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2.6 Controlling light
2.6.1 Principles

Luminaires have a number of functions.
The first is to accommodate one or more
lamps plus any necessary control gear.
Mounting, electrical connection and 
servicing must be as easy and safe as 
possible. 

The construction of the luminaires
guarantees that the user is protected from
contact with live components (electric
shock) and that there is no danger 
of surrounding surfaces and objects over-
heating (fire prevention). Luminaires that
are to be applied under specific operating
conditions – e.g. rooms where there is a
danger of an explosion, or damp or humid
spaces – must be designed to meet the
more stringent requirements. Besides these
electrical and safety aspects luminaires
also have an aesthetic function as 
an integral part of the architectural design
of a building. It is equally important 
that the form and arrangement of
the luminaires and the lighting effects are 
appropriate.

The third and perhaps most essential
task the luminaire has to fulfil is to 
control the luminous flux. The aim is to
produce a light distribution in accordance
with the specific functions the luminaire
is required to fulfil, utilizing energy as 
effectively as possible. 

Even in the days of the first artificial light
source, the flame, luminaires were develo-
ped to ensure that the light source could
be mounted and transported safely. With
the advent of considerably stronger light
sources – first gas lighting and later 
electric lamps – it became more important
to construct luminaires that could control
luminance and ensure that the light was
distributed as required.  

Luminaire technology was first con-
fined to providing a shielding element for
the lamp and reducing the luminous in-
tensity of the lamp by means of diffusing
lampshades or canopies. This was one way
of limiting glare, but did not control 
the distribution of the light, which 
was absorbed or able to scatter in un-
defined directions. You will still find this
combination of lamp and lampshade 
today – especially in the decorative 
market – in spite of their being relatively
inefficient.

The introduction of reflector and PAR
lamps, which were used widely in the USA,
marked the first step towards controlling
light purposefully and efficiently. In these
light sources the light is concentrated 
by the reflectors that form an integral part
of the lamp and efficiently directed as 
required in defined beam angles. In 
contrast to luminaires with exposed lamps,
the lighting effect was therefore no 
longer confined to the vicinity of the 
luminaire. It became possible to accentu-
ate specific areas from almost any point
within the space. The reflector lamp 
took on the task of controlling the light;

the luminaire only served as a device to
hold the lamp and as a means for limiting
glare. 

One disadvantage of reflector lamps
was the fact that every time you replaced
the lamp you also replaced the reflector,
which meant high operating costs. Apart
from that, there were only a few standar-
dised reflector types available, each 
with different beam angles, so for special
tasks – e.g. asymmetrical light distribution
in the case of a washlight – there was fre-
quently no suitable reflector lamp availa-
ble. The demand for more differentiated
lighting control, for enhanced luminaire
efficiency and improved glare limitation
led to the reflector being taken from the
lamp and integrated into the luminaire.
This means that it is possible to construct
luminaires that are designed to meet the
specific requirements of the light source
and the task which can now be applied as
instruments for differentiated lighting 
effects.

2.6.1 Principles of controlling light

Various optical phenomena can be used in
the construction of luminaires as a means
for controlling light:

2.6.1.1 Reflection

In the case of reflection, the light falling
onto a surface is fully or partially reflected,
depending on the reflecting coefficient 
of this surface. Besides reflectance the
degree of diffusion of the reflected light
is also significant. In the case of specular
surfaces there is no diffusion. The greater
the diffusing power of the reflecting 
surface, the smaller the specular component
of the reflected light, up to the point where
only diffuse light is produced. 

Specular reflection is a key factor 
in the construction of luminaires; the pur-
poseful control of light can be achieved
through specially designed reflectors and
surfaces, which also define the light out-
put ratio.

2.6.1.2 Transmission

Transmission describes how the light fal-
ling on a body is totally or partially trans-
mitted depending on the transmission
factor of the given body. The degree 
of diffusion of the transmitted light must
also be taken into account. In the case 
of completely transparent materials there
is no diffusion. The greater the diffusing
power, the smaller the direct component
of the transmitted light, up to the point
where only diffuse light is produced.  

