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Letter to Teachers
Welcome to The Boulder Phil’s 2022-2023 Discovery Program! The theme for this school year is
Soundsational Science! We hope you enjoy the vibrant curriculum that we have created to help your
students explore connections between classical music and the science of sound. This collection of
orchestral pieces will prepare your students for our exciting Discovery Concert in January, led by
Music Director Michael Butterman. Please enjoy these classroom resources, and reach out with
questions to fernanda@boulderphil.org.
Suggestions for incorporating The Boulder Phil’s Discovery Program curriculum:
-Enjoy three 45-minute Lessons & two Bonus Lessons based on Colorado State and Common Core Standards.
-Use additional materials in this guide to study conductors and conducting, composers, music / audio science
terms, and fun facts about sound.
-Engage parents / guardians with an Optional At-Home Activity they can enjoy with their students.
-Listen to our Spotify playlist of music from this Curriculum Guide while students work independently in class.
-Forward our Curriculum Guide to parents / guardians so that students can share at home.
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About Us
About Music Director Michael Butterman
Mr. Butterman began studying music at the age of seven. He took piano
lessons beginning in the second grade and added violin the next year. He
enjoyed music so much that he became a violinist in the Northern
Virginia Youth Symphony and practiced piano for hours each day. He
eventually entered and won several piano competitions when he was in
high school. Although Mr. Butterman loved music, he decided to
concentrate on studies in chemistry when he was in college. He remained
involved in music by playing piano for his school’s choruses. One year, he
was asked to conduct the choruses, and discovered how much he
enjoyed working with other musicians to prepare concert programs.
Mr. Butterman then received some specialized training in conducting,
and enrolled at Indiana University. He conducts orchestras around the
country, including the National Symphony Orchestra. Mr. Butterman began leading the Boulder
Philharmonic Orchestra in 2006 and has enjoyed making music with them ever since.

About the Boulder Philharmonic
The word “philharmonic” means “love of music.” Your orchestra
is called the Boulder Philharmonic Orchestra because it is
located in the city of Boulder, Colorado and the people who
started it in 1957 loved music and recognized the value of
having an orchestra in the community. Today, the people of
Boulder love their orchestra so much, they voted the Boulder
Philharmonic Orchestra as the “Best of Boulder” eight years in a
row! With around 55 professional musicians, the Boulder
Philharmonic contains the instrument families found in most
symphony orchestras: strings, woodwinds, brass, and percussion.

About Macky Auditorium
Macky Auditorium Concert Hall was completed in 1922 and seats more
than 2,000 people. A wide range of speakers and performers have
graced the stage throughout the years, including Eleanor Roosevelt, the
Dalai Lama, Yo-Yo Ma, Jane Goodall, Robin Williams, Conan O’Brien,
Neil deGrasse Tyson and Bill Nye, just to name a few!
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The Role of the Conductor
The conductor is the leader of the orchestra. He or she leads the orchestra by directing them onstage
during rehearsals and performances. A conductor unifies musicians to share the message and intent
of the composer who wrote the piece. The conductor also sets the tempo, starts the orchestra, and
leads the beat with their baton. A baton is a thin stick held by the conductor as they direct an
orchestra or choir. A conductor’s right hand holds their baton and keeps the beat with a specific
pattern. A conductor’s left hand communicates the expressive qualities of the music.
Below are some patterns that a conductor may use:

Practice these conducting patterns with the class using the Featured Repertoire on page 5.

