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This season, each back page of 
In Tune has examined how music 
and science intersect. Here are 
some suggestions for engaging your 
students further  on the subject.  
BY KATE KOENIG

A
t some point, anyone who’s for-
mally studied music theory has 
probably heard a teacher or peer 
attempt to romanticize the math-
ematics of music: the ratios that 
govern harmony, the subdivi-
sions of rhythm, the patterns 
found in compositional struc-

ture, and so on. But to many students, there’s 
nothing that could sooner suck the life out 
of an art form than acknowledging its rela-
tionship to math. For them, music is meant 
to be for organic expression, while science 
is for organized logic and systems—and the 
two should be kept separate whenever 
possible. 

Where does this divided way of thinking 
come from? Educators on both the STEM 
and liberal-arts sides of the aisle encounter 
stubborn declarations from students like “I’m 
not creative” or “I’m not good at math.” But 
especially in the case of STEM subjects, the 
path from thinking “I’m not good at it” or “I 
don’t like it” to “I can’t do it” can be exceed-
ingly short.

Although some of these thoughts come 
simply from feelings of discouragement in 
the face of challenge, they’re also reinforced 
by the world around us. The pervasive myth 
of left-brain vs. right-brain dominance tends 
to support the notion that intelligence can 

be constrained by identity rather than 
being fueled by both an open mind 
and a willingness to grow. In the 2015 
Programme for International Student 
Assessment (PISA), the U.S. ranked 
38th in math and 24th in science, 
behind many other advanced industrial 
nations. A number of factors contrib-
uted to these results, but cultural ones 
shouldn’t be overlooked.

One possible way to address this problem 
is to make math and science both more acces-
sible and more appealing to a student popula-
tion that views itself as strictly or predomi-
nantly “left-brain.” A good place to start is 
by illustrating the beauty that can be found 
in the places where art and science combine. 
The occurrence of fractals in nature, the 
language-like code behind visually engaging 
websites, and the expressive electronics of 
a guitar ampli� er are all great examples. 
Learning how to embrace the STEM subjects 
doesn’t mean leaving your identity as an artist 
behind; it actually broadens and strengthens 
that identity.

Which brings us to In Tune’s How It 
Works series. In these articles, found on the 
back page of every issue for our 2016-2017 
season, we’ve attempted to bring out the 
living, breathing beauty in the physics of 
acoustic instruments. We know this may 

not be the easiest subject area to address in 
your music classroom, and so we’ve gone 
back to three of our favorite articles from 
the series and come up with a few ideas on 
how to turn them into a full lesson plan for 
your students. For each additional concept, 
you can explain, discuss, and share related 
videos or musical performances.

THE SAXOPHONE REED
(MARCH 2017 ISSUE)
The physics of generating a sound in a saxo-
phone are common to several other wind 
instruments in the orchestra. To rehash the 
lesson from last month’s article, there are 
three principal steps: First, the player draws 
air into his or her lungs, which creates a 
buildup of air pressure. Second, the player 
blows into the instrument, releasing the air. 
Because of the pressure di� erence between 
the player’s lungs (high pressure) and the 
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H ow  I t  wo r k s      Violin Bow 

By kate koenig

Ah, There’s the Rub
The violin—along with its relatives the viola, cello, and double bass—stands apart from 

other instruments in the orchestra in that its sound is created by friction. To produce 

sound in a piano or percussion instrument, a player must strike it; to produce sound in 

a wind instrument, a player blows air into it. To produce sound in a violin, a player rubs 

tightly woven fibers (usually strands of horsehair) against a set of strings. Which means 

that, if you want to understand how a violin works, you have to start with the bow.

kinetiC FRiCtion  

When the bend returns to the place where the 

bow meets the string, the friction between the 

two becomes kinetic, meaning that it’s keeping 

a motion going rather than getting it started. The 

bend moves smoothly under the bow to the bridge, 

then gets bounced back to the tuning pegs again, 

then back to the bridge, and so on. Depending on 

the note being played, this cycle repeats hundreds 

to thousands of times per second in a pattern 

known as the Helmholtz motion after the 19th-

century German physicist who first measured it.