Transmitting materials in luminaires
can be transparent. This applies to simple
front glass panels, or filters that absorb
certain spectral regions but transmit others,
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Metals

Aluminium, highly specular 0.80–0.85
Aluminium, anodised, matt finish 0.75–0.85
Aluminium, matt finish 0.50–0.75
Silver, polished 0.90
Copper, polished 0.60–0.70
Chrome, polished 0.60–0.70
Steel, polished 0.50–0.60

Building materials

Plaster, white 0.70–0.85
Gypsum 0.70–0.80
Enamel, white 0.60–0.70
Mortar, light 0.40–0.50
Concrete 0.30–0.50
Granite 0.10–0.30
Brick, red 0.10–0.20
Glass, clear 0.05–0.10

Paint finish

White 0.70–0.80
Pale yellow 0.60–0.70
Pale green, light red, pale blue, light grey 0.40–0.50
Beige, ochre, orange, mid-grey, 0.25–0.35
dark grey, dark red, 0.10–0.20
dark blue, dark green
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Luminous intensity
distribution I (top left)
and luminance dis-
tribution L (top right) in
the case of diffuse re-
flection. The luminance
distribution is the same
from all angles of view.
Luminous intensity
distribution in the case
of mixed reflection
(centre) and specular
reflection (below).

Reflection factor of
common metals, paint
colours and building
materials.

Specular reflection of
parallel beams of light
falling onto a flat sur-
face (parallel path of
rays), concave surface
(converging rays) and
convex surface (diver-
ging rays).

Luminous intensity
distribution I (top left)
and luminance dis-
tribution L (top right) in
the case of diffuse
transmission. The lumi-
nance distribution is
the same from all
angles of view. Luminous
intensity distribution
in the case of mixed
transmittance (centre)
and direct trans-
mittance through trans-
parent material (below). 
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thereby producing coloured light or a re-
duction in the UV or IR range. Occasionally
diffusing materials – e.g. opal glass or
opal plastics – are used for front covers in
order to reduce lamp luminance and help
to control glare. 

2.6.1.3 Absorption

Absorption describes how the light falling
on a surface is totally or partially absorbed
depending on the absorption factor of the
given material. 

In the construction of luminaires 
absorption is primarily used for shielding
light sources; in this regard it is essential 
for visual comfort. In principle, absorption
is, however, not wanted, since it does 
not control, but rather wastes light, there-
by reducing the light output ratio of 
the luminaire. Typical absorbing elements
on a luminaire are black multigrooved
baffles, anti-dazzle cylinders, barn doors
or louvres in various shapes and sizes.

2.6.1.4 Refraction

When beams of light enter a clear trans-
mitting medium of differing density – from
air into glass and vice versa from glass
into the air, for example – it is refracted,
i.e. the direction of its path is changed. 
In the case of objects with parallel surfaces
there is only a parallel light shift, whereas
prisms and lenses give rise to optical 
effects ranging from change of radiation
angle to the concentration or diffusion 
of light to the creation of optical images.
In the construction of luminaires re-
fracting elements such as prisms or lenses
are frequently used in combination with
reflectors to control the light.

2.6.1.5 Interference

Interference is described as the intensifi-
cation or attenuation of light when waves
are superimposed. From the lighting point
of view inteference effects are exploited
when light falls on extremely thin layers
that lead to specific frequency ranges
being reflected and others being trans-
mitted. By arranging the sequence of thin
layers of metal vapour according to 
defined thicknesses and densities, selective
reflectance can be produced for specific
frequency ranges. The result can be
that visible light is reflected and infrared
radiation transmitted, for example – as is
the case with cool-beam lamps. Reflectors
and filters designed to produce coloured
light can be manufactured using this
technique. Interference filters, so-called
dichroic filters, have a high transmission
factor and produce particularly distinct
separation of reflected and transmitted
spectral ranges.
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When transmitted from
one medium with 
a refractive index of n1

into a denser medium
with a refractive index
of n2 rays of light are
diffracted towards the
axis of incidence (™1> ™2).
For the transition 
from air to glass the re-
fractive index is approx.
n2/ n1=1.5.

When transmitted
through a medium of a
different density, rays 
are displaced in parallel.

Typical ray tracing 
through an asymmetri-
cal prismatic panel
(top left), symmetrical
ribbed panel (top right),
Fresnel lens (bottom
left) and collecting lens
(bottom right).

