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Introduction
importance of light and vision

Man is a light-dependent being. Without light, life on earth would scarcely
be possible All our senses are of course Important, but our sense of
vision is recognized as being our most important link with our
surroundings. Approximately 80 per cent of all information reaches our
brain By way of our eyes, and strongly influences the way we function.
Seeing is only possible thanks to the presence of light; the natural light
of the sun, sunlight reflected by the moon (moonlight), and artificial light.

Our continuing attempts to formulate the conditions needed for visual
perception led us to try to formulate the requirements to be met by a
good lighting installation. As early as 1925, the German professor
Teichmueller put forward the following definition of good lighting:

“We say the lighting is good, when our eyes can clearly and pleasantly
perceive the things around us"

These two conditions, namely that The lighting must be both Functional
and pleasant, are fully recognized even today.

Since Teichmueller's pronouncement, lighting technology has developed
enormously, and the importance of the connection between the
functional, physiological and psychological basics of light is becoming
increasingly more recognized. The ever more stringent requirements
being placed on the lighting, together with the increasing significance
being attached to the subjective appreciation of light as an environment-
determining factor and the need to employ economic lighting techniques,
are seen as positive stimulants in the development process. We are now
fully appreciative of the tact that artificial light is no longer a poor
substitute for daylight, but that it has been developed into a scientifically.
based aid without which life today would be unimaginable

1.Principal lighting criteria
Lighting criteria with regard to visual perception

The investigations carried out throughout the world over the past fifty
years or so into visual perception how the human eye works, how we
see, and what role light plays In this have yielded a number of tangible
results that help us when designing a lighting installation,

The principal criteria on which every Lighting installation should be
judged, based on the function of the lighted space or area with regard to
visual perception are:
• the lighting level
• the luminance (or brightness) distribution in the Field of view
• the freedom from disturbing glare
• light directionality and shadows
• light colour, colour appearance and colour rendering

These live criteria, to which can be added the aesthetic quality of the
lighting installation, define what is loosely termed the lighting quality.
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The choice of lighting system must be based on the functional requirements with
regard to the quality of the lighting. It is important that the criteria named above
should not be seen in isolation to one another, for each is in fact dependent on
and influenced by each of the others.

The aim in this first lesson is to discuss the essential ideas that provide the
background to the design of good lighting schemes. It Is easier to do this by
limiting the discussion to those areas and aspects of lighting with which a lay
reader is more likely to be familiar, Thus the home and work environment
feature more heavily in this first lesson. Subsequent lessons will take in other
areas of lighting application as and where the need arises.

1.1 Lighting level
Deciding on the lighting level is one of the first considerations when designing
the lighting. The lighting level is often specified in terms of average illuminance.

Fig. 1 Indoors, the working plane is usually considered to be 75 cm above floor
level.

The illuminance refers to the amount or quantity of light present on the surface
of Interest. It is expressed in the unit: lux (viz. lumens per square metre).
indoors, it is generally measured on the working plane usually considered to
consists of an Imaginary, horizontal surface about 75 cm above the floor (see
Fig. 1). while outdoors the plane of Interest will usually be the ground.

Daylight and artificial lighting levels
In order to give a rough idea of the sort of levels involved, it can be noted that
the illuminances outdoors may range from a few tenths of a lux (e.g. moonlight),
in which human perception is just possible, 10 as high as 100 000 lux in the
middle of summer out in the open. Compared with these abundant daylight
levels, the levels accepted as being satisfactory under artificial lighting are really
very low Indeed: 10 to 30 lux on average tar ‘mood lighting indoors, 5 to 50 lux
for road lighting and 150 to 1500 lux for reading and working.

A few examples:
Summer, under a cloudless sky, in the open 100 000 lux
Ditto, but In the shade of a free 10000 lux
in the open, under a heavily-overcast sky 5 000 lux
indoors by the window, shady side, on a fine day 2 000 lux
Full moon, in the open, on a clear night 0,25 lux

in terms of visual perception, eye tasks are graded according to their degree of
fineness
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Fig. 2 Variations in lighting level under a clear sky.

