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Light sources

Daylight
Electric light

Efficacy for daylight and

artificial lighting
. Dayllght source TABLE 12.1 Efficacy of Various Light Sources
direct sunlight or diffuse skylight) o e (o)
Indirect light reflected or modified %‘%Eﬂii‘éﬁ%‘?p i‘i‘
from its primary ey oo 3
« Artificial light source Lgr.pph.dﬂdaon%w i
incandescent lamps (including g‘imjp\n‘w e
tungsten-halogen types); Sohnm
Gaseous discharge lamps (including o i
fluorescent, mercury vapor, metal- |V gig oot
halide, high-pressure and low- Mitesy ™ 250 opronmate
pressure sodium lamps, and the The efficiency of  standard

induction Iamp) incandescent lamp

in converting electrical energy to light
is approximately

7%; the other 93% is released as heat.
Fluorescent

lamps are approximately 22% efficient



llluminance, (footcandles)

17-Feb-14

Daylight source

(1) solar position, which can be determined if the
latitude, date, and time of day are given,

(2) weather conditions (e.g., cloud cover, smog),
(3) effects of local terrain (natural and built obstructions

and reflections)

basic sky conditions.
1. Solid overcast sky
2. Clear sky without sun (in the field of view)
3. Clear sky with sun
4. Partly cloudy sky

Unobstructed exterior surface illuminance, solid overcast sky

STANDARD OVERCAST SKY

3600
3200
/
2800
2400
/'
2000 "
y
1600 Ry
'5"'
e,{‘
1200 &2,
& r
800 /.
/// «&g?«“,
Lt o) SV -
200 /,/ e
- [
10 20 30 40 50 60 70 80

Solar altitude, (degrees)

Iluminance, (Klux)

1+2sinA (12.1)

where

L 2= luminance at A° above the horizon {in any
direction)

Lz=luminance at the zenith

Thus at the horizon, where A= 0°,

|

E,;=300+21,000 sin A (12.2)

|

Latitude: 38°
Solar Time:  10:00 a.m.

L
L,=—=%
4T3

Dates: Dec. 21, March/Sept. 21, June 21
Eq.12.2 Fig. 12.3
Dec 21 3,500 lux (790 fc) 2,608 Iux (800 fc)
Mar/Sept 21 14,623 lux (1,359 fc) 15,923 lux (1,480 fc)
June 21 18,669 lux (1,735 fc) 23,134 lux (2,150 fc)
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Epy. iluminanace on an unobstructed
horizontal exterior surface
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Artificial light sou

* Incandescent Lamps

CLEAR SKY

Sunset west

Vertical surface

o
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Current passing through the high-resistance filament

| Gas
Usually @ mixture of nitrogen
and argon is used in most lamps
of 40 watts or larger to retard
gvaporation of the filament.

Lead-in_Wires

to filament; carry the current to
) and from the filament.

| Stem Press

| The lead-in wires in the glass
have an airtight seal here and
are made of a combination of 3
nickel-iron alloy core and a

| copper sleeve (Dumet wire) to

| ensure about the same coefficient
| of expansion as the glass.

Tube

and inert gases

The filament material usvally used is
tungsten. The filament may be a
straight wire, a coil, or a coiled coil.

Made of copper from base to stem
press and nickel from stem press =

Air is exhausted through this .tuhe during

Bulb
~ Soft glass is generally used. Hard glass is
'l used for some lamps to withstand higher
i ulb temperatures and for protection
i bulb d f i
] against the weather. Bulbs are made in
various shapes and finishes.
R

~ Support Wires i
Mﬁybdenum wires support i
the filament.

W

ss is heated during manufacturing
rt wires are stuck into it.

Glass rod supports button.
T b

Used in higher-watlage general-
service lamps and other types
when needed to reduce circulation
of hot gasses into neck of bulb.
_ T 5

cts the lamp and circuit by
in| he filament arcs. \
e o

Base
Typical screw base is shown. One lead-in

projects beyond the bulb, is then

into the bulb. The tube, which origionally
off short enough to be capped by the base.

' wire is soldered to the center contact and
sealed the other to the upper rim of the base
shell. Made of brass.
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Critically dependent upon the supplied
voltage, the life, output, and efficiency

of a lamp can be markedly altered by 1api 122 Comparison of Operating

even a small change in operating

Characteristics

voltage
Lumen maintenance. Light output

120-V lamp at  120-V lamp at
Operation of Lamps 125V (104.2%) 115V (95.8%)

decreases slowly with lamp life as an
incandescent bulb blackens

Color. Incandescent light has a large
yellow red component

Amount of light

(lumens) 16% more 15% less
Power consumption

(watts) 7% more 7% less
Efficacy (lumens per

watt) 8% higher 8% lower
Life (hours) 42% less 72% more

Generally, incandescent lamps are
impervious to surrounding heat, cold,
or humidity

Incandescent lamps produce light as a
by-product of heat; as a result, they are
inherently inefficient. Luminous
efficacy increases with wattage. Thus, a
60-W general-service lamp produces
890 initial lumens, or 14.8 Im/W,

Incandescent lamp use should be

limited to the following

applications

Where use is infrequent

AN e

Where there is frequent short-duration use
Where low-cost dimming is required
Where the point source characteristic of the lamp is

important, as in focusing fixtures

U

Where minimum initial cost is essential

6. Where its characteristically good color rendering is desired

17-Feb-14



17-Feb-14

TUNGSTEN-HALOGEN

is similar to the standard incandescent lamp in that it
produces light by heating a filament.

