Making Light: Electric Sources
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Making Light: Electric Sources
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Your object can sit on a table or the
floor, hang from the ceiling, or
mount or lean on a wall. Keep in
mind how an observer may respond,
interact, or move around your
object.

All projects may have a title,
incorporate at least one electric
light source, and be easily
transportable in a NYC cab.

One way of seeing is touching with your eyes — while our
brains process information received from our eyes, do
you need to touch something to understand how it feels?

The challenge is to interpret and express the theme in the
form of an abstract 3-dimensional lighting experience
constructed of your choice of materials. Since the object
need not be interactive, what visual effect can you create
imply a tactile experience?




Making Light: Electric Sources

Visual System

Light Sources Secondary Light Sources Eyes Brain
Generators — Modifiers and Re-transmitters Receivers — Decoder —
Transmitters Encoders Interpreter

Sun, Discharge lamps, Atmosphere, Air, Water, Planets, Lenses, Cornea, Iris, Lens,  Analysis,
fluorescent lamps. Windows, Tress — All natural or manufactured Rods & Cones,  Identification
Incandescent lamps, objects which modify light waves before they Optic Nerves Association
Open flames, etc. reach the eye. Perception

10

What Makes Light: Fire

12
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Early Electric Light Technologies

arc lamps early in the 19th century
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Early Electric Light Technologies

Early kght bulb with a platinum
filament. Although functional, its
cost made the bulb commercially
impractical
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Electric Sources: Inventors of the Incandescent

Sir Humphry Davy James Bowman Alexander Lodygin  Henry Woodward
Lindsay and Matthew Evans

William Sawyer Lewis Howard Heinrich Gébel Thomas Alva Joseph Swan
Latimer (AKA Henry Goabel) Edison

18

Early Electric Light Technologies

Edison and Swan:
= Developed the incandescent carbon filament lamp in late 1870s
= Edison designed a complete electrical system and a lamp that could be mass-produced

A drawing of an early light bulb design
by Edison. Edison tried numerous
different materials and designs

before he was successful in developing a
practical incandescent bulb.

ey
'
A maodern light bulb.

Thomas A. Edison holding one
ol his tamous light bulbs

1907

The tirst commerelal tungelen filament for Incandsscont lamps bocamo
avaitabie in the United States. Tungstan wire manutscturing was still costly &
and difficult, but the problem was o 500 be oves

A modern heng
bulb Rlament.
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Light Technologies

New Developments

There was a need to improve the light several ways:

The need for a constant flame, which could me left unattended for a longer period of time
Decrease heat (and smoke) for interior use

To increase the light output

An easier way to replenish the source....thus, the development of gas and electricity
Produce light with little waste or conserve energy

aroNE

20
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What Makes Light: Electric Sources

21

Electric Sources

Light Fixture

22

Electric Sources

23

Wiring Basics

24
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Basic Wiring p,

e Iy -

SOCKETIS
HEUTRAL
NEUTRAL

25

Gotdirections My places & oo 1 A ; g %

Oreg - Halt

[yt
Lighting Plus, near Broadway, %
New York, NY ais i .

| a Washingoon. Rty
u you oy New Yol g
D you masn: Broadway. New York_ NY 10032 H e b Lighting Plus more info ®
. | ¥ Sttt
u T 30 Broadway ¥
f? Lighting Plus = Marw Yok, WY 10013
Homa Lighting. Fumiture and Décor (AT (242) 579.2000
Ho Sabes Tax & Free Shipping Doats! Il = 1 roow
wwvest Lampsplus com Ve -
oty
Exyemyl Atiirs  The Dimer
Lighting Plus | Porsmiy 13 Dwecbons  Search nearby  Save to mag  mote >
£50 Bin . Nw York, 1Y a |
{212} 379-2000 Lighting Plus
1 review “ 170% Low Price Guarantea Ho Sales
Tax and Fron Shipging Deals!
i wn lamipsplus com!