Different eye tasks call for different lighting levels
and the speed of work involved. Needless to say, the more visually demanding the
work, the higher must be the illuminance. This is important, because our visual
acuity, or sharpness of vision. is directly dependent upon the illuminance - the
higher this is, the smaller are the objects that can be discerned and the less the
strain involved. So lighting that is suited to the nature of the task being performed
improves the visual perception at that task.

The choice of lighting level depends on such factors as work duration, contrast of
the task, she risk of making faults, age of the worker, and the amount of daylight
present

The question of lighting levels for various eye tasks will be handled more fully in
the lesson 'Lighting Recommendations’. However, some rough idea or the sort of
levels involved can be obtained by considering the range of values commonly
employed in inferiors:

minimum on persons and in circulation areas 20 lux
minimum for working interiors 250 lux
maximum for working Interiors 2000 lux

- Possibly using local lighting to supplement the general lighting

The range form 250 lux to 1000 lux, which covers the majority of work tasks, can
be subdivided according to the nature of the work as follows:
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250 lux minimum on the working plane
general level for rough work in industry

500 lux average workshop tasks, shops and stores
750 lux offices, laboratories
1000 lux or higher * precision work, instrument assembly work, colour

assessment
* Possibly using local lighting to supplement the general lighting

There are various national and international recommendations covering a wide
range of indoor and outdoor lighting application; for example, the "Guide on
Interior Lighting" of the international Commission on Illumination (CIE
publication No. 29/2), which provides valuable guidelines icr the choice of
lighting levels in a wide variety of working interiors.

1.2 Lighting quality
The way we experience our surroundings

As lighting techniques were developed and better lamps were introduced, a
better insight surroundings was gained Into how the visual quality of the in
which we spend much of our time could be improved. Our surroundings in, say,
an interior can Consist of a number of objects, such as the furniture, doors,
windows, walls, ceiling and floor. Outdoors, our surroundings may include such
things as house fronts, the road surface. the so-called ‘street-furniture’, plants
and trees, and the public lighting. The ease with which we can experience the
form, colour, contrast and texture in surroundings such as these is determined
in part by the lighting level present, but of no lesser importance are the other
aspects mentioned earlier, which together with the level go to determine the
overall quality of the lighting.

Basic quality aspects Level apart, Lighting quality embraces a number of aspects, such as the
luminance distribution in the field of view, Freedom from disturbing glare, the
degree to which the lighting is directional and able to create shadows (the
spatial effect of the light), colour appearance and colour rendering, and the
aesthetic treatment of the lighting with regard to the surroundings.

Understanding the relative importance of these various aspects is the key to
good design. But this cannot be quantified, any more than can an appreciation
of, say, architecture or interior design. The misconception; ‘what the meter
indicates is true, but what the eye sees is an illusion, must be avoided.
Consider, for example, an object seen by the light of a candle flame in an
otherwise darkened room. The lighted object will certainly be visible in some
detail, but the meter measurements could mistakenly be used to prove
otherwise.

The opposite Is just as possible. An example from every-day File can be used
to demonstrate that the overall quality of the lighting is important, not just the
amount of light present. A bare 150 watt incandescent light-bulb suspended
above a living-room table would probably throw sufficient light on the table to
permit of reading, but no-one would find such a situation acceptable on account
of other quality aspects. The most important of these will now be treated in
some more detail.

1.2.1 Luminance distribution in the field of view
Definition of luminance Luminance is the technical term used in lighting for objective brightness, and is

a measure for the density of the radiation emitted by a luminous surface seen
from a specified direction. Luminance is expressed In candelas per square
metre (cd/m2). Thus, the higher the luminance of a surface, the brighter it will
appear to the human eye
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Fig. 3 In an office interior strong luminance and colour contrasts should be
avoided.

