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LKHTINGTHEORY.LI
Key massages :

- light is inver alone
Void
-

SOURCE > CONTEX > PHOTORECEPTOR
--

black Hole darkness

nothingness

- light is everywhere
- light is the Supreme finisti
- light exists through space and time

- LIGHT is electromagnete radiation within a certoein portieri of the elettromagnetici Spectrum .

phaeton → element of light

VISIBLE LIGHT → visibile Spectrum to the human eye .
wavelenghts ore in the range of approx 400 -700 nm
↳brethren the infrared ilonaand the ultravidet

cshoeterwavelenghtsx
-

- t

al diminuire della

frequenza aumenta
la lunghezza d'onda

(real color → danger , Alert)

-

Light is measureol with a main alternative sets og unita :

Radio - measurements of
"

light
"

power at all wavelenghts linclnding visibile light)

Photo- mcasures (visibile) light with wavelenght weighted with respect to a stendardised model
of human percepita (the eye)

- Photopic (black ) and Scotopic (green) luminosity Function

standard functions estatdisheol by the Commission International de l' Éclaraige (CIE)

[
Max response

Hour the standard human eye o

responds to differenti wavelengths
µ far certain wavelenghts ne

EIFmjmoua.az,
radiation

{ µ Itamar%aF.si?;IFaiIE
response]
d
the eye

Human photo recepito's lega) sensivity varie by differente wavelenghts - of the sama energy valnes .

Fare instance
,
in Photopic Vision

,
the eye is about ao times more sensitive for light with a wavelenght

of 550 non lyellorv ) , then for Wavelenght of 700 non ldllp red) a 450 run (Violet- blu) .

The eye responds to the varions nravelehghts with a color Impression accordino to the increasing of
the wourlenght valnes .

- According to the Visitor light Spectrum ,
cruciali parametris of a light source are delinea .

In example , their Spectra distribution ,
one of the host relevaert qualitative aspect .



' PHOTOMETRIC QUANTITES

- luminare flnx Io lumen Clint III
↳ radiation of a light source ernitted per second (in all direction) 41

- luminari intensity 1 candela (cd)
↳radiato lnminous flnx per unit of solid angla ( in a specific direction) ÷Ì I = dare

-
- illuminano E lux (ex)
↳ total huninons flnx incidenti on a surface

- luminare L calma
↳ luminare intensita per unit area of light (tranelling in a given direction)

\ '
luminal

'

,È9 man

'

l '

i finivano lcdlm"

We don't perceive by absolute quant'ties .

We perceive thames to a dynamic interactive in between those

quantities.

- CASEY : Pepsico

- light
- Interior design
- Colours

- darkness
- use of black finishings and Shadows

become thames to the dark Cortex the light appears .

molte black orbsorb light
reflective Sloan → noise

, light pdlulion → disturbo with all the reflects
( linoleum)

→light designing is not throwing
"

lights
"
into

a spiace

ti

percepivo of a space is Important
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retrlf FUNCTIONS

A D= ipotenusa y =DÌ
×

,y= cateti

y = DCOSB y
=D sino +=Dcosa y = xtga
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C 4 B

CIRCLE/SPHERE SOLID ANGLE

Area r= radius of the Square

② III.FI?I=2
"

%µ÷Yd,
anale = 4x based on the definition)

superficie sfera= 4Trt
di = fa [sr] steroidianti

CANDELA
In photoenetry ,

It' s the fundarnurtod unit in the International System of limits .

It' s the unit nreasure of the WMINOUS INTENSITY . AU attrae photohretric units ore derivano from it .

LUMINOUS FLUX AND LUNNOUS INTENSITY

In generale a tight source with not radiale its lnminons flnx uniforenly in all direction .

considering a point light source , if we image a sufficienza marrone radiation core , When its vertex at the
light source (which is considera as a point) , then we can consideri uniformi the luminal flnx insidie the corre

.

The concentratori (density) of luminare flnx within this marrone come can now be defined as the
luminal flnx in this come dividere by the opening of the corre ,

expnesseol in term of the solid angel of the
Core .

The resutt is calva the luminari intensity ( 1 )
,

measured in candela [cd]
,
in the direction of the

Center-line of the corre .

The light intensity is the radio luminare flnx per unit of Solid anglo in a specific direction .

Special case for solid angie :
1)The first case happens when the area A is canal to the all area of the Sphere .

In this case we have that

the Surface A is canal to 4th .
The reseett is that the Complete Solid Angel is 4T .

2)The second case haeppens which the area A is canal to a halg of the sphere's surface ,
so the solid anglo is canal

to 21T.

