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ABSTRACT

This project contains general information about about illumination and lighting design.
Lighting design is the main subject in the project and it include outdoor lighting design,
sport light design, design guide for specific sport.

For football field lighting, C, y angels are used to determine the illuminance at each point
on the field.
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CHAPTER ONE

LIGHT

1.1 Introduction

electromagnetic radiation that can be detected by the human eye. In terms of
wavelength, electromagnetic radiation occurs over an extremely wide range, from
gamma rays with a wavelength of 3 10·14 centimetre to long radio waves measured in
millions of kilometres. In that spectrum the wavelengths visible to humans occupy a
very narrow band, from about 7 10·5 centimetre (red light) down to about 4 10·5

centimetre (violet). The spectral regions adjacent to the visibleband are often referred to
as light also, infrared at the one end and ultraviolet at the other. The speed of light in a
vacuum is a fundamental physical constant, the currently accepted value of which is
exactly 299,792,458 metres per second, or about 186,282 miles per second (299,792
kilometres per second).

Light, a basic aspect of the human environment, cannot be defined in terms of anything
simpler or more directly appreciated by the senses than itself Light, certainly, is
responsible for the sensation of sight. It is propagated with a speed that is high but not
infinitely high. Physicists are acquainted with two methods of propagation from one
place to another, as (1) particles and as (2) waves, and for a long time they have sought
to define light in terms of either particles or waves. In the early 19th century a wave
description was favoured, though it was difficult to understand what kind ofwave could
possibly be propagated across the near.vacuum of interstellar space and with the
extremely high speed of almost 300,000 kilometres per second. In the latter half of the
19th century a British physicist, James Clerk Maxwell, showed that certain
electromagnetic effects could be propagated through a vacuum with a speed equal to the
measured speed of light. Thus, in the second half of the 19th century, light was
described as electromagnetic waves. Such waves were visualized as analogous to those
on the surface of water (transverse waves) but with an extremely short wavelength of
about 500 nanometres (one nanometre is 10·9 metre). The analogy is valid up to a
certain point but the experimental results obtained at the end of the 19th century and in
the early years of the 20th century revealed properties of light that could not have been
predicted from knowledge that was obtainable about other waves. These results led to
the quantum theory of light, which in its primitive form asserted that, at least in regard
to its emission and absorption by matter, light behaves like particles rather than waves.
The results of certain important experiments on the spreading of light into shadows and
other experiments (on the interaction of beams of light) that supported the wave theory
found no place in a particle theory. For a time it was believed that light could not be
adequately described by analogy with either waves or particles..that it could be defined
only by a description of its properties. A reconciliation of wave and particle concepts
did not emerge until after 1924.

Two properties of light are, perhaps, more basic and fundamental than any others. The
first of these is that light is a form of energy conveyed through empty space at high
velocity (in contrast, many forms of energy, such as the chemical energy stored in coal
or oil, can be transferred from one place to another only by transporting the matter in
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which the energy is stored). The unique property of light is, thus, that energy in the form
of light is always moving, and its movement is only in an indirect way affected by
motion of the matter through which it is moving. (When light energy ceases to move,
because it has been absorbed by matter, it is no longer light.)

The second fundamental property is that a beam of light can convey information from
one place to another. This information concerns both the source of light and also any
objects that have partly absorbed or reflected or refracted the light before it reaches the
observer. More information reaches the human brain through the eyes than through any
other sense organ. Even so, the visual system extracts only a minute fraction of the
information that is imprinted on the light that enters the eye. Optical instruments extract
much more information from the visual scene; spectroscopic instruments, for example,
reveal far more about a source of light than the eye can discover by noting its colour,
and telescopes and microscopes extract scientific information from the environment.
Modern optical instruments produce, indeed, so much information that automatic
methods of recording and analysis are needed to enable the brain to comprehend it.

From the standpoint of wave motion, blue light has a somewhat higher frequency and
shorter wavelength than red. In the quantum theory, blue light consists of higher energy
quanta than the red.

The subject of light is so wide and its associations are so numerous that it cannot be
accommodated within one article of reasonable length. There are three main divisions of
the subject of light: physical optics, physiological optics, and optical instrumentation.
This article deals primarily with physical optics, treating the nature and behaviour of
light. It also discusses the interaction of light with matter. Although electromagnetic
theory is considered here, further elucidation may be obtained in the article
electromagnetic radiation. The article photoreception includes the physiological and
psychological aspects of light, while the article optics treats the practical application of
light. The experimental evidence that led to the quantum theory of radiation is included
in the present article along with a brief statement of some of the basic ideas. The
quantum theory of radiation, however, is so closely associated with the quantum theory
of matter that the two must be considered together, as is done in the article quantum
mechanics.