From what has been said above It Is clear that although the illuminance may be
appropriate to the visual task being performed, this does not mean that the
luminance balance in the field of view will be good. This is because the eye does
not In fact perceive illuminance, but brightness, which, as we have just said, is
directly dependent upon the measurable quantity luminance. Put another way:
we do not see the light that reaches an object from a light source but rather the
light that is reflected by that object into our eyes (or the surface brightness of a
light-emitting body). And because the reflection characteristics of the surfaces
and objects in a room can vary greatly one from another. the perceived
luminance pattern can exhibit strong contrasts. If the luminance differences are
too great, perception can be made difficult; perhaps to the point where tiredness
sets In. Careful matching of surface reflectances In the field of view Is one of the
main requirements to ensure good and comfortable visual perception.

Fig. 4 The luminance ratio
between the visual task
and the immediate
surroundings should not be
greater than 3: 1 or less
than 1 :3.



The luminance distribution in the room can have an organising function too. as
when an area is emphasised, linked with another area or outlined.

Preventing excessive contrasts
An agreeable colour scheme in the interior, one that is in keeping with the
lighting, can also contribute to the visual comfort, In an office, for example, it is
preferable to avoid strong luminance and colour contrasts, as these tend to
attract the attention and so spoil the concentration of the worker (see Fig. 3).

The most favourable visual conditions are achieved when the Luminance
contrasts between the visual task for example, writing paper) and the
surrounding surfaces are kept within certain limits. As a general rule the
luminance ratio in the field of view should not be greater than 3: 1 and not less
than 1: 3 (Fig. 4). in practice, the aim should be to choose a lamp and light
fitting (or luminaire) that, in combination with the carefully chosen room-surface
reflectances, will create the best possible harmony within the room.

1.2.2 Glare prevention
The use of an unscreened light-bulb over the table to light a living room as
suggested al the end of chapter 1.2, would be unacceptable on several
accounts, the most import ant being that the bulb would be too bright. It would
cause glare.

Too high contrasts cause glare
The bulb could, of course, be fitted with a shade that hides it from view whilst
allowing it glare to light just the table, leaving the rest of the room in darkness.
But then as well the risk of glare would remain, The contrast in brightness
between the lighted table-top and the surroundings would be so great that on
looking away from the table the eyes would have to adapt to a much lower level
of brightness (Fig. 5). The continual need to adapt from light to dark and back
again leads to unnecessary tiredness, and can even result in a headache

Fig 5 In the situation depicted here, the high brightness contrast between the
lighted table-top and the relatively dark surroundings will result in adaptation
problems for the eye, leading to early tiredness and other discomforts.
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Fig. 6 If an office were to rely or daylight only for its lighting, the high luminance
of the windows would cause figures to be seen in silhouette against them,
creating a sort of 'cage-effect'.

Providing additional lighting in the room will result in a more even light
distribution and thus prevent this form of glare.

The use in factories and offices of artificial light by day to ensure that the
illuminance on the work task does not fell below a prescribed minimum value,
has now become an essential part of the services provided. The windows in a
building have a two-fold function: to allow daylight to enter, and to provide the
psychologically important visual contact with the world outside.

Daylight producing glare But windows can also have a disturbingly high luminance compared with other
luminances in the room This is especially the case when there is a light cloud
layer. which has a higher luminance than a clear sky (assuming the sun is not in
the field of view). it might perhaps be thought that daylight alone is sufficient for
work purposes, but this is certainly not the case for the people seated some
distance from the window. Such an interior, no matter how good it is in all other
respects, would do little to aid concentration, the strong contrasts existing
between the darker and lighter surfaces (including the windows), and the fact
that Figures would be seen in silhouette against the windows would create a
sort of ‘cage-effect’ (see Fig. 6).

(An additional problem would be that in countries with changeable weather
conditions daylight varies strongly at the window side from up to 80 000 lux in
direct sun light, down to 2000 lux in the shadow or with a covered sky.)

Fig. 7 Very effective devices
are nowadays at our disposal
to prevent luminaires from
causing glare. An example
the mirror louvre fitted to this
fluorescent luminaire.



