
Handbook of
Lighting Design

E EditionRüdiger Ganslandt
Harald Hofmann

Vieweg

1,70 m

0˚
10˚

20˚
45˚

45˚

1,20 m

15˚ 25˚ 40˚

90˚



Title Handbook of Lighting Design 

Authors Rüdiger Ganslandt
Harald Hofmann

Layout and otl aicher and
graphic design Monika Schnell

Drawings otl aicher
Reinfriede Bettrich
Peter Graf
Druckhaus Maack

Reproduction Druckhaus Maack, Lüdenscheid
OffsetReproTechnik, Berlin
Reproservice Schmidt, Kempten

Setting/printing Druckhaus Maack, Lüdenscheid

Book binding C. Fikentscher
Großbuchbinderei Darmstadt

© ERCO Leuchten GmbH, Lüdenscheid
Friedr. Vieweg & Sohn Verlagsgesell-
schaft mbH, Braunschweig/Wiesbaden
1. edition 1992

The Vieweg publishing company is a Ber-
telsmann International Group company.

All rights reserved. No part of this publi-
cation may be reproduced in any form or
by any means without permission from
the publisher. This applies in particular to
(photo)copying, translations, microfilms
and saving or processing in electronic 
systems.

Printed in Germany



1,0

0,8

0,6

0,4

0,2

500 1000 1500 2000 2500
¬ (nm)

Se (%)

10 16

10 14

10 12

10 10

10

10

10

10

10 0

10

10

10 6-

4-

2-

2

4

6

8

Medium wave

Cosmic radiation

Long wave

Audio
frequencies

Short wave
Ultra short wave

Microwaves
Radar

IR radiation

Centimetre waves
Decimetre waves

UV radiation
X rays

Gamma rays

¬ (nm) ¬ (nm)

300

350

400

450

500

550

600

650

700

750

800

850

IR radiation

UV radiation

2.3 Light and light sources2.3

Light, the basis for all vision, is an element
of our lives that we take for granted. 
We are so familiar with brightness, darkness
and the spectrum of visible colours that
another form of perception in a different
frequency range and with different colour
sensitivity is difficult for us to imagine.
Visible light is in fact just a small part of an
essentially broader spectrum of electro-
magnetic waves, which range from cosmic
rays to radio waves. 

It is not just by chance that the 380 to
780 nm range forms the basis for our 
vision, i.e. “visible light”. It is this very range
that we have at our disposal as solar 
radiation on earth in relatively uniform
amounts and can therefore serve as a re-
liable basis for our perception. 

The human eye therefore utilises the
part of the spectrum of electromagnetic
waves available to gather information 
about the world around us. It perceives the
amount and distribution of the light that
is radiated or reflected from objects 
to gain information about their existence 
or their quality; it also perceives the colour
of this light to acquire additional infor-
mation about these objects.

The human eye is adjusted to the only light
source that has been available for millions
of years – the sun. The eye is therefore 
at its most sensitive in the area in which 
we experience maximum solar radiation.
Our perception of colour is therefore 
also attuned to the continuous spectrum
of sunlight.

The first artificial light source was the flame
of fire, in which glowing particles of 
carbon produce light that, like sunlight, has
a continuous spectrum. For a long time
the production of light was based on this
principle, which exploited flaming torches
and kindling, then the candle and the 
oil lamp and gas light to an increasingly
effective degree. 

With the development of the incan-
descent mantle for gas lighting in the 
second half of the 19th century the principle
of the self luminous flame became 
outdated; in its place we find a material that
can be made to glow by heating – 
the flame was now only needed to produce
the required temperature. Incandescent 
gas light was accompanied practically 
simultaneously by the development of
electric arc and incandescent lamps,
which were joined at the end of the 19th
century by discharge lamps.

In the 1930s gas light had practically been
completely replaced by a whole range 
of electric light sources,whose operation
provides the bases for all modern light
sources. Electric light sources can be divided
into two main groups, which differ 
according to the processes applied to convert
electrical energy into light. One group
comprises the thermal radiators, they include
incandescent lamps and halogen lamps.
The second group comprises the discharge
lamps; they include a wide range of light
sources, e.g. all forms of fluorescent lamps,
mercury or sodium discharge lamps and
metal halide lamps.
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Light and light
sources

Relative spectral dis-
tribution Se (l) of solar
radiation (sunlight 
and sky light) with 
a pronounced emission 
maximum in the visible
range.

Ranges of electromag-
netic radiation. The
spectrum of visible ra-
diation comprises the
narrow band between
380 and 780 nm.



Incandescent lamps Halogen lamps

Low-voltage
halogen lamps

Fluorescent lamps Mercury lamps

Compact
fluorescent lamps

Metal halide lamps

Low-pressure
sodium lamps

High-pressure
sodium lamps

High-pressure lampsLow-pressure lamps

Discharge lampsThermal radiators

Technical lamps
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Representation of the
different kinds of 
electric light sources
according to the 
means of their light
production. In the case
of technical lamps 
the main distinction 
is between thermal 
radiators and discharge
lamps. Discharge lamps
are further subdivided
into high-pressure and

low-pressure lamps.
Current developments
show a marked trend
towards the develop-
ment of compact light
sources such as low-
voltage halogen lamps,
compact fluorescent
lamps and metal halide
lamps.
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2.3.1 Incandescent lamps

The incandescent lamp is a thermal radiator.
The filament wire begins to glow 
when it is heated to a sufficiently high
temperature by an electric current. As the
temperature increases the spectrum 
of the radiated light shifts towards
the shorter wavelength range – the red heat
of the filament shifts to the warm white
light of the incandescent lamp. Depending
on lamp type and wattage the tem-
perature of the filament can reach up to
3000 K, in the case of halogen lamps over
3000 K. Maximum radiation at these 
temperatures still lies in the infrared range,
with the result that in comparison to the 
visible spectrum there is a high degree of
thermal radiation and very little UV radia-
tion. Lack of a suitable material for the 
filament means that it is not possible to
increase the temperature further, which
would increase the luminous efficacy and
produce a cool white luminous colour. 
As is the case with all heated solid bodies
– or the highly compressed gas produced
by the sun – the incandescent lamp 
radiates a continuous spectrum. The spectral
distrbution curve is therefore continuous
and does not consist of a set of individual
lines. The heating of the filament wire 
results from its high electrical resistance –
electrical energy is converted into radiant
energy, of which one part is visible light.
Although this is basically a simple principle,
there are a substantial number of practical
problems involved in the construction 
of an incandescent lamp. There are only a
few conducting materials, for example,
that have a sufficiently high melting point
and at the same time a sufficiently low
evaporation rate below melting point that
render them suitable for use as filament
wires.

