
 

Green-Energy-Products.Con, LLC* 13055 SW 83rd Avenue Miami, FL 33156 

Office:  800.639.8796      Website:  http://www.green-energy-products.com/ 

 

The Induction Lighting Specialistsé 

 

 
The Science Behind 
Induction Lighting 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Presented By:   
Green-Energy-Products.Com, LLC. 



 

Green-Energy-Products.Con, LLC* 13055 SW 83rd Avenue Miami, FL 33156 

Office:  800.639.8796      Website:  http://www.green-energy-products.com/ 

 
 

Contents 
 
 
Introduction:           1 
 
How Induction Lamps Work:        2 
Introduction, Incandescent Lamps, Other Lamp Types, Fluorescent Lamps, 
Electrodeless Lamps, Lumen, Maintenance 

 
Human Vision: How We See What We See      3 
Photopic, Scotopic and Mesopic Vision, Light Meter Calibration 

 
Scotopic/Photopic Ratio         4 
Measuring Light: Lumens, Lux. Foot-candle and CRI, Color Temperature and CRI, 
Spectral Distribution 

 
Visually Effective Lumens/Lux        5 
The meters are wrong! 

 
Psychological Effects of Light        6 
Hum, Buzz, Flicker and the ñWagon Wheelò effect, Ballast Efficiency, Thermal Loads, 
Quality of Light 

 
Saving Energy and Money        7 
 
How Much Useful Light Do You Get For Your Money?    8 
 
 
 
 
 
 
 



 

Green-Energy-Products.Con, LLC* 13055 SW 83rd Avenue Miami, FL 33156 

Office:  800.639.8796      Website:  http://www.green-energy-products.com/ 

INTRODUCTION  

Long lasting, energy efficient induction lights have the potential to save clients 
about 50% in energy and maintenance costs over their lifetime compared to 
typical Metal halide, Mercury vapor and Sodium lamps usually used in industrial 
Lighting applications. Many people who see the new lighting fixtures remark at 
how bright they appear and the high quality of light emitted from the fixtures. 
However, when people have compared light meter readings of the new lights with 
conventional lighting, the new lights are measured as producing less output on 
the meter than conventional lights.  
 
This has led to people questioning the installation of these lights - even though 
they use far less energy - as they expect that areas lit by them will not be bright 
enough compared to conventional lighting even though their eyes are telling 
them they are the same or brighter.  
 
The problem is not the lights, which are brighter, but the way in which the light 
meters are calibrated using the 1951 CIE color space standard. This standard, 
used to set the sensitivity curve of light meters, does not take into account the 
contribution of scotopic vision [ñnight visionò] to the sensitivity of the eye. 
Scientific studies have shown that the eye is more sensitive to blue wavelengths 
than the measurement curve of the light meters and, in fact, blue light acting on 
human scotopic vision is largely responsible for ñvisual acuityò or sharpness of 
vision.   
 
The result of using light measurements, based on old standards that have not 
kept pace with scientific research, is that the light meters are wrong! People are 
paying for energy and equipment which is not contributing to improved lighting 
while innovative products which are energy efficient and which produce a better 
ñquality of lightò are ignored. Sometimes additional fixtures/lamps must be 
installed to make the light meters happy thus mitigating some of the energy 
savings.  
 
It is important to understand the science behind these light fixtures and why they 
are better and brighter even though conventional lighting meters show otherwise. 
This paper will briefly explain the science behind Induction Lighting in a 
simplified manner. This paper also includes footnotes listing the scientific 
studies and papers on which the science is based, for those who would like 
to follow up on the details
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Introduction:  
Thomas Edison is generally credited with the invention of the commercially viable 
electrical lamp we are familiar with. He was building  on work done by early pioneers 
where the conversion of electricity to light was demonstrated in laboratories  as early as 
1801 by Sir Humphrey Davy who is also credited with the invention of the ele ctric arc 
lamp.  Interestingly, Canadians Henry Woodward and Matthew Evans filed a patent in 
1874 for a light bulb  which used a carbon filament in a nitrogen atmosphere.  
They were unsuccessful in commercializing the lamp but caught the interest of Edison 
who considered this Canadian technology so intriguing, he bought their  Canadian and 
US patents [Canadian Patent CA 3738 and U.S. Patent 181,613] in 1875 for the then 
princely sum of $5,000 US.  Edison continued this line of development and improved 
upon the Woodward and Evans patent by using a metal filament in a vacuum eventually  
producing the first practical and commercially successful light bulb in 1880. 
 