DIO 79 a point ernits on its flnx everly
| =
dj
[cd] di = fa er] in the complete solid angie (4th we

have :

I =È
41T

cumnous INTENSITY : tgpical caso

/ e

,

f§÷
mirra

a) Constant intensity in all direction
,

b) sama light source
,
but now placca on

so if we know the value of enrilted a Virtual) mirror reflective surface .

fine ,
it is possibile lo evacuate the / In this case ,

the ineensity is constant

intensita d the source . atomismo Fottitene 'thesrhoeiinondstheux
| = DI = E and the intensity is expressed by the
dw 4T formula :

1 = DI = IL
du 2T

In optics , tour Songs that the lnminous intensity doserved from an Ideal diffusely
reflecting surface is directory proportionde to the cosina of the angla a batman the direction of the
incidente light and the surface normal .
The law is also Known as the casine emissioni low or Lambertian emissioni law .

A Surface which dbeefs Lambert 's law is social to be Lambertian .
sucn a surface has the sama radiante

when Vienna from any angla .
This mears that to the human eye it has the saune apparenti brightness

(or laminatrice) . It has the sane radiava becoense
, atthoeegen the enritted power from a given area

element is reduced by the cosina of the emissioni angla ,
the apparenti size of the observed area (=

progetto source area) as scan by a vienrr , is decreeased by a correspending annovera .

For a Lambertian light source ,

the relationstrip brethren normal

luminous flnx and intensi]

µ
Meritino

is given by the formula : Imax e la = Imax - cosa [col]

Io = IT . Imax
-cnn.HN

Lambertian - line area source

↳ diffuse , flat , hannogeneris .



CUM NOUS FLVX AND ILLUMNANCE

Illuminava E is the Total lnrninons flnx incidere Ioiuc on a surface s .

ti

[ex]

One lux cavalca one lumen per sanare meter (lemma) .

E=È
If a luminari flnx of 10000 Un fans on a Surface
with an area of 12 ma , the overdose illuminante team)
with be :

E = = È = 833 lx

PHOTOMETRK DISTRIBUTION OF A LIGHT SOURCE
marroni

symmetric distribution boom

rotosymmetrical
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APERTURE BEAM
"

Apertura boom (of a protector or a lampi) is the anguille extent in the specificai piane
in which an minimas intensità navevalnesgreaerrthan50%afthemaximnm.sedifferenti piane
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→ with have
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DECORATIVE FIXTURES VS TECHNICAL FIXTURES

SAN

beam flnx

BY source
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MAIN LIGHT -RELATED CHARACTERISTICS OF LIGHT SOURCES #
LUMINOUS FLUX → non mnch light / flnx [ln]

LUNNOUS INTENSITY / PHOTOMETRLC DISTRIBUTION → non mnch and White its going
CCT - correlata Colour Temperature → warm (2600k) / cobol (5000 t K) while light [KJ

CRI - Colour Rendering Index → from 0 to 100
,
non food is the source in revealing colours

✓
POINT

BASIC TYPES OF LIGHT SOURCE -LINEAR

[OFIÈÉS (NON- COERENTI
POINT LIGHT SOURCES

A tight source can be defined as
"

point source
" When the distorce between the point of calcolation

and the source is alrnost 5 times the maximum dimension of the source itseeg .

The 5 time rude pervnits a computazione accnracy of at worst 2% of diffuse cimitero .

INVERSE SQUARE LAW

The illuminane E in a point of apianinoof the luminal
intensity is canal to the light intensity 1 in the direction of that point divideo by the Square of the distorce d
between point light source andthe point itself .

e

CONSTANT INTENSITY

LINEAR LIGHT SOURCE

source haring a diffuse distribution of intensity ,
in the plains passing thrash the lenght of the source itself .

Linear source are the ones that are
"

thin enough
"

.

In this case
,
it has to be Uss then aprproxivuately 113 of the distorce betulla the source and the

point Wheel we wave to calmate the illuminane .

AREA SOURCES

-Primary
( luminare a natural light)

con bei
secondari ( illuminato Wales or ceilings)

They Can't be treateol as point or Linear source when bath dimensions are longue then the distorca
from the point on which we calcinate the illuminane (at least 113 of the distorce) -

light pixture
-
Mechanical dramma
- electrical dreaming
-

lightning dreaming
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OTHER LIGHT SOURCES (non-cohereht)

DIFFUSE DISTRIBUTION - CONCEPT

When light Strikes a ranger Surface , the light is refleclrd or transmilted in many differenti directions
at once

,
which is camera diffusioni a scontrino.