R
of Muthem,

Dwoctions  Search noachy  mans -

il
See all 5,172 results for Lighting Plus,
flades @

@ Assooated Lightning I Arihis i
Protecting Buidngs m Hew England el g 4
Famsdy Owned for Three Ganaraticns! o A
{1 y -
X Alhletecs. vt sl
@ Times Square Lighting NYC F B secid

Basic Wiring

26
e & Suten
Gof direcbons My plsces & oo 4 o =, i P =
3 Plazs O
= Prometic y
8L Lighting B SL Lighting mare mio %
339 Tih Ave, New Yorke. NY a
{212) 260-8505 - shghtingnyc com Offica = 339 Tih Avenue il
Hew York_ Y 10001
2t AU (242) DER
Suatin - NYP m
i
Damctions  Search neatyy o= e Voek's
incatears)
_ 12D Disactions Search neaby  Save to map mane =
Lighting Lniverse

Nation's Top Lighting Selaction
Fiive Shipping. Lowest Prices!
005 comiLightingUinirso

Lamps Pls® Official Sile
1000+ Lighting hems under $100
Mo Sabes Tax & Free Shipping Duals!
wwew lampsplus com

Sea your

Basgle Mace

L
G
Usia Dntsnay
Stclort Cocter
Buninens
& L

Geedioh
tatitute ®

Lighting Universe

Haticet's Top Lighting Selection

Free Shipping, Lowest Prices!

vewww atgstores. com/LightingUnierse

aen ;
Friaman Cermss
Trea Poraeantr 3852111
P Bouor (=
» + Satha titm
” Fhatog et

e Gardeh inn)
Pew ¥orkChele

i Fairfiekd ion &
Suife Niew Ve =
AT Chedins




Making Light: Electric Sources
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Electric Sources: Organized by How They Make Light

Light Sources
| [ *

INCANDESCENT _
LAMPS (filament) e )

Specialty

31

Electric Sources: Organized by How They Make Light

Light sources

Sol
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Points

32




Making Light: Electric Sources

Blobs
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Lamp Shapes

BULB IDENTIFICATION
DIA: Diameter of bulb at widest point.

MOL: Maxirnum Cverall Lengeh including
| bamorpim
= LCL: Distanee beoween the center of the
arc tube and the Light Center Length
referende plans
Mote: L drawings ars ot drawa o
‘(l'n“ﬁ/ iale Pfu:ﬂ- 1 h:?l sze and dimvneon
L information when identifying each lamp.

T conwert mches 1o millineters, muliply
the dimention {in inches) by 25.4
fie 15" x 354 =381 mem)

37

How Halogen Lamps Work

39

Electric Sources: Organized by How They Make Light

INCANDESCENT
LAMPS (filament)

Incandescent I

) @]

Halogen
Cﬁ

- power source | electricity alectrical foot contact

38

Points: Halogen Lamps

40
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“Blob” Source Halogen Lamps

41

Federal Law is a Performance Standard

“The reports of my death are greatly
exaggerated”

The lighting industry prefers to
think of the 100-watt A-lamp
not as being banished. But,
rather retiring at the age of
130 years old.
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Electric Sources: Organized by How They Make Light

44
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Fluorescent Lamp

Fluorescent Lamp

2 bulb by shape: FLUDRESCENT

uuuuuuuuuuu

uRENT

COMPACT FUUOIINEINT
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45
Spectral Power Distribution Curves
Fluorescent
Fluorescent Lamps produce a combined spectrum... a non-continuous or broad
spectrawith gaps from their phosphor, plus UV from the mercury discharge.
47

How Fluorescent Lamps Work

How Fluorescent Lights Work

confessfletch (¥ 12videds  Subscribe

http://www.youtube.com/watch?v=rS5LC2aH0c4&feature=related 48

12
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- To The Artist

- To The Artist

- To The Artist

13
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Which Lamps Need Ballasts

All arc discharge lamps such as fluorescent and high intensity
discharge (HID) require ballasts for proper operation.

Without a ballast, these lamps will not work.

