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Introduction
The incandescent lamp is the oldest electric light source still in general use. It
is also the most varied as regards types. It can be found in almost any
application, especially where comparatively small light packages are required
and where simplicity and compactness are favoured.

A comparatively recent development is the tungsten halogen lamp. Although
originally designed for use in specialised applications such as floodlighting,
studio lighting and projection lighting, it has rapidly penetrated many other
areas of lighting application once smaller lumen packages became available.

This lesson will deal with the construction and working of the incandescent
lamp in its many forms, and its performance characteristics. However, an
exhaustive description of all available lamp types is not attempted, for which
the reader is referred to a product catalogue

1. WorkIng principle

The working principle of the incandescent lamp is extremely simple. An
electric current is passed through a thin wire of comparatively high resistance
so as to heat the latter to incandescence (Fig. 1). For reasons of compactness
and heat conservation, the wire is generally wound into a single or double coil,
which is surrounded by a vacuum or an inert gas inside a glass bulb.

The power (Pd) dissipated by a lamp will depend on the operating voltage (V)
and the hot resistance of the filament (R), according to the formula :

Pd = V2

  R
For a given operating voltage and a filament material of given specific
resistance, the power dissipated in the filament will be determined by the ratio
of the cross-section to the length of the filament (Fig. 2 top).

Fig. 1 The essential part of an incandescent lamp is
the filament, a thin wire which is brought to
incandescence by passing an electric current through
it.

An incandescent
lamp is an electrical
resistor



Fig. 2 The length and diameter of the
filament together determine its
resistance and radiant surface.

The filament temperature, in turn. is a function of the power dissipated in the
filament and the size of its radiant surface, whereby convection and conduction
losses also play a rote. The radiant surface area of a filament is given by the
product of circumference and length of the filament wire (Fig. 2 bottom).

Thus, for an incandescent lamp of a given power dissipation, operating voltage
and operating temperature - the latter influencing both luminous efficacy and
lamp life - a filament of a specific length-diameter combination will be required).

*) By combining Ohm’s Law and Stephan-Boltzmann’s Law the following
formulae for the length and diameter of a cylindrical filament can be derived :

where:
I = filament length
d  = filament diameter
V   = operating voltage
Pd   = dissipated power
Pr = radiated power (i.e. dissipated power minus convection

and conduction losses)
ρt = specific resistance of tungsten at the operating temperature
εt = ratio of the radiant power of a tungsten filament at the operating

temperature to that of a true black-body radiator
k = Boltzmann’s constant (5,669 x 10-3)
T = absolute temperature of the filament

Filament surface and
dissipated power
together determine the
filament temperature



2. Construction
The main parts of an incandescent
lamp are (Figs 3 and 4):
• filament
• filament support - consisting of a

glass stem, lead-in wires and
support wires

• bulb
• fill gas
• lamp cap

Fig. 3 The main parts of an
incandescent lamp.

2.1 Filament
With very few exceptions, filaments for incandescent lamps are nowadays
generally made of generally made of tungsten. As we have already seen in
the previous lesson, this metal has the advantage of a high melting point
combined with a relatively low vapour pressure, even at very high
temperatures.



The tungsten used is very pure. In order to prevent migration of the tungsten
through recrystalisation, which results in thin or ‘hot’ spots and sagging of the
filament, as well as to improve the tensile strength of the filament wire,
various additives are used: thorium, potassium. rhenium, aluminium, silicon,
or combinations of these elements.

Pure tungsten is obtained from the ore in the form of powder. This is pressed
into bars and sintered at 2500°C in an electric oven. The bars then pass
through a number of rolling mills and are hot-hammered to improve the
tensility (Fig. 5). During these processes, the shape of the bar is changed
from square to round and the diameter is reduced from about two centimetres
to three millimetres.

The tensile strength of the metal is now sufficient for the next process :
drawing of the tungsten rod through holes of ever-decreasing diameter to
produce a thin wire (Fig. 6). The holes are provided in dies, which down to a
diameter of 1,5 mm are of hardened metal. In the latter stages, however,
diamond dies are used, some fifty to one hundred in a row, depending on the
final thickness of the wire required. The original bar, 75 centimetres long by
two centimetres thick, will produce up to 500 kilometres of wire.

The drawing process results in a hardening of the metal, so between the dies
the wire is annealed to retain its ductility. Having reached the required
thickness, the filament wire is formed into a single or double spiral by winding
it round a core of molybdenum (Fig. 7). After annealing again to relieve strain,
the core is removed by dissolving in acid. Finally, the filaments are cut to the
required length.

anufacturing of
ngsten filaments



2.2 Filament support

The filament support consists of a glass stem, lead-in wires and support wires.

The stern is made of lead-glass. This has excellent electrical insulation
properties and facilitates vacuum-tight sealing of the lead-in wires. Inside the
stem is an exhaust rod through which the lamp is evacuated prior to filling with
an inert gas (where appropriate). The exhaust rod is later sealed off.

The lead-in wires for General Lighting Service (GLS) lamps are normally in
three parts. The upper part, to which the filament is pinched or (sometimes)
welded, is of nickel-clad copper. The central part is of copper-clad ferro-nickel,
as this material forms a vacuum-tight seal with the lead-glass of the stem. The
lower part is either of copper or an alloy with a low melting point, which in the
latter case acts as a built-in fuse. This fuse is necessary, as a breakdown of
the filament may cause an arc to form, resulting in a short-circuit.

High-wattage lamps are often provided with one-piece lead-in wires, made of
tungsten or molybdenum.

The support wires are generally made of pure molybdenum, as this metal is
resilient and displays no affinity for tungsten (Fig. 8).

2.3 Bulb

The bulbs of GLS lamps, upon which no special demands are made, are made
of soda-lime glass, the most common and cheapest type of glass available. For
lamps that must withstand high temperatures - tungsten halogen lamps, (or
example - or temperature shocks, more resistant glasses are used, including
pure fused silica for the highest demands.

Nowadays, the bulbs are blown fully automatically in a special factory, which
may well serve the requirements of several countries and lamp manufacturing
industries (Fig. 9).

