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Comparson beIiisw, the low and hl~h-pr&ssurs mercury spoctiirns.

Introduction

This lesson deals with high-pressure discharge lamps in which mercury vapour is included in the discharge
tube. These are the normal high-pressure mercury lamps, the blended light lamps and the metal halide
lamps.

Let us start by looking back to the beginning of this century. which was when it all started. As we already
know from the previous lesson, the mercury vapour pressure in the low pressure mercury discharge lamp
(or tubular fluorescent) is about 0,8 Pa, since at this pressure the efficiency of excitation of the 254 nm
resonance line is at a maximum. With increasing mercury vapour pressure, the efficiency of the production
of the 254 nm radiation decreases (Fig. 1). In the absence of a fluorescent phosphor coating, the luminous
efficacy of the discharge itself increases initially and then passes through a maximum at a mercury vapour
pressure of about 10 Pa (see point A in Fig. 2). With further increase in pressure, the luminous efficacy then
begins to decrease. However, in 1906 Kuch and Retschinsky observed that this decrease does not
continue indefinitely, but that above a pressure of about 500 Pa (dependent on tube diameter) the luminous
efficacy in fad begins to increase again (point B in Fig. 2).

Following on from this discovery, Kuch and Retschinsky began investigating high-pressure mercury vapour
discharges in greater detail, and were the first to make a practicable high-pressure mercury lamp. This
consisted of an evacuated quartz tube, each end of which incorporated a sealed-in electrode (Fig. 3). The
tube contained a small amount of liquid mercury in a reservoir at one end. When a dc voltage was placed
across the lube, and the tube tilted, it caused the liquid mercury to short-circuit the path between the
electrodes and a current flowed, by bringing the tube back to the horizontal position. The mercury ran back
to the reservoir and so broke the circuit. This caused an arc to be struck (just as a carbon arc is struck by
separating the electrodes). The heat developed by the arc caused some of the mercury to vaporise, and as
the temperature increased, so too did the mercury vapour pressure. Eventually, a mercury discharge took
place and a bluish-white light was emitted. This principle is still in use today.



Fig. 2 Luminous efficacy as a function of the mercury vapour pressure. The broken line corresponds to atmospheric pressure.

The basic high-pressure mercury lamp was introduced on a large scale in the 1930s, since when new and
improved types have continually been introduced The technical developments in the 1930s that made the high-
pressure mercury lamp a feasible proposition included:

— the introduction of tungsten electrodes coated with an emissive material in place of mercury electrodes;
— the ability to make gas-tight seals of metal wire or foil in hard glass or quartz respectively;
— the introduction of a rare-gas filling into the lamp;
— the accumulation of ‘know-how’ regarding the ionisation voltage needed for different gases and mixtures at

these;
— the acquisition of knowledge as to the correct mercury dose needed for a stable discharge.

The high-pressure mercury lamp was developed to the point where it could compete with the metal filament
incandescent lamp. It was used on a large scale to provide better public lighting and much improved lighting in
Industry.

Toward the end at the 1930s, a completely new type of mercury lamp appeared on the market, the so-called
blended light lamp. This incorporated a tungsten filament in series with the discharge tube to serve as a current-
limiting device, or ballast, for the latter, the light from the filament blending with that from the discharge to give a
lamp with a better colour appearance and colour rendering than the standard mercury lamp. No external ballast
was, of course, needed.

The metal halide lamp, in which metal halides are added to the normal mercury filling to improve colour
rendering, is a relative newcomer to the family of mercury lamps. It appeared for the first time in the 1960s but
has since been greatly improved and developed in a variety of terms. The development of this lamp especially,
is in full swing today.

In this lesson, we shall examine each of the above lamp types in turn. When it comes to reviewing the various
versions of each type that are available, only those lamps used for general lighting purposes will be mentioned;
other, special purpose lamps will be dealt with in Lesson 12, Ultraviolet radiators, and Lesson 14, Lamps for
Special Purposes.



Fig. 2 Kuch and Retschinsky
Lamp marketed in 1910 under the
name Quartz light. To the right, the
discharge tube is seen.

1. Normal high-pressure mercury lamps

Since its introduction, the high-pressure mercury lamp has been developed to the point that lighting technology is
scarcely imaginable without it, so widely is it used (Fig. 4).

In these lamps, the discharge takes place in a quartz discharge tube A part of the radiation from the discharge
occurs in the visible region of the spectrum as light, but a part is also emitted in the ultraviolet region. By coating
the inner surface of the outer bulb in which the discharge tube is housed with a fluorescent powder that converts
this ultraviolet radiation into visible radiation, or light, the lamp will give more light than a similar, uncoated version.
Furthermore. the spectral composition of this light will make the lamp more suitable for general lighting purposes.

Fig. 4 Production line for high-pressure mercury lamps.



1.1 Working principle

There are three distinct When examining the working of the high-pressure mercury lamp, three distinct
phases of operation phases have to be considered:

1. Ignition
2. Run-up
3. Stabilisation

1.1.1 Ignition
The discharge tube in a high-pressure mercury lamp contains a small quantity of
mercury and an inert gas filling, usually argon, to aid starling.

For ignition a starting It is not sufficient to merely apply a voltage across the electrodes of the discharge
electrode is needed tube for ignition to lake place - the distance between the two main electrodes is too

great to allow ionisation to occur. lgnition is therefore achieved by means of an
auxiliary, or starting, electrode placed very close (within 1 mm) to one main
electrode and connected to the other through a high-value (typically 25 kΩ) resistor
(Fig. 5).

When the lamp is switched on, a high voltage gradient occurs between the main and
starting electrodes, ionising the gas in this region in the form of a glow discharge the
current being limited by the resistor The glow discharge then spreads throughout the
discharge tube under the influence of the electric held between the two main
electrodes. When the glow discharge reaches the farthest electrode, the current
increases considerably. As a result, the main

Fig. 5 Construction of an ovoid high-
pressure mercury lamp.



The glow discharge electrodes are heated until the omission is increased sufficiently to allow the glow
becomes an arc discharge discharge to change completely into an arc discharge, the auxiliary electrode

playing no further role in the process by virtue of the high resistance connected in
series with it.

At this stage, the lamp is operating as a low-pressure discharge (similar to that in a
tubular fluorescent lamp). The discharge fills the tube and has a blue appearance.

1.1.2 Run-up
Ionisation of the inert gas having been accomplished, the lamp still does not burn in
the required manner or give its full light output until the mercury present in the
discharge tube is completely vaporised. This does not occur until a certain time,
termed the run-up time, has elapsed (Fig. 6).

During run-up, the mercury As a result of the arc discharge in the inert gas, heat is generated resulting in a
is vaporised rapidly increasing temperature within the discharge tube. This causes the mercury

to gradually vaporise, increasing the vapour pressure and constricting the discharge
to a narrow band along the tube’s axis. With further increase in pressure the radiated
energy is concentrated progressively toward the spectral lines of stronger
wavelengths and a small proportion at continuous radiation is introduced so that the
light becomes whiter. Eventually, the arc attains a point of stabilisation at a vapour
pressure in the range of 2.105 to 15.105 Pa (2-15 atmospheres) and the lamp is said
to have reached the point of local thermodynamic equilibrium. All the mercury is then
vaporised and the discharge takes place in unsaturated mercury vapour.

The run-up lime, which is defined as the time needed from the moment of switch-on
for the lamp to reach 80 % of Its full light output, is about four minutes.

1.1.3 Stabllisation
A ballast Is needed to The high-pressure mercury lamp, like most discharge lamps, has a negative
stablilse the lamp resistance characteristic (i.e. the volt-ampere curve has a negative slope) and so

cannot be operated on its own in the circuit without a suitable ballast to stabilise the
current flow through it (see Lesson 7, Sec. 3.1) and this lesson, Sec. 1.4.

Fig. 6 Run-up characteristics of
lamp current (lll), l.arnp power
(Pl), lamp voltaoe (Vl ) and
luminous flux (Φ) of a typical
high -pressure mercury lamp.



1.2 Construction

A high-pressure mercury lamp comprises the following main parts (Fig. 7):
•  discharge tube and support
• electrodes
• outer bulb
• fill gas
• lamp cap

1.2.1 Discharge tube and support
Quartz discharge tube The most important component of the lamp is the discharge (or arc) tube. This

consists of a tube of quartz chosen for its low absorption of ultraviolet and visible
radiation and its ability to withstand the high operating temperatures involved. This
tube is pinch-sealed at each end, and running through the seals are very thin strips
of molybdenum foil, called feedthroughs, to which the electrodes (main and auxiliary)
are attached. Molybdenum is chosen because it forms a reliable, gas-tight seal with
quartz at the high operating temperature involved.

The discharge tube is held in position by a wire support, This same support provides
the electrical connection between the main electrode and the auxiliary electrode via
the ignition resistor.

1.2.2 Electrodes
Each main electrode consists of a shank or rod of tungsten, round the end of which
is wrapped a tungsten coil impregnated with an electron emissive material such as
yttrium oxide, The auxiliary electrode is simply a piece of molybdenum or tungsten
wire positioned close to one of the main electrodes and connected to the other
through a 25 kΩ resistor.

Fig. 7 SIages in the assembly of an ovoid high-pressure mercury lamp.



1.2.3 Outer bulb
For lamp wattages up to 125 W, the outer bulb can be of soda-lime glass. The
higher-wattage lamps, however, are usually made using hard, borosilicate glass,
which can withstand higher operating temperatures and thermal shock.

The outer bulb provides The outer bulb, which normally contains an inert gas (argon or a mixture of argon
thermal protection and nitrogen) at atmospheric pressure when the lamp is operating, shields the

discharge tube from changes in ambient temperature. The gas also protects the
lamp components from corrosion at the high operating temperatures involved, and
prevents flashover between the electrodes from occurring in the bulb.