Incandescent Lamps:  
The most common form of electrical light we are all familiar with is the incande scent 
lamp. This consists of an evacuated glass envelope which generally has two electrodes 
protruding through the wall of the glass vessel and sealed in place to bring the electrical 
current into the interior of the lamp. There is a thin filament,  usually made of tungsten, 
suspended between the electrodes. More than two electrodes may be present, 
for example in a ñ3-wayò lamp and there may also be other non-electrically connected 
wires provided for mechanical support of the filament.   The incandescent lamp works by 
passing an electrical current through the filament, typically made of  tungsten, which 
then glows white hot emitting light.   This is not an efficient process as approximately 
95% of  the energy supplied to the lamp is emitted as heat. The  filament must be 
contained in an evacuated bulb, or a bulb filled with an inert gas, as any contact with 
oxygen will cause the heated tungsten filament to evaporate and  break the electrical 
circuit thus rendering the lamp  useless. 

 
 
Other Lamp Types:  
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There are many other types of lamps ranging from xenon arc lamps used in movie 
projectors, to metal halide, mercury vapor and sodium types, to fluorescent types, to 
light emitting diodes [LEDs]. It is beyond the scope of this paper to cover all of these 
types in detail but it will cover fluorescent lamps as the GEP Induction lamps are a 
modified form of the fluorescent lamp.  

 
Fluorescent Lamps:  
A fluorescent lamp is a type of gas discharge tube where an electrical current excites 
mercury vapor in an inert gas producing UV light typically at the 253.7 nm and 185 nm  
wavelengths. The UV light is up-converted by a coating of phosphors on the inside of 
the tube into visible light.   At each end of the typical fluorescent lamp, there are small 
tungsten filaments which are usually coated with a blend of metallic salts such as 
barium, strontium and calcium oxides. The filaments are provided to bring the  electrical 
current into the lamp and the  metallic salts are designed to promote the emission of 
electrons in order to stimulate the mercury ions in the tube.   Fluorescent lamps are a 
negative resistance device [as more current flows, the resistance decreases allowing 
even more current to flow] so the lamps  require a ballast to control the current to  the 
lamp.  
 
The most common and simple type of ballast is a magnetic or ñcoil and coreò ballast.  
This is a form of current limiting transformer which provides the lamp with the correct 
current needed for operation. These ballasts are cheap but inefficient as they emit heat 
[wasted energy] - typically between 10% and 15% of the energy consumed by the lamp 
is wasted in the ballast.  Newer types of fluorescent lamps use high frequency electronic 
ballasts. While these are more costly to manufacture, they are much more energy 
efficient typically only wasting between 4 and 8% of the energy consumed by the lamp.    
 
The choice of phosphor, or combination of phosphors, used in the coating on the inside  
of the tube influences the perceived color of the light emitted. Certain phosphors emit 
red, green or blue light when excited by the UV light inside the tube. This allows 
manufacturers to offer ñwarm whiteò, ñcool whiteò and ñdaylightò types of lamps - where 
these designations refer to the approximate color temperature of the lamp - by mixing 
and matching the phosphors used in the coating. 
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Electrodeless Lamps:  
Almost all of the light sources currently in use have one thing in common, metal  
electrodes sealed into the walls of the bulb to bring the electrical current inside the lamp  
chamber. Unsurprisingly, the main failure mechanisms in these lamps [other than 
breakage] are: 
 
Å Failure of the filament  due to depletion of the filament material over time as atoms are    
   stripped off by the electrical current  
Å Vibration which breaks the filament, especially when it is hot  
Å Failure of the seal integrity  of the lamp typically caused by thermal stresses in the area 
   where the electrodes go through the glass walls. The failure of the seal can either be  
   sudden and complete or a ñslow leakò over time allowing the entry of atmospheric  
   gasses which contaminate the interior.    
The dream of lighting inventors has been to produce a lamp with no internal electrodes 
to eliminate these common failure modes. In an electrodeless lamp the envelope [bulb] 
is completely sealed and thus there is no chance of atmospheric contamination due to 
seal failure and no electrodes to wear out over time. On 23 June 1891, Nicholas Tesla 
was granted US patent 454,622 to cover a very early form of Induction lamp.  
 