GLS lamps normally
ncorporate a fuse in the
ead-in wires



2.3.1 Bulb treatment
Bulb coating for various Depending on application, the bulb may undergo various treatments:
purposes • frosting

• opalising
• colouring
• lacquering
• mirror coating

Frosting. This is done by flushing the inside of the bulb with hydrofluoric acid.
The etching of the surface that takes place results In a satin finish and
moderate diffusion of the light with hardly any red reduction in transmittance
(Fig. 10).

Opalising. Better diffusion, but at the cost of greater light absorption, is
achieved by opalising the bulb, that Is by coating the inside with finely
powdered silica and titanium dioxide. This is the technique employed when
making the so-called Argenta lamps. The coating can be applied by flushing
the bulb with the rnaterial held in suspension or by electrostatically depositing
it. ‘Argenta Super Lux’ lamps are only partly opalised, the front of the lamp
being frosted.



Colouring. The lamp bulb is generally coloured in the same way as it is
opalised, i.e. either by flushing or by electrostatic coating of the inside. In red-
fronted ‘Infraphil lamps, the colour is applied by vaporisation of the colour
pigment under vacuum.

Lacquerlng. Colouring of the bulb by lacquering is now restricted to a few
special applications, for example darkroom safelight Iamps. A protective
lacquer coating is applied to welding lamps to protect from flying particles, and
to photo flash-lamps for explosion prevention.

Mirror coating. Reflector lamps receive an internal mirror coating This is now
invariably done by vaporisation of aluminium under vacuum. Excess coating Is
Iater removed by flushing with a sodium hydroxide solution. Lately, techniques
have been developed for accurate part coating under vacuum.

2.3.2 Dlchroic reflectors

Some pressed-glass reflector lamps - and some halogen reflector lamps as
well - are provided with a special, so-called dichroic mirror. This type of mirror
reflects chosen wavelengths and absorbs others. It is built-up of a number
(approx. 20) of alternating layers of two materials with widely different
refractive indexes. Philips uses for this purpose silica (refractive index 1,50)
and zinc sulphide (refractive Index 2,30)

Such a mirror induces a phase shift of 180° between the incident and reflected
waves for certain wavelengths of radiation, as determined by the thickness of
the layers. As described in Lesson 3 (Section 3.2), this results in the
cancellation of the radiation through interference (Fig. 11).

If the thickness of the layers is chosen so as to cancel out the infrared radiation
from the filament (peak wavelength approx. 1000 nm), most of the heat energy
will be absorbed by the mirror-carrying rear part of the bulb and re-emitted
backwards. Visible radiation, however, because it has roughly half the
wavelength of the heat radiation, will behave in exactly the opposite way, viz.
incident and reflected waves will amplify each other. The result is that only
visible radiation is reflected and much of the accompanying heat load - so
typical with incandescent lamps - is removed from the light beam (Fig. 12).

The dichroic principle can also applied to filters, and further be used to produce
coloured light by removing the complementary wavelength(s) from the visible
spectrum. Such lamps are claimed to be more efficient than those with a
colour-coated bulb, but they are also more expensive.

Dichrolc refleclors
only reflect specific
wavebands



2.4 Fill gas

Although vacuum lamps are still being produced in restricted numbers, the great
majority of incandescent lamps contain a fill gas. Normally this is a mixture of argon
and nitrogen, in a ratio determined by the intended application and the operating
voltage.

The main purpose of the fill gas is to provide an inert atmosphere to reduce the
evaporation rate of the filament, and this function is performed by the argon. But the
gas also causes heat losses by conduction and convection, and although much can be
done to keep these losses as low as possible, they will always be higher than in a
comparable vacuum lamp.

The thermal conductivity of a gas is inversely proportional to its molecular weight, as
can be seen from the following table:

Krypton lamps It appears that in terms of heat conservation, and hence luminous efficacy, krypton
and xenon would be most eligible as fill gases for incandescent lamps. Alas, these
elements are extremely rare and therefore expensive. So the next best inert gas,
argon, is the one most commonly used, although krypton-filled lamps are employed
in those applications where a high luminous efficacy is more important than lamp
price (car headlamps, miners’ lamps).

Nitrogen (N2) is added to the argon to prevent an arc forming. The percentage
depends upon the operating voltage: low-voltage lamps are filled with almost pure
argon, whereas 220-240 V lamps contain about eight to fifteen per cent nitrogen.

Most lamps are filled
with an argon-
nitrogen mixture



The gas pressure in GLS incandescent lamps is approximately 0,9 atmosphere
when cold and up to 1,5 atmosphere when operating.

The function of the getter Two gases that should certainIy not be present in the fill gas are oxygen and water
vapour. To remove even the slightest traces of these a so-called ‘getter’ is added.
The getters most commonly used in incandescent lamps are phosphorus, or a
phosphorus compound, and zirconium. Both have the property of combining with
oxygen and/or water.

The halogen compounds added to the fill gas of tungsten halogen lamps will be
described later in this lesson.

2.5 Lamp cap

2.5.1 Caps for GLS lamps

The lamp cap provides a means of connecting the lamp to the lamp supply socket.
There were originally a great many different types of caps in use for incandescent
lamps, but early standardisation has led to the adoption of just two basic types of
lamp cap for GLS lamps: the screw cap and the bayonet cap. Both are employed in
various sizes, the most common being:

The number indicates the diameter of the lamp cap in millimetres.

For miniature lamps, vehicle lamps, tubular incandescent lamps, projection lamps
and high wattage lamps, various other types of cap have been developed, often
based upon the pin-and-socket principle. The major types have also been
standardised internationally.

Bayonet caps generally have both electrical contacts provided in the base. Screw
caps have a single contact in the base, the other contact being provided by the
collar, as is the case with some smaller types of bayonet caps.

GLS lamps use
bayonet or screw caps





The cap, which is made of either brass or aluminium, is normally cemented to
the bulb. Cements with different heat resistance properties are used
according to lamp power and application. Where very high temperatures or
heavy mechanical loads Carl be expected - as in pressed-glass reflector
lamps, for example the cap Is mechanically clamped to the bulb.

The final operation in lamp manufacturing Is to wider the leod4rl wires to the
cap. The lamp is then briefly burned (trashed) to check on leaks or short-
circuits, and to activate the getter.

2.5.2 The IEC designation system of lamp caps

The International Electrotechnical Commission (IEC) has laid down a
designation system for internationally standardised lamp caps and holders.
This consists of one or more letters, followed by one or more numbers and,
sometimes, a further letter (Fig. 14).