REFLECTION - CONCEPT

Theme are 3 general type of reflections specular , spread and diffuse .
A specular reflections (what you see in a Mirror or a polished Surface) occnrs When light is reflected
aniay from the Surface at the sama anglo as the incarnino light's anglo .

A spread reflections occnrs wnen an uneven surface reftects light at more then one amore , but the

reflected angels are all more or loss the game as the incidente angle.

A diffuse reflections (sometimes camera Lambertian scaltering de diffusioni occnrs when a rough or make
surface reflects the light at Mary differente angeles .

TRANSITISSION REFLECTION

soreIIa } differenti visualizzation of diffuse reflections (differentimensilies)
material

Fetore | spread

+monetina
specular

fregatene theoreticol Mirror

MAIN CHARACTERISTICS OF LIGHT FIXTURES #
Power absorption - Watt (W)

efficiency - Lumen 1 Watt (lrnlw) event Surface
Lifetime - Horus (Ars) is a light source
"

driveability
"

Hype of power fading)

control Hype of data fading )

ENERGETIC EFFICIENTI
The energy efficiency lor Renditian) of a light source is typically characterzed using efficace ,

which

is the ratio of emilted flnx (em) dividere by electrical power consurnption CW ) .

E = f- (¥) ✓
that' s way

the

Streets look

aenroerlyelloui at

right .

efficienti /
rendition one of the Mary

effeacy
)

- rasoiogttfeds
.

→ nowdongs branned
in most countries .

MAIN CHARACTERISTICS OF LIGHT SOURCE

IP rating - intrusioni of external physical badie , waterproof

1k rating - shock resistance

darvi code certifications

Quality certificatians

Electrical safety

→ The pergect light source das not exit (get) . To each application ,
It's best compromise .

CRI - color Rendering Index

It' s definirei by the International Commission on Illumination ( CIE) as follow :

color rendering : effect of an illuminava on the color appearance of Objects by consciaus or

subconsciaus comparison with their color appaiarono under a reference illuminante .

The CRI of a light source doesntt indicate the apparve color of the light source . (that is CCT)
correlato

The CRI is determino by the light source spectrum .

color

temperature



The Original test color sounpies ITCS ) are token from an carly edition of the Mansell Atlas .

The first light sampras are relation law saturata Colors , everly distributed over the complete range
of hnes . Those right sampras are ernploefld to calcinate CRI .
The lost six sample, proviate supplementare Information about the color rendering properties of the light
source; the girst four for high saturazioni , and the east two as rappresentative of nell- Known obzects .

CCT - correlato color Temperature
The Cat is the temperature of the PlanckIan Radiato whose perceived color most closely
resetnhles that of a given stimano at the sama breightness and under specifico viewing condition .

→ definition from CIE

concept of warm or cobol light

dynamic White

Primary source : SUN

secondari source : Sky

POWER ABSORPTION

IP RATING

The IP cade
,
International Protection Marketing ( IEC standard 60529)

,
sonatine interpreta as Ingresso

Protection Narrino , classifica and rate the degree of protection provider against intrusioni (body part
such as bands and fingers) ,

dust
,
Occidental Contract

,
and water by Mechanical casings and

electrical enclosuvres .

FIRST DIGIT : Solid partido protection
The first digit indicato the level of protection that the enclosure proviate agoeinst access to
hazaroloees pants (e.g. electrical condnctoes , moving pants) and the ingresso of solid foreign objects .

Second DIGIT : liquid ingres protection
The second digit indicate the level of protection that

enclosureprovidesagainstharrnfnliugressogwarr.lk
RATING

Impact protection

1k rating are an international numerica Classification to indicate the degree of protection provider
by enchosures for electrical eqnipmeht agoeinst external Mechanical Impact .

It provides a mears of specifrsing the capocity of an enclave lo prolect its content from
extertrol Impact in accordarne with IEC 62262 : 2002 and IEC 60068-2-75 ; 1997 .



About ISO
ISO is an independent, non-governmental international organization with a membership of 161 national standards bodies.
Through its members, it brings together experts to share knowledge and develop voluntary, consensus-based, market relevant 
International Standards that support innovation and provide solutions to global challenges.

What are standards?
International Standards make things work. They give world-class specifications for products, services and systems, to ensure quality, safety 
and efficiency. They are instrumental in facilitating international trade.
ISO has published 22147 International Standards and related documents, covering almost every industry, from technology, to food safety, 
to agriculture and healthcare. ISO International Standards impact everyone, everywhere.