Famous Conductors Today
Deanna Tham is the Assistant Conductor of the Jacksonville Symphony, Music
Director of the Union Symphony Orchestra, and Principal Conductor with the
Jacksonville Symphony Youth Orchestras. She was previously resident music
director of the American Chamber Opera, based in Chicago, Illinois. Her work with
that company included a groundbreaking semi-staged production of Mendelssohn's
oratorio Elijah, and a production of Mozart's Don Giovanni, staged in English.
Rafael Payare’s profound musicianship, technical brilliance and charismatic presence
on the podium has elevated him as one of today’s most sought-after conductors. The
2021-2022 season marked his third year as Music Director of the San Diego
Symphony. Born in 1980, Payare is a graduate of the celebrated El Sistema music
program in Venezuela.
Jonathan Taylor Rush was appointed Assistant Conductor for the Baltimore
Symphony Orchestra in fall 2020. A versatile musician, Jonathan has strong
backgrounds in classical, Gospel, Jazz, Soul, and R&B styles. Jonathan serves as the
Minister of Music at Ebenezer Temple UHCA in Hartford, Connecticut and serves as
the Director of Music for the New England District of the United Holy Church of
America, where he oversees the music departments of 14 different churches.
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Featured Repertoire
Click piece title for a safe YouTube recording. Click composer’s name for Fun Facts.
Listen using our Spotify Playlist.

L’Arlesienne Suite No. 2: Farandole

Georges Bizet
(1838-1875)

Romeo and Juliet Suite No. 2: Montagues and Capulets

Sergei Prokofiev
(1891-1953)

Symphony No. 6., Mvt. III

Pytor Ilyich Tchaikovsky
(1840-1893)

Orchestral Suite No. 3: Air

Johann Sebastian Bach
(1685-1750)

Serenade No. 2 in A Major, Op. 16, Mvt. II Scherzo

Johannes Brahms
(1833-1897)

Fanfare for the Uncommon Woman No. 1

Joan Tower
(b. 1938)

Danzón No. 2

Arturo Márquez
(b. 1950)

Composer Spotlight: Arturo Márquez
(b. 1950)

[to Lesson 3]

