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EUREKA!
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Now Hear This!

id you ever get water in your ears—and find that you couldn't

hear much, or that your hearing was muffled? What a relief it was
when you got the water out of your ears. You could hear sounds again.
Everything you hear starts with a vibration. Touch your throat and read this next
sentence aloud: [ can feel the vibration in my throat. Any sound—your own voice,
the phone ringing, your favourite song, a dog barking—starts with vibrations.

Alfonso Corti was a scientist with an interest in medicine. If he could tell you how
sound works







Make a Model of the Ear
You Will Need:

Scissors Plastic furmel or 1/2 metre length of
cardboard rolled 5 centimetre PVC pipe,
into a funnel shape  from a hardware, or a

home improvement store . _()

Casias >
F Radio, MP3 player, or CD

player, hooked to medium
Rubber band Tape Balloan to large speakers

., Stretch the balloon

] tightly across the s
end of the tube,
Hold the balloon
in place with a
rubber band.

Cut the end off
the balloon.

Make » fonnél mth the ; Place the funnel against the speakers,
earabased, Tape 1t ante tie with the volume on low. Turn the
other end of the tube. Ortape *  wvolume up slowly, until the balloon

a plastic funnel in place. seems to move. Be sure to protect your
hearing by never blasting the sound.

| balloon. What do you feel? Vary the
level of the sound. How does this
affect what you feel? To which parts
of the ear do the funnel, balloon, and
tube correspond?

6 Place your fingers lightly against the



WHO WOULD HAVE THOUGHT?

Those tiny hairs inside the organ of Corti make it possibie for you
to hear. You have about 15,000 hair cells in each ear. That seems
like a lot, but once they are damaged, they can't be fixed. Loud
noises—even your favourite music—can damage those hairs
and cause hearing loss. That's why you'll see lots of workers—
especially musicians—wearing ear protectors. o




Listen Closely

n the 1800s, doctors had only one way to listen to the lungs or heart.

They would rest an ear against the patient's chest and listen. René
Laénnec was a young doctor in Paris in 1816. He needed to listen to a
woman patient’s heart and lungs, but Laénnac had two problems, First of
all, he was a bit embarrassed to place his ear against her chest. The second
problem was that she was plump. That would make it difficult for him to hear
her heart and lungs in the usual way. Suddenly Laénnec had a brainstorm.

He knew that you could put your ear on a beam of wood and hear a pin being scratched
at the other end. The doctor wondered if sound would travel the same way from inside the
chest. He then rolled up a stack of paper and made a funnel of sorts. He put the small end
to his ear and the big end on her chest. It worked!




Meet Rene Laénnec

Rene Laénnec (1781-1826) spent & few vears
improving his idea. He found that & hollow tube
of wood worked well. He named his invention
the stethescope, from the Greek words for
"chest” and "to see.” He and other doctors used
the stethoscope (o treat tuberculosis, a deadly
dizease of the lungs. The stethoscope made it
passtble for doctors to hear the lungs clearty
When Ladnnee was forty-five vears old he got
very sick. His own invention confirmed that he
had muberculosis




Make Your Own Stethoscope
You Will Need:

Large plastic funnel 40 centimetres of 1 centimetre Household items that make
flexible tubing noise, such as a ticking clock

Note: Tubing is found in hardware or automotive stores. In fact, a
transmission oil funnel, found in automotive departments, comes
with tubing attached, for just under a hundred rupees.
Stretch one end of the tubing over Find things in your house to listen to:
@ the narrow part of a funnel. a running dishwasher, a ticking clock,
a timer that buzzes or rings, an iPod,
the television, your refrigerator, etc.

. Place the funnel on the object.
J Place the tube carefully by your
* ear. How is the sound changed?

™, Listen carefully to the first
object with an ear against it.







Can You Hear Me?

Invenmrs do not always set out to invent things. Thomas Watson's first
job was book-keeping, but he found it boring. Alexander Graham Bell
(1847-1922) began his career by helping deaf people learn to speak,
just as his father and grandfather had done. His experience with deaf
people led Bell to think about how sound travels. From there, he went
on to invent the telephone. He got Thomas Watson, who was working
in a machine shop by then, to help him. The two began to experiment
with the telegraph—which sent messages in a code based on clicking
sounds. They figured out that a machine that sent clicks could be fixed
to send other sounds. Like most inventions, their project progressed
through trial and error. They played with electromagnets and
receivers until they got the right result,

 quly travel
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Meet Thomas Watson
Thamas Watson {1854—-1934) brought =kills he learned in the WHO couLp

machine shop to Bell's lab The day their telephone finally
worked, they were working in different rooms. Bell spilled acid
on hiz arm. Talking into their new machine, he exclaimed, "Mr.
Watson, come here | want you™ Watson heard Bell clearly
That was the moment they knew the telephone was ready,
Given the accident, it was good timing for a voice to travel!