The letter, or letters, indicate the cap construction, according to the following
code:

B - bayonet
BA - bayonet for automobile lamps
BM - bayonet for mining lamps
E - screw thread (Edison)
F - single-contact pin

The shape of the pin is indicated by a further small letter:
a - cylindrical
b - fluted
c - special

G - two or more contacts
K - flexible connections
P - prefocus
R - recessed contact(s)
S - shell cap (e.g. for double-ended lamps)
SV - shell cap with conical end
T - cap for telephone lamps
W - base of capless lamps (for direct contact through the lead-in wires)

The number(s) following the letter(s) indicate the principal dimension(s) in
millimetres, viz. the diameter of the cap, the diameter of the pin or the
spacing ot the pins.

A small letter following the number indicates the number of contacts:
s - one
d - two
t  - three
q - four
p - five

Cap types needing Mill further identification are differentiated by adding an X,
V or Z.

An international code for
amp caps



3. Tungsten halogen lamps

Halogen Iamps are incandescent lamps in which special measures have been
taken to counteract evaporation of the filament.

In a normal incandescent lamp the tungsten from the filament settles on the
coldest spot - the bulb wall - and causes the familiar lamp blackening. In a
tungsten halogen lamp, a few per cent by weight of a halogen - nowadays
mostly bromine in the form of an organic compound such as, for example,
methylene bromide (CH2Br2) - is added to the fill gas. This causes the tungsten
vapour to combine with the halogen to form tungsten bromide, which stays
gaseous instead of settling on the bulb wall, provided the temperature of the
latter is sufficiently high (over 26°C). When a tungsten bromide molecule strays
near the hot filament, decomposition follows. The result is that the tungsten Is
deposited on the filament and free bromine returns to the fill gas. This process
is called the ‘halogen regenerative cycle’ (Fig. 16).

The tungsten atoms are re-deposited at random on the filament. This
eventually results in a variation in the thickness of the latter, as the ‘hot spots’,
where the most evaporation takes place, do not necessarily receive the most
tungsten atoms back. Lamp life eventually comes to an end when the filament
breaks. However, compared with normal incandescent lamps, the relationship
between lamp life and filament temperature (luminous efficacy!) is far more
favourable, and depreciation is also less, as no bulb blackening takes place.
Typical tungsten halogen lamps for normal lighting purposes have an average
rated life of 2000 hours (cf. 1000 hours for normal incandescents) and a
luminous efficacy that is up to ten per cent higher.

The halogen
regenerative cycle



The high bulb-wall temperature necessary to maintain the tungsten-halogen
cycle results in a much smaller bulb size.  Furthermore, the bulb must be of a
material that can withstand higher temperatures than can normal soda-lime.
Silica glass or pure fused silica (quartz) is therefore used.

Quartz halogen lamps must not be touched with the fingers, as the natural
grease from the skin in combination with high temperatures will cause the
crystalline structure of the bulb glass to change, and this, in turn, may in
extreme cases lead to explosion of the bulb. To avoid such handling
problems, quartz halogen lamps are sometimes provided with a separate
outer bulb, the so-called ‘double-envelope’ lamps.

The most recent development involves giving tungsten halogen lamps
coatings with different refractive indexes, in such a way that visible radiation is
readily transmitted, but infrared (heat) radiation is reflected through
interference (thus the opposite of a ‘cool-beam’ dichrolc
mirror). The heal is thus thrown back onto the filament with the result that
thermal losses are greatly reduced. In this way, luminous efficacies of up to
36 lumens per watt can be achieved without reduction of lamp life. A major
problem is that the coating must be heat-resistant

A minimum bulb
emperature of 260°°C
s required

Tungsten halogen
lamps with dichroic
filters



4. Performance characteristics

4.1 Energy balance

Fig. 17 shows the energy balance in a 100 W GLS lamp. It appears that
approximately five per cent of the input power is emitted in the form of visible
radiation The rest is ‘lost’ as heat by conduction. convection and radiation*).

Conduction losses are the consequence of the temperature gradient between
the various lamp parts (filament, bulb, cap) and the surroundings (lamp holder,
luminaire, air).

Convection losses occur mainly in the lamp itself, convection currents in the fill
gas causing heat to be transferred from the filament to the bulb wall. Further
convection losses are caused by movement of the air surrounding the hot
bulb.

*) A normal incandescent lamp, unlike the tungsten halogen version, produces

no measurable UV radiation.

Convection,
conduction and
radiation losses



Radiation losses are chiefly attributed to the two most important heat radiating
elements of an incandescent lamp. First, there is the filament, which emits
short-wave infrared radiation with a peak wavelength of approximately 1000
nm. Then there is the bulb wall, which absorbs heat from the filament arid re-
emits this in the form of long-wave Infrared radiation with a peak wavelength of
approximately 6500 nm (Fig. 18).

4.2 Luminous efficacy

As has already been shown in this lesson and the previous one, there are
several ways to reduce the heat losses: by coiling the filament, using a fill gas
with a low thermal conductivity, or, more recently, by coating the glass bulb
with a heat-reflecting transparent layer.

Far more effective would be the shifting of the ratio of heat and visible
radiation in favour of the latter. As will be well-known by now, this can be
realised by increasing the filament temperature, but at the cost of a drastically
reduced lamp life.

Theoretically, an incandescent lamp operating at the melting point of tungsten
(3653 K) and exhibiting no convection or conduction losses would have a
luminous efficacy of 53 lm/W. In reality, of course, the luminous efficacy of
practical tungsten incandescent lamps is always considerably lower. For
example, for modern GLS lamps with a rated operating life of 1000 hours it
varies between 8 and 21,5 Im/W.

Variations in filament temperature (2600 - 2850 K) and bull transmittance
apart, this wide spread in luminous efficacy is almost entirely due to variations
in the convection and voltage conduction losses. These variations are in pact
attributable to differences in construction (notably whether the filament is
single or double-coiled and whether a fill gas is used, and if so, which), but the
principal factors are the lamp wattage and operating voltage. The smaller the
wattage, the less is the power-to-heat-capacity ratio and hence the higher are
the thermal losses. Similarly, the higher the voltage, the longer and thinner are
the filaments, which in consequence have a less favourable surface-to-mass
ratio.

