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Light is a type of radiation—the only type that
we can see. It is produced whenever anything
gets very hot, for example, in a candle flame or
an electric bulb s filament. There are also cold
sources of light, such as a fluorescent tube or a
firefly.

Flames from a burning fuel such as wax or oil provided
people with their earliest sources of light. Candles are made

by surrounding a stringlike wick with a cylinder of wax. The
heat of the flame melts the wax next to the wick, and the wax
burns to produce light. An oil lamp also has a wick that dips
into a reservoir of oil such as kerosene. In the candle and the ol
lamp, the burning of the fuel is an example of combustion—

a chemical reaction in which the fuel combines with oxygen,

giving out heat and light in the process.

The first major improvement on wicks came with gas lighting,

using flammable coal gas. This gas normally burns with a yellow

K

SCIENCE WORDS \

& Fluorescent bulb: Also called a fluorescent tube, an
electric lamp consisting of a tube containing mercury
vapor, with electrodes at each end. Electric current
flowing between the electrodes makes the mercury
vapor emit ultraviolet light. This strikes the lining of the
tube, which is made from phosphor, a substance that
gives off bright white light.

& Incandescence: The emission of light by an object
that is heated to white heat.

& Incandescent lamp: An electric bulb that has a
filament (usually made of tungsten) in a glass globe
containing traces of an inert gas such as argon. The

K electric current heats the filament to incandescence. /

A firefly—also called a lightning bug—is a type of beetle that
produces a flashing light from its abdomen. Different species flash
at different rates so that they can recognize one another. The light is
produced by a chemical process within the bug's body.

smoky flame. But by introducing air and adding a mantle, a
white light is produced. The mantle is a mesh coated with the
oxides of various rare metals, which become incandescent—

emitting a bright light—when they are heated by the gas flame

Light from electricity

i

The earliest form of electric light was the arc light. Developed
by the English scientist Humphry Davy (1778-1829) in 1808, it
consists of two carbon rods, called electrodes, with their ends
a short distance apart. When the electrodes are connected

to a high-voltage supply, a very bright spark (called an arc)
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forms between the electrodes. Modern arc lights, with metal
electrodes, are used in movie projectors and searchlights.

When an electric current passes along a piece of thin wire, the
wire gets hot. It may get red hot and even white hot before it
melts or burns away. In the 1870s, inventors in the United States
and Great Britain tried to find ways of making an electric bulb
with a filament that would get white hot without it burning
away. In 1879, Thomas Alva Edison (1847-1931) in the United
States and Joseph Swan (1828-1914) in Britain independently
produced incandescent electric bulbs.

As a filament they used a thin carbon fiber enclosed in a glass
vessel from which all the air had been pumped out. Modern
bulbs have a thin piece of tungsten wire as a filament and
contain an inert gas-one that does not react chemically-such as

argon, rather than a vacuum.

/i,

Cold light

Toward the end of the 19th century scientists experimented
with passing electricity through gases: metal electrodes carried
current to and from a glass tube containing gas at low pressure.
Neon gas, for example, produces a bright orange light, as used
in advertising signs. Mercury vapor produces a blue-green
light. The inside of a modern fluorescent tube is coated with

a phosphor, which gives off white light when illuminated by a
mercury-vapor light inside it.

In the natural world, some animals and plants produce light.
Fireflies (which are actually beetles) and glowworms (beetle
larvae) are familiar examples, and there are also some deep-
sea fish, such as the angler fish, that emit light to attract their
prey in the blackness of the ocean bottom. This type of light

production is known as bioluminescence.

ELECTRIC LIGHT

In the arc light, the earliest type of electric light, a high-
voltage spark passed between a pair of carbon electrodes.
In a modern incandescent bulb, the electric current heats a

tube, the main light comes from a phosphor that glows
when illuminated by the blue-green light produced by an
electric current flowing

through mercury vapor.

Tungsten filament

Glass

Base

tungsten filament until it becomes white hot. In a fluorescent

Glass tube Fluorescent tube

Electrode

Inert gas

Phosphor coating
inside glass tube

Support wires

Lead-in wire

Fuse

Incandescent bulb
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All forms of energy can be converted into
one another. We saw on the previous pages |
that chemical reactions and electricity can
produce light. Here we look at how light can

be changed into other forms of energy, thus ‘
enabling plants to grow and also producing
enough electricity to power, for example, a

space probe.