Arturo Márquez is a Mexican composer of music for the orchestra. His hometown is Álamos in the
Mexican state of Sonora, and he is the oldest of nine children. Márquez’ grandfather was a folk
musician in Sonora and Chihuahua. His father, also a musician, performed mariachi music in Mexico
and later in Los Angeles, California. The Márquez family moved to Los Angeles in 1962, where young
Arturo began to play violin and several other instruments at his junior high school. After studying at
the Mexican Music Conservatory he received a prestigious Fulbright Scholarship, with which he
earned a Master of Fine Arts degree in Composition at California Institute of the Arts. Márquez’
animated and expressive orchestral music uses styles and forms that honor the musical heritage of
Mexico.
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Music Terms
Use this list of words to talk about the music you will hear.
Melody: a string of notes (also called tones or pitches) that are played or sung one after the other. The
main musical idea at any given time.
Rhythm: the systematic arrangement of musical sounds in time. Rhythm often uses stronger pulses
to group the sounds into “measures” of 2, 3, or 4 beats.
Harmony: two or more different notes played together.
Tempo: how fast or slow the music is played.
Dynamics: how loud or soft the music is played.
Philharmonic Orchestra: a group of musicians playing different orchestral instruments together. It
usually consists of 60-80 people, but sometimes there are more. When it’s a much smaller group, it is
referred to as a chamber orchestra.
Instrument Families: the four groups that orchestral instruments can be categorized into based on
how they are made, played, and produce sound. The families are string, woodwind, brass, and
percussion.
String Instruments: instruments that have strings and are played with a bow or plucked.
Examples: violin, viola, cello, double bass
Brass Instruments: metal instruments that are played by blowing into them while buzzing the lips into
a mouthpiece.
Examples: trumpet, French horn, trombone, tuba
Woodwind Instruments: instruments that are played by blowing air into them, sometimes across an
open hole, sometimes across a single wooden reed, and sometimes through a double wooden reed.
Examples: piccolo, flute, clarinet, saxophone, oboe, English horn, bassoon, contrabassoon
Percussion Instruments: instruments that are played through hitting, shaking, rubbing, or scraping.
Examples: snare drum, maracas, tambourine, guiro, timpani, bass drum, cymbals
Composer: a person who creates music.
Commission: a formal request to a composer to create a special piece of music for payment.
Conductor: a person who directs an orchestra.
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Soundsational Science Terms
Use this list of words to talk about the science of sound.
Pinna: the external part of the outer ear. On humans and most mammals, this is the part of the ear
that can be seen.
Ear Canal: a pathway into the ear that starts outside the head and ends at the eardrum. The ear canal
plus the pinna make up the outer ear.
Eardrum: a thin membrane that separates the outer ear from the middle ear, and receives vibrations
from the air to transmit to the brain. Also known as the “tympanic membrane,” like the orchestral
drums called tympani.
Ossicles: three bones in the middle ear that transmit vibrations from the eardrum to the cochlea.
These three bones are called the malleus (hammer), the incus (anvil), and the stapes (stirrup). The
ossicles are the smallest bones in the human body!
Cochlea: a snail-shaped organ filled with fluid that is part of the inner ear. The cochlea sends
vibrations from the ossicles to the auditory nerves, which then transmit the vibrations to our brain so
that we hear them as sounds.
Sound: wave-shaped vibrations coming from a source of disturbance, then traveling through a
material like air or water. Sound waves can also be called frequencies.
Intensity: the amount of energy in sound, usually described as “loudness” or “softness.” Intensity is
measured in decibels.
Decibel (dB): unit for measuring the relative loudness of sounds. Soft sounds have low dB numbers.
Pitch: a quality of sound waves that helps us distinguish between high and low sounds. Pitch is
measured in hertz.
Hertz (Hz): unit for measuring relative pitch. Hertz will tell you how many peaks and valleys of one
sound wave happen over a set period of time. High notes have more peaks and valleys than low notes.
Overtone: extra vibrations created by multiple frequencies happening simultaneously in one sound. In
any sound, the main pitch you hear is called the fundamental, and the extra vibrations are called
overtones or harmonics. If you have two instruments playing the exact same note, some overtones
will be louder in one instrument and others will be louder in the other instrument. Those overtones
help us hear different tone colors, so we can tell the difference between a trumpet and a violin.
Timbre: tone color of a sound wave. Timbre is based on which overtones stick out the most in a single
sound.
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Chordophones: musical instruments where sound waves are produced by plucking, striking, or
bowing strings on an instrument. The instruments of the string family are all chordophones.
Examples: string instruments such as guitar, violin, harp, and piano
Aerophones: musical instruments where sound waves are produced by disturbing the air column
inside the instrument. Woodwind instruments & brass instruments are both aerophones.
Examples: wind & brass instruments such as flute, saxophone, trombone, and also vocalists
Idiophone: an instrument that is struck, shaken, or scraped to make the whole instrument vibrate.
Some percussion instruments in the orchestra are idiophones.
Examples: most percussion instruments that are not drums, like bells, maracas, or a gong
Membranophone: an instrument that makes sound from vibrating a stretched skin or membrane.
Some percussion instruments in the orchestra are membranophones.
Examples: drum-like percussion, such as tambourines, congas, and timpani

Lesson 1: Meet the Orchestra!
Description:
There are four families of instruments in the orchestra: strings, woodwinds, brass, and percussion.
The instruments in each family share certain qualities, such as how they’re made or how they create
sound.
Because composers can combine different instrument timbres, dynamics, and moods, the orchestra
can produce as many different styles of music as human beings can imagine! When you listen to a
piece of music, ask yourself: What instruments are playing? How loud or soft is the music? Is it fast
or slow? Does this music sound like a particular color, shape, or feeling? What kinds of sounds can
you make at your desk that match the music you hear? Answers to these questions can help you play
along with the orchestra!

Featured Repertoire:
L’Arlesienne Suite No. 2: Farandole
Romeo and Juliet Suite No. 2: Montagues and Capulets
Symphony No. 6., Mvt. III

Georges Bizet
Sergei Prokofiev
Pytor Ilyich Tchaikovsky

Materials:
● Recordings of Featured Repertoire (linked in lesson)
● Instrument Identification Worksheet (pp. 10-13)
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Objectives:
Students will be able to:
● Identify different orchestral instruments and categorize them into families.
● Compare and contrast sounds of different orchestral instruments.
● Compare musical style and orchestration through words, and represent through
self-generated sounds.

