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15 kW xenon short-arc lamp used in IMAX projectors

High-intensity discharge lamps (HID lamps) are a type of electrical gas-discharge lamp which produces light by means of an electric arc between tungsten electrodes housed inside a translucent or transparent fused quartz or fused alumina arc tube. This tube is filled with noble gas and often also contains suitable metal or metal salts. The noble gas enables the arc's initial strike. Once the arc is started, it heats and evaporates the metallic admixture. Its presence in the arc plasma greatly increases the intensity of visible light produced by the arc for a given power input, as the metals have many emission spectral lines in the visible part of the spectrum. High-intensity discharge lamps are a type of arc lamp. 

Brand new high-intensity discharge lamps make more visible light per unit of electric power consumed than fluorescent and incandescent lamps, since a greater proportion of their radiation is visible light in contrast to infrared. However, the lumen output of HID lighting can deteriorate by up to 70% over 10,000 burning hours. 

Many modern vehicles use HID bulbs for the main lighting systems, some applications are now moving from HID bulbs to LED and laser technology.[1] However, this HID technology is not new and was first demonstrated by Francis Hauksbee in 1705. 
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Diagram of a high-pressure sodium lamp




A high-pressure sodium lamp, Philips Master SDW-T 100W

Various types of chemistry are used in the arc tubes of HID lamps, depending on the desired characteristics of light intensity, correlated color temperature, color rendering index (CRI), energy efficiency, and lifespan. Varieties of HID lamp include: 

· Mercury-vapor lamps
· Metal-halide (MH) lamps

· Ceramic MH lamps

· Sodium-vapor lamps
· Xenon short-arc lamps
The light-producing element of these lamp types is a well-stabilized arc discharge contained within a refractory envelope arc tube with wall loading in excess of 3 W/cm² (19.4 W/in²). 

Mercury-vapor lamps were the first commercially available HID lamps. Originally they produced a bluish-green light, but more recent versions can produce light with a less pronounced color tint. However, mercury-vapor lamps are falling out of favor and being replaced by sodium-vapor and metal-halide lamps. 

Metal-halide and ceramic metal-halide lamps can be made to give off neutral white light useful for applications where normal color appearance is critical, such as TV and movie production, indoor or nighttime sports games, automotive headlamps, and aquarium lighting. 

Low-pressure sodium-vapor lamps are extremely efficient. They produce a deep yellow-orange light and have an effective CRI of nearly zero; items viewed under their light appear monochromatic. This makes them particularly effective as photographic safelights. High-pressure sodium lamps tend to produce a much whiter light, but still with a characteristic orange-pink cast. New color-corrected versions producing a whiter light are now available, but some efficiency is sacrificed for the improved color. 




Ballasts for discharge lamps

Like fluorescent lamps, HID lamps require a ballast to start and maintain their arcs. The method used to initially strike the arc varies: mercury-vapor lamps and some metal-halide lamps are usually started using a third electrode near one of the main electrodes, while other lamp styles are usually started using pulses of high voltage. 

Replacements for the toxic mercury in the HID lamps have been investigated and are a matter of ongoing research. Experiments show promising results and widespread future applications are expected.[2] 

Radioactive substances[edit]

Some HID lamps make use of radioactive substances such as krypton-85 and thorium.[3]
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Krypton-85 is a gas and is found mixed in with the argon, which is in the arc tube of the lamp.[7] The thorium, which is a solid, is used in the electrodes.[7] 

These isotopes produce ionizing radiation of alpha and beta type. This radiation causes high ionization inside the lamp without being able to escape from the lamp.[5] High ionisation makes arc starting via Townsend avalanche much easier. Moreover, the presence of thorium in electrodes reduces the work function which again results in easier arc starting and sustaining. 

The amount of gamma radiation produced by the isotopes that can escape from the lamp is negligible.[5] 

Applications[edit]

HID lamps are typically used when high levels of light over large areas are required, and when energy efficiency and/or light intensity are desired. These areas include gymnasiums, large public areas, warehouses, movie theaters, football stadiums,[8] outdoor activity areas, roadways, parking lots, and pathways. More recently, HID lamps have been used in small retail and even residential environments because of advances in reduced lumen bulbs. Ultra-high performance (UHP) HID lamps are used in LCD or DLP projection TV sets or projection displays as well. 

HID lamps have made indoor gardening practical, particularly for plants that require high levels of direct sunlight in their natural habitat; HID lamps, specifically metal-halide and high-pressure sodium, are a common light source for indoor gardens. They are also used to reproduce tropical intensity sunlight for indoor aquaria. 

Most HID lamps produce significant UV radiation and require UV-blocking filters to prevent UV-induced degradation of lamp fixture components and fading of dyed items illuminated by the lamp. Exposure to HID lamps operating with faulty or absent UV-blocking filters causes injury to humans and animals, such as sunburn and arc eye. Many HID lamps are designed to quickly extinguish if their outer UV-shielding glass envelope is broken. 

Beginning in the early 1990s, HID lamps have seen applications in automotive headlamps. Xenon, or high-intensity discharge (HID), lighting provides brighter headlights and increases visibility of many peripheral objects (e.g. street signs and pedestrians) left in the shadows by standard halogen lighting. 

HID lamps are used in high-performance bicycle headlamps, as well as flashlights and other portable lights, because they produce a great amount of light per unit of power. As the HID lights use less than half the power of an equivalent tungsten-halogen light, a significantly smaller and lighter-weight power supply can be used. 

HID lamps have also become common on many aircraft as replacements for traditional landing and taxi lights.[citation needed] 

HID lamps are also used in lamps for underwater diving. The higher efficacy of HID lamps compared to halogen units means longer burn times for a given battery size and light output. 

End of life[edit]

Factors of wear come mostly from on/off cycles versus the total on time. The highest wear occurs when the HID burner is ignited while still hot and before the metallic salts have recrystallized. 

At the end of life, many types of high-intensity discharge lamps exhibit a phenomenon known as cycling. These lamps can be started at a relatively low voltage. As they heat up during operation, however, the internal gas pressure within the arc tube rises and a higher voltage is required to maintain the arc discharge. As a lamp gets older, the voltage necessary to maintain the arc eventually rises to exceed the voltage provided by the electrical ballast. As the lamp heats to this point, the arc fails and the lamp goes out. Eventually, with the arc extinguished, the lamp cools down again, the gas pressure in the arc tube is reduced, and the ballast can once again cause the arc to strike. The effect of this is that the lamp glows for a while and then goes out, repeatedly. 

Another phenomenon associated with HID lamp wear and aging is discoloration of the emitted light beam ("fading"). Commonly, a shift towards blue and/or violet can be observed. This shift is slight at first and is more generally a sign of the lamps being "broken in" whilst still being in good overall working order, but towards the end of its life, the HID lamp is often perceived as only producing blue and violet light. Based on Planck's law, this is a direct result of the increased voltage and higher temperature necessary to maintain the arc. 

More sophisticated ballast designs detect cycling and give up attempting to start the lamp after a few cycles. If power is removed and reapplied, the ballast will make a new series of startup attempts. 

Sometimes the quartz tube containing mercury can explode in a UHP lamp.[9] When that happens, up to 50 mg of mercury vapor is released into the atmosphere. This quantity of mercury is potentially toxic, but the main hazard from broken lamps is glass cuts, and occasional exposure to broken lamps is not expected to have adverse effects. Philips recommends the use of a mercury vacuum cleaner, ventilation or respiratory protection, eye protection, and protective clothing when dealing with broken lamps. Mercury lamps also require special waste disposal, depending on location.[10] 

HID Lamp Protection Circuit
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ballasts main functions
In short, a coiled length of wire in a circuit (an inductor) opposes change in the current flowing through it (see How Inductors Work for details). The transformer elements in a magnetic ballast use this principle to regulate the current in a fluorescent lamp. ... Magnetic ballasts may also vibrate at a low frequency.

