
WORDS INSIDE

FOUND INSIDE “HAVE YOU 
HEARD OF SOUND ART? …”
poignant | Evoking a keen 
sense of sadness or regret 

FOUND INSIDE “THERE ACTUALLY 
IS SOUND IN OUTER SPACE …” 
oscillate | Varying in 
magnitude or position in  
a regular manner around  
a central point

concentric | Denoting 
circles, arcs, or other 
shapes which share the 
same center, the larger 
often completely  
surrounding the smaller

relativistic | accurately 
described by the theory  
of relativity; relating 
 to relativism

FOUND INSIDE “THE LOUDEST 
SOUND IN MANKIND’S HISTORY …”
pedantic | a quality of 
something that is similar 
to a pedant (one who is 
excessively concerned with 
minor details and rules) 

FOUND INSIDE “HOW DO 
DOLPHINS USE ECHOLOCATION …” 
topographical | relating to 
the arrangement or accu-
rate representation of the 
physical features of an area 

metabolic | relating to or 
deriving from the metabo-
lism of a living organism 

•••

Dear Artists, Creators, Friends,

Close your eyes and take a second think of your favorite sound — maybe it is the sound 
of rain or wind in trees. Whatever your chosen sound was, it likely prompted some 
level of emotional response when you focused on it. Sound elicits emotional reac-
tions because the sensory cortex in your brain, which is responsible for interpreting 
all signals based on the senses, connects audio with emotional information about 
how the sound makes you feel. The brain does this as a protection mechanism to 
help people make split second decisions based off the sounds in their environment. 
Although human society has evolved and we don’t always use sound as a protection 
mechanism, it is still necessary as means of communication. Humans use sound to 
create songs, speak, and tell stories. Sound is essential to human connectivity and 
ensure that we have a way to connect with one another on a meaningful level. Sound 
in its most basic explanation is just vibrations created by movement that can move 
through gas, liquids, and solids. Much like waves at the oceans, sound moves in waves 
and oscillates up and down. When our brain perceives these waves that move through 
air, that is when it is recognized as sound. 

Humans are not the only creature that heavily utilize sound though. Animals like dogs, 
birds and frogs use vocal sounds to communicate like humans do. Other animals, specif-
ically insects, produce mechanical sounds by rubbing body parts together. Fish can 
produce sound by taking air in and contracting their sonic muscles. This produces short 
pulses. Sounds made by marine animals have an otherworldly quality because sound 
waves in water can travel much faster than in air. Animals can use sounds to find food, 
warn off predators, find mates, or communicate with their pack. Overall, there is one 
consistency when talking about sound, whether that be from humans or animals. Sound 
is necessary for understanding and creating community. We hope you enjoy reading 
about sounds and how they are created and used in this edition of The Warbler. 

Katie and the APAEP team

“I just enjoy the sound as I hear it in  
everything around me. The high and low 
frequencies of sound bewitch me. Whether I 
am in a shop, in the bathroom or listening to the 
noise that my fans make … everything is music 
to my ears and drives me.” SIVAMANI // Indian percussionist
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Have You Heard of Sound Art? 
Sonic Artists to Know
BY COLLEEN HOCHBERGER | Art Space | July 25, 2019

The American musician and soundscape ecologist 
Bernie Krause once said, “While a picture might be 
worth a thousand words, a soundscape is worth a 
thousand pictures.” The deeply emotional and vastly 
expressive nature of sound makes it a powerful art form. 
While sound art is still a relatively young discipline, 
it’s exploded in popularity in recent decades. But how 
can you tell whether a work falls under this category? 
It’s tricky, especially since the definition of sound art 
isn’t so clean cut, and doesn’t necessarily include every 
piece of art that makes noise. Like much contemporary 
art, sound art is interdisciplinary, spanning diverse 
genres from installation, film, and experimental music 
to interactive technology and spoken-word poetry—
the commonality being that sound is employed as the 
primary medium. And while other art might utilize 
sound or music in the background, sound art tends to 
apply noise as an art experience in and of itself. 

