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48-410 Acoustics and Lighting

Fall 2008
Monday, Wednesday, 12:30~13:20
DH A310 (lectures)
Hunt Lower Level (Software Sessions)

Lecture 1: Physics of Light

Course Instructor: Yi Chun Huang
x-1492  MMCH Room 415 (IW)
Office Hours: Wed 18:00~19:00

Pittsburgh, Pennsylvania

Class Plan

* Light Energy
« Efficacy
* Photometry
* Luminous Flux
* Luminous Intensity
* llluminance
* Luminance

References
The Design of Lighting. Tregenza, P. and D. Loe. E and FN Spon. 1998. Chapter 1 (pg. 3-8)

Hyperphysics (©C.R. Nave, 2006) — Photometry.

ERCO Guide - Dimensions, units

Chapter 2.2 - Terms and Units, in ERCO Handbook of Lighting Design

Reminder
Email me project groups and selected space
Project interim report due Sep 24, final report due Oct 13
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What is light?

ray optics, electromagnetic, quantum

Photometry

Photometry is the science of measuring visible light in terms
of the perceived brightness; light power units that are
weighted according to the sensitivity of the

human eye (photopic vision).

Reflection

* Mirroring

» Absorption

* Phase Change
Coherence
Interference

+ Scattering
Subsurface

Ray (Geometric) Optics

Light propagation is described as discrete
: ideal narrow beams that propagate
Atmospheric according to geometric rules.

Incident Rays

Reflected Rays

Refracted Rays

Refraction
* Fermats Principle (Shell's Law)
* Dispersion

Aberrations Electromagnetic Theory

Light described as a
combination of electric and
magnetic waves
perpendicular to each other

Diffraction
+ Single, Double, Multiple, Crossed Slits
* Fresnel

Polarization

« Linear, Elliptic. Circular Quantum Theory he

Light described as discrete packets of E = hf = —
Lighting Phenomena energy (photons) emitted by black bodies )\
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Light Energy
What is Light?

Consider particle theory (Isaac Newton, Hypothesis of Light 1675)
- corpuscles (particles of matter)

- emitted in all directions from a source

- time rate flow

Quantum Theory (Max Plank 1900)
- blackbody radiation, black body emitting discrete packets of energy
- each photon has energy proportional to frequency

he
E=hf= I SR NS . — 6.626 0693(11) x 1077 J - s

A
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Luminous Flux, F [Im]

* Time rate flow of visible light energy

» Wavelength-weighted power emitted by a light source

* Light energy in all directions and all visible wavelengths

* Units = Lumens [Im]

« Efficacy = ratio of luminous flux to radiant flux (i.e. efficacy = lumens / watts)
» Maximum efficacy = 683 Im/W
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@ radiant flux at wavelength 4 . »

V (A) standard luminosity function (visual response of a standard observer)

A visible spectrum from 380nm to 780nm

At 555nm, 1 lumen = 1/683 W of radiant flux
In practice, the lumen output of lamps are usually given
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Luminous Efficacy, [Im/W]

» Relationship between light output and electrical input (lumens/watt)
» Depends on the physical efficiency of the lamp and the spectral distribution
» Varies between manufacturers, rated wattage, and other equipment (ballasts)

Lamp Efficacy im/W)

Comparison with Conventional Light Sources

Edison lamp {1879)
Carbonized bamboo (1879)
Carbonized cellulose (1891)
Metalized (Gem) {1905)
Drawn Tungsten (1911)
60W Tungsten C.C. {1968)
Filament Lamp {1970}
Tungsten Halogen (1980) 1722

Mercury Vapor 32:63
Eluorescent Lamp {1938) 65-100
Metal Halide Lamp 85 -120 o L— 1 .
High Pressure Sodium Lamp 80 -140 1920 1940 196 1980 2000
Low Pressure Sodium Lamp 120-200 o .

White LED (2004) 60-98
White LED {08 Prototype} 131
White LED (Projected) 200
Typical Lamp Efficacies ...note ranges, NOT absolute values
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Luminous Efficacy, [Im/W]

...note ranges, NOT absolute values

Low Pressure
Sodium

High Pregsure
Sodium

Matal Halide

Fluorescent

Luminous Efficacy (Im/W)

High Pressure
Mercury

Semicanductor

Tungstei
Hatagen

L

1875 1900 1925 1950 1975 2000 2025
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Luminous Intensity, | [cd]

* Angular (not surface) density of Luminous Flux
» Light energy per unit angle
* Unit angle =» steradian [sr]

q A steradian describes a solid angle, the spatial equivalent
of the radian. One steradian is the solid angle at which
the area on the surface of a sphere is equal to the radius
squared. It is a ratio, and its use in the definition of the
candela simplifies calculations.

