SCIENCE 101

BACKGROUND BOOSTERS FOR ELEMENTARY TEACHERS s

Q: If a tree falls in a forest, and there’s
no one around to hear it, does it make a

sound?

By Matt Bobrowsky
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° You might have heard
that there’s no definitive
@ answer to this question.

But there is an answer! The answer
hinges on what we mean by sound.
So let’s start by learning a bit about
sound. It might not come as a surprise
that there’s more than one meaning
of that word. One definition states
that sound is vibrations that travel
through the air—or, for that matter,
through anything, solid, liquid, or
gas. So if you're going to teach about
sound, the first thing to do is to make
sure that students understand what
“vibrations” are.

Vibrations can be described most
simply as rapid shaking back and
forth. But better than merely describ-
ing them would be to let students ex-
perience them. Here are some things
they can try:

Working in pairs and wearing
goggles, one student can firmly hold
a ruler down on a table with one end
hanging off the edge. The other stu-
dent can gently push down the end
that’s hanging out and release it, so
that the ruler vibrates (Figure 1).
They should experiment with differ-
ent lengths of the ruler hanging off
the edge.

Don’t forget ... you can use science
activities to have students practice
their writing skills. Does each student
have a science notebook or journal?
Students can write down their obser-
vations and what they think is going
on. What did they notice when they
released the ruler? (The ruler vibrat-

72 .

Science&Children

DD YOU

ed, and it made a sound.) How did
the sound change when there was a
different amount of the ruler hanging
off the edge? (The more of the ruler
that was past the edge of the table, the
lower the pitch. The less the ruler was
sticking out, the higher the pitch. If
necessary, precede all this by a review
of pitch.)

The first thing students should
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conclude is that vibrations produce
sound. What other examples can stu-
dents come up with that demonstrate
vibrations that make a sound? It could
be as simple as stretching a rubber
band between two fingers and then
plucking it. (Goggles are necessary
when working with rubber bands.)
It vibrates and makes a sound. Do
some of your students play a musical



FIGURE 1
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Make vibrations with a ruler,
and hear how vibrations make
sounds.

instrument? They all involve vibra-
tions. When you pluck a string on an
acoustic guitar, it vibrates. The string
itself doesn’t make a whole lot of
sound because the string is very thin
and doesn’t hit many air molecules
as it vibrates. However, the vibrating
string causes the wooden body of the
guitar to vibrate. That vibrating wood
has a large area, so it hits a lot of air
molecules, producing a lot of vibra-
tions in the air, 1.e., a lot of sound.
When we speak or sing, there are

FIGURE 2

Plucking a stretched rubber
band shows how a tighter
stretch produces higher-
pitched sounds.

folds of tissue in our throat that vi-
brate. These are commonly called
vocal cords, although a better name
for them is vocal folds, as they are not
cords. (See the link to a brief descrip-
tion of vocal folds in the Internet
Resources.) Students can feel the vi-
brations from their vocal folds if they
put their fingers on their throat while
humming a low-pitched tone. Men
and women have different size vo-
cal folds. Adult male voices are usu-
ally lower pitched than female voices
due to longer and thicker vocal folds.
The vocal folds of children are much
shorter than those of adult males and
females, so children’s vocal folds
vibrate faster, producing a higher-
pitched voice. We adjust the pitch of
our voice to sing a high note or a low
note by adjusting the tightness of
our vocal folds. The tighter they’'re
stretched, the higher the pitch.
That’s also true for guitar strings—
the higher-pitched strings are more
tightly stretched strings. The tighter
strings vibrate faster, which is why
they have a higher pitch.

It's easy to investigate how the
tightness of the string affects the
pitch. If we go back to our stretched
rubber band (see Figure 2), while one
student is plucking the rubber band,

the other student—the one stretch-
ing out the rubber band—can vary
how much it’s stretched and change
the pitch of the sound. The more
tightly stretched rubber band creates
a higher-pitched sound because it vi-
brates faster.

Something else students can learn
is that our ears detect vibrations. But
this raises a question: How did the vi-
brations get from the vibrating ruler
to our ears? Usually vibrations get to
our ears through the air. Remember
that air is made of molecules? So, as
the ruler vibrates, it repeatedly push-
es on air molecules. And those mol-
ecules push on the next molecules,
which push on the next molecules,
and so on, sort of like a line of falling
dominoes. Except, unlike dominoes,
the air gets pushed out in all direc-
tions. You get a bunching up (com-
pression) of air molecules, and that
bunching up moves outward in what
scientists call a pressure wave. You
can see a pressure wave with a Slinky.
Stretch out the Slinky along the floor
or on a long table with one student
holding each end. One student holds
the end still, while the other student
quickly moves her hand toward and
away from the other end (see Fig-
ure 3). While the student shakes one

FIGURE 3
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sound waves in the air.
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Make pressure waves (or compression waves) with a Slinky, similar to

this hand
remains stationary
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Tie a string onto the Slinky to see that the parts of the Slinky only
vibrate but do not travel down the Slinky with the waves.

end of the Slinky to and fro, pressure
waves (or compression waves) can
be seen traveling along the Slinky.
Note that to make these compression
waves, the end of the Slinky is not
shaken side to side, but toward and
away from the other student.