There is an angular limit
™G for the transmission
of a ray of light 
from a medium with a 
refractive index of n2

into a medium of less
density with a refractive
index of n1. If this 
critical angle is exceeded
the ray of light is re-
flected into the denser
medium (total reflec-
tion). For the transition
from glass to air the
angular limit is approx.
™G = 42°. Light guides
function according 
to the principle of total
internal reflection (be-
low).

= n2
n1

sin ™1
sin ™2

sin ™G = n2
n1
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2.6.2 Reflectors

Reflectors are probably the most important
elements in the construction of lumi-
naires for controlling light. Both reflectors
with diffusely reflecting surfaces – mostly
white or with a matt finish – and highly
specular surfaces are used. These reflectors
were originally made of glass with a 
mirrored rear surface, which led to the term
which is still used today: mirror reflector
technology. Anodized aluminium or
chrome or aluminium-coated plastic are
generally used as reflector material today.
Plastic reflectors are reasonably low-priced,
but can only take a limited thermal load
and are therefore not so robust as aluminium
reflectors, whose highly resistant anodized
coating provides mechanical protection
and can be subjected to high temperatures. 

Aluminium reflectors are available 
in a variety of qualities, ranging from high-
quality super-purity aluminium to reflec-
tors with only a coating of pure aluminium.
The thickness of the final anodised 
coating depends on the application; for
interior applications it is around 3–5 µm,
for luminaires to be used in exterior spaces
or chemically aggressive environments 
up to 10 µm. The anodising process 
can be applied to the aluminium coil (coil 
anodising) or on the finished reflectors
(stationary anodising), which is more ex-
pensive. 

The surfaces of the reflectors can have
a specular or matt finish. The matt finish
produces greater and more uniform 
reflector luminance. If the reflected light
beam is to be slightly diffuse, be it to attain
softer light or to balance out irregularities
in the light distribution, the reflector 
surfaces may have a facetted or hammered
finish. Metal reflectors may receive a
dichroic coating, which can control light
luminous colour or the UV or IR component. 

Light distribution is determined to 
a large extent by the form of the reflector.
Almost all reflector shapes can be attributed
to the parabola, the circle or the ellipse.

88

Circle (1), ellipse (2), 
parabola (3) and hyper-
bola (4) as the sectio-
nal planes of a cone
(above). Diagram of 
the sectional planes
and sections (below).

Ray tracing from a
point light source
when reflecting on
circle, ellipse, para-
bola and hyperbola
(from top to bottom).
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2.6.2.1 Parabolic reflectors

The most widely used reflectors are para-
bolic reflectors. They allow light to be
controlled in a variety of ways – narrow-
beam, wide-beam or asymmetrical dis-
tribution, and provide for specific glare 
limitation characteristics. 

In the case of parabolic reflectors the
light emitted by a light source located at
the focal point of the parabola is radiated
parallel to the parabolic axis. The more
the light source deviates from the ideal
point source – in relation to the diameter
of the parabola – the more the rays of
light emitted will diverge. 

If the reflector contour is constructed
by rotating a parabola or parabolic segment
around its own axis, the result is a reflector
with narrow-beam light distribution. 
In the case of linear light sources a similar
effect is produced when rectangular re-
flectors with a parabolic cross section are
used. 

If the reflector contour is constructed
by rotating a parabolic segment around
an axis, which is at an angle to the para-
bolic axis, the result is a reflector with
wide-beam to batwing light distribution
characteristics. Beam angles and cut-off
angles can therefore basically be defined 
as required, which allows luminaires 
to be constructed to meet a wide range 
of light distribution and glare limitation
requirements. 

Parabolic reflectors can also be applied
with linear or flat light sources – e.g. PAR
lamps or fluorescent lamps, although
these lamps are not located at the focal
point of the parabola. In this case the aim
is not so much to produce parallel direc-
tional light but optimum glare limitation.
In this type of construction the focal
point of the parabola lies at the nadir of
the opposite parabolic segments, with the
result that no light from the light source
located above the reflector can be emit-
ted above the given cut-off angle. Such
constructions are not only possible 
in luminaires, but can also be applied to
daylight control systems; parabolic 
louvres – e.g. in skylights – direct the sun-
light so that glare cannot arise above the
cut-off angle.
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Parabolic reflector with
short distance between
focal point and apex 
of the reflector; reflector
acts as a cut-off element.