The major source of energy on Earth is light from the Sun.
Without it no form of life could survive for long. That is because \
sunlight provides the energy for photosynthesis, the process \
by which green plants convert carbon dioxide (from the air)

and water (from the soil) into oxygen and foods such as sugars

and starches. Animals are either herbivores (plant eaters), or
carnivores (i.e. they eat other animals that eat plants). So if there

were no sunlight, there would be no plants or animals. ‘

A field of growing corn soaks up the sunshine, using the energy of
sunlight to convert carbon dioxide and water into sugar and oxygen.
\ The sugar is stored in the plants, while the oxygen passes into the air.

K SCIENCE WORDS

‘ Light into other energy forms
& Electron: A subatomic particle with a negative electric \ o ) ) _
In photosynthesis, light energy is converted into chemical

charge. Electrons surround the nucleus of an atom. They L _ )
energy, which is then stored in sugar and other plant tissues.

play a key role in electricity, magnetism, and conducting

; This is a natural, biological process. But the conversion of light
eat.

into electricity involves some quite advanced physics.
& Photoelectric cell: Also called a photocell, a current-
producing device consisting of an element such as The simplest form of conversion takes place in a photoelectric

silicon that emits electrons when struck by light cell, like the type used to measure light levels in a photographer's

@ Solar panel: 1. A device consisting of hundreds of light meter. The key to a photoelectric cell is a substance, such
- ) as the semi-metallic element silicon, that emits electrons when
photoelectric cells used, for example, to provide the _ _ _
. [ light shines on it. The electrons are collected and form an
electric power for space probes. 2. A thin tank ) .

= ; y ‘ electric current. Photoelectric cells are used to turn streetlights
containing water and painted black. It absorbs the Sun'’s

p ) on and off automatically (they respond to the amount of
K sradiation, which heats the water. / \ davlight) and in burglar a
aylight) and in burglar alarms.




The current produced by a single photoelectric cell is very

small. For larger currents, hundreds of cells are constructed as
panels. Large solar panels of this type are used to power the
communications and control systems of space probes.

Solar panels on a roof collect the Sun's light radiation and convert
it into electricity for use in the home. In another type of solar panel,
the radiation heats water for the home 's hot-water system.

Light into heat

Solar panels of a different type can be seen on the roofs

of some buildings. They consist of very thin hollow panels
containing water, with one of the large surfaces blackened

and positioned so that it faces the Sun for most of the day. The
blackened surface absorbs solar radiation and heats water that
is pumped through the panel. The warmed water may be used
in a heating system—it takes less extra energy to heat water

that is already warm than to heat cold water.

POWER IN SPACE

The large "paddles” on the Magellan space probe each
contained hundreds of photocells. They converted sunlight

into electricity to power the probe' s electronic systems,

Solar panel High gain antenna/
radar dish

Steering rocket
motor

Solar panel
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Light from a source such as the Sun or an
electric lamp travels out in all directions at

an incredibly high speed. It travels in straight
lines. Light passes right through transparent
substances such as glass and clear plastic.
Substances that do not allow light to pass
through them are called opaque, and opaque
objects cast shadows.

Proving that light travels in straight lines is easy because it
makes opaque objects in its way cast shadows. The shadows
produced by a small concentrated light source have sharp
edges. The shadow is the area that the rays of light from the
source cannot reach.

LUNAR AND SOLAR ECLIPSES

(not to scale)

During a solar eclipse (a) the Moon passes between the
Earth and the Sun, stopping the Sun’s light from reaching
the Earth. During a lunar eclipse (b) the Earth blocks light

from the Sun so that the light cannot reach the Moon and

let it shine. ) )
The biggest shadow we can ever see is the shadow of the Earth
(a) Solar eclipse itself. The Sun makes the Earth cast a long shadow into space,
pointing away from the Sun. Occasionally the Moon moves into the
— Earth ‘s shadow. The Moon shines by reflecting light from the Sun.
Sun Moon 0 ‘ S 9'g
But when the Earth ‘s shadow falls on the Moon, the Moon ceases

to shine. This is called an eclipse of the Moon, or a lunar eclipse.

Sometimes the Moon, moving in its orbit, passes exactly between
(b) Lunar eclipse the Earth and the Sun. A shadow of the Moon tracks across the
face of the Earth. For anybody in this shadow, the Moon blocks out
5o 0 OMoon the light of the Sun, and it becomes nearly as dark as night. This is

called an eclipse of the Sun, or a solar eclipse.

Solar eclipses are important to astronomers because they allow