StatiC FRiCtion 

If you’ve ever moved a heavy piece 

of furniture across a carpeted floor, 

you may have noticed it takes a 

bigger push to get the furniture 

moving than to keep it moving. 

That’s because an object at rest 

must overcome a higher level of 

resistance to be set in motion. The 

same force of resistance, static 

friction, comes into play when a 

violinist first pushes a bow against 

a string. Static friction causes the 

string to be dragged forward with 

the bow, creating a microscopic 

but sharp bend. Moved by the 

force of the push, this bend travels 

down the string to the violin’s 

tuning pegs. Once it gets there, it 

can’t go any farther, so it heads 

back toward the violin’s bridge. 

tHe SoUnD 

Very little sound is made by the 

string itself. Instead, its wave 

cycle is transferred to the violin’s 

bridge, where it becomes a more 

common type of wave vibration. 

That vibration then travels through 

the bridge and resonates throughout 

the body of the violin, where the 

instrument’s full sound is produced.
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H ow  I t  wo r k s      Human HearIng 

By kate koenig

Footsteps in the hallway, conversations with friends, the hum of a computer, music playing through earbuds—

we’re surrounded by sound no matter where we go. That makes it easy to take two very important things for 

granted: our ears. But how do they work? How exactly do we perceive sound in the first place?

tHe SoUnD WaVe Sound is produced by a rapidly 

vibrating object: your vocal cords, for example, or an 

electronic speaker, a percussive triangle, or a locker 

door slamming shut. The vibrations of the object 

push the neighboring air molecules back and forth 

in space, creating a wave. 

tHe oUteR eaR Once a sound wave is 

created, its first stop on the way to the brain 

is the outer ear. Also called the pinna, the 

outer ear acts as a sound funnel into the ear 

canal. The wave flows down the canal until it 

hits the eardrum—a cone-shaped membrane 

that seals the canal—causing it to vibrate.

tHe MiDDLe eaR On the opposite side 

of the eardrum is a small chamber that 

houses the parts of the middle ear: the 

ossicles. The tiniest bones found in your 

body, the ossicles—here seen from left to 

right—consist of the hammer (malleus), 

anvil (incus), and stirrup (stapes). 

Together they form a mechanical lever 

system that absorbs the vibration of 

the eardrum, amplifies it up to 22 times 

louder than its original volume, and then 

transfers it to the inner ear.

tHe inneR eaR A hollow snail-shaped 

bone in the inner ear, the cochlea is filled 

with fluid and lined with 25,000 hair-like 

sensory receptors, or hair cells. The stirrup 

literally hits the cochlea, causing an impact 

that sends vibrations through the cochlear 

fluid. The hair cells turn those vibrations 

into nerve signals, which are then sent to 

the brain via the cochlear nerve. When the 

signals reach the brain, you perceive sound.

PROTECTING YOUR EARS is crucial for musicians.  

Go to etymotic.com/hearforalifetime to see 

“Generation Hear,” a video about hearing health.
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SOUND The sound generated by the reed enters 
the chamber of the mouthpiece and then travels through the body 

of the horn, causing 
it to resonate. In woodwind and brass 

instruments, the greater the length 
of the instrument’s 
tubing, the lower the pitch. By pressing different 

keys, saxophonists 
can change the total “length” of a saxophone’s tubing, altering the pitch they play. 
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instruments, the greater the length 
of the instrument’s 
tubing, the lower the pitch. By pressing different 

keys, saxophonists 
can change the total “length” of a saxophone’s tubing, altering the pitch they play. 

H OW  I T  WO R K S      SAXOPHONE 

BY KATE KOENIG

Reed Your Lips
Each type of instrument in a school band or orchestra requires a unique 

setup process before being played. For saxophonists, setting up is mostly 

about assembling their mouthpiece. Although that can be laborious, it’s also 

important; the combination of mouthpiece, ligature, and reed is crucial to 

the saxophone’s sound. It also plays the biggest role in a sax’s construction 

by allowing the player to create a sound wave inside the instrument.

