Science and Technology of Fire
Chapter 1
Fire is both commonplace and mysterious. It is probably one of the first discoveries and controlling it
involved some of humankind’s first technologies.

Why Do I Need to Know This?
In this chapter, you learn about the science of energy and then about how technologies apply that scientific
knowledge to the basic needs of heating and cooking. Because the level of technology is so different between
rich and poor countries, comparison of these technologies will increase your awareness of how different are
the lives of many people from your own. The knowledge obtained in this chapter will be used to understand
issues related to air pollution and choices of alternative sources of energy discussed in later chapters.

1

Physics and Chemistry of Energy
Learning Objectives
1. Identify the difference between heat and temperature.
2. Identify the relationship between wavelength and visibility of light.
3. Identify the meaning of each letter in Einstein's famous energy equation.
4. Identify the relationship between the number of protons and electrons in a neutral atom and
in an ion.
5. Describe how electrons arrange themselves around a nucleus and how that determines the
chemical behavior of the atom.
7. Identify the five most common gasses in the earth's atmosphere and their relative abundance
8. Describe the source of energy in the sun and how that energy gets to the earth.

To understand energy and its use, you must have a basic understanding of several areas of science. In this
section, we review the basic science concepts used in technologies that are related to energy. This may be a
review for some of you and entirely new information for others. If you haven’t taken a course in chemistry,
physics, earth science, or biology this section may show you why it is valuable to know more about these
subjects and to encourage you to further your education in these areas.
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The Physics of Energy

Energy can take many forms and they can be grouped into two major categories; stored energy and motion
energy. The forms you need to know about for this unit are:
Motion
 Heat: The rapid random motion and vibration of atoms is known as heat. The measurement of the
average amount of motion and vibration is the temperature.

Figure 1.1. Heat is motion of all the atoms while temperature is the average


Light: Light consists of tiny bundles of energy called photons that have some of the same properties
as waves in water such as wavelength. A certain range of wavelengths of light can be perceived by
the human eye and is called visible light. Light with wavelengths that are too long for us to perceive
are called infrared and light with wavelengths that are too short for us to perceive are called
ultraviolet. Photons of light with shorter wavelengths have more energy than photons of light with
longer wavelengths. (Freundenrich n.d.) [Link].
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Infrared

Ultraviolet
Figure 1.2. Heat is motion of all the atoms while temperature is the average
Stored
 Chemical energy: Matter is made up from units called atoms that consist of a positively charged
nucleus at the center that contains almost all of the atom’s mass with negatively charged electrons
outside the nucleus. Atoms can be combined into groups called molecules. Some molecules contain
more energy than others. If energy is released from these molecules by breaking them apart and
recombining them into molecules with less energy, we call this chemical energy.


Nuclear Energy: In 1905 Albert Einstein explained that matter itself can be thought of as extremely
concentrated, stored energy (Bellis 2011) [Link] Under the right circumstances, the nuclei of very
small atoms can combine or the nuclei of very large atoms can split and the resulting atoms have less
total mass. The missing mass is a small fraction of the mass of the atoms but because it is extremely
concentrated, the combining or splitting of nuclei produces about a million times more energy per
atom than chemical energy. In Einstein’s famous formula, E=mC2, the E stands for energy, m stands
for the missing mass, and C stands for the speed of light.

Chemistry of Atoms and Molecules

Chemistry deals with the properties of atoms and molecules where molecules are combinations of atoms.
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Here are some basic concepts that we will use later:


The nucleus of an atom consists mainly of two types of particles; a positively charged proton and an
uncharged neutron. These two particles are approximately the same mass which is far greater than the
mass of an electron. The fundamental nature of the atom is determined by the number of protons in
the nucleus. For example; Hydrogen has only one proton, Helium has two, Lithium has three, up to
Uranium which has 92 which is the largest atom found in nature.

Figure 1.3. Atom of Carbon with 8 protons and 8 electrons. Most carbons have 8 neutrons.