National Coalition for Core Arts Standards:
● MU: Cr1.1.3, Cr1.1.4, & Cr1.1.5: Improvise rhythmic and melodic ideas, and describe connection
to specific purpose and context (such as personal and social).
● MU: Re7.2.3, Re7.2.4, & Re7.2.5: Demonstrate and describe / explain (citing evidence) how a
response to music can be informed by the structure, the use of the elements of music, and
context (such as personal and social).

Colorado State Standards:
● Colorado (Third / Fourth / Fifth Grade) Music 2.1: Compose, improvise and arrange melody
using rhythm and pitch.
● Colorado (Third / Fourth / Fifth Grade) Music 3.2: Identify and demonstrate subtle differences
in tempos, dynamics, and articulations.

Activity 1

Procedure:

Time Requirement: 15 minutes

1. Review the concept of instrument families: strings, woodwinds, brass, and percussion.
2. Using the Boulder Phil’s Instrument Demo Slideshow with audio clips, fill out the following
chart together as a class.
For the ‘Adjectives’ portion, ask:
-Does this instrument play high or low?
-What are some other adjectives to describe the instrument and the
sound it makes?
-What shapes or colors might describe this instrument?
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Instrument Identification Worksheet
Instrument

Family
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Adjectives

Instrument

Family
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Adjectives

Instrument

Family
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Adjectives

Instrument

Family

Adjectives

Activity 2

Procedure:

Time Requirement: 7.5 minutes

1. To prepare students to listen to L’Arlesienne Suite No. 2: Farandole by Georges Bizet,
teacher will play the featured section for each instrument family:
a.) Play timestamp 0:18 and ask the class to identify the featured instrument
family (strings).
b.) Play timestamp 0:34 and ask the class to identify the featured instrument
family (woodwinds).
c.) Play timestamp 2:14 and ask the class to identify the featured instrument
family (brass).
d.) Play timestamp 2:35 and ask the class to identify the featured instrument
family (percussion - cymbal crashes).
(continued…)
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2. Play L’Arlesienne Suite No. 2: Farandole. While listening together, ask the class which
instrument family is the ”star” at these four points in the music:
a.) 0:18 (strings)
b.) 0:34 (woodwinds)
c.) 2:14 (brass)
d.) 2:35 (percussion)

Activity 3
Procedure:

Time Requirement: 22.5 minutes

1. Prepare students for the activity:
a.) Students will listen to two orchestral recordings:
-Romeo and Juliet Suite No. 2: Montagues and Capulets by Sergei Prokofiev
-Symphony No. 6., Mvt. III by Pytor Ilyich Tchaikovsky
b.) Teacher will divide the board into two sections, one for each piece of music.
Explain that after listening to each recording, the class will brainstorm descriptive
words to match the music. Teacher will record responses on the board.
2. Play the following two recordings, and brainstorm descriptive words as a class:
Romeo and Juliet Suite No. 2: Montagues and Capulets by Sergei Prokofiev
Symphony No. 6., Mvt. III by Pytor Ilyich Tchaikovsky
After each piece, teacher asks these prompts & records responses on board:
∙ What kinds of instruments are playing?
∙ Is this music fast or slow?
∙ Is this music loud or soft?
∙ Is this music smooth or jagged?
∙ What words describe the mood of this music?
∙ What colors or shapes describe this music?
3. For each piece, ask students to brainstorm ways that they can make sounds at their seats
matching the mood of the music.
Possibilities:
Loud slow music - stomps, hands clapping, cupped hands making horse hoof sounds
Soft fast music - finger tapping, toe tapping, tongue clicking
4. Listen to Romeo and Juliet Suite No. 2: Montagues and Capulets and Symphony No. 6., Mvt. III
again, this time inviting students to play along using their own sounds.