The transformer which is called a "choke" in a ballast is a coil of wire called an inductor. It creates a magnetic field. The more current you put through, the bigger the magnetic field, however the larger magnetic field opposes change in current flow. This slows the current growth.

The Advantages and Disadvantages of High Intensity Discharge Lamps
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Most vehicles contain high intensity discharge (HID) lamps. They used in the headlamps of the vehicle. Some drivers have great results in using the HID headlights, where as others find disadvantages to using them.
Advantages of HID Lamps
The advantages of having HID lamps are plentiful. Xenon headlights offer a larger spectrum of visibility while driving. This specific style of headlights was first developed in 1991 and has since gained in popularity due to the benefits. During that time the headlights were more expensive than individuals were willing to pay for lamps. However, in the recent days the cost has plummeted making them far more affordable.

One of the main benefits of having Xenon headlights is the fact they offer a longer lasting life than typical lamps. They last three times longer that the halogen bulbs. This will save the driver money.
Another wonderful advantage is they offer lower energy usage. The Xenon headlights use 25-30 percent less energy than halogen bulbs. It is much easier on the electrical system and the battery, which will also save money for the driver.

Of course the fact Xenon headlights are extremely more attractive than typical headlights it one of the benefits. The light given off by these types of headlights are cleaner and provide a classy look to any luxury vehicle. It is considered to be cost efficient and an aesthetic upgrade for your vehicle. Xenon headlights are functional and elegant.

Disadvantages of HID Lamps
With every wonderful product, there are always drawbacks. One of the disadvantages to the HID headlights is the brightness of the lights in the rear view mirrors. This causes a problem for drivers in front of your vehicle. It is so widely known that USA Today did an investigation and report on the headlights. They found although they prove to be troublesome, using halogen bright lights are debilitating, where as the HID lamps do not offer impairment for the drivers in front of the beams. They are still overall better than traditional lamps.

There have been reports of drivers having issues while driving in foggy weather conditions. The blue light of the HID headlights prove to scatter more with water droplets than typical headlights.

In conclusion, the HID headlights are more cost effective, provide a more natural light while driving, extends the life of the headlights, battery, and electrical system; this offers the solution to the problem on confusion to purchasing Xenon headlights. 

Warm up time of HID lamp

“[Metal halide (MH) lamps] require a period of time-1 to 15 minutes-to reach 90% of their full light output. This period is called the warm-up (or run-up) time. After a lamp has been on for a period of time and then extinguished, it cannot be immediately turned back on.

HID lamps have a “__________” time  (Warm Time)
What are warm-up and restrike times for metal halide lamps?
Metal halide (MH) lamps do not achieve their full light output immediately after starting. Rather, they require a period of time-1 to 15 minutes-to reach 90% of their full light output. This period is called the warm-up (or run-up) time. After a lamp has been on for a period of time and then extinguished, it cannot be immediately turned back on. Before the lamp can be turned back on, the arc tube must have a chance to cool down or the lamp will not restart. This period of time is called the restrike time. Restrike times for traditional probe-start MH lamps can take 15 minutes or longer, but restrike times for pulse-start MH lamps are generally much shorter (see Figure 4). According to manufacturers' literature, restrike times for pulse-start MH lamps can be more than twice as fast as for probe-start MH lamps.

	Figure 4. Warm-up/restrike times for probe-start and pulse-start technologies 
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HID lamp: Source efficiency is typically 120 lumens/watt or higher. However, losses from trapped light, protective covers and lenses, inefficient ballasts and unfavorable operating temperature typically result in a measured system efficiency of 30 lumens/watt or less.
The lamp warm-up process takes ____minutes, depending on the ambient

temperature conditions.

If the lamp is switched off, it will not restart _______________________, because

it requires more voltage than the ballast can provide to re-ionise the argon and

mercury gases while they are still hot and under higher pressure.

A period of _____________ minutes is required for the arc tube to cool and for

internal pressure to drop to the level at which the arc can restrike.

It might be _________ minutes before full brilliance is again attained.

Inclusion of the ballast in the mercury vapour lamp circuit lowers the power factor,

so the parallel-connected capacitor is necessary for ________________________

correction.

Note that the capacitor should always be connected across the supply on the line

side of the ballast.

Clear mercury lamps have poor colour-rendering qualities, and produce a limited

range of frequencies in the colour spectrum.

The light produced is ____________________ and lacking in red.
Reference

Metal halide (MH) lamps do not achieve their full light output immediately after starting. Rather, they require a period of time-1 to 15 minutes-to reach 90% of their full light output. This period is called the warm-up (or run-up) time
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A 175-watt mercury-vapor light approximately 15 seconds after starting




A closeup of a 175-W mercury vapor lamp. The small diagonal cylinder at the bottom of the arc tube is a resistor which supplies current to the starter electrode.

A mercury-vapor lamp is a gas discharge lamp that uses an electric arc through vaporized mercury to produce light. The arc discharge is generally confined to a small fused quartz arc tube mounted within a larger borosilicate glass bulb. The outer bulb may be clear or coated with a phosphor; in either case, the outer bulb provides thermal insulation, protection from the ultraviolet radiation the light produces, and a convenient mounting for the fused quartz arc tube. 

Mercury vapor lamps are more energy efficient than incandescent and most fluorescent lights, with luminous efficacies of 35 to 65 lumens/watt.[1] Their other advantages are a long bulb lifetime in the range of 24,000 hours and a high intensity, clear white light output.[1] For these reasons, they are used for large area overhead lighting, such as in factories, warehouses, and sports arenas as well as for streetlights. Clear mercury lamps produce white light with a bluish-green tint due to mercury's combination of spectral lines.[1] This is not flattering to human skin color, so such lamps are typically not used in retail stores.[1] "Color corrected" mercury bulbs overcome this problem with a phosphor on the inside of the outer bulb that emits white light. They offer better color rendition than the more efficient high or low-pressure sodium vapor lamps. 

They operate at an internal pressure of around one atmosphere and require special fixtures, as well as an electrical ballast. They also require a warm-up period of 4 – 7 minutes to reach full light output. Mercury vapor lamps are becoming obsolete due to the higher efficiency and better color balance of metal halide lamps.[2] 
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Origins[edit]



Cooper Hewitt lamp, 1903

Charles Wheatstone observed the spectrum of an electric discharge in mercury vapor in 1835, and noted the ultraviolet lines in that spectrum. In 1860, John Thomas Way used arc lamps operated in a mixture of air and mercury vapor at atmospheric pressure for lighting.[3] The German physicist Leo Arons (1860–1919) studied mercury discharges in 1892 and developed a lamp based on a mercury arc.[4] In February 1896 Dowsing and Keating of England patented a mercury vapour lamp, considered by some to be the first true mercury vapour lamp.[5] 

The first mercury vapor lamp to achieve widespread success was invented in 1901 by American engineer Peter Cooper Hewitt.[6] Hewitt was issued U.S. Patent 682,692 on September 17, 1901.[7] In 1903, Hewitt created an improved version that possessed higher color qualities which eventually found widespread industrial use.[6] The ultraviolet light from mercury vapor lamps was applied to water treatment by 1910. The Hewitt lamps used a large amount of mercury. In the 1930s, improved lamps of the modern form, developed by the Osram-GEC company, General Electric company and others led to widespread use of mercury vapor lamps for general lighting. 