In the extreme case of a high-voltage, low-wattage lamp (e.g. the 15 W GLS)
the filament is so thin that a gas filling would be impractical as it would result in
excessive convection and conduction losses, These lamps are therefore of the
vacuum type - and thus more efficient -despite the lower filament temperature
of 2600 K dictated by the higher evaporation rate.

The following table shows the relationship between lamp wattage, lamp
voltage and luminous efficacy for a selection of GLS lamps, each with a rated
operating life of 1000 hours:

Luminous efficacy
is chiefly controlled
by the filament
temperature

The influence of
lamp wattage and
operating voltage



4.3 Lamp life

4.3.1 influence of filament temperature

Both the life of a lamp and its luminous efficacy are determined by the
temperature of the filament. The higher the temperature for a given lamp, the
higher its efficacy and the shorter its life, and the opposite is true as well.

As the cost of the electricity consumed by a GLS lamp during its life is some ten
to twenty times the purchase price, there is every reason to set the filament
temperature (luminous efficacy) as high as is compatible with an acceptable
lamp life. By international agreement, the lamp industry has standardised the
average rated life of GLS incandescent lamps at 1000 hours *).

However, there are incandescent lamps whose life is shorter or longer than this.
A shorter life is accepted when a high luminous flux and/or luminous efficacy is
all important, or when a colour temperature higher than 2800 K is desired - this
last always in combination with relatively short operating periods. Examples are
car headlamps, torch lamps, miners’ lamps, theatre lamps and lamps for use in
photo and film studios (where colour temperatures of 3200 K or 3400 K are
required for colour photography).

A longer lamp life, on the other hand, is demanded where extremely high
reliability is important and/or where lamp replacement is difficult and costly. This
is generally in combination with lengthy periods of continuous operation and/or a
low electricity price. Examples are switchboard lamps, traffic signal lamps and
beacon lamps (Fig. 19). Pressed glass reflector lamps, which are expensive to
produce, also have an extended life (2000 hours) with respect to GL.S lamps,
with some sacrifice in terms of luminous efficacy.

Infrared heating lamps operate at a lower filament temperature (2450 K) than do
normal lamps intended for lighting purposes, and their rated life is
correspondingly longer (5000 hours).

The above principle also applies to tungsten halogen lamps, but halogen lamps
intended for use in GLS-like applications are generally rated at 2000 hours.

*) Increasing the average rated life to 2000 hours would result in a drop in
luminous efficacy in the order of ten per cent.

The rated life of GLS
lamps is
standardised at 1000
hours.

Lamps with shorter
or longer rated lifes



43.2 Consequence of over-voltage

Fig. 20 clearly shows that an over-voltage of even a few per cent results in a
drastically reduced lamp life. In some countries, notably in Western Europe, the
voltage supplied by the electricity companies is nearly always up to ten volts
above the rated value. Whilst this is generally quite harmless for most electrical
equipment. it is clearly undesirable as regards the operation of incandescent
Iamps.

Consequently, to avoid an unacceptable reduction of lamp Iife, the 220 V GLS
lamps sold in these countries have a filament that is rated somewhat higher, say
at 225 V for 1000 hours operating life. These lamps are labelled ‘220/230 Vt,
‘225/235 V’ or ‘230/240 V’, according to the situation.

4.4 Depreciation

Effects of lamp age There are two reasons why the light output of an incandescent lamp decreases
with time. The first is that the filament evaporates and becomes thinner, so
increasing its resistance and reducing the lamp current. The second is that the
evaporated tungsten settles on the coolest spot, the bulb, and there forms a
black layer which intercepts the light (lamp blackening). In tungsten halogen
lamps no lamp blackening occurs, thanks to the halogen regenerative cycle.

Although the thinning of the filament reduces the light output. it causes no
appreciable reduction In luminous efficacy, as the power dissipated in the lamp
decreases proportionally with the light output. Bulb blackening, on the other
hand, strongly affects luminous efficacy, which is yet another reason why the
lamp life is not made too long.

220/230 V Iamps



4.5 Switching

One of the properties of tungsten is that its specific resistance at room temperature is
only about one fifteenth of what It is at the operating temperature of an incandescent
lamp (2800 K). This means that every time a lamp is switched on, a current surge of up
to fifteen times the normal operating value passes through the cold filament (Fig. 21).
However, the filament heats up to the operating temperature in only a few hundredths of
a second, at which point the current drops to its normal value, and the extra heat
momentarily generated is not such as to cause excessive evaporation of the filament.
Frequent switching is not, therefore, normally detrimental to lamp life, but when the
filament has become critically thin through age, the current surge will be sufficient to
cause its breakdown, as the thinnest spot in the filament will heat up quickest. This is
the reason why incandescent lamps approaching the end of their life usually fail the
moment they are switched on.

Halogen incandescent lamps designed for use in applications where frequent switching
is the rule (copying machines, some types of slide projectors) have a special halogen
compound to prevent the filament from becoming brittle. These lamps exhibit premature
failure through overheating when required to burn continuously.

4.6 Dimming

Normal incandescent lamps can be dimmed without restriction. A dimmed lamp will
have a lower filament temperature, which results in a lower colour temperature, a lower
luminous efficacy and a longer operating life. Thus, the advantage of a longer life is at
the cost of efficacy and it is generally better, in a situation where a lamp is almost
continually dimmed, to use one of a lower wattage rating.

Below about fifty per cent of the nominal operating voltage the light output of an
incandescent lamp is negligible, but energy consumption is nevertheless still
appreciable. It is strongly recommended, therefore, that dimmers be used that switch
the lamp off at this point.

Halogen incandescent lamps can also be dimmed, but below a certain point the lamp
cools down so much that the regenerative halogen cycle stops. From this moment on,
the halogen lamp behaves just like a normal incandescent lamp. However, the smaller bulb
size will be subject to severe bulb blackening in this situation, and there is also a risk that
free bromine will attack the lead-in wires. This is why prolonged dimming of halogen
lamps is not generally advisable.

Frequent
switching does
not affect lamp

Dimmed lamps
have a lower
luminous
efficacy

Prolonged
dimming of
halogen lamps
is not advisable





5. Survey of principal lamp types

The diagram on page 21 provides a survey of the principal incandescent lamp types, classified
according to construction and/or application. A short description of each type follows here.