AIR The fi rst step in producing sound on 

any woodwind instrument comes from a 

difference in pressure between the air in a 

player’s lungs and the air in the instrument. 

When players inhale, they increase the 

air pressure in their lungs, and when they 

blow into their saxophone, the release of 

pressure produces a fl ow of energy.

MOUTHPIECE A 
saxophone’s mouthpiece 
assembly has three 
components. The mouthpiece 

itself (a black, beak-shaped 

attachment made of plastic, 

rubber, or metal) is hollow 

with an opening on one side, 

creating a small chamber. 
The ligature, typically made 

of metal, wraps around the 

mouthpiece and holds the 

reed, most often a piece of 

dried cane, fl at against one 

side. (The word “ligature” 
means a thing that binds 
something else together.) 
The tip of the reed falls over 

the mouthpiece’s opening—

and does all the important 

work. As the player grips the 

mouthpiece between 
his or her lips and 
pushes air, the increased airfl ow 

causes the end of the reed to move back and forth. In doing so, 
it convert s the direct 
stream of air into a 
sound wave.
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atmosphere inside the instrument (average 
pressure), the air � ows with considerable 
energy. Third, the mouthpiece reacts to that 
air � ow in a way that creates a sound wave, 
which is then ampli� ed by the body of the 
instrument.

Elaborate on this lesson with the class by 
comparing it to the � ow of electricity. Before 
entering the saxophone, the air current from 
a player’s lungs acts like a direct electric 
current—it � ows in a straight line. Once 
the air moves into the mouthpiece, the pres-
sure di� erence causes the tip of the reed to 
oscillate. The reed acts as a transducer—
something that converts one form of energy 

to another—and turns the direct current 
(DC) of the air into an alternating current 
(AC), otherwise known as the sound wave.

This analogy applies to all brass and reed 
instruments. For brass instruments, the 
player’s lips take the place of the reed, acting 
as a valve that rapidly opens and closes, upset-
ting the direct current of air and converting 
it to an alternating current vibration.

THE VIOLIN BOW 
(DECEMBER 2016 ISSUE)
Our lesson on the violin focuses on the 
phenomenon known as the Helmholtz 
motion, and compares the forces of static 

and kinetic friction. As the violinist drags 
the bow against the string, the static friction 
between the two objects—or the force 
present when the bow touches the string, 
before the two are set in motion—pulls the 
string forward, creating a microscopic kink. 
That kink then � ows down the string until 
it hits the bridge, where it bounces back in 
the opposite direction, in a path that mirrors 
the original motion. Because it’s moving, 
the kink � ows under the bow with the ease 
of the reduced force of kinetic friction. It 
repeats this pattern in rapid motion as the 
string vibrates.

While the Helmholtz motion is a marvel 
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The Creation of a  Powerful Blow
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H ow  I t  wo r k s      TrumpeT embouChure 

By kate koenig

Of all the instruments in an orchestra, the trumpet may just be the most iconic. 

The sight of one can also call to mind the heralding of a royal entrance, a bebop 

solo, or an ear-piercing screech. Although trumpets have existed for centuries, 

our modern understanding of how they produce tones was only developed about 

30 years ago. But one thing is common knowledge: Trumpet playing depends on 

your embouchure (AHM-boo-sher), or the way you use your lips.

ReaDy  When playing a trumpet, you first must collect air in your lungs by inhaling. This increases the air pressure in your lungs, and that pressure provides energy for the production of sound.