Principle of operation[edit]
	


	This section needs additional citations for verification. Please help improve this article by adding citations to reliable sources. Unsourced material may be challenged and removed. (April 2013) (Learn how and when to remove this template message)


The mercury in the tube is a liquid at normal temperatures. It needs to be vaporized and ionized before the lamp can produce its full light output. To facilitate starting of the lamp, a third electrode is mounted near one of the main electrodes and connected through a resistor to the other main electrode. In addition to the mercury, the tube is filled with argon gas at low pressure. When power is applied, there is sufficient voltage to ionize the argon and strike a small arc between the starting electrode and the adjacent main electrode. When ions, photons, and free electrons have been introduced into the arc tube, an arc initiates between the two main electrodes. The heat from this arc vaporizes the liquid mercury inside the lamp which radiates green, yellow, violet, and ultraviolet emission lines when ionized. Continued vaporization of the liquid mercury increases the arc tube pressure to between 2 and 18 bar, depending on lamp size. The increase in pressure results in further brightening of the lamp.[8]

 HYPERLINK "https://en.wikipedia.org/wiki/Mercury-vapor_lamp" \l "cite_note-Lamptech-9" [9] The entire warm-up process takes roughly 4 to 7 minutes. Some bulbs include a thermal switch which shorts the starting electrode to the adjacent main electrode, extinguishing the starting arc once the main arc strikes. 

The mercury vapor lamp is a negative resistance device. This means its resistance decreases as the current through the tube increases. So if the lamp is connected directly to a constant-voltage source like the power lines, the current through it will increase until it destroys itself. Therefore, it requires a ballast to limit the current through it. Mercury vapor lamp ballasts are similar to the ballasts used with fluorescent lamps. In fact, the first British fluorescent lamps were designed to operate from 80-watt mercury vapor ballasts. There are also self-ballasted mercury vapor lamps available. These lamps use a tungsten filament in series with the arc tube both to act as a resistive ballast and add full spectrum light to that of the arc tube. Self-ballasted mercury vapor lamps can be screwed into a standard incandescent light socket supplied with the proper voltage. 

Mercury vapor street light

Closeup after dark

Metal halide[edit]
A very closely related lamp design called the metal halide lamp uses various compounds in an amalgam with the mercury. Sodium iodide and scandium iodide are commonly in use. These lamps can produce much better quality light without resorting to phosphors. If they use a starting electrode, there is always a thermal shorting switch to eliminate any electrical potential between the main electrode and the starting electrode once the lamp is lit. (This electrical potential in the presence of the halides can cause the failure of the glass/metal seal). More modern metal halide systems do not use a separate starting electrode; instead, the lamp is started using high voltage pulses as with high-pressure sodium vapor lamps. 

Self-ballasted lamps[edit]
Self-ballasted (SB) lamps are mercury vapor lamps with a filament inside connected in series with the arc tube that functions as an electrical ballast. This is the only kind of mercury vapor lamp that can be connected directly to the mains without an external ballast. These lamps have only the same or slightly higher efficiency than incandescent lamps of similar size, but have a longer life. They give light immediately on startup, but usually need a few minutes to restrike if power has been interrupted. Because of the light emitted by the filament, they have slightly better color rendering properties than mercury vapor lamps. 

Operation[edit]
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 HYPERLINK "https://upload.wikimedia.org/wikipedia/commons/d/db/Mercury_vapour_lamp.ogv" \o "Play media" \t "new" Play media
Warm-up of a color corrected 80 W high-pressure mercury vapor lamp to half brightness

When a mercury vapor lamp is first turned on, it will produce a dark blue glow because only a small amount of the mercury is ionized and the gas pressure in the arc tube is very low, so much of the light is produced in the ultraviolet mercury bands. As the main arc strikes and the gas heats up and increases in pressure, the light shifts into the visible range and the high gas pressure causes the mercury emission bands to broaden somewhat, producing a light that appears more nearly white to the human eye, although it is still not a continuous spectrum. Even at full intensity, the light from a mercury vapor lamp with no phosphors is distinctly bluish in color. The pressure in the quartz arc-tube rises to approximately one atmosphere once the bulb has reached its working temperature. If the discharge should be interrupted (e.g. by interruption of the electric supply), it is not possible for the lamp to restrike until the bulb cools enough for the pressure to fall considerably. The reason for a prolonged period of time before the lamp restrikes is because mercury vapor ballasts along with other HID lamp ballasts send relatively low voltage to the lamp upon start up, but as pressure increases inside the arc-tube, higher voltage is required to keep the lamp lit so the ballast sends higher voltage to the lamp. Once the ballast is shut off and turned on again, it starts over at a low voltage but if the lamp is still hot, then high pressure inside the arc-tube prevents the lamp from striking an arc and turning on.[citation needed] 

Color considerations[edit]



Example of a phosphor-coated 125 W lamp

To correct the bluish tinge, many mercury vapor lamps are coated on the inside of the outer bulb with a phosphor that converts some portion of the ultraviolet emissions into red light. This helps to fill in the otherwise very-deficient red end of the electromagnetic spectrum. These lamps are generally called "color corrected" lamps. Most modern mercury vapor lamps have this coating. One of the original complaints against mercury lights was they tended to make people look like "bloodless corpses" because of the lack of light from the red end of the spectrum.[10] A common method of correcting this problem before phosphors were used was to operate the mercury lamp in conjunction with an incandescent lamp. There is also an increase in red color (e.g., due to the continuous radiation) in ultra-high-pressure mercury vapor lamps (usually greater than 200 atm.), which has found application in modern compact projection devices. When outside, coated or color corrected lamps can usually be identified by a blue "halo" around the light being given off. 

Emission line spectrum[edit]
The strongest peaks of the emission line spectrum are[11]

 HYPERLINK "https://en.wikipedia.org/wiki/Mercury-vapor_lamp" \l "cite_note-12" [12] 




Line spectrum of mercury vapor. The blue-green tint of mercury vapor lamps is caused by the strong violet and green lines.

	Wavelength (nm)
	Name (see photoresist)
	Color 

	184.45
	
	ultraviolet (UVC) 

	253.7
	
	ultraviolet (UVC) 

	365.4
	I-line
	ultraviolet (UVA) 

	404.7
	H-line
	violet 

	435.8
	G-line
	blue 

	546.1
	
	green 

	578.2
	
	yellow-orange 


In low-pressure mercury-vapor lamps only the lines at 184 nm and 253 nm are present. Only the light at 253 nm is usable. Synthetic quartz can be used in the manufacturing to keep the 184 nm light from being absorbed. In medium-pressure mercury-vapor lamps, the lines from 200–600 nm are present. The lamps can be constructed to emit primarily in the UV-A (around 400 nm) or UV-C (around 250 nm). High-pressure mercury-vapor lamps are those lamp commonly used for general lighting purposes. They emit primarily in the blue and green. 

Usage of low-pressure lamps for surface cleaning[edit]



Low-pressure Hg lamps can be rather small, but efficient sources of deep UV light.

Low-pressure mercury-vapor lamps[13] usually have a quartz bulb in order to allow the transmission of short wavelength light. If synthetic quartz is used, then the transparency of the quartz is increased further and an emission line at 185 nm is observed also. Such a lamp can then be used for the cleaning or modification of surfaces.[14] The 185 nm line will create ozone in an oxygen containing atmosphere, which helps in the cleaning process, but is also a health hazard. 

Light pollution considerations[edit]
For placements where light pollution is of prime importance (for example, an observatory parking lot), low-pressure sodium is preferred. As it emits narrow spectral lines at two very close wavelengths, it is the easiest to filter out. Mercury vapor lamps without any phosphor are second best; they produce only a few distinct mercury lines that need to be filtered out. 