5.1 Carbon-filament lamps

The carbon-filament lamp is still manufactured in the same way as at the turn of the century, in so
for that it has a squirted carbon filament operating in a vacuum. The bulb is identical with that of a
modem GLS lamp (Fig. 23 left).

The low brightness of the filament and the soft, warm-coloured light! make the carbon-filament
lamp popular in decorative lighting. It is also used as a source of radiant heat and as a resistor in
electrical circuits. As a high luminous efficacy is not important or even desired in these
applications, present-day carbon-filament lamps are considerably underrated with respect to their
nineteenth-century counterparts. The luminous efficacy scarcely exceeds 2 lm/W.



5.2 Normal tungsten-filament lamps

5.2.1Large lamps

General-service lamps
GLS lamps form the mainstay of incandescent lamp production. They are
manufactured in wattage ratings ranging from 15 W to 2000 W, but the great majority
lie between 25 W and 200 W.

The bulb is either clear, frosted or opal. ‘Argenta Super Lux’ lamps have an opal bulb
with a frosted ‘window’ at the front. When positioned downwards, this allows a higher
proportion of the light to be directed toward the working plane (Fig. 23 centre).

Special GLS lamps Coloured GLS lamps include ‘flame lamps’, which are coated with a brownish powder
to make the light resemble that from a candle flame, ‘daylight lamps’, which have a
bulb of transparent blue glass to increase the colour temperature of the light toward
that of daylight, and the yellow-coated lamps. which are popular in tropical areas
because they are said to be less attractive to insects.

Another speciality is the ‘three-light lamp’, which has two filaments of different
wattages in one bulb and a special, three-contact lamp cap. By using the filaments
individually or in parallel by means of a switch, three lighting levels can be obtained
(Fig. 23 right).

Reflector lamps

Reflector lamps fall into two main categories, according to whether the bulb is blown
or pressed (Fig 24). Both groups can be further subdivided according to construction
and application.

Blown-bulb reflector lamps are provided with either a ring-shaped, parabolic mirror
behind the filament or a spherical mirror in front of it. The latter are called ‘bowl-
reflector’ lamps.

The majority have a ring-type, parabolic mirror to produce a more or less
concentrated light beam. The position of the filament with respect to the mirror
determines the degree of divergence of the beam.  If this (‘beam spread’) is less than
20°, it is designated ‘spot’, between 20° and 40° the lamp is said to be ‘flood’, and if
more than 40°, it is ‘wide flood’ (Fig. 25). The beam spread is always measured
between the limits of 50 per cent of the maximum luminous intensity.

‘Spot’, ‘flood’ and
‘wide flood’ reflector
lamps



Bowl-mirror reflector lamps have the mirror in front of the filament, so screening the
latter from direct view. The light is directed backwards and (in normal applications) either
diffusely reflected from a wall or other light surface, or cast into a separate parabolic
mirror behind the lamp, which produces a sharply defined, narrow beam of light (Fig. 26)

Larger bowl-reflector lamps have GLS-type bulbs, and the mirror Is therefore
hemispherical. Smaller types have a slightly pointed bulb to prevent the reflected light
from being concentrated on the cap, as this would produce an unacceptable temperature
increase (Fig. 27).

‘PAR’ lamps Pressed-glass reflector lamps are different from other incandescent lamp types in that
the bulb is not blown from a single blob of glass but is moulded in two pieces, which are
later sealed together. The advantages of this construction are a high mechanical and
thermal strength, allowing the lamp to be used outdoors even without a protecting
luminaire, and an accurately shaped - and therefore more efficient - mirror reflector. The
latter, together with closer tolerances in the placement of the filament with respect to the
reflector, results in a sharply defined beam of a high and uniform luminous intensity.
There are three basic types : ‘spot’, ‘flood’ and ‘wide flood’.

Pressed-glass reflector lamps are designated as ‘PAR’ (standing for parabolic), followed
by a number indicating the diameter of the front glass in eighths of an inch (3,175 mm).

‘Cool-beam’ pressed-glass reflector lamps incorporate a dichroic mirror. They are popular
for the illumination of heat-sensitive goods at close range, but at the same time need
special, well-ventilated luminaires, as the heat is radiated backwards.



Tubular lamps

Three types of tubular incandescent lamps are manufactured by Philips: ‘Colorenta’, ‘Striplite’
and ‘Philinea’ lamps (Fig. 28).

‘Colorenta’ lamps are single-ended. They have a conventional single screw or bayonet cap
and are only distinguished from GLS lamps by having a tubular bulb and a long-stretched,
single-coil loop filament mounted on a special support.

‘Striplite’ lamps are of a similar construction, but have a straight, single-coil filament and a
single-pole cap at either end. They therefore need special lamp holders.

‘Philinea’ lamps also need special lamp holders. They are single or double-ended, with the
cap(s) at right angles to the end. This construction allows for close end-to-end mounting, so
as to form near-continuous lines of light.

Since the wide-spread introduction of tubular fluorescent lamps, the use of tubular
incandescent lamps has become restricted to applications where the soft warm light is
especially appreciated or where fluorescent lamps with their necessary gear would be too
obtrusive (e.g. with mirror lighting).



Decorative lamps

Lamps of special shapes Decorative lamps are different from normal lamps by virtue of their colour or shape
and colours or both (Fig. 29). Flashing lamps are also sometimes used for decorative

purposes. Coloured decorative lamps exist with opal or transparent colours, or
with a translucent silver or gold mirror coating. Reflector lamps with coloured
fronts exist as both blown-bulb and pressed-glass types.

Where lamps of various colours must form a matching series, the green and blue
colours should be of a higher wattage than the others. This is to compensate for
the lower light transmittance of the blue and green coatings.

Beacon lamps

Beacon lamps, whose primary function is to he seen, rather than to illuminate,
include the lamps used for road and rail traffic signalling, lighthouse lamps, and lamps for
airfield or waterway marking.

At first sight, these categories seem to have little in common. Lighthouse lamps rank
among the most powerful ever made (Fig. 30), whereas traffic light and airfield beacon
lamps have only moderate power ratings Lamps for airfield guidance lighting, unlike most
other incandescent lamps, are operated al constant-current, rather than at constant-
voltage. In a constant-current system, all the lamps of a single circuit are connected in
series to the power source. This system avoids the adverse effects of voltage drops in
long supply leads, facilitates dimming and improves the reliability of the system (Fig. 31).