It differs in that a small amount of halogen gas
(iodine or bromine) is added to the inert gas mixture
that fills a small capsule constructed of quartz glass
that surrounds the filament within the bulb of the

lamp
Longer life
Slightly more efficient

SMOOTH 4 - = ‘
EVEN BEAM 3 y
eliminates starbursts { /
and hot spots

HARD GLASS

resists weather 5

MULTI-MIRROR y

TECHNOLOGY
projects light, with less
wasted light from edge-spill

A

VIBRASHOK MOUNT
for durabil y

PURE TUNGSTEN FILAMENT
for long lfe

BRASS BASE
1o resist corrosion and freezing in the socket

Gaseous Discharge Lamps

Lamps in this category include fluorescent and

high-intensity discharge (HID) lamps

(mercury vapor, metal-halide, high-pressure

sodium lamp)

They function by producing an ionized gas in a glass
tube or container rather than heating a filament.

Discharge lamps are known for their long life and

high efficacy.
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Fluorescent Lamps

Phosphor Cathode Exhaust Tube
Bulh Coating inside the bulb "Hot cathodes” at each Air is exhausted through
Ustially slralgh! gasitubs; transforms ultraviolet end of lamp are coated this tube during manufacture
May also be circular or radiation into visible light. with emissive materials and inert gas introduced
U- shaped Color of light produced which emit electrons. into the bulb.
Gas depends on composition  Usually made of coiled-coil
Usually argon or a of phosphor. or single-cpil tungsten wire.

mixture of inert gases
at low pressure. Krypton
is sometimes rsed.

(8] B
l Lead-In Wires
Arc Dischar y
The arc exciteg‘lhe Connects to the base pins

carrying the current to

Base Mercury Atom Wikt B Which and from the cathodes and
. generates radiant energy.
Connects to the electrical An atom of mercury Stem P the mercury arc.
circuit and supports the from a minute amount The | ::'I ress h
lamp in the lampholder. of liquid mercury placed SN WHES Tave
within the bulb. an air tight seal and

assure the same coefficient
of expansion as the glass.

FLOURESCENT
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Preheat, rapid start lamp
and instant start lamp

BALLASTS

Is to trigger the lamp with a high ignition voltage and to control
the amount of electric current for proper operation.

The function of a ballast is threefold:

e To supply controlled voltage to heat the lamp
filaments in preheat and rapid-start circuits

* To supply sufficient voltage to start the lamp by
striking an arc through the tube

e To limit the lamp current once the lamp is
started
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Ballast Types

* Magnetic
* Hybrid.
* Electronic.

Lamp efficacy increases by approximately 10% to
15% compared to operation at 60 Hz.

Electronic ballasts are lighter, more energy-efficient,
generate less heat, and are virtually silent.

They are also available as dimming ballasts, which
allow light output to be controlled between 1%
and 100%.

Ballast Performance

Heat
* Noise

Flicker

Dimming Control
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FLUORESCENT LAMP TYPES

TABLE 12.5 Comparative Characteristics of Tubular Fluorescent Lamps?

T12 T8 5 T5HO
nitial rated light output 3350 lumens 2950 lumens 2900 lumens 5000 lumens
Nominal lamp watts 40W 32'W 28W 54w
nitial lamp efficacy’ 84 Im/W 92 Im/w 104 Im/W 93 Im/W
nitial system efficacy? 88 Im/W 90 Im/wW 89 Im/wW 85 Im/W
Lumen maintenance’ 78% 93% 97% 95%
Maintained system efficacy 69 Im/w 84 Im/w 86 Imw 81 Imw
Rated life? 20,000 hr 20,000 hr 16,000 hr 16,000 hr
CRI 80 85 85 85
Optimum operating temperature 77°F [25°C] 77°F [25°C] 95°F [35°C] 95°F [35°C]

e Efficacy—light output per unit of power input

e Lumen maintenance—the decreasing output of light
as a lamp ages

e Lamp life—average (statistically defined) lamp life
expectancy

e Temperature and humidity—how a lamp responds
to extreme environmental operating conditions.

Lumen Maintenance
100 —

90 1

80

70 —

Percent

50 F~—— —

0O 2000 4000 6000 8000 10,000 12,000
Hours of Operation



SPECIAL FLUORESCENT LAMPS

Low-Energy Lamps
UV Lamps

COMPACT
FLUORESCENT LAMPS

TABLE 12.7 Cost Comparison for Operation
of an Incandescent Lamp and a Compact

Fluorescent Lamp

Incandescent Compact Fluorescent
100 W 27 W
1750 lumens 1750 lumens
Lamp cost ($) $0.50 $20.00
Rated life 750 10,000
(hours)
Efficacy 17 64
{(lumens per
watt)
Energy cost $80 $22
(@8¢/k\Wh
for 10,000 hrs)
Total cost $85 542

(lamps + energy)

HIGH-INTENSITY DISCHARGE LAMPS

* produce light by discharging electricity through a high-

pressure vapor

* Lamps in this category include
mercury-vapor, metal-halide, and high-pressure sodium

* These lamps are characterized by high efficacy, rapid
warm-up time, rapid restrike time, and historically poor
color rendering capabilities

* HID lamps are typically used when high illuminance is
required over large areas and when energy efficiency
and/or long life are desired. Typical applications include
gymnasiums, large public areas, warehouses, outdoor
activity areas, roadways, parking lots, and pathways.
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