It was good timing in more ways than one. Several inventors
were working on voice machines at the same time, In 1876, Bell
wenl to the U.S. Patent Office to claim rights to the telephone.
Just hours after Bell made his claim, an inventor namied Elisha
CGray showed up to do the same thing. Watson was a young
man when Bell and he invented the telephone. In just a few
years he became wealthy as a result of their invention.
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Experiment with Sound

You Will Need:
i Tape measure Blindfold

, | i L Earmuftfs or
Chair

ear plugs Coloured tape Cellphone or bell A friend

Sit blindfolded in the chair. Have your friend
use tape to mark 2-, 3-, and 4- metres distances
from the chair. Mark the distance in front of,
behind, and to each side of the chair.

II|IIII|||1I|IIIr[lllllll1I|IIIIlIIrr|iIII]III|]

1 2 3 4 5 6 7 8 9 10

; Now put an earplug in or an
J earmuff over the ear. (Keep
=" the blindfold on, too!)
Have your friend stand at each of -
the places in random order and ring ﬁ/

the bell softly or ring the cellphone
on low. Say on which line you think
your friend is standing. Two metres

in front? Behind? Three metres to
the left? How many times can you
get it right? Have your friend keep \

track on paper.
Repeat the process. Is it easier or harder to » Exchange places with your friend
_ | hear with one ear covered? What effect does o and let him or her try.
" distance have? :
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WHO WOULD HAVE THOUGHT?

From 1876 to now, phones have changed. Phones
have become smaller and smaller. Wires aren't
needed to connect phones any more. Cellphones
use satellites in outer space to send signals. People
can even send text messages by phone. What would
Bell and Watson think if they saw you talking on a
cellphone as small as your hand?
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That Machine Talks

ome of the greatest inventions happen almost by accident. By 1877,

Thomas A. Edison had been inventing machines and new materials for
several years. He had already made improvements to the telephone. He had
figured out how to record a telegraph’s dots and dashes on a long strip of
paper. This paper could be used to send messages without an operator, All
that work led up to one his most famous inventions.

Imagine if he could tell you the story today:




Meet Thomas Alva Edison

Thomas Alva Edison (1847-1931) was another inventor
who was interested in how sound works. [n his case

it was because he had lost most of his hearing when

he was twelve years old. Even as a teenager, he loved

to experiment with ideas and machines. As an adult

he raced other inventors, such as Alexander Graham
Bell, to make the best machines for sending voices aver
distances. Edison is probably most famous for making an
electric light bulb that could glow for over 1,500 hotrs.
He was not the first to make an electric light, but he
made major improvements to the design. Edison loved
mventing so much, he built an “invention factory” in
Menlo Park. New Jersey

I ' was playing around with
a stylus—and I noticed

that moving it across I knew I was onto
grooves on paraffin something, so [ took apart
paper made noises. a telephone. 1 thought
maybe the vibrations of the
speaker could make marks
on the paper.
The paper didn't work well,
So [ kept experimenting with

different things. Finally, I tried
putting tinfoil on a cylinder.
I put the stylus on the tinfoil,
turned the cylinder with a
crank, and started talking.

It worked.
I could hear

e, Hellol ) myself
Mary had a little
lamb.”
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Make a Sound Machine
You Will Need:

——

Sheet of plastic wrap Rubber band

Variety of loud noisemakers: for
example, a whistle, a metal pan Large round bowl 1 tablespoon uncocked
and spoon, a bell or pan rice, salt, or cereal

Work in an area that can
| be easily swept. Scatter the
rice, salt, or cereal on the

top of the plastic wrap.

= ™, Stretch the plastic wrap over the bowl or
pan. If you don't have the stretchy kind,
use a rubber band to hold it down,

=, Make a noise nearby. " Experiment by moving the
| What happens to the noisemaker closer or farther
material that's on top away. Try putting the items on
different surfaces (wooden table, s |

of the wrap?

anything change?

glass table, kitchen chair). Does [/;/ )




WHO WOULD HAVE THOUGHT?

