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The white power LED light source Lumen specification is often misunderstood; the correct brightness 

measures are Candela or Lux 

 

Measure Descriptions 

1. Candela = LIGHT FLUX DENSITY or Luminous Intensity (the SOURCE intensity or brilliance of 

light measured in ONE direction only). A standard SI unit, one standard candle power measured by 

a photometer. 

2. Lumens = Total light FLUX (the total radiated light in ALL directions, but not evenly). In the case 

of a LED it represents the total integrated light within a half sphere of fixed radius with the 

perpendicular axis centred over the LED. See the Lumen definition in References section below. 

3. Lux = Illuminance. Lumens per square metre. A measure of target surface light intensity that is 

directly proportional to source Candela. A photometer is a target that measures intensity, if Lux is 

measured at a known distance from the light source then Candela can readily be calculated. 

Many misunderstand the fact that as Lumens increase the brilliance also increases. Brilliance is received by 

the human eye from one direction only; the eye cannot receive the total LED light output from all directions 

therefore the eye sees the source intensity (Candela) in Lux. It should be understood that Candela as the 

source intensity does not change with outgoing distance; the light at a surface (Lux) does decrease according 

to 1/d
2
. Therefore one Candela of light falling on a photometer will indicate 1 Lux at one metre and indicate 

0.25 Lux at 2 metres. 

 

The eye will see only a portion of the total light (Lumens) from a single LED without optics. If optics are 

added (reflector or lens) the total light will be concentrated into a higher brilliance beam towards the eye 

without any change in Lumens. The higher brilliance is therefore an increase in Candelas (flux density). If 

the beam were concentrated as narrowly as a laser the candelas (flux density) would be extremely high and 

dangerous. 

 

Focused Light 

When the Lumen rating of an LED and optical focus are combined to create a source light intensity then 

Candela is the correct measure at a specific viewing angle, it is a simple matter to calculate illuminance 

(Lux) at any distance. With a fixed optical performance a change of Lumens will vary light intensity, many 

products are offered with only the Lumen value and unfortunately this prevents illuminance at any distance 

from being calculated. 

 

Non focused Light 

Non focused light LED light sources are intended for the illumination of large areas such as room lighting. 

Here the total light (Lumens) is the dominant factor. The Lux meter is commonly applied in that intensity is 

directly in Lumens per unit area, source intensity is not a requirement. 

 

Candela to characterise a LED  

Because candelas are measured from one direction it is then possible to measure the candela value at 

different angles to the light source and then characterise the LED with a graph of the total light beam 

intensity distribution. A beam width can then be established and is taken at the point where intensity drops to 

50% on both sides of the peak and central candela intensity. 

 

See Appendix A. Focused Light 

 

Summary 

1. Candela is the measure of source brightness and Lux the target brightness. 

2. Lumens represent the total light output of a LED emitted as a half spherical radiation.  

3. The eye or photometer is a target therefore the brilliance is seen in Lux and decreases with 

distance. 

4. All power LED lamp products should be specified in Lux at 1 metre or an appropriate distance. 

5. LED component manufacturers specify in Lumens as it defines the total delivered light flux and so 

differentiates products. 
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Wickipedia. Subject: Lumen 

a light source that uniformly radiates one candela in all directions radiates a total of 4π lumens. If the source 

were partially covered by an ideal absorbing hemisphere, that system would radiate half as much luminous 

flux—only 2π lumens. The luminous intensity would still be one candela in those directions that are not 

obscured. 



Appendix A. Focused Light 

 

An actual focused light beam is not able to meet the perfection of a theoretically calculated beam. 

 

A step by step process of understanding: 

 

1. A LED component is specified in Lumen output after measuring the Candela values in all 

directions. A measure used by LED manufacturers to indicate total light power available. 

2. A LED of known Lumen output can be applied to create a focused beam of high Candela 

value. The relationship between Lumen and Candela is expressed in the formula: F = Iv × 2π × 

(1 - cos(A/2)) where F = lumens and Iv = candela and A = radiation angle or the enclosed 

angle of a conical beam. The formula assumes all the Lumen energy is concentrated into that 

beam and that the density in Candela is uniform where in practice neither is true. See 4 below 

and Fig 1 

3. To make this relationship easy there are calculators available on the Internet. 

http://led.linear1.org/lumen.wiz  Note. Enter Candela x 1000 as millicandela. 

4. By choosing a required beam width for a fixed Lumen value the Candela value of an intense 

beam can be determined. This reveals the source Light flux density. However in practice this 

density is not uniform throughout the beam area as revealed in Fig 1 where the Candela value 

has a peak and falls away. The 50% value of density is taken as the edge of the beam and all 

light energy <50% may be considered a loss. This loss increases with wider beams as the area 

under the <50% portions of the density curve typically increases. See Fig 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 below is the Luminous Intensity curve a standard power LED that is broadly focused and can be 

applied to focusing reflector. Note the effective black line beam width is approx 115
o 
with an increased 

possible loss area at <50% (much of this possible loss is recovered by a reflector). Note the same 

normalised curve can be achieved by recording the values indicated by a narrow beam Lux meter. 
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