1.2.4 Bulb coating
The pure mercury arc produces a line spectrum with emission in the visible region at
the yellow, green and blue wavelengths, there being an absence of red radiation
(see Fig. 12). It also emits a significant portion of its energy in the short-wave
ultraviolet region of the spectrum. The lamp with an outer envelope of clear glass
therefore has a bluish colour appearance and poor colour rendering.

Standard phosphor coating

The phosphor coating has In most mercury fluorescent lamps, the inner surface of the outer bulb, which is
two important functions ovoid in shape, is coated with a white phosphor to improve the colour rendering

given by the lamp and to increase its light output. The phosphor, generally yttrium
vanadate to which an activator such as europium has been added, converts a large
part of the ultraviolet energy radiated by the discharge into ‘visible’ light,
predominantly in the red end of the spectrum (Fig. 8 left).

It has an optimum Increasing the thickness of the coating increases the absorption of ultraviolet
thickness radiation (hence emission of red radiation). However, this also causes a loss in

transmission of the visible wavelengths, so coating thickness is a compromise
between light output (and hence efficacy) and colour rendering.

Fig. 8 Emission curves of europium-activated yttrium vanadate (left) and cerium-activated yttrium
aluminate (right).



Fig. 9 Lamp caps used on high-pressure
mercury, blended-light and metal halide
lamps.

Special coating

High-pressure mercury fluorescent lamps referred to by Philips as Comfort lamps are
given a coating consisting of a mixture of europium-activated yttrium vanadate and
cerium-activated yttrium aluminate (Fig. 8 right). This coating gives the lamp a warmer
colour appearance (lower correlated colour temperature), a higher colour rendering
index, a higher lumen output, and hence a higher luminous efficacy than the lamp with
the normal coating.

Reflective coating

In the mercury fluorescent reflector lamp, which has a parabolic shape, the reflector is
formed by a coating of titanium dioxide between the yttrium vanadate phosphor coating
and the inner surface of the bulb.

1.2.5 Fill gas

Discharge tube

The mercury dose depends The discharge tube is filled with an inert gas (argon) and an accurate dose of distilled
on the lamp wattage  mercury. The mercury dose varies with lamp rating, and is so chosen that when the

 lamp is at its operating temperature, all the mercury is vaporised and the arc voltage is
 within specified tolerances.

The inert gas is needed to help in starting the discharge and also ensures a reasonable
life for the emitter-coated electrodes. These are the only reasons for the addition of an
inert gas in high-pressure mercury lamps.

Outer bulb

The outer bulb, as already mentioned, is filled with an inert gas (or a mixture of these),
whose primary function is to protect the discharge tube from external temperature
fluctuations while the lamp is operating.



1.2.6 Lamp cap
The lamp cap is made of nickel-plaled bras& The type 01 cap, or base, employed ~s
largely dependent upon ihe rating ol the lamp ~see Lessor B, Sec. 2,5). Generally
speaking, lamps ol 125 W or less heve either the E27, B22d or 822d-3 cap. Lamps
greater than 126 W have the E40 cap (Fig. 9).

Lamps man utaclured for the North American market have the E26 and E39 caps.

1.3 Performance characteristics

1.3.1 Energy balance
About two-thirds of the As can be seen from Fig. 10. in The case of a clear-glass high-pressuie mercury
lamp of inpul power Is convefld 400 W. the radiation from ihe arc consists of some 90 W ultraviolet and 50 W
visible light Into heat The remaining 260 W of Iha 400 W dissipated in the lamp are lost either at the electrodes or

10 nori-radialive processes in the arc, arid heat ihe outer bulb by convection and
conduction.
Only some 10 W ot the ultraviolel Is transmilled through the glass bulb! nio~tly in Ihe
365 nm reghon

Ttie energy balance in a ICX) W high-pressure mercury fluorescent lamp is shown In
Fig. it The phosphor converis n lurthsr S W of the ultraviolet to visible light Much
more Important, 1tiot~gh, is that this additIonal ~iisibl€ radiation is in the red part of
the spectrum, and this serves to miprove the colour quality of the lamp.

FIg. IC) E~i orgy b&ancsofa 400W
clsar h~gh-prsswre mercwy iamp.

1. pqqr 1 dI.cbir~ c~vrrwi - ~D Pr
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1.3.2 Colour appearance and colour rendering
The relative spectral power distributions of dew-glass and colour-corrected
high-pressure mercury lamps are shown in Figs. 12, 13 and 14.

The clear-glass lamp has As can be seen, in the case of the clear-glass lamp the spectrum consists of
a bluish-white colour four principal lines (404,7 nm - violet, 435,8 nm - blue, 546,1 nm - green, and

579 nm - yellow). The lamp has a bluish-while colour appearance (correlated
colour temperature T = 6000 K).
It is clearly deficient in the red region, and as a consequence its colour
rendering is poor (Ra = 15).

The red component produced by the addition of the yttrium vanadate
phosphor in the colour corrected lamp is immediately apparent This results
in an improved, warmer colour appearance (T = 3850 K) and a much-
improved (although still only moderate) colour rendering index (Ra =  45).

The version of this lamp with the special ‘Comfort’ coating has an even
warmer colour appearance (T = 3300 K) and slightly improved colour
rendering (Ra = 52) compared with the standard high-pressure mercury
fluorescent lamp.

1.3.3 Luminous efficacy
Factors influencing From what has been said above concerning the energy balance in high-
luminous efficacy pressure mercury lamps, two facts become immediately apparent regarding

their luminous efficacy.

The first is that this is higher for the high-pressure mercury lamp with the
fluorescent coating than for the clear-glass lamp of the same wattage Take,
for example, the 250 W lamp. This has a luminous flux of 11500 lumens,
which gives it a luminous efficacy of 46 Im/W, while the fluorescent lamp of
the same wattage has a luminous flux of 13 000 lumens and a luminous
efficacy of 52 lm/W, and with the highest efficacy of all the Comfort lamp at
14 000 lumens or 55 lm/W.,

Secondly, as with all lamp types, the luminous efficacy increases with
wattage. In the case of high-pressure mercury fluorescent lamps, for
example, the luminous efficacy ranges from 36 lm/W for the 50 W lamp with
a luminous flux of 1800 lumens to almost 63 lm/W for the 2 kW lamp of 125
000 lumens.



Fig. 12 Specfral power distribution of a clear high-pressure mercury lamp.

Fig. 13 Spectrali power distribution of an yttrium-vanadate-coated
High-pressure mercury lamp.

Fig. 14  Spectral pcwer distribution of a ‘Comfort’-coated high-pressure
mercury lamp.



Pig. f5 Typical depreciation
curve for high-pressure mercury
lamps.

1.3.4 Lumen depreciation
Lumen depreciation, the phenomenon whereby light output decreases with lamp age, has
already been mentioned briefly in Lesson 7.

Burning-in period Lumen depreciation varies somewhat from one type of high-pressure mercury lamp to
another, but the curve shown here (Fig. 15) illustrates the sort of depreciation to be
expected. Since the light output falls slightly during the first few hours of life, the rated initial
lumens of these lamps is established after 100 burning hours, when the lamp has stabilised.

1.3.5 Lamp life
Lamp ifie defined The economic life of a lamp is defined as the number of burning hours after which, when

employed in an installation under certain specified conditions, the installation suffers a
depreciation in lighting level of approximately 30%. This 30 % is the sum of the lamp lumen
depreciation and the reduction In light output as a consequence of lamps failing.

The economic life of the high-pressure mercury lamp is about 12 000 hours, depending on
type. This corresponds to an average rated life (see Lesson 7, Sec. 4.1.1) of about 24 000
hours

1.3.6 External influences
In certain lamps, lumen output and lamp life are to a certain extent dependent on external
influences, principally temperature changes and variations in the mains supply.

Temperature

The light output of high-pressure mercury lamps is not significantly affected by ambient
temperature, the outer bulb serving to shield the discharge tube 1 mm changes in
temperature.

Manufacturers often state a maximum permissible base and bulb temperature, but
these restrictions have to do with the physical properties of the materials used. Low
temperatures have hardly any effect on the performance either: here it is the ignition
that is first affected (Fig. 16).



Temperature has little Within these boundaries, temperature has virtually no influence on the life of a high-
effect on lamp life pressure mercury lamp since the discharge takes place in unsaturated mercury vapour

and an increase in the temperature of the discharge tube does not result in further
mercury being vaporised. Similarly, a small temperature drop will not result in any
mercury being condensed; so. in both cases the vapour pressure remains constant.
This means that the lamp voltage remains reasonably constant too, so there will be no
fluctuations in lamp current which could affect lamp life.

Mains voltage fluctuations

Since the arc voltage is almost independent of the loading, the changes in the former
caused by mains voltage fluctuations are so limited that they can be regarded as being
independent of the mains supply. The lamp current, however, is controlled by the type
and design of ballast. With increasing mains voltage, the current increases; with
decreasing mains voltage it decreases, and the same applies to the lamp loading (viz.
wattage) and to the luminous flux. This is illustrated in Fig. 17 for a lamp operating with
an inductive ballast.

The mercury lamp is The mercury lamp, in spite of its relatively low light output compared with other lamp
untroubled by poor power types, is nevertheless often found in those countries where the power supplies or which
supplies they must operate are rather poor. Where more economical lamps, when run on such

supplies, may be prone to premature failure or else are unable to function at all, the
mercury lamp is untroubled in this respect.

Burning position

Some discharge amps are restricted as to their orientation, or burning position during
operation. This is not so with the high-pressure mercury lamp, which has a universal
burning position.

Fig. 16 Ignition voltage required for a typical high- Fig. 17 The effect of mains voltage fluctuations on
pressure mercury lamp as a function of lamp current (ll), lamp power (Pl), and luminous
temperature flux (Φ) for a high-pressure mercury lamp.