CHRISTINE SUN KIM | Born 1980, Orange County, CA
Lives and works in Berlin, Germany
Christine Sun Kim’s mission is to “unlearn sound 
etiquette.” Deaf since birth, the artist is discon-
nected from sound as most people experience 
it, and is interested in deconstructing the societal 
conventions surrounding it. In 2013, Kim’s work was 
included in MoMA’s first major exhibition of sound 
art, Soundings: A Contemporary Score. While her proj-
ects usually incorporate audio components, sound 
is used in her practice as something to be objectified 
and displayed in a new light. Currently, you can view 
her work at the Whitney Biennial, which consists of 
six large-scale charcoal drawings depicting “degrees 
of deaf rage” while navigating the hearing-centric 
world. The humorous but poignant series will make 
you seriously check your hearing privilege.

ZIMOUN | Born 1977, Bern, Switzerland 
Lives and works in Bern, Switzerland
Self-taught Swiss artist Zimoun explores mechanical 
rhythm and flow in prepared systems through installa-
tions that incorporate everyday industrial objects. For 
example, one of his minimalist kinetic structures 435 
prepared dc-motors, 2030 cardboard boxes 35x35x35cm 
consisted of cardboard boxes, wires, and DC motors. 

The boxes, which hung from the ceiling and were set 
in motion by the motors, gently collided against one 
another in a rhythmic motion creating a sound remi-
niscent of the soundscapes in Godfrey Reggio’s film 
Koyaanisqatsi. Zimoun has exhibited internationally, 
including recent solo exhibitions at the Museum of 
Contemporary Art Busan in Korea and the Museum 
of Contemporary Art MAC in Santiago, Chile.   

CHRISTIAN MARCLAY | Born 1955, San Rafael, CA
Lives and works in London, UK
Christian Marclay’s works transform sound and music 
into a physical form through a variety of media such as 
photography, sculpture, music, video and collage. The 
Swiss-American artist began exploring sound and art 
in 1979 through turntable performances, and is accred-
ited with inventing “turntablism,” or altering sounds 
using multiple turntables. Perhaps his best-known piece 
is the critically acclaimed video installation The Clock 
(2011)—a 24-hour long montage depicting thousands 
of different clocks while utilizing sound and music to 
outline the passage of time. Marclay’s work has influ-
enced musicians, artists, and thinkers; and he’s collab-
orated with numerous musicians including John Zorn, 
Elliott Sharp, Zeena Parkins and Sonic Youth.

MARINA ROSENFELD | Born, 1968, New York, NY
Lives and works in Queens, NY
Since the early ‘90s, Marina Rosenfeld’s work has been 
leading innovative practices in sound and art. Her art 
focuses on creating transformative musical situations 
through amplified sound, bodies, and space. And like 
Christian Marclay, she’s performed as an experimen-
tal turntablist. Rosenfeld has created conceptual 
orchestras of single instruments, chamber and choral 
works, and acclaimed performances. Her recent work 
Music Stands (2019), which was on view at The Artists 
Institute in New York, is an installation of three metal 
frameworks that support microphones and speakers. 
Through modulated sounds, recordings of Rosenfeld’s 
own voice, and reflective panels, the artist highlights 
the volatile physicality of electronic sound.  

mEdited for space and clarity

ART

“Your 
limitations 
create your 
sound.”

NORAH JONES // 
American singer, 
songwriter, and  
pianist



ALABAMA PRISON ARTS + EDUCATION PROJECT 

3

How Do Dolphins Use Echolocation?
You can learn a lot from 4.5-billion-year-old rocks.

FROM NORTH AMERICAN NATURE 

When a dolphin is swimming, they use a low-fre-
quency echolocation signal made up of a pure tone. 
The tone is a click and acts like a ship’s echo sounder, 
helping the dolphin with information on the water 
depth, seafloor profile, and coastal areas.