Parabolic reflector with
greater distance be-
tween focal point and
apex of the reflector; no
shielding for direct rays.

Parabolic reflector with
greater distance be-
tween focal point and
apex of the reflector,
spherical reflector as a
shielding element.

Parabolic contours of 
rectangular reflectors and
rotationally symmetrical
reflectors.

Parabolic reflector with
intense directional light
(above). Wide-angle 
parabolic reflector with
cut-off angle å (below).

Reflector contours for
parallel rays / parabola
(top left), converging
rays /ellipse (top right),
diverging rays /hyper-
bola (bottom left) and
converging-diverging
rays (bottom right).

Parabolic reflector for
glare limitation for flat
and linear light sour-
ces. When the focal
point is located at the
nadir (1) of the opposite
parabolic segment no
light is radiated above
the cut-off angle å.
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2.6.2.2 Darklight reflectors

In the case of the above-mentioned para-
bolic reflectors clearly defined light radia-
tion – and effective glare limitation – is
only possible for exact, point light sources.
When using larger radiating sources – 
e.g. frosted incandescent lamps – glare
will occur above the cut-off angle; glare
is visible in the reflector, although the
lamp itself is shielded. By using reflectors
with a variable parabolic focal point 
(so-called darklight reflectors) this effect
can be avoided; brightness will then only
occur in the reflector of larger radiating
sources below the cut-off angle, i.e. when
the light source is visible. 

2.6.2.3 Spherical reflectors

In the case of spherical reflectors the light
emitted by a lamp located at the focal
point of the sphere is reflected to this 
focal point. Spherical reflectors are used
predominantly as an aid in conjunction
with parabolic reflectors or lens systems.
They direct the luminous flux forwards
onto the parabolic reflector, so that it also
functions in controlling the light, or 
to utilize the light radiated backwards by
means of retroreflection back towards the
lamp.

2.6.2.4 Involute reflectors

Here the light that is emitted by the lamp
is not reflected back to the light source,
as is the case with spherical reflectors, but
reflected past the lamp. Involute reflec-
tors are mainly used with discharge lamps
to avoid the lamps over-heating due 
to the retro-reflected light, which would 
result in a decrease in performance.

2.6.2.5 Elliptical reflectors

In the case of elliptical reflectors the light
radiated by a lamp located at the first 
focal point of the ellipse is reflected to the
second focal point. The second focal point
of the ellipse can be used as an imaginary,
secondary light source. 

Elliptical reflectors are used in recessed
ceiling washlights to produce a light effect
from the ceiling downwards. Elliptical 
reflectors are also ideal when the smallest
possible ceiling opening is required for
downlights. The second focal point will be
an imaginary light source positioned 
at ceiling level; it is, however, also possible
to control the light distribution and 
glare limitation by using an additional para-
bolic reflector.
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Darklight technology.
By using reflectors 
with a variable para-
bolic focal point 
no light is radiated
above cut-off angle å, 
especially in the case 
of volume radiating
sources.

Through the calculation
of specific reflector
contours various cut-
off angles and distri-
bution characteristics
can be obtained for the
same ceiling opening
and lamp geometry.

Involute reflectors:
light radiated by the
lamp is reflected past
the light source.

Elliptical reflectors in
double-focus down-
lights (above), wall-
washers (centre) and
spotlights (below).
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2.6.3 Lens systems

In contrast to prismatic louvres, lenses are
used practically exclusively for luminaires
for point light sources. As a rule the optical
system comprises a combination of one
reflector with one or more lenses.

2.6.3.1 Collecting lenses

Collecting lenses direct the light emitted by
a light source located in its focal point 
to a parallel beam of light. Collecting lenses
are usually used in luminaire constructions
together with a reflector. The reflector 
directs the overall luminous flux in beam
direction, the lens is there to concentrate
the light. The distance be-tween the
collecting lens and the light source is
usually variable, so that the beam angles
can be adjusted as required.