Set  Your lips become the focus in the next 
part of the process. The embouchure, which 
derives its name from the French word for 
mouth (bouche), is the section of the lips 
that you place within the circumference of 
the trumpet’s mouthpiece cup. Your mouth 
and jaw muscles hold the embouchure in 
place with a firmness that creates tension 
in your lips as you prepare to release the air 
pressure from your lungs.

go  Here’s where the mechanics take place: As you push 

the air up from your lungs and through your mouth, the 

pressure of the air forces your lips apart, creating a small 

opening in your embouchure called an aperture. Due 

to the tension created by your muscles and the elastic, 

springy quality of lip tissue, your lips respond by vibrating 

in all directions: up and down, side to side, forward 

and back. Pressed against the cup of the mouthpiece, 

your embouchure then acts as a mechanical valve; as 

the air pressure is released, the aperture rapidly opens 

and closes, causing the pressure to escape in a pulse 

of periodic bursts at fractions of a second. From these 

bursts, a sound wave is produced—and goes on to 

resonate through the body of the horn.
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H ow  I t  wo r k s       Piano Hammer 

By kate koenig

it’s Hammer Time
Invented by Bartolomeo Cristofori in the early 1700s, the piano, originally 

called the pianoforte (an Italian word that literally means “soft/loud”), uses 

keys, hammers, and strings to make one of the most familiar sounds in 

Western music. For a pianist, the act of producing a tone couldn’t be much 

easier, but how that tone gets produced is more complicated than you might 

think. Luckily for us, the piano is designed to do almost all of the work. We 

recommend reading this explanation counterclockwise, from A to C.

B) aCtion  Several small 

components known collectively 

as the action control the piano 

hammer. We’ve numbered five 

of its main parts. When a key’s 

inner end goes up, the section 

of the wippen (1) that connects 

to the jack (2) tilts, causing the 

jack to be pushed toward the 

front of the piano, where it’s 

stopped abruptly by the end 

of the repetition lever (3). The 

top of the jack then kicks the 

base of the hammer, causing 

it to jump up and strike the 

string above it. Once the string 

has been struck, the regulating 

button (4) allows the jack to 

disengage from the hammer. 

The back check (5) keeps the 

hammer from falling back to its 

previous position right away; if 

it did fall back, pianists couldn’t 

repeat the same note quickly.

a) keyS A piano key isn’t just what you see at the front of the instrument 

(indicated here by a dot). Those black and white bits are the outer ends of a 

much longer object: a wooden slat extending into the piano and supporting a 

hammer mechanism at the other end. The key is a lever, so when its outer end 

is pressed down, the inner end (and the hammer) goes up—just like a seesaw.

C) StRingS When a 

piano string is struck by 

a hammer, it vibrates, 

producing a sound wave 

that then resonates 

within the piano’s frame 

and projects into the 

atmosphere.
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H ow  I t  wo r k s      Violin Bow 

By kate koenig

Ah, There’s the Rub
The violin—along with its relatives the viola, cello, and double bass—stands apart from 

other instruments in the orchestra in that its sound is created by friction. To produce 

sound in a piano or percussion instrument, a player must strike it; to produce sound in 

a wind instrument, a player blows air into it. To produce sound in a violin, a player rubs 

tightly woven fibers (usually strands of horsehair) against a set of strings. Which means 

that, if you want to understand how a violin works, you have to start with the bow.

kinetiC FRiCtion  

When the bend returns to the place where the 

bow meets the string, the friction between the 

two becomes kinetic, meaning that it’s keeping 

a motion going rather than getting it started. The 

bend moves smoothly under the bow to the bridge, 

then gets bounced back to the tuning pegs again, 

then back to the bridge, and so on. Depending on 

the note being played, this cycle repeats hundreds 

to thousands of times per second in a pattern 

known as the Helmholtz motion after the 19th-

century German physicist who first measured it.

StatiC FRiCtion 

If you’ve ever moved a heavy piece 

of furniture across a carpeted floor, 

you may have noticed it takes a 

bigger push to get the furniture 

moving than to keep it moving. 

That’s because an object at rest 

must overcome a higher level of 

resistance to be set in motion. The 

same force of resistance, static 

friction, comes into play when a 

violinist first pushes a bow against 

a string. Static friction causes the 

string to be dragged forward with 

the bow, creating a microscopic 

but sharp bend. Moved by the 

force of the push, this bend travels 

down the string to the violin’s 

tuning pegs. Once it gets there, it 

can’t go any farther, so it heads 

back toward the violin’s bridge. 

tHe SoUnD 

Very little sound is made by the 

string itself. Instead, its wave 

cycle is transferred to the violin’s 

bridge, where it becomes a more 

common type of wave vibration. 