The clicks they use scans the area, and the time 
interval between the sounds, along with the strength 
of the returning signals, give them this information. 
Dolphins use one click at a time, and this click must 
be sent out, and the echoes received back before the 
next click is sounded. If there is no echo, this gives the 
dolphin information as well.

The length of time between clicks is the range at 
which the dolphin is trying to ‘see.’ The maximum 
range that the clicks can travel in the water is thought 
to be 800 meters. By waiting for the echoes to return, 
the dolphin can sense a few different things.

The dolphin can see the topographical informa-
tion such as the depth of the ocean and the seafloor’s 
profile and can also be used to locate any large animals 
in the water in the direction of the sounds it emits.

The echo that is returned first determines the 
distance and direction of the object bounced off. Once 
the dolphin has determined this, they will then send 
out a further series of clicks.

This second set of clicks has a broad range of 
frequencies. Different frequencies will travel either 
shorter or further distances in the water, with high 
frequencies traveling the shortest distances as they 
are absorbed quicker by the water.

To determine the target, dolphins use the higher 
frequencies, which gives a better, more detailed image. 
Dolphins can also be seen to move their heads from 
side to side, which gives them further information on 
the size of the object they are concentrating on.

Once the dolphin has swum closer to the target, 
the frequencies increase ever higher. This allows the 
dolphin to get a more detailed understanding of the 
object. At this point, the echolocation clicks sound 
more like a door creaking.

Echolocation is a process of emitting sounds that 
sound like clicks, interpreting the returning echoes 
from the surrounding environment, thus giving the 
dolphin information on its surroundings.

Dolphins have sensitive hearing to locate where the 
sounds are coming from. They also use a range of low 

and high-frequency sounds to sense their surroundings.
Dolphins can locate objects outside of their visual 

range using echolocation. Dolphins hear the sounds 
of their clicks reflected to them. Whereas humans 
rely on light reflected to us, sound waves carry more 
information to the dolphin.

Sound can give more of a 
three-dimensional picture 
than vision. The texture, struc-
ture, and material of an object 
combine to give a unique echo.

Dolphins have large fat 
deposits in their heads and 
lower jaws. Whereas most fat 
deposits are used for meta-
bolic energy, the dolphin’s 
fat deposits in their head and 
lower jaw are not.

The skull of the dolphin has shaped throughout 
time to accommodate these fat deposits, and so scien-
tists believe that these fat deposits are a big part of 
their echolocation.

The fat deposits also have a different chemical 
composition from the other fat in the dolphin’s body. 
Dolphins have a melon that is on top of their head in 
front of their brain. The melon houses the largest of 
these unique fat deposits.

It is believed that the melon and the lower jaw 
has a huge part to play in the echolocation used by a 
dolphin. In particular, the fat deposits in the lower jaw 
and front of the brain allow the dolphin to echolocate.

There are several steps to how a dolphin uses 
these to echolocate. First, the dolphin will make a 
sound that comes from a tissue complex in the nasal 
region. This is then transferred through the melon’s 
fat deposit, focusing the sound into a beam of sound.

This beam of sound is directed into the water, and 
the echoes are received back. The echoes are received 
in the lower jaw, transferring through the fat deposit 
to the middle ear and up to the brain for the dolphin 
to interpret the results. The brain receives nerve 
impulses that relay the messages of sound.

The resulting echoes take a lot of interpretation, 
and for this reason, the brain of a dolphin is large for 
its body size. A large proportion of the dolphin’s brain 
capacity is used to interpret the results. 

BIOLOGY

oEdited  
for space

“When you’re 
outside, and 
everything is 
highland, it’s 
like nature has 
its own sound, 
and that’s one 
of my favorite 
sounds. I really 
loved sitting 
still silently 
outside, in a 
tree or in a bush, 
to just think.”