Nowadays practically only tungsten is used
for the manufacture of filament wires,
because it only melts at a temperature of
3653 K and has a low evaporation rate.
The tungsten is made into fine wires and
is wound to make single or double coiled
filaments. 

In the case of the incandescent lamp the
filament is located inside a soft glass 
bulb, which is relatively large in order 
to keep light loss, due to deposits of evapo-
rated tungsten (blackening), to a minimum.
To prevent the filament from oxidising
the outer envelope is evacuated for 
low wattages and filled with nitrogen or 
a nitrogen-based inert gas mixture for 
higher wattages. The thermal insulation
properties of the gas used to fill the bulb
increases the temperature of the wire 
filament, but at the same time reduces
the evaporation rate of the tungsten,
which in turn leads to increased luminous
efficacy and a longer lamp life. The inert
gases predominantly used are argon
and krypton. The krypton permits a higher
operating temperature – and greater lu-
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Incandescent lamps
with tungsten filaments
in an evacuated or gas-
filled glass bulb. 
General service lamp
(left) and pressed-glass
lamp with integrated
parabolic reflector
(right).

Spectral distribution 
Se (¬) of a thermal 
radiator at different 
filament temperatures. 
As the temperature 
increases the maximum
radiation shifts into
the visible range.

Dimming characteristics
of incandescent lamps.
Relative luminous flux Ï
and colour temperature
as a function of the 
relative voltage U/Un. 
A reduction in voltage
results in a dispro-
portionate decrease in
luminous flux.
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General service lamp:
the principle of produ-
cing light by means 
of an electrically heated
wire filament has 
been known since1802. 
The first functional 
incandescent lamps
were made in 1854 by
Heinrich Goebel. 

The real breakthrough
that made the incan-
descent the most com-
mon light source can
be ascribed to Thomas
Alva Edison, who deve-
loped the incandescent
lamp as we know it 
today in 1879.

The inside of the lamp
is either evacuated 
or filled with inert gas

Filament, usually a
double coil of tungsten
wire

Clear, matt or coloured
glass bulb. Parts of the
glass bulb can be provi-
ded with a silver coating
to form a reflector

Insulated contact for
connection to the phase

Screw cap to secure
lamp mechanically, also
serves as a contact 
to the neutral conductor

Connection wires with
integrated fuse

Glass stem, with insula-
ted filament supports
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minous efficacy. Due to the fact that it is
so expensive, krypton is only used in special
applications.

A characteristic feature of incandescent
lamps is their low colour temperature -
the light they produce is warm in compa-
rison to daylight. The continuous colour
spectrum of the incandescent lamp provides
excellent colour rendition. 

As a point source with a high lumi-
nance, sparkling effects can be
produced on shiny surfaces and the light 
easily controlled using optical equipment. 
Incandescent lamps can therefore 
be applied for both narrow-beam accent
lighting and for wide-beam general
lighting. 

Incandescent lamps can be easily dim-
med. No additional control gear is re-
quired for their operation and the lamps can
be operated in any burning position. 
In spite of these advantages, there are 
a number of disadvantages: low luminous
efficacy, for example, and a relatively
short lamp life, while the lamp life relates
significantly to the operating voltage.
Special incandescent lamps are available
with a dichroic coating inside the bulb
that reflects the infrared component back
to the wire filament, which increases the
luminous efficacy by up to 40 %.

General service lamps (A lamps) are availa-
ble in a variety of shapes and sizes. The
glass bulbs are clear, matt or opal. Special
forms are available for critical applica-
tions (e.g. rooms subject to the danger 
of explosion, or lamps exposed to mechani-
cal loads), as well as a wide range 
of special models available for decorative
purposes. 

A second basic model is the reflector
lamp (R lamp). The bulbs of these lamps 
are also blown from soft glass, although,
in contrast with the A lamps, which 
radiate light in all directions, the R lamps
control the light via their form and 
a partly silvered area inside the lamp. An-
other range of incandescents are the PAR
(parabolic reflector) lamps. The PAR
lamp is made of pressed glass to provide 
a higher resistance to changes in tempera-
ture and a more exact form; the parabolic
reflector produces a well-defined beam
spread. 

In the case of cool-beam lamps, 
a subgroup of the PAR lamps, a dichroic, 
i.e. selectively reflective coating, is 
applied. Dichroic reflectors reflect visible
light, but allow a large part of the IR 
radiation to pass the reflector. The thermal
load on illuminated objects can therefore
be reduced by half.
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Proportion of operating
lamps N, lamp lumens Ï
and luminous flux 
of total installation ÏA

(as the product of both
values) as a function 
of the operating time t.

Exponential correlation
between the relative
voltage U/Un and elec-
trical and photometric
quantities.

Relative power P of 
incandescent lamps as
a function of voltage.

Effect of overvoltage
and undervoltage on 
relative luminous flux Ï,
luminous efficacy n, 
electrical power P and
lamp life t.

Luminous flux = ( )3.8U
Un

Ï
Ïn

Luminous efficacy = ( )2.3U
Un

æ
æn

Power = ( )1.5U
Un

P
Pn

Lamp life = ( )–14U
Un

t
tn

Colour temperature = ( )0.4U
Un

Tf
Tfn
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Top row (from left to
right): decorative lamp,
general service lamp,
reflector lamp with soft
glass bulb and ellipsoi-
dal or parabolic reflec-
tor, producing medium
beam characteristics. 
Bottom row (from left
to right): reflector lamp
with pressed glass 
bulb and efficient para-
bolic reflector (PAR lamp),
available for narrow-
beam (spot) and wide-
beam (flood), also 
suitable for exterior 
application due 
to its high resistance 
to changes in tempera-
ture; high-power 
pressed-glass reflector
lamp.

PAR lamp with dichroic
cool-beam reflector. 
Visible light is reflected,
infrared radiation
transmitted, thereby 
reducing the thermal
load on the illuminated
objects.

Incandescent lamp 
with glass bulb coated 
with dichroic material
(hot mirror). This 
allows visible light to 
be transmitted; infrared
radiation is reflected
back to the filament.
The increase in 
the temperature of the 
filament results 
in increased luminous 
efficacy.
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2.3.1.1 Halogen lamps

It is not so much the melting point of the
tungsten (which, at 3653 K, is still a rela-
tively long way from the approx. 2800 K
of the operating temperature of incan-
descents) that hinders the construction of
more efficient incandescent lamps, but
rather the increasing rate of evaporation
of the filament that accompanies the 
increase in temperature. This initially leads
to lower performance due to the blackening
of the surrounding glass bulb until 
finally the filament burns through. 
The price to be paid for an increase in 
luminous efficiency is therefore a shorter
lamp life.