14
Copyright © Boulder Philharmonic Orchestra

Lesson 2: How We Hear
Description:
Our ears are the reason we can hear the beautiful sounds made by a symphony orchestra! When an
object makes a sound, that sound travels as vibrations through the air and into our ear canals, which,
along with the pinna, make up the outer ear. Then those vibrations bounce off of our eardrums and
travel across three tiny bones, or ossicles, in our middle ear. Lastly, the vibrations enter our inner ear
and travel through the cochlea, a snail-shaped organ filled with fluid. From the cochlea, auditory
nerves detect the vibrations and send signals to our brains. The inner ear also regulates the air
pressure inside your head, and detects gravity to help you keep your balance! Once signals from the
auditory nerves reach our brains, we can then interpret a huge variety of sounds: from music, to
fireworks, to the purrs of a kitten, to the voices of our friends! We can also tell how near or far a
sound occurred, and from which direction it came.

Featured Repertoire:
Symphony No. 6., Mvt. III

Pytor Ilyich Tchaikovsky

Materials: (continued on next page)
●
●
●
●
●
●

Recordings of Featured Repertoire (linked in lesson)
large bowl or pot
plastic wrap
uncooked rice (or other small grains)
tin cookie sheet with spoon, pots & pans, and/or other metallic noise makers
fork(s) - may want to create more than one “Fork on a String”
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● scissors
● 3 ft length of yarn / string for each fork
● small items that make sounds if dropped or struck, or other ways to make sound
Examples: drop book on floor, shake coins in cup, tap pen on desk, clap hands,
crumple foil, dribble ball, stomp floor, tear paper, etc.
● large bucket filled with water
● plastic water jug or 2-liter soda bottle with bottom cut off, no cap
● 2 metal utensils (butter knives, long metal spoons, etc)
● two paper cups for each student with the bottoms cut out

Objectives:
Students will be able to:
● Explain how our ears collect vibrations and interpret those vibrations as sound.
● Understand the three qualities of sound: intensity (loudness), frequency (pitch), and timbre
(tone color), and use those qualities to determine what objects are just by hearing the sounds
they make.
● Understand how having two ears helps us determine which direction a sound is coming from,
and from how far away.
● Explain some of the ways animals other than humans detect sound.

Colorado State Standards:
● Colorado (Third Grade) Science 2.3: Different organisms vary in how they look and function
because they have different inherited information; the environment also affects the traits
that an organism develops.
● Colorado (Fourth Grade) Science 1.2: Energy can be moved from place to place.
● Colorado (Fourth Grade) Science 1.5: Waves are regular patterns of motion.
● Colorado (Fourth Grade) Science 2.1: Organisms have both internal and external structures that
serve various functions.

Activity 1
Procedure:

Time Requirement: 15 minutes

1. Watch this 2 minute video on How the Ears Work.
2. Create a Model Eardrum with your students to simulate how the eardrum transmits
vibrations.
Materials:
-large bowl or pot
-plastic wrap
-uncooked rice (or other small grains)
16
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-tin cookie sheet with spoon, pots & pans, and / or other metallic noise makers
a.) Wrap the plastic wrap tightly over the opening of the bowl.
b.) Place 20-30 grains of rice on top.
c.) Let students bang noise makers next to the “eardrum,” and see the rice dance!
3. Have students listen to a Fork on a String to demonstrate how the three bones of the middle
ear, or the ossicles, transmit sound.
Materials:
-fork(s)
-scissors
-3 ft length of yarn / string for each fork
a.) Tie the fork in the middle of the string. You may want to make quite a few of these.
b.) Have students tuck the ends of the yarn into their ears and hold using their fingers.
c.) Tap the fork against a hard surface and let it vibrate. Students will hear a loud ringing
sound that other people in the room hear differently!