Solid angle w.
Its size is A/c” steradians How many steradians does a sphere subtend?
Total surface area of a sphere = 411 12

l.e. Solid angle of a sphere = 41 r2/ 2
=4mnsr
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Luminous Intensity, | [cd]

Luminous intensity is the luminous flux emitted from a source per unit solid angle
Units = Candela [ cd ], (Sl Unit)
candela initially defined as the brightness of a standard candle
later defined as source that emits monochromatic radiation of frequency 540 x 102
hertz and that has a radiant intensity in that direction of 1/683 watt per steradian
recall at 555nm, 1 lumen = 1/683 W of radiant flux
thus, 1cd=11Im/sr

Light energy from light source,

Luminous Flux F

~]

—Q—
Light energy in given direction,

Luminous Intensity ’

Given a 1 cd uniform point light source,
what is the total lumen output?

Pointsource =4nisr  1cd = 1Imist
Total Output = 411 Im
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Luminous Intensity, | [cd]
Qn 1: Is luminous intensity affected by distance?

Qn 2: If a point light source outputs 2000 Im, what is the luminous intensity of the
lamp?

Qn 3: If a 60 W point light source has a luminous intensity of 150 cd, what is the
efficacy of the lamp?
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llluminance, E [Ix]

+ Surface density of incident Luminous Flux

+ Light energy per unit area (Differential flux per differential area)
* Units = lux [Ix]

* 1Ix=1Im/m?2

Total Incident Flux =1 Im

From a candle 1m away 1lx

Corridors and Stairs 50 Ix

On desks in a general office 500 Ix

Workbenches 1000 Ix

Surgical Tables 5 000 Ix

On the ground from overcast sky 10 000Ix Surface Area =1 m?

On the ground from sun and bright summer sky 100 000 Ix
llluminance (E) = Flux / Area

Typical llluminance Values
=11Ix
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llluminance, E [IX]

» Consider Luminous Intensity is angular density
* Inverse square law

No real lamp is a point source, but equation may be used with negligible error when
the dimensions of the source are small relative to the distance (>1:5)
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Luminance, L [cd/m?]

Photometric measure of the density of luminous intensity in a given direction

Objective brightness
Amount of light that passes through or is emitted from a particular area, and falls

within a given solid angle
Units =» candelas/ m? [cd/ m?]

Density of luminous intensity
in given direction

Luminance L

Qn: Does luminance vary over distance?
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Specular Reflectance

» Fraction of light that is reflected back by surface is reflectance, p
» pranges from O (perfect black) to1 (perfect mirror)
» Angle of incidence = angle of reflectance

(Reflected/Transmitted)
Luminance Intensity [ in given direction

Projected Area
A cos@
Luminance = Intensity per Projected area

Angle 8

Similar to the issue of errors in assuming point sources, the size of bright patches

relative to the distance of other surfaces that it illuminates must be sufficiently small.
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Diffused (Lambertian) Reflectance

Diffused - Light is evenly scattered in all directions by surface (Brightness NOT flux!)

This is more accurately described as Lambertian - Light is scattered such that
brightness of surface is the same in all directions

With a diffuse reflectar, as in Figure 1.5, luminance (cd/m?)

directly proportional to illuminance and reflectance:

Arrows represents magnitude
of Luminous Intensity

Recall that lumianace is intensity per projected area. How does
luminance vary over different directions in each case?
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Typical Reflectance Values

Typical reflectances under diffuse daylight
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Summary

o
/

O s el
Luminous flux F l ) ) .
Unit lumen (Im) { Luminous intensity
Ulsil WL ( flux/solid angle )
Unit candela (cd)

E llluminance
( flux/area )

Unit lux (Ix)
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F = efficacy x watts [Im]
| = Flux per steradian
= F / steradians [cd]

E = Flux per Area
=F /area]lx]

E =1cos6 / d?[Ix]

L = Intensity per projected Area
=1/Acos 8 [cd/m?]

L =E p/m[cd/m? (Lambertian)

/B

L Luminance
( intensity/projected area )
Unit candela per
square meter (cd/m?)
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