1.3.7 Re-ignition
The lamp must cool down If the arc is extinguished, the lamp will not restart until it has cooled sufficiently to lower
before it can be re-ignited the vapour pressure, and with it the breakdown voltage, to the point where the arc will

restrike with the voltage available. This time, termed the re-ignition (or restrike) time, is
in the order of five minutes.

1.2.8 Flicker
A high-pressure mercury lamp operating on a 50 Hz alternating voltage will exhibit a
fluctuating light output, the lamp extinguishing and restriking every half cycle of the
supply. This can give rise to troublesome and even dangerous situations, for because of
the stroboscopic effect created by the pulsating light the rotating parts of a machine
(e.g. a lathe) will appear to be standing still.

The problem of flicker can This can be avoided by operating two lamps in a so-called duo circuit or by spreading
be easily solved the lighting over the three phases of the supply In the first case, this will result in the

virtual elimination of the stroboscopic effect because the maximum light output of one
lamp will coincide with the minimum light output of the other. In the second case, the
peaks in light output will be phase shifted by 120°, whereby the frequency of the light
pulses is increased and their effect less noticeable.

1.4 Ballasts
As was explained earlier in this lesson, the high-pressure mercury lamp has a negative
resistance characteristic. It must therefore be operated in conjunction with a device
having a positive resistance characteristic, that is to say a ballast, to control lamp
current.

There are a number of ballasts in use for operating high-pressure mercury lamps.

1.4.1Uncompensated (low power factor) inductive ballast
The simple choke ballast The simplest form or ballast is the inductor or choke, which is no more than a coil of

copper wire wound on an iron core. The impedance of the choke is chosen in
accordance with the voltage at the lamp type for which it is designed. This is to ensure
that the lamp current is at the correct value. Placed in series with the tamp (Fig. 18), the
choice will give a circuit having a lagging power factor of about 0,5.

Such a circuit has three principal disadvantages:
1. The low power factor can cause overloading of the mains supply cable.
2. The starting current fed to the lamp is about 1,5 times the rated current.
3. Variations in the mains supply voltage cause variations in the current through the

lamp, and thus corresponding variations in light output.

Fig. 18 Simple uncompensated ballast circuit for a       Fig. 19 High-pressure mercury ballast circuit with
high-pressure mercury lamp.                                        shunt compensation. The extra filter coil, which is

                                                                    sometimes necessary to prevent short-circuit of
                                                                            high-frequency signals, is shown in broken lines.



Fig. 20 Ballast and compensating capacitor for a high-pressure Fig. 21 Distorted current
mercury lamp. waveform (l) compared with the

undistorted voltage waveform (V).

1.4.2 Compensated (high power factor) inductive ballast

Shunt compensation

Choke plus shunt- In Europe, where the mains voltage is 220/240V, by far the most common ballast circuit
connecled compensating is that consisting of an inductor in series with the lamp and a capacitor connected
capacitor across the supply (Figs. 19 and 20). The capacitor increases the lagging power factor

of the uncompensated circuit from 0,5 to better than 0,85. This circuit also has the
advantage of reducing the lamp current under starting and operating conditions by
nearly 50 per cent compared with the uncompensated circuit.

There are two possible disadvantages in providing power factor correction (or
compensation) in this way, and both have to do with the impedance of the capacitor
decreasing with increase in frequency.

Two problems associated The first occurs when the mains voltage is slightly distorted, for the current drawn by
with shunt compensation the ballast will then have a high harmonic content, in other words the current waveform

will also be distorted (Fig. 21). As a result, ballast losses will be correspondingly higher.

The second drawback arises in those applications where high frequency signalling via
the mains is used (as, for example, in road lighting where lamps are switched on and
off using audio frequency signals from a remote control centre). The shunt capacitor
then form a low impedance path to these signals, thereby short-circuiting them. The
problem can be simply solved, however, by connecting a small inductor, or filter coil, in
series with the shunt capacitor.

Series compensation

Series compensation can only be employed in conjunction with lamps having an arc
voltage that remains constant during the life of the lamp The high pressure mercury
lamp satisfies this condition.



The Iead-lag twin circuit Series compensation can be employed with a single lamp (Fig. 22), but more often
inductive and capacitive circuits are used in combination (Fig. 23). By selecting the
appropriate capacity for the capacitor in series with the ballast coil, the same
impedance can be obtained for the capacitor and ballast in series as for the coil alone,
but with the difference that in the former case the current leads the voltage by the same
amount as it lags it in the inductive circuit. This arrangement is called a lead-lag twin
circuit.

An advantage of the capacitive circuit is that it is less sensitive to mains voltage dips, it
being the voltage across the capacitor rather than the mains voltage that is responsible
for re-ignition of the lamp after each half cycle of the supply.

Correction on a fifty-fifty basis (one capacitive against one inductive circuit) will result in
a power factor of almost unity, which is more than adequate. Therefore, in practice,
fewer capacitive than inductive circuits need be installed, an important consideration in
view of the relatIvely large and expensive series capacitors that are needed to cope
with the high currents.

1.4.3Constant wattage ballast
Constant light output For some applications (e.g. photocopying) it is desirable that the light output from the

lamp be constant, or nearly so. This being the case, the influence of the mains voltage
fluctuations must be restricted.

A suitable circuit for this purpose has become known as the constant wattage circuit.
The circuit, which is shown In Fig. 24, consists of a transformer, in the secondary
winding of which is a capacitor in series with the lamp. The capacitor allows the lamp to
operate with better wattage stability when the supply voltage fluctuates. It also takes
part in the ballasting of the lamp and corrects the power factor.

Although this circuit does have a favourable power factor, and variations in the mains
voltage of up to some ten per cent have virtually no effect on the lamp current (and
hence the light output), it does suffer from three serious disadvantages:

1. The wattage losses in the transformer are high.
2. The transformer is large, heavy and expensive.
3. Arc voltage fluctuations result in considerable wattage fluctuations. and these have to

be ‘absorbed’ by the ballast.

Fig. 22 Series compensation for Fig. 23 Lead-lag circuit for two high-pressure mercury
a single lamp. lamps.



Fig. 24 HIgh-pressure mercury lamp operated on Fig. 25 High-pressure mercury lamp operated on
a constant-wattage ballast. a constant-wattage autotransformer.

1.4.4 Constant wattage auto-transformer
This is the most widely used circuit in the USA and North America, which employ a
110/127 V mains supply. It consists (Fig. 25) of a high-reactance auto-transformer (viz.
a transformer so connected that part of its winding is common to both the primary and
secondary circuits) with a capacitor in series with the lamp. Just as with the constant
wattage ballast described above, the capacitor takes care of mains supply fluctuations,
a 10 % change in line voltage resulting in only a few per cent change in lamp watts.

1.4.5 Dimming ballast
Dimming to save energy The dimming possibilities for the various lamp types will be dealt with in some depth in

Lesson 16. We shall confine ourselves here to a system that is much employed in road
lighting.

The circuit diagram of the dimmer is shown in Fig. 26. By including a suitable extra
impedance in the ballast circuit, the lamp will burn at about half power. In this way the
quality of the lighting can be maintained whilst at the same lime reducing the energy
consumption of the installation.

Fig. 26 Typical dimming circuits for street lighting with an extra ballast that can be switched in series (left) or in
parallel (right).



Fig. 27 The Philips high-pressure mercury
lamp family. From left to right: 250 W, HPL-R
 reflector lamp, 250 W, HP-T tubular clear
lamp, 400 W, HPL-N phosphor-coated lamp,
125 W, HP clear ovoid lamp and 80 W, HPL-
B globular lamp with Comfort coating.

1.5 Survey of principal lamp types

There are three principal There are basically three sorts of high-pressure mercury lamps used for general lighting
lamp types purposes (as opposed to those employed in other specialist applications). These are the

clear-glass lamps, the phosphor-coated (or colour-corrected) lamps, and the reflector
lamps (see Fig. 27).

1.5.1 Clear-glass lamps
The clear-glass lamps can be further divided into those having a tubular outer bulb and
Those wher the outer bulb is ovoid (i.e. egg-shaped). The former (referred to by Philips as
HP-T lamps) are available in 250 W, 400 W and 1 kW versions, while the latter (so-called
HP lamps) range from 125 W to 400 W.

Compact light source As can be seen from the accompanying table, clear-glass mercury lamps are
characterised by their high colour temperature (bluish-white colour appearance), low
colour rendering index, and somewhat lower efficacy compared with phosphor-coated
lamps. Their virtue lies in the fact that the discharge tube provides a compact source of
light, which lends itself to use in those applications where accurate directional control of
the light is needed, as for example in floodlighting.

Performance comparison of 400 W mercury lamps

Type Luminous flux (lm) Efficacy (lm/W) Colour temp. (K) Colour rend. (Ra)

HP and HP-T
HPL-N
HPL Comfort
HPL-R

21 000
22 000
24 000
20 000

52
55
60
50

6000
3850
3300
4000

15
45
52
37



1.5.2 Phosphor-coated lamps
The phosphor-coated lamps, as was mentioned when describing the outer bulb, are of
two sorts, according to the type of phosphor used.

Standard phosphor

The standard phosphor serves to improve the colour appearance and colour rendering
of the lamp, whilst at the same time considerably improving its efficacy and reducing its
luminance compared with an uncoated lamp.

Pleasant, economic lighting These lamps (known as HPL-N lamps) are ovoid in shape and find application wherever
pleasant and economic lighting of rather large areas is involved, as for example
factories, garages and petrol stations, street lighting, parking lots and sports grounds.
Lamp wattages range from 50 W to 2 kW.

