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LIGHT 

 

The basic light quantities and units encountered in radiology can be conveniently divided into 

two categories: those that express the amount of light emitted by a source and those that describe 

the amount of light falling on a surface, such as a piece of film. The relationships of several light 

quantities and units are shown below. 

Luminance 
Luminance is the light quantity generally referred to as brightness. 

It describes the amount of light being emitted from the surface of the light source.  

The basic unit of luminance (brightness) is the nit, which is equivalent to 1 candela per m
2
 of 

source area. 

 

The quantity for specifying an amount of light is the lumen.  
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One lumen of light with wavelengths encountered in x-ray imaging systems (540 nm) is 

equivalent to 3.8 x 1015 photons per second.  

Another factor that determines luminance is the concentration of light in a given direction. This 

can be described in terms of a cone or solid angle that is measured in units of steradians (sr). 

If a light source produces an intensity of 1 cd/m
2
 of surface area, it has a luminance of 1 nit.  

Viewbox and other image display device brightness is measured in the units of nits. 

 It is generally in the range of 1,500 nits to 2,000 nits for most image viewing. 

Another unit used for specifying luminance is the foot-lambert, which is equivalent to 3.426 nits. 

Illuminance 
Illuminance is a specification of the quantity of light falling on or illuminating a surface.  

The basic unit is the lux.  

A surface has an illuminance of 1 lux when it receives 1 lumen/m
2
 of surface area.  

Consider a small area on a piece of film that is 1 mm
2
.  

The total light exposure to a film is found by multiplying the illuminance, in lux, by the exposure 

time, in seconds, and is expressed in units of lux-seconds. 

Another unit used in some literature for specifying illuminance is the footcandle, which is 

equivalent to 10.764 lux. 
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Units 

Light(illumination) is measured with two main alternative sets of units: 

1. radiometry consists of measurements of light power at all wavelengths,  

2. photometry measures light with wavelength weighted with respect to a standardised 

model of human brightness perception.  

Photometry is useful, for example, to quantify Illumination (lighting) intended for human use. 

The SI units for both systems are in the following tables. 

SI radiometry unit 

Quantity Unit Dimension Notes 

Name Symbol Name Symbol Symbol 

Radiant 

energy 

Qe joule J M⋅L2⋅T−2
 energy 

Radiant 

flux 

Φe watt W or J/s M⋅L2⋅T−3
 radiant energy per unit time, 

also called radiant power. 

Spectral 

power 

Φeλ watt per metre W⋅m−1
 M⋅L⋅T−3

 radiant power per wavelength. 

Radiant 

intensity 

Ie watt 

per steradian 
W⋅sr

−1
 M⋅L2⋅T−3

 power per unit solid angle. 

Spectral 

intensity 

Ieλ watt per 

steradian per 
metre 

W⋅sr
−1⋅m−1

 M⋅L⋅T−3
 radiant intensity per 

wavelength. 

Radiance Le watt per 

steradian per 
square metre 

W⋅sr
−1⋅m−2

 M⋅T−3
 power per unit solid angle per 

unit projected source area. 
 

confusingly called "intensity" 

in some other fields of study. 

Spectral 
radiance 

Leλ 
or 

Leν 

watt per 
steradian 

per metre
3
 

or 
 

watt per 

steradian per 

square 
metre 

per hertz 

W⋅sr
−1⋅m−3

 
or 

W⋅sr
−1⋅m−2⋅Hz

−1
 

M⋅L−1⋅T−3
 

or 

M⋅T−2
 

commonly measured in 

W⋅sr
−1⋅m−2⋅nm

−1
 with surface 

area and either 

wavelength or frequency. 
 

Irradiance Ee watt per 
square metre 

W⋅m−2
 M⋅T−3

 power incident on a surface, 
also called radiant flux density. 

 

sometimes confusingly called 

"intensity" as well. 

Spectral Eeλ watt per W⋅m−3
 M⋅L−1⋅T−3

 commonly measured in 
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irradiance or 

Eeν 

metre
3
 

or 
watt per 

square metre 

per hertz 

or 

W⋅m−2⋅Hz
−1

 

or 

M⋅T−2
 

W⋅m−2⋅nm
−1

 

or 10
−22

 W⋅m−2⋅Hz
−1

, known as 

solar flux unit. 
 