Bans[edit]
The use of low efficiency mercury vapor lamps for lighting purposes was banned in the EU in 2015. It does not affect the use of mercury in compact fluorescent lamp, nor the use of mercury lamps for purposes other than lighting.[15] In the US, ballasts and fixtures were banned in 2008.[16] Because of this, several manufacturers have begun selling replacement compact fluorescent (CFL) and light emitting diode (LED) bulbs for mercury vapor fixtures, which do not require modifications to the existing fixture. The US Department of Energy determined in 2015 that regulations proposed in 2010 for the mercury vapor type of HID lamps would not be implemented, because they would not yield substantial savings.[17] 

Ultraviolet hazards[edit]
Some mercury vapor lamps (including metal halide lamps) must contain a feature (or be installed in a fixture that contains a feature) that prevents ultraviolet radiation from escaping. Usually, the borosilicate glass outer bulb of the lamp performs this function but special care must be taken if the lamp is installed in a situation where this outer envelope can become damaged.[18] There have been documented cases of lamps being damaged in gymnasiums by balls striking the lamps, resulting in sun burns and eye inflammation from shortwave ultraviolet radiation.[19] When used in locations like gyms, the fixture should contain a strong outer guard or an outer lens to protect the lamp's outer bulb. Also, special "safety" lamps are made that will deliberately burn out if the outer glass is broken. This is usually achieved by using a thin carbon strip, which will burn up in the presence of air, to connect one of the electrodes. 

Even with these methods, some UV radiation can still pass through the outer bulb of the lamp. This causes the aging process of some plastics used in the construction of luminaires to be accelerated, leaving them significantly discolored after only a few years' service. Polycarbonate suffers particularly from this problem, and it is not uncommon to see fairly new polycarbonate surfaces positioned near the lamp to have turned a dull, yellow color after only a short time. Certain polishes, such as Brasso, can be used to remove some of the yellowing, but usually only with limited success. 

Types of ballasts

There are two lamp families that work with a ballast –– HID and fluorescent. There are two types of ballasts in the fluorescent family: magnetic and electronic
The function of the ignitor in HID lamp

HID lamp ignitors provide a brief, high voltage pulse or pulse train to breakdown the gas between the electrodes of an arc lamp. ... The simplest is a capacitor in series with a voltage sensitive switch that connects across the output of a lag ballast

High-intensity discharge lamp
Previous (High-definition television)
Next (High density lipoprotein)








15-kilowatt xenon short-arc lamp used in IMAX projectors.

High-intensity discharge (HID) lamps include several types of electrical lamps: mercury-vapor, metal halide (also HQI), high-pressure sodium, low-pressure sodium and less common, xenon short-arc lamps. The light-producing element of these lamp types is a well-stabilized arc discharge contained within a refractory envelope (arc tube) with wall loading in excess of 3 watts-per-square-centimeter (W/cm²) (19.4 watts per square inch (W/in.²)).
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Compared with fluorescent and incandescent lamps, HID lamps produce a far higher quantity of light per unit area of lamp package.
Construction









Diagram of a high-pressure sodium lamp.

HID lamps produce light by striking an electrical arc across tungsten electrodes housed inside a specially designed inner fused quartz or fused alumina tube. This tube is filled with both gas and metals. The gas aids in the starting of the lamps. Then, the metals produce the light once they are heated to a point of evaporation, forming a plasma.

Types of HID lamps include:

Mercury vapor (color rendering index (CRI) range 15-55)

Metal halide (CRI range 65-80, ceramic MH can go to 90s)

Low-pressure sodium (CRI 0 owing to their monochromatic light)

High-pressure sodium (CRI range 22-75)

Xenon arc lamps.

Mercury vapor lamps, which originally produced a bluish-green light, were the first commercially available HID lamps. Today, they are also available in a color corrected, whiter light. But they are still often being replaced by the newer, more efficient high-pressure sodium and metal halide lamps. Standard low-pressure sodium lamps have the highest efficiency of all HID lamps, but they produce a yellowish light. High-pressure sodium lamps that produce a whiter light are now available, but efficiency is somewhat sacrificed. Metal halide lamps are less efficient but produce an even whiter, more natural light. Colored metal halide lamps are also available.

Auxiliary devices

Like fluorescent lamps, HID lamps require a ballast to start and maintain their arcs. The method used to initially strike the arc varies: mercury vapor lamps and some metal halide lamps are usually started using a third electrode near one of the main electrodes while other lamp styles are usually started using pulses of high voltage.

Applications

HID lamps are typically used when high levels of light over large areas are required, and when energy efficiency and/or light intensity are desired. These areas include gymnasiums, large public areas, warehouses, movie theaters, outdoor activity areas, roadways, parking lots, and pathways. More recently, HID lamps, especially metal halide, have been used in small retail and residential environments. HID lamps have made indoor gardening practical, especially for plants that require a good deal of high intensity sunlight, like vegetables and flowers. They are also used to reproduce tropical intensity sunlight for indoor aquaria.

Some HID lamps such as Mercury Vapor Discharge produce large amounts of UV radiation and therefore need diffusers to block that radiation. In the last few years there have been several cases of faulty diffusers, causing people to suffer severe sunburn and Arc eye. Regulations may now require guarded lamps or lamps which will quickly burn out if their outer envelope is broken.

Recently, HID lamps have gained use in motor-vehicle headlamps. This application has met with mixed responses from motorists, mainly in response to the amount of glare that HID lights can cause. They often have an automatic self-leveling system to minimise this issue and as such are usually an expensive optional extra on most cars. However, many motorists still prefer these lights as they emit a clearer, brighter, more natural appearing light than normal headlamps.

HID lamps are used in high-end bicycle headlamps. They are desirable because they produce much more light than a halogen lamp of the same wattage. Halogen lights appear somewhat yellow in color; HID bicycle lights look faintly blue-violet.

HID lamps are also being used on many general aviation aircraft for landing and taxi lights.

Mercury-vapor lamp

A mercury-vapor lamp is a gas discharge lamp that uses mercury in an excited state to produce light. The arc discharge is generally confined to a small fused quartz arc tube mounted within a larger borosilicate glass bulb. The outer bulb may be clear or coated with a phosphor; in either case, the outer bulb provides thermal insulation, protection from ultraviolet radiation, and a convenient mounting for the fused quartz arc tube.

Mercury vapor lamps (and their relatives) are often used because they are relatively efficient. Phosphor coated bulbs offer better color rendition than either high- or low-pressure sodium vapor lamps. They also offer a very long lifetime, as well as intense lighting for several applications.

Theory and relations

The mercury-vapor lamp is a negative resistance device and requires auxiliary components (for example, a ballast) to prevent it from taking excessive current. The auxiliary components are substantially similar to the ballasts used with fluorescent lamps. It is used often for outside lighting (signs) and for auditoriums and stages.

Also like fluorescent lamps, mercury-vapor lamps usually require a starter, which is usually contained within the mercury vapor lamp itself. A third electrode is mounted near one of the main electrodes and connected through a resistor to the other main electrode. When power is applied, there is sufficient voltage to strike an arc between the starting electrode and the adjacent main electrode. This arc discharge eventually provides enough ionized mercury to strike an arc between the main electrodes. Occasionally, a thermal switch will also be installed to short the starting electrode to the adjacent main electrode, completely suppressing the starting arc once the main arc strikes.

Operation

When the lamp is first turned on, mercury-vapor lamps will produce a dark blue glow because only a small amount of the mercury is ionized and the gas pressure in the arc tube is very low (so much of the light is produced in the ultraviolet mercury bands). As the main arc strikes and the gas heats up and increases in pressure, the light shifts into the visible range and the high gas pressure causes the mercury emission bands to broaden somewhat, producing a light that appears more-white to the human eye (although it is still not a continuous spectrum). Even at full intensity, the light from a mercury vapor lamp with no phosphors is distinctly bluish in color.

