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 Review of lighting terminology

 Luminaires & description

 Lighting calculation

 Lumen method

 Point by point method
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http://ccrs.nrcan.gc.ca/resource/tutor/stereo/chap2/chapter2_4_e.php

Lighting terminology

Quantity Symbol SI Unit Abbr. directional Notes (& Imperial Units)

Luminous 
flux

Φ Lumen lm No
Also called luminous 

power (Lumen)

Luminous 

efficacy

Lumen per 

watt
lm/w

Ratio of luminous flux to 
radiant flux or power 

consumed by the source; 
max. possible is 683

Luminous 
intensity

I
Candela 
(lm/sr)

cd Yes
An SI base unit (cd or 

Candela)

Illuminance E Lux (lm/m2) lx No
Used for light incident on 

a surface (fc or 
footcandels, lm/ft2)

Luminance L
Candela per 

square metre
cd/m

2 Yes
Units are sometimes 

called nits (footlambert)

Luminous 
exitance

M Lux (lm/m2) lx no
Used for light reflected or 
transmitted by a surface 

(Lumen per sq.ft.)



Luminous Flux (Φ)
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1. Find the total luminous flux emitted by a lamp rated at 100 
candelas; 1257 lumen

2. Find the illuminance (lux) @ 1 metre distance from a point light 
source rated at 100 candelas; 100 lux

3. Find the illuminance (lux) @ 2 metres distance from a point light 
source rated at 100 candelas; 25 lux

4. Find the illuminance (fc) @ 1 foot distance from a point light source 
rated at 100 candelas; 100fc

5. Find the illuminance (fc) @ 6.56 feet distance from a point light 
source rated at 100 candelas; 2.32fc

Exercises 



Lighting metrics



Light sources 

 Light sources-lamps-used for illumination can be 
divided into three general classes:

 Incandescent lamps: produce light by heating a filament until it 
glows. The glowing filaments are surrounded by either a vacuum 
or an inert gas which prevents the filament from oxidizing and 
“burning up”

 Discharge lamps: produce light by ionizing a gas through electric 
discharge inside the lamp

 Solid-sate lamps: convert electrical energy directly to light

 In addition to manufactured light sources, daylight 
provides illumination

 Its primary characteristic is its variability



Discharge lamps

 Fluorescent lamps (low-
pressure mercury 
electric-discharge 
lamp):

Produce light by emitting 
electrons from cathodes at 
their ends. This electron arc 
stream flows through the 
mercury vapour in the 
lamp, generating some 
visible light, but mostly UV 
radiation, which in turn 
excites the phosphor 
coating (i.e. fluorescent 
materials) on the inside of 
the bulb.  

P. C. Sorcar (1987)

Filling gas: argon or mixture of argon & 
neon with a few drops of liquid mercury



Discharge lamps

 HID Lamps: produce light by passing a high-pressure electron 
arc stream through a gas vapour. They require about 5 min. to 
warm up to full brightness. 

 Four types of high-intensity discharge (HID) lamps are most 
widely available on today’s market

 High pressure mercury vapour lamps

 Metal-halide lamps

 High-pressure sodium lamps

 Xenon lamps



Discharge lamps

P. C. Sorcar (1987)



Solid-state lamps

 LED lamps

 Use light-emitting diodes (LEDs) as the source of light

 They offer long service life and high energy efficiency

http//Wikipedia.org



Lamp shapes 

D. Egan and V. Olgyay (2003)
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Lamp designation 
- standard abbreviations which refer 
to diameter, shape and wattage
- diameter is given in increments of 
1/8 in. e.g. 16 refers to 2 in.
- additional information including 
length, color rendering or mounting
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Lamp designation

A color rendering index (CRI) 
is a quantitative measure of the 
ability of a light source to reveal 
the colors of various objects 
faithfully in comparison with an 
ideal or natural light source. 
Range: Max. 100; florescent: 50-
90; LED: 80+ 

https://en.wikipedia.org/wiki/Light_source
https://en.wikipedia.org/wiki/Color
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Lamp designation
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Lamp form

• Typical form of lamps: point source, line source and area source
• Its physical form should be matched to its intended application. E.g. 

a line source may be best choice for grazing a wall while a circular 
source might be better used in a sconce

• Up close, a large point source can be like an area source, from 
distance a series of small point sources can be perceived as a line 
source
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Lamp form

• Point source:
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Lamp form

• Line source:
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Lamp form

• area source:
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Distribution

• The optics of a lamp are determined by form (point, line, or area)
• Characteristics of the bulb (inside frosted, clear, lensed)
• Use of a reflector as part of the lamp i.e. multireflector (MR), 

parabolic aluminized reflector (PAR) and reflector (R) to direct the 
light and reduce trapped light inside