One technical way of preventing 
the blackening of the glass is the adding of
halogens to the gas mixture inside the
lamp. The evaporated tungsten combines
with the halogen to form a metal halide,
which takes on the form of a gas at 
the temperature in the outer section of the
lamp and can therefore leave no deposits
on the glass bulb. The metal halide is split
into tungsten and halogen once again 
at the considerably hotter filament and the
tungsten is then returned to the coil.

The temperature of the outer glass
envelope has to be over 250° C to allow the
development of the halogen cycle to 
take place. In order to achieve this a com-
pact bulb of quartz glass is fitted tightly
over the filament. This compact form 
not only means an increase in temperature,
but also an increase in gas pressure,
which in turn reduces the evaporation rate
of the tungsten.

Compared with the conventional incan-
descent the halogen lamp gives a whiter
light – a result of its higher operating
temperature of 3000 to 3300 K; its lumi-
nous colour is still in the warm white
range. The continuous spectrum produces
excellent colour rendering properties. The
compact form of the halogen lamp makes
it ideal as a point-source lamp; its light can
be handled easily and it can create 
attractive sparkling effects. The luminous
efficacy of halogen lamps is well above
that of conventional incandescents –
especially in the low-voltage range.
Halogen lamps may have a dichroic, heat-
reflecting coating inside the bulbs, which
increases the luminous efficacy of these
lamps considerably. 

The lamp life of halogen lamps is 
longer than that of conventional incandes-
cents. Halogen lamps are dimmable.
Like conventional incandescent lamps, they
require no additional control gear; low-
voltage halogen lamps do have to be run
on a transformer, however. In the case 
of double-ended lamps, projector lamps and
special purpose lamps for studios the 
burning position is frequently restricted.
Some tungsten halogen lamps have to be
operated with a protective glass cover.

Influence of overvol-
tage and undervoltage
on relative luminous
flux Ï, luminous effi-
cacy n, electrical power
P and lamp life t.

Proportion of operating
lamps N as a function 
of the operating time t.

Halogen cycle: combi-
nation of evaporated
tungsten and halogen
to produce tungsten
halide in the peripheral
area. Splitting of the
tungsten halogens back
to the filament.

Halogen lamp for mains
voltage with screw cap
and outer envelope
(left). The outer envelope
means that the lamp
can be operated with-
out a protective glass
covering. Low-voltage
halogen lamp with pin
base and axial filament
in a quartz glass bulb
(right).



Like almost all conventional incandescent
lamps, halogen lamps can be run on
mains voltage. They usually have special
caps, but some are equipped with an E 27
screw cap and an additional glass envelope
and can be used in the same way as 
conventional incandescents. 

As well as mains voltage halogen lamps,
low-voltage halogen lamps are also 
gaining in importance. The advantages 
of this latter light source – high luminous 
efficiency in a small-dimensioned lamp –
resulted in wide application of low-voltage
halogen lamps in the field of architectural
lighting.

The lamp’s small size allows compact
luminaire designs and concentrated spread
angles. Low-voltage halogen lamps are
available for different voltages (12/ 24 V)
and in different shapes. Here too a selection
can be made between clear lamps and 
various lamp and reflector combinations,
or cool-beam reflector versions.

2.3 Light and light sources
2.3.1 Incandescent lamps
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The halogen and low-
voltage halogen lamps
most commonly used 
in interior lighting.

Above (from left to
right): low-voltage ha-
logen bi-pin lamp and
aluminium reflector, 
bi-pin and cool-beam
glass reflector, with
bayonet connection
and aluminium reflec-
tor, with an aluminium
reflector for increased
power.

Below (from left to
right): halogen lamp
for mains voltage with
an E 27 cap and outer
glass envelope, with 
a bayonet cap, and the
double-ended version.
Low-voltage halogen
lamp with transverse 
filament and axial 
filament.
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Single and double-
ended halogen lamps
for mains voltage.

Low-voltage halogen
lamps, clear, with 
metal reflector or with
cool-beam reflector.

General service lamps,
reflector lamps and
two standard PAR
lamps for mains voltage
with data regarding
lamp classification, 
power P, luminous flux Ï,
lamp length l and lamp
diameter d.

General service lamp
Des. P (W) (lm) l (mm) d (mm)
A60 60 730 107 60
A60 100 1380 107 60
A65 150 2220 128 65
A80 200 3150 156 80
Cap: E27/E40 Lamp life 1000 h

LV halogen lamp
Des. P (W) (lm) l (mm) d (mm)
QT9 10 140 31 9

20 350
Cap: G4 Lamp life 2000 h

LV halogen reflector lamp
Des. P (W) (lm) l (mm) d (mm)
QR38 20 7000 38 38
QR58 50 18000 59 58
Cap: B15d Lamp life 2000 h

LV halogen lamp
Des. P (W) (lm) l (mm) d (mm)
QT12 50 950 44 12

75 1600
100 2500

Cap: GY6.35 Lamp life 2000 h

LV halogen reflector lamp
Des. P (W) (lm) l (mm) d (mm)
QR70 20 5000 50 70

75 15000
75 19000

Cap: B15d Lamp life 2000 h

LV halogen reflector lamp
Des. P (W) (lm) l (mm) d (mm)
QR111 50 20000 45 111

75 25000
100 45000

Cap: G53 Lamp life 2000 h

LV halogen cool-beam reflector lamp 
Des. P (W) (lm) l (mm) d (mm)
QR-CB51 20 8000 45 51
QR- 35 13000
CB51 50 15000

65/70 20000
Cap: GX5.3 Lamp life 3000 h

LV halogen cool-beam reflector lamp 
Des. P (W) (lm) l (mm) d (mm)
QR-CB35 20 5000 37/44 35
QR- 35 8000
CB35

Cap: GZ4 Lamp life 2000 h

Halogen lamp
Des. P (W) (lm) l (mm) d (mm)
QT32 75 1050 85 32

100 1400 85
150 2500 105
250 4200 105

Cap: E27 Lamp life 2000 h

Halogen lamp
Des. P (W) (lm) l (mm) d (mm)
QT18 75 1050 86 18

100 1400 86
150 2500 98
250 4200 98

Cap: B15dLamp life 2000 h

Halogen lamp
Des. P (W) (lm) l (mm) d (mm)
QT-DE12 100 1650 75 12

150 2500 75
200 3200 115
300 5000 115
500 9500 115

Cap: R7s-15 Lamp life 2000 h

Reflector lamp
Des. P (W) (lm) l (mm) d (mm)
R63 60 650 103 63
R80 100 1080 110 80
R95 100 1030 135 95
Cap: E27 Lamp life 1000 h

Parabolic reflector lamp
Des. P (W) (lm) l (mm) d (mm)
PAR38 60 600 136 122

80 800
120 1200

Cap: E27 Lamp life 2000 h

Parabolic reflector lamp
Des. P (W) (lm) l (mm) d (mm)
PAR56 300 3000 127 179
Cap: GX16d Lamp life 2000 h



2.3 Light and light sources
2.3.2 Discharge lamps

2.3.2 Discharge lamps

In contrast to incandescent lamps, light
from discharge lamps is not produced 
by heating a filament, but by exciting gases
or metal vapours. This is effected by app-
lying voltage between two electrodes 
located in a discharge tube filled with inert
gases or metal vapours. Through the 
voltage current is produced between 
the two electrodes. On their way through the
discharge tube the electrons collide with
gas atoms, which are in turn excited 
to radiate light, when the electrons are
travelling at a sufficiently high speed. For
every type of gas there is a certain wave-
length combination; radiation, i.e. light, 
is produced from one or several narrow
frequency ranges. 