N
L \ Y
4 |l
q 13 \/
Linear Fit .
Circline
f B e,
i

U-Bend Fluorescent

Y Screw-in compact fluorescent lamps include an extremely small
“="1 ballast built into the plastic base where the socket is located.
=

g

Compact
Fluorescent

Electric Sources: Organized by How They Make Light

Metal Halide
Lamp Technology

Wil Light

This mstai halde HID \

genecnts both uttraviciat
ausation nnd vesdse ght
A spaciarty fomualed
s buib filers the:
uhraint racteton
without afiecting the
i g,

Electric Sources - Lamps
Solid State (LED)

54
Points: LED’s
o Light-emitting diodes (LEDs):
= Semi-conductor devices that have a chemical chip
embedded in a plastic capsule
56
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How LED’s Work

Anatomy of a White Light Emitting Diode

Phosphor o -
Coating —— =

f 4

—Transparent
Terminal / ! Pnl\ﬁ:er
/ V / Casing
Figure 7

57

Holes Electrons

+» 1—»
F» P 'I'yne N-'l'wot‘-

Current flows
across this junction

—
le

Battery

When the negative end of the circuit is
hooked up to the N-type layer and the
positive end is hooked up to P-type
layer, electrons and holes start moving
and the depletion zone disappears.

Holes Depletion Zone Electrons

No current flows
across this junction

Battery

side effect -- it generates light!

-‘lb
(‘i- P-Type N-Type =
*#

When the positive end of the circuit is
hooked up to the N-type layer and the
negative end is hooked up to the P-type
layer, free electrons collect on one end of
the diode and holes collect on the other.
The depletion zone gets bigger.

The interaction between electrons and holes in this setup has an interesting

60
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- -
-
- o

-

When current flows
across a diode, negative
electrons move one way
and positive holes move
the other way.

CONTINUE »

LED

RGE Lighting Systems
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61
LED e
T
- .
o
IntelliWhite
Intreducing Intellihite ™, the next milestone in the evolution of inteligent LED lighting. These first-of-their-kind, intelligent
ilumination systems combine advanced high-brightness white LEDs with Color Kinetics' digital control expertise to enabl
tradtional and completely new uses of high-quality white light. Learn more.
Read more about .
Color Temperature And LED Lighting and other related white papers.
Color Temperature Controllable
Sy
WV Blast 12 W Cove W Cast 14 W Profile g2
Powercore Powercore Powercore
Products to be Replaced - click on images below to learn about replacement products
: ’ 5
W Blast 12 W MR W Profile
63

LED

64
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LED

65

Electric Sources - Lamps

Specialty

66

Electroluminescent

17
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Optical Properties of Light

o Light Travels in a Straight Line

o Light Bounces and Reflects

o Light Refracts and Bends

o Light is Comprised of Many Colors

69

Light Direction

Light travels in a straight line...radiates out from the source

70

Light Direction of Clear Lamps

Light travels in a straight line...radiates out from the source

.... add a clear enclosure or
envelope around the source, the
light will still travel in a straight
line.

71

Light Direction of Frosted Lamps

Light travels in a straight line...radiates out from the source

.... add a coated or frosted
enclosure or envelope around
the source, the direction of light
will bend and radiate from the
surface of the enclosure

72

18
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A Shadows Penumbra A Shadows Penumbra

vy

Small light Large light .
source source

Shadow Terminology

Shading

Attached Shadow

Inter-reflection

Cast Shadow

Penumbra

19
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20
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- To The Artist

21
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Kumi Yamashita

Fabrizio Corneli

Larry Kagan

James Turrell ““Wedgework™

22
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James Turrell ““Wedgework™

89

James Turrell

Famous Shadows

90

Famous Shadows

23
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Famous Shadows

Famous Shadows

T

Grazing Effect

Reflected Light

o Optics
= Absorption
» Reflection

The material absorbs 20%
- reflects 80%

Typical Materials:
Metal
Mirror
Wood

96

24
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Shadow Terminology
Shading
Shading Diffuse
Highlight
o Glossy

