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WHar TS a NaturaL Law?

Everyone knows what a law is. It’s a rule that tells
people what they must or must not do. Laws tell us
that we shouldn’t drive faster than the legal speed limit,
that we must not take someone else’s property, that we
must pay taxes on our income each year.

Where do these laws come from? In the United States
and other democratic countries, laws are created by
elected representatives. These men and women discuss
ideas they think would be fair and useful. Then they
vote to decide which ones will actually become laws.

But there is another kind of law, a scientific law.
You may have heard about the law of conservation of
energy, for example. It says that energy—such as heat,
light, motion, or electricity—can neither be created nor
destroyed. Where did that law come from? Who made
it, and what could we do if we decided to change it?

The law of conservation of energy is very different
from a speed limit or a law that says you must pay your

taxes. Speed limits are different in different places. On



8 SECRETS OF THE UNIVERSE: MATTER

many interstate highways, drivers can travel 65 miles
per hour. On crowded city streets, they must drive more
slowly. But the law of conservation of energy works
exactly the same way no matter where you are. In the
country or the city, in France, Brazil, or the United
States, you can’t create energy out of nothing, or make
it disappear either.

Sometimes people break laws. When speed limit signs
say 55, people often drive 60 or even faster. But what
happens when you try to break the law of conserva-
tion of energy? You can’t. There are no magic words or
special procedures you can use to make heat or light
suddenly appear or to cause them to simply vanish.

The law of conservation of energy doesn’t apply
just to people, either. All things obey this law: plants,
animals, water, stones, even planets and stars. And the
law stays in effect whether people are watching or not.

The law of conservation of energy is a natural law,
or a rule of nature. Scientists and philosophers have
studied events in our world for a long time. They have
made careful observations and done many experiments.
And they have found that certain events happen over
and over again in a regular, predictable way.

You have probably noticed some of the same things
yourself. Conservation of energy is a good example. Heat
and light don’t just appear or disappear. You know that
from your own experience. A magician might seem to
light an electric bulb that isn’t connected to any wires
or other energy source. But we know it’s a trick. What
makes the trick interesting is that we know it’s not re-

ally possible for him to have done it.
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A scientific law is a statement that tells how things
work in the universe. It describes the way things are, not
the way we want them to be. That means a scientific
law is not something that can be changed whenever
we choose. We can change the speed limit or the tax
rate if we think they’re too high or too low. But no
matter how much we want to make light magically
appear or cause a distant object to move, conservation
of energy remains in effect. We cannot change that
fact; we can only describe what happens. A scientist’s
job is to describe the laws of nature as accurately and
exactly as possible.

The laws you will read about in this book are uni-
versal laws. They are true not only here on earth, but
also throughout the universe. The universe includes
everything we know to exist: our planet, our solar
system, our galaxy, all the other billions of stars and
galaxies, and all the vast empty space in between. All
the evidence scientists have gathered about the other
planets and stars in our universe tells us that scientific
laws in effect here on earth also apply in other parts
of the universe as well.

In the history of science, some laws have been found
through the brilliant discoveries of a single person. But
ordinarily, scientific laws are discovered through the
efforts of many scientists, each one building on what
others have done earlier. When one scientist receives
credit for discovering a law, it’s important to remem-
ber that many other people also contributed to that
discovery.

Scientific laws do change on rare occasions, but
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they don’t change because we tell the universe to be-
have differently. Scientific laws change only if we have
new information or more accurate observations. The
law changes when scientists make new discoveries that
show the old law doesn’t describe the universe as well
as it should. Whenever scientists agree to a change in
the laws of nature, the new law describes events more
completely, or more simply and clearly.

The law of conservation of energy is a good example
of this. In the early twentieth century, Albert Einstein
realized that matter (or mass) can be transformed into
energy. The energy doesn’t just appear from nowhere.
It is actually matter changed to a different form.

Einstein also discovered that high levels of energy
can add to an object’s mass. As an object accelerates
toward the speed of light, gaining energy as it does, it
becomes more and more massive. So modern science
no longer identifies separate laws of conservation of
energy and conservation of mass. Instead, there is one
law—the law of conservation of mass-energy.

Natural laws are often written in the language of
mathematics. This allows scientists to be more exact
in their descriptions of how things work. For example,
you've probably heard of Einstein’s equation: E = mc?.

It’s one of the most famous equations in science. But
don’t let the math fool you. It’s simply a mathemati-
cal way of saying that mass (m) can be changed into
energy (E). Writing it this way lets scientists compute
the amount of energy contained in a certain amount
of matter.

The science of matter and energy, and how they
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behave, is called physics. In the hundreds of years
physicists have been studying our universe, they have
discovered many natural laws. In this book, you’ll read
about several of these great discoveries. There will be
some simple experiments you can do to see the laws
in action. Read on, and share the fascinating stories of

the laws that reveal the secrets of our universe.






11

THe Law oF CoONSERVATION oF Matter

Magicians love to make objects appear and disappear.
Coins suddenly appear behind someone’s ear, a rabbit
pops out of an empty hat, or a beautiful woman van-
ishes into thin air. Almost every magician depends on
mysterious appearances and disappearances for many
tricks.

