea that vision occurs
when a “form” emanating from the objects enters
the eye. To achieve this theory, Ibn-al-Haytham
followed, for the first time, an inductive method
based on observation, experiment, causality and
uniformity of nature. He used the methods of
agreement and concomitant variation to elabo-
rate the causal explanation of vision and the
determinate relation between cause and effect.
He also realized that the old theory of vision
based on an impression produced in the eye or
brain 1s incomplete without an explanation of
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how the impression comes to be perceived as an
object located at a certain distance, having a
certain size and shape, and so forth. This in turn
ted him to construct a highly original theory of
psychology of visual perception and to give a
detailed description of the structure of the eye on
the basis of contemporary anatomical works. The
name “iris” dates back to Alhazen who described
the eye as partitioned into three regions which
were watery, crystalline and glassy, respectively .

Development of the theory of vision had to
wait several centuries after Ibn-al-Haytham until
the German Christoph Scheiner (1575-1950) per-
formed a classic and irrefutable experiment. He
removed the coating on the back of an animal’s
eye and peering through its transparent retina
from behind, was able to perceive a smali
inverted image of the scene beyond the eye. At
just about the same time Descartes performed
similar experiments .

4.2. Some Properties of Light
4.2.1 Rectilinear Propagation of Light

The prototype of the modern photographic
camera was a device known as ihe “camera
obscura”, the earliest form of which was simply

YA



deseribed by Ibn-al-Haytham who utilized it to
cxamune solar eclipses indirectly. He explained
the formation of inverted images of shining
objects inside a “dark chamber” that allows the
light to go through a small hole in one of its walls.
In discussing this problem, Ibn-al-Haytham
ascertained that light propagates from shining
objects to their images, passing through the hole
of the “dark room”, in straight lines.

On the other hand, in the Book of Optics
(Kitab Al-Manazir) in which Ibn-al-Haytham
expressed the results of his investigations, the
attenfion was called to the fact that light propaga-
tion from sources to obiects must be in a time,
even undetectable, varying from medium to
another. The denser the medium the lower is the
“velocity” of light .

Mareover, he enunciated that a ray of light, in
passing through a medium, takes the path which
is the easier and “quicker”. In this he was
anticipating Descartes and Fermat by many
centuries .

4.2.2 Laws of Reflection and Refraction

Ibn-al-Haytham explained the laws of reflec-
tion and refraction of light, putting the angles of
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incidence and reflection or refraction in the same
plane normal to the interface. He used suitable
models to describe these properties in mechanical
terms and considered the light as consisting of
small spheres or “particles” moving at the surface
of reflection or refraction in accordance with the
rectanguler law of forces. In this he introduced an
experimentally established approach later elabo-
rated by Newton .

It is worthwhile to mention that Kitab Al-
Manazer is a large and comprehensive work that
includes many valuable thoughts. The so-called
Alhazen problems of reflection from plane,
spherical and parabolic mirrors are still of scien-
tific interest .



5. MINING and MINERALOGY

S.1. Minerals and Their Properties

Before proceeding further it would be well to
distinguish between minerals and rocks. Very
simply, a rock can be considered to be an
aggregate of one or more minerals. The minerals
may be an interlocking network of crystals of one
type of mineral such as found in marble (a rock),
or a rock may contain several varieties of
minerals as in granite. Other rocks such as
sand-stone contain rounded fragments of one
mineral cemented iogether by some other
minerals .

Minerals are naturally occuring chemical ele-
ments or compounds. An examination of miner-
als shows that they have characteristic physical
properties including crystal structure, habit,
hardness, colour, cluster, specific gravity, refrac-
tive index, etc .

5.2. Mining and Metallurgy .

Muslem scientists were good experimentalists
mn the applied and technological fields of natural
sctences. They paid more attention to location of
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mines and extraction fo precious stones and
metals. Al-Hamdani, for example, expressed
detaild information about gold and silver, which
extends from the extraction of ore from the mines
to the minting of coins. The gold particles, for
example, are extracted by means of water and a
washing-trough. The gold is “boiled” in plates
with sulphate, salt and pulverized brick in a pot in
the furnace. This means that the sulpher com-
bines with the silver and the other impurities in
the gold. The gold is tried by the touchstone : if it
is still base it is boiled again. Any gold which may
still be left in the separated impurities is collected
by amalgamation with mercury, a method also
used for silver .

Al-Hamdani described the use of gold and
silver as ornaments, e.g. in embroidery in the
shape of crowns, on the pages of the Holy
Qur’an, on glass, etc .

Quantitatives studies of the physical properties
of minerals were carried out by several Muslim
scientists. Al-Biruni, for example, determined
the specific gravity for many solids including
metals and precious stones. The obtained values
are highly accurate and comparable with the
recent values, in spite of the difference between
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the saentific and technological levels of equip-
ment and apparatus in the two ages. This 1s
dlustrated in the following table :

Al-Biruni Values

Mineral Recent Values
Gold 19.26 19.26
Stlver 10.38 10.43-10.47
Copper :
yellow 8.58 8.4
red 8.68 8.67-8.73
fron 7.92 7.6-7.79
Corundum 4.01 3.99-4 4
Quartz 2.58 2.58
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CONCLUSION

The proceeding examples give some idea of the
achievements of Islamic civilization in various
fields of natural sciences. It could be asserted that
the theories of classical Antiquity were examined
by Muslim scholars according to the reality of
nature and the laboratory. The role of Muslim
scientists did not consist merely of handing over
to Europe what they had earlier aquired from the
ancients; rather, having digested what they
learned from their predecessors, they were able
to enrich it by new observations, new results and
new techniques .

Unfortunately, much of the Islamic contribu-
tion to the history of science and many of its
details are still unknown. The extant manuscripts
are stored in libraries scattered allover the world,
and the vast majority of them have been neither
published nor examined. Hard efforts are thus
needed to unfold their contents .
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