In an electrodeless lamp, the main failure mechanisms [other than breakage] are:  
Å Depletion of the mercury vapor inside the envelope [bulb]. When the mercury ions are  
excited and bombard the phosphors [which then emit the light we see], a small 
percentage of them are absorbed by the phosphor coating over time. Once the mercury 
ions inside the envelope are depleted, the lamp emits only a very dim light and has to 
be replaced.   
Å Failure of the electronics [ballast] used to drive the lamp. This is not a catastrophic 
failure mode as typically the electronics [ballast] are  external to the lamp and can be 
replaced.   
 
So how do you get an electrical current inside the bulb (glass envelope) to excite the 
mercury ions? There are two types of practical electrodeless lamps available on the 
market today, microwave lamps and GEPôs induction lamps. A microwave lamp 
bombards a capsule of sulphur with radio frequency energy which causes the 
sulphur to be heated becoming a light emitting  plasma. The capsule has to be rotated to 
prevent uneven heating and must be cooled by a fan so the lamps contain mechanical 
parts. 
 
GEPôs lamps are basically fluorescent lamps with magnetic induction coils wrapped 
around a part of the tube. High frequency energy from the electronic ballast is sent 
through wires which form a coil around the ferrite inductor. The induction coil produces 
a very strong magnetic field which travels through  the glass and excites the mercury 
atoms causing them to emit UV light which is up -converted to visible light by the 
phosphor coating on the inside of the tube . 
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The system can be considered as a type of transformer where the inductor is the  
primary coil while the mercury atoms within the tube form a single -turn secondary coil 
thus electrical energy is coupled through the glass wall to excite the mercury atoms. 
 
In a variation of this technology, a light bulb shaped glass lamp, which has a test -tube 
like centre cavity, is coated with phosphors on the inside and filled with inert gas and 
some mercury. The induction coil is wound around a shaft which is inserted into the 
central test-tube like cavity and excited by high frequency energy provided by an  
external electronic ballast. 
 
The advantages of the GEP lamps are long life span due to the lack of internal 
electrodes and very high energy conversion efficiency due to the high frequency 
electronic ballasts which are 98% efficient. These benefits offer a considerable cost 
savings of around 50% in energy and maintenance costs compared to other types of 
lamps that they replace.  As with conventional fluorescent lamps, varying the   
composition of the phosphors coated onto the inside of GEPôs lights allows for models 
with different color temperatures. 
 

 
INDUCTION TUBE DIAGRAM 
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LIGHT BULB TYPE INDUCTION LAMP DIAGRAM 

The induction lamps require correctly matched electronic ballast for proper operation.  
The ballast takes the incoming mains AC voltage [or DC voltage in the case of 12 and 
24V ballasts] and rectifies it to DC. Solid state circuitry then converts this DC current to 
a very high frequency which is between 2.65 and 13.6 MHz depending on lamp design. 
This high frequency is fed to the coil wrapped around the ferrite core of the inductor. 
The high frequency crates a strong magnet field in the inductor which couples the 
energy through the glass and into  the mercury atoms inside the tube.  The ballasts 
contain control circuitry which regulates the frequency and current to the induction coil 
to insure stable operation of the lamp. In addition, the ballasts have a circuit which  
produces a large ñstart pulseò to initially ionize the mercury atoms and thereby start the 
lamp. The GEP lamps do not start at 100% output as it take a few seconds for the 
mercury bearing amalgam in the lamp to heat up and release more mercury atoms after  
the lamp starts.  The close regulation of the lamp by the ballast, and the use of 
microprocessor controlled circuits allow the ballasts to operate at around 98% efficiency 
so only around 2% of the energy is wasted in the GEP induction lamp ballast compared 
to the 10-15% wasted in traditional  ñcore and coilò designs. 
 