What all beacon lamps have in common is their high reliability, as human safety often
depends upon their continued functioning. They also generally have a compact,
accurately-positioned filament to ensure accurate beam control when used in combination
with a mirror reflector or lens.

Lamp for signalling
and guidance



Floodlight lamps

Incandescent floodlight lamps are clear, high-wattage lamps, provided with a
compact, exactly positioned filament to ensure accurate beam control in
combination with a suitable mirror reflector (Fig. 32 left).

In most applications incandescent floodlight lamps have given way to halogen
and discharge types, but they are still favoured in those applications where quick
and easy dimming over a wide range is essential, as is the case, for example, In
sound-and-light spectacles.

Lamps for hostile environments

This group includes lamps that must withstand mechanical shocks and
vibrations, and also types that have to be used at high ambient temperatures
(oven lamps). The former have a filament of high-tensile tungsten alloy, and this
is also given more support than is the filament of a conventional lamp (Fig. 32
right). For oven lamps, materials - such as cements and solders - are used that
can withstand temperatures of 250°C arid above.

Also belonging to this category are ‘welding lamps’. These have the bulb
covered with a tough, transparent lacquer to protect against breakage by flying
particles.

5.2.2Miniature lamps

Vehicle lamps

Vehicle lamps include such widely divergent categories as bicycle lamps, car
lamps, lamps for road and rail public transport vehicles, and aircraft lamps. Car
lamps form the main group, as today a car contains some thirty incandescent
lamps. Fortunately, a high degree of standardisation between car manufacturers
has been reached, although European and American standards are still
incompatible. It is in collaboration with the car industry that quality requirements
relating to lamp life, performance, and shock and vibration resistance are
determined.

Types of car lamps Car lamps can be divided into headlight lamps, auxiliary exterior lamps, interior
lamps, and dashboard lamps (although the last-mentioned really belong to the
category ‘signal lamps’). Parking, direction-indicator and tall lights are examples
of auxiliary lamps. They are rather straightforward, although tail lights are often
to the dual-filament type, incorporating the brake-Iight function as well.

Shock, heat and
Impact resistant
lamps



Modem car headlight lamps ore highly sophisticated, designed according to tight
specifications. The great majority feature a double filament for main and dipped-beam
functions. It is extremely important that both filaments be accurately positioned with
respect to the parabolic reflector of the headlight. This calls for very close tolerances
in manufacture and a lamp cap that allows exact and unambiguous positioning. The top
of the main-beam filament is placed exactly In the foçus of the mirror reflector, whereas
the dipped beam filament is slightly offset to provide the sharp cut-off beam pattern
on the off-side of the vehicle, necessary to avoid glare to oncoming traffic (Fig. 34).

Sealed-beam headlights Unlike other countries, France prescribes yellow-coloured headlights, whereas the
Americans specify their own type of beam pattern, which calls for special lamp types. In
many countries especially in the USA, the use of so-called sealed-beam headlights
is now very popular. These have the filament(s) and reflector integrated into one unit,
of a construction similar to the ‘PAR’ pressed-glass reflector lamp. The advantage is
that the filament is always exactly positioned, and there is no soiling and corrosion of
the reflector. There Is also a strong tendency to use tungsten halogen lamps for car
headlights.



Other vehicle lamps Lighting for other vehicles -  bicycles, motor-cycles, train and tram headlights and
auxiliary lighting - is more or less in line with car lighting practice. Aircraft lighting forms a
highly specialised field with a strong tendency toward miniaturisation for weight and
space reasons.

lnterior lighting of public transport vehicles is now largely by tubular fluorescent lamps.
The so-called traction lamps, connected with several units in series directly to the D.C.
overhead voltage of electric rail vehicles, are now almost obsolete.

Lamps for portable lighting

Torch lamps, miners’ head lamps, portable emergency lights, etc. all operate on
relatively short-life sources of electric power. It is extremely important that such lamps
have a high luminous efficacy, even at the expense of lamp life. The life of torch
lamps, for example, is no more than some 15 hours. Miners’ lamps have an average
life of at least 200 hours, but here the high luminous efficacy is achieved by filling the
lamp with krypton, a gas with a very low thermal conductivity (Fig. 35)

The bulbs of lamps for miniature torches (e.g. pen torches). which for reasons of space
lack a built-in reflector, often incorporate a lens to provide for proper beaming of the
light (Fig. 36).

Signal lamps

For lamps used in switchboards, control panels, electronic equipment, toys, etc.
luminous efficacy takes second place to a long life, as the main purpose of the lamp is
to signal proper functioning and not to illuminate its surroundings. Moreover, lamp
replacement is often an awkward and time-consuming operation.



An average lamp life of 5000 hours and above is therefore the rule in this
category, and much attention is paid to shock and vibration resistance.

Special purpose lamps

There remain those miniature lamps designed for very special purposes. These
include lamps for use in scientific instruments, medical examination equipment,
fibre optics, model railways, etc. They invariably have to meet the most stringent
requirements as to size, performance and stability.

5.2.3 Photo lamps

The incandescent lamps used in photographic and theatre lighting fall into three
main categories: those for scene lighting in still and movie studios, TV studios
and theatres; lamps for film, slide, episcopic and microscopic projection; and
lamps for use in the darkroom. All are designed to very tight specifications
according to the application intended.

Studio and theatre lamps

Studio and theatre lamps are generally required to produce a high luminous flux
of a closely specified colour temperature. Also, when fitted in a suitable
luminaire, very accurate beam control must be possible. This calls for high-
wattage units (250 W to 10 000 W). Professional studio lighting is standardised
at a colour temperature of 3200 K, which means that lamp life scarcely exceeds
100 hours. Lamps for amateur use have on even higher colour temperature of
3400 K and therefore last only 3 to 6 hours.

Photo studio lamps have either clear, frosted or opal bulbs. Reflector versions
may have an internal ring or even a bowl-type mirror reflector.

A compact filament is generally advisable to obtain tight beam control. However,
this is not feasible for high-wattage incandescent lamps. Therefore, another
solution had to be found.