Fig. 8 Reflections of
luminaires in the screen of
a video terminal are &
typical cause of reflected
glare.

Glare produced by luminaires
As to the question of the luminaires causing glare: techniques are now at our
disposal to ensure that this will not be the case (Fig. 7). This is important, for it
is very often the luminaires that form the highest luminance in the field of view,
and these are seen against (lie relatively dark background of the ceiling.

Should glare be apparent, this does not necessarily mean that the luminaire
itself is to blame; it simply means that in this particular situation the luminaire is
exhibiting an unacceptably high luminance in the direction of view of the
observer, and is therefore not really suitable for use in this way. In other words,
we are in need of information that tells us where a particular luminaire can be
used and were it cannel.

In order to he able to say whether or not a particular luminaire is suitable for
use in a given room, one must take account of five factors:
• the lighting level
• the light distribution of the luminaire
• the Iuminaire arrangement
• the size of the room
• the nature of the visual task

Reflected glare Tiredness also results when one is obliged to work at a video terminal, in the
screen of which can be seen (lie reflection of a light source, window or other
bright surface (Fig. 8).

Fig. 9 Reflected glare can also occur on the glossy paces of a book or
magazine. changing the relative position of the light source and the book (or
the reader) will usually do away with the reflections.
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Or again, when the printed page is glossy and exhibits troublesome reflection
(Fig. 9). In such cases as these, reflected glare is present to a greater or lesser
degree.

Using properly screened light sources, positioned in such a way that disturbing
reflections in the visual task are avoided will result in a better, balanced
brightness distribution in the field oh view.

1.2.3 Light directionality and shadows
Directional and diffuse lightThe direction of the light flow and the shadows produced influence the way in

which the three-dimensional world around us is perceived. We experience
lighting as being natural when this comes predominantly from above. Al the
same time, we distinguish between directional and diffuse light.

Directional light - that is to Say light reaching an object in the form of a narrow
beam, as would be the case were a spotlight employed. produces strong
shadows and highlights. This direct lighting creates strong modeling, which may
facilitate the perception of form (see Fig. 10).

Diffuse light, light that reaches an object from many directions, such as from an
overcast sky, is spread and so produces scarcely any shadow. Its ability to
provide modeling is therefore very limited, and this can sometimes make it
difficult to perceive form and contour.

In practice It is just as possible for the modeling effect of the lighting to be too
strong as too weak, so it is generally a case of finding a compromise between
directional and diffuse lighting. The solution generally adopted is to employ
diffuse general lighting supplemented with directional lighting. The direction
given to the latter component of the lighting should be so chosen as 10 avoid
producing disturbing shadows and irritating reflections. Also, an ‘unnatural’
direction of incidence should be avoided

indirect light Indirect light Is obtained when light is reflected by a surface (light-coloured walls
or ceiling), the reflected light mostly being of a diffuse nature.

When lighting an interior, it is important to choose a luminaire having the most
appropriate light distribution for it is the light distribution of the luminaires and
their location that determine the direction given to the light, which in turn
determines where the shadows will be cast.

Fig. 10 Directional lighting
produces strong shadows
and highlights and has
therefore excellent
modeling properties.



Fig. 11 Polar luminous intensity distribution curves of various types of luminaires: A -
narrow-beam, B - wide-beam, C - indirect, D - predominantly direct, F -
predominantly indirect, F - omnidirectional

Fig. 12 The careful use of light and shadow helps in revealing the three-dimensional

shape of objects.
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Fig. 13 Articles in a
show-window can be
displayed to great effect
by carefully chosen
angles of light incidence.

The light distribution can be defined in a so-called polar luminous intensity diagram (see
examples in Fig. 11). From such a diagram one can see whether the light will reach the
working plane direct, or whether it will only do so after reflection from walls and ceiling. It is
important that this be borne in mind when deciding on the direction from which to light a
particular task.

