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Emission Spectroscopy II  
 Lighting Applications 

Handout 
 
“Normal” Light Bulbs/Incandescent Lights 

Incandescent light bulbs are composed of a glass sphere containing a very thin tungsten 
filament.  The size of the tungsten filament determines the wattage of the light bulb.  For 
example, “60 watt”, “70 watt”, “100 watt” and so on would each have a larger filament, 
respectively.  Electrical current passes through the filament when the bulb is switched on.  The 
filament offers a good bit of resistance to the electricity because the filament is so thin.  This 
resistance converts the electrical energy into heat energy.  The heat energy causes the filament to 
become “white” hot.  The white appearance of the filament is the light we see. 

Incandescent light bulbs are not very efficient because a lot of energy is spent creating 
heat and not light.  For every watt of input power approximately 15 lumens are produced.  The 
lumen is the standard unit for the luminous flux of a light source.  Luminous flux is measured as 
energy per unit time that is radiated from a source over visible wavelengths.   

Fluorescent lights are much more efficient than incandescent lights primarily because this 
type of lighting produces less heat.  Fluorescent light bulbs can produce between 50-100 lumens 
per watt making them 4-6 times more efficient than incandescent bulbs.  A 15-watt fluorescent 
bulb will produce the same amount of light as a 60-watt incandescent bulb.  See below for a 
discussion on how fluorescent lights work. 
 
Neon Lights 

The advertising lights that are made of long, narrow glass tubes that are bent into various 
shapes and glow different colors are commonly referred to as “neon” lights.   Each glass tube 
contains a single gas such as, neon, argon, and krypton at low pressure.  The tube has metal 
electrodes at both ends.  When a high voltage is applied to the electrodes, the gas inside the tube 
ionizes (forms a plasma) and the electrons flow through the gas.  Collisions between free 
electrons and neutral atoms excite electrons within the atoms causing them to move to higher 
energy levels.  When the electrons return to their normal electron configuration, the atoms emit 
visible light.  Neon gas emits red light when energized in this way.  Argon emits a purplish color.  
Other gases emit other characteristic colors.  These types of light fixtures are referred to as neon 
lights because historically neon was the first gas to be used for this type of lighting.  The two 
images below are examples of neon lights.  The image on the left contains a glass tube filled with 
helium gas while the glass tube in the image on the right contains hydrogen gas. 
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Fluorescent Lights 
A fluorescent light is most often a long straight tube that produces white light. 

Fluorescent lights are most commonly found in offices, stores, and some home fixtures. The 
glass tube contains mercury vapor at a very low pressure, similar to neon lights.  However, when 
mercury is ionized it emits ultraviolet (UV) light that is not visible to the human eye.  In order to 
“see” this UV light, it must be converted to visible light.  The glass tube of the fluorescent light 
is coated with a phosphor, which is a material that can accept energy in one form and emit the 
energy in the form of visible light.  When the ultraviolet light being emitted by the mercury 
atoms hits the phosphor it is absorbed and reemitted as lower energy photons of visible light.  
The “white” light that is seen coming from the fluorescent tube is the visible light being emitted 
by the phosphor coating the inside of the tube.   

The term given to the process of the phosphor emitting visible light is “fluorescence”, 
hence, the name fluorescent light.  Fluorescent lights differ from neon lights in that fluorescent 
lights require a phosphor to convert the emitted energy into visible light while the gases in neon 
lights emit visible light directly.  Newer fluorescent lights are moving away from using mercury 
vapor to more environmentally friendly gases that produce ultraviolet light when ionized. 
 
Black Lights 

A black light is a glass tube painted a purple color containing mercury vapor at low 
pressure.  When the mercury atoms are excited they will emit a faint blue light as well as the 
previously mentioned ultraviolet light.  This blue light appears as a dark purple, almost black, 
glow through the purple coating of the glass tube.  This is where the name black light comes 
from.  The ultraviolet light that is also being emitted causes items containing or coated with 
fluorescent materials to “glow in the dark”.  The fluorescent materials contain phosphors that 
convert the energy of ultraviolet light from the black light to visible light energy.  For example, 
when the fluorescent paint on a fluorescent poster is exposed to the black light, the phosphors in 
the paint convert the emitted ultraviolet light to visible light that appears to “glow in the dark”.   

White clothing will normally glow when exposed to a black light because most modern 
detergents contain phosphors that convert the ultraviolet light into visible white light.  This 
phenomenon is also why normal sunlight makes clothing look “whiter than white”.  In addition 
to the normal reflection of visible light seen from the cloth, the emission of white light from the 
phosphors is also seen.  Some inks are invisible, including the hand-stamps used by amusement 
parks.  They contain phosphors that can be seen under black light. 
 
Light Emitting Diodes (LED’s) 

Solids can give off light when energized through the application of electricity.  The type 
of solid crystal that is used determines the wavelength of the light given off.  Depending on the 
type of solid crystal used, Light Emitting Diodes (LED’s) can generate red, yellow, green, and 
blue light.  Free electrons moving across a diode cause electrons to move from a higher energy 
state to a lower energy state.  As the electrons drop to a lower energy state, energy is released in 
the form of photons.   

When silicon is used as the diode material, the atoms are arranged in such a way that the 
electrons drop a relatively short distance.  The frequency of the emitted photon is too low to be 
visible to the human eye.  Silicon diodes release light in the infrared region of the 
electromagnetic spectrum.  Although infrared light is not visible, infrared LED’s are still useful 
in such devices as remote controls.  When a material is used for the diode that causes electrons to 
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have a greater drop in energy, visible light is given off.  The size of the drop determines what 
color of light is given off.  A smaller drop will produce light with lower frequency (red) and a 
larger drop will produce light with a higher frequency (green to blue).  Scientists are working to 
produce a “white” LED that will be more efficient than current incandescent lighting and will 
last longer.  Visible LED’s, are used in everything from traffic lights to the numbers in a digital 
clock.  
 
 
 
    
 
 
 
 
 
 
 
LED’s vs. Incandescent Light Bulbs 

LED’s have several advantages over conventional incandescent lights. For one thing, 
LED’s do not have filaments that will burn out, so they last much longer. Additionally, their 
small plastic bulb makes them more durable. They also fit more easily into modern electronic 
circuits.  However, efficiency is the main advantage of LED’s.  In conventional incandescent 
lamps, the light-production process involves the generation of an excess amount of heat (the 
filament must be warmed). This is completely wasted energy, unless the lamp is being used as a 
heater, because a huge portion of the required electricity isn't going toward producing visible 
light. When being compared to incandescent lamps, LED’s generate very little heat.  A much 
higher percentage of the electrical power is going directly to generating light, which cuts down 
on the electricity demands considerably.  Until recently, LED’s were too expensive to use for 
most lighting applications because they're built around advanced semiconductor material. The 
price of semiconductor devices has plummeted over the past decade making LED’s a more cost-
effective lighting option for a wide range of situations. While they may be more expensive than 
incandescent lights up front, their lower cost in the long run can make them a better buy. In the 
future, they will play an even bigger role in the world of technology.  
 
 