Like the wave formed by bunched-
up sections of the Slinky, bunched-up
air molecules also create a wave that
travels through the air. Now let’s tie a

short piece of yarn or string onto the
Slinky, as shown in Figure 4.

Now when students make com-
pression waves, they can see that,
while the wave moves along the entire
length of the Slinky, any particular
piece of the Slinky—Ilike where the
string is tied on—is only shaking back
and forth (or vibrating). Although
we see waves traveling the length of
the Slinky, the yarn shows us that no

FIGURE 5

See sound waves make vibrations in tightly stretched plastic wrap.
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part of the Slinky actually travels that
distance. Similarly, when a compres-
sion wave moves through air, carry-
ing sound from the ruler to your ears,
the individual air molecules don’t
travel that distance; they only vibrate
back and forth, like the string on the
Slinky. Remember, a compression
wave of vibrating molecules traveling
through the air is what we call sound.
It’s those vibrations of air molecules
that our ears detect.

Not only do vibrations create
sound but also vice versa: Sound can
make things vibrate. Have students
try this: Cover a bowl with plastic
wrap, stretch it tight, and put a rub-
ber band around it to hold the plas-
tic in place. Sprinkle some salt on
the plastic (see Figure 5). Now take a
pot and, while holding it close to the
bowl, hit it hard with a large spoon.
What do you observe? The plastic vi-
brates, making the salt jump around.
How did that happen? Hitting the
pot makes the pot vibrate. The vi-
brating pot hits air molecules and
makes them vibrate. The vibrations
travel through the air in all directions.
Some of the air vibrations reach your
ears, so you hear a loud sound. At the
same time, some of the air vibrations
reach the plastic, so the vibrating air
molecules hit the plastic and make it
vibrate. And then the vibrating plas-
tic makes the salt bounce around. You
can also place a speaker next to the
bowl, play some loud music with a lot
of percussion, and see the salt dance
to the music!

If sound 1s vibrations, then the fall-
ing tree certainly does make a sound,
because it produces vibrations in the
air. Even if there’s no person or other
animal around to hear the sound, a
recorder with a microphone could
certainly record those vibrations—as
sound.

But wait! Remember in the first
paragraph I said that there’s more
than one definition of sound? Another
definition is that sound is the sensa-



tion we experience when our ears de-
tect those vibrations and send infor-
mation about those vibrations to the
brain. In other words, by this second
definition, sound is what we hear, 1.e.,
the perception in our brains.

So if sound is what we hear, and
no one 1s around to hear the tree fall,
then it doesn’t make a sound! That’s
opposite to the answer we had ear-
lier. Which answer is correct? Here’s
how to know: When someone asks
you, “If a tree falls in a forest, and
there’s no one around to hear it, does
it make a sound,” first ask, What do
you mean by sound? Define sound!

Once you hear the definition they’'re
using, you'll know the answer. If they
say that sound is vibrations in the air,
then the answer is yes! If they say that
sound is only what a person hears,
then the answer is no.

This illustrates how we need to
be precise as we formulate scien-
tific questions. One last point about
sound: Some sounds are too low or
too high for humans to hear. A sound
that’s too low for us to hear is called
infrasound. Some infrasonic sounds,
which we cannot hear, can be heard
by whales. A sound that is too high
for us to hear is called ultrasound.

While we can’t hear it, some other
animals, like dogs or bats, might be
able to hear it. Apparently, we (hu-
mans) don’t need to be able to hear a
vibration for it to be sound. Does that
sound reasonable?

Never stop learning! ®

INTERNET RESOURCES

Brief overview of vocal folds
https./wiki.kidzsearch.com/wiki/
Vocal_folds

Music with a vibrating ruler
www.youtube.com/watch?v=_
JhXLLPMzZk
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Matt Bobrowsky (matt@msb-science.com) is the lead author of the NSTA Press book series, Phenomenon-Based
Learning: Using Physical Science Gadgets & Gizmos. You can let him know if there’s a science concept for which you

would like to see more of an explanation.
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