Modeling effect In a workshop, for example, one needs to be able to discern more than just contours on a
flat surface, which is the case when reading and writing; one must also be able to clearly
make out the shape and form of various three-dimensional objects (see Fig. 12). This is a
case where the presence of shadows and reflections can in fact prove much more of a
help than a hindrance. The careful use of light and shadow can also help to reveal the
presence of dangerous obstacles in time for an accident to be avoided, thereby promoting
safety. This is of particular importance in road lighting and in the lighting of outdoor
working areas such as building sites.

Articles in a shop window or museum display case can be displayed to great creative
effect by employing carefully determined irregularities in the angles of light incidence (Fig.
13). In short, the creative use of light and shadow is an essential aid in our ability to
perceive three-dimensional objects in their true perspective.

1.2.4 Light and colour
 Colour and coloured surfaces

We see our surroundings as a space in which light and colour are present. The subject of
colour is a rather complicated one, as it involves both the colour characteristics of the light
itself and the colour rendering of the illuminated surfaces. In one of the following lessons
we shall deal more in-depth with the problem of colour.

The colour of a light source depends on the spectral composition of the light emitted by it.
The apparent colour of a light reflecting surface, on the other hand, is determined by two
characteristics: the spectral composition of the light by which it is illuminated and the
spectral reflectance characteristics of the surface.

A coloured object is coloured, because it reflects light selectively. The spectral reflectance
curve of red paint, for example, shows that it reflects a high percentage of the red
wavelengths and little or none of the blue end of the spectrum. But an article painted red
can only appear red if the light falling on it contains sufficient red radiation, so that this can
be reflected.

   13



Fig. 14 The well-known
experiment with the prism clearly
shows that ‘white’ daylight is
composed of all wavelengths in
the visible part of the spectrum.

A mixture of all the wavelengths in the so-called visible part of the spectrum will, provided
they are equally represented, create the impression ‘white’ (Fig. 14).

Continuous and discontinuous spectra
A spectrum in which all wavelengths are represented is called a continuous spectrum (see
Fig. 15A). Daylight is characterised by such a spectrum and furthermore it is exhibited by
all the so-called thermal radiators, such as the flame of a candle or oil lamp and the
incandescent lamp or light-bulb. They all emit light by virtue of a material being brought to
a very high temperature at which it incandesces or burns.

This same colour impression ‘white’, as perceived by the eye, can also be achieved by a
mixture of two or more selected wavelenghts, the other wavelengths being totally absent.
Well-known examples of two complementary colours as they are called - are, for example,
purplish red and green or blue-violet and yellow light, which together produce white. Light
sources emitting discontinuous spectra are, for example, many types of gas-discharge
lamps (Fig. 156).

A piece of red cloth will appear ‘true’ red when seen illuminated by white light produced by
a continuous spectrum, but in a ‘white’ mixture of yellow and blueviolet it will look a
greyish brown. Because of the absence of red radiation, there is no red for the cloth to
reflect into the eye (see Fig. 16).

Colours under daylight and artificial light
In practice, a colour is judged as being ‘natural’ when it is the same or very close to that 
produced by daylight. Indeed, one is often inclined to look on daylight as a reference
illuminant when choosing a colour or combination of colours, although the colours seen

F
i
g
.

1
5
 Comparison between the continuous spectrum of the sun (left) and the discontinuous
‘band’ spectrum of a high-pressure mercury-discharge lamp (right). Both light sources
produce ‘white’ light.
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Fig. 16 The spectral lines of
the complementary colours
yellow and blue-violet -
which together make up
‘white’ - shown in connection
with the approximate
spectral reflectance curve of
red paint. In the part of the
spectrum where the lines
occur, very little light is
reflected by the red surface,
rendering it a greyish brown.

under daylight can in fact vary according to the time of the day, and geographical and
meteorological conditions. Curtain materials, for example, are very often chosen
using daylight, without realising that during the day the curtains will be gathered to
the sides of the window and so will receive very little daylight; it is only in the evening
that they form an important part of the decor, and then they are seen under artificial
lighting. In this case, therefore, the colour rendering given by the artificial lighting is
more important than that given by daylight. So it is best that colours that will mostly
be seen under a certain type of light should be chosen using that light.