In general, an atom has as many negatively charged electrons as it does positively charged protons in
the nucleus for a net charge of zero. If it doesn’t, the atom has a net positive or negative charge and is
called an ion.



Chemical reactions between atoms involve the electrons that surround the nuclei.



Although electrons are negative and repel each other, they have spin and tend to form pairs with
opposite spins and then to form layers of pairs like an onion around the nuclei.



The number of negative electrons that surround the nucleus is determined by the number of positive
protons in its nucleus.
If we look at the way the electrons arrange themselves around nuclei with increasing number of

protons, we find that they form layers.
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The innermost layer can have one or two electrons.



The next two layers can accommodate up to eight more electrons each



The next two layers can each accommodate eighteen electrons



The last two layers are a bit more complicated but can hold thirty-two electrons
For example, if we consider Lithium which has three protons in its nucleus, it will have three

electrons. Two of them will form the first layer leaving one electron by itself in the next layer. If we consider
Sodium which has eleven positive protons in its nucleus, it will have eleven electrons nearby. Two will form
the first layer, and eight will form the second layer—leaving one electron in the outermost layer.


If the outer layer of electrons of an atom is full, there is little interaction between this type of atom
and other atoms. Atoms with full outer shells are Helium (two electrons), Neon (10), Argon (18),
Krypton (36), Xenon (54), and Radon (86). This group is known as inert gasses.

Figure 1.4. Atom of Neon with full outer layer


In contrast to the inert gasses, atoms like Hydrogen, Lithium, and Sodium each have only one
electron in the outermost layer. The single unpaired electron in their outmost layer pairs easily with
the electrons in outer layers of other atoms to form a complete shell, as shown in Figure 1.5. This type
of combination is called a covalent bond. (Clark 2000) [Link]
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Figure 1.5 Atoms can share outer electrons to make a complete shell
For example, if you put two hydrogen atoms near each other, the electrons will pair up and spend
some of their time around each nucleus. This pair has less energy than the individual atoms and so combining
two hydrogen atoms into a hydrogen molecule releases energy.
We represent molecules as combinations of atoms with a letter for the type of atom and a subscript to
tell us how many atoms there are in the molecule. For example, a molecule consisting of two hydrogen atoms
is represented as H2.
Oxygen has eight protons in the nucleus and eight electrons. Two of the electrons are in the inner
layer and six in the outer layer. Oxygen is two electrons short of a full layer so it will share two electrons
with another atom to complete an outer shell. If two Oxygen atoms combine to share electrons and form a
molecule, we have O2.
Similarly, Nitrogen with seven electrons has five in its outer layer which is three short of a full layer.
Two nitrogen atoms can combine to share three electrons and form N2. Carbon has six positive protons in its
nucleus and six negative electrons surrounding it. It has two electrons in the inner layer and four in the outer
layer. Carbon atoms can combine with other carbon atoms to share up to four electrons.
In general, oxygen and carbon atoms combine readily with hydrogen to form molecules. Oxygen,
which needs to share two electrons to complete its outer layer, will combine with two electrons from
hydrogen atoms to produce H2O (water), as shown in Figure 1.6.

Figure 1.6. Molecule of water creates complete outer shells by sharing electrons.
Carbon has four outer electrons and a complete shell needs eight. Carbon can combine with many
other atoms to create a variety of molecules. For example, it can share its four outer electrons with two
oxygen atoms to form CO2 (carbon dioxide) or with four hydrogen atoms to form CH4 (methane).
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Earth Science

The earth’s atmosphere is a mixture of gasses that is relatively constant except for water vapor and carbon
dioxide. The amount of water in the air varies from almost zero above the cold polar deserts to about 4% near
the hot, wet equator. The water molecules are mixed with the other gasses and we don’t see them unless the
air is cooled and they come together to form droplets of liquid water that we see as clouds or fog. If we
consider the gasses that make up “dry” air—air without water vapor—the percentages are shown in the
following table (see Figure 1.7). The percentage of carbon dioxide is also variable depending on burning of
fossil fuels and the temperature of the oceans. The cause of the recent increase in this percentage is
commonly attributed to the release of CO2 from burning fossil fuels.
Name
Nitrogen
Oxygen
Argon
Carbon Dioxide
Methane
Other

