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Evé&one kno\what alaw isys | ! Fﬁ,\iﬁi\)ﬁ} W‘U :
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lheymust or must not do.-¥aws tell us '7]\131?{({1 7 ﬁ%lﬁ;ﬁé 9=
N ot ko
lhuL.WG shouldn’t drive fastar thari'the '71%{%{53@@/ Rifil, %

legal speed limit, that we must not take k”‘%ﬁ' UNIE L M\r} SRS e

someone else’s property, that we must rﬁ%ﬁ! j s
S

pay taxes on our income each year.

Where do these laws come from? B MR SRR 7 E
In the United States and other demo- [FHEHMRE FE%E, FREHE
cratic countries, laws are created by  AEXI R FEFIERY, s EE
elected representatives. These men  Z&iHEMITANA Y. Ay
and women discuss which ideas they L%, IR 5l fi 148 2 b s MR L4
think would be fair and useful. Then  E{IF i i,
they vote to decide which ones will

actually become laws.
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But there is another kind of law,
a scientific law. You probably have
heard about Albert Einstein’s law of
relativity, for example. Among other
things, it tells us that nothing in our
universe can go faster than the speed
of light. Where did that law come
from, and what could we do if we
decided to change it?

The law of relativity is very dif-
ferent from a traffic speed limit or a
law that says you must pay your
taxes. Speed limits are different in
different places. On many interstate
highways drivers can travel 105 ki-
lometers (65 miles) per hour. On
crowded city streets they must drive
more slowly. But relativity tells us
that light travels at exactly the same
speed no matter where it is or where
it came from. In the country or the
city, in France, Brazil, the United
States, or even in interstellar space,
light travels at 300,000 kilometers
per second (186,000 miles per

second).
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Sometimes people break laws.
When the speed limit is 88 kph (55
mph), people often drive 97 kph (60
mph) or even faster. But what hap-
pens when you try to break the law of
relativity? You can’t. Here on Earth,
if you accurately measure the speed
of light a thousand times, it will al-
ways travel at the same rate. It will
never be faster or slower.

The law of relativity doesn’t ap-
ply just when people are around,
either. We know that the law stays in
effect whether people are watching or
not. The law of relativity 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, predict-
able way. You have probably noticed
some of these patterns in our world

yourself,
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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 when-
ever 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 go faster or slower, its speed re-
mains the same. We cannot change
it; we can only describe it. 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 universal laws. That
means they are true not only here on
Earth, but elsewhere throughout the
universe too. 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
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in between. All the evidence that sci-
entists have gathered about the other
planets and stars in our universe tells
us that the scientific laws that apply
here on Earth also apply everywhere
else.

In the history of science, some
laws have been found through the bril-
liant discoveries of a single person.
The law of relativity; for example, is
the result of Albert Einstein’s great
flash of individual understanding. But
ordinarily, scientific laws are discov-
ered through the efforts of many
scientists, each one building on what
others did earlier. When one scientist
receives credit for discovering a law,
it’s important to remember that many
other people also contributed to that
discovery. Even Einstein’s discovery
was based on problems and questions
that many other scientists had been
working on for years.

Scientific laws do change, on rare

occasions. They don’t change because
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we tell the universe to behave
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.

Relativity is good example of
this. In the 1900s, scientists had be-
lieved that they should be able to
measure differences in the speed of
light, depending on whether the light
source-a star for example-was mov-
ing rapidly toward us or away from
us. They kept trying more and more
accurate experiments. But better mea-
surements still didn’t show any
difference. The speed of light always
measured the same 300,000 kilome-
ters per second. Einstein finally real-
ized that there was nothing wrong

with the experiments. Instead, the
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speed of light was always the same
no matter where or when it was
measured. This idea meant that sci-
entists had to look at many of the laws
of the universe in a completely new
way that seemed very different from
everyday experience.

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 equa-
tions in science. But don’t let the math
fool you. It’s simply a mathematical
way of saying that mass (m), or
matter, can be changed into energy
(E). Writing it this way lets scientists
compute the amount of energy con-
tained in a certain amount of matter.

The science of matter and energy
and how they behave is called physics.
In the hundreds of years that physi-

cists have been studying our universe,
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they have discovered many natural
laws. In this book, you’ll read about
several of these great discoveries.
There will be some simple experi-
ments you can do to see the laws in
action. Read on, and share the fasci-
nating stories of the laws that reveal

the secrets of our universe.

T, RRER LR ERE
Bl VR CABUL A B L R R
BERENER., BEET
K, RO FARLIBR T F i B
AER KRBTSRI,

fascinating a. & A#, ## kA3l H&



road in your tdm1l~y s car. Tl!e

Plcture ySurselfnc?mg d'\ntht*i*ﬁ‘fgﬁ'mﬁg Hﬂ!E :

#Ex-m: g >

: gt | joaens wman
Wometer says that you #re travel-  {fIE LAEE/NE 80 K (50 )

ing 80 kilometers (50 miles) pe mrmr@m {021

9 P i

But how fast are you really going? If #ﬁ?‘ﬁ{Wﬁ/b S 1rJ~
you look out the window, you’ll se¢ ‘ é’&}L?*T? VAEE /NI 80 T2

the countryside moving past you at 80
kilometers per hour. But if you look
at the person sitting next to you in the
car, it looks as if he or she isn’t mov-
ing at all. You’re both sitting perfectly
still. Are you really moving or not?
If you think about the situation

further, it gets even more puzzling.

Your car is traveling on the surface of
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Earth. Earth is rotating on its axis at
about 1,700 kilometers (1,000 miles)
per hour, and so is everything on it.
Perhaps you are really moving that
fast.

But wait. Earth is traveling
around the Sun at a speed of 30 kilo-
meters (about 20 miles) per second.
And the solar system is moving
through our galaxy at a speed of about
240 kilometers (150 miles) per
second. Which is the correct speed for
your car? The answer is: It depends
on what you’re comparing your speed
to. You can’t measure speed unless
you choose something to measure it
against. Your car’s speedometer mea-
sures your speed by comparing it to
the road, which it considers to be
standing still.

Suppose you toss a ball up and
down as you sit in your car riding
down the road. You would see the ball
going straight up and down. But

someone standing by the roadside
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