Color considerations

To correct the bluish tinge, many mercury-vapor lamps are coated on the inside of the outer bulb with a phosphor that converts some portion of the ultraviolet emissions into red light. This helps fill in the otherwise very-deficient red end of the electromagnetic spectrum. These lamps are generally called "color corrected" lamps. Most modern mercury-vapor lamps have this coating. One of the original complaints against mercury lights was they tended to make people look like "bloodless corpses" because of the lack of light from the red end of the spectrum. There is also an increase in red color (e.g., due to the continuous radiation) in ultra-high pressure mercury vapor lamps (usually greater than 200 atm.) which has found application in modern compact projection devices.

Emits Wavelengths - 253.7, 365.4, 404.7, 435.8, 546.1, and 578.0 nm.

Ultraviolet hazards

All mercury vapor lamps (including metal halide lamps) must contain a feature (or be installed in a fixture that contains a feature) that prevents ultraviolet radiation from escaping. Usually, the borosilicate glass outer bulb of the lamp performs this function but special care must be taken if the lamp is installed in a situation where this outer envelope can become damaged. There have been documented cases of lamps being damaged in gymnasiums and sun burns and eye inflammation have resulted.[1] When used in locations like gyms, the fixture should contain a strong outer guard or an outer lens to protect the lamp's outer bulb. Also, special "safety" lamps are made which will deliberately burn out if the outer glass is broken. This is usually achieved by a thin carbon strip used to connect one of the electrodes, which will burn up in the presence of air.

Even with these methods, some UV radiation can still pass through the outer bulb of the lamp. This causes the aging process of some plastics used in the construction of luminaires to be sped up, leaving them horribly discolored after only a few years' service. Polycarbonate suffers particularly from this problem; and it is not uncommon to see fairly new polycarbonate surfaces positioned near the lamp to have turned a dull, 'ear-wax'-like color after only a short time. Certain polishes, such as Brasso, can be used to remove some of the yellowing, but usually only with a limited success.

Metal halide lamp









Example of a light source using a broad spectrum metal halide lamp pointing upward towards the sky. Location: Gouda, the Netherlands.

Metal halide lamps, a member of the high-intensity discharge (HID) family of lamps, produce high light output for their size, making them a compact, powerful, and efficient light source. Originally created in the late 1960s for industrial use, metal halide lamps are now available in numerous sizes and configurations for commercial and residential applications. Like most HID lamps, metal halide lamps operate under high pressure and temperature, and require special fixtures to operate safely. They are also considered a "point" light source, so reflective luminaires are often required to concentrate the light for purposes of the lighting application.

Uses

Metal-halide lamps are used both for general industrial purposes, and for very specific applications which require specific UV or blue-frequency light. They are used for indoor growing applications, because they can provide the spectrum and temperature of light which encourage general plant growth. They are most often used in athletic facilities.









Example of a Metal Halide lighting pole, at a baseball field (see picture for note).

Operation

Like other gas-discharge lamps such as the very-similar mercury-vapor lamps, metal halide lamps produce light by passing an electric arc through a mixture of gases. In a metal halide lamp, the compact arc tube contains a high-pressure mixture of argon, mercury, and a variety of metal halides. The mixture of halides will affect the nature of light produced, influencing the correlated color temperature and intensity (making the light bluer, or redder, for example). The argon gas in the lamp is easily ionized, and facilitates striking the arc across the two electrodes when voltage is first applied to the lamp. The heat generated by the arc then vaporizes the mercury and metal halides, which produce light as the temperature and pressure increases.

Like all other gas discharge lamps, metal halide lamps require auxiliary equipment to provide proper starting and operating voltages and regulate the current flow in the lamp.

About 24 percent of the energy used by metal halide lamps produces light (65-115 lm/W[2]), making them generally more efficient than fluorescent lamps, and substantially more efficient than incandescent bulbs.

Components

Metal halide lamps consist of the following main components. They have a metal base (in some cases they are double-ended) that allows an electrical connection. They are covered with an outer glass shield (or glass bulb) to protect the inner components and provide a shield to UV light generated by the mercury vapor. Inside the glass shield, a series of support and lead wires hold the inner fused quartz arc tube and its embedded tungsten electrodes. It is within the arc tube that the light is actually created. Besides the mercury-vapor, the lamp contains iodides or sometimes bromides of different metals and noble gas. The composition of the metals used defines the color of the lamp.

Many types have alumina arc tube instead of quartz like high pressure sodium lamps have. They are usually referred as ceramic metal halide or CMH.

Some bulbs have a phosphor coating on the inner side of the outer bulb to diffuse the light.

Ballasts

Metal halide lamps require electrical ballasts to regulate the arc current flow and deliver the proper voltage to the arc. Probe start metal halide bulbs contain a special 'starting' electrode within the lamp to initiate the arc when the lamp is first lit (which generates a slight flicker when the lamp is first turned on). Pulse start metal halide lamps do not require a starting electrode, and instead use a special starting circuit referred to as an ignitor to generate a high-voltage pulse to the operating electrodes. American National Standards Institute (ANSI) lamp-ballast system standards establish parameters for all metal halide components (with the exception of some newer products).

A few electronic ballasts are now available for metal halide lamps. The benefit of these ballasts is more precise management of the lamp's wattage, which provides more consistent color and longer lamp life. In some cases, electronic ballasts are reported to increase efficiency (i.e. reduce electrical usage). However with few exceptions, high-frequency operation does not increase lamp efficiency as in the case of high-output (HO) or very high-output (VHO) fluorescent bulbs. High frequency electronic operation does however allow for specially designed dimming metal halide ballast systems.

Color temperature

Metal halide lamps were initially preferred to mercury vapor lamps in instances where natural light was desired because of the whiter light generated (mercury vapor lamps generating light that was much bluer). However the distinction today is not as great. Some metal halide lamps can deliver very clean "white" light that has a color-rendering index (CRI) in the 1980s. With the introduction of specialized metal halide mixtures, metal halide lamps are now available that can have a correlated color temperature as low as 3,000K (very yellow) to 20,000K (very blue). Some specialized lamps have been created specifically for the spectral absorption needs of plants (hydroponics and indoor gardening) or animals (indoor aquariums). Perhaps the most important point to keep in mind is that, due to tolerances in the manufacturing process, color temperature can vary slightly from lamp to lamp, and the color properties of metal halide bulbs cannot be predicted with 100 percent accuracy. Moreover, per ANSI standards the color specifications of metal halide bulbs are measured after the bulb has been burned for 100 hours (seasoned). The color characteristics of a metal halide lamp will not conform to specifications until the bulb has been properly seasoned. Color temperature variance is seen greatest in "probe start" technology lamps (+/- 300 Kelvin). Newer metal halide technology, referred to as "pulse start," has improved color rendering and a more controlled kelvin variance (+/- 100-200 Kelvin). The color temperature of a metal halide lamp can also be affected by the electrical characteristics of the electrical system powering the bulb and manufacturing variances in the bulb itself. In a manner similar to an incandescent bulb, if a metal halide bulb is underpowered it will have a lower physical temperature and hence its light output will be warmer (more red). The inverse is true for an overpowered bulb. Moreover, the color properties of metal halide lamps often change over the lifetime of the bulb.

Starting and warm up

A cold metal halide lamp cannot immediately begin producing its full light capacity because the temperature and pressure in the inner arc chamber require time to reach full operating levels. Starting the initial argon arc sometimes takes a few seconds, and the warm up period can be as long as five minutes (depending upon lamp type). During this time the lamp exhibits different colors as the various metal halides vaporize in the arc chamber.

If power is interrupted, even briefly, the lamp's arc will extinguish, and the high pressure that exists in the hot arc tube will prevent re-striking the arc; a cool-down period of 5-10 minutes will be required before the lamp can be re-started. This is a major concern in some lighting applications where prolonged lighting interruption could create manufacturing shut-down or a safety issue. A few metal halide lamps are made with "instant restrike" capabilities that use a ballast with very high operating voltages (30,000 volts) to restart a hot lamp.