Atom or Molecule
N2
O2
Ar
CO2
CH4
He, Ne, Kr, H, CH4, O3

Percentage
78.0842
20.9463
0.9342
0.0350
0.0002
0.0001

Figure 1.7. Nitrogen and Oxygen make up 99% of the dry air
There is almost six hundred times more oxygen in the atmosphere than carbon dioxide. If a plant
produces enough oxygen during its lifetime to oxidize its remains when it dies, this would imply that are
hundreds of times more fossil plant remains trapped in the earth’s crust than have been burned to date.
However, relatively little of it would be concentrated and easily extracted from the earth.
Nuclear Physics

In the sun, the nuclei of hydrogen atoms are squeezed together under tremendous gravitational forces to fuse
into helium nuclei. Each helium nucleus is slightly less massive than the sum of the masses of the two
hydrogen nuclei that combined to make it. The missing mass is converted into heat and light. This process is
known as nuclear fusion. As a result of the tremendous release of nuclear energy, some of the particles in
the sun are so hot and are traveling so fast that they escape the sun's gravity and radiate outward toward the
planets. These particles are known as the solar wind. The light energy also radiates outward and a small
fraction of it is intercepted by the earth. This light comes in a variety of wavelengths including visible,
infrared and ultraviolet.
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Figure 1.8 Fusion of hydrogen atoms into helium atoms converts mass into energy and
spreads light and charged particles throughout the solar system

Key Takeaways
Heat is the energy of motion of the atoms. The atoms move at different speeds. The temperature
represents the average energy of the atoms.
Photons of light have wave properties. The human eye can perceive a narrow range of
wavelengths. Photons with wavelengths longer than the human eye can see are called infrared
while shorter wavelengths are ultraviolet.
The formula is E=mC2. The E stands for energy, m is the mass that is converted to energy and
C is the speed of light.
In a neutral atom the number of positive protons is the same as negative electrons. If this is not
the case, the atom has a net charge and is called a positive or negative ion depending on which
type of charge is surplus.
Where atoms have more than one electron, they tend to pair up and form layers around the
nucleus. The electrons in the outermost layer have the most effect on nearby atoms. Atoms with
the same number of electrons in the outermost layer have similar chemical behaviors. Atoms
with incomplete layers may join with other atoms to create complete layers which is called
covalent bonding.
A few water molecules spontaneously break up into equal numbers of ions of H+ and OH-. The
pH scale indicates this balance and the number 7 on the pH scale indicates a balance. If another
chemical is dissolved in the water that contributes extra H+ ions the pH number is less than 7
and it is called an acid. If the chemical that is dissolved contributes extra OH- ions, the pH is
above 7 and it is a base which is also called alkaline.
The "dry" gasses in the earth's atmosphere are mostly Nitrogen (78%) and Oxygen (21%). The
remaining 1% is mostly Argon (0.93%), Carbon Dioxide (0.035%) and Methane (0.0002%).
The amount of water dissolved in the air varies from almost zero to 4%.
The sun's energy comes from conversion of mass into energy when two hydrogen atoms fuse
into a helium atom that has less total mass. The energy is emitted from the sun as photons of
light and individual particles that can travel to the earth.
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2

Biology and Earth Science of Fuels
Learning Objectives
1. Identify the relationship between sunlight, photosynthesis, hydrocarbons, and oxygen.
2. Identify the differences between cellulose and dextrose.
3. Identify forms of oxidation.