1.2 Historical survey

From 500 BC to AD 1650

In this period, there were innumerable confusions and false starts toward an
understanding of light. Sometimes an idea was stated, though not clearly, and then
almost forgotten for centuries before it reappeared and was generally accepted. The uses
of plane and curved mirrors and of convex and concave lenses were discovered
independently in China and in Greece. References to burning mirrors go back almost to
the start of history, and it is possible that Chinese and Greek knowledge were both
derived from a common source in Mesopotamia, India, or Egypt. The formulation of
general empirical laws and of speculation about the theory of light derives mainly from
Mediterranean (Greek and Arab) sources. Pythagoras, Greek philosopher and
mathematician (6th century BC), suggested that light consists of rays that, acting like
feelers, travel in straight lines from the eye to the object and that the sensation of sight
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is obtained when these rays touch the object. In this way, the more mysterious sense of
sight is explained in terms of the intuitively accepted sense of touch. It is only necessary
to reverse the direction of these rays to obtain the basic scheme of modern geometrical
optics. The Greek mathematician Euclid (300 BC), who accepted the Pythagorean idea,
knew that the angle of reflected light rays from a mirror equals the angle of incident
light rays from the object to the mirror. The idea that light is emitted by a source and
reflected by an object and then enters the eye to produce the sensation of sight was
known to Epicurus, another Greek philosopher of Sames (300 BC). The Pythagorean
hypothesis was eventually abandoned and the concept of rays travelling from the object
to the eye was finally accepted about AD 1000 under the influence of an Arabian
mathematician and physicist named Alhazen.

Angles of incidence and of refraction . .i.e., the change in direction of a light ray going
from one transparent medium to another..were measured by an astronomer, Ptolemy, in
the 1st century in Alexandria. He correctly deduced that the ray is bent toward the
normal (i.e., the direction perpendicular to a boundary plane, such as the plane
separating air and water) on entering the denser medium. A Dutchman, Willebrord van
Roijen Snell, discovered the so.called sine law that gives the index of refraction (a
measure of the change in direction) for light in a transparent medium. The laws of
reflection and refraction were brought together by a 17th.centuryFrench mathematician,
Pierre de Fermat, who postulated that the rays of light take paths that require a
minimum time. He assumed that the velocity of light in a more dense medium is less
than that in a less dense one in the inverse ratio of the indices of refraction.

The idea of rectilinear propagation of light..that is, that it travels in a straight line..was
applied in a practical sense to drawing and painting long ago. Euclid was familiar with
the basic idea, but the main theory was developed by Leonardo da Vinci, and a
complete description of shadows was given by the Danish astronomer Johannes Kepler
in 1604. Kepler also was the first to apply the laws of rectilinear propagation to
photometry (the measurement of light intensities).

From 1650 to 1895

At the beginning of this period, the result of the conflict between the corpuscular theory
and the wave theory was in doubt. At the end of the period, the wave theory was
generally accepted and seemed capable of explaining all known optical phenomena
though, with hindsight, it can now be seen that there were some important difficulties.

Diffraction. .i.e., the spreading of light into shadows..was first observed in Italy in the
17th century. In England, a worker, who independently noticed diffraction, also
observed the interference colours of thin films, which are commonly seen today in an
oil film on a wet road surface or in the iridescent colours of a butterfly's wing. He
believed that light consists of vibrations propagated at great speed. Christiaan Huygens,
of Holland, greatly improved the wave theory. In England, Sir Isaac Newton did not
attach much importance to the small amount of spreading of light, and he knew that
strictly rectilinear propagation could not be reconciled with the wave theory.
Polarization phenomena (which can be accounted for by transverse wave motion in a
single plane) discovered in the 17th century by a Danish physicist, Erasmus Bartholin,
and by Huygens were not consistent with the theory of longitudinal waves (waves
vibrating in the direction of propagation, like compression waves in a coiled spring),
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which was the only wave theory then considered. Newton therefore supported the
corpuscular theory, although he did not reject the wave theory completely. He accepted
a concept of a luminiferous ether, and he postulated that the particles had "fits of easy
reflection" and "fits of easy transmission"; i.e., he assumed that they changed regularly
between (1) a state in which they were reflected at a glass surface and (2) a state in
which they were transmitted. He thus introduced periodicity.. one of the basic ideas of
wave theory. .in a form that anticipates the quantum mechanics. Newton, using a glass
wedge, or prism, discovered that white light can be separated into light of different
colours and took the first steps toward a theory of colour vision.