Sodium vapor lamp









A LPS / SOX streetlight at full power

A sodium vapor lamp is a gas discharge lamp that uses sodium in an excited state to produce light. There are two varieties of such lamps: low pressure and high pressure.

Low pressure sodium (LPS or SOX)

LPS Lamps (Low Pressure Sodium), also known as SOX Lamps (Sodium OXide), consist of an outer vacuum envelope of glass coated with an infrared reflecting layer of indium tin oxide, a semiconductor material that allows the visible light wavelengths out and keeps the infrared (heat) back. It has an inner borosilicate 2 ply glass U shaped tube containing sodium metal and a small amount of neon and argon gas Penning mixture to start the gas discharge, so when the lamp is turned on it emits a dim red/pink light to warm the sodium metal and within a few minutes it turns into the common bright orange/yellow color as the sodium metal vaporizes. These lamps produce a virtually monochromatic light in the 590 nm wavelength. As a result, objects have no color rendering under a LPS light and are seen only by their reflection of the 590 nm light (orange).

LPS lamps are the most efficient electrically powered light source when measured for photopic lighting conditions—up to 200 lm/W.[3]. As a result they are widely used for outdoor lighting such as street lights and security lighting where color rendition is viewed by many to be less important. LPS lamps are available with power ratings from 10 W up to 180 W, however length increases greatly with wattage creating problems for designers.

LPS lamps are more closely related to fluorescent lamps than to high-intensity discharge lamps, because they have a low–pressure, low–intensity discharge source and a linear lamp shape. Also, like fluorecents, they do not exhibit a bright arc as do other HID lamps. Rather, they emit a softer, luminous glow, resulting in less glare.

Another unique property of LPS lamps is that, unlike other lamp types, they do not decline in lumen output with age. As an example, Mercury Vapor HID lamps become very dull towards the end of their lives, to the point of being ineffective, whilst still drawing their full rated load of electricity. LPS lamps, however, do increase energy usage towards their end of life, which is usually rated around 18,000 hours for modern lamps.

High pressure sodium (HPS, SON)









Spectrum of high pressure sodium lamp. The yellow-red band on the left is the atomic sodium D-line emission, and the blue and green lines are sodium lines which are otherwise quite weak in a low pressure discharge, but become intense in a high pressure discharge.

High pressure sodium (HPS) lamps are smaller and contain some other elements (such as mercury), producing a dark pink glow when first struck, and a pinkish orange light when warmed up. (Some bulbs also briefly produce a pure to bluish white light in between. This is probably from the mercury glowing before the sodium is completely warmed up). The sodium D-line is the main source of light from the HPS lamp, and it is extremely pressure broadened by the high sodium pressures in the lamp, hence colors of objects under them can be distinguished. This leads them to be used in areas where good color rendering is important, or desired.

High pressure sodium lamps are quite efficient — about 100 lm/W, up to 150 lm/W, when measured for Photopic lighting conditions. They have been widely used for outdoor lighting such as streetlights and security lighting. Understanding the change in human color vision sensitivity from Photopic to Mesopic and Scotopic is essential for proper planning when designing lighting for roads.

Because of the extremely high chemical activity of the high pressure sodium arc, the arc tube is typically made of translucent aluminum oxide (alumina). This construction led General Electric to use the tradename "Lucalox" for their line of high-pressure sodium lamps.

White SON

A variation of the high pressure sodium, the White SON, introduced in 1986, has a higher pressure than the typical HPS lamp, producing a color temperature of around 2,700K, with a CRI of 85; greatly resembling the color of incandescent light.[4] These are often indoors in cafes and restaurants to create a certain atmosphere. However, these lamps come at the cost of higher purchase cost, shorter life, and lower light efficiency.

Theory of operation

An amalgam of metallic sodium and mercury lies at the coolest part of the lamp and provides the sodium and mercury vapor in which the arc is drawn. For a given voltage, there are generally three modes of operation:

the lamp is extinguished and no current flows

the lamp is operating with liquid amalgam in the tube

the lamp is operating with all amalgam in the vapor state

The first and last states are stable, but the second state is unstable. Actual lamps are not designed to handle the power of the third state, this would result in catastrophic failure. Similarly, an anomalous drop in current will drive the lamp to extinction. It is the second state which is the desired operating state of the lamp. The result is an average lamp life in excess of 20,000 hours.

In practical use, the lamp is powered by an AC voltage source in series with an inductive "ballast" in order to supply a nearly constant current to the lamp, rather than a constant voltage, thus assuring stable operation. The ballast is usually inductive rather than simply being resistive which minimizes resistive losses. Also, since the lamp effectively extinguishes at each zero-current point in the AC cycle, the inductive ballast assists in the reignition by providing a voltage spike at the zero-current point.

LPS lamp failure does not result in cycling, rather, the lamp will simply not strike, and will maintain its dull red glow exhibited during the start up phase.

Xenon arc lamps

	







Detail view of 3 kW lamp showing size difference between anode (on the left) and cathode (on the right).

	







A 4 kW lamp in operation, viewed through lamphouse viewport (green tint due to filtered glass.)









An Osram 100W Xenon/Mercury short-arc lamp in reflector.


Xenon arc lamps use ionized xenon gas to produce a bright white light that closely mimics natural daylight. They can be roughly divided into three categories:
Continuous-output xenon short-arc lamps

Continuous-output xenon long-arc lamps

Xenon flash lamps (which are usually considered separately)

Each consists of a glass or fused quartz arc tube with tungsten metal electrodes at each end. The glass tube is first evacuated and then re-filled with xenon gas. For xenon flashtubes, a third "trigger" electrode usually surrounds the exterior of the arc tube.

History and modern usage

Xenon short-arc lamps were invented in the 1940s in Germany and introduced in 1951 by Osram. First launched in the 2-kilowatt (kW) size (XBO2001), these lamps saw a wide acceptance in movie projection where it advantageously replaced the older carbon arc lamps. The white, continuous light generated with this arc is of daylight quality but plagued by a rather low lumen efficiency. Today, almost all movie projectors in theaters employ these lamps with a rating ranging from 900 W up to 12 kW. When used in Omnimax projection systems, the power can be as high as 15 kW in a single lamp.

Lamp construction

All modern xenon short-arc lamps utilize a fused quartz envelope with thorium-doped tungsten electrodes. Fused quartz is the only economically feasible material currently available that can withstand the high pressure and high temperature present in an operating lamp while still being optically clear. Because tungsten and quartz have different coefficients of thermal expansion, the tungsten electrodes are welded to strips of pure molybdenum metal or Invar alloy, which are then melted into the quartz to form the envelope seal.

Because of the very high power levels involved, the lamps may be water-cooled. In (continuous wave pumped) lasers the lamp is inserted into a fixed lamp jacket and the water flows between the jacket and the lamp. An O-ring seals off the tube, so that the naked electrodes do not get into contact with the water. In low power applications the electrodes are too cold for efficient electron emission and are not cooled, in high power applications an additional water cooling circuit for each electrode is necessary. To save costs, the water circuits are often not separated and the water needs to be highly deionized, which in turn lets the quartz or some laser mediums dissolve into the water.

In order to achieve maximum efficiency, the xenon gas inside a short-arc lamp has to be maintained at an extremely high pressure. With large lamps this presents a serious safety concern, because if the lamp is dropped or ruptures in service, pieces of the lamp envelope can be ejected at high velocity, causing bodily injury or death. To mitigate this risk, large xenon short-arc lamps are shipped inside special protective shields (see photograph), which will contain the envelope fragments if the lamp is dropped and explodes. When the lamp reaches the end of its useful life, the protective shield is put back on the lamp, and the spent lamp is then removed from the equipment and disposed of. The risk of explosion increases as the lamp is used.