Equal Angles of Reflection

Reflected Light

ncibence | Refisction
o0 Luminaires can shape light by >
reflection \
o Reflectors finishes may be \
= Specular — shiny, polished T ——

= Semi-Specular
= Diffuse — dull, matte

Light Source
Lol
AV, / s
Kd
K

99

Reflection

Light Source
v

V. Incidence Reflectance

RN

Incidence = the light that enters Reflection = the light that exits

o For “specular” reflectors, the angle of
incidence equals the angle of reflection

98

Reflected Light

Specular and Diffuse Reflection

o Luminaires can shape light
by reflection
o Reflectors may be
= Specular — shiny, polished
= Semi-Specular
» Diffuse — dull, matte

Light Source

100

25
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Reflector Contours

Rafioctian

Comerol Faeal
Carvabare Poir

Parabolic

Reflection Rays
are Parallel

101

Reflector Contours

Reflection
Rays are
Parallel

AAAA Aaaa

Rays converge
2 foci

Reflector Contours

Ellipsoidal

Rays
converge

2 foci

102

Refracted Light

103

o Optics
= Absorption
= Transmission
Light

3 100%
The material absorbs

20% - transmits 80%

Typical Materials:
Glass

Lenses

HMirrors

Plastic
Fabric

80% 80%

104
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Electric Sources

Optical Lenses

Plano-Convex:
diverging rays are
refracted to make a
parallel beam

Fresnel: Flattened
Plano-Conex lens

105

Shadow Terminology

Highlight
Refracted Shadow
Refracted Light
Cast Shadow

Penumbra

Refracted Light

27
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Controlling Light

OPTICKS:|

OR, A
TREATISE
OF THE
Reflections, Refradions,
Inflections and Colowrs s

oF

LIGHT.

The Secomd Edivinn, with Afditisns.

By SII‘ Toiue Nawrod , Knt. -‘ ~ ['1’

LONDON

Prisvod for Woand J. 1
Royal Sociciy,at ile P
Chorgd-Yied. 1710,

111

What is Light?

Light is a form of energy that is part of the
electromagnetic spectrum visible to the human
eye.

The Light Light waves of a specific energy level will emit a particular color.
ec Sir Isaac Newton recognized the visible light spectrum in 1666, and
sp trum he identified seven colors: red, orange, yellow, green, blue, indigo,
and violet.
Newton's colors are arbitrary of the P
of color.
When all of the caolors travel thay to
makea white light.

110
Light = Color
Infrared
J o..o-n----'----l------o-llil.l.ll'.lll-
Optical Prism Ultraviolet
112

28
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Light = Color

Yellow

Colors by Addition Colors by Subtraction
Mixture of Light Mixture of Pigments
113

PR ———
PP ———
PR ———
PP ———
PRI ———
IR ————
PR ———

Color Mixing

nnnnn

114

- To The Artist

29
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— To The Photographer

A
A

What is Light?

There are two different How Atoms Emi
ways of talking about
light:
There is the "particle”
theory, expressed in
part by the word
photon.
There is the "wave"
theory, expressed by
the term light wave.

119

A DT TR

&
‘ Radio | |Microwave| | Infrared ” Visible: | |UItravioleIH X-Ray | G?:::ma |
{ t ' } ¢ ¢
| |
The Light You See
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Light = Color

togmi

Cosmic Gamma  X-Rays Infra- Micro- TV Radia Electric
Rays Rays Red Wavas Power
aa0diem 00inm i [ a— e 00 o 1o ]

Figuo1 400 450 ] 550 800 850 700
Wavelength— Nanometers

The Light You See

o e ¥ B 1 e sy e I 0 i oo

Spectral Power Distribution Curves (SPD) provide the user with a visual profile of the color
characteristics of a light source. They show the radiant power emitted by the source at each
wavelength or band of wavelengths over the visible region (380 to 760 nm).