Lamps for
photographic, theatre
and TV studio
lighting
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Plane-filament lamps High-wattage narrow-beam studio lights - called spotlights - usually have an
optical system consisting of a spherical mirror in combination with a convex
lens, the latter normally of the Fresnel type. Ideally, the lamp filament is placed
in the focus of the mirror reflector (Fig. 39). For these spotlights, a lamp having
a filament located in a single plane and consisting ol a number of parallel coiled
segments is used (Fig. 40). It is essential that the lamp’s position with respect
to the mirror is such that the reflected images of the filament segments fall
between the actual segments (Fig. 41). Thus a clearly defined area of nearly
uniform luminance is obtained, which can be projected by the Iens, and
overheating of the filament is prevented. The same principle is also used for
incandescent projection lamps (q.v.).

The so-called biplane filament consists of two parallel plane filaments,
positioned in such a way that the filament segments fall between each other
when viewed from a direction perpendicular to the plane (Fig. 43 left).

The lamps employed in theatre lighting are generally the same as those used
for studio lighting. In addition, there are lamps with a tubular bulb and a linear
filament (Fig. 42). In combination with a cylindrical reflector, these are used for
footlights and backdrop lighting.



Projection lamps

Projection lamps are specifically designed to produce a high, uniform luminous intensity with
very accurate beam control. The optical system of a projector is principally the same as that
described for the spotlight. Basically, it consists of a spherical mirror end a system of convex
lenses, which can be quite elaborate.

Again, high-wattage incandescent protection lamps have a plane filament, and this too has to
be positioned in the focus of the mirror reflector in the way already described (Fig. 43 left).
Smaller lamps (up to 100 W) are lifted with a simple, compact filament, but nevertheless
require accurate focus. Some types are provided with an internal ellipsoidal mirror reflector,
which eliminates the need of a condenser lens (Fig. 43 right).

Darkroom lamps

Darkroom lamps fall into two groups: enlarger lamps and safelights. An enlarger is in fact an
upright projector, but with the emphasis on a uniform illuminance distribution rather than on a
high luminous intensity. The colour temperature of enlarger lamps Is generally 2800 K, which
gives the correct balance for colour material,



Darkroom safelights generally employ Incandescent lamps coated with a coloured lacquer that
only transmits light in a specific waveband (Fig. 44). The purpose is to provide light of a
wavelength to which black-and-white photographic material is insensitive. Depending on
the type of sensitive material, the following colours are used:
• red for orthochromatic film
• green for panchromatic film
• yellow for chlorine papers
• yellow/green  for bromide papers

Darkroom lighting should be kept at a low level and is only suitable for certain black-and-white
materials. High-speed black-and-white film and colour materials can only be processed in total
darkness.

5.2.4  Process lamps
Process lamps are similar or identical in construction to normal incandescent lamps, but the
purposes for which they are used are quite different. For example, normal incandescent

lamps may be used in lamps may be used in electrical circuits as resistors having a pronounced positive temperature
characteristic (‘thermistors’), or in greenhouses to control plant growth. A major category,
however, is formed by special lamps that are employed to produce radiant heat. These
applications can be found in various industrial processes, in beauty and health case, animal
care, bathroom heating and cooking.

Darkroom lamps
only transmit in a
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Smaller lamps (up to 375 W) usually take the form of reflector lamps, either
blown-bulb or pressed-glass types (Fig. 45). In situations where the contribution of
visible radiation is not appreciated, lamps with a red-coated front are used.

High-wattage infrared radiators (up to 20 000 W) are of a double-ended tubular
construction and must be used in conjunction with a separate reflector, which
rnust be water-cooled for the highest power ratings (Fig. 47). They are used in
industry for heating, drying or hardening, in domestic ovens, copying machines,
etc.

5.3  Tungsten halogen lamps

Since their introduction in 1959, tungsten halogen lamps have made inroads into
almost all applications where normal incandescent lamps used to be employed.
Advantages of tungsten halogen lamps over normal tungsten lamps are: a better
luminous-efficacy-to-life ratio, compactness, a higher colour temperature and little
or no light depreciation with age. Disadvantages are: a high bulb temperature,
which causes coating and handling problems, problematic dimming, explosion
risk, if wrongly treated, and a higher price.

5.3.1 Halogen lamps for general application

Tubular and single-ended mains-voltage lamps

Halogen incandescent lamps for direct connection to the public mains, and with a
power rating of 250 W and above, are generally of the tubular, double-ended type.
They are, with few exceptions, intended for use in a horizontal position.

Single-ended high-voltage lamps are generally of rather low wattage, although
some manufacturers make them up to 2000 W. They offer more freedom in
operating position. Typical application areas for both categories are indoor and
outdoor floodlighting, indirect lighting and shop-window lighting.

Advantages and
drawbacks of
halogen lamps



Double-envelope mains-voltage lamps

To avoid the handling problems associated with tungsten halogen lamps, and to
permit of their use as replacements for normal incandescents, manufacturers
have produced small single or double-ended halogen lamps in an outer bulb fitted
with an E27 or E40) screw cap. These are called double-envelope halogen lamps
(Fig. 49).

Low-voltage lamps

The small physical size of the tungsten halogen lamp makes it ideal for use in
narrow-beam spotlights. However, this application also calls for a compact
filament, and this is made possible by designing the lamp for a lower supply
voltage. When supplied from the public mains, low-voltage halogen spotlights
lamps must therefore be connected via a transformer, which may be housed in
the luminaire. Typical lamp voltages are 6 V, 12 V or 24 V and wattage ratings
range from 10 W to 250 W. Apart from use in spotlights, there are many other
applications for this fairly universal lamp type (Fig. 50 left).

Low-voltage reflector lamps

Due to the necessarily small bulb and the high temperature at the bulb wall, it is
not possible to manufacture halogen lamps with an internal mirror reflector.
Instead, low-voltage halogen reflector lamps are sealed in an exterior, parabolic
reflector. Lamp and reflector together form an integrated unit (Fig. 50 right). The
mirror can also be of the dichroic type to produce either ‘cool-beam’ or colour
effects.

The next logical step was to integrate a low-voltage halogen reflector lamp with its
transformer into a single unit, fitted with an E27 screw base. This is the so-called
‘Lightpoint’ (Fig. 51).

5.12 Halogen lamps for special applications

Vehicle lamps

Car headlights are nowadays more often than not of the halogen type. Generally
speaking, they are constructed along the same lines as described for normal
incandescent headlights. Special types, however, include both double-envelope
and sealed-beam lamps (Fig. 52). The latter are similar to halogen reflector
lamps, with the lamp sealed in a mirror-coated outer envelope.