The International Commission on Illumination - also known as the CIE from its French title, the Commission Internationale de 
l’Eclairage - is devoted to worldwide cooperation and the exchange of information on all matters relating to the science and art of light and 
lighting, colour and vision, photobiology and image technology.
With strong technical, scientific and cultural foundations, the CIE is an independent, non-profit organization that serves member countries 
on a voluntary basis.
Since its inception in 1913, the CIE has become a professional organization and has been accepted as representing the best authority on the 
subject and as such is recognized by ISO as an international standardization body.

The technical activities of CIE are carried out under the responsibility of six Divisions, each covering one sector of light and lighting.
Each Division establishes Technical Committees (TCs) to carry out the technical programme of the Division. The Divisions are:
Division 1: Vision and Colour
Division 2: Physical Measurement of Light and Radiation
Division 3: Interior Environment and Lighting Design
Division 4: Lighting and Signaling for Transport
Division 6: Photobiology and Photochemistry
Division 8: Image Technology

CONTROL

Ihere are a main type of lightning control system which are :

analog Lightning control
- digital Lightning control

example for analog lightning control systems are :
0- lo V based system
AMX 192 based system (USA standard )
D.54 based system CEU standard)

examples for digital lightning control Systems are :
Dall based system → architecture
DMX → entertainment

KNX
}nonna logica , building automationDsl

The argomentioned are all Wired light control system .

Then are also wireless lightning control system that are based on sama standard protocol lire
MDI , Bluetooth mesh ,

li -fi
. .
.

Integration with sensore and btnrred lines in betrveen latest lightning technologies and the 10T .

Intensita dimming - sama applications :
-Static regulatian of emissioni class or more flnx)
- dynamic regalation of flnx over time (strobos , adaptive lightning with sensoes)
-dynamic White (CCT shift)
-RGB color sniffing
Mechanical Movement :
- zoom lfocnsing
- Marina heads / laser scanners

SOURCE LIFETIME

↳ a. ⇒

/
"" """"" ""⇒



Division 1: Vision and Colour
Terms of Reference:
To study visual responses to light and to establish standards of response functions, models and procedures of specification relevant to 
photometry, colorimetry, colour rendering, visual performance and visual assessment of light and lighting.

Division 2: Physical Measurement of Light and Radiation
Terms of Reference:
To study standard procedures for the evaluation of ultraviolet, visible and infrared radiation, global radiation, and optical properties of 
materials and luminaires, as well as the optical properties and performance of physical detectors and other devices required for their 
evaluation.

Division 3: Interior Environment and Lighting Design
Terms of Reference:
To study and evaluate visual factors which influence the satisfaction of the occupants of a building with their environment, and their 
interaction with thermal and acoustical aspects, and to provide guidance on relevant design criteria for both natural and man-made lighting; 
as well as to study design techniques, including relevant calculations, for the interior lighting of buildings; incorporating these findings and 
those of other CIE Divisions into lighting guides for interiors in general, for particular types of interiors and for specific problems in interior 
lighting practice.

Division 4: Lighting and Signalling for Transport
Terms of Reference:
To study lighting and visual signalling and information requirements of transport and traffic, such as road and vehicle lighting, delineation, 
signing and signalling for all types of public roads and all kinds of users and vehicles, and visual aids for modes other than road transport.

Division 6: Photobiology and Photochemistry
Terms of Reference:
To study and evaluate the effects of optical radiation on biological and photochemical systems (exclusive of vision).

Division 7 N.A.

Division 8: Image Technology
Terms of Reference:
To study procedures and prepare guides and standards for the optical, visual and metrological aspects of the communication, processing and 
reproduction of images, using all types of analogue and digital imaging devices, storage media and imaging media.

EN 12464-1
Light and lighting - Lighting of work places 
Part 1: Indoor work places
EN 12464-2
Light and lighting - Lighting of work places 
Part 2: Outdoor work places
EN 1838
Lighting applications - Emergency lighting

CEN → European Committee for standardization

Italy → UNI = Ente Italiano di Normazione



LEZIONELIPHOTOMETRY
measures (visibile) light with wavelenght weighted with respect to a standardised model of human
percepition .

MEASURING LIGHT
Luxmeter

spettrometria

→
photometric distribution (source)

luminarie meter

Goniopholometer → used far measurernent of the light emiliano from
a KY,

at differente angles .

Integrativa sphere→ may be thonght of as a diffuso which preserva power but
"destroy gratia

µ information
"

.

efgicancy is typically equipped with a Luxmeter , a Waltmeter , spettrometri , retrieving esegue
1ha

'

optical ( CRI , CCT) and electrical Information about the line subgect to
test . larnps

(light engine)

Spectra distribution affects the percepition