Trees absorb light energy from the sun and use it to reorganize low-energy molecules into higher energy
molecules that are used to store the sun’s energy. The plants take in carbon dioxide (CO2) and water (H2O)
from the Earth’s atmosphere. They separate the carbon and hydrogen from the oxygen and combine the
carbon and hydrogen into molecules called hydrocarbons which refers to any combination of carbon and
hydrogen atoms. The oxygen (O2) is released into the atmosphere. The energy from the nuclear fusion that
took place in the sun is stored in these molecules. This process is called photosynthesis. (What is
Photosynthesis? n.d.)

Figure 1.9 Plants use solar energy to combine carbon dioxide and water into plant materials
and emit oxygen
Plants convert carbon dioxide (CO2) and water (H2O) into several types of hydrocarbons such as
cellulose (C6H10O5) and dextrose (C6H12O6). Even though these molecules are similar the differences are
important. Dextrose is a type of sugar that humans can digest and use directly as a source of food energy.
Cellulose forms the fibrous or woody portion of a plant and humans cannot digest it but it can be burned as
fuel. Cattle can digest cellulose partially but their dung still contains enough undigested cellulose to burn
once the dung is dried.
Charcoal is the remains of wood that has been heated in the absence of oxygen to break down most of
the hydrocarbons. The hydrogen and oxygen become gasses and are removed leaving a black, porous residue
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that is mostly carbon. Charcoal is lighter weight than wood and burns with less smoke. Most of the people in
the world burn cellulose from wood, charcoal, dried animal dung, or crop waste such as rice stalks.
When a tree dies and falls to the ground, the hydrocarbons start to break down and recombine with
the oxygen in the atmosphere, which is called oxidation. If this happens slowly, we say it is rotting.

Figure 1.10 Rotting is a slow form of oxidation
If the right conditions exist, the hydrocarbons combine with oxygen rapidly. The heat and light are
released much faster and we call it fire. The process of oxidation combines oxygen with hydrogen and
carbon to create molecules of water and carbon dioxide. A plant produces enough oxygen during its lifetime
to consume itself by oxidation when it dies by rotting or by fire.

Key Takeaways
Plants absorb the sun's energy from its sunlight and by the process called photosynthesis
combine molecules of water and carbon dioxide into molecules of carbon and hydrogen called
hydrocarbons. The process releases oxygen to the atmosphere.
Cellulose and dextrose are both created by photosynthesis. Dextrose is sugar than can be
digested by humans. Cellulose is the woody or stem material that some insects and animals can
digest. The energy of cellulose can be released by burning it.
Oxidation is the recombination of oxygen with the carbon and hydrogen in hydrocarbon
molecules to create molecules of water and carbon dioxide and release energy as heat and light.
Copyright 2016 © John Preston

Page 10

4

Science and Technology of Combustion
Learning Objectives
1. Describe the ideal process of burning a hydrocarbon fuel including inputs and outputs.
2. Identify the technologies used to control combustion to reduce its harmful effects while
maximizing its benefits.
3. Identify the harmful products of burning real fuels using atmospheric gasses.
4. Identify the environmental impacts of burning solid fuels for heating and cooking.

If plant material is exposed to oxygen it will oxidize slowly because the hydrogen and carbon in the
hydrocarbons are bound to each other and only a few at a time are available to combine with the oxygen in
the air. If the hydrocarbons are heated enough to break them apart, the process can happen much more
quickly. The heat from the oxidation process can be used to break up more hydrocarbons. The result is a selfsustaining process we call fire.
Science of Combustion