Radiant 
exitance / 

Radiant 

emittance 

Me watt per 
square metre 

W⋅m−2
 M⋅T−3

 power emitted from a surface. 

Spectral 
radiant 

exitance / 

Spectral 
radiant 

emittance 

Meλ 
or 

Meν 

watt per 
metre

3
 

or 

 
watt per 

square 

metre per 

hertz 

W⋅m−3
 

or 

W⋅m−2⋅Hz
−1

 

M⋅L−1⋅T−3
 

or 

M⋅T−2
 

power emitted from a surface 
per unit wavelength or 

frequency. 

 

Radiosity Je watt per 

square metre 
W⋅m−2

 M⋅T−3
 emitted plus reflected power 

leaving a surface. 

Spectral 
radiosity 

Jeλ watt per 
metre

3
 

W⋅m−3
 M⋅L−1⋅T−3

 emitted plus reflected power 
leaving a surface per unit 

wavelength 

Radiant 

exposure 

He joule per 

square metre 
J⋅m−2

 M⋅T−2
 also referred to as fluence 

Radiant 

energy 

density 

ωe joule per 

metre
3
 

J⋅m−3
 M⋅L−1⋅T−2

 

 

 

SI photometry units 

Quantity Unit Dimension Notes 

Name Symbol Name Symbol Symbol 

Luminous 

energy 

Qv  lumen second lm⋅s T⋅J units are sometimes 

called talbots 

Luminous flux Φv  lumen (= cd⋅sr) lm J also called luminous power 

Luminous 

intensity 

Iv candela (= lm/sr) cd J an SI base unit, luminous 

flux per unit solid angle 

Luminance Lv candela per square 

metre 

cd/m
2
 L

−2⋅J units are sometimes 

called nits 

Illuminance Ev lux (= lm/m
2
) lx L

−2⋅J used for light incident on 

a surface 

Luminous 

emittance 

Mv lux (= lm/m
2
) lx L

−2⋅J used for light emitted from 

a surface 

Luminous 

exposure 

Hv lux second lx⋅s L
−2⋅T⋅J  

Luminous 

energy density 

ωv lumen second 

per metre
3
 

lm⋅s⋅m−3
 L

−3⋅T⋅J  

Luminous 

efficacy 

η  lumen per watt lm/W M
−1⋅L−2⋅T3⋅J ratio of luminous flux 

to radiant flux 

Luminous 

efficiency 

V   1 also called luminous 

coefficient 

http://en.wikipedia.org/wiki/Luminosity_function
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The photometry units are different from most systems of physical units in that they take into 

account how the human eye responds to light. The cone cells in the human eye are of three types 

which respond differently across the visible spectrum, and the cumulative response peaks at a 

wavelength of around 555 nm. Therefore, two sources of light which produce the same intensity 

(W/m
2
) of visible light do not necessarily appear equally bright. The photometry units are 

designed to take this into account, and therefore are a better representation of how "bright" a 

light appears to be than raw intensity. They relate to raw power by a quantity called luminous 

efficacy, and are used for purposes like determining how to best achieve sufficient illumination 

for various tasks in indoor and outdoor settings. The illumination measured by a photocell sensor 

does not necessarily correspond to what is perceived by the human eye, and without filters which 

may be costly, photocells and charge-coupled devices (CCD) tend to respond to some infrared, 

ultraviolet  
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Laws of illumination  

Laws of Illumination 
There are two laws of illumination. These laws are :- 

(1) Law of Inverse Square. The illumination of a surface is inversely proportional to the square 

of the distance between the surface and the light source provided that the distance between the 

surface and the source is sufficiently large so that the source can be regarded as a point source. 

(2) Lambert’s Cosine Law. According to this law the illumination at any point on a surface is 

proportional to the cosine of the angle between the normal at that point and the direction of 

luminous flux. 

Inverse-Square Law 
The inverse-square law for light intensity states: The intensity of illumination is proportional to 

the inverse square of the distance from the light source.  

Light is just one of the many physical phenomena that follow an inverse-square relationship. The 

following example should shed some light on the subject.  

Considering a simple apparatus which consists of a very small light bulb suspended and powered 

by two very fine conductors.  