In the century following his death the great authority of Newton was quoted to uphold
the corpuscular theory and to oppose the wave theory in a way that he probably would
not have approved. It was not until the 19th century that the work of Thomas Young of
England; Augustin.Jean Fresnel, François Arago, and Armand.Hippolyte.Louis Fizeau,
all of France; Irish scientist Humphrey Lloyd; and German physicist Gustav Kirchhoff
established the transverse.wave concept of light; i.e., light is a wave vibration at right
angles to the direction of travel. A universal medium pervading all space and called the
ether was supposed to be some kind of elastic solid. This made it possible to accept the
transmission of light through a vacuum, but there was no completely satisfactory theory
of the ether or of the way in which light is modified by transparent materials like glass.
The necessity for an elastic solid disappeared when Maxwell proposed an
electromagnetic theory of light. He stated the laws of electromagnetism in a clear
mathematical form and generalized the concept of an electric current. From his
equations he predicted the existence of transverse electromagnetic waves having a
constant speed cin vacuo. The constant c had a value of 300,000 kilometres per second
and was derived from measurements on electrical circuits. It was known from the work
of Ole Remer, a Danish astronomer; Jean.Bernard.Leon Foucault of France; and others
that the velocity of light was not much different from the velocity constant c. A.A.
Michelson, a physicist in the United States, measured the velocity of light and showed
that it is equal to c within a small margin of experimental error. This result, together
with the work of a German physicist (Heinrich Rudolf Hertz) on electromagnetic waves
of larger wavelength, confirmed Maxwell's predictions. The existence of a connection
between electromagnetism and light had, indeed, been demonstrated in England much
earlier in the century by Michael Faraday, who observed the rotation of the plane of
polarization of a beam oflight by a magnetic field (Faraday effect).

From 1900 to the present

Maxwell's theory is a theory of waves in a continuous (i.e., infinitelydivisible)medium.
The energy of the waves is also infinitelydivisible so that an indefinitely small amount
can be emitted or absorbed by matter. Classical physical theories of the 19th century
had predicted that in such a system the energy in equilibriumwould be distributed so as
to give an equal amount to each mode (frequency) of vibration. Because a continuous
medium has an infinite number of modes of vibration, and the atoms (which constitute
matter) have only a finite number, all the energy of the universe would be transformed
into waves of high frequency. Maxwell understood this difficulty,which was later most
clearly stated in the Rayleigh.Jeans law (after two English physicists, Lord Rayleigh
and Sir James Hopwood Jeans) of the radiation of a blackbody (a body in which the
intake and output of energy are in equilibrium). The German physicist Max Planck
demonstrated that it is necessary to postulate that radiant.heat energy is emitted only in
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finite amounts, which are now called quanta. At first, it was hoped to retain, without
modification, the theory of light as electromagnetic waves in free space and to use the
quantum concept only in relation to the interaction between radiation and matter. In
1905, however, Einstein showed that, in the photoelectric effect, light behaves as if all
the energy were concentrated in quanta .. i.e., particles of energy now called photons. In
the same year, Einstein published the theory of relativity, which modified the whole of
physics and gave a special role to the velocity constant c. Because light, in some
situations, behaves like waves and, in others, like particles, it is necessary to have a
theory that predicts when and to what extent each kind of behaviour is manifested. The
main development of the quantum mechanics, which does precisely this, took place
between 1925 and 193 5.

Light from ordinary sources is emitted by atoms the phases of which are not correlated
with one another, so that there is a random irregularity or incoherence between the
waves emitted from different atoms. This places severe restrictions on the conditions
under which the periodicity associated with wave theory can be observed. In England,
Lord Rayleigh appreciated this effect and knew that, by the use of pinholes or slits and
light of a narrow range of wavelength, effectivelycoherent light could be produced. For
a long time, interest in this topic lapsed. About 1935 Frits Zernike, a Dutch physicist,
and others extended the theory of coherence to include the concept of partial coherence.
This appeared to be of practical importance only in a few rather special applications
(e.g., in the Michelson stellar interferometer; see below Interference). A theory of
stimulated emission, attributable to the work of Einstein and an English physicist, Paul
AM. Dirac, postulated that under certain conditions atoms could be made to radiate in
phase so that highly coherent radiation could be maintained indefinitely. The practical
realization of these conditions, previously thought to be impossible, was achieved in
1960.