If the speed of the electrons increases,
the gas atoms are no longer excited on 
collision, but ionised; the gas atom is de-
composed to create a free electron and a
positively charged ion. The number of 
electrically charged, effective particles in
the discharge tube is accordingly increased,
giving rise to a corresponding increase 
in radiation.

It soon becomes evident that discharge
lamps have different properties to incan-
descent lamps. This applies in the first
place to the means by which the light of
the respective lamp is produced. Whereas
incandescent lamps have a continuous
spectrum dependent on the temperature
of the filament, discharge lamps produce
a spectrum with narrow bands that are
typical for the respective gases or metal
vapours. The spectral lines can occur in 
all regions of the spectrum, from infrared
through the visible region to ultraviolet.
The number and distribution of the spec-
tral lines results in light of different lumi-
nous colours. These can be determined by
the choice of gas or metal vapour in the 
discharge tube, and as a result white light
of various colour temperatures can be
produced. Moreover, it is possible to ex-
ceed the given limit for thermal radiators
of 3650 K and produce daylight-quality
light of higher colour temperatures. An-
other method for the effective production
of luminous colours is through the 
application of fluorescent coatings on the
interior surfaces of the discharge tube. 
Ultraviolet radiation in particular, which
occurs during certain gas discharge pro-
cesses, is transformed into visible light by
means of these fluorescent substances,
through which specific luminous colours
can be produced by the appropriate 
selection and mixing of the fluorescent
material. 

The quality of the discharge lamp can
also be influenced by changing the pressure
inside the discharge tube. The spectral 
lines spread out as the pressure increases,
approaching continuous spectral distribu-
tion.This results in enhanced colour rendering
and luminous efficacy. 

Apart from the differences in the 
kind of light they produce, there are also
differences between incandescent and 
discharge lamps when it comes to operating
conditions. Incandescent lamps can be
run on the mains without any additional
control gear. They produce light
as soon as they are switched on. In the case
of discharge lamps, however, there 
are various special ignition and operating 
conditions. 

To ignite a discharge lamp there must
be sufficient electron current in the 
discharge tube. As the gas that is to be exci-
ted is not ionised before ignition, these
electrons must be made available via a
special starting device. Once the discharge
lamp has been ignited there is an avalanche-
like ionisation of the excited gases, which 
in turn leads to a continuously increasing
operating current, which would increase
and destroy the lamp in a relatively short
time. To prevent this from happening 
the operating current must be controlled
by means of a ballast. 

Additional equipment is necessary for
both the ignition and operation of discharge
lamps. In some cases, this equipment is
integrated into the lamp; but it is normally
installed separate from the lamp, in the
luminaire. 

The ignition behaviour and performance
of discharge lamps depend on the operating
temperature; in some cases this leads 
to lamp forms with additional glass bulbs.
If the current is interrupted it is usually
necessary to allow the lamp to cool down
for a while before restarting it. Instant
reignition is only possible if the starting
voltage is very high. There are special re-
quirements for some of the lamps regarding
the burning position.

Discharge lamps can be divided into two
main groups depending on the operating
pressure. Each of these groups has 
different properties. One group comprises
low-pressure discharge lamps. These
lamps contain inert gases or a mixture 
of inert gas and metal vapour at a pressure
well below 1 bar. Due to the low pressure
inside the discharge tube there is hardly 
any interaction between the gas molecules.
The result is a pure line spectrum.

The luminous efficacy of low-pressure
discharge lamps is mainly dependent on
lamp volume. To attain adequate luminous
power the lamps must have large discharge
tubes. 

High-pressure discharge lamps, on the
other hand, are operated at a pressure
well above 1 bar. Due to the high pressure
and the resulting high temperatures 
there is a great deal of interaction in 
the discharge gas. Light is no longer radiated
in narrow spectral lines but in broader
frequency ranges. In general, radiation
shifts with increasing pressure into the long-
wave region of the spectrum. 

The luminous power per unit of volume
is far greater than that of a low-pressure
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discharge; the discharge tubes are small.
High-pressure discharge lamps – similar to
incandescent lamps – are point sources
with high lamp luminance. As a rule the
actual discharge tubes are surrounded by
an additional outer envelope, which 
stabilises the operating temperature of the
lamp, or, if necessary, serves as a UV filter
and can be used as a means of containing
the fluorescent coating.

2.3.2.1 Fluorescent lamps

The fluorescent lamp is a low-pressure 
discharge lamp using mercury vapour.
It has an elongated discharge tube with an
electrode at each end. The gas used 
to fill the tube comprises inert gas, which 
ignites easily and controls the discharge,
plus a small amount of mercury, the 
vapour of which produces ultraviolet radia-
tion when excited. The inner surface 
of the discharge tube is coated with a flu-
orescent substance that transforms 
the ultraviolet radiation produced by the
lamp into visible light by means of fluore-
scence. 

To facilitate ignition of the fluores-
cent lamp the electrodes usually take the
form of wire filaments and are coated
with metallic oxide (emissive material) that
promotes the flow of electrons. The 
electrodes are preheated at the ignition
stage, the lamp ignites when the voltage
is applied. 

Different luminous colours can be
achieved through the combination of ap-
propriate fluorescent materials. To achieve
this three different luminous substances
are frequently combined, which, 
when mixed together, produce white light. 
Depending on the composition of the 
luminous substances, a warm white, neutral
white or daylight white colour is pro-
duced.

In contrast to point sources (see incandes-
cent lamps, above) the light from fluores-
cent sources is radiated from a larger 
surface area. The light is predominantly
diffuse, making it more suitable for the
uniform illumination of larger areas than
for accent lighting. 