At any given moment, the bulb will emit light with a certain power.  

That power will stream out equally in all directions, forming an ever-increasing spherical wave.  

While the total power of that wave will remain the same, it will be spread over an increasing 

surface as the light moves away from the source.  

The light intensity, which is the power per unit area, will diminish as the distance from the 

source increases. The calculation to link intensity to distance result in inverse-square 

relationship. 
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Fresnel Devices 
Lighting fixtures with Fresnel lenses are frequently used in motion-picture work. They are also 

used in today's fashion work and were the mainstay of 1930s-era Hollywood photographers. 

Fresnel lenses bend the light of a source into a column of nearly parallel rays as shown in the 

illustration below. 
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Feature  
A Fresnel source will not follow the inverse-square law when making measurements based on 

the position of the light source.  

However the inverse-square law is not ultimately violated. The Fresnel lens works much like a 

telephoto lens.  

It creates a source with an increased effective "focal length".  

 

Honeycomb Grids 
Grids narrow the angle of coverage of a source.  

As a result, they alter the effective "focal length" of the source and will not follow the inverse-

square law for the same reason stated for Fresnels above.  

 

  

Consequences of the Inverse-Square law 
As most of the mathematical relationships we encounter are linear, many of us would guess that 

doubling the distance from a light source would result in a reduction of intensity. As per inverse 
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square law, the intensity would fall to square of one half or one fourth. This sharp rate of fall-off 

has many consequences. 

 An important consequence of this law is that intensity variation with a change in position 

is far more pronounced close to the source.  

 power requirements vary widely as per requirements.  

Lambert’s Cosine Law  
According to this law, Illumination at any point on a surface is proportional to the cosine of the 

angle between the normal at that point and the direction of luminous flux. 

 

  

 Sometime surface is not normal to the direction of Light But, inclined by some angle. 

 The area over which the light is spread is then increased in the ratio. 

 The illumination decreases in the ratio cos θ/1 

The simplest schemes for lighting are:- 

1- Direct lighting 

2- Semi direct lighting 

3- Semi-indirect lighting 

4-Indirect lighting 

5- General lighting 
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1- Direct Lighting:- 

 Widely used lighting system, in this system more than 90% of the total light flux is made 

to fall directly on the working plane with the help of deep reflectors. 

 It is mainly used in general outdoor and industrial lighting. 

 Through out the most efficient but causes a hard shadow and glare appear during lighting. 

2-semi direct lighting:- 

 In this lighting scheme 60 to 90% of the total light flux is made to fall downward directly 

with the help of semi direct reflectors. 

 Reaming light is used to illuminate the ceiling and walls. such a lighting scheme is best 

suited to room with high ceiling where a high level of uniformly distributed illumination is 

desirable. 

 The Glare in such units is avoiding by employing diffusing globe which not only improve 

the brightness toward the eye level but also improve the efficiency of the system with reference 

to working plane. 

3-Semi-indirect lighting: 

 In this lighting scheme 60 to 90% of total flux is thrown upwards to the ceiling for 

diffuse reflection and the rest reaches the working plane . 

 Direct excepts for some absorption by the bowl .This lighting scheme is with soft 

shadows and glare free. 

 It is mainly used for indoor light decoration purpose. 

4-Indirect lighting:- 

 In this lighting scheme more than 90% of total light flux is thrown upwards to the ceiling 

for diffusion reflection by using inverted or browl reflectors. 

 In such a system the ceiling acts as the light source, and the glare is reduced minimum. 

5-General lighting:- 

 In this scheme laps made of diffusing glass are used which give nearly equal illumination 

in all directions 
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Lighting design 

Lumen Method 
In lighting design, the lumen method, (also called zonal cavity method), is a simplified method to 

calculate the light level in a room.  

The method is a series of calculations that uses horizontal illuminance criteria to establish a 

uniform luminaire layout in a space. In its simplest form, the lumen method is merely the total 

number of lumens available in a room divided by the area of the room. 

In order to perform this calculation, many factors, coefficients, lamp lumen data and other 

quantities must be gathered.  

It should be used as a tool in particularly uniform settings of lighting design if a simple, rough 

technique of illuminance quantification is desired. 