There is another type of lamp known as a ceramic Xenon lamp (Developed by Perkin-Elmer as Cermax). It uses a ceramic lamp body with an integrated reflector.

Light generation mechanism

Xenon short-arc lamps come in two distinct varieties: pure xenon, which contain only xenon gas; and xenon-mercury, which contain xenon gas and a small amount of mercury metal.

In a pure xenon lamp, the majority of the light is generated within a tiny, pinpoint-sized cloud of plasma situated where the electron stream leaves the face of the cathode. The light generation volume is cone-shaped, and the luminous intensity falls off exponentially moving from cathode to anode. Electrons that manage to pass through the plasma cloud collide with the anode, causing it to heat up. As a result, the anode in a xenon short-arc lamp either has to be much larger than the cathode or be water-cooled, to safely dissipate the heat. Pure xenon short-arc lamps have a "near daylight" spectrum.

Even in a high pressure lamp, there are some very strong emission lines in the near infrared.

In xenon-mercury short-arc lamps, the majority of the light is generated within a tiny, pinpoint sized cloud of plasma situated at the tip of each electrode. The light generation volume is shaped like two intersecting cones, and the luminous intensity falls off exponentially moving towards the centre of the lamp. Xenon-mercury short-arc lamps have a bluish-white spectrum and extremely high UV output. These lamps are used primarily for UV curing applications, sterilizing objects, and generating ozone.

The very small optical size of the arc makes it possible to focus the light from the lamp very precisely. For this reason, xenon arc lamps of smaller sizes, down to 10 watts, are used in optics and in precision illumination for microscopes and other instruments. Larger lamps are also employed in searchlights where narrow beams of light are to be generated, or in film production lighting where daylight simulation is required.

All xenon short-arc lamps generate significant amounts of ultraviolet radiation while in operation. Xenon has strong spectral lines in the UV bands, and these readily pass through the fused quartz lamp envelope. Unlike the borosilicate glass used in standard lamps, fused quartz does not attenuate UV radiation. The UV radiation released by a short-arc lamp can cause a secondary problem of ozone generation. The UV radiation strikes oxygen molecules in the air surrounding the lamp, causing them to ionize. Some of the ionized molecules then recombine as O3, ozone. Equipment that uses short-arc lamps as the light source must be designed to contain UV radiation and prevent ozone build-up.

Many lamps have a low-UV blocking coating on the envelope and are sold as "Ozone Free" lamps. Some lamps have envelopes made out of ultra-pure synthetic fused silica (trade name "Suprasil"), which roughly doubles the cost, but which allows them to emit useful light into the so-called vacuum UV region. These lamps are normally operated in a pure Nitrogen atmosphere.

Power supply requirements

Xenon short-arc lamps are low-voltage, high-amperage, direct-current devices with a negative temperature coefficient. They require a high voltage pulse in the 50 kV range to start the lamp, and require extremely well regulated DC as the power source. They are also inherently unstable, prone to phenomena such as plasma oscillation and thermal runaway. Because of these characteristics, xenon short-arc lamps require a sophisticated power supply to achieve stable, long-life operation. The usual approach is to regulate the current flowing in the lamp rather than the applied voltage.

Applications

The use of the xenon technology has spread into the consumer market with the introduction in 1991 of xenon headlamps for cars. In this lamp, the glass capsule is small and the arc spans only a few millimeters. Additions of mercury and salts of sodium and scandium improve significantly the lumen output of the lamp, the xenon gas being used only to provide instant light upon the ignition of the lamp.

Xenon long-arc lamps

These are structurally similar to short-arc lamps except that the arc-containing portion of the glass tube is greatly elongated. When mounted within an elliptical reflector, these lamps are frequently used to simulate sunlight. Typical uses include solar cell testing, solar simulation for age testing of materials, rapid thermal processing, and material inspection.

Light pollution considerations

For placements where light pollution is of prime importance (for example, an observatory parking lot), low pressure sodium is preferred. As it emits light on only one wavelength, it is the easiest to filter out. Mercury-vapor lamps without any phosphor are second best; they produce only a few distinct mercury lines that need to be filtered out.

End of life

At the end of life, many types of high-intensity discharge lamps exhibit a phenomenon known as cycling. These lamps can be started at a relatively low voltage but as they heat up during operation, the internal gas pressure within the arc tube rises and more and more voltage is required to maintain the arc discharge. As a lamp gets older, the maintaining voltage for the arc eventually rises to exceed the voltage provided by the electrical ballast. As the lamp heats to this point, the arc fails and the lamp goes out. Eventually, with the arc extinguished, the lamp cools down again, the gas pressure in the arc tube is reduced, and the ballast can once again cause the arc to strike. The effect of this is that the lamp glows for a while and then goes out, repeatedly.

More-sophisticated ballast designs detect cycling and give up attempting to start the lamp after a few cycles. If power is removed and reapplied, the ballast will make a new series of startup attempts.

See also

What color is sodium vapor light?

Sodium vapor process (occasionally referred to as yellowscreen) is a film technique that relies on narrowband characteristics of LPS lamp. Color negative film is typically not sensitive to the yellow light from an LPS lamp, but special black-and-white film is able to record it.

High-pressure sodium lamps are manufactured generally to have a run-up time of

_________ minutes

Most efficient member of the HID light family, 7 times as efficient as incandescent and over 2 times as efficient as mercury vapor. Warm-up period is 3-4 minutes, which is somewhat less than that of a mercury vapor or metal halide lamp. Long lamp life -- 24,000 hours

High-pressure sodium lamps, because of their efficacy, are widely used in situations

where high light output is important and the golden yellow colour is acceptable, such as:

• ____________________________

• ____________________________

• ____________________________

High-pressure sodium lamps (sometimes called HPS lights) have been widely used in industrial lighting, especially in large manufacturing facilities, and are commonly used as plant grow lights. They contain mercury.[14] They have also been widely used for outdoor area lighting, such as on roadways, parking lots, and security areas. Understanding the change in human color vision sensitivity from photopic to mesopic and scotopic is essential for proper planning when designing lighting for roadways.[
Size
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The discharge tube may be linear (SLI lamp)[3] or U-shaped.

Operation

Low-Pressure Sodium Lamps
Low-pressure sodium lamps belong to the group of high-intensity discharge (HID) lamps, because they are available in high-light output (and thus high-luminous-intensity) versions. All low-pressure gas discharge lamps have in common the fact that they are long. Low-pressure sodium lamps are highly efficient lamps with a good lifetime but no color rendition at all. Their application is therefore restricted to those situations where color rendering is of no importance, as, for example, on motorways, on railway-marshaling yards, and in some security-lighting situations. Low-pressure sodium lamps are sometimes also referred to as LPS lamps.