A second major development in the theory of light in this century is the application of
so.called Fourier transform methods (a mathematical treatment of light waves) to a wide
range of optical problems and, especially, to the transfer of information in optical
systems (see optics).

Today, the theory of light has again reached a point at which all known terrestrial
phenomena are included in one logical theory. The known unsolved problems concern
the transmission of light over the vast distances of intergalactic space. Here the theory
oflight impingeson the science of cosmology.

1.3 General characteristics of waves

1.3.1 Basic concepts of wave theory

In this section on the wave theory of light, those properties of light that are consistent
with a wave theory are described using a minimum of mathematical formulation. It is
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convenient to introduce the basic concepts of wave theory in relation to mechanical
systems. Below, in the section on Interference, and beyond, it will be necessary to
consider results obtained by more sophisticated mathematical methods, such as Fourier
analysis.

1.3.2 Periodicity in time and space

If one end of a stretched rope is vibrated, a wave will run along the rope. Figure 1 (top)
represents a profile of the wave.. i.e., a "snapshot" of the displacement of the rope from
its normal position. It gives the variation of this displacement (indicated by ~) at
different points (z) along the axis of propagation for one specific instant of time.
Similarly,Figure 1 (bottom) shows the variation with time of the displacement at one
arbitrary point on the axis. In Figure 1 (top) the distance between successive crests is
constant and is called the wavelength (>"). Similarly,the constant time between crests in
Figure 1 (bottom) is called the period (•). The temporal frequency (vr = 1/•) is the
number of vibrations per unit time and the spatial frequency or wave number (vs= 1/t")
is the number of waves per unit length. The wave shown in Figure 1 (top) may be
represented by the cosine of an angle (ıı) to give the displacement for a particular point
on the axis at any instant of time:

~=A cos <P = A cos 21r (vt1-~.z), (1)

in which fis the displacement at any point z on the axis at a time t, A is the amplitude
(the maximum displacement); the angle P(phi) in this case is equal to 2.Jr{Yrf. vsz) and is
called the phase angle, or simply,the phase.

1.3.3 Energy

The energy per unit volume (W) stored in a wave motion is profortional to the square
of the amplitude (A) so that, with a suitable choice of units, W = A . 

1.3.4 Phase velocity

Any one crest moves forward a distance A.in a time •; i.e., with a-velocity b of the
wavelength divided by the period or the temporal frequency divided by the spatial
frequency,

A_ vt =ı..vt.b=r- ~ (2)
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(2)The velocity b is called the phase velocity because the phase angle (J)will remain
constant when the time t changes by an incremental amount to and z changes by zo = bt«
(This may be seen by substituting t = to and z = zo in the expression for this phase and
using b = 1Jtf1Js.)

The velocity of light in vacuum (denoted by c) is the same for all frequencies; all
colours travel through space with the same speed. The phase velocity (denoted by b) in
a material medium, on the other hand, depends on the medium and on the temporal
frequency and, hence from equation (2), on the wavelength.

1.3.5 Wave surfaces

Two.dimensionalwaves are formed by vibrating (dipping) the end of a rod up and down
in the surface of a liquid. Waves spread from the point of origin (where the rod contacts
the surface) and, at any moment, the phase at any point on a circle is the same; i.e., if, at
a given moment, the wave is at a maximum at one point on a circle then it is at a
maximum everywhere on this circle, and the circle as a whole is a wave crest. Similarly,
a trough is found at all points on another circle (the radius of which is A/2 greater than
that of the first circle). As the waves progress farther and farther from the origin, they
become less strongly curved about the origin so that, at great distances, they are
approximatelyplane waves.

Light waves are propagated in three dimensions and, for waves from a point source in
an isotropic medium (i.e., one in which the speed is the same along any radius), the
phase is constant over spherical surfaces drawn about the point source as a centre. The
surfaces of constant phase are called wave surfaces, and waves are called plane,
spherical, ellipsoidal,and so on according to the shapes of the wave surfaces.

1.3.6 Reflection and refraction

The similaritybetween the behaviour of light waves and the surface waves of a liquid
may be demonstrated with the so.called ripple tank. For reflection of a train of surface
waves incident on a flat object, it may be readily observed that the angle of reflection is
equal to the angle of incidence. For waves that are refracted in passing from one
medium of the ripple tank in which the phase velocity is bı, to another in which the
phase velocity is bi, measurements of angles of incidence (Bi) and refraction (Br) of the
surface waves verify Snell's sine law of refraction; i.e., that the ratio of the sines of the
angle of incidence and refraction is a constant, or

(3)
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