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Light

 


 What is
Light?

Light is an amazing resource. It’s often
taken for granted and then sorely missed when it’s not available.
The ability to create light when it’s dark can ease concern when
power is out and make living conditions more tolerable. Light is
relatively easy to create, but how long it remains available can be
a challenge. You’d like to get the most light for the longest time
possible. Most people would rather not be left in the dark.

Suppose it’s a dark night and power suddenly
goes out. The TV shuts down and the room becomes eerily quiet. As
you scramble to activate your cell phone for the light it can
produce, and start searching for your flashlight, foreboding
shadows make you feel uneasy. Outside the world is still and the
normal sounds are gone. You find your flashlight and turn it on,
wondering what else you can find to add light to the room. For most
of us light gives comfort, eases fear, and chases away the shadows.
You begin to wonder how long the power will be out. How long must
you be able to generate light without the electrical power grid? Do
you have enough light? Will it hold out until power is
restored?

Most people ignore power out risk until an
event happens. After a period of miserable existence, when power
comes back on they then begin to prepare for the next outage.
Before you find yourself without electrical power, give yourself
some reassurance and confidence by learning now about light and how
you can create this marvelous gift without electricity from the
grid. Then when power goes out you can still light your world.

[TECHNICAL STUFF] Light is radiant
energy from electromagnetic radiation. It usually visible to our
eyes and helps us see objects, people, and scenes. Light activates
our sense of sight. It’s a fundamental factor in nature and it
travels like a wave at 186,282 miles (299,792,458 meters) per
second.

Light travels in a straight line and
vibrates (oscillates) at a speed determined by the frequency of the
light wave. All matter is composed of atoms and subatomic
particles, and these particles move (oscillate). This oscillation
causes radiation—electromagnetic radiation, and it’s frequency can
be described in Hertz (1 Hz all the way up to
100,000,000,000,000,000,000 Hz—ten to the 20th power
Hertz). Electromagnetic radiation can be described in frequency
(Hz) or by the peak-to-peak distance between waves
(wavelength).

These waves of radiation can be associated
with various power sources such as the 60 Hz electricity from a
portable generator to kilohertz and megahertz radio frequency
transmissions, to infrared radiation to visible light and on
through ultraviolet radiation to x-rays and gamma rays. Visible
light occurs in a range of frequencies on this electromagnetic
radiation spectrum. It exists at wave transmission speeds between
300 gigahertz and 1 terahertz (1,000 gigahertz) producing visible
light between red and violet.

Frequency and wavelength are inversely
proportional. A low frequency has a long wavelength and a high
frequency has a short distance between the wave crests. For
example, the wavelength of a 60 Hz signal could be longer than a
soccer field while the wavelength of an x-ray could be the distance
across (diameter of) a water molecule. For light, the wavelengths
are between 380 and 750 nanometers (nm). These equate to the
diameter of bacteria.

At specific wavelengths light looks violet
(380-450 nm), blue (450-495), green (495-570), yellow (570-590),
orange 590-620), or red (620-750). From a frequency perspective,
the color of light goes from red to orange to yellow to green to
blue and then to violet. Outside these ranges most humans cannot
detect light. [NOW BACK TO THE REGULAR DISCUSSION ON
LIGHTING.)

Light can come from natural sources—the sun,
moon, stars, and other celestial objects like comets, meteors, and
the milky way, or from volcanic eruption, flowing lava, and
lightning. It can be produced by combustion (think wood fire and
candles), chemical action (think bioluminescence, glow worms,
fireflies, glowing fungus, light sticks, phosphorescence, and
chemical explosion). Light can also be produced by electrical
stimulation (think incandescent lamps, halogen bulbs, compact
fluorescent lights, long fluorescent light gas tubes, solid state
light-emitting diodes, LED lamps, neon lamps, high-intensity
discharge carbon arc and mercury-vapor lamps, and metal-halide
lamps). Finally light can be produced by lasers and nuclear
radiation. Reflected light can come from any of these sources.

The best natural light source is the sun.
Over 40% of energy from the sun reaches the earth as photons and
this is an ideal source of visible light. You can use this natural
light to brighten the interior of your home with windows, light
tubes, and sky lights. Reflected light from the moon can also be
bright, but not bright enough to read a book.

From a practical perspective, we are only
interested in light that is bright and can be created or energized
by the homeowner without a need for electrical power from the local
utility. Therefore this book will focus on light from the sun,
light from wood combustion in a fireplace or fire pit, light from a
burning candle, light from gas or propane lanterns, and electrical
light produced using batteries, solar cells, water movement, and
wind action.

When I interview people about what they will
do for light when power goes out, they typically mention
flashlights and candles, and say they plan to ride out the
incident. Almost all expect power to be restored within hours. A
typical response is, “They’ll get power back on, and until then I
have candles—especially LEDs (flashlights) that last forever.”

They don’t understand that a growing percent
of power outages now last for days or weeks—some last for months.
In addition they have no idea how bright their “light solutions”
are, which lighting is best suited for specific human activity, the
effect these lights can have on their health or attitude, and how
long these light sources will remain energized.