Lumen Maintenance:  
Lumen maintenance is the rate at which light output decreases over time - is another 
important factor in lighting systems. As lamps age, the amount of light they produce 
decreases as does their energy efficiency. This is due to various factors such as filament 
depletion, gas-fill ñclean upò where the molecules of gas are slowly absorbed into the 
structure of the lamp over time, changes in internal pressure, etc.   This chart shows the 
expected lifespan and rate of decay in the output of various  kinds of lamps including the 
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GEP induction lamps. You will note that the GEP induction lamps have the highest rate 
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Human Vision: How We See What We See  
 

The human eye is an organ that detects light and provides us with vision to see the 
world around us. 

 

 
STRUCTURE OF THE HUMAN EYE 

 
The main components of the human eye, in the order encountered by a ray of light, are:  
Å The Cornea  - a transparent curved membrane which covers the front part of the eye 
to provide protection to the other components of the eye. The cornea, together with the 
lens, diffracts light and helps the eye to focus.  
Å The pupil  - a black circular opening in the middle of the eye which regulates  the 
amount of light entering the eye. When light levels are low, it opens to admit more light; 
and closes down in diameter to admit less light in bright conditions. The diameter of the 
pupil also controls the ñsharpnessò of the images perceived by the eye [visual acuity].  
Å The Iris  - this is the most visible part of the eye from the exterior and consists of 
pigmented [colored] fibrous cells which connect to the sphincter muscles which control 
the diameter of the pupil and thus the amount of light admitted  into the eye.  
Å The lens  - a transparent bi-convex structure in the eye which, along with the cornea, 
refracts light to bring it to a focus on the retina. The curvature of the lens and hence its 
focus are controlled by the ciliary muscles which contract and relax to adjust the focus 
of the eye. 
Å The vitreous humuor  - is a clear watery fluid which fills the space between the 
lens/pupil/  iris and the retina. This fluid provides support for the other structures of the 
eye and a path for the light rays to tra vel to the retina.  
Å The retina  - This is the complex photoreceptor [light detecting] layer at the back of 
the eyeball covering approximately 72% of the sphere of the eye. The retina consists of 
rod and cone cells which respond to different frequencies [ colors, wavelengths] of light 
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in different  ways. Cone cells are adapted to detect colors, and function well in bright 
light; rods cells are more sensitive, but do not detect color well as they are adapted for 

low light . 
 

The human retina contains about 125 million rod cells and 6 million cone cells. 
The retina can be subdivided into two main areas;  
Å The Fovea  [also known as the fovea centralis] - This is the central part of the retina 
located near the optic nerve which transmits images to the brain. The fove a takes up 
less than 1% of the area of the retina but the signals it sends take up over 50% of the 
visual cortex in the brain.  The Fovea is a region packed with cones and has virtually no 
rods. Humans have three different types of cones (trichromatic visi on) in the eye 
allowing us to perceive Red, Green and Blue light which the brain integrates to form full 
color images of the world around us. The cones in the fovea are smaller and more 
densely packed in a hexagonal pattern than the photosensitive cells in  other parts of the 
Retina. The Fovea is responsible for fine vision and color discrimination. Since it takes up 
such a small area of the retina, we move our eyes when reading or doing other tasks 
requiring fine vision so that the image  falls on the fovea.   
Å The balance of the Retina is responsible for our peripheral vision.  This region 
consists mostly of rod cells which are about 20 times more numerous in the eye than 
cone cells. There are about 100 million rod cells in the human retina which are more 
sensitive to a limited  range of light than cone cells and are thus responsible for our 
ñnight visionò.  The Nobel Prize winner George Wald and others conducted experiments 
which showed that rods are more sensitive to the blue area of the spectrum, and are 
relatively insensitive to wavelengths of light above about 640 nm (red)  
 

Photopic, Scotopic and Mesopic Vision:  
 

Photopic vision  is the scientific term for human color vision under normal lighting 
conditions during the day.  
 

Scotopic vision  is the scientific term for the visual perception in dim light, ñnight 
visionò. 
 