The diffuse light of the fluorescent lamp
gives rise to soft shadows. There are 
no sparkling effects on glossy surfaces.
Spatial forms and material qualities 
are therefore not emphasised. Fluorescent
lamps produce a spectrum, which is not
continuous, which means that they have
different colour rendering compared with
incandescent lamps. It is possible to pro-
duce white light of any colour temperature
by combining fewer fluorescent materials,
but this light still has poorer colour 
rendering properties than light with a
continuous spectrum due to the missing
spectral components. To produce fluores-
cent lamps with very good colour
rendering properties more luminous sub-
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When leaving the elec-
trode (1) the electrons
(2) collide with mercury
atoms (3). The mercury
atoms (4) are thus 
excited and in turn pro-
duce UV radiation (5).
The UV radiation is
transformed into visible
light (7) in the 
fluorescent coating (6).

Relative spectral dis-
tribution Se (¬) of low-
pressure discharge of 
mercury vapour. 
The radiation produced 
is to a large extent 
beyond the spectral 
sensitivity of the eye V (¬).

Relative spectral distri-
bution Se (¬) of standard
fluorescent lamps with
very good colour rende-
ring in warm white
(above), neutral white
(centre) and daylight
white (below).
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stances have to be combined in such 
a way that the spectral distribution corre-
sponds as closely as possible to that of a
continuous spectrum. 

Fluorescent lamps have a high luminous
efficacy. They have a long lamp life, but
this reduces considerably the higher 
the switching rate.Both ignitors and ballasts
are required for the operation of fluores-
cent lamps. Fluorescent lamps ignite 
immediately and attain full power within a
short period of time. Instant reignition 
is possible after an interruption of 
current. Fluorescent lamps can be dimmed.
There are no restrictions with regard to
burning position.

Fluorescent lamps are usually tubular in
shape, whereby the length of the lamp 
is dependent on the wattage. U-shaped or
ring-shaped fluorescents are available 
for special applications. The diameter of the
lamps is 26 mm (and 16 mm). Lamp 
types with a diameter of 38 mm are of little
significance.

Fluorescent lamps are available in a
wide range of luminous colours, the main
ones being warm white, neutral white and
daylight white. There are also lamps avai-
lable for special purposes (e.g. for lighting
food displays, UV lamps) and coloured
lamps. The colour rendering properties 
of fluorescents can be improved at the cost
of the luminous efficacy; enhanced lumi-
nous efficacy therefore means a deteriora-
tion in the colour rendering quality.

Fluorescent lamps are usually ignited
via an external starting device and 
preheated electrodes. Some models have 
integrated ignition, which means 
that they can do without a starting device
altogether. These are mainly used in
enclosed luminaires, for environments where
there is a risk of explosion.

2.3.2.2 Compact fluorescent lamps

Compact fluorescent lamps do not function
any differently from conventional 
fluorescent lamps, but they do have a
more compact shape and consist of either
one curved discharge tube or the 
combination of several short ones. Some
models have an outer glass envelope 
around the discharge tube, which changes
the appearance and the photometric pro-
perties of the lamp.

Compact fluorescent lamps basically
have the same properties as conventional
fluorescents, that is to say, above all, 
high luminous efficacy and a long lamp life.
Their luminous efficiency is, however, 
limited due to the relatively small volume
of the discharge tube. The compact 
form does offer a new set of qualities and
fields of application. Fluorescent lamps in
this form are not only confined to applica-
tion in louvred luminaires, they can also 
be used in compact reflector luminaires
(e.g. downlights). This means that concentra-
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Proportion of operating
lamps N, lamp lumens Ï
and luminous flux of
total installation ÏA

(as the product of both
values) as a function 
of the operating time t.
Through the applica-
tion of electronic 
control gear (EB) the
operating quality of
the lamps is improved
by comparison 
with the operation with
conventional control
gear (CB).

Effect of overvoltage
and undervoltage on
relative luminous flux Ï
and electrical power P.

Relative luminous flux Ï
of fluorescent lamps 
as a function of voltage.

The effect of ambient
temperature T on lamp
lumens Ï.

Lamp life t as a func-
tion of switching 
frequency per day N. 
Nominal lamp life of 
100 % is achieved 
at a switching rate of 
8 times every 24 hours.

Comparison of lengths
of standard T26 fluore-
scent lamps.
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ted light can be produced to accentuate
the qualities of illuminated objects by
creating shadows. 

Compact fluorescent lamps with an
integrated starting device cannot be 
dimmed, but there are models available 
with external igniting devices and four-pin
bases that can be run on electronic control
gear, which allows dimming.

Compact fluorescent lamps are mainly
available in the form of tubular lamps, 
in which each lamp has a combination of
two or four discharge tubes. Starting 
device and ballast are required to operate
these lamps; in the case of lamps with
two-pin plug-in caps the starting device is
integrated into the cap. 

Alongside the standard forms equipped
with plug-in caps and designed to be run
on ballasts, there is a range of compact
fluorescent lamps with integrated starting
device and ballast; they have a screw 
cap and can be used like incandescent
lamps. Some of these lamps have an 
additional cylindrical or spherical glass bulb
or cover to make them look more like 
incandescent lamps. If these lamps 
are used in luminaires designed to take 
incandescent lamps it should be noted that
the luminaire characteristics will be 
compromised by the greater volume of the
lamp.

2.3.2.3 High-voltage fluorescent tubes

High-voltage fluorescent tubes work on
the principle of low-pressure gas discharge,
the gas being either an inert or rare gas 
or a mixture of inert gas and mercury 
vapour. In contrast to fluorescent lamps,
the electrodes contained in these lamps
are not heated, which means they 
have to be ignited and run on high 
voltage. As there are special regulations
concerning installations run at 1000 V
and more, high-voltage tubular lamps 
are usually operated at less than 1000 V.
There are, however, high-voltage dis-
charge lamps available that run at over
1000 V.

High-voltage fluorescent tubes have a
considerably lower luminous efficacy than
conventional fluorescent lamps, but they
have a long lamp life. Rare-gas discharge
does not allow much scope when 
it comes to producing different colours; 
red can be produced using neon gas or
blue using argon. To extend the spectrum
of colours available it is possible to use
coloured discharge tubes. However, mer-
cury is usually added to the inert gas and
the resulting ultraviolet radiation trans-
formed into the desired luminous colours
using fluorescent material. High-voltage
fluorescent tubes require a ballast; 
they are operated on leakage transformers,
which manage the high voltages required
for ignition and operation. High-voltage
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Arrangement of tubes
in compact fluorescent
lamps: TC/TC-L (above),
TC-D (centre), TC-DEL
(below).

Compact fluorescent
lamps with two-pin
plug-in cap and inte-
gral starting device
(above), four-pin plug-
in cap for operation 
on electronic control
gear (centre), screw cap
with integral ballast
for mains operation
(below).