In addition to the carbon dioxide and water that is produced by burning the hydrocarbons, other gasses and
impurities in the fuel are emitted that can pollute the air. To control the air pollution that results from burning
solid fuels, it helps to understand what happens when something burns. A fire needs a fuel source, a source of
oxygen, and heat. Before the molecules that comprise the fuel source can combine with oxygen, they have to
be broken up into separate atoms. Recall that heat is random motion or vibration of atoms. If we add enough
heat to the fuel and oxygen, the motion of their atoms becomes great enough to break apart the molecules so
the carbon and hydrogen atoms are free to make new molecules with the oxygen. They recombine to form
molecules of CO2 and H2O. The chemical energy that was stored in the fuel is released. Some of this energy
can be used to heat more fuel to make the fire self-sustaining and the rest is given off as light or remains in
the CO2 and H2O in the form of heat.
Consider what happens when you light a candle. First, you have to supply heat to start the process
with a match or lighter. The solid wax melts and then some of it vaporizes into individual carbon and
hydrogen atoms. If there is enough oxygen to burn all the available fuel, it emits a blue light. If there isn't
enough oxygen, the fuel is hot enough to emit colored light until it comes in contact with enough oxygen to
complete the combustion process, as shown in Figure 1.11. The invisible CO2 and H2O gasses rise above the
flame. Some of the heat from this process melts more wax and the process continues until you remove the
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oxygen, the heat, or the fuel. (Harris n.d.)

Figure 1.11 Process of combustion
An ideal fire combines the carbon and hydrogen from a pure fuel source with oxygen from the
atmosphere in the right proportions and mixes them thoroughly while they are separated into individual
atoms so that all of the fuel is oxidized—combined with oxygen. In practice, this rarely happens unless the
fire is carefully controlled. Here are some problems that occur when most solid fuels are burned:


In most cases, the fuel is not completely broken down or doesn’t encounter enough oxygen
while it is hot enough to combine with it. One of the results of this partial oxidation is carbon
monoxide (CO). Unlike CO2, carbon monoxide still has two unpaired electrons and it can
behave similarly to oxygen in chemical reactions.



Impurities in the fuel can be oxidized into chemicals that harm human lung tissue.



Impurities in the fuel become airborne particles that cause allergic reactions or irritate eyes and
lungs.

Technology of Combustion

Simply burning solid fuel in an open fire pit does not make efficient use of the fuel and exposes people to
harmful smoke. People have invented a variety of technologies over the centuries to improve the lives of
those people who burn solid fuels for heat and cooking.
Fireplace
One of the technologies that helps people burn solid fuels inside their homes for heat and cooking is the
combination of a firebox and chimney. The idea behind a fireplace is simple but building a firebox and
chimney that is safe and works properly is not as simple as it seems. Recall that a fire needs fuel, oxygen, and
heat. A good fireplace design provides these elements plus it provides a way of disposing of the smoke.
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Firebox: The firebox must be made of materials that can protect the home from catching fire.
It may have a door and adjustable vents to control the flow of air. The firebox might have an
adjustable baffle or moveable wall or ceiling that can force the hot gasses to travel a longer
route to give them more time in the firebox to complete the burning process.
Chimney: The molecules in the hot gasses from a fire are moving faster because of the heat
energy. They bounce off of each other at high speed thereby increasing the distance between
molecules and lowering the total weight of a given volume of air. Because the hot air weighs
less than surrounding cool air it is buoyant and rises (hot air rises). If this hot air rises through
a chimney, the entire column of hot air is rising and the effect is increased. By using a chimney,
the smoke can be removed from the home. The gasses rising up the chimney must remain hot
enough to remain buoyant until they leave the top of the chimney so a fair amount of heat can
escape the house through the chimney. If the gasses cool down too much in the chimney, soot
can collect where it can catch fire to create an unwanted chimney fire. The chimney must be
made of materials that will protect the rest of the house from catching fire.
Combustion air: Some of the gasses in the smoke were drawn from inside the home. This
produces a lower pressure inside the home which draws air from the outside. New fireplace
installations in advanced countries require installation of a separate pipe that provides outside
air directly into the firebox so the home is not cooled by drafts at doors and windows. (Todd
2003)
Cooking: Open fireplaces can be used for cooking. Hooks for pots can be mounted that swing
the pot above the fire or food may be placed on a spit above the fire.