The importance of good colour rendering
The way in which the colours around us are rendered, has a considerable influence
on our colour rendering mood and sense of wellbeing. But is of particular importance
in a strictly practical sense, as when certain objects must be seen in their ‘true'
colours. Generally speaking, the lighting employed in an interior must be so chosen
that familiar objects (e.g. foods, drinks) and above all skin colours, are pleasant and
natural. The enormous variety of lamps now available makes it possible to create just
about any effect desirable.

But there are times when true colour rendering is of little or no importance. Road
lighting is an example, the purpose here being to make the road and objects on it
clearly visible to the motorist, and colour plays practically no part in this.

Summing up
Principal lighting parameters

To sum up what has been discussed so far. We have seen that the quality of the
lighting is determined in the end by a number of parameters, the most important of
which are:

• the amount of light
• the spatial distribution of the light, in other words, the degree of uniformity and the

luminance distributions in the field of view
• freedom of glare
• light directionality and modeling effect, in other words, the composition of diffuse and

directional light, the direction of incidence, and the presence of shadows and
reflections.

• light colour and colour rendering

None of these parameters can be ignored without destroying the overall impression
created by the lighted surroundings.
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2. Total environment conditioning
When seeking a practical solution to a lighting problem it is essential to begin by
considering the needs of the user. This is the person or persons who work or
relax in the space concerned. Ergonomic studies have indicated that work is
performed most efficiently when there is a balance existing between the
technical needs of the worker and his personal needs.

Ergonomics Ergonomics (Work Study) is the study of work in relation to the environment in
which it is performed and the personnel who perform it, and the application of
scientific knowledge to the improvement of efficiency, whilst at the same time
striving to avoid excessive or unnecessary effort on the part of the worker.

It would appear that we are very good at adapting to the conditions forced upon
us. We can work with badly designed and built machines, learn to use difficult
tools, and work under poor lighting. But we are not then working at maximum
efficiency, and our health can suffer as a result.

Consequently, we expect of the lighting designer of today that he will do more
than merely provide us with enough light, but that he will set himself the task of
designing an installation that will as near as possible satisfy the requirements
imposed by ourselves regarding the lighting in the space in which we are to
work or relax. Here again, the personal needs of man should be of paramount
importance.

A good lighting installation does more than reveal to us our surroundings so that
we are able to work efficiently and in safety. Nowadays we expect far more than
this; lighting is now seen as more of a way of creating a pleasant atmosphere in
the interior as a whole and as a means of providing comfortable conditions in
which to work. The lighting accentuates the functional and decorative qualities
of the space, and also its proportions. It is not there just to promote the visual
efficiency of the worker - something that can to a certain extent be expressed in
numbers; it has more to do with the impression received of the lighted space
about us. The lighting determines the mental atmosphere: cool or warm,
businesslike or pleasant, happy or somber.

The lighting, based on the modern means at our disposal and on knowledge
freshly acquired, must form an integral part of the lighted scene (interior, sports
stadium or complex traffic junction). But due attention should be given to
possible future technological developments so as to ensure the continuing
economic viability of the installation, for it may well have to operate efficiently for
15 years or more.

Total environment conditioning
In offices, nowadays often equipped with video display unit work stations, and in
drawing
offices and factories, the lighting will be chiefly functional, with built-in flexibility
to allow for changes in layout. In private homes, shops, and places with an
image to project, on the other hand, the accent will be more on the decorative
element. But the general aim in all cases, in business and leisure sectors alike,
is that the lighting should help create a pleasant atmosphere. In this context, the
lighting forms a part of the complex technique called ‘total environment
conditioning’.