In contrast to con-
ventional fluorescent
lamps, in the case of
compact fluorescents
both ends of the 
discharge tube(s) are
mounted on a single
cap.

Comparison of sizes 
of standard TC, TC-D
and TC-L compact 
fluore-scent lamps.
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fluorescent tubes ignite instantly and they
can be restarted when hot. There 
are no restrictions with regard to burning
position. 

High-voltage fluorescent tubes come
in various diameters and lengths. Diffe-
rent tubular shapes can be manufactured
to meet the requirements of specific 
applications, e.g. for written signs and com-
pany logos. They are available in a variety
of colours.

2.3.2.4 Low-pressure sodium lamps

Low-pressure sodium lamps are comparable
to fluorescent lamps in the way they are
constructed and how they operate. In this
case sodium vapour is excited instead 
of mercury vapour. This leads to a number
of essential differences to fluorescent
lamps. In the first place, sodium lamps are
more difficult to ignite than mercury
lamps, because solid sodium – as opposed
to liquid mercury – does not produce 
metal vapour at room temperature. In the
case of sodium lamps, ignition can only
be effected with the aid of additional
inert gas; only when the rare-gas discharge
produces sufficient heat does the sodium
begin to evaporate, thereby enabling 
the actual metal vapour discharge to take
place. Low-pressure sodium lamps require
high ignition voltage and a relatively long
run-up time before they reach maximum
efficacy. To guarantee a sufficiently high
operating temperature, the discharge
tube is usually encased in a separate glass
envelope that is often designed to reflect
infrared radiation. 

Another difference is the kind of light
the lamp produces. Whereas mercury 
vapour excited at low pressure produces
mainly ultraviolet radiation, which is
transformed into light with the aid of 
fluorescent substances, sodium vapour pro-
duces light directly. Low-pressure sodium
lamps therefore require no luminous 
substances to be added. Moreover, 
the luminous efficacy of these lamps is so 
high that the lamp volume required is
considerably smaller than is the case for
fluorescent lamps.

The most striking feature of low-pressure
sodium lamps is their extraordinarily 
high luminous efficacy. As the low-pressure
sodium lamp has a very long lamp life,
it is the most economically efficient light
source available. 

Low-pressure sodium vapour only pro-
duces light in two spectral lines which are
very close together; the light radiated 
by the lamp is monochrome yellow. Due to
its monochromatic character it does not
produce any chromatic aberration in 
the eye and therefore guarantees visual
acuity. The obvious disadvantage of these
lamps with regard to the advantages
mentioned above is their exceptionally
poor colour rendering quality. Colour ren-
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Relative spectral dis-
tribution Se (¬) of 
low-pressure sodium
vapour discharge. 
The line spectrum 
produced is close to
the maximum spectral 
sensitivity of the eye,
but limits colour 
rendering through 
its monochromatic
character.

Low-pressure sodium
lamp with U-shaped
discharge tube in a
dichroic glass bulb. The
infrared radiation pro-
duced by the lamp is
reflected back into the
discharge tube via the
dichroic coating on the
glass, thereby cutting
down the time requi-
red to reach operating
temperature.

Proportion of operating
lamps N, lamp lumens Ï
and luminous flux 
of total installation ÏA

(as the product of both
values) as a function 
of the operating time t. 

Run-up characteristic:
lamp lumens Ï
in relation to time t.

Comparison of sizes 
of low-pressure sodium
lamps (LST).
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dering in the usual sense does not exist.
All that is perceived is saturated yellow in
various shades, from the pure colour 
to black. Low-pressure sodium lamps have
therefore been replaced by high-pressure
sodium lamps to a great extent, especially
in their main field of application: street
lighting. 

A combination of ignitor and ballast
is necessary to operate some of the tubular
models, but usually a leakage transformer
is used as a starting device and ballast.
Low-pressure sodium lamps require a
run-up time of a few minutes and a short
cooling time before re-ignition. Instant
re-ignition is possible if special control
gear is used. There are restrictions regarding
the burning position.

Low-pressure sodium lamps are normally
U-shaped, sometimes also tubular, 
surrounded by an additional glass envelope.

2.3.2.5 High-pressure mercury lamps 

High-pressure mercury lamps have a short
quartz glass discharge tube that contains
a mixture of inert gas and mercury. 
Electrodes are positioned at both ends 
of the discharge tube. In close proximity 
to one of the electrodes there is an 
additional auxiliary electrode for the igni-
tion of the lamp. The discharge tube 
is surrounded by a glass envelope that 
stabilises the lamp temperature and protects
the discharge tube from corrosion. 
The outer glass can be provided with a
fluorescent coating to control the luminous
colour. 

When the lamp is ignited, there is an
initial luminous discharge from the auxili-
ary electrode which gradually extends to 
the second main electrode. When the gas
has been ionised in this way, there is an
arc discharge between the two main elec-
trodes, which, at this point in time, is the
equivalent of a low-pressure discharge.
Only when all the mercury has been eva-
porated via the arc discharge and the 
resulting heat has produced sufficient ex-
cess pressure, does high-pressure discharge
take place and the lamp produce full 
power.

High-pressure mercury lamps have moderate
luminous efficacy and a very long lamp
life. As a light source they are relatively
compact, which allows their light to be
controlled via optical equipment. 

The light produced by high-pressure
mercury lamps is bluish-white in colour 
due to the lack of the red spectral range.
Colour rendering is poor, but remains
constant throughout the entire lamp life.
A neutral white or warm white colour 
appearance and improved colour rendering
properties are achieved by the addition of
fluorescent materials. 

Due to the integrated auxiliary elec-
trode there is no need for high-pressure
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Proportion of operating
lamps N, lamp lumens Ï
and luminous flux 
of total installation ÏA

(as the product of both 
values) as a function of
the operating time t.

Standard high-pressure
mercury lamps with 
elliptical bulb (HME),
spherical bulb (HMG)
and integrated reflec-
tor (HMR).

Relative spectral dis-
tribution Se (l) of 
high-pressure mercury
lamps.

High-pressure mercury
lamp with quartz glass
discharge tube and 
elliptical bulb. As a rule
the bulb is coated with
a layer of fluorescent
material which trans-

forms the UV radiation
produced by the lamp
into visible light, 
thereby improving 
luminous efficacy and
colour rendering.

Run-up characteristic:
lamp lumens Ï in rela-
tion to time t.
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mercury lamps to have an ignitor, but
they do have to be run on a ballast. High-
pressure mercury lamps require a run 
up time of some minutes and a longer
cooling time before restriking. There are
no restrictions as to the burning position.

High-pressure mercury lamps are available
in various shapes and sizes; the outer bulbs
can be spherical, elliptical or mushroom-
shaped, the latter versions being designed
as reflector lamps.