AURORA //  
Finnish singer
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Sudoku
MATHEMATICS

#214 PUZZLE NO. 4763914

#213 PUZZLE NO. 9768905

SUDOKU HOW-TO GUIDE
1. Each block, row, and column 
must contain the numbers 1–9.
2. Sudoku is a game of logic and 
reasoning, so you should not 
need to guess.
3. Don’t repeat numbers within 
each block, row, or column.
4. Use the process of elimination 
to figure out the correct place-
ment of numbers in each box.
5. The answers appear on the 
last page of this newsletter.

What the example will look 
like solved q

2 4 8 3 9 5 7 1 6

5 7 1 6 2 8 3 4 9

9 3 6 7 4 1 5 8 2

6 8 2 5 3 9 1 7 4

3 5 9 1 7 4 6 2 8

7 1 4 8 6 2 9 5 3

8 6 3 4 1 7 2 9 5

1 9 5 2 8 6 4 3 7

4 2 7 9 5 3 8 6 1

3 9 1

5 1 4

9 7 5

6 2 5 3 7

7 8

7 8 9 3

8 3 1 9

9 2 6 7

4 3 6 1

ROW

COLUMN

BLOCKBOX

“The sound of water is worth 
more than all the poets’ words.”

OCTAVIO PAZ // Mexican poet

Icons from the Noun Project
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Do you know what is louder than a 
car horn? The cry of a human baby, 
which is about 115 decibels.

Sound travels at a speed of around 
767 miles per hour.

Horror films like to use infrasound, 
which is below the range of human 
hearing. It creates shivering, anxi-
ety, and even heart palpitations in 
humans when it is being played.

If you clap in front of Chichen Itza’s 
El Castillo pyramid, the echo will 
sound like a chirping bird.

Since particles are closer together 
in water than in air, sound can travel 
four times faster in water.

In order for a whip to crackle or 
make the noise it creates, it must 
travel faster than the speed of sound.

The majority of cows that listen to 
music end up producing more milk 
than those who do not.

DID YOU KNOW?

Idiom

“Ring a bell ”
Meaning Something that sounds familiar. Makes someone remember 
something indistinctly.

Origin  The origin of this phrase is unclear, but there are some theo-
ries. One theory refers to Pavlov’s experiments with dogs, where he 
used a bell to invoke memories. When the dogs were served food, a bell 
was rung. Over time, the dogs started associating the sound of the bell 
with food and would start drooling when the bell was rung, even if the 
food was not given. Another theory suggests that bells have been used 
to remind or instruct us to do something since a long time. School bells, 
dinner bells, bells of an alarm clock, all serve to remind us that it is time 
to do something. Early recordings of this phrase used in the idiomatic 
form have been found since the mid-1900s.

Source: missouristate.edu

Source: Indiatimes.com

Sound is more than just noise.  
Ordered sound is music. My life is music.
LOU REED // American musician

FLIES CANNOT HEAR ANY 
KIND OF SOUND. NOT EVEN 

THEIR OWN BUZZING.

DOGS ARE CAPABLE OF 
HEARING SOUNDS AT A MUCH 

HIGHER FREQUENCY THAN 
HUMANS CAN. THEY CAN 
HEAR SOUNDS OR NOISES 

HUMANS CANNOT.
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ART + CULTURE

Jacqulyn Thorne identifies herself as a “creative jour-
neywoman.” A journeyman is an individual who has 
completed an apprenticeship and is fully educated in a 
trade or craft, but not yet a master. She also says that she 
is many other things: nurse, writer, photographer, poet, 
painter, gardener, friend, armchair philosopher, coun-
selor, nature lover, home makeover aficionado, movie 
buff, practicing yogi, and aspiring world traveler.  

WRITING PROMPT
In this poem, Thorne describes the sounds 
being heard as the day fades into the evening. 
She can “hear” things that don’t technically 
make a noise, like the setting sun, but she 
can imagine what it must sound like. To write 
this poem, Thorne had to quiet the voice in 
her mind to listen intently and describe the 
sounds that surrounded her. Close your eyes 
and envision your favorite place or a space 
where you must truly focus and quiet your 
mind to be able to hear your surroundings. 
Focus on the noises in the space you are 
imagining and how that relates to all your 
sense. How do the sounds in your imagined 
environment make you feel? Use the sounds 
around you or in your imagined favorite place 
as inspiration for a poem, short story, or 
creative non-fiction essay.