Working Principle
The gas discharge principle of low-pressure sodium lamps is similar to that of low-pressure mercury lamps (see that chapter for general details). In low-pressure sodium lamps, the discharge takes place in vaporized sodium. The low-pressure sodium discharge emits monochromatic radiation in the visible range. Therefore, unlike low-pressure mercury lamps, they do not need fluorescent powders to convert the wavelength of the radiation. The monochromatic (single wavelength) radiation is the reason that color rendering is nonexistent. The wavelength of the monochromatic radiation is 589 nm (yellowish light), which is very close to the wavelength for which the eye has its maximum sensitivity (Fig. 1). It is mainly for this reason that the lamp has such an extremely high-luminous efficacy (up to 190 lm/W system efficacy). Like all gas discharge lamps (with very few exceptions), a low-pressure sodium lamp cannot be operated without a ballast to limit the current flowing through it.
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High- and Low-Pressure Sodium Lamp, Fig. 1 

Relative eye-sensitivity curve and the monochromatic line of 589 nm of the low-pressure sodium spectrum

Materials and Lamp Construction
The main parts of a low-pressure sodium lamp are (Fig. 2):

· Discharge tube

· Fill gas

· Electrodes

· Outer bulb with inner coating

· Lamp cap
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High- and Low-Pressure Sodium Lamp, Fig. 2 

Principle parts of a low-pressure sodium-discharge lamp [1]

Discharge Tube
Just as with the low-pressure mercury, fluorescent tube, and lamp, the power dissipated in the low-pressure sodium lamp largely determines the length of the discharge tube. Especially for the higher wattages (and thus lumen packages), the unfolded length has to be really long. To reduce the actual length of the lamp, the discharge tube of low-pressure sodium lamps is therefore always U shaped. Nevertheless, the highest lumen packages still require a lamp length of about 1.2 m. The U-shaped discharge tube is made of sodium-resistant glass and contains a number of small dimples, or hollows, where the sodium is deposited as a liquid during manufacture. After ignition, the discharge first takes place through the inert gas mixture. As the temperature in the tube gradually increases, some of the sodium in the dimples vaporizes and takes over the discharge, which then emits the monochromatic radiation. At switch-off, the sodium condenses and again collects at the dimples, these being the coldest spots in the tube. Without the dimples the sodium would, after some switch-on switch-off cycles, gradually condense along the whole inner tube wall, decreasing light transmission considerably.

Fill Gas

The inert gas mixture of neon and argon, called the “Penning mixture,” acts as a starting gas and buffer gas (to protect the electrodes). During start-up, the discharge only takes place in this gas, which is why a low-pressure sodium lamp radiates deep-red light for some 10 min during start-up (Fig. 3).
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High- and Low-Pressure Sodium Lamp, Fig. 3 

Immediately after switch-on, a low-pressure sodium lamp emits just a little reddish light, which gradually changes to the familiar yellow sodium light when the lamp has fully warmed up [1]

Electrodes
Most modern low-pressure sodium lamps have cold-start electrodes. These consist of a triple-coiled tungsten wire, so that they can hold a large quantity of emitter material.

Outer Bulb

The optimum sodium-vapor pressure is reached when the temperature of the wall of the discharge tube is maintained at 260 °C. To reach this temperature efficiently, the U-shaped discharge tube is contained in an evacuated outer-glass tube. To further increase the thermal insulation, this outer-glass tube is coated on its inner surface with an interference layer that reflects infrared radiation but transmits visible radiation. In this way, most of the heat radiation is reflected back into the discharge tube, so maintaining the tube at the desired temperature, while visible radiation is transmitted through the layer. Early low-pressure sodium lamps did not have an integrated outer bulb with infrared reflecting coating. They used a separate double-wall evacuated tube (“thermos bottle”) which was reused after failure of the gas discharge tube at the end of its life (Fig. 4).
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High- and Low-Pressure Sodium Lamp, Fig. 4 

Immediately after switch-on, a low-pressure sodium lamp emits just a little reddish light, which gradually changes to the familiar yellow sodium light when the lamp has fully warmed up

Apart from the dimples, the bend of the U-shaped discharge tube also forms a cold spot where sodium can condense and accumulate. The bend is therefore insulated by a heat-reflecting metal cap.
Lamp Cap

All low-pressure sodium lamps are provided with a bayonet-type lamp cap. This allows the discharge tube to be accurately positioned. This is critical, because the light distribution of a low-pressure sodium luminaire is dependent on the position of the U-shaped discharge tube.

Properties
Energy Balance

A low-pressure sodium lamp emits approximately 40 % of the input power in the form of visible radiation. This is the highest percentage of all gas discharge lamps. The remaining part of the input power is lost in the form of heat.

System Luminous Efficacy

The luminous efficacy of the system is strongly dependent on the wattage of the lamp and ranges from 70 to 190 lm/W, for low and high wattages, respectively.

Lumen-Package Range

Low-pressure sodium lamps are available in the range from approximately 2,000 to 30,000 lm (corresponding wattage range, 18–180 W).

Color Characteristics

As mentioned before, low-pressure sodium lamps emit monochromatic light in the yellowish part of the spectrum (Fig. 5). Color rendering is therefore nonexistent (Ra = 0). The correlated color temperature is around 1,700 K.
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High- and Low-Pressure Sodium Lamp, Fig. 5 

Spectral energy distribution of low-pressure sodium lamps [1]

Lamp Life
Apart from the normal cause of failure in gas discharge lamps (viz., electrode emitter exhaustion), low-pressure sodium lamps may also fail because of cracks or leaks in the long discharge tube or outer bulb. This may especially be the case in environments where there are strong vibrations as, for example, may occur in poorly designed road-lighting luminaires during strong winds. Leakage in the outer bulb disrupts the thermal isolation, which in turn means that not enough sodium will vaporize. As a consequence, the discharge will take place in the starting-gas mixture, so emitting only the corresponding deep-red light. Economic lamp life is around 12,000 h (based on a 20 % mortality rate). Some versions make use of special getter material to maintain a high vacuum, resulting in fewer failures during the economic lifetime of the lamp: the economic lamp lifetime is about 15,000 h (again, mortality rate of 20 %).

Lamp-Lumen Depreciation

Lumen depreciation occurs through blackening of the discharge tube by scattering of the emitter material of the electrodes and by discoloration of the glass caused by the sodium. Depending on the type of control gear used, these effects are partially counteracted by a slow and gradual increase in the power dissipated in the lamp.

Burning Position

Electrodes and lead-in wires coming into contact with condensed sodium can eventually suffer damage. To prevent this from happening, low-pressure sodium lamps have restrictions as to their burning position. Base-down burning positions in particular have to be avoided. The restrictions are less critical for lower-wattage (viz., smaller) lamps, simply because they contain less sodium.

Run-Up and Reignition

As has already been explained, the sodium needs time to vaporize while the discharge takes place in the starting-gas mixture. The warming-up process takes about 10 min. Nearly all low-pressure sodium lamps reignite immediately. The exceptions are the highest wattage lamps (131 and 180 W), which restrike after 10 min.

Dimming

Low-pressure sodium lamps cannot be dimmed. Dimming would decrease the lamp temperature so that not enough sodium would remain in the vapor state to maintain the sodium discharge.

Ambient-Temperature Sensitivity

The good thermal insulation afforded by the outer bulb ensures that lamp performance is almost independent of ambient temperature. Also, thanks to the starting-gas mixture, starting too is almost independent of ambient temperature.

Mains-Voltage Variations

The variations in lamp current and lamp voltage as a consequence of a change in mains supply voltage tend to cancel each other out, the net result being that the lamp wattage, and, to a certain extent, the luminous flux remain practically constant over a wide range.

Product Range
Low-pressure sodium lamps are available in two versions, each with a different balance between efficacy and lumen output. There is a high-lumen-output version with a 10–15 % lower efficacy and a high-efficacy version with a 20 % lower lumen output, respectively. The high-efficacy lamps can be operated on HF electronic control gear, which further increases their efficacy by between 15 % and 35%. The length of low-pressure sodium lamp increases considerably with wattage: the 18 W version (the lowest wattage available) has a length of 22 cm, while the longest lamps (131 and 180 W versions) have a length of 112 cm.

Efficiency
Mercury vapor lamps are more energy efficient than incandescent and most fluorescent lights, with luminous efficacies of 35 to 65 lumens/watt. Their other advantages are a long bulb lifetime in the range of 24,000 hours and a high intensity, clear white light output.

LEDs are ____________________, (Diodes)
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