2.3.2.6 Self-ballasted mercury lamps

Self-ballasted mercury lamps are basically
constructed in the same way as high-
pressure mercury lamps. They have an 
additional filament in the outer glass bulb,
however, which is connected in series
with the discharge tube. The filament takes
on the role of a current limiter, making 
an external ballast unnecessary. The warm
white light produced by the filament
complements the missing red content 
in the mercury spectrum, which improves
the colour rendering. Self-ballasted 
mercury lamps usually contain additional
fluorescent material to enhance the 
luminous colour and improve the luminous
efficacy.

Self-ballasted mercury lamps have similar
qualities to high-pressure mercury lamps. 
Luminous efficacy and lamp life rates 
are not so good, however, with the conse-
quence that they are seldom used for 
architectural lighting. Since they require
no ignitor or control gear and are pro-
duced with an E 27 cap, self-ballasted
mercury lamps can be used as incandescent
lamps.

The filament in self-ballasted mercury
lamps radiates light immediately on 
ignition. After a few minutes the incande-
scent component diminishes and the
mercury vapour discharge reaches full power.
Following an interruption to the mains
supply self-ballasted mercury lamps 
require a cooling-off period. Self-ballasted
mercury lamps cannot be dimmed. There 
are restrictions as to the burning position
for certain lamp types.

Self-ballasted mercury lamps are available
with an elliptical bulb or as mushroom-
shaped reflector lamps.
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Self-ballasted mercury
lamp with a quartz
glass discharge tube
for high-pressure mer-
cury discharge and 
an additional filament
that takes on the func-
tion of preresistance
and supplements 
the spectrum in the red
range. The elliptical
bulb is frequently pro-
vided with a coating of
light-diffusing mate-
rial.

Run-up characteristic:
lamp lumens Ï
in relation to time t.

Proportion of functio-
nal lamps N, lamp l
umens Ï and luminous
flux of overall installa-
tion ÏA (as the product
of both values) in rela-
tion to the operating
time t.

Standard self-ballasted
mercury lamp with 
elliptical bulb (HME-SB),
or integral reflector
(HMR-SB).

Relative spectral dis-
tribution Se (¬) of a 
self-ballasted mercury
lamp with the combi-
nation of the spectra
produced by the 
high-pressure mercury 
dis-charge and the fila-
ment.
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2.3.2.7 Metal halide lamps

Metal halide lamps are a further develop-
ment of mercury lamps and are therefore 
similar to these with regard to construction
and function. Apart from mercury they 
also contain a mixture of metal halides. 
In contrast to pure metals, halogen 
compounds have the advantage that they
melt at a considerably lower temperature.
This means that metals that do not 
produce metal vapour when the lamp is in
operation can also be used. 

By adding metal halides, luminous 
efficacy is improved and, above all, colour
rendering enhanced. If the metal combi-
nations are correct then multi-line spectra
can be produced, similar to those of 
fluorescent lamps; by using specific combi-
nations it is possible to create a practically
continuous spectrum consisting
of numerous of spectral lines. Additional 
fluorescent substances to enhance colour
rendering are not necessary. The mercury
component primarily serves as an ignition
aid and to stabilise the discharge process;
when the metal halides have been 
evaporated via the initial mercury vapour
discharge, these metal vapours essentially
produce light. 

The presence of halogens inside the
lamp bulb means that auxiliary electrodes
are not required as part of a starting 
device. Metal halide lamps require external
control gear.

Metal halide lamps have excellent lumi-
nous efficacy and good colour rendering
qualities; their nominal lamp life is high.
They are extremely compact light sources,
whose light can be easily controlled. 
The colour rendering and colour temperature
of metal halide lamps is, however, 
not constant; it varies between individual
lamps in a range and changes depending on
the age of the lamp and the ambient 
conditions. This is particularly noticeable
when it comes to the warm white lamps. 

To operate metal halide lamps both 
an ignitor and a ballast are required. They
require a run-up time of some minutes
and a longer cooling time before restarting.
Instant reignition is possible in the case 
of some double-ended types, but special
ignitors or an electronic ballast is 
necessary. As a rule metal halide lamps
cannot dimmed. The burning position 
is usually restricted.

Metal halide lamps are available in warm
white, neutral white and daylight white, 
as single or double-ended tubular lamps,
as elliptical lamps and as reflector lamps. 
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Double-ended metal
halide lamp with com-
pact discharge tube
and quartz glass outer
envelope.

Proportion of functional
lamps N, lamp lumens Ï
and luminous flux of
overall installation ÏA

(as the product of both
values) in relation 
to the operating time t.

Relative spectral dis-
tribution Se (¬) of stan-
dard metal halide lamp
with luminous colour
warm white (above),
neutral white (centre)
and daylight white (be-
low).

Decline in luminous
flux Ï at different
switching frequencies
of 24, 12, 8, 3 and < 1
times per day.

Run-up characteristic:
lamp lumens Ï
in relation to time t.
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HST 100W
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HIT 35W, 70W, 150W HIT 35W, 70W, 150W

HIT-DE 75W, 150W, 250W
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2.3.2.8 High-pressure sodium lamps

Similar to mercury lamps, the spectrum
produced by sodium lamps can also 
be extended by increasing the pressure. 
If the pressure is sufficiently high the
spectrum produced is practically continuous
with the resultant enhanced colour ren-
dering properties. Instead of the mono-
chrome yellow light produced by the low-
pressure sodium lamp, with the extremely
poor colour rendering properties, the light
produced is yellowish to warm white pro-
ducing average to good colour rendering.
The improvement in colour rendering is,
however, at the cost of luminous efficacy.
High-pressure sodium lamps are comparable
to mercury lamps with regard to their
construction and function. They also have
a small discharge tube, which is in turn
surrounded by a glass envelope. Whereas
the discharge tube in high-pressure 
mercury lamps is made of quartz glass, the
discharge tube in high-pressure sodium
lamps is made of alumina ceramic, 
since high-pressure sodium vapours have
an aggressive effect on glass. The lamps
are filled with inert gases and an 
amalgam of mercury and sodium, such
that the rare gas and mercury component
serve to ignite the lamp and stabilise the
discharge process. 

The surrounding bulb of some high-
pressure sodium lamps is provided with a
special coating. This coating only serves
to reduce the luminance of the lamp and
to improve diffusion. It does not contain
any fluorescent materials.

The luminous efficacy of high-pressure 
sodium lamps is not so high as that 
of low-pressure sodium lamps, but higher
than that of other discharge lamps. 
These lamps have a long nominal lamp life.
Colour rendering is average to good, 
distinctly better than that of monochrome
yellow low-pressure sodium light.