Mesopic vision  is the term for a combination of Photopic vision and Scotopic vision 
which takes into account the combination of the higher total sensitivity of the rod cells in 
the eye for the blue range, with the color perception of the cone cells. 

Human vision sensitivity is divided into two main categories, Photopic vision and 
Scotopic vision: 
 

Photopic vision  - This is the scientific name for human vision under well lit conditions 
such as daylight or  bright artificial light. The cone cells are  responsible for sensing light 
in three different bands of color, Red [around 575 nanometers], Green [around 535  
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nanometers], and Blue [around 445  nanometers].   We use Photopic vision in daylight 
and the CIE response curve used in light meters is set to the spectral  sensitivity of 
Photopic vision.   
Scotopic vision  - This is the scientific name for the generally monochromatic vision of 
the eye in low lighting conditions, so -called ñnight visionò.  The rod cells are responsible 
for Scotopic vision and they are more sensitive to blue light than other colors.  The CIE 
response curve for light meters does not take Scotopic vision into account. 
Mesopic Vision  - This is the scientific name for a relatively new way of looking at 
human vision which takes both the Photopic and Scotopic visual response curves into 
account.  This is somewhat complicated as it adds the extra element of  wavelength 
sensitivity into account.



 

Green-Energy-Products.Con, LLC* 13055 SW 83rd Avenue Miami, FL 33156 

Office:  800.639.8796      Website:  http://www.green-energy-products.com/ 

Light Meter Calibration: 
Traditionally light measuring meters have been calibrated based on the measurement of 
the visual efficiency of the human eye as confined to a visual field of 2 degrees. The 2 
degree field corresponds to the area covered by the fovea which is rich in cone cells. 
This visual field of 2 degrees covers only about two hundredths of one percent of the 
total field of vision of the  human eye and ignores the contribution of the rod cells and 
Scotopic vision.  The calibration curve used in typical light meters peaks around 550 
nanometers which is in the green region. Thus light sources which emit a large amount 
of green are seen by light meters as ñbrighterò than other light sources which, while 
they may have less green, have other components in the blue and red part of the 
spectrum that are equally - or more ï important  for good vision.  You can see this for 
yourself in the new xenon and blue tinted car headlights. Most people perceive these as 
much brighter than conventional headlights , and drivers who are using them say they 
can see further and better at night. Measuring the headlights would show that  they are 
actually the same brightness on a light meter as conventional headlights. The reason 
they appear brighter is that you are driving at night with dark adapted vision when rod 
cells make a greater contribution to night vision. The headlights contain much more blue 
light which is perceived by the rod cells and contributes to better visual acuity.  
 

Similarly, the GEP induction lights are perceived by most people to be much brighter  
than the typical metal halide, metal vapour or sodium lamps they are replacing. When 
measuring the induction lamps with a light  meter, they show a lower output than 
conventional lamps.  This is because the meters, calibrated to the 1951 CIE Photopic 
luminosity curve, are ignoring the additional blue  components in the lamp output  which 
stimulate the rods and are seen by the scotopic vision of the human eye.  
 
Scientific research has shown that blue light plays an important role in human vision . In  
natural daylight conditions, there is a large blue component from the diffuse scattering 
of blue light in the atmosphere [Rayleigh scattering], which is why the sky appears blue.  
In a study published in 1996, subjects were asked to watch a small color TV in a room 
where the experimenters could control the quality and color temperature of the light 
falling on the walls [room illumination].5 During the experiment, the level of lighting in 
the room was measured at the subjectôs position and that data was correlated with the 
readings taken from an infrared pupilometer [a device which remotely measures pupil 
size].   
 