• Lamps without optical controls will depend on the fixture to control 
and distribute light

Parabolic shape 
direct output in 
parallel rays, which 
are fairly broad and 
soft-edge
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Distribution: reflector
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Distribution



23
D. Egan and V. Olgyay (2003)

Distribution



Reference Tables for:

•Candlepower

•Lumen

•Luminance 

•Coefficient of Utilization

Lamps description 

P. C. Sorcar (1987)



Lamps description 

P. C. Sorcar (1987)



Lamps description 

 Candela distribution 
table

 A tabular listing of the 
candela readings at 
each given angle

 The lumens (flux) 
column is a summary of 
the lumens (flux) 
emitted within a zone 
centred around the 
corresponding vertical 
angle



Candlepower (Candela) Table ©

Lamps description 

 Polar Candela Plot:
Graphical representation of 
the candela distribution table

B

P. C. Sorcar (1987)



Lamps description 

P. C. Sorcar (1987)

along

across

along

across
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Luminaires

D. Egan and V. 
Olgyay (2003)



Lamps description 

 Provides the lumen concentration 
summary at a key zone

 Light emitted at 0 to 45o is usually 
called the direct light zone because it 
falls onto the task without causing any 
direct glare to the viewer

 The 45 to 90o zone is known as the 
direct glare zone. The degree of 
brightness caused by the luminaire is 
usually dependent on the candela 
values at those angles.

 Total lumen at the 90 to 180o zone 
represents light in the upper 
hemisphere and that at 0 to 90o

represents the lower hemisphere

 The lumens at the 0 to 180o zone 
represent the total output of the 
luminaire

 % lamp: the lumen sum within the 
given zone as a percentage of the 
total rated lamp lumens

 % fixture: the lumen sum within the 
given zone as a percentage of the 
total luminaire lumen output



Lamps description 

 Efficiency of a luminaire is the ratio of the total 
number of lumens emitted by the luminaire to the 
total number of lumens produced by the bare 
lamps 
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Shape of 
candlepower 
distribution curves: 

can be used to indicate 
where potential 
problems from direct 
and reflected glare 
might occur and where 
“hot spot” may be 
created on room 
surfaces



Lamps description 

 CIE-IES type: A classification system specified by the 
International Commission on Illumination (CIE), which uses 
luminous intensity or flux distribution of the indoor luminaire to 
categorize it in one of the following six categories:

 Direct: 90-100% of flux is directed downward

 Semi-direct: 60-90% of the flux is directed downward. The remainder of 
the flux is above the 90o vertical angle

 General diffuse/direct-indirect: both upward and downward flux are 
comparable

 Semi-indirect: 60-90% of flux is directed upward

 Indirect: 90-100% of flux is directed upward above the 90o vertical angle



Lamps description 

P. C. Sorcar (1987)



Lamps description 

 Shield angle: measured from a horizontal line drawn at the 
bottom of the luminaire to the line of first sight of the source. 
It is at this angle that the source is concealed from direct 
viewing

 For sources with visible filaments the angle is measured between the 
horizontal line and the filament

 For area sources like the one in the example given this angle is 90o

(viewed directly from beneath the luminaire) 

P. C. Sorcar (1987)



Lamps description 

 Spacing criterion: is a ratio used to 
estimate the farthest spacing of 
luminaires that will still yield a relatively 
uniform illumination on the floor. This 
ratio is presented in units of spacing per 
mounting height

Ex 1. What is the max. mounting spacing in both 
directions if the lamps were mounted 8ft above the 
floor?

Ex. 2. What is the max. mounting spacing in both 
directions to achieve uniform illumination on the task 
level 2.5ft above the floor while the lamps were 
mounted 8ft above the floor? 

P. C. Sorcar (1987)



Lamps description 

 Coefficient of Utilization (CU): represents the portion of the total light 
that would fall on the work plane (the level of interest). In general, 
light appearing on the work plane is accumulated from two kinds of 
ray, the direct ray and the ray that hits the room surfaces, bounces 
back and forth, and finally reaches the work place. 

 CU depends on the candela distribution of the luminaire, its mounting height above 
the work plane, room proportions, and surface reflectance 

P. C. Sorcar (1987)



 A simplified calculation to determine an average lighting level on 
an interior plane.