High-pressure sodium lamps are run
on a ballast and require an ignition device.
They require a run-up time of some 
minutes and cooling time before restarting.
Instant re-ignition is possible in the case
of some double-ended types, but special
ignition devices or an electronic ballast 
is necessary. As a rule there are no 
restrictions as to the burning position.

High-pressure sodium lamps are available
as clear glass tubular lamps or with speci-
ally coated ellipsoidal bulbs. They are also
available as compact, double-ended linear
type lamps, which allow instant reignition
and form an especially compact light source.
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Standard high-pressure
sodium lamps, single-
ended elliptical (HSE),
tubular (HST), and
double-ended tubular
(HST-DE).

Standard metal halide
lamps, single-ended
(HIT) and double-ended
versions (HIT-DE), plus
elliptical version (HIE).

Single-ended high-
pressure sodium lamp
with ceramic discharge
tube and additional 
outer glass envelope.
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Relative spectral distri-
bution Se (¬) of high-
pressure sodium lamps.
By increasing the pres-
sure the spectrum is
inverted, in contrast to
low-pressure discharge.
The result is wide spec-
tral distribution with 
a minimum in the low-
pressure sodium lamps.

Proportion of functional
lamps N, lamp lumens Ï
and luminous flux of
overall installation ÏA

(as the product of both
values) in relation 
to the operating time t.

Run-up characteristic:
lamp lumens Ï
in re-lation to time t.
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Tubular fluorescent 
lamp (diameter 26 mm),
of standard power.

Single-ended low-
pressure sodium lamp
in the standard 
form with U-shaped
discharge tube.

High-pressure mercury
lamps and self-ballasted
mercury lamps, 
both lamp types with
an ellipsoidal outer 
envelope and as a 
reflector lamp. Choice 
of power for interior
lighting including data
on lamp description;
power P, luminous flux Ï,
length of lamp I
and lamp diameter d.

Compact fluorescent
lamps in the standard
shapes TC, TC-D and 
TC-L, and with integral 
electronic ballast and 
E 27 cap: TC-DEL.

Fluorescent lamp
Des. P (W) (lm) l (mm) d (mm)
T26 18 1350 590 26

30 2400 895
36 3350 1200
38 3200 1047
58 5200 1500

Cap: G13 Lamp life 7000 h

Compact fluorescent lamp
Des. P (W) (lm) l (mm) d (mm)
TC-L 18 1200 225 17

24 1800 320
36 2900 415
40 3500 535
55 4800 535

Cap: 2G11 Lamp life 8000 h

Compact fluorescent lamp
Des. P (W) (lm) l (mm) d (mm)
TC-DEL 9 400 127

11 600 145
15 900 170
20 1200 190
23 1500 210

Cap: E27 Lamp life 8000 h

Compact fluorescent lamp
Des. P (W) (lm) l (mm) d (mm)
TC 7 400 138 12

9 600 168
11 900 238

Cap: G23 Lamp life 8000 h

Compact fluorescent lamp
Des. P (W) (lm) l (mm) d (mm)
TC-DEL 15 900 148 58

20 1200 168
23 1500 178

Cap: E27 Lamp life: 8000 h

Compact fluorescent lamp
Des. P (W) (lm) l (mm) d (mm)
TC-D 10 600 118 12

13 900 153
18 1200 173
26 1800 193

Cap: G24 Lamp life 8000 h

Mercury lamp
Des. P (W) (lm) l (mm) d (mm)
HME 50 2000 130 55

80 4000 156 70
125 6500 170 75
250 14000 226 90

Cap: E27/E40 Lamp life 8000 h

Mercury reflector lamp
Des. P (W) (lm) l (mm) d (mm)
HMR 80 3000 168 125

125 5000
Cap: E27 Lamp life 8000 h

Self-ballasted mercury lamp
Des. P (W) (lm) l (mm) d (mm)
HME-SB 160 3100 177 75
Cap: E27 Lamp life 5000 h

Self-ballasted mercury reflector lamp
Des. P (W) (lm) l (mm) d (mm)
HMR-SB 160 2500 168 125
Cap: E27 Lamp life 5000 h

Low-pressure sodium lamp
Des. P (W) (lm) l (mm) d (mm)
LST 35 4800 310 54

55 8000 425 54
90 13500 528 68

Cap: BY22d Lamp life 10000 h
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Metal halide lamp, as
an ellipsoidal and 
reflector lamp and as
single and double-
ended versions. Choice
of standard wattages
for interior lighting.

High-pressure sodium
lamp, ellipsoidal plus
tubular, single-ended
and double-ended 
versions. Choice of
standard wattages for
interior lighting.

High-pressure sodium lamp
Des. P (W) (lm) l (mm) d (mm)
HSE 50 3500 156 70

70 5600 156 70
100 9500 186 75
150 14000 226 90
250 25000 226 90

Cap: E27/E40 Lamp life 10000 h

High-pressure sodium lamp
Des. P (W) (lm) l (mm) d (mm)
HST 50 4000 156 37

70 6500 156 37
100 10000 211 46
150 17000 211 46
250 33000 257 46

Cap: E27/E40 Lamp life 10000 h

Metal halide lamp
Des. P (W) (lm) l (mm) d (mm)
HIE 75 5500 138 54

100 8500 138 54
150 13000 138 54
250 17000 226 90

Cap: E27/E40 Lamp life 5000 h

Metal halide reflector lamp
Des. P (W) (lm) l (mm) d (mm)
HIR 250 13500 180 125
Cap: E40 Lamp life 6000 h

Metal halide lamp
Des. P (W) (lm) l (mm) d (mm)
HIT 35 2400 84 26

70 5200
150 12000

Cap: G12/PG12 Lamp life 5000 h

Metal halide lamp
Des. P (W) (lm) l (mm) d (mm)
HIT-DE 75 5500 114 20

150 11250 132 23
250 20000 163 25

Cap: RX7s Lamp life 5000 h

High-pressure sodium lamp
Des. P (W) (lm) l (mm) d (mm)
HST 35 1300 149 32

70 2300
100 4700

Cap: PG12 Lamp life 5000 h

High-pressure sodium lamp
Des. P (W) (lm) l (mm) d (mm)
HST-DE 70 7000 114 20

150 15000 132 23
Cap: RX7s Lamp life 10000 h
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Compact fluorescent
lamp with integral 
ballast and screw cap.
This lamp is mainly
used domestically as
an economic alterna-
tive to the incandes-
cent lamp

Discharge tube contai-
ning a mixture of 
rare earth gases and 
low-pressure mercury 
vapour 

Fluorescent material 
for transforming ultra-
violet radiation into 
visible light

Insulated contact for
connection to the phase

Screw cap to secure lamp
mechanically, also serves
as a contact to the neutral
conductor

Integral electronic 
ballast

Heated coil electrode
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