Pupil size is important for visual acuity, particularly in work related tasks. A small  
pupil size ñstops downò the eye just as a small aperture size does in a camera. A smaller 
pupil size provides better visual acuity and improves the depth of field thus permitting 
better vision at  typical interior light levels.   Current lighting system installations attempt 
to reduce pupil size and improve vision by raising the light levels. This approach does 
not utilize the response of the rod cells to blue light  which has been shown to control 
pupil size. 
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ñPupil size changed with both light level and the type of spectrum illuminating the 
subjectôs eyes.  However, when the average pupil size variation was compared with the 
test illuminance variation at the eye (measured with a conventional light meter) there 
was no correlation. On the other hand,  a near perfect correlation was obtained when the 
same data were compared to a different type of  illuminance based on the relative 
sensitivity of the rods to different wavelengths of light called the  rod spectral sensitivity 
function or Scotopic response function.ò ñBecause pupil size follows the Scotopic 
spectrum, this study demonstrates unequivocally and in an objective manner (subjects 
cannot voluntarily change pupil size) that rod photoreceptors are active at typical 
interior light  levels.ò 
Dr. Sam Berman, Lawrence Berkley National Laboratory 6 

Increasing light levels as a way to improve  vision just adds glare and wastes 
energy!  

 
 
 

 
 
In the  top diagram , we see that when the pupil of the  eye is small, it blocks offaxis 
[aberrant] light rays  allowing the on-axis light rays to come to a sharp focus on the 
retina.   
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In the lower diagram,  the pupil is open wider allowing the on-axis rays to enter the 
eye as well as offaxis rays thus producing a poorer quality image on the  retina. 
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This information is not unknown to lighting professionals . At the 1992 Illumination 
Engineering Society [IES] meeting in San Diego, California, 100 lighting professionals 
were asked to view two room illuminations using  indirect fluorescent lights and to 
choose the brighter of the two. The illumination in the two  spaces was designed to be 
equal in color so as to equally excite the cone cells of the eye.  However, one of the 
spaces was illuminated with a light source that had more blue light  [scotopically 
enhanced light].  
 
Ninety-eight of the lighting professionals chose the space with the scotopically enhanced 
light as brighter even though it actually measured 30% less bright than the  comparison 
space on a conventional light meter! Only two people failed to select the  scotopically 
enhanced [but lower level of illumination] as brighter, and those two people had  some 
color blindness. 
 

ñBecause the measurement of the rod spectral sensitivity requires conditions of very low 
light levels it has perhaps erroneously assumed that the rod receptors at normal interior 
light levels contributed little. However, new findings demonst rate that rod receptors are 
indeed active at normal interior levels and that they are contributing to brightness 
perception while providing the  dominant control of pupil size. The new research also 
shows that at normal interior light levels  pupil size determines the ultimate ability to 
achieve visual performance (acuity, contrast sensitivity and depth of field). Thus the 
discrepancy between the photometer and experience is simply that the meter is based 
on the eyes response to the small visual field of 2 degrees while lighting practice is 
concerned with the full field of view which displays a somewhat different spectral  
sensitivity.ò 
 

S. M. Berman, "The Reengineering of Lighting Photometry," Publications of the    
Lighting Research Group, Lawrence Berkeley Laboratory, California, July 1995 

 

 

Scotopic/Photopic Ratio:  
The ratio of the Scotopic light Vs. the Photopic light in a lamp is called the Scotopic/  
Photopic ratio - S/P ratio for short. The S/P ratio determines the apparent visual 
brightness of a light source which is why the GEP 200W high bay lamp can appear as 
bright, or brighter, to  the eye than a sodium or metal vapour halide of twice the 
wattage.   
 

The S/P ratio of a lamp is important as it provides a number which can be used to  
multiply the output r eading of a lamp using a conventional meter to determine how 
much light useful to the human eye [ Visually Effective Lumens /Lux] a lamp 
produces.   
 

The S/P ratio of a light sources can be determined by measuring the output in Lumens 
or Lux using a light meter or spectrometer calibrated first to the Photopic vision 
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sensitivity curve [which is almost identical to the CIE light meter calibration standard], 
and then measuring the same lamp with instruments calibrated to the Scotopic vision 
sensitivity curve. The resulting numbers form a ratio which can be expressed as a single 
number. 
 
For example, the S/P ratio of a low pressure sodium lamp [SOX lamp] is 0.35 because 
the lamp is almost monochromatic producing the vast majority of its output in the 
yellow/orange band.  The lamp has no green and no blue output.  
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THIS TABLE, COURTESY OF FRANCIS RUBINSTEIN OF THE BUILDING TECHNOLOGIES 
DIVISION OF LAWRENCE BERKELEY NATIONAL LABORATORY IN CALIFORNIA, GIVES 
THE SP RATIOS OF VARIOUS TYPES OF COMMON LIGHT SOURCES. 