Activity 2
Procedure:

Time Requirement: 15 minutes

1. Introduce students to the three qualities of sound:
How can we tell sounds apart? There are so many different sounds around us: loud sirens, papers
rustling softly, birds singing high notes, lions roaring down low. Why do they each sound so unique?
It is because our brains can categorize sounds by recognizing the similarities and differences
between them. There are three different qualities of sound that help us recognize sounds and tell
them apart: intensity, pitch, and tone.
Intensity is the amount of energy in sound. We say that a sound with a higher intensity is a loud
sound. Intensity is measured in decibels (dB). A whisper is 10 decibels, while the sound of fireworks
registers at 120 decibels. If you looked at a picture of a soft recording on a computer screen, the
sound waves would be very short, meaning that they have a low “amplitude.” Loud sound waves would
be much taller. In the orchestra, we use dynamics (pp, p, mp, mf, f, ff) to describe the intensity
musicians should use to perform certain music.
Intensity (dB)

Softer Sound

Louder Sound
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Pitch helps us hear the difference between high sounds and low sounds. A pitch is sometimes called
a “frequency.” That sounds like the word “frequent,” which relates to how often something happens.
Frequency is based on the same idea. It describes how many peaks and valleys of one sound wave
happen over a set period of time. The unit of measurement for frequency is hertz (Hz). Whistling has a
frequency of 1,000 hertz, while thunder has a frequency of 50 hertz. If you looked at a picture of a
very high-pitched recording on a computer screen, the peaks and valleys of the sound wave would be
squished closely together, meaning that many peaks and valleys are happening in a short period of
time. Peaks and valleys for a low-pitched sound wave are more spread out. In the orchestra, smaller
instruments like flutes, trumpets, and violins play at a higher pitch, while bigger instruments like the
bass drum, tuba, and basses play lower frequencies.
Pitch (Hz)

Higher Sound

Lower Sound

Tone is probably the sound quality that helps us most to identify individual sounds, and there’s a lot
going on when it comes to tone! It may seem like every sound you hear is made up of just one
frequency, or sound wave. But in fact, an individual sound includes many frequencies, all sounding at
the same time! Sometimes these waves line up very nicely to create beautiful sounds, like wind
chimes or the playing of an excellent violinist. But other times, the waves clash against each other to
create unpleasant sounds, like when you drop a pan lid on the floor or scrape fingernails down a
chalkboard. When a number of different sound waves happen together and combine within one
sound, that sound produces a lot of overtones. This means that the sound waves are lining up so well,
they are creating even more vibrations on top of the main sound! The main pitch you hear is called
the fundamental. Then depending on which overtones you can hear the best, you’ll be able to tell the
difference between the timbre of a trumpet, a violin, or a xylophone!

2. Activity: Have your students identify different sounds by playing Mystery Noises.
Materials:
-small items that make sounds if dropped or struck, or other
ways to make sound
Examples: drop book on floor, shake coins in cup, tap pen on desk, clap hands,
crumple foil, dribble ball, stomp floor, tear paper, etc.
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a.) Students will close their eyes, or face away from the teacher.
b.) Teacher makes a noise, asks students what they think the source of that noise could be.
c.) Teacher asks these questions after item is identified:
(can use as prompts if students need help)
-Was this sound loud or soft?
-Was this sound high or low?
-What kind of timbre (or tone color) did you hear? Does it sound bright, dark, mellow,
buzzy, harsh, raspy, shrill, dull, pure?

Activity 3
Procedure:

Time Requirement: 5 minutes

1. Introduce students to hearing functions related to having two ears:
How can we tell where a sound is coming from, and from how far away? Having two ears helps us
figure this out! Our brains gather clues based on which ear the sound hits first, and also how loud we
can hear that sound in each individual ear.
2. Activity: Students play Marco Polo, using one and then both ears to hear where sound comes from.
.
Optional: do this portion of the lesson in a gym or on a playground, standing.
a.) Students sit in a circle, with a chair for one student in the middle.
b.) The student in the middle will close their eyes, or cover them with a piece of cloth.
c.) For the first few rounds, the student in the middle will also cover one ear.
d.) Other students in class will take turns saying “Marco!” The student in the middle should
turn toward the source of the sound and shout “Polo!”
e.) After a few tries, have the middle student uncover their one covered ear & try again. Which
version made it easier to hear where the sound came from? Give other students a turn.