(Back to
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 Measuring Light

Light can be measured and described in a
number of ways, but we are most interested in the quality of bright
yellow to white light and how far out it can illuminate an object
(such as the wall on the opposite side of the room). We measure
light by describing the amount of light energy produced and the
area affected. The key words are “lumens,”
“candlepower,” “foot candles,” and “lux.”
Lumen has also been called “luminous flux”—the total amount
of light produced by a lamp (the source). Candlepower describes the
brightness—the intensity of light reaching out from this
source.

The strength of the light (candlepower)
changes with distance from the source, but lumens will always be
the same because lumen is defined at the source. When we consider
the candlepower of light at a distance, we typically use the terms
foot candles or lux.

A
measurement of 1 foot candle is the light of a candle one foot away. 1 lumen is
equal to 1 foot candle over one square foot. Candlepower described
in foot candles refers to the lumens per square feet. Candlepower
described in lux refers to the number of lumens per square meter.
In America we measure length and distance in feet. In most of the
world distance is measured in meters. One meter is 3.28 feet (about
39 inches). A 6 foot man is 1.8 meters tall. A 4 foot by 8 foot
sheet of plywood is 1.2 meters by 2.4 meters. And when we measure
in square meters, one square meter equals 10.76 square
feet.

Light levels outdoors can vary from 0.01
foot candles (0.108 lux) in full moonlight to 1,000 foot candles
(10,752 lux) in daylight, to 10,000 foot candles (107,527 lux) in
full sunlight.

A candle radiates light in all directions.
If this light is considered coming from inside a transparent
sphere, the candle illuminates the entire surface of the sphere.
Using geometry and distance from the source, light engineers found
that one candlepower is equal to 12.57 lumens. There are about
24,000 candlepower in a watt of light energy. Today we call
candlepower “candela” or “luminous intensity”—the
strength of the light beam—the concentration of light at a distance. It’s not a
measurement of total light coming from the source. This would be
expressed in lumens.

Light bulbs
(lamps) convert electrical
energy into electromagnetic radiation. The brightness of a
light bulb is determined by the watts consumed and the lumens
produced. In the past people shopped for light bulbs based on
watts. Today shoppers compare light bulbs by looking at their
lumens—the brightness produced by the bulb (the source).

In 2007, the federal government passed a law
phasing out 40 to 100 watt standard incandescent light bulbs. This
law required that all new bulbs be 25 to 35 percent more efficient
by the end of that year. Manufacturers dutifully developed a
twisted fluorescent light called a “compact fluorescent light” or
“CFL.” CFLs met the challenge.

Manufacturers also expanded light emitting
diode (LED) technology to create light bulbs that were even more
efficient than CFLs. LED lights were quickly adopted for replacing
incandescent, halogen, and fluorescent lighting in RVs and boats
because they consumed little electrical power.

CFLs, like fluorescent light tubes, posed a
disposal problem because of their mercury content, and both CFLs
and LEDs are pricey, but their retail price is steadily decreasing
as more people use these products. The good news is that technology
has given consumers a viable and capable light solution. Compared
to incandescent bulbs, CFLs and LED lights excel in watts per
lumen. Table 1 compares the lumens of brightness for various forms
of light sources.

(Back to
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Table 1

Comparing Brightness by Lumens
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As you can see in the table, halogen lights
are brighter than incandescent lights on a watt-for-watt basis.
Some sellers call halogen bulbs “energy saving incandescents.” A
43-watt halogen bulb replaces a 60-watt standard incandescent bulb.
The 53-watt halogen replaces a 75-watt standard incandescent, and
the 72-watt halogen replaces a 100-watt standard incandescent.

According to the General Electric Company,
the quality of light based on the lumens of brightness produced can
generally be described as shown in Table 2.

Table 2

Quality of Light
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Another way to compare light sources is to
look at the cost per lumen. Table 3 shows how much light brightness
options really cost. Here’s what you get for your purchasing
dollar.

Table 3

Brightness per Dollar (Lumens/$)
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As replacements for incandescent light
bulbs, CFLs produce comparable lumens using less power. A 13-watt
CFL produces as much light (lumens) as a 60-watt incandescent. A
23-watt CFL replaces a 100-watt incandescent. Replacing a single
100-watt incandescent bulb with a 23-watt CFL can save 75% on
electrical consumption. Change out your whole house to CFL can
produce a marked improvement in energy use—money savings.

If you opt for LED lighting you’ll find
these bulbs are even better. LEDs have the best lumen per watt
ratings. An 8-watt LED can replace a 40-watt incandescent—an 80%
reduction in electrical consumption. An 11-watt LED replaces a
60-watt incandescent bulb. Cities like Los Angeles and New York are
actively moving to replace street lights with LED lighting
producing significant savings in energy costs.

The numbers you see on light bulb packages
regarding expected operating life are typically based on using the
bulb three hours a day. Incandescent light bulbs are good for
around 750 hours of operation—that’s 250 days or 0.68 years (at 3
hours per day). Halogen bulbs last almost 1,000 hours—330 days or
nine tenths of a year. Energize any of these bulbs for more than 3
hours each day and the rated lifetime decreases accordingly.

The expected lifetime of a fluorescent light
tube is based on using the light 6 hours each day. The lifetime of
a 36” 30-watt fluorescent tube is rated at 8.2 years. The 48”
40-watt tube is rated at 6 years. The longest expected operational
life of lighting is associated with LEDs. Based on using an LED
light just 3 hours a day, G.E. claims operational lifetimes ranging
from 13.7 to 23 years.

Another way to compare
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