Figure 1.12 Fireplace design
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Stoves
Most fireplaces that use stone and brick are built into the wall of a house. Consequently, at least one side of
the hot firebox is facing outdoors. An alternative to a fireplace is a steel or cast iron stove that stands
completely within the living space. The iron firebox gets hot and transfers heat into the room on all sides.
The smoke and gasses are transported from the stove through a metal pipe that leads outdoors or into a
traditional chimney. Stoves have doors and vents that allow the user to seal the firebox and control the flow
of air to provide greater control of the rate of burning and make more efficient use of the fuel. The top of the
stove may be used for cooking and compartments within the stove may be used for baking.

Figure 1.13 Woodstove design
Furnaces
Fireplaces and stoves only heat the room they are in. Many older houses in affluent countries would have a
fireplace in each bedroom and the main parlor and a stove in the kitchen. The function of heating the home
from a central location was accomplished by a furnace. A furnace is similar to a stove, except that it has a
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heat exchanger that is designed to heat air that can be circulated in the building to provide clean, safe heat.
A heat exchanger is a set of tubes that are placed in the hot exhaust gasses of the fire. The heat passes
through the metal tubes and heats the air inside. Early furnaces, such as the one shown in Figure 1.14, used
the natural buoyancy of warm air to circulate the air in the house. The warm air would rise through the
supply pipes and the cold air would sink through return pathways in the floors and walls. The furnace was in
the basement where the cold air would return due to its lack of buoyancy. In many cities in Europe and the
U.S., coal was delivered into the basement from the street and then shoveled by hand into the furnace to heat
the house. A furnace is a more effective method of heating a multi-room house than individual fireplaces or
stoves but a separate method of cooking is needed.

Figure 1.14. Early furnaces used the buoyancy of hot air to circulate heated air
Harmful products of combustion

In an ideal situation, the fuel would consist of pure hydrocarbon molecules, the oxidation would be complete
using only oxygen, and the only products would be carbon dioxide and water vapor. The technology of
applying these scientific principles to the real world has to deal with fuels that are not pure hydrocarbons and
combustion processes that use atmospheric gasses. The devices that apply the science of combustion to the
needs of people for heating, cooking, and lighting must minimize the undesirable side-effects.
Incomplete Oxidation
If the mixture of fuel and oxygen is not carefully controlled by the appropriate technology, it is likely that
some of the fuel will not completely oxidize. Incomplete oxidation of hydrocarbons in the fuel can create
molecules that are poisonous such as Carbon monoxide (CO) or cancer-causing such as formaldehyde
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(H2CO). Carbon monoxide is particularly dangerous to humans because it has two electrons in its outer shell
just like an oxygen atom and combines with the red blood cells in lungs like oxygen but our cells don’t
remove it, rendering the affected red blood cells useless for transporting oxygen from our lungs to our bodies.
Carbon monoxide and formaldehyde emissions are greatly reduced by controlling the mixture of fuel and air
in a closed firebox to assure that enough oxygen is mixed with the fuel. Tall chimneys are used to release the
gasses high in the air so that by the time they reach humans the concentration is much lower.
If the carbon passes through the hot part of the flame before it can be oxidized into CO2, particles of
unburned carbon—soot—exist in the smoke. The soot can collect in the chimney where it can catch fire at a
later time and burn down the house, killing its occupants, if the chimney is not constructed properly. The soot
can be inhaled where it irritates the lung tissues that respond by producing more fluids which causes
breathing problems. Soot is reduced by pulverizing solid fuels like coal to aid in complete combustion and by
routing the gasses within a stove through a second chamber that is kept hot enough to allow for additional
combustion.