Long before MP3 players, people listened to music on phonographs. It took
a while for the phonograph to catch on, but not because people didn't like
music. In 1899, a phonograph cost about Rs. 6,200, That's almost Rs. 150,000
in today’s time! You also needed special cylinders to hear some of the music.
Each cylinder cost about Rs. 200—more than 3,900 rupees in today’s money.
Since then, music players have become smaller and less expensive. Now, you
can carry recorded music in your pocket.

BAND HAME
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Turn Up the Radio!

1r1 the late 1800s, inventors were tinkering with the idea of sending
messages without wires. Guglielmo Marconi became famous for

his work on the telegraph. He figured out how to send messages with
electromagnetic or “radio” waves. Those messages were hard to
understand, however. It took Reginald Fessenden to make the idea work.
He became known as the “Father of Radio.”

If he could tell his story, it might sound like this:







Receiving Radio Signals
You Will Need:

Source of music,

10 ar so pieces of paper,

rolled up and taped into
the shape of a cone

Your ear such as a radio Your hands Small kitchen funnel

e TR e T T S e e e e e e e e e e e S R
Roll your paper into the shape of | & Turn on the radio
@ a cone, with a small open end on . | @ or other source
one side and a larger | f / : of music at low

s

open end on the other.
Roll your cone so that
the larger open end is
wider than the larger
opening on the funnel.

volume. First try
listening with _
your ears alone. *
Point one ear
toward the

sound source.

T — Es——— —== e

Then cup your hand over the ear pointed to w Rﬂpeat with the funnel. Hold the small end
the sound source. See if that helps you to of the funnel next to your ear, with the
! /

hear better. Remove your hand and listen
again without the aid of your cupped hand.

s - e R T T e e =i o —— o Y

=, Repeat with the
. 5 J rolled-up paper.

S& S

larger end toward the sound. Caution: Do
not push the funnel into the ear canal.

8

r The ears alone have the smallest area t‘nr
e sound waves to enter. The cupped hand is
: wider than the ear hole alone. The funnel

is larger still. The cone is even larger.
How might this sound wave experiment
be applied to the way that radio signal
receivers are shaped?

T e e e i ki



WHO WOULD HAVE THOUGHT?

Reginald Fessenden's work resulted in more than five hundred
patents. Several of his inventions were used during World War I1.
These include the radio pager, or beeper, and the depth sounder.
They also include the tracer bullet, radio compass, and voice
scrambler. Your parents might even use one of his inventions—an
automatic garage door opener.




Ping . . . Ping . . . Ping

If you've seen the ocean, you know how huge, dark, and deep
it can be. Not being able to see in deep water was a problem
for Great Britain and the United States during World War I. The
Germans had invented the submarine and were using it for attacks.

In 1915, a German submarine torpedoed the British ship Lusitania. The ship
sank in less than twenty minutes. More than one thousand people died.

That is when Paul Langévin started work on a machine that could Tspe’
beneath the sea. He wanted to help find and destroy the submarines.

Langévin figured out how to detect sounds as far away as 655 feet (200 metres).
Yet that wasn't good enough to help much in the sea battles of World War L. So
he started experimenting with sending out a high-frequency “chirp” and timing
the echo.

That was the answerl

This device, called SONAR, for SOund NAvigation and Ranging, was
too late for World War 1. When World War 11 started, however, the US.
and British forces were ready for enemy submarines.



Meet Paul Langévin

Born in France, Paul Langévin (1872-1946) was a gifted scientist
who was active in social causes. He believed in human rights

and peace—and spoke out against the Nazis: In 1940, he was
arrested by the Germans, Fortunately, he escaped to Switzerland
in 1944, Langévin was also fortunate to know other great scientists
of his time. He knew Albert Einstein, who came up with famous
theories about energy, and Marie Curie, the well-known chemist
Infact, Langévin's grandson married Marie Curie’s granddaughter

Y TO CATCH ON!

I THINK THIS
INVENTION 1S GOING




Experiment with SONAR
You Will Need:

Slinky often sold at 3 handballs, or rubber balls

toy and party stores 6 centimetres wide, and 3
or coiled spring assistants to bounce them Chair Short stepladder

_ Next, ask an assistant to stand
J on the stepladder. Have one

* friend sit on the floor. Have the
other sit on the chair.