Low-voltage lamps
have a compact
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A more recent development is the use of miniature halogen lamps for bicycle
headlights, torches and miners’ head lamps.

Special-purpose lamps

Halogen lamps are used in many applications where a high luminous intensity
combined with small physical size are needed (Fig. 53). Specialised fieIds of
application for these lamps include scientific and optical instruments, medical
examination equipment, fibre-glass optics, traffic signals, aviation lighting, etc.

5.3.3 Photo lamps

Studio and theatre lamps

Tungsten halogen studio and theatre lamps exist in double-ended tubular and
single-ended upright versions (Fig. 54). The former rank among the most powerful
incandescent sources, with power ratings of up to 10 000 W and a luminous flux of
230 000 lm. They can only be used in specially designed luminaires. Single-ended
types, on the other hand, closely follow normal incandescent studio lamp practice in
having a plane filament, and sometimes a screw lamp cop as well, for use in
existing equipment.

High-wattage studio
amps



Studio lamps for professional use have a colour temperature of 3200 K. Lamps
for portable amateur movie and video lights, on the other hand, have a rated
colour temperature of 3400 K, and a correspondingly shorter life (15 hours), to
make them compatible with amateur colour film.

Projection Iamps

The great majority of incandescent projection lamps are now of the low-voltage
tungsten halogen type. Most common is the single-ended, upright version with a
compact filament. These are widely used In narrow-gauge film and slide
projectors, as well as in microfilm readers. Overhead projectors and other high-
power units employ flat-filament or tubular, double-ended halogen lamps for
direct connection to the mains supply.

The lamps used in those narrow-gauge film and slide projectors not fitted with a
separate condenser lens form a special category. These have an integrated
ellipsoidal mirror reflector serving as a condenser (Fig. 55). To prevent the film
from being damaged by the heat from the lamp, the mirror is of the dichroic,
‘cool-beam’ type.

A prerequisite for any projection lamp is a high luminous intensity. This is
generally obtained at the cost of lamp life, which rarely exceeds 50 hours.

5.3.4 Process lamps

Tubular infrared heating lamps often have a halogen added to the fill gas. This Is
not done to extend lamp life, but rather to prevent the tube wall from becoming
black with age.

5.4 Photo flash-lamps

Photo flash-lamps are not true incandescent filament lamps, but rather
‘combustion lamps’. They are designed to produce a very high light output
during a very brief period of time.

The bulb is filled with an easily combustible material, which burns with a high
luminous efficacy (Fig. 56). Formerly, an aluminium-magnesium alloy was
commonly used, but now zirconium wool is more usual, The fill gas is
pressurised oxygen. Using a battery or piezoelectric crystal, a current is sent
through a tiny filament, which serves to ignite globes of an ignition paste. These
send incandescent particles through the whole lamp thus igniting the zirconium
at several places simultaneously. This burns in a few hundredths of a second,
thereby producing an intense light flash (Fig. 57).

Projection lamps with
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The bulb is coated with a tough lacquer to prevent explosion. By using a blue-coloured lacquer,
the colour temperature of the flash can be matched to the spectral sensitivity of daylight colour
film. Modern photo flash-lamps have no separate lamp cap, the electric contact being made
direct via the lead-in wires.

Conclusion

The incandescent lamp family is extremely diverse and covers all areas of lighting application.
Although of relatively simple construction, the lamp production process calls for a high degree of
precision throughout in order to ensure that quality standards are maintained.

The discovery of the halogen regenerative cycle has given a new stimulus to incandescent lamp
development, especially for those application fields where a high luminous intensity and a tight
beam control are of prime importance.

The current, wide-spread use of the discharge lamp in an ever-increasing number of types and
sizes has brought to an end the reign supreme of the incandescent lamp, and will no doubt
further contribute to its demise in the future. Nevertheless. for some time to come, it will still be
used In all those applications where its unmatched simplicity, ruggedness, compactness and low
initial costs are more important than high luminous efficacy.



Exercise material

The answers to the following questions must be sent in to your local course coordinator.

1. Two otherwise identical incandescent lamps, a. higher colour temperature
operating on the same voltage, have filaments of the b. lower colour temperature
same length, but one filament has twice the diameter c. longer life
of the other. The lamp with the thicker filament will d. lower Iuminous efficacy
have a:

2. Considering the size of the filament, the bulb of a. avoid overheating of the bulb
a GLS lamp is rather big. This is done in order to: b. keep convection losses as low

    as possible
c. prevent excessive bulb blackening
d. avoid electrical insulation problems

3. If a compact incandescent source is required, this a. halogen lamp
    can best be achieved by using a: b. low-voltage lamp

c. reflector lamp
d. vacuum lamp

4. A user who replaces a low-voltage halogen lamp in a a. the luminous intensity will be
    spotlight by a similar one intended for projection      too high
    purposes, will not be satisfied, because: b. the luminous efficacy will be

      too low
c. the colour temperature will be

     too high
d. the life will be too short

5. A modern vacuum lamp generally has a coiled a. to reduce heat losses
    filament, and not a straight one. Why? b. to reduce evaporation

c. for reasons of compactness
d. to prevent sagging

6. Which lamp type is the most suitable for use a. pressed-glass reflector lamps
outdoors without a protective luminaire? b. double-ended halogen lamps

c  lamps with a quartz bulb
d. low-voltage lamps

7. Increasing the filament temperature of a 100 W GLS a. 10%
    lamp by 400°C will result in a reduction of operating b. 25%
    life by: c. 50%

d. 90%

8. When compared with a clear lamp of the same size a. a lower bulb temperature
    and wattage, under the same operating conditions, b. a higher bulb temperature
    an opal lamp will have: c. a higher luminous efficacy

d. lower convection and conduction losses

9. Leaving the nitrogen out of a gas-fiIled 220 V GLS a. excessive bulb blackening
lamp will result in: b. higher convection losses

c. ‘hot spots’ in the filament
d. arc-forming between the windings of the

filament

10. In a situation where strong vibrations occur, it is a. a bayonet cap
      preferable to use lamps with: b. an Edison screw cap

c. bi-pin contacts
d- side contacts