With the shift in accent from quantity to quality, lighting engineering has ceased
to be the exclusive domain of the lighting engineer; it is now increasingly
becoming part of the domain of architect, medical man, window-dresser, stage-
manager, and artist.
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3. A few examples of lighting installations

The various aspects touched upon to date can perhaps best be illustrated by
describing a number of completed lighting projects. In all of the four examples
considered, the starting point was the conditions imposed on the lighting in the
situation concerned.

Lighting plan evolved at an early stage of development
Experience shows that a lighting installation that is designed at an early stage in
the design of the project as a whole will be better and cheaper to operate than an
installation designed at a later stage. In the case of the installations described
here, there was close collaboration between client, architect, building contractor,
lighting expert, and electrical contractor, each with an understanding of the
other’s views and wishes.

The four examples described below, although very different one from one
another, serve to illustrate how each has its own requirements with regard to the
lighting. Clearly, before becoming involved in choice of lighting levels and lighting
system, one must first determine precisely what these requirements are in a given
situation.

3.1 Landscaped office
Fig. 17 shows a department in a large, modern office building, the lighting in
which is in all respects of a very high standard. For example, the average
illuminance on the working plane is about 900 lux. The lamps employed are
tubular fluorescents of the type ‘white de

17
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Fig. 18 Tubular fluorescent
luminaire for mounting in
false ceilings, fitted with
slots for connection to the
air-supply.

luxe’, colour code 484; these give very good colour rendering, which has a positive
influence on the character of the office. Moreover, the light from these lamps combines
very well with daylight.

The fluorescent tubes are housed in well-screened lurninaires, with the result that the
luminances looking both along an across the luminaires are low. The luminaires are
recessed in the ceiling and run in rows running parallel to the long wall of the office. The
first row is close to the wall, and the spacing between rows is 2 metres. In this way, the
ratio of the minimum to maximum illurninance is 1 : 1,5.

This office is a typical example of where a good balance has been obtained between
diffuse general lighting and directional fill-in, or supplementary, lighting. This balance is
obtained by virtue of the light-distribution characteristics of the mirror reflector
lurninaires employed, which are equipped with transverse louvres. The result is a
pleasant brightness distribution with adequate modeling without disturbing shadows or
reflections.

The comfort of the workers is physically enhanced by an air-handling system. The
luminaires are provided with slots along their sides (see Fig. 18), and these slots are
connected to the air-supply trunking hidden in the false ceiling.

3.2 Sports hall
The large sports hall in Novi Sad, Yugoslavia (Fig. 19) was built and equipped for the
staging of both sporting and cultural events. A two-part lighting system was developed
that allows both types of activity to be televised in colour.

For sporting events, the lighting can be switched in no fewer than ten different ways,
each switching step providing a lighting arrangement and lighting level appropriate to a
different type or level of sport. Sporting events at an international level can be televised
in colour.

A choice of lighting levels according to the type of activity
The lowest lighting level, a horizontal illuminance of 200 lux, is perfectly adequate for
sporting events of a recreational nature and for training purposes. But when all the 108
floodlights (fitted with 2000 W metal halide lamps) installed to provide the lighting for
top sports are switched on, an average horizontal illuminance of 3500 lux can be
obtained, with a vertical illuminance In the direction of the various TV cameras of 2000
lux. The high vertical illuminance is necessary for the colour television cameras, but
also for the human eye to be able to easily follow the rapid movements of players and
ball, as in the table-tennis tournament shown in the photograph.

18



Fig. 19 Sports hall.

During a TV broadcast, it is also necessary to provide an adequate background brightness
to the scene being televised, so that spectators on the stands will be visible to the
camera’s eye. This requirement has been met by aiming twelve 400 watt metal halide
floodlights down onto the stand opposite the camera position at such an angle as to
prevent them from causing glare to the spectators seated there.

The lighting provided for cultural activities makes use of up to 92 floodlights housing either
1000 W or 2000 W halogen lamps. One of the switching steps provided gives a level
variable between zero and 250 lux, the next step taking this up to 500 lux.

The lighting described here is typical of that required to provide relatively high vertical
illuminances for both players and spectators. For obvious reasons, the high horizontal
illuminances are concentrated on the central area where the activities take place.