 Solve for the average illuminance E (in lux or fc)

 Using the following variables:

 Luminaire candlepower distribution, Efficiency, Room size, 
Room Shape, Surface reflectances, Luminaire mounting height, 
Coefficient of utilization & Light loss factor

 Two Methods : Cavity (or Lumen) Method & point-by-point 
method

Lighting calculation

A
E






Where,

𝞥, the total flux in lumen on the area

E is the required average illuminance in footcandels (or lux)

L is the total initial lumens per luminaire

N = number of luminaires

CU = coefficient of utilization

LLF = light-loss factor, due to dirt accumulation and 
depreciation in lumen output

A = is the floor area in sq.ft. (sq.m.)

Cavity (Lumen) method 

E=
(𝐿×𝑁)×𝐶𝑈×𝐿𝐿𝐹

𝐴
E=

𝞥×𝐶𝑈×𝐿𝐿𝐹

𝐴



 Step I: determine cavity ratios

 Ceiling cavity: the space between the luminaire mounting plane and the ceiling

 Room cavity: the space between work plane and the luminaire mounting plane

 Floor cavity: the space between the work plane and the floor

Determination of CU by zonal cavity method 

P. C. Sorcar (1987)



 Cavity ratios represent the geometric proportions of the ceiling, 
room and floor cavities, can be determined:

Step I: determine cavity ratios 

 For rectangular or square-shaped room with flat ceiling

 For irregular shapes

h=hcc, hrc or hfc

roomwidthroomlength

roomwidthroomlengthh
ratiocavity

*

)(5
_




basecavityofarea

roomofperimeterh
ratiocavity

___

__*5.2
_ 



Determination of CU by zonal cavity method 

Ex.3: Determine the ceiling cavity ratio (CCR), room cavity 
ratio (RCR), and the floor cavity ratio (FCR) for a 
rectangular room of length L=40’, width W=30’, and 
height H=10’. The luminaire mounting plane is 2’ below 
the ceiling and the work plane is 2.5’ above the floor.

CCR=?

RCR=?

FCR=?



Determination of CU by zonal cavity method 

Ex.4: in the preceding example, a part of the room is used 
for a different purpose than the remaining area and 
requires a different illumination level. Determine the cavity 
ratios. 

 For the shaded area:

CCR=?

RCR=?

FCR=?

 For the L-shaped room



1. Determine the weighted average reflectance of the wall, ceiling or 
floor

Ex.5: A specific wall of a room has 90ft2 of white paint (80% 
reflectance), 160ft2 of dark wood paneling (20% reflectance), 
40ft2 of wall paper (50% reflectance), and 30ft2 of bookshelves of 
approximately 15% reflectance. Find the weighted average 
reflectance of the wall.  

Step II: determine effective cavity reflectances



Surface Reflectances



Determination of CU by zonal cavity method 

P. C. Sorcar (1987)



2. Determine the effective ceiling and floor cavity reflectances (𝞺cc, 𝞺fc)

 Is the ratio of the total flux out of the cavity opening to the total flux into the 
cavity opening

 Depend on their cavity depths, surface reflectances, and cavity ratios; 
the deeper the cavity, the poorer light reflected; some of the reflected 
light at the ceiling or floor is bounced off the walls

Ex. 6:  A room has 80, 50 and 30% ceiling, wall and floor surface reflectances, 
respectively; CCR and FCR of the room are 1.6 and 0.5, respectively. Determine 
the effective ceiling and floor cavity reflectances by referring to Table 6-3.

(𝞺cc=60%; 𝞺fc=28%)

Step II: determine effective cavity reflectances



 A simple approximating expression is:

Effective cavity reflectance



Step III:  select coefficient of utilization from 
manufacturer’s data sheet

P. C. Sorcar (1987)



 The effective floor cavity reflectance 𝞺fc is normally 20%. If this 
value varies from20%, a correction factor is used to modify the 
CU, as shown in Table 6-4

Step III:  select coefficient of utilization from 
manufacturer’s data sheet



Ex.7:  An office room with dimensions L=50ft, W=30ft, and H=8.5ft has a work 
plane 2.5ft above the floor. Ceiling, wall and floor reflectances are 80, 50 and 
20%, respectively. Luminaires are 2x4 ft with four lamps and acrylic prismatic 
lenses. Determine the CU values if the luminaires are a) suspended 1.5ft below 
the ceiling (0.66) and b) recessed in the ceiling (0.65). Use the CU table in Figure 
5-1.   

Determination of CU by zonal cavity method 



D. Egan and V. 
Olgyay (2003)



Where,

𝞥, the total flux in lumen on the area

E is the required average illuminance in footcandels (or lux)

L is the total initial lumens per luminaire

N = number of luminaires

CU = coefficient of utilization

LLF = light-loss factor, due to dirt accumulation and 
depreciation in lumen output

A = is the floor area in sq.ft. (sq.m.)