© thewordsearch.com

Word Search

SHIVER
SURROUNDINGS
BRANCHES
LEAVES

RUSTLE
JOURNEYWOMAN
STILLNESS

EVENING
SUNSET
QUIET

Night Sounds
BY JACQLYN THORNE

As the day goes, dying,
night sounds begin – 
the wind rustles gently, 
leaves and branches
shiver wildly, waking up;
lone birds call out
somewhere in the dusk;
insects start to hum,
and spring peepers sing,
a hymn to evening, 
while I remain so quiet,
I swear I can even hear
the setting of the sun.
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There Actually Is Sound in Outer Space  
BY KIONA SMITH-STRICKLAND | Gizmodo | October 28, 2015

You’ve heard it before: In space, no one can hear you 
scream. That’s because sound doesn’t move through 
a vacuum, and everyone knows that space is a vacuum. 
The thing is, that’s not completely true.

Space isn’t uniform nothingness. It’s full of stuff. 
In between the stars, there are clouds of gas and dust. 
These clouds are sometimes the remains of old stars 
that went out in a blaze of explosive glory, and they’re 
the regions where new stars form. And some of that 
interstellar gas is dense enough to carry sound waves, 
just not sound perceptible to humans.

Here’s How It Works
When an object moves — whether it’s a vibrating 
guitar string or an exploding firecracker — it pushes 
on the air molecules closest to it. Those displaced 
molecules bump into their neighbors, and then those 
displaced molecules bump into their neighbors. The 
motion travels through the air as a wave. When the 
wave reaches your ear, you perceive it as sound.

As a sound wave passes through the air, the air pres-
sure in any given spot will oscillate up and down; picture 
the way water gets deeper and shallower as waves pass by. 
The time between those oscillations is called the sound’s 
frequency, and it’s measured in units called Hertz; one 
Hertz is one oscillation per second. The distance between 

“peaks” of high pressure is called the sound’s wavelength.
Sound waves can only travel through a medium 

if the length of the wave is longer than the average 
distance between the particles. Physicists call this the 

“mean free path” — the average distance a molecule 
can travel after colliding with one molecule and before 
colliding with the next. So a denser medium can carry 
sounds with shorter wavelengths, and vice versa.

Sounds with longer wavelengths, of course, have 
lower frequencies, which we perceive as lower pitches. 
In any gas with a mean free path larger than 17 m (the 
wavelength of sounds with a frequency of 20 Hz), the 
waves that propagate will be too low-frequency for 
us to hear them. These sound waves are called infra-
sound. If you were an alien with ears that could pick 
up this very low notes, you’d hear really interesting 
things in some parts of space.

The Song of a Black Hole
About 250 million light years away, at the center of a clus-
ter of thousands of galaxies, a supermassive black hole is 
humming to itself in the deepest note the universe has 
ever heard (as far as we know). The note is a B-flat, about 
57 octaves below middle C, which is about a million billion 

times deeper than the lowest frequency sound we can 
hear (yes, that’s an actual number from actual scientists).

The deepest sound you’ve ever heard has a cycle of 
about one oscillation every twentieth of a second. The 
drone of Perseus’ black hole has a cycle of about one 
oscillation every 10 million years. That’s sound on a 
massive scale, played across deep time.

We know this because in 2003, NASA’s Chandra X-ray 
space telescope spotted a pattern in the gas that fills the 
Perseus Cluster: concentric rings of light and dark, like 
ripples in a pond. Astrophysicists say those ripples are 
the traces of incredibly low frequency sound waves; the 
brighter rings are the peaks of waves, where there’s the 
greatest pressure on the gas. The darker rings are the 
troughs of the sound waves, where the pressure is lower.