3.3 Factory hall
Fig. 20 shows a large machine-shop in which the emphasis is naturally on functionality and
productivity. The lighting must permit of precision working, and this means providing an
average illuminance of some 1400 lux.

The solution was to employ tubular fluorescents (colour code -/33) housed in reflector
luminaires suspended from the roof in a more or less square arrangement (3,31 m x 3,06
m) at a height of 5,25 m above the floor. In one direction the luminaires are of the
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Fig. 20 Factory hall

twin-lamp type, while in the other direction single-lamp units are employed. This
arrangement greatly facilitates the perception of three-dimensional objects on the
working plane. At the same time, the difference in brightness between the lamps and
the space above them, in which the disturbing arrangement of heating and
ventilating ducting is located, serves to hide the latter from view.

Quantity and quality in factory lighting
This is an example of lighting in which the functional has been combined with the
aesthetical in a pure production environment; that is to say quantity and quality exist
side by side.

3.4 Motorway junction
Of the various types of road lighting installations, the one gaining the highest quality
mark is the so-called ‘catenary’ lighting system. It is therefore to an increasing extent
used for the lighting of high-traffic density motorways.

The principle of catenary lighting is that the luminaires are suspended in the
lengthwise direction from a pair of cables, not unlike the overhead of an electrified
railway. The topmost cable hangs in a curve following a ‘catenary’ and carries the
actual mechanical load. The lower cable is tightly stretched and gives the necessary
rigidity to the system. Vertical stay wires connect the two cables, at places where the
luminaires are suspended.

Because the luminaires throw their light crosswise, very wide roads can be
adequately illuminated, as the photograph clearly shows. Also, a high degree of
uniformity of the road surface luminance is obtained for a minimum amount of glare.
Finally, the catenary lighting system offers excellent visual guidance at night, whilst
being unobtrusive at
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Fig. 21 Motorway junction.

daytime. These advantages become even more manifest under adverse weather
conditions, like rain and fog, when the catenary system shows itself distinctly superior
to conventional road lighting installations.

The luminaires used are special types, equipped with low-pressure sodium lamps.
These are the most efficient light sources now commercially available, having a
luminous output per watt of more than ten times that of an incandescent lamp.

The installation depicted is the Eemnes Junction in the Dutch motorway system.
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Exercise material
The answers must be sent in to the local course coordinator.

1. Which lighting parameter a. illuminance �
represents the quantity of b. luminance �
light incident on a surface? c. brightness �

d. glare �

2. In what order is the ratio a. 102 �
between the extremes of lighting b. 104 �
levels present under natural c. 106 �
conditions? d. 108 �

3.     Which is the minimum lighting                 a.     100 lux       �
level recommended for general b. 250 lux �
offices? c. 750 Iux �

d. 2000 lux �

4. Where will the highest luminance a. bathroom �
ratios in the field of view b. jeweler’s shop �
generally be encountered? c. classroom �

d. design office �

5. Under white light made up from a. grey �
the complementary colours yellow b. brown �
and blue-violet, an orange will look: c. green �

d. yellow �

6. The age of a worker has a bearing a. lighting level �
on the preferred: b. luminance distribution �

c. colour rendering �
d. depth of shadow �

7. Lighting a shop window exclusively a. poor colour rendering �
with 'TL' lamps is generally b. insufficient modeling �
not advisable, because of: c. risk of reflections �

d. risk of glare �

8. Which of the following is not a a. light output �
quality parameter? b. lighting level �

c. light directionality �
d. colour �

9. Under which circumstances will an a. with poor colour rendering �
unscreened 'TL’ lamp cause the b. with poor modeling �
most glare? c. against a bright ceiling �

d. against a dark ceiling �

10. The role of lighting in total a. creating a pleasant atmosphere �
environment conditioning can be b avoiding strong luminance
described as: and colour contrasts �

c. promoting visual efficiency �
d. conforming international

recommendations �

22