Special phosphor

Lighting with a touch of Some lamps are given a special coating to further improve the colour appearance
atmosphere and colour rendering of the lamp. The efficacy of these (Philips HPL Comfort) lamps is

slightly higher than that of the HPL-N lamps! and the lamps improved colour qualities
make it very suitable for use in those applications where theirs is a demand for very
good quantity lighting, perhaps with a touch of atmosphere, as for example in
residential areas and commercial premises.

The HPL Comfort lamp is ovoid in shape, but a spherical lamp with the same coating is
also available. This is the HPL-B Comfort lamp, which is so shaped as to give the lamp
enhanced appeal in decorative lighting installations. Lamp wattages range from 50 W to
400 W for the HPL Comfort, while the HPL-B Comfort comes in just the 50 W and 80 W
ratings.

1.5.3 Reflector lamps
There we in fact two types of reflector lamp to be considered, namely the true reflector
lamp (HPL-R) and the partially phosphor-coated ovoid lamp (HLRG). The latter is not
dealt with here since it is a special lamp intended for use in plant lighting.

Built-in reflector is free The quartz discharge tube of the HPL-R lamp is enclosed in a conically-shaped hard-
from soiling glass outer bulb that has been given an internal reflective coating of titanium oxide (the

yttrium vanadate fluorescent layer is deposited on top of this reflector). The reflector
directs the light through a clear-glass window. An advantage of the internal reflector is,
of course, that it cannot become soiled in dirty surroundings. The HPL-R reflector lamp
is therefore ideal for use in high-bay lighting in iron foundries, paper mills, quarries and
similar heavy industries. HPL-R lamps are available in ratings ranging from 125 W to 1
kW.



2. Blended light lamps
The blended light lamp has The blended light lamp is similar to the conventional high-pressure mercury lamp, from
its own built-in ballast which it was in fact derived. The principal difference between the two lamps is that

whereas the normal mercury lamp is dependent on an external ballast to stabilise the
lamp current, the blended light lamp has the ballast built-in in the form of a tungsten
filament connected in series with the discharge tube (Fig. 28). The light from the
mercury discharge and that from the heated filament combine, or blend (hence the
name), to give a lamp with operating characteristics that are totally different to those
possessed by either a pure mercury lamp or an incandescent lamp.

2.1 Working principle
Clearly, there are two working principles involved here: that of the high-pressure
mercury discharge and that of the incandescent filament. Both of these principles have
already been dealt with at same length (see Sec. 1.1 of this lesson and Sec. 1 of
Lesson 8, respectively). What will be explained here, therefore, is how these two
principles are combined in a single lamp.

2.1.1 Buildup in light output
Ignition and run-up in the blended light lamp are the same as in a normal high-pressure
mercury lamp, but the build-up in light output is entirely different

Immediately after ignition, the arc voltage of the discharge tube is very low, about 30 V.
Thus, since the discharge tube and the filament are in series, the voltage across the
latter will be about 190 V, which is much higher than the operating voltage of 100 V to
145 V. Consequently, the filament emits a considerable amount of light at this point in
time, while the light output from the discharge tube is very low (Fig. 29).

Fig. 28 A working blended light lamp. The discharge tube is
surrounnded by the incandescent filament.



Fig. 29 Run-up characteristics of
the filament (Φf) and discharge
tube (Φd) of a metal halide lamp
compared with the total integral
run-up performance (Φt).

High initial light output During the run-up period, the arc voltage gradually increases, with a consequent
increase in light output from the discharge tube. At the same time, the filament voltage
decreases, which means that the light output from the filament decreases as well. This
trend continues until stabilisation occurs after some three minutes, at which point the
luminous flux from the discharge tube is about twice that from the under-run filament.
The blended light lamp, unlike the normal mercury lamp, in fact gives more light during
the first part of the run-up period than during normal operation (Fig. 30).

2.1.2 Filament as ballast
The light-giving ballast The discharge tube needs a series impedance to limit the current through it. Were such

a device not used, there would be nothing to prevent this current from increasing to the
point where lamp destruction takes place. Thus the series filament, apart from providing
a warm incandescent light to complement the cooler light from the discharge, also acts
as a current-limiting device, or ballast, for the lamp. As the lamp current tries to
increase, the filament gets hotter and its resistance increases, so preventing any further
increase in current (see also Lesson 8, Fig. 21).

Fig. 30 Run-up characteristics
of the lamp power (Pl), lamp
current (10 and luminous flux
(Φ) of a blended light lamp.



Fig. 37 Construction of a blended light reflector
lamp.

2.2 Construction

A blended light lamp comprises the following main parts (Figs. 31 and 32):
• discharge tube and support
• electrodes
• filament
• outer bulb
• bulb coating
• fill gas
• getter
• lamp cap

With the exception of the filament, the gas used in the outer bulb and the getter,
these parts are the sane as already described for the standard high-pressure mercury
lamp (see Sec 1.2).

2.2.1 The filament
As already noted, the filament acts as a resistive ballast for the discharge tube. The
filament, which is a coiled tungsten wire just as in the incandescent lamp, encircles
the discharge tube to obtain good light mixing and to promote rapid run-up of the tube



Fig. 32 Stages in the construction of an ovoid blended light lamp.

The run-up time is of particular importance in the design of the filament. As was
explained above in connection with the build-up of light output (Sec. 2.1.1), the filament
is extremely heavily loaded at the beginning of the run-up period, and this overloading
takes place every time the lamp is switched on. On average the lamp will be switched
once every so many burning hours (Philips specifies one switching cycle in eleven
hours of operation). A higher rate of switching leads to a shorter lamp life, and vice
versa. The effect on the filament life of the overvoltage during the run-up period of
around three minutes, is roughly equivalent to two burning hours at operating voltage.

The filament is of heavy- burning hours at operating voltage. This is taken into account in the design of the
duty construction filament, which is of heavy duty construction compared with that in a normal

incandescent lamp.

2.2.2 Gas-filling in outer bulb
This is different in blended light lamps to that employed in standard high-pressure
mercury lamps. Just as in incandescent lamps, the filament requires a gas of low
thermal conductivity and a relatively high filling pressure to keep vaporisation of
tungsten to a minimum. For this reason, the gas filling in blended light lamps consists of
argon, with a percentage of nitrogen (to prevent flash-over) at a pressure a little below
105 Pa (i.e about 1 atmosphere).

2.2.3 Getter
Certain gases harmful to the filament are given off inside the lamp during its Iife by the
metal, glass and quartz components used. Just as in the incandescent lamp (see
Lesson 8, Sec. 2.4) the materials used in the outer bulb to minimise their effect are
known as getters.



2.3.1 Energy balance
The energy balance in a 160 W blended light lamp is shown in Fig. 33.

Two-thirds of the lamp As can be seen, two-thirds of the lamp power is dissipated in the filament, which is
power is dissipated in the responsible for only 5,5 W of visible radiation. The discharge tube, on the other hand,
filament although dissipating only one-third of the input power, produces 7,5 W of visible radiation

and 9 W of UV, part of which in turn is converted into a further 1,5 W of visible radiation
at the fluorescent layer. Note also, that the filament dissipates 67,5 W in the form of IR,
or heat, whereas the IR from the discharge tube is a mere 7,5 W.

2.3.2 Colour appearance and colour rendering
The spectral power distribution of a typical blended light lamp is shown in Fig. 34.

Line spectrum of discharge As can be seen, the spectrum is very similar to that produced by the standard high-
plus continuum produced pressure mercury fluorescent lamp. It consists of the same four principal lines (404,7 nm

– violet, by filament 435,8 nm -  blue, 546,1 nm - green, and 579 nm - yellow), but in
addition to the red component produced by the phosphor coating, there is the continuum
produced by the incandescent filament. Thus, whereas the phosphor-coated mercury
fluorescent lamp has an Ra of about 40 and the filament an Ra of 100, the net result of
the spectral mix in the blended light lamp is a lamp with an Ra of about 60.

At the same time, the extra red component in the spectrum results in a lamp with a
slightly warmer colour appearance (T = 3600 K) compared with the standard mercury
fluorescent lamp (T = 3850 K).

2.3.3 Luminous efficacy
The efficacy of the blended light lamp is determined mainly by the individual efficacies of
the discharge tube and of the filament and by the distribution of the total lamp power
between these two. In this respect, the influence of the filament with its relatively low
efficacy is readily apparent.

2.3 Performance characteristics



Fig. 34 Spectral power distribution
of a typical blended light lamp.

Under-run filament lowers The incandescent lamp with a normally loaded filament has a luminous efficacy of about
efficacy of lamp 15 lm/W. But in the blended light lamp, the filament is not normally loaded, it is under-run

and has a much lower efficacy of about 8 lm/W. The efficacy of the discharge tube is
about 40 lm/W. The efficacy of the blended light lamp, in which these two sources are
combined, is between 20 lm/M and 30 lm/M depending on the lamp rating.

2.3.4 Lumen depreciation
Lumen depreciation is Being a combination of incandescent lamp and discharge lamp, the blended light lamp is
aggravated by bulb sensitive to all the influences determining the lumen depreciation of such types. Besides
blackening the depreciation of the discharge tube, bulb blackening by tungsten vaporised from the

filament also plays a part (Fig. 35).

Vaporisation of tungsten is determined mainly by the temperature of the filament and by
the nature and pressure of the fill gas in the outer bulb. The operating temperature of the
filament is not made particularly high, since a long life is required. However, as has
already been explained, during the comparatively long run-up period of the lamp, the
filament is exposed to considerable over-voltage. Consequently, it is mainly during this
run-up time that tungsten evaporates from the filament. This vaporisation is kept to a
minimum by the argon-nitrogen gas mixture in the outer bulb.

Fig. 35 Typical depreciation
curve of a blended light lamp.



2.3.5 Lamp life
The end of life of a blended light lamp is determined by the electrical failure of the lamp,
which occurs when the filament, which is in series with the discharge tube, fails. It is
then quite probable that the discharge tube is still fully functional.