 

Due to the scotopically enhanced light produced by the GEP lamps, they appear 
brighter to the eye and enhance visual acuity.
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The S/P ratio of a light source is closely related to the color temperature of the lamp.  
Lamps with higher Kelvin numbers tend to have more blue in the output and thus they 
stimulate the rod cells in the eye more than a ñwarmerò lamp with a lower Kelvin 
number. Lamps with high blue output are said to be ñScotopically enhancedò light 
sources. 
 
For example, a low pressure sodium lamp [typically the orange lamps used in 
streetlights] is almost monochromatic producing almost all of its light in the 600 nm 
range.  Thus it has almost none of the green and blue seen in most other light sources. 
The S/P ratio of the lamp is 0.35 7 A 5,000 K GEP Induction lamp outputs a far broader 
spectrum of light  including a lot of blue and has an S/P ratio of 1.967  
The S/P ratio is used as a multiplier to determine the amount of light the lamp is  
emitting that is useful to human vision.  
 
If the Sodium lamp has a rated output of 140 lumens  per watt, and the induction lamp 
has a rated output of 80 lumens per watt, we can apply the  respective S/P ratios as 
follows: 
 
Å 120 W Low pressure Sodium lamp  [SOX 120] X 140 Lumens/W8 = 16,800 Lumens 
X 0.35 = 5,880 lumens of  light useful to human vision.  
 
Å 120 W GEP Induction lamp  X 80 Lumens/W = 10,200 Lumens X 1.96 = 18,816 
lumens of light useful to human vision - more than 3 times as much useful light for the 
same electrical energy [ignoring for the moment the loss in the  typical ñcore & coilò 
ballast found in the  Sodium lamp and the 2% energy loss in the GEP electronic ballast]. 
 
This explains why the GEP lamps always appear much brighter to the eye than most  
other light sources, even when those light sources have higher wattages, because the 
induction lamps produce more light that is useful to the human eye .  Using the S/P ratio, 
we can see why the award winning GEP High-Bay lamp can reduce energy consumption 
by replacing a lamp with much higher wattage:  
 
Å 400W Metal Hal ide lamp  [M 400] X 54.6 Lumens/W8 = 21,840 Lumens X 1.497 = 
32,541 useful lumens 
 
Å 200W GEP Induction lamp  X 81 Lumens/W = 16,200 Lumens X 1.96 = 31,752 
useful lumens  
 

Note: The calculations above do not take into account the actual electrical 
energy consumption which would include losses in the ballasts and would make 
the GEP lamp even more efficient. 
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Measuring Light: Lumens, Lux, Foot -candles and CRI  
In the lighting industry, the most common measurement units of light are the Lux, the  
Lumen and the Foot candle. The Lux and the Lumen are both recognized parts of the  
International System of Units [SI units]  which is the modern form of the metric system . 
 
Å Foot -candle  (sometimes footcandle; abbreviated fc, lm/ft², or sometimes ft -c) is a 
non-SI unit of i lluminance or light intensity widely used in photography, film, television, 
and the lighting industry. The unit is defined as the amount of illumination the inside 
surface an imaginary 1-foot radius sphere would be receiving if there were a uniform 
point source of one candela in the exact centre of the sphere. Alternatively, it can be 
defined as the illuminance on a 1-square foot surface of which there is a uniformly 
distributed flux of one  lumen. The foot-candle is equal to one lumen per square foot and 
is an Imperial unit.  
Å Lux (symbol: lx): Is the SI unit of illuminance . It is used in photometry as a measure 
of the intensity of light, with wavelengths weighted according to the luminosity function, 
a standardized model of human brightness perception. In English, "lux" is used in both  
singular and plural. 1 lx = 1 lm/m2 = 1 cd·m2·m ï4 
ÅLumen  (symbol: lm) is the SI unit of luminous flux, a measure of the perceived power 
of light. Luminous flux differs from radiant flux, the measure of the total power of light  
emitted, in that luminous flux is adjusted to reflect the varying  sensitivity of the human 
eye to different wavelengths of light.  lm = 1 cd.sr = 1 cd·m2·m ï2 
 