That vibration then travels through 

the bridge and resonates throughout 

the body of the violin, where the 

instrument’s full sound is produced.
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H ow  I t  wo r k s      Cymbal 

By kate koenig

Crash Course
A cymbal might seem like a simple piece of equipment: a metal plate that makes shimmery sounds when 

hit with a stick, mallet, or brush. But cymbal manufacturers know that every physical feature of this 

instrument contributes to its overall tone. The types of copper, tin, and sometimes other metals that are 

melted down and blended together to make a cymbal are critical, of course, and that’s only the start.

CoMPoSition A cymbal’s diameter, weight, taper 

(changing thickness from the bell at its center to the 

edge), and bow (how curved it is) each affect its sound. 

A larger, thicker cymbal will have a lower pitch and 

respond more slowly to being hit than a smaller, thinner 

one. A cymbal with a higher bow will typically be higher-

pitched. The production methods that manufacturers 

choose are factors too. Hammering a cymbal into shape, 

as opposed to pressing or spin-forming it (a process 

that involves rotating the metal into shape), adds 

tension, raising the pitch and increasing how long its 

sound will sustain. All these traits work in combination 

to give each cymbal its own sonic personality.

ViBRation Striking 
a cymbal creates a 

vibration that travels 
through the disc in 

a way you wouldn’t 
expect. When it’s 

recorded on video and 

then played back in 
slow motion, you can 

see the cymbal bend 
like rubber and transfer 

the vibration around its 

circumference and back 

again. The pattern of 
the vibration changes 

several times before 
the cymbal is quiet.

teSSitURa  “Pitched” instruments, 

such as the trumpet or violin, produce 

one distinct pitch when played (which 

can then be modified by the player). 

Cymbals don’t; instead, they’re designed 

to produce multiple frequencies that 

make up its tessitura, a tonal range or 

scale. The more balanced and focused 

a cymbal’s tessitura, the more in tune it 

will sound with every other instrument 

in a band or orchestra.
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H ow  I t  wo r k s      Human HearIng 

By kate koenig

Footsteps in the hallway, conversations with friends, the hum of a computer, music playing through earbuds—

we’re surrounded by sound no matter where we go. That makes it easy to take two very important things for 

granted: our ears. But how do they work? How exactly do we perceive sound in the first place?

tHe SoUnD WaVe Sound is produced by a rapidly 

vibrating object: your vocal cords, for example, or an 

electronic speaker, a percussive triangle, or a locker 

door slamming shut. The vibrations of the object 

push the neighboring air molecules back and forth 

in space, creating a wave. 

tHe oUteR eaR Once a sound wave is 

created, its first stop on the way to the brain 

is the outer ear. Also called the pinna
, the 

outer ear acts as a sound funnel into the ear 

canal. The wave flows down the canal until it 

hits the eardrum—a cone-shaped membrane 

that seals the canal—causing it to vibrate.

tHe MiDDLe eaR On the opposite side 

of the eardrum is a small chamber that 

houses the parts of the middle ear: the 

ossicle
s. The tiniest bones found in your 

body, the ossicles—here seen from left to 

right—consist of the hammer (malleus)
, 

anvil (incu
s), and stirrup (stape

s). 

Together they form a mechanical lever 

system that absorbs the vibration of 

the eardrum, amplifies it up to 22 times 

louder than its original volume, and then 

transfers it to the inner ear.

tHe inneR eaR A hollow snail-shaped 

bone in the inner ear, the cochle
a is filled 

with fluid and lined with 25,000 hair-like 

sensory receptors, or hair cells. The stirrup 

literally hits the cochlea, causing an impact 

that sends vibrations through the cochlear 

fluid. The hair cells turn those vibrations 

into nerve signals, which are then sent to 

the brain via the cochlear nerve. When the 

signals reach the brain, you perceive sound.

PROTECTING YOUR EARS is crucial for musicians.  