Hot, magnetized gas rotates around the black 
hole, more or less like water swirling around a drain. 
All that magnetized material in motion generates a 
powerful electromagnetic field. The field is strong 
enough to accelerate material away from the brink 
of the black hole at nearly the speed of light, in huge 
bursts called relativistic jets. These relativistic jets 
force gas in their path out of the way, and that distur-
bance produces deep cosmic sound waves.

That deep intergalactic sound carried through the 
Perseus Cluster for hundreds of thousands of light years 
from its source, but sound can only travel as far as there’s 
enough gas to carry them, so Perseus’ infrasound drone 
stops at the edge of the gas cloud that fills its cluster of 
galaxies. That means we can’t detect the sound here on 
Earth; we can only see its effects on the gas cloud. It’s like 
we’re staring across space into a soundproofed chamber.

So it’s still true that no one can hear you screaming 
in space, but there are sound waves moving through 
the clouds of gas between the stars or in the rarefied 
wisps of Earth’s outer atmosphere. 

SCIENCE

“You don’t 
make a 
statement 
unless you 
make noise.”

ADAM COLE // 
American  
professional  
wrestler

WORD PLAY A Rebus puzzle is a picture representation of a common word 
or phrase. How the letters/images appear within each box will give you clues 
to the answer! For example, if you saw the letters “LOOK ULEAP,” you could 
guess that the phrase is “Look before you leap.” Answers are on the last page!
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The Loudest Sound in Mankind’s History
BY MIHAI ANDREI | ZME Science | February 6, 2020

The Krakatoa eruption was possibly the loudest sound 
ever experienced by human ears. But a few other freak 
events give Krakatoa a run for its money. The Tunguska 
Event, for instance, flattened approximately 80,000 
trees, shattering windows dozens of kilometers away.

Our bodies pick up sound waves through our ear 
canal and to the eardrum, where they are transformed 
into vibrations. These vibrations are then transformed 
into electrical signals which our brain can understand. 
Humans generally hear sounds at frequencies between 
20 to 20,000 Hz. We can also perceive sounds outside of 
that interval, but we generally feel rather than hear them.

The intensity of the sound is typically measured 
in decibels. The decibel (dB) is essentially a unit of 
measure for sound pressure level in air. 

Our breathing is at about 10 dB. Passing cars, wind, and 
electronics also produce a few dB. A whisper comes in at 
about 20 dB, and a normal conversation at around 60 dB.

We start to experience acute pain at 125 decibels, or 
even below that. According to the National Institute 
for Occupational Safety and Health, the maximum 
exposure time at 85 dBA is eight hours. At 110 dBA, 
the maximum exposure time is one minute and 29 
seconds. If you’re exposed to 140 decibels for even 
seconds, you can suffer irreversible ear damage. This 
is some serious strength already.

Here are a few sound levels for reference:
rainfall: 50 dB
noisy restaurant: 70 dB
loud-ish music on speakers: 80 dB
electric drill: 95 dB
football game: 115 dB
thunder: 120 dB
shotgun: 140 dB

It’s also important to note that acoustic decibels aren’t a 
linear scale. Something that has 100 dB isn’t two times 
louder than something at 50 dB — it’s much, much 
louder. That’s because decibels are essentially a loga-
rithmic scale — when something is 10 dB higher, it is 
10 times louder. When something is 20 dB higher, it is 
100 times louder. When something is 60 dB higher, it is 
a whopping 1,000,000 times higher. However, the way 
we perceive sounds also isn’t linear. A 10 dB increase is 
perceived by people as sounding roughly twice as loud.

A note on the loudest possible sound in air
Strictly speaking, the loudest possible sound in air, 
is 194 dB. The “loudness” of the sound is dictated by 

how large the amplitude of the waves is compared to 
ambient air pressure. A sound of 194 dB has a pressure 
deviation of 101.325 kPa, which is ambient pressure at 
sea level, at 0 degrees Celsius (32 Fahrenheit). Essen-
tially, at 194 dB, the waves are creating a complete 
vacuum between themselves.