Switching frequency During most of the time that the lamp is burning, the filament is very lightly loaded.
determines life of filament It therefore has a much longer life than a normal filament, typically 8000 hours as

against 1000 hours. But this is dependent on the switching frequency, because during
the first few minutes after switch-on the filament is heavily over-loaded, and this serves
to shorten its life.

Another factor influencing the lifetime of a blended light lamp are mains voltage
variations during operation (see Sec. 2.3.6 below). Here the same rules apply as for an
incandescent lamp.

And it must not be forgotten that operating a lamp on a supply for which it was not
intended will also be detrimental: either the lamp will burn out sooner (supply voltage
too high), or it will last longer but ignition will be troublesome or impossible (supply
voltage too low).

2.3.6 External influences

Mains voltage fluctuations

Change in light output In blended light lamps, the current through the discharge tube is limited by a tungsten
filament, the resistance of which increases with the current, i.e. with the mains voltage.
This leads to the lamp current and thus the lamp loading varying far less with changes
in the mains voltage than in normal high-pressure mercury lamps. However, as a result
of the change of filament temperature the variation in luminous flux is greater. Fig. 36
shows this for an ML 160W lamp.

Lamp life is closely linked A particular effect with blended light lamps is the influence of mains voltage variations
to mains voltage on lamp life. This is determined by the filament life, which is very dependent on the

Voltage across the filament. With these lamps, this dependence is more marked than in
the case of GLS lamps. With GLS lamps an increase of 10 V in a mains supply of 220 V
is an over-voltage of about 4,5 per cent. But in blended light lamps on the same supply,
only about 150 V is across the filament and, since the voltage across the discharge
tube is practically constant, any variations of the mains voltage appear almost entirely
across the filament. Consequently, with these lamps an increase of 10 V in the mains
voltage results in a voltage increase of about 6,5 per cent across the filament, which
explains the marked dependence of lamp life on the mains voltage.

Burning position

Vertical burning position Although in principle the blended light lamp can be operated in any burning position,
recommended manufacturers recommend a base-up or base-down orientation. The acceptable

departure from the vertical is 30° in the case of the lower wattage lamps (viz. 100 W
and 160 W), and 45° for the higher wattages (250 W and 500 W).



Fig. 36 Influence of mains voltage variations on
the lamp current (l l), lamp power (P l), and
luminous flux (Φ) of a blended light lamp.

Fig. 37 With the ML lamp, the lamp voltage is in
phase with the mains voltage and the lamp will
not re-ignite if this is too low.

2.3.7  Re-ignition
Just as with the high-pressure mercury lamp, which operates on an external ballast,
the blended light lamp with its built-in ballast has a re-ignition time of several
minutes. Should the lamp extinguish as a result of an interruption to the mains
supply, the discharge tubs must first cool down to the point where the pressure of the
mercury vapour is low enough for the lamp to re-ignite. The re-ignition time varies
between five and ten minutes.

2.3.8   Dimming
A blended light lamp A blended light lamp cannot be dimmed, for the following reason. Because the
cannot be dimmed incandescent filament which functions as a ballast, constitutes a resistive load, the

lamp voltage will be in phase with the mains voltage (Fig. 37). Were the mains
voltage now to be reduced, the lamp would not be able to instantaneously re-ignite
because the voltage available Is too law. Re-ignition is thus delayed, which means
that the lamp has more lime in which to cool down.
The ionisation of the discharge tube therefore decreases, and this causes the re-
Ignition voltage to increase, which in turn results in the lamp becoming totally
extinguished.

In the case of the high-pressure mercury lamp, Vlamp is out of phase with and re-
ignition problems only appear at much lower supply voltages.



Fig. 38 The Philips blended light family.
From left to right: 100 W ovoid lamp,
160 W reflector lamp and 160 W ovoid
 lamp.

2.4 Survey of principal lamp types

Blended light lamps are of There are two sorts of blended light lamp, the normal ovoid version and the cone-
two sorts shaped reflector lamp, both of which are provided with a fluorescent coating (Fig. 38).

Performance comparison of 160 W blended light lamps
Type Luminous flux (lm) Efficacy (lm/W) Colour temp. (K) Colour rend. (Ra)
ML

ML-R
3150
3100

20
19

3000
3500

60
60

2.4.1 Ovoid lamps
The ovoid version of the blended light (or ML) lamp is available in 100 W, 160 W, 250
W and 500 W. These lamps give more light than comparable incandescent lamps and
they last more than five times longer. This makes them ideal as replacements for GLS
lamps where an improvement in the lighting for the same running costs is desired.

2.4.2 Reflector lamps
In the reflector (or ML-R) lamp, the quartz discharge tube is enclosed in a conically-
shaped hard-glass outer bulb with internal reflector that directs the light through a clear-
glass window. An advantage of the internal reflector is, of course, that it cannot become
soiled in dirty surroundings.

Ideal for domestic plant These lamps are particularly well suited for use in domestic plan lighting installations,
lighting the directional quality of the light producing good modelling and its spectral content

being such as to sustain plant growth. The lamp is rated at 160 W.



Fig. 39 Contrasts in Philips metal halide lamps. A 10 000 W type formerly used in stadium lighting, compared
with a 32 W car headlight lamp.

3. Metal halide lamps
High-pressure mercury Ever since the high-pressure mercury lamp was introduced, people have tried to
lamps with additives improve its colour. Among the things that made this possible was the use of fluorescent

powders but adding metals other than mercury to the discharge also helped. These
metals had not only to generate special colours, they also had to be gaseous at the
lowest temperature in the discharge tube.

Moreover, these additions should not attack the wall of the discharge tube and the
electrodes. In the thirties it was thought that metals such as zinc and cadmium might be
suitable, but these elements attack the quartz at the high temperatures that occur in the
discharge tube. Around 1960, experiments were started with metal compounds, in
particular those that have a higher vapour pressure at a given temperature than the
element itself.

Metal halides are metal- Examples of these compounds are metal halides: compounds of metals and the
halogen salts fluorine, chlorine, bromine or iodine. These last, non-metallic elements are called

halogens. In practice, iodides are most commonly used in metal halide lamps. In the
discharge tube the metal halide dissociates due to the high temperature, until at
approximately 3000 K a chemical balance is formed:

metal halide ↔ metal+ + halide -

In this thermal balance the Following elements are formed:
• non-aggressive metal halide near the wall of the discharge tube;
• metal+ and halogen- ions in the centre of the discharge, the meal ions of which emit

radiation.
Both are potentially aggressive, but cannot reach the tube wall without recombining
to form the harmless halide due to the lower temperature in the outer zone.

The mercury no longer serves as a generator of light, but has become an element for
the regulation of the arc voltage and the heat. Since the excitation levels of the halides
are lower than those of mercury, we have, as it were, a different lamp.



3.1 Basic lamp types
Each combination of the metals used generates a radiator with specific colour points
and radiant efficiency In theory at least, no fewer than 50 different metals can be used
to dose metal halide lamps, so it is easy to understand that different manufacturers
have introduced various combinations on the market.

All these lamps can be subdivided into three main groups:
1. Three-colour radiators, employing sodium (Na), thallium (TI) and indium (In);
2. Multi-line radiators, employing rare earths and associated elements, chiefly

scandium (Sc). dysprosium (Dy), thulium (Tm) and holmium (Ho);
3. Molecular radiators, which display a quasi-continuous spectrum. These employ tin

iodide (Snl2) and tin chloride (SnCl2).

3.1.1 Three-colour lamps

Three-colour metal halide The Philips HPI lamps belong to this group and contain iodides of Na, TI and In.
lamps radiate in yellow, Sodium radiates in the yellow region of the spectrum, thallium in the green region and
green and blue indium in the blue region (Fig. 40).

Thallium iodide and indium iodide are more or less 100 per cent vaporised at the
operating temperature of the lamp. But this is not the case for the sodium iodide, as
here the degree of vaporisation is determined by the temperature in the coldest place of
the discharge tube. Consequently, the amount of Nal in the discharge depends on this
temperature As we can see, the halide balance within the lamp is highly temperature
dependent.

To obtain the same temperatures in the coldest place of the various lamps. the input
power should be the same. The spread of the input power depends arc the tolerances
of the impedances of the ballasts, and these tolerances should therefore be small. This
also applies to variations in the mains voltage.

This is also the reason why the electrode chambers, which would otherwise be too cold
for the required Nal vapour pressure, have been provided with a heat shield made of
zirconium oxide.

From the spectral energy distribution of an HPI lamp {see Fig. 41) we can see that the
spectrum consists of three colour bands: yellow, green, and blue. The proportion of
each

Fig. 40 Spectral power distribution of a three-
colour (In, T1, Na) metal halide lamp. The lithium Fig. 41 SpectraI power distribution of a
line is due to the presence of impurities in the dysprosium lamp, with thulium, holmium and
quartz of the tube waIl. thallium additives.



Fig. 42 Spectral power distribution of a scandium lamp  Fig. 43 Spectral power distribution of a thulium
with sodium additive. (MHN) lamp with various additives.

depends on the amount of lodicles used, and on the temperature. These determine the colour
point, the colour rendering and the luminous efficacy of the lamp

3.1.2 Lamps with a multi-line spectrum
If higher Ra values are required than that of the HPI lamp, it is possible to use a different
filling, resulting in a multi-line spectrum (semi-continuum). The main iodides used here are of
rare-earth and associated metals, but sometimes iodides of other elements are also present
to stabilise the discharge or to put the radiation on the black-body locus.

The major lamps of this type are dysprosium lamps, scandium lamps, and thulium lamps. The
latter are made by Philips under the designation MHN.