Go to etymotic.co
m/hearf

oralife
time to see 

“Generation Hear,” a video about hearing health.
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Crash A cymbal might seem like a simple piece of equipment: a metal plate that makes shimmery sounds when 

hit with a stick, mallet, or brush. But cymbal manufacturers know that every physical feature of this 

instrument contributes to its overall tone. The types of copper, tin, and sometimes other metals that are 

melted down and blended together to make a cymbal are critical, of course, and that’s only the start.

ition A cymbal’s diameter, weight, 

(changing thickness from the bell at its center to the 

bow (how curved it is) each affect its sound. 

bow (how curved it is) each affect its sound. 

bowA larger, thicker cymbal will have a lower pitch and 

respond more slowly to being hit than a smaller, thinner 

one. A cymbal with a higher bow will typically be higher-

pitched. The production methods that manufacturers 

choose are factors too. Hammering a cymbal into shape, 

as opposed to pressing or spin-forming

that involves rotating the metal into shape), adds 

tension, raising the pitch and increasing how long its 

sound will sustain. All these traits work in combination 

to give each cymbal its own sonic personality.
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H OW  I T  WO R K S      GUITAR HARMONICS  

BY KATE KOENIG

String Ring

The physics of an acoustic guitar may not seem that mysterious to you, especially 

not if you’ve read all of our “How It Works” articles this season. But there’s one 

important part of the instrument’s sound that does warrant more explaining: 

harmonics. These are additional sound waves that build on the foundation of a 

single note, generated by an instrument’s resonating body and string vibrations 

(or, for wind instruments, the movement of air). On the guitar, harmonics primarily 

occur when you pluck a string—and you can manipulate them in a fun way.

STRINGS  Three basic factors determine the pitch that a guitar string 

produces. First, the mass of the string: The thicker the string, the lower 

its pitch. Second, the tension in the string: The more tightly a string is 

wound, the higher its pitch. Third, the length of the string: The longer the 

string, the lower its pitch. After that, it gets a little more complicated.

WAVES  When a guitar 

string is plucked, it moves up 

and down like a jump rope, 

creating a wave. This wave 

produces the string’s main 

pitch, or fundamental frequency 

(“fundamental” for short). But it 

also produces much more; as the 

string vibrates and resonates, 

multiple waves fl ow through it 

at  higher pitches. These waves, 

known as harmonic overtones, 

add depth to the guitar’s sound. 

Harmonic overtones are a 

defi ning feature of acoustic 

instruments, none of which 

can be limited to only playing a 

fundamental.

OVERTONES  

As harmonics fl ow 

through a string, their 

wavelengths each repeat in an even pattern. Think 

back to the jump rope: A wave has a peak, and it 

dips on either end. The fundamental, also known 

as the fi rst harmonic, peaks at the string’s midway 

point. The second harmonic has a wavelength 

half as long as the fundamental, so its wave 

peaks a quarter of the way along the string and 

dips at the midway point. If you lightly touch the 

string at the guitar’s 12th fret—halfway along its 

length—you cancel out the fundamental, and the 

second harmonic, ringing out an octave higher than 

the fundamental, becomes the dominant pitch. 

Everywhere a harmonic wave dips, a guitarist can 

make use of this hypnotic technique. The diagrams 

below show the waveforms of a fundamental and 

four common harmonic overtones.
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Center of the Ear
Journey to the

Human HearIng

By kate koenig

Footsteps in the hallway, conversations with friends, the hum of a computer, music playing through earbuds—

we’re surrounded by sound no matter where we go. That makes it easy to take two very important things for 

granted: our ears. But how do they work? How exactly do we perceive sound in the first place?

PROTECTING YOUR EARS is crucial for musicians. 