You can go louder than 194 dB, but that’s not technically 
a “sound” anymore. The extra energy starts distorting the 
entire wave, and you end up with something that’s more 
a shockwave and less a sound-
wave. At that level, sounds don’t 
pass through air — they push 
the air along, producing pres-
surized burst (shockwaves).

But for the sake of the argu-
ment (and because let’s face 
it, no one wants to be overly 
pedantic), we will consider 
anything over 194 dB as 
sounds — just know that that’s 
not an exact phrasing.

Tunguska vs Krakatoa
… and then there were two.

It’s hard to imagine just how 
strong the Tunguska explosion 
was. An object (probably fallen 
off of an asteroid or a comet) 
entered Earth’s atmosphere in June 1908, with such 
speed that it combusted and exploded 5 to 10 kilome-
tres (3 to 6 miles) above the ground, over an unpopu-
lated area.

We’re lucky it did.
The explosion was strong enough to destroy an entire 

metropolitan area, flattening an estimated 80 million 
trees over an area of 2,150 square km (830 sq mi).

People as far as 20 km were knocked off their 
feet, windows were shattered, and witnesses report 
unbearable sounds and heat. Here is a witness 
account from Russian geologist Leonid Kulik, who 
was 65 km (40 mi) away:

“The split in the sky grew larger, and the entire north-
ern side was covered with fire. At that moment I became 
so hot that I couldn’t bear it as if my shirt was on fire; from 
the northern side, where the fire was, came strong heat. I 
wanted to tear off my shirt and throw it down, but then the 
sky shut closed, and a strong thump sounded, and I was 
thrown a few metres. I lost my senses for a moment, but 
then my wife ran out and led me to the house.”

FEATURE

A lithograph  
of the Krakatoa 
Eruption. 

Credits: Parker  
and Coward.
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How Does the Ear Work? 
FROM HEARINGLINK.ORG | Edited for space

The outer ear consists of the pinna (also called the auricle), ear canal 
and eardrum.

The middle ear is a small, air-filled space containing three tiny bones 
called the malleus, incus and stapes but collectively called the ossicles. 
The malleus connects to the eardrum linking it to the outer ear and the 
stapes (smallest bone in the body) connects to the inner ear.

The inner ear has both hearing and balance organs. The hearing part of the 
inner ear and is called the cochlea which comes from the Greek word for 

‘snail’ because of its distinctive coiled shape. The cochlea, which contains 
many thousands of sensory cells (called ‘hair cells’), is connected to the 
central hearing system by the hearing or auditory nerve. The cochlea is filled 
with special fluids which are important to the process of hearing.

Then, sound hits auditory nerve and an incredibly complex pathway 
through the brain stem and onward to the auditory cortex of the brain.

How do we hear? | Sound waves, which are really vibrations in the air 
around us, are collected by the pinna on each side of our head and are 
funnelled into the ear canals. These sound waves make the eardrum 
vibrate. The eardrum vibrations caused by sound waves move the chain 
of tiny bones (the ossicles — malleus, incus and stapes) in the middle ear 
transferring the sound vibrations into the cochlea of the inner ear.
This happens because the last of the three bones in this chain, the 
stapes, sits in a membrane-covered window in the bony wall which 
separates the middle ear from the cochlea of the inner ear. As the 
stapes vibrates, it makes the fluids in the cochlea move in a wave-like 
manner, stimulating the microscopically small ‘hair cells’.

Remarkably, the ‘hair cells’ in the cochlea are tuned to respond to different 
sounds based on their pitch or frequency of sounds. High-pitched sounds 
will stimulate ‘hair cells’ in the lower part of the cochlea and low-pitched 

“After that such noise came, as if rocks were falling or 
cannons were firing, the Earth shook, and when I was 
on the ground, I pressed my head down, fearing rocks 
would smash it. When the sky opened up, hot wind raced 
between the houses, like from cannons, which left traces 
in the ground like pathways, and it damaged some crops. 
Later we saw that many windows were shattered, and in 
the barn, a part of the iron lock snapped.”