121

Color Spectrum

Fluorescent Lamps produce a combined spectrum... a non-continuous or broad

Color Spectrum

L

eetilllid Il|||lll---

Night Morning Afternoon Late Afternoon

[o—
A
L ——

Warn i P

Incandescent Lamps and Natural Daylight produce smooth, continuous spectra.

spectrawith gaps from their phosphor, plus UV from the mercury discharge. 123

122
Color Rendering Index
how a light source renders the color of objects
High CRI light makes virtually all colors look natural and vibrant.
Low CRI causes some colors to appear washed out or even take on a completely different
hue.
124
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Seeing Color

CE Cool White

127

Correlated Color Temperature

color appearance of various light sources

The higher the color temperature (CCT), the
“cooler” the color of the lamp is in appearance.

The lower the color temperature (CCT) the
“warmer” the color the lamp is in appearance.

2700 °

2200 °

This color temperature is measured in Kelvin.

32
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Correlated Color Temperature

Kelvin Temperature

orth Blue Sky
irect Sunlight

Cool

Warm

129

Correlated Color Temperature

color appearance of various light sources

Color Temperature in Kelvin (K) Degrees

- Daylight Cool White Warm White .

9000 8500 BOO0 7500 7000 6500 GOOO 5500 5000 4500 4000 3500 3000 2500 2000 1500

How does Color Temperature affect the appearance of aroom?

5000 deg Kelvin

4000 deg Kelvin 3000 deg Kelvin

Color Rendering Index

how a light source renders the color of objects

Comparing the colour appearance under different light sources (left);
Test swatches under different light (right)

The color rendering of a light source is an indicator for its ability of
realistically reproduce the color of an object.

Following the CIE (International Lighting Commission), color rendering is
given as an index between 0 and 100, where lower values indicate poor color
rendering and higher ones good color rendering.

The color rendering of a light source is compared a continuous spectrum
source, such as incandescent - to daylight if its CCT is >5000K.

131

130
“Change a bulb and save the world!”
#2SECONDS. 0RG
132
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The Green Police

Audi 2010 Green Car Super Bowl Commercial

Electricity Cost
(for 800-900 lumens at a rate of $0.10 per k\Wh)

(60 watts) x (8000 hours) x ___ 8010 = $48
a 1000 watt - hours

0.10
(14 watts) x (8000 hours) x UL $11.20
v : 1000 watt - hours

133

Fluorescent Systems

Incandescent lamps are a simple thing. A bit of wire that gets very hot. It presents a very simple, resistive load to the
electricity supply.

Fluorescents on the other hand is much more complex. The electronics required to make these lamps work present
what is known as a reactive load. A ballast is required to operate the source, but the power required to operate the
ballast may not be efficient.

Pin Based Fluorescents Screw Fluorescents
(remote ballast): (integral ballast):

.-
Tubular T5, T8, T12 P n
J Double, Triple, Hex, BIAX Medium base Compact

- Fluorescent
oBallast Options: Power Factor Candelabra base Compact
= High Power Factor = > 0.9 - Fluorescent
- Normal Power Factor = 0.4 — =
0.6

i oDBallast Options: Power
& oBallast Options: Dimmable Factor
= 1% to 100% # -
& el = Normal Power Factor =
= 10% to 100% 0.4
- Multi-level

oBallast Options: Dimmable

olLamp Life = 10,000 hours
Range Not Known

oBallast Life = 100,000 plus

hours I "

=
o
W .

oLife = 5,000

e

135

134
« Poor spectrum, poor color, poor rendering oExcellent color, reliable,
(CRI = 90-40) highest color rendering
(CRI = 100)
« Screw base difficult to dim (“dims to . ’ 3
greenish brown color..."), pin base requires oDims easily without
special ballast and control specialized equipment.
« Long Life (limited to 3-hour on cycle) oDimming extends life and
= energy consumption.
__+ High efficacy rating (lumen/watt) aHalogen vs mcandescent
+ Cannot replace point source bulbs in point- are fDZ"h“gg[e;{IfE'f;'c“
A source fixtures, Cannot replace all 1000+ WFI'& e trols and beaty
incandescent bulb types .
¥ fluorescents in many
« Contains toxic mercury (if incandescent is categories.
banned, 50,000 Ibs of mercury will be .
introduced into landfills upon disposal oDo not have negative
every 7 to 10 years) disposal impacts, fully
recyclable
«+ High embodied energy (several times that
of incandescent), most are made in China, .
which uses coal fired methyl mercury oMore efficient to produce,
producing power plants i.e., less embodied energy
« Customer Dissatisfaction: limit uses, high
initial cost; high failure rate (many fail after
2o 20 hours)
136
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What is inside the lamp