Dysprosium lamps The dysprosium lamp (Fig. 41) has a higher colour temperature than the HPI lamp, better
colour rendering, and the possibility of immediate re-ignition if special provisions are made.
However, since the rare-earth metals are chemically more active for quartz than the metals
used in the HPI lamps, lamp life is shorter.

Scandium lamps The scandium lamp (Fig. 42) has the same colour temperature as the HPI lamp, but is
sensitive to power fluctuations, which affect the colour point. They are therefore mainly
operated on constant wattage ballasts, but this is at the expense of the system efficacy.
Scandium lamps are particularly popular in North America. A miniature version has been
developed by Philips for use in car headlights (see Fig. 39).

Thulium lamps The MHN lamp produced by Philips has thulium iodide as main additive, sometimes in
combination with dysprosium and holmium. Sodium and thallium iodides are added to put the
colour point on the black-body locus. This is a relatively new lamp with good colour rendering
and a colour temperature of 4300 K (Fig. 43).

3.1.3 Lamps with a quasi-continuous spectrum

Molecular radiators The last of the three main groups of metal halide lamps is termed by the molecular radiators
(Fig. 44), of which the Philips MHW lamp forms an example. The metal halides SnCl2 and
Snl2 in these lamps function not only as a means of transporting the light-generating metal
atoms to the centre of the discharge, but the separated molecule parts (‘radicals’) also
contribute to the generation of light.



Peg. 44 ~ec~& powar dislribulicwi of a lüi hsffde Fig 45 Sohemat&~ d~Igram Cf Ih~ haSS cycls of
(Mt-Ws9 ~fl~! ‘MItT Sodium ~ ~ ffires-c&ovr (th, TI. Na) metal ñahds 1S41~1,

Fig. 44 Spectral power distribution of a tin halide Fig. 45 Schematic diagram of the halide cycle
(MHW) lamp, with sodium additive. of a three-colour (In, TI, Na) metal halide lamp,

showing the different dissociation temperatures.

The chemical balance for different temperatures is as follows:

3000K 4000K
Snl2 ↔ Snl+ + l- ↔ Sn++ + 2 l-

SnCI2 ↔ SnCl+ + Cl- ↔ Sn++ + 2 Cl-

The halide mixture In this process a semi-continuous spectrum is formed with some additional lines
determines the colour from the mercury buffer gas and from the sodium, which is added to stabilise the

arc. The result is a temperature lamp with very good colour properties. The colour
temperature can be controlled by changing the Snl2 concentration. Colour shifts
over a wider range can be obtained by adding lithium iodide for red or indium iodide
for blue.

A disadvantage of this type of lamp is the limited life, which restricts its use for
general lighting purposes.

A survey of the various metal halide lamps and some of their characteristics is given
in the foIlowing table.

Characteristics of the metal halide lamps

System Three-line radiator Multi-line radiator Molecular radiator

Philips type HPI HPI-T MHN-TD MHW-TD

Cocktail In, TI, Na Dy, (TI Sc, (Na) Tm, (Na, TI) Snl2/SnCl2
Lamp efficacy

(lm/W)

69 79 72 85 80 71

System efficacy

(lm/W)

65 76 66 73 76 65

Colour rendering

(Ra)

68 61 86 56 87 64

Colour

temperature (K)

4100 4500 5600 3800 4300 3000

Rated life (hours) 10000 10000 8000 10000 8000 1500

3.2 Working principle
In principle. the radiation in the metal halide lamp is generated in the same way as in
other discharge lamps. Up to now, we have found only one metal, namely Hg, in the
lamp or in the discharge tube. It is evident from what has been said above that this
is far more complicated in the case of the metal halide Iamps. Consequently, the
lamp itself is far more complicated, as we shall see in a later section, where the
various parts of the lamp are discussed.



3.2.1 The halide cycle
The halide cycle is similar When a metal halide lamp first starts, the spectrum is initially that of the mercury
to the tungsten halogen vapour, since the halides remain unvaporised on the relatively cool wall of the
cycle discharge tube. As the wall temperature increases, the halides melt and vaporise.

The vapour is carried into the hot region of the arc by diffusion and convection,
where the halide compound is dissociated into the halogen and metal atoms.
Different halides dissociate at different temperatures (Fig. 45). The metal atoms
become excited in the hot core of the discharge and radiate their appropriate
spectrum. They then move nearer the cooler wall of the tube, where they recombine
with the halogen atoms to once again to form the halide compound. The whole cycle
then repeats itself. The halide cycle is in many respects comparable with the
tungsten halogen cycle, described in Lesson 8, Sec 3.

3.2.2 Ignition
The high-pressure mercury lamps can be simply ignited by means of an auxiliary
electrode, partly because the electrodes carry an electron emissive coating and also
because the vapour mixture in the cold lamp is such that an ignition voltage of less
than 200 V is sufficient.

The electrons are removed However, in a metal halide lamp things are different. Because of the chemical
from the discharge activity of the lamp filling, normal emitter materials cannot be used, and the

discharge tube of this lamp contains electro-negative iodine so that the electrons are
removed from the discharge. The lamp will therefore at least be very difficult to ignite
without special aids. In addition, the electrodes are often coated with iodides that
reduce their power to emit electrons.

Sometimes, when special measures are taken to avoid soiling of the electrodes with
iodides, it is possible to ignite smaller lamps without an external igniter, but with an
auxiliary electrode. This is the case for HPI-BUS lamps.

Radioactive additives to To facilitate ignition, radioactive compounds that release free electrons are often
facilitate ignition used in metal halide lamps (cf. the working of the glow-discharge starter, Lesson 9,

Sec. 5.2.1.).

In three-band (H P1) lamps the electrodes contain thorium oxide for this purpose,
which also acts as a thermal emitter. In scandium and rare-earth lamps ThO2 cannot
be used, as it would react with the halides. Therefore, in scandium lamps thorium
iodide (Thl4) is added to the cocktail -  where it also acts as a radiator - and in rare-
earth lamps, such as  the Philips MHN, radioactive krypton (Kr85) is added to the fill
gas.

Because ThO2-activated electrodes can be used, Na, TI, In lamps require a
relatively low ignition voltage, 500- 1200 V. Most other lamps require an ignition
voltage of 4 to 5 kV.

Fig. 48 Run-up
characteristics of the lamp
current (ll), lamp power (Pl ),
lamp power (Vl), and
luminous flux (Φ) of a three-
colour (HPI) metal halide
lamp.



Fig. 47 Dysprosium lamp of 2 kW, which
can be re-ignited by means of a very high
voltage peak (60 kV) via the top contact

.

Re-ignition after a
voltage interruption

3.2.3 Run-up and re-ignition
After ignition of the lamp, the other metal compounds and the mercury in the discharge
tube will evaporate and dissociate and generate light as a result of the current flow. This
process lasts a few minutes. During this time the colour changes until, at the end of the
run-up period, the final colour point is reached {Fig. 46).

If there is an interruption in the supply voltage and the lamp extinguishes, it will take
approximately 10 to 20 minutes before the pressure within the lamp has fallen enough
for it to be re-ignited by its own igniter.
Immediate re-ignition is possible with rare-earth (dysprosium and thulium) lamps by
applying a very high (typically 60 kV) voltage pulse. As normal single-ended lamp caps
are insufficiently well insulated for such a high voltage, this is only possible with double-
ended (e.g. MHN) lamps, or with lamps provided with a special top cap for re-ignition
(Fig. 47). These lamps can only be used in special luminaires.
Three-colour (HPI) lamps cannot be re-ignited in this way, as the excess of Nal present
would provide a conductive path for the re-ignition pulse.

Fig. 48 Construction of an ovoid (left)
and tubular (right) metal halide lamp.



3.3.Construction
At first sight, metal halide lamps look like high-pressure mercury lamps. However.
there are clear differences. These differences will be discussed in detail below (Figs.
48 and 49).

3.3.1 Discharge tube
The discharge tube is The discharge tube is of pure quartz and must be so shaped that all the light emitted
specially shaped is of the right colour and that the colour is consistent. This implies, for instance, that

the place where the iodides are deposited must be hot enough.

Of course, this temperature depends on the cocktail used, but it is usually far in
excess of 900 K. The maximum temperature allowed for quartz is approximately
1200 K, for above this temperature recrystallisation will occur.

The zirconium oxide applied to the outside of the electrode chamber serves to
increase the wall temperature at this point. In those places where this coating is not
strictly necessary, it is dispensed with, since it has an adverse effect on the light
output.

3.3.2 Electrodes
Just like the electrodes of the high-pressure mercury lamps those of the metal halide
lamps consist of three parts, namely:

Three-part electrodes 1. the lead-out rod forming the connection outside the discharge tube;
2.  the molybdenum foil, which provides a gas-tight seal in the quartz between the

lead-out rod and the electrode:
3. the electrode itself.

In HPI lamps, thorium oxide is used as emitter. This is applied as a pellet in the
electrodes. In scandium lamps, thorium iodide is added to the filling and rare-earth
lamps have krypton85 added to the fill gas to facilitate ignition.

Fig. 49 Stages in the assembly of a tubular (HPI-T) metal halide lamp.



3.3.3 Outer bulb

Just as in the higher wattage mercury lamps, the glass outer bulb of HPI lamps is made
of hard glass, either tubular in shape and clear (uncoatad) or ovoid and coated. Double-
ended MHN-TD and MHW-TD lamps have the outer bulb made of quartz.

The halides mainly radiate Again, just as in the mercury lamp, the inner surface of the ovoid bulb is coated with
in the visible region of the europiurn-activated yttrium vanadate phosphor to convert the ultraviolet radiation from
spectrum the discharge into visible radiation. However, the halides employed in the metal halide

lamp produce only a small amount of ultraviolet radiation, in the long-wave ultraviolet
region of the spectrum (viz. 300 - 350 nm) where conversion into visible radiation is
poor. By far the greater contribution to light output in fact comes from the halides, as
these radiate in the visible region of the spectrum.