2.6.3.2 Fresnel lenses

Fresnel lenses consist of concentrically
aligned ring-shaped lens segments. The 
optical effect of these lenses is compara-
ble to the effect produced by conventio-
nal lenses of corresponding shape 
or curvature. Fresnel lenses are, however,
considerably flatter, lighter and less ex-
pensive, which is why they are frequently
used in luminaire construction in place 
of converging lenses. 

The optical performance of Fresnel
lenses is confined by aberration in the 
regions between the segments; as a rule
the rear side of the lenses is structured 
to mask visible irregularities in the light dis-
tribution and to ensure that the beam
contours are soft. Luminaires equipped
with Fresnel lenses were originally mainly
used for stage lighting; in the meantime
they are also used in architectural
lighting schemes to allow individual 
adjustment of beam angles when the 
distance between luminaires and objects
varies.

2.6.3.3 Projecting systems

Projecting systems comprise an elliptical
reflector or a combination of spherical re-
flector and condenser to direct light 
at a carrier, which can be fitted with optical
accessories. The light is then projected 
on the surface to be illuminated by the main
lens in the luminaire.  

Image size and beam angle can be 
defined at carrier plane. Simple aperture
plates or iris diaphragms can produce 
variously sized light beams, and contour
masks can be used to create different
contours on the light beam. With the aid
of templates (gobos) it is possible to 
project logos or images. 

In addition, different beam angles or
image dimensions can be selected depen-
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Collecting lens (above)
and Fresnel lens (below).
The beam angle can be
varied by changing the
distance between lens
and light source.

Projector with projec-
ting system: a uniformly
illuminated carrier (1) is
focussed via a lens sy-
stem (2). The ellipsoidal
projector (above) with
high light output, and
the condenser projector
(below) for high quality
definition.
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ding on the focal length of the lenses. In
contrast to luminaires for Fresnel lenses 
it is possible to produce light beams with
sharp contours; soft contours can be 
obtained by setting the projector out of
focus. 

2.6.4 Prismatic systems

Another optical means of controlling light
is deflection using prisms. It is known
that the deflection of a ray of light when
it penetrates a prism is dependent on 
the angle of the prism. The deflection angle
of the light can therefore be determined
by the shape of the prism.  

If the light falls onto the side of the
prism above a specific angle, it is not longer
refracted but reflected. This principle 
is also frequently applied in prismatic
systems to deflect light in angles beyond
the widest angle of refraction. 

Prismatic systems are primarily used
in luminaires that take fluorescent lamps
to control the beam angle and to ensure
adequate glare limitation. This means 
that the prisms have to be calculated for
the respective angle of incidence and
combined to form a lengthwise oriented
louvre or shield which in turn forms the
outer cover of the luminaire.

2.6.5 Accessories

Many luminaires can be equipped with
accessories to change or modify their
photometric qualities. The most important
are supplementary filters, which provide
coloured light, or reduce the UV or IR
component. Filters may be made of plastic
foil, although glass filters are more durable.
Apart from conventional absorption 
filters there are also interference filters
(dichroic filters) available, which have
high transmission and produce exact 
separation of transmitted and reflected
spectral components. 

Wider and softer light distribution
can be achieved using flood lenses, whereas
sculpture lenses produce an elliptical light
cone. Additional glare shields or honey-
comb anti-dazzle screens can be used 
to improve glare limitation. In the case of
increased risk of mechanical damage,
above all in sports facilities and in areas
prone to vandalism, additional protective
shields can be fitted.
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Light head of a spot-
light to which various
accessories can be 
fitted.

Accessories (from the
top down): flood lenses
to widen the light beam.
Sculpture lens to pro-
duce an oval light beam.
Multigroove baffle and
honeycomb anti-dazzle
screen to control the
light beam and reduce
glare.

Typical light distribution
of a fluorescent lamp
equipped with prismatic
optics.

Spectral transmission † (¬)
for conventional filters.
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Heat sink made of cast
aluminium

Lamp housing

Terminal block

Tilting stirrup for adju-
sting the lamp bracket

Fixed darklight reflector

PAR lamp as light source
and integral part of the
optical system

Mounting ring

Recessed directional
spotlight for PAR lamp.
Recessed directional
spotlights are both 
dis-creet and flexible,
blending harmoniously
with the ceiling design
and with all the 
advantages of conven-
tional spotlights

Ceramic lamp holder
for E 27 cap
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