Over 1,000 scientific papers have been published on 
the Tunguska event, but it’s impossible to know just 
how strong the sound was — it’s quite likely that the 
Tunguska event could have reached 300 dB.

This could almost certainly be the loudest sound ever 
experienced by mankind, if it were not for another event.

Krakatoa — probably the loudest “sound”
There are many stories about Krakatoa, all of them from 

people far away from the volcano — because no one really 
close to it could have survived. When Krakatoa erupted in 
1883, it exploded with such force that it basically destroyed 
its island and atoll, releasing 20 million tons of sulfur into 
the atmosphere and shrouding the entire planet in aero-
sols that reduced global temperatures for years.

Over 30,000 people were killed by the volcano and the 
tsunamis it triggered. The sound ripples were also ungodly.

Some 2,100 km (1,300 miles) away, in the Andaman 
and Nicobar islands, people reported “extraordinarily 
loud sounds, as of guns firing”; 3,110 km (1,930 mi) away 
in Perth, Western Australia, people reported hearing what 
they thought to be artillery in the distance. As far as 4,800 
km (3,000 mi) away, people heard the sound. Think about 
it this way: it’s as if someone made a sound in New York 
and people heard it all the way in Ireland, across the ocean.

Coincidentally, measuring instruments 160 km (100 
mi) away from Krakatoa picked up sounds from the explo-
sion: a whopping 172 decibels, incredibly loud considering 
the distance. Hundreds of kilometers away, the sounds 
were louder than the loudest concert ever recorded.

The air shockwave from Krakatoa (because you can’t 
really call it a sound) circled the globe 3-4 times in all 
directions. Tidal stations as far away as England and 
the US recorded a rise in ocean waves caused by this 
air pulse — an effect which had never been seen before.

Even as the sound could not be detected, the air wave 
made its presence felt. To this day, this event is called 

“the great air-wave.”
It’s estimated that the Krakatoa eruption reached 

310 dB — a testament to the destructive force that 
nature can unleash.

There have almost certainly been even stronger erup-
tions in Earth’s history, but it’s impossible to say just how 
loud they were. The Krakatoa eruption is probably the 
loudest sound mankind has ever witnessed —and if we’re 
lucky, we won’t hear a louder one anytime soon. 

mEdited for space

9

 
 

MAIN PARTS  
of the Peripheral 
Hearing System

(continued on page 10)



ALABAMA PRISON ARTS + EDUCATION PROJECT 

We go through daily life experiencing many different types of sounds. One of the 
most revered and appreciated ways sound is used is to make music. Music, as all 
other sound, are vibrations that produce waves to be perceived by the human 
ear. Music’s sound waves are often created by instruments or people singing. 
Music has been around for most of human existence and has been necessary to 
tell stories and document historical events. 

A couple of names that we often associate with music are Ludwig van Beetho-
ven and Ray Charles. Both of these individuals are not only known for their 
contributions to music but also for the obstacles they overcame within their 
musical careers. Many do not know that Beethoven began losing his hearing 
in his 20’s and conducted orchestras until completely losing his ability to hear. 
He continued to compose music and would often sit at the piano and use vibra-
tions to know which note he was playing. Despite his blindness, blues musician 
Ray Charles chose to pursue his dreams. He first began reading music in braille, 
became familiar with the piano, and soon knew the keys by heart. 

From these two individuals we can learn that being persistent about our 
passions is more important than any amount of talent or luck. Remember, do 

not give up on your dreams or goals but instead try to find inter-
esting ways to achieve them. We hope you enjoyed this edition 
of The Warbler and were inspired by the sounds of the world.

Katie and the APEAP team
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sounds in the upper part of the cochlea. The 
cells in the cochlea respond based on pitch to 
send a signal to the auditory nerve

These nerve impulses follow a complicated 
pathway in the brainstem before arriving at 
the hearing centres of the brain, the auditory 
cortex. This is where the streams of nerve 
impulses are converted into meaningful sound.
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