3.3.4Filling

Discharge tube

The metal iodides used The fill-gas of the discharge tube consists of a mixture of two rare gases, namely neon
depend on lamp type and argon, or krypton and argon, with a cold tilling pressure of 4000 to 5000 Pa.

The disadvantage of using neon as a fill-gas is that It diffuses through the quartz wall of
the discharge tube. Measures have therefore to be taken to prevent the discharge tube
from emptying. Therefore, neon is also introduced into the outer bulb.

Besides the fill-gas, mercury and certain metal iodides are admitted to the discharge
tube. The type of metal iodides used depends on the lamp type, and has been
discussed in Sec. 3.1.

Outer bulb

The outer bulb of a metal halide lamp whose discharge tube is filled with neon-argon
mixture, must also be filled with neon so that the neon pressure inside and outside the
tube is the same. If the discharge lube is filled with krypton-argon mixture, nitrogen can
be used in the outer bulb, or the outer bulb can be evacuated.

A getter is used to bind Hydrogen, which can be formed by decomposition of the water vapour present in the
the hydrogen lamp, has an adverse effect on the lamp properties (rise in arc voltage and decrease in

light output). For this reason, a getter is used In the outer bulb to chemically bind any
escaping hydrogen. This getter is made of zirconium-aluminium or zirconium-nickel.

3.3.5Lamp cap
There are a great variety of caps for the metal halide lamp. The type of cap used
depends on the type of lamp.

In general, E40 caps are used except for the double-ended lamps. For these, R7s or
Fc2 lamp contacts are used. The ceramic, insulated cap is generally used for those
lamps, which employ an igniter. The ignition pulse may vary between ca. 600 V and ca.
5000 V. Using glass instead of ceramic insulation increases the risk of arcing. This is
therefore only used for lamps with a built-in ignitor, for instance the Philips HPl-BUS
lamps.



The high wattage lamps (greater than 1 kW) have an E40 cap with a second
ceramic insulation ring. This cap is designated E40/80x50 (Fig. 9). The ring is
employed to avoid making the upper half electrically conducting, with the
consequent risk of electric shock. The lamps that are suitable for immediate re-
ignition have another connection on the other side of the lamp, to which a high
voltage of 60 kV can be applied.

3.4 Performance characteristics

3.4.1 Energy balance
The three major lamps The energy balances for typical representatives of each of the three metal halide
compared lamp types are given in Fig. 50. It is noticeable that although the visible radiation of

is the highest of the three, the luminous output is actually much lower. This can be
explained by the fact that the dysprosium lamp emits a near-continuum, which
means that much energy is radiated in those spectral regions for which the eye is
less sensitive.

3.4.2 Colour appearance and colour rendering
The T and Ra of the The specific colour properties of several types of metal halide lamps are given in the
dysprosium lamp are both table on page 34. What strikes one most is the high colour temperature (T=5600 K)
high and the high colour rendering index (R8 =86) of the dysprosium lamp.

The reason for this can be seen from the spectral energy distribution of the lamp
(see Fig. 41). The dysprosium lamp has a quasi-combination spectrum, whereas the
spectrum of an HPl lamp is made up of bands only (Fig. 51). These are spectrums of
uncoated lamps. Ovoid HPI lamps are coated (Fig. 52), which results in better colour
rendering (R8 = 68).

The fluorescent powder used in this lamp is identical to that used in the HPL-N
lamps, i.e. europium-activated yttrium variable. The luminous flux, however, is lower
than that of a comparable clear-bulb lamp.

3.4.3 Luminous efficacy
The luminous efficacy of metal halide lamps varies considerably and depends
among other things on the wattage of the lamp. Thus, an ovoid HPI lamp of 250 W
has an efficacy of 70 lm/W, whereas a tubular HPI-T 2 kW lamp has an efficacy of
nearly 95 lm/W. The iodide cocktail too, strongly influences luminous efficacy. The
luminous efficacy of a number of lamps is given in the table of the characteristics of
the metal halide lamps on page 34.

Discharge
tube wall

Outer bulb
wall

Fig. 50 Energy balance of 400 W metal
haIide Iamps.

In, TI, Na  Dysprosium  Tin
(HPI-T)                          (SN)

Total input 400 W
1. Power in
     discharge column  364 W      369 W    360 W
2. Thermal losses
     at electrodes        36 W  36 W  40 W
3. Visible radiation       97 W 128 W  92 W
4. UV radiation from
     discharge column  15 W   24 W  12 W
5. IR radiation from
     discharge column  98 W 104 W 108W
6. Thermal losses in
     discharge column  154 W 113 W 148W
7. UV radiation            5 W   8 W     4W
8. IR radiation          10 W 16 W     8W
9. Total IR radiation      237 W    222 W 245W
10.  Convection and

Conduction           61 W 52 W   59W



Fig. 51 Spectral power distribution of a clear tubular
metal halide lamp.

3.4.4 Lumen depreciation

Fig. 52 Spectral power distribution of a
phosphor-coated ovoid metal halide lamp.

High lumen depreciation The metal halide lamps have a high lumen depreciation; higher, for instance,
than that of the high-pressure mercury lamps. This is mainly due to the high
degree of blackening of the discharge tube. Since the electrodes, from a thermal
point of view, are very heavily loaded, the evaporation of the tungsten, and
consequently the blackening of the discharge tube, is very pronounced. For
coated lamps, depreciation of the fluorescent powders also plays a role. The
lumen depreciation for a typical phosphor-coated HPI lamp is given in Fig.53.

3.4.5 Lamp life
As was explained in Sec. 3.4.4, the temperature of the electrodes is very high. As
a result, they will quickly evaporate, with the consequence that the life of a rnetal
halide lamp is shorter than that of other discharge lamps. The three-colour metal
halide lamp has a life of about 8000 hours, whereas a high-pressure mercury
lamp has a life of at least 12 000 hours. The life of dysprosium lamps is
considerably shorter.

3.4.6External Influences
The power dissipated by a metal halide lamp is very important, as variations in
this result in colour changes in the lamp.

Fig. 53 Typical depreciation
curve for a coated HPI metal
halide lamp.



Fig. 54 Influence of mains voltage
fluctuations on the lamp voltage
(Vl), lamp power (Pl), and
luminous flux (Φ) of an HPI metal
halide lamp.

Lamp power is determined by lamp voltage, mains voltage and the ballast irnpedance.
It is known that in practice the last two factors are very important and that lamp voltage
plays only a minor role (Fig. 54).

Influence of mains voltage Metal halide lamps are more susceptible to mains voltage fluctuations than are high-
fluctuations pressure mercury lamps. A mains voltage that is more than about ten per cent up or

down on its nominal value will result in colour shifts. This is especially the case with
three-band (HPI) and scandium lamps. Furthermore, a lamp voltage that is too high will
shorten lamp life as well. Tolerances on the ballast impedance also play a role in this
respect. The Philips documentation states the minimum and maximum limits of power
dissipated in the lamp for which the performance characteristics will be within
specification.

Influence of ambient HPI lamps have a colour temperature of 4500 K when operated without a luminaire.
However, temperature within the lamps are used in luminaires, the temperature of the
lamps rises, which means that there will be more sodium in the discharge and the
colour temperature will drop to approximately 4000 K. The same happens to scandium-
sodium lamps.

Burning position

The burning position can As we have mentioned before, the colour qualities of metal halide lamps are very
influence the colour of the largely determined by the temperature of the coldest spot of the discharge tube, The
lamp position of the discharge tube in the lamp must therefore be taken into account in the

design of the lamp. This is why most metal halide lamps are confined to certain burning
positions. A different burning position may lead not only to considerable differences and
fluctuations in colour, it can also have an adverse effect on the life of the lamp. The
permissible burning positions are given in the various documentation sheets.



Fig, 55 Ballast, compensating
capacitor and electronic
starter for a HPI metal
halide lamp.

3.5 Ballasts

Metal halide lamps for As with most discharge lamps, the metal halide lamps are connected to the mains
220/240 V generally use via a ballast (Fig. 55). In general, it has not been found necessary to develop
high-pressure mercury or separate ballasts for rnetal halide lamps operated on a 220/240 V mains supply.
sodium ballasts Thus, three-band (HPI) lamps employ ballast intended for high-pressure mercury

lamps, while rare-earth (dysprosium or MHN-TD) and tin (MHW-TD) lamps
perform well on ballasts for high-pressure sodium lamps.

With a constant-wattage Scandium lamps need constant.wattage ballasts (see Figs. 24 and 25), and are
ballast no separate starter chiefly found in North America and Japan, where the mains voltage is 100/110 V.
is required These are in fact transformers that deliver an open-circuit voltage of 400 V to 600

V, with a capacitor connected in series with the lamp. The advantage of this
system is that the lamp current is not affected by mains voltage variations. As a
result, the lamp wattage is also more or less independent of mains voltage
fluctuations. The spread of arc voltage, however, does cause a spread of lamp
wattage. Another advantage is the higher open-circuit voltage, so that external
ignition devices are no longer necessary.

Electronic starters are The voltage available from a choke ballast is insufficient to start metal halide
normally used lamps, so that external igniters are necessary. Only a few smaller types - such as

the Philips HPI 400 W BUS - can start by means of an auxiliary electrode. There
are three types of starters for use with inductive ballasts (Fig. 56). With the parallel
starter and that which is connected ID a tapping on the choke, there exists a high
voltage across the ballast, which means that this has to be well insulated. The
series starter does not have this disadvantage but does increase the ballast
losses.

The lamp cap used determines the maximum starting voltage allowed. For the
E27 cap this is 2,3 kV peak, and for the E40, 5 kV peak, requiring that a ceramic
insulator be used. Still higher starting voltages can be applied to double-ended
lamps.