Light loss factors 
Light loss factors (LLF) are the factors that need to be considered when calculating the Lumen 

Method. The most important factors to be considered are: 

 Lamp Lumen Depreciation (LLD): Lamp lumen depreciation values reflect the overall 

performance of a lamp over its life. LLD = (mean lumens/rated lumens) Those values can be 

found from the lamp manufacturer data 

 Ballast Factor (BF): Compares the ratio of light output of a lamp working by a specific 

ballast to the light output of the same lamp working by a standard reference ballast. The BF is 

given in the ballast manufacturer data. 

 Luminaire Dirt Depreciation (LDD): It is the light loss prior to cleaning dust. LDD is 

estimated from tables in IESNA Lighting handbook. 

 Room Surface Dirt Depreciation (RSDD): This value accounts for dirt or dust that 

accumulates on all of the room surfaces — especially on the upper walls and ceiling. RSDD is 

also estimated from handbook tables. 

 The product of all these factors is the light loss factor (LLF) which then is used in the 

Average Illuminance equation. 

 

Method 

 The lumen method in brief consists of calculation of the "cavity ratios" of the upper, 

middle, and lower volumes of the space to be lighted. The lower cavity is from the floor to the 
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working height, the upper cavity is from the lower edge of the luminaires to the ceiling, and the 

middle cavity is the volume between these planes. 

 The effective reflectance of ceiling, floor, and walls are estimated from tabular data. A 

coefficient of utilization, representing the fraction of light that is directed to the working plane, is 

supplied by manufacturers for each luminaire design for the various calculated room cavity 

ratios. 

 Some of the light produced by the lamps is lost due to non-ideal lamp operating 

conditions, dirt on the luminaires, dirt on the room surfaces. A light loss factor is calculated for 

all these, based on tabulated empirical factors. 

 Given the usual lighting problem of obtaining an average lighting level at the working 

plane, the number of luminaires can be calculated based on the effective amount of useful light 

that each luminaire has been calculated to emit. 

 Since the zonal cavity method only gives an average lighting level, manufacturers 

tabulate recommended spacing to mounting height ratios that must not be exceeded if uniform 

illumination is desired. 

 The lumen method can be manipulated to solve for a particular variable. This is valuable 

because certain numbers are needed at different times in the design process. “Number of 

luminaires” is important because this number can be used to estimate costs and layout the 

spacing of luminaires in a computer lighting calculation program 

 

Variables 

 The CU value should be obtained by the manufacturer of the luminaire which is to be 

evaluated. In order to determine the CU on the manufacturer’s table, a room cavity ratio (RCR) 

must be used. Also, the reflectance of the ceiling, walls and floor must be known. 

 Light loss factors can be calculated . 

 The ballast factor can be obtained from the ballast manufacturer. 

 The quantity of light reaching a certain surface is usually the main consideration in 

designing a lighting system. 

 This quantity of light is specified by illuminance measured in lux, and as this level varies 

across the working plane, an average figure is used. 

  

The lumen method is used to determine the number of lamps that should be installed for a given 

area or room. 
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Lighting Criteria 
Objectives of exterior lighting include safety, performance and appearance, of which safety and 

security are usually the prime concern. To achieve these three objectives, the lighting criteria has 

two extreme lighting situations: 

(a) since the size of the details to be seen outdoors are generally much larger, comparatively 

lower illumination levels are required, and 

(b) the lighting of vertical outdoor surfaces tends to be relatively important.  

The number of lamps is given by the formula: 

  

where, 

N = number of lamps required. 

E = illuminance level required (lux) 

A = area at working plane height (m
2
) 

F = average luminous flux from each lamp (lm) 

UF= utilisation factor, an allowance for the light distribution of the luminaire 

 and the room surfaces. 

MF= maintenance factor, an allowance for reduced light output because of deterioration and dirt. 

  

Example  

1- A production area in a factory measures 60 metres x 24 metres. 

Find the number of lamps required if each lamp has a Lighting Design Lumen (LDL) output 

of 18,000 lumens. 

The illumination required for the factory area is 200 lux. 

Utilisation factor = 0.4 

Lamp Maintenance Factor = 0.75 
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N = ( 200 lux x 60m x 24m ) / ( 18,000 lumens x 0.4 x 0.75 ) 

N = 53.33 

N = 54 lamps. 