Foot-candles are still occasionally used in building lighting applications although they are 
more common in film and television applications. Since the foot-candle is not an SI 
unit, it is falling out of use in building lighting applications.   Typically measurements and 
government guidelines for lighting levels are specified in Lux. For example, the Ontario 
Government recommends a lighting level of between 300 and 500 Lux for workers using 
computer work stations.  
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TYPICAL LIGHT METER 
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The Canadian Centre for Occupational Health and Safety recommends the following 
light levels: 

Table of Recommended Illumination Levels in Lux 
 

 
Type of Activity  

 
Illumination Range 
 

Public spaces with dark surroundings  30 

Simple orientation for short temporary visits  50 

Working spaces where visual tasks are only 
occasionally performed 

100 

Performance of visual tasks of high contrast or 
large scale  

300 

Performance of visual tasks of medium 
contrast or small size  

500 

Performance of visual tasks of low contrast or 
very small size  

1000 

 
Lumens are most often used when discussing the conversion efficiency of lighting 
sources. For example, the GEP Induction lamps have conversion efficiencies ranging 
from 79 to 84 lumens per watt depending on the model - generally, the higher the 
wattage, the better the  conversion efficiency. A high pressure Sodium lamp typically 
produces between 100 and 150 lumens per watt.   Since the lumen is adjusted to take 
into account only the Photopic sensitivity of the  human eye, visual acuity under a 
Sodium lamp would not be good as it is lacking in the blues and greens needed to 
stimulate the Rod cells [scotopic vision]. Vision under a GEP Induction lamp, of the same 
or less wattage, will be better due to the additional blue and green output  which 
contributes to the Scotopic vision. Because of the calibration curve of the meters, the  
Sodium lamp appears to be more energy efficient when in actual fact; all those extra 
lumens are contributing little to human vision due to the limited spectrum produced by 
the lamp. 
 

Colo r Temperature and CRI:  
The color  temperature  of a light source is measured in degrees Kelvin. Color 
temperature is based upon the principle that a black body radiator emits light where the 
color depends on the temperature of the radiator in degrees Kelvin. Light sources with 
temperatures below about 3000 K appear ñwarmò [have a more red/orange look] while 
light sources above 7500 K appear ñcoldò as they contain more blue. 
 
A typical incandescent light's color temperature is determined by comparing its color 
[hue] with a theoretical, heated black -body radiator. The lightôs color temperature is the 
temperature in Kelvin at which the heated black -body radiator matches the color [hue] 
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of the lamp. 6500 K is the D65 European standard for ñdaylightò thus a lamp with a 
color temperature of 6500K would be considered a daylight lamp in Europe. 
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The CRI of a lamp is the Color Rendering Index (sometimes called Color Rendition 
Index). CRI is a method devised by the International Commission on Illumination (CIE) 
to measure the ability of a light source to reproduce the colors of various objects being 
lit by the  Light. The best possible rendering of colors is specified by a CRI of one 
hundred, while the  worst possible color rendering would be specified by a CRI of 0. 
 

 
COLOR TEMPERATURE CHART FROM 
HTTP://WWW.MEDIACOLLEGE.COM/LIGHTING/COLOR/COLOR-TEMPERATURE.HTML  

The higher the CRI of a lamp, the higher the ñqualityò of the light produced and thus the better 
the reproduction of colors under that lamp. GEP Induction lamps have a CRI of 80 or more 
depending on the model and color temperature. 
 

 

http://www.mediacollege.com/LIGHTING/COLOUR/COLOUR-TEMPERATURE.HTML


 

Green-Energy-Products.Con, LLC* 13055 SW 83rd Avenue Miami, FL 33156 

Office:  800.639.8796      Website:  http://www.green-energy-products.com/ 

 
THE ABOVE CHART SHOWS HOW THE REPRODUCTION CO COLOR IS AFFECTED BY 

BOTH THE CRI AND THE BRIGHTNESS OF A LIGHT SOURCE ILLUMINATING AN OBJECT. 