Cavity (Lumen) method 

E=
(𝐿×𝑁)×𝐶𝑈×𝐿𝐿𝐹

𝐴
E=

𝞥×𝐶𝑈×𝐿𝐿𝐹

𝐴



 LLF: takes into account that light output diminishes with time and must be 
considered in the lighting calculation to make up for the expected loss in the 
lighting system

 Non-recoverable factors: represent the conditions of a lighting system that 
may reduce light output when nothing in terms of periodic maintenance can 
be done to recover the loss; these factors are unpredictable, for calculation 
purposes 1.0 used for all non-recoverable factors

 Luminaire ambient temperature: fluorescents lamp directly affected by ambient 
temperature: 1% loss in light for every 2oF that the ambient temperature around the lamp 
exceeds 77oF

 Voltage variation: light output changes with voltage variation, e.g. for incandescents
each 1% variation in voltage produces a change in lumens of about 3%

 Luminaire surface depreciation: change of surface characteristics of the luminarie

 recoverable factors: can be predicted

 Luminaire dirt depreciation (LDD): mainly due to the accumulation of atmospheric dirt 
on lamps, lens, louvers and reflecting surfaces. Three factors must be considered in its 
determination: type of luminaire, atmospheric conditions and maintenance interval.

Step IV: determine the light loss factor 



Light Loss Factors

P. C. Sorcar (1987)



Light Loss Factors

 Type of atmosphere: 

 Very clean, VC

 Clean, C

 Medium, M

 Dirty, D

 Very dirty, VD

P. C. Sorcar (1987)



Light Loss Factors

For clean office environment, 
category V luminaire, 
maintenance interval at 24 
month: LDD: 0.835

P. C. Sorcar (1987)



Light Loss Factors

 Expected dirt depreciation:

P. C. Sorcar (1987)

For a clean 
environment and at 
24 month 
maintenance 
intervals, expected 
dirt depreciation: 
18%



Light Loss Factors

 Room surface dirt depreciation (RSDD): takes into account that 
dirt accumulates on room surfaces and reduces surface 
reflectance (0.97)

RCR=1.6 

P. C. Sorcar (1987)



Light Loss Factors

 Lamp lumen depreciation (LLD): takes into account that lamp 
lumens decrease with age

 Its value can be determined by manufacturer’s lumen depreciation chart or 
diving the maintained lumen by the initial lamps at 70% of the average rated 
life  (0.88)

P. C. Sorcar (1987)



Light Loss Factors

 Lamp Burnout (LBO): predicts the no. of lamps that will burn out 
before the time of scheduled replacement, it is the ratio of the 
lamps remaining on to the total lamps used. 

 LBO is 1.0 when it is known that burned out lamps will be replaced promptly

LLF=(nonrecoverable factor)*(LDD*RSDD*LLD*LBO)

= 1.0 *(0.835*0.97*0.88*1.0)

=0.71



Step V: determine the no. of luminaires required 

E=
(𝐿×𝑁)×𝐶𝑈×𝐿𝐿𝐹

𝐴

N=
𝐸×𝐴

𝐿×𝐶𝑈×𝐿𝐿𝐹

Ex.8:  Find the number of luminaires required in Ex. 7 to produce 70fc 
(maintained) at the task level if the lamps are rated at 3200lm with an efficiency 
of 64% and the luminaires are recessed in the ceiling (28). Check the luminaire 
spacing and determine the initial illuminace (70/0.71=99fc). 

Maintained illumination level represents the illuminance level at the time of 
lamp replacement and cleaning, typically 70% of rated life time to ensure that the 
required illumination level won’t fall below the recommended value at any time.     



 Step I: determine cavity ratios

 Ceiling cavity: the space between the luminaire mounting plane and the ceiling

 Room cavity: the space between work plane and the luminaire mounting plane

 Floor cavity: the space between the work plane and the floor

 Step II: determine effective cavity reflectances

 Depend on their cavity depths, surface reflectances, and cavity ratios; the deeper the 
cavity, the poorer light reflected; some of the reflected light at the ceiling or floor is 
bounced off the walls

 Step III: select coefficient of utilization from manufacturer’s data sheet

 The effective floor cavity reflectance 𝞺fc is normally 20%. If this value varies from20%, a 
correction factor is used to modify the CU

 Step IV: determine light loss factor (LLF)

 Step V: determine no. of luminaires required and layout

Lighting calculation by zonal cavity method 



Egan, Architectural lighting
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