Go to etymotic.co
m/hearf

oralife
time to see 

“Generation Hear,” a video about hearing health.
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SOUND The sound generated by the reed enters 
the chamber of the mouthpiece and then travels through the body 

of the horn, causing 
it to resonate. In woodwind and brass 

instruments, the greater the length 
of the instrument’s 
tubing, the lower the pitch. By pressing different 

keys, saxophonists 
can change the total “length” of a saxophone’s tubing, altering the pitch they play. 

the mouthpiece and then travels through the body 
of the horn, causing 
it to resonate. In woodwind and brass 

instruments, the greater the length 
of the instrument’s 
tubing, the lower the pitch. By pressing different 

keys, saxophonists 
can change the total “length” of a saxophone’s tubing, altering the pitch they play. 

H OW  I T  WO R K S      SAXOPHONE 

BY KATE KOENIG

Reed Your Lips
Each type of instrument in a school band or orchestra requires a unique 

setup process before being played. For saxophonists, setting up is mostly 

about assembling their mouthpiece. Although that can be laborious, it’s also 

important; the combination of mouthpiece, ligature, and reed is crucial to 

the saxophone’s sound. It also plays the biggest role in a sax’s construction 

by allowing the player to create a sound wave inside the instrument.

AIR The fi rst step in producing sound on 

any woodwind instrument comes from a 

difference in pressure between the air in a 

player’s lungs and the air in the instrument. 

When players inhale, they increase the 

air pressure in their lungs, and when they 

blow into their saxophone, the release of 

pressure produces a fl ow of energy.

MOUTHPIECE A 
saxophone’s mouthpiece 
assembly has three 
components. The mouthpiece 

itself (a black, beak-shaped 

attachment made of plastic, 

rubber, or metal) is hollow 

with an opening on one side, 

creating a small chamber. 
The ligature, typically made 

of metal, wraps around the 

mouthpiece and holds the 

reed, most often a piece of 

dried cane, fl at against one 

side. (The word “ligature” 
means a thing that binds 
something else together.) 
The tip of the reed falls over 

the mouthpiece’s opening—

and does all the important 

work. As the player grips the 

mouthpiece between 
his or her lips and 
pushes air, the increased airfl ow 

causes the end of the reed to move back and forth. In doing so, 
it convert s the direct 
stream of air into a 
sound wave.
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in itself, there are a number of other concepts 
you can explore with your students. One is 
what happens post-Helmholtz: The bridge 
turns the string’s vibration into a vibration 
that can pass through the body of the violin, 
acting as—you guessed it—a transducer. 
At that point, the body begins to amplify 
the sound; the movement between the top 
plate and the back plate is especially impor-
tant here , but every piece of wood that goes 
into the instrument plays a role in its overall 
tone and resonance. Violin makers like the 
famous Antonio Stradivari realized this, 
re� ning the voice of the instrument without 
the knowledge of acoustics to which we’re 
privy today, but with dedicated hands and 
ears alone.

Another captivating aspect of the Helm-
holtz motion is its creation of a saw wave in 
the string. If you’re unfamiliar with saw 
waves, their name is derived from their 
resemblance to the jagged edge of a saw. The 
saw waves generated by a violin aren’t as 
perfect as those replicated by a synthesizer. 
However, they stand in contrast to the very 
imperfect waves generated by nearly every 
other instrument in the orchestra. In fact, 
it’s the special vibrations of the violin’s body 
that cause this broader range of frequencies 
to be produced by the instrument.

THE CYMBAL 
(FEBRUARY 2017 ISSUE)
The cymbal is an interesting choice for a 
physics lesson, because it appears to be a 
very basic instrument. To a layperson, many 
cymbals sound pretty much the same: noisy. 
However, drummers and educated musi-
cians will notice how cymbals of di� erent IS
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A saxophone 
reed works 
much like a 
transducer.
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tools for Educators

mance was requested. I felt pride and excite-
ment upon receiving the invitation. I also 
felt apprehension about performing in front 
of so many educators—so many adjudicators! 
Preparing a program of that quantity in the 
middle of February was unheard of for a 
middle school band. at that time of year, I 
was only accustomed to preparing 30 min-
utes of music for a March adjudication. 

as February approached, with the state 
performance less than three weeks away, 
bad things began to happen. I caught a hor-
rific head cold. The school schedule was 
altered to prepare for mandatory state lit-
eracy assessments. There were more than 
10 days of delayed openings, early dismissals, 
and closures due to inclement weather. 
Precious rehearsal time was lost! I began to 
panic, and to question whether my students 
would be able to play all the musical selec-
tions at a superior level.

one evening at home over dinner, my 
husband asked me how my students were 
progressing for the upcoming performance. 
I said that they hadn’t yet mastered their 
parts, demonstrated confidence, or 
expressed passion, implying that they didn’t 
comprehend the magnitude of what they 
were doing. I must have sounded quite cyni-
cal, because my husband stopped me and 
asked, “Well, are you speaking to your 
students in this tone?”  

