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Introduction The ancient history Islamic Period After Kepler

• The history of light can be divided into four distinct eras.
• The first era is extended from about 800 BC till around 200 AD. Its

center initially in Athens and then in Alexandria, belonged to the
Greeks.

• The second era belongs to the Islamic civilization, with its centers
in Baghdad and Cordoba. It had its golden age till around middle
to late thirteenth century starting from around 750 AD.

• The third era was started in Europe around the fourteenth century
and it continues till eighteenth century.

• The last era started with the dawn of twentieth century with
emergence of new and revolutionary ideas in physics and
communication technology.
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Introduction The ancient history Islamic Period After Kepler

• In about 800 BC – 200 AD, a group of thinkers (Archimedes,
Socrates, Plato, Aristotle, Euclid, Ptolemy, Galen) revolutionized
the way of human rational thinking attitude. Which had great
impact in development of the branch called Optics

• Initially, it was the primary focus of scientific works is to
understand the human vision in the theory of light: Concept of
near-far, size-shape and color

• Atomistic viewpoint:
• Democritus (460 BC–370 BC): Air between the object and the

eye is contracted compressed air contains the details of the object
and this information is transferred to the eye.

• Epicurus (341 BC–270 BC): Atoms flow continuously from the
body of the object into the eye. However the body does not shrink
because other particles replace and fill in the empty space.
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Introduction The ancient history Islamic Period After Kepler

• Extramission theory: Plato (428 BC–328 BC) and his
followers advocated that light consisted of rays emitted by the
eyes. After striking to the object, the rays allow the viewer to
perceive things such as the color, shape, and size of the object.

• That means, our vision is initiated by our eyes reaching out to
touch or feel something at a distance. This is the essence of
extramission theory of light that was remain influential for almost
a 1000 years until Alhazen was able to prove it to be wrong.
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Introduction The ancient history Islamic Period After Kepler

• Idea of Euclid : Believer of extramission theory of light

• Based on geometrical ideas, he postulated :
• Rectilinear rays proceeding from the eye diverge indefinitely.
• Visual rays form cone of which the vertex is at the eye and the base

at the surface of the object seen.
• Visual rays falling on object makes it visible and objects remain

invisible on which visual rays do not fall.
• Things seen under a larger angle appear larger, those under a

smaller angle appear smaller, and those under equal angles appear
equal

• Things seen by higher visual rays appear higher, and things seen by
lower visual rays appear lower.

• Similarly, things seen by rays further to the right appear further to
the right, and things seen by the rays further to the left appear
further to the left.

• Things seen under more angles are seen more clearly.

• However, Euclid did not define the physical nature of these visual
rays.
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• Hero of Alexandria (10–70) :

• Hero explained the law of reflection by invoking the principle of
least distance. According to him, light from a point another point
follows a path that is shortest.

• Claudius Ptolemy (90–168) :
• He carried out careful experiments on refraction and concluded that

(small angle case),

Incidence angle ∝ Refraction angle
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• Preset :

• Harun al-Rashid (763–809), who ruled an empire stretching from
modern Pakistan to North Africa to the shores of Atlantic Ocean
from 786 till 809.

• He laid the foundation of Bayt-al-Hikma (House of Wisdom) in the
capital city of Baghdad and it was formally completed in 830 by
his son,al-Mamun (786–833)

• The House of Wisdom was a scientific academy and a public
library where books from all parts of the empire were brought and
translated in Arabic. Included old texts from India, Greece, and
Persia in the fields of philosophy, mathematics, astronomy,
medicine, and optics.

• Al-Mamun showed great interest in the progress of the House of
Wisdom to have intellectual discussions with the scholars coming
from different parts of the world.
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• Ibn-Sahl and Snell’s Law

• Credit is given to Willebrord Snellius (1580–1626) who derived it
using trigonometric methods in 1621.

• Recent studies indicate that this law was discovered more than 600
hundred years earlier during in Baghdad by a scientist named Abu
Sad Al Alla Ibn Sahl (940–1000)

• He discussed explicitly the focusing properties of the parabolic and
elliptically curved glass lenses.

• By studying the focusing property of light by a plano-convex
hyperbolic lens, he presented a geometric argument based on the
sine law of refraction.

• However, credit goes to Snell.
Ibn Sahl did not state the law of refraction explicitly; it was hidden
as a sort of lemma and his emphasis was on the focusing property of
lenses.
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• Alhazen (965–1040), Father of Modern Optics. He is often
described as the greatest physicist between Archimedes and
Newton.

• He was the first person to follow the scientific method, the
systematic observation of physical phenomena and their relation to
theory.

• Kitab-al Manzir (Book of Optics) which was completed around
1027.

• Nature of light
The physiological treatment of eye
Bending and focusing properties of lenses and mirrors

• This book remained an influential text for transition from the
Greek ideas about light and to the modern day optics.

• Denied the extramission theory and established the theory of light
emission from glowing object through experiments.
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• Alhazen’s problem (first formulated by Ptolemy in 150 AD)

Draw lines from two points in the plane of a circle such that they
meet at a point on the circumference, making equal angles with
the normal at that point. The problem was to locate this point.

• This problem is equivalent to the Billiard table problem:
On a circular table there are two balls; at what point along the
circumference must one be aimed at in order for it to strike the
other after rebounding off the edge.

• Alhazen’s view :
When light is sent from a source towards a spherical mirror, find
the point on the mirror where the light will be reflected to the eye
of an observer.

• He solved this problem geometrically by the aid of a hyperbola
intersecting a circle.

• This problem remained unsolved using algebraic methods and it
was finally solved in 1997 by the mathematician Peter M.
Neumann.
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• Johannes Kepler (1571–1630) :

• Observation of Tycho Brahe (1546–1601) : angular diameter
of the moon appeared to be larger during a solar eclipse when
observed through the pin-hole camera than when observed directly

• Kepler explained that the finite diameter of the pinhole should be
responsible for this anomaly and further he noted that eye itself
possesses an aperture and should be treated in the same way as
the aperture in a pinhole camera.

• Kepler was able to formulate a satisfactory theory of radiation
through apertures based on the rectilinear propagation of light
rays
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• René Descartes (1590–1650) :

• Until Kepler, the main motivation of studying the nature of light
came from a desire to understand vision.
but Descarte concerned himseld to explore intrinsic nature of light
and the laws of optics.
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