First, show how sound waves travel by stretching
@ a Slinky between yourself and a friend. Don’t
stretch it too far. Give a quick push to the Slinky
or coiled spring. The “waves” move away like
sound waves. With enough of a push, the waves

bounce back, much like sound waves bounce
back in SONAR. Practise a few times to see

both effects.

¥ e
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Practise saying, “One-two-three-drop!” a few Once you are ready, drop the
times. Each person needs to drop the rubber

balls on the count of three. Your
ball at the same time and then catch it when

assistants should say, “Caught!”
it bounces up. (No one should throw the ball when they catch their balls.
down; just let it drop.)

|

P Ask: Which ball takes the longest
J to catch? How does that relate to
' SONAR? How could this be used

to find the different depths of the
ocean floor?
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WHO WOULD HAVE THOUGHT?

Sound waves are important to animals, too. Whales, dolphins, seals,
and porpoises send out “clicks” or sound pulses. They hope that the
echoes will tell them where they can find their next meal. Bats use a
kind of SONAR, too. Their sounds are so high-pitched that humans
can't hear them. The bats use the echoes to navigate. So the next time
someone uses the expression, “blind as a bat,” you can explain about
echolocation and that bats “see” just fine.










Glossary

beeper Device that can receive
messages and alert the user to them.

cellphone Wireless telephone that
sends and receives signals using
satellites and signal towers.

cochlea Snail-shaped part of the inner
ear that holds the organ of Corti.

cylinder Object that has a round base
and straight sides.

depth sounder Device that measures
how deep the water is under a ship.

ear-drum Thin membrane that
separates the outer ear from the
middle ear.

ear protectors Often referred to
as earplugs. they help prevent hearing
loss from noise.

echolocation Use of sound to locate
objects by collecting echoes that bounce
back from these objects.

electromagnet Metal core wrapped
with wire coil that acts like a magnet when
electric current flows through the wire,

electromagnetic Type of energy

formed in waves, such as radio waves
and light waves.

30

generator Machine that changes
mechanical energy to electrical energy.

garage door opener, automatic
Device that signals a motor to raise
or lower a garage door.

grooves Tracks in a record for the
stylus or needle to follow:

hair cells In the organ of Corti, the tiny
receptors for what mammals hear.

inherited To have received something of
value from people who lived before you.

inner ear Deepest part of the ear;
contains the Organ of Corti and
the cochlea.

marquis Type of nobleman in some
European countries.

membrane Thin layer of tissue.

microphone Device that changes
sound into an electrical signal.

middle ear Part of the ear between
the eardrum and the inner ear.

organ of Corti Organ deep in the
inner ear that has hair cells that send
messages about what is being heard to
the brain.



outer ear Part of the ear that can
be seen.

paraffin paper Paper lightly coated
with a waxy substance.

phonograph Device that plays
recorded sound.

radio broadcast Spoken or musical
program sent by radio waves.

radio compass Device that tracks the
location of incoming radio waves.

radio waves Electromagnetic
waves used to send information.
See electromagnetic.

receiver The part of a radio that
receives the incoming signals or waves.

satellite Device designed for
communication that orbits in space.

SONAR (SOund NAvigation and
Ranging) Technology that uses echoes
to locate objects under water,

stethoscope Device for listening to
the internal sounds of the body.

stylus Like a pen, used for writing
or making marks on something other
than paper.

telegraph System that sends and
receives messages by sending electric
impulses over wire.

telephone Instrument that changes
sounds into signals for sending
and receiving.

tinfoil Paper-thin sheet of metal;
usually aluminium or a combination
of tin and lead

torpedo Explosive device fired
from a submarine.

tracer bullet Bullet that marks its
path with a trail of smoke or light.

transmitter Device that sends
electromagnetic signal,

tuberculosis Disease that affects the
lungs, causing coughing, fever, chest
pain, and, sometimes, death.

U.S. Patent Office Government

office that grants patents to inventors.

A patent is an official document awarded
by the government giving an inventor
the exclusive right to make and

sell something,

vibration Back and forth movement
in a regular pattern.

voice scrambler Device that mixes up
audio signals.
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EUREKA!

I’ve discovered

SOUND

The world is filled with the most wonderful sounds! But do
you know how sound is made and why you hear it? This
book explains everything you ever wanted to know about
sound, and lets you do your own experiments to prove it.
The graphic-arts illustrations of the famous scientists and
inventors who experimented with sound explain even more!
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