  

Spacing 
The aim of a good lighting design is to approach uniformity in illumination over the working 

plane. 

Complete uniformity is impossible in practice, but an acceptable standard is for the minimum to 

be at least 70% of the maximum illumination level. 

This means, for example, that for a room with an illumination level of 500 lux, if this is taken as 

the minimum level, then the maximum level in another part of the room will be no higher than 

714 lux as shown below. 

500 / 0.7 = 714 lux   



17 Career Avenues GATE Coaching by IITians 

 

2- Using data in the previous example show the lighting design layout below. 

The spacing to mounting height ratio is 3 : 2. 

The mounting height (Hm) = 4 metres. 

The spacing between lamps is calculated from from Spacing/Hm ratio of 3 : 2. 

If the mounting height is 4 m then the maximum spacing is: 

3 / 2 = Spacing / 4 

Spacing = 1.5 x 4 = 6 metres 

The number of rows of lamps is calculated by dividing the width of the building (24 m) by the 

spacing: 

24 / 6 = 4 rows of lamps 

This can be shown below. Half the spacing is used for the ends of rows. 

  

The number of lamps in each row can be calculated by dividing the total number of lamps found 

in example 1 by the number of rows. 

Total lamps 54 / 4 = 13.5 goes up to nearest whole number = 14 lamps in each row. 

The longitudinal spacing between lamps can be calculated by dividing the length of the building 

by the number of lamps per row. 

 Length of building 60 m / 14 = 4.28 metres. 

There will be half the spacing at both ends = 4.28 / 2 
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 = 2.14 metres  

 This can be shown below. 

 

The total array of fittings can be seen below. 

 

For more even spacing the layout should be re-considered. 

The spacing previously was 6 m between rows and 4.28 m between lamps. 

If 5 rows of 11 lamps were used then the spacing would be: 
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Spacing between rows = 24 / 5 = 4.8 metres 

Spacing between lamps = 60 / 11 = 5.45 metres 

  

Installed Flux 
Sometimes it is useful to know the total amount of light or flux, which has to be put into a space. 

Installed flux (lm) = Number of fittings (N) x Number of lamps per fitting x L.D.L. output 

of each lamp (F) 

  

Example  

A factory measuring 50m x 10m has a lighting scheme consisting of 4 rows of 25 lighting 

fittings each housing 2No. 65-Watt fluorescent lamps. 

(a) Find the installed flux in total. 

(b) What is the installed flux per m
2
 of floor area. 

The output of the lamps in the above example may be found from catalogues. For a 65-Watt 

fluorescent lamp the Lighting Design Lumens (LDL) is 4400 lm. 

Ans- (a) 

Installed flux (lm) = N x no. lamps/fitting x F  = 4 x 25 x 2 x 4400  = 880,000 lumens 

 (b) 

The floor area = 50 x 10 = 500 m
2
. 

Installed flux per m
2
 = 880,000 / 500  = 1760 lm/m

2
. 

  

Example  

A room measures 15m x 7m x 3.6m high and the design illumination is 200 lux on the working 

plane (0.85 metres above the floor). 

The Utilisation factor is 0.5 and the Maintenance factor is 0.8. 

If the LDL output of each fitting is 2720 lumens, calculate; 
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(a) the number of fittings required. 

(b) the fittings layout. 

(c) If the spacing/mounting height ratio is 1 : 1 determine whether the current design is 

acceptable. 

  

(a) Number of fittings:  N = ( 200 x 15 x 7 ) / ( 2720 x 0.5 x 0.8 ) 

 N = 19.3 

 N = 20 lamps 

  

(b) Fittings layout: For shallow fittings, the mounting height (Hm) may be taken as the distance 

from the ceiling to the working plane. 

Therefore Hm = 3.6 - 0.85 

 Hm = 2.75 metres  

If 3 rows of 7 fittings are considered then the spacing is; 

 

(c) Spacing/ mounting height: Spacing / Hm ratio: 2.33 / 2.75 = 0.847  

Therefore ratio is 0.85 : 1.0 

2.14 / 2.75 = 0.778 Therefore ratio is 0.78 : 1.0 

  