Without comprehending the question, 
I started to answer. My husband interrupted 
again, saying, “because if you talked to them 
in the same manner you just did to me, I 
can’t imagine that they’d want to do any-
thing productive.” at first I was upset at my 
husband. he’s an electrical engineer. his 
responsibility is to keep our youth safe, not 
to educate them! how could he possibly 
understand my role as a conductor?

later that evening I reconsidered my 
husband’s question. I began the uncomfort-
able process of judging myself. What had my 
teaching become? Was I fully prepared for 
each rehearsal? how was I treating my stu-
dents? had I lost enthusiasm? When was the 
last time I’d recited our motto, “one band. 
one sound. one Family” (see october’s 
column)? had I gotten myself so worried 
about 70 minutes of music that I’d lost the 
importance of the bigger lesson to be taught?

EDUCATION.KORG.COM

Korg’s Group Education Controller (GEC5) is the most 
advanced, user-friendly and flexible lab control system 
available. Upgrade any lab to the GEC5 system using 
existing instruments or computers and take advantage 
of the multiple practice and instruction modes either 
on a desktop or tablet – or both.  The Korg GEC5 system 
takes any music, language or technology lab to a new 

level of efficiency.

The Most Advanced
Group Instruction System
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to the di� erences in their physical traits. 
You can then explain why a performer might 
choose to assemble a more elaborate drum 
kit with a wide variety of cymbals.

Another fascinating feature of the cymbal 
is its tessitura: in other words, its full tonal 
range of frequencies. A cymbal’s “pitch” is 
actually a limited range of frequencies that, 
depending on where the highest highs and 
lowest lows fall, can enable it to sound in or 
out of tune with the instruments around it. 
Like every other acoustic instrument, a 
cymbal doesn’t produce just one frequency, 
but a range of harmonic overtones that color 
its sound. Yet while a guitar or woodwind 

excites a range of harmonics 
within one dominant series—
producing overtones at a third, 
a � fth, an octave, and more above 
a fundamental pitch—a cymbal 
will excite harmonics in several 
series at once. (As a side note, our 
article on the guitar string this 
month is a good introduction to 
the concept of harmonics.)

WHAT’S LEFT
At the end of the day, your students will go 
back, enriched by their brief scienti� c excur-
sions, to studying the performance, history, 
and theory of music. A primary bene� t of 
lessons like those in the How It Works 
articles is their interdisciplinary nature, and 
how they can illustrate the ways in which 
various � elds of study are linked, strengthen-
ing students’ ability to analyze the world 
around them. Another bene� t is the creative 
inspiration that can come from being taught 
how to see an everyday object from an 
entirely di� erent perspective. With any luck, 
students will notice that scienti� c concepts 
can be surprisingly artistic. 
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shapes and sizes have subtly di� erent tones 
and pitch ranges.

The sound of a cymbal is determined by 
each one of its physical characteristics, from 
its diameter and thickness down to the 
method by which it’s made. Hammering a 
cymbal into shape—as opposed to pressing 
it or spin-forming it—will cause it to pro-
duce higher frequencies.

Illustrate to your students the concept 
of pitched percussion. It may be news to 
your non-drummer students that drums 
can be tuned and that cymbals have varia-
tions in tone. Compare a single hi-hat 
cymbal with a crash and a ride, and point 

A violin bow 
provides a 

lesson in static 
and kinetic 

friction.

The physical traits of  
a hi-hat cymbal 

determine its tone.