When we see a magician make something appear or
disappear, we're fascinated. Why? We’re amazed because
we know that in real life objects don’t simply appear or
vanish. We know we can’t turn something into nothing
or nothing into something. Without realizing it, we’re
using the law of conservation of matter.

The law of conservation of matter is usually stated
like this: Matter can neither be created nor destroyed.
Matter, of course, is stuff. It is any kind of stuff—solid,
liquid, or gas. The law of conservation of matter says
that whatever anyone does to an object, the matter
it is made of will continue to exist, in some form or

another. This law is also known as the law of conserva-

13
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tion of mass. Mass is the measurement of the amount
of matter any object contains.

A rock is a piece of matter. Let’s use it as an example.
Suppose we hit our rock with a sledgehammer and
break it into pieces. Is the rock still there? Of course.
It has just changed form.

Let’s grind our pieces of rock into a fine powder
and toss it up into the wind. The powder blows away.
Have we destroyed anything? No. The same amount of
rock still exists, but now it has become tiny particles
scattered far and wide.

Perhaps some of our rock powder falls into a farmer’s
field. A corn plant absorbs some of the minerals through
its roots. The rock becomes part of the corn plant, but
it still exists. If we eat the corn, the minerals become
part of our body. Still nothing has been destroyed.

Suppose we wanted to try these experiments, but
we didn’t have a rock. No matter where we looked, we
just couldn’t find a rock! Could we create one? Could
we say some sort of magic spell that would make a rock
appear from nowhere? Of course not. It seems very
clear that matter cannot be created, either.

But grinding a rock into powder is just a physical
change. No matter how fine we grind the rock, it’s still
rock. In chemical reactions, totally new substances are
formed. For example, when we mix vinegar and bak-
ing soda, carbon dioxide gas is formed. The gas wasn’t
there before the reaction took place. Has new matter
been created? Has any of the vinegar or baking soda
been destroyed?

Fire is another type of chemical reaction. Think



No matter how we change the form of a rock, the material the
rock is made of will never disappear.

about what happens when you burn a piece of paper.
You start out with a full-sized sheet of paper, but after
the flames die out, all that’s left is a little pile of ash. If
you weigh the paper before and after you burn it, you’ll
discover that the paper weighs much more than the
ashes that are left behind. It certainly looks as though
matter was destroyed by fire. If you had been a scientist
in the early 1700s, this would have been one of your
biggest puzzles.

There’s another side to this same problem. Scien-
tists in the 1700s also knew that if you heated certain
chemicals, such as iron powder or mercury, they would
change appearance and get heavier! It seemed that new
matter was being created as they heated the metal.

It took one of the world’s great scientists, Antoine-
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Laurent Lavoisier, to figure out what was happening.
And it is the Frenchman Lavoisier who is given credit
for first stating the law of conservation of matter.

Before Lavoisier, scientists explained that objects lost
weight when they burned because they combined with
a substance in the air called phlogiston. Phlogiston was
supposed to have negative weight, so a burning sub-
stance that combined with it would get lighter instead
of heavier. Metals were supposed to give off phlogiston
when heated, which explained why they got heavier.
The trouble was, nobody had ever seen phlogiston or
been able to collect it in a laboratory.

Lavoisier realized that the reason no one could find
phlogiston was because it wasn’t there. He discovered
that when things burn, they combine with oxygen, a
gas in the air. Sometimes this burning creates other
gases. The gases blow away, leaving only a little bit of
ash. It might look as though matter has been destroyed,
but it has actually changed form, become a gas, and
entered the atmosphere. If you carefully trapped and
weighed all the gases produced when a sheet of paper
burned, you would find that all the matter from that
paper still existed.

Lavoisier heated measured amounts of mercury and
iron in closed containers and noted that they changed to
rust-like substances. These reddish substances (oxides)
weighed more than the original metals. But there was
also less air inside the closed containers. The amount
of air that had been used up was equal to the amount
of weight that the metals had gained. Lavoisier realized

that no new matter had been created. Instead, the metals
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had combined with a portion of the air, which Lavoisier
called oxygen. After many experiments, Lavoisier was
sure that, while substances might change form or com-
bine with other substances, matter could not be created
or destroyed in ordinary chemical reactions.

So when you mix vinegar and baking soda, nothing
is created or destroyed. The two chemicals react with
each other and form other substances, including carbon
dioxide gas. The same amount of material is still there.
It has simply changed form.

Why was the law of conservation of matter so im-
portant? If scientists knew matter couldn’t be created
or destroyed, they could weigh their chemicals care-
fully, conduct their experiments, and figure out how
elements combine to form various compounds. Only

after Lavoisier and others realized that matter couldn’t
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Lavoisier heated mercury in a sealed container to prove that
matter is neither created nor destroyed.
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be created or destroyed could chemistry become an
exact science. For this and other great contributions,

Lavoisier is usually known as the founder of modern
chemistry.