Figure 1.15. Fine particles in smoke lodge deep in lungs
Environmental Impact of Burning Solid Fuels

About 4 million people burn wood, charcoal, crop waste, or animal dung.
Deforestation
The rate at which trees grow and convert sunlight into cellulose is not fast enough to keep up with rapidly
increasing populations. The trees in densely populated areas are usually cut down to clear land for farming
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and the wood is burned for fuel faster than the trees can grow back and the countryside near these population
centers is deforested. If there are other sources of cellulose such as sugar cane waste, charcoal can be made
without cutting down trees. In Haiti, 98% of the country is deforested. Students from M.I.T. are working on a
project to convert sugar cane waste into charcoal to replace wood as the source. (McClintock 2006) Loss of
forests in hilly landscapes results in soil erosion that reduces the fertility of the soil that results in lower crop
yields.

Figure 1.16. Border of Haiti (left) and Dominican Republic. DR has laws governing forestry
Animal Habitat
Cutting down trees for use as fuel changes the habitat that can cause the extinction of animals that depend
upon it. For example, the city of Goma in the Democratic Republic of Congo has 500,000 people who use
wood or charcoal for cooking. The area around Goma is deforested and fuel must be transported from everincreasing distances by bicycle. The only wood that is left nearby is found in the Virunga national park where
it is illegal to cut trees but they are cut in large numbers and partially burned to form charcoal. As a result,
the habitat for the mountain gorillas in the park is disappearing. (Lovgren 2001)

Key Takeaways


In an ideal situation, the fuel would consist only of molecules of carbon and hydrogen. They
would mix with the right amount of oxygen and produce heat, light, carbon dioxide and water
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vapor.


The amount of air mixed with the fuel can be controlled by using an enclosure (stove) with air
vents to obtain complete combustion and minimize production of carbon monoxide and
formaldehyde. The exhaust gasses can be routed outdoors using a chimney. A fireplace has less
control of the air mixture but the chimney still routes most of the gasses outdoors. A furnace
separates the combustion gasses from the air that is heated and circulated in the house.



Cutting wood for fuel can cause deforestation and loss of animal habitat.

Key Terms
Atoms
smallest unit of an element with a positively charged nucleus and layers of electrons around it

Baffle
a barrier inside a firebox to keep burning gasses in the box longer to allow for more complete combustion

Carbon monoxide (CO)
molecule of one carbon and one oxygen

Cellulose
woody portion of a plant

Chemical energy
energy stored in the bonds between atoms

Chimney
an enclosed vertical space used to trap hot gasses and create an upward draft

Combustion air
atmospheric air used to burn fuel

Covalent bond
attraction between atoms that are sharing electrons

Deforest
remove the trees faster than they can grow back

Dextrose
a hydrocarbon created by plants that stores energy in a form that can be used as food by humans

Fire
Copyright 2016 © John Preston

Page 18

the rapid, self-sustaining oxidation of fuel that produces heat and light

Firebox
enclosure in which a fire can be controlled

Formaldehyde
molecule of H2CO

Furnace
a firebox with a heat exchanger that heats air without polluting it

Heat
rapid motion or vibration of atoms and molecules

Heat exchanger
a set of connected tubes that allows the heat from exhaust gasses to be transferred into another flow of air
without contaminating it

Hydrocarbons
combinations of carbon and hydrogen atoms

Inert gasses
atoms whose outermost layers are full and that do not react readily with other atoms

Infrared
wavelengths of light that are too long to be perceived by humans

Ion
an atom or molecule that has an imbalance of charge

Light
tiny bundles of energy that also have wave properties

Methane
molecule consisting of one carbon and four hydrogen atoms

Molecules
groups of atoms

Nuclear energy
energy derived from the conversion of mass into energy when light nuclei are fused or large nuclei are split
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Nuclear fusion
combining of two light nuclei

Oxidation
combining atoms with oxygen

Photons
small bundles of light energy

Photosynthesis
process of converting light energy into stored chemical energy

Rotting
slow oxidation

Solar wind
particles emanating from the sun

Soot
unburned carbon

Temperature
measure of the average motion of atoms and molecules

Ultraviolet
light with wavelengths that are too short to be perceived by humans

Visible light
light with wavelengths that humans can perceive
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