1 glass

2. steel

3. asmall amount of high temperature plastic insulation
a (lead free?) solder

5. plating material for exposed metal, probably nickel

opONE

phosphors **

mercury + mercury vapor **

silicon (in ICs, transistors, MOSFETSs, diodes, etc.)
fiberglass and epoxy resins (PCB, semiconductor
cases)

10.  aluminum (electrolytic capacitor)

11.  various plastics (main housing, film capacitors)
12.  ferrites / ceramics (resistor bodies, choke cores)
13.  copper wire and PCB traces

No

** are either toxic, or may be toxic when mixed with

glass
steel

a small amount of high temperature plastic insulation
(lead free?) solder

plating material for exposed metal, probably nickel

tungsten
inert (and naturally occurring) gas

Screw it Where?

Most screw base CFL packaging states that the lamps must not be used in fully enclosed light fittings. The reason is
temperature. Because of the electronic circuitry, all CFLs can only be used where they have reasonable ventilation to
prevent overheating. (Excess heat doesn't bother an incandescent lamp, and temperatures well in excess of 100°C
won't cause them any problems at all. )

other chemicals in landfill. 137
$2,000 Clean-Up Bill
Many people would have seen the story circulating the Net about a
woman in Maine (US) who broke a CFL in her daughter's bedroom,
and was quoted $2,000 to clean up the mercury.
Yes, mercury is a potent neurotoxin, but metallic mercury is relatively
safe. The real danger comes from the vapor and various salts and
compounds (as may easily be created in landfill for example) ... not
from 5mg of mercury buried in the carpet.
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Frequently Asked Questions
Information on Compact Fluorescent Light Bulbs (CFLs) and Maercusy
May 2007 i
How should | clean up a broken flverescent bulb? i
The folliowing steps can be performed by the general pubiic:
1. Open a window and leave the room for 15 minutes or more. | J_
2. Carefully scoop up the fragments and powder with siiff paper or cardboard ;
and place them in a sealed plastic bag. = -
*  Use disposable rubber gloves, If availabie (ie., do ot use bare hands). Wipe the
area chean with damp paper toweds or disposabie wet wipes and place them in
the plastc bag.
* Do not use a vacuum or broom o clean up the broken bulb on hard surfaces.
3 Place all cleanup materials in a second sealed plastic bag,
*  Place the first bag in a second sealed plastic bag and put it in the outdoor
trash container of in ancther outdoor protected area for the next normal trash
disposal
Nate: some states prohibit such trash disposal and require that broken
and uribroken |amps be taken 1o a local recycing center. 4
Wash your hands after disposing of the bag v
4. If a flugrescent bulh breaks on a rug or carpat;
= First, remove all materials you can withoul using a vacuum cleaner, following 4l
the steps above. Sticky tape (such as duct tape) can be used to pick up small
pieces and powder
= i vacuuming is needed afier all visible materials are removed, vacwum the
area where the bulb was broken. remaove the vacuum bag (or empty and wipe ‘8
the canister) and put the bag of vacuum debris in o sealed plaste bags in o
the ouldeor trash of protected outdoor location for nommal disposal
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Making Light: Electric Sources

How Florescent Lamps are Recycled
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Lamp Manufactures

imagination at work

PHILIPS

SYLVANIA @

General Electric
www.gelighting.com

Philips
www.lighting.philips.com

Osram/Sylvania
www.sylvania.com

Others

Venture Lighting
http://www.venturelighting.com/

Ushio America Inc
http://www.ushio.com/
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