Re-ignition When lamps are first switched off, the pressure in the discharge tube is ICC great
to permit instant re-ignition on the starting voltage available (0,5 - 5 kV). Re-
ignition is only possible after 5 to 20 minutes, depending on the cooling rate on the
lamp.



   a, with choke balIast and auxiliary
       electrode

b. with shunt compensation and electronic
        starter

    c. as b, but with series electronic starter

    e. as c, but in a 3-phase circuit (380 V supply
voltage)

  d. with shunt compensation and electronic
          starter, the ignition pulse of which is stepped
          up by means of a special tapping on the
          ballast.

Fig. 56 Typical ballast circuits for metal halide
lamps.

In some application areas it might be unacceptable that the lamps do not go on
immediately after a short interruption of the current (for instance, after a mains-supply
failure). In this case, 30 - 60 kV series starters can be used for certain types. With
these starters it is also possible to ignite hot lamps, provided special provisions have
been made tot carrying the heavier current, such as for Instance double connections
(special lamps or double-ended design), as normal caps are not suitable for these re-
ignition voltages. See also Sec. 3.2.2



Fig. 57 The Philips metal halide lamp family. From left to right: 2000 W tubular clear HPI-T lamp,
1000 W tubular clear HPI-T lamp, 250 W double-ended tubular clear MHN-TD lamp, 400 W tubular clear HPI-
T lamp, and 400 W ovoid phosphor-coated HPI lamp.

3.6 Lamp types and application areas
Metal halide lamps (Fig. 57) are used in pieces where stringent demands are made on
the colour quality on the light. They are mainly found in outdoor applications, but also in
large indoor spaces, such as factory halls. In general, these are light points with a
relatively high wattage (≥ 250 W), although there is now a trend toward smaller types.
Apart from lamps for general lighting purposes, there are also metal halide lamps which
radiate in a distinct special region and compact source lamps for projection and the like.
These will be described in Lessons 12 and 14, respectively.

The three major versions are the ovoid lamp, the single-ended tubular lamp and the
double-ended tubular lamp. The shape of the lamp is mainly determined by the
application area.

3.6.1 The ovoid HPI lamp
Horizontal or vertical In places where a large luminous surface is required, such as in factories, halls or other

operation large indoor spaces, the ovoid lamp is used. The outer bulb is made at hard
glass and coated with a fluorescent powder. The standard version is meant for
horizontal operation but there is also a version for operation in the vertical position, with
the cap at the top (coded BU, for base-up). In this version we also find lamps with a
built-in starter (coded S, for self-starting – Fig. 58). The starter system consists of an
auxiliary electrode that is switched off by short-circuiting it to the adjacent main
electrode with a thermal switch when the operating temperature is reached.

Ovoid lamps are available in the Philips range in the 250 W and 400 IN versions, of
which the 250 W version is only for the vertical burning position (BU).

3.6.2 The single-ended tubular HPI-T lamp
Tubular lamps (type designation T) are mostly used in floodlighting luminaires, for
instance for sports-held lighting. The Philips range comprises 250 W, 400 W, 1000 W
and 2000 W lamps, of which the 2000 W version is available for 220 V or 380 V mains
supply (Fig. 59). These lamps are operated in the horizontal position (± 20°). The HPI-T
2000 W/220 V lamp is an exception, for it can be operated from horizontal to more or
less vertical (approx. 70°).



Fig. 58 Construction of a 400 W base-up, self
starting (BUS) metal halide lamp.

 Fig. 59 Two versions of the 2000 W tubular HPI-T
lamp. To the left, the 220 V version and to the right
the 380 V version.

3.6.3The double-ended tubular MHN-TD and MHW-TD lamps
For accent Iighting, even higher demands are made on the optical matching of the lamp
to the Iuminaire. In order to be able to place the discharge tube close to the reflector,
the tube is built into a narrow tubular quartz outer bulb. The electrical feedthroughs are
placed on either side of the outer bulb, hence the type designation TD (tubular, double-
ended, Fig. 60).
The MHN-TD lamps are filled with thulium iodide, with dysprosium, holmiurn, thallium
and sodium as additives. They have a colour temperature of 4300 K and an Ra of 90.
MHW-TD lamps are tin halide lamps with sodium added. These have a much lower
colour temperature (3000 K) and an Ra of 74. The present Philips range comprises two
MHN-TD lamps of 150 W and 250 W, respectively, and one MHW-TD lamp of 70 W.
The application area tar these lamps is, for example, display lighting in shop windows.

Fig. 60 Double-ended MHN-TO lamp of 250 W. Fig. 61 Double-ended MHW-TD lamp of 70 W.



Performance comparison oF principal metal halide lamp types

Philips type Luminous flux (lm) Luminous efficacy lm/W Colour temperature (K) Colour rendering (Ra)
HPI 250 W BU
HPI 400 W

17500
27600

70
69

4100
4100

68
68

HPI-T 250 W
HPI-T 400 W
HPI-T 1000 W
HPI-T 2000 W/220 V

17000
31500
81000
189000

68
79
81
95

4500
4500
4500
4500

61
61
61
61

MHN-TD 150 W
MHN-TD 250 W

11250
20000

75
80

4300
4300

87
87

MHW-TD 79 W 5000 71 3000 64

Conclusion

In this Iesson we have examined the high-pressure mercury, blended light and metal halide lamps. In each of these
lamp types, mercury is present in the discharge tube. But as we have seen, the role played by the mercury in
determining the spectral composition of the light emitted, and lamp performance in general, has decreased in
importance over the years.

In the straightforward high-pressure mercury lamp (which we have referred to in this lesson as the normal mercury
lamp), the mercury is all importent; it is virtually this alone that determines the character of the light emitted and the
electrical performance of the lamp. In later lamps, light-emitting phosphors were added to improve the colour
appearance and colour rendering of the lamp, whilst at the same time raising its efficiency. But even today, colour
rendering remains relatively poor, and efficacy is no more than moderate.

The next step in the inevitable process of lamp evolution, was to put together the high-pressure mercury discharge
and the much older incandescent filament to produce an entirely new type of mercury lamp, the blended light Iamp. Its
name says it all - a lamp that produces a blend of colour-corrected mercury light and incandescent light. Although
giving much poorer colour rendering than the incandescent lamp, the blended light lamp is considerably more efficient
and, unlike other discharge lamps, needs no external ballast. It is therefore ideaIly suited for use in those applications
where a lot of light is needed at low cost, and where no stringent colour demands are likely to be encountered.
Compared with the mercury lamp from which it was derived, however, the blended light lamp represents a
considerable decrease in efficacy, and colour rendering is no more than moderate.

Mercury was abandoned altogether as an important light-producing element with the successful development of the
metal halide lamp in which, as its name suggests, certain metal halides or salts are added to the mercury filling. It is
these halides that are mainly responsible for the radiation; the mercury vapour simply acts as a buffer gas and largely
controls the electrical characteristics of the discharge tube The result is a lamp with better colour rendering and a
higher luminous efficacy than either of its predecessors.

Thus, after half a century of lamp development we now have at our disposal three extremely useful lamp types. It will
be seen later on in this course that their areas of application overlap somewhat. The reason for this will become clear
when we have studied the various requirements governing the design of a lighting installation.



Exercise material

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

1. The Ra of the ML lamp is higher than that of the a. there is less UV from the discharge tube
 HPL-N lamp because: b. a special fluorescent powder is employed

c. the burning positions are different
d. the filament enhances the Ra

2. The coated version of the HPI lamp gives less light a. the fluorescent powder is different
than the clear version. The opposite is true with the b. there is less UV from the discharge of an HPI lamp
HPL-N lamp. This is because : c. the fill-gas is different

d. the electrodes are at a higher temperature

3. The luminous efficacy of the HPL-N lamp is higher a. the burning position of the ML lamp is limited
 than that of the ML lamp. This is because: b. the bulb of the ML lamp has a higher temperature

c. the HPL-N lamp has a more efficient ballast
d. the resistance of tungsten is higher than that of copper

4. Light flicker is greater with the HPL-N lamp than a. the fluorescent powder of the TL lamp exhibits
 with the TL because:  after-glow

b. the lamp is smaller
c. the HPL-N lamp has cold electrodes
d. the HPL-N lamp has a higher bulb temperature

5. The ML lamp is more sensitive to under-voltage a. the discharge tube is of lower wattage
than is the HPL-N lamp. This is because: b. there is no phase shift between supply voltage

and lamp voltage
c. the pressure in the outer bulb is higher
d. in the ML lamp getters are employed

6. When an HPI lamp is operated in an enclosed a. there is more sodium in the discharge because
luminaire, the colour temperature decreases. This     the discharge tube is hotter
is because : b. the burning position changes

c. the getter becomes more active
d. the luminaire window filters the radiation

7. The HPI lamp of ≥ 1 kW has an E40/50x80 lamp a. to give better heat distribution
cap with a ceramic ring. The reason for this is: b. to facilitate assembly during production

c. to provide protection against electric shock
d. to give better adhesion to the glass of the outer bulb

8. The HR lamp has a zirconium getter in the outer a. prevent the hydrogen from entering the discharge
bulb to bind the hydrogen. This is so as to:     tube and influencing the lamp voltage

b. prevent blackening
c influence the burning position
e. reduce flash-over

9. Metal halide lamps are often limited as regards a. the lamps would not otherwise ignite
     their burning positions. This is because: b. the burning position also determines the position of

  the coldest spot
c. the lamp cap would otherwise get too hot
e. the fluorescent powders must not become too warm

10. High-pressure mercury lamps ignite with difficulty a. the starting gas condenses
  at low temperatures. This is because: b. the ohmic resistance of the ballast becomes too high

c. the auxiliary electrode does not function
d. the pressure of the mercury vapour in the discharge

tube is too low