Bonus Lesson A: How Animals Hear
Many animals hear in basically the same way humans do. But there are some members of the animal
kingdom whose hearing is much better than ours, or just completely different! Elephants’ enormous
ears can hear rain clouds gathering in the distance, so they know where to head for a cool drink.
Foxes, rabbits, & dogs have very large pinnas, the external part of the outer ear, to help them hear
sounds at much higher frequencies and from much further away than humans. Dolphins use sonar
waves, similar to bats. A dolphin will send out a sonar pulse from its head. If it reflects off of an
object, the dolphin’s jaw picks up those sonar waves and uses an auditory nerve - much bigger than
the ones in humans! - to relay that signal back to their brain. Meanwhile, flies don’t hear any sound at
all, not even their own buzzing!
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Activity
Procedure:

Time Requirement: 15 minutes

1. Activity 1: Watch this 2 minute video, “How Do Animals Hear?”
2. Activity 2: Have your students Hear Like a Fish.
Materials:
-large bucket filled with water
-plastic water jug or 2-liter soda bottle with bottom cut off, no cap
-2 metal utensils (butter knives, long metal spoons, etc)
a.) Put the cut-off bottom of the jug halfway into the bucket of water.
b.) Have a student put their ear to the open cap end of the jug.
c.) Clang metal utensils underwater while the student listens. What did it sound like?
3. Activity 3: Have your students use Super Ears to hear like a fox or a rabbit!
Materials:
-two paper cups for each student with the bottoms cut out
(this can be done ahead of time)
-scissors
a.) Play the soft opening to Symphony No. 6., Mvt. III by Pytor Ilyich Tchaikovsky. Ask
students to listen first without their “Super Ears.”
b.) Have students put on their “Super Ears” and play the opening to Symphony No. 6.,
Mvt. III again. Can they hear the soft music more easily now?

Lesson 3: How Instruments Make Sound
Description:
Every sound is created by a “source of disturbance.” “Disturbance” means an action that causes
vibrations, like hitting a snare drum with a drumstick. Those vibrations then travel through a material,
such as air, to reach our ears.
We’ve learned about the four families of instruments in the orchestra: strings, woodwinds, brass, and
percussion. Instruments in those families may be made the same way, played the same way, or have
the same method of making sound. Today we’re going to learn some new words to describe orchestral
instruments. These words put instruments into categories based only on how their sound is made.
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String instruments can also be called chordophones. Chordophones are instruments whose sound
waves are produced by plucking, bowing, or striking strings. That means the piano is also a
chordophone, although in the orchestra we think of the piano as a percussion instrument!
Both woodwinds and brass instruments are aerophones. This means that their sound waves are
produced in the air column inside the instrument! A musician can start sound waves in an
aerophone’s air column in several different ways. They might buzz like a French horn player. They may
use air to vibrate a single reed like on a clarinet, or a double reed like on the bassoon. Or the musician
could blow across an open hole to create vibrations inside the instrument, like on the flute. Vocalists
are also aerophones; they use air to vibrate their vocal cords, creating complex sound waves in that
column of air as it leaves their bodies!
There are two different types of percussion instruments in the orchestra based on how they make
sound. Membranophones are instruments that make sound from vibrating a stretched skin or
membrane, like drums, timpani, and tambourines. Idiophones are struck, shaken, or scraped to make
the whole instrument vibrate. Most percussion instruments that are not drums are idiophones, such
as bells, gongs, maracas, and cymbals.
Today, we’ll make our own instruments that are played just like instruments in the orchestra!

Featured Repertoire:
Orchestral Suite No. 3: Air
Serenade No. 2 in A Major, Op. 16, Mvt. II Scherzo
Fanfare for the Uncommon Woman No. 1
Danzón No. 2

Johann Sebastian Bach
Johannes Brahms
Joan Tower
Arturo Márquez

Materials:
●
●
●
●
●
●
●
●
●
●
●
●

Recordings of Featured Repertoire (linked in lesson)
1 box per student (cereal box, macaroni box, shoe box, etc), one big side cut out
scissors
4 rubber bands per student (for all activities, 5 rubber bands total per student)
1 straw per student (could cut in half and use ½ straw per student)
1 cardboard tube per student (mailing tubes, paper towel rolls, etc)
markers and crayons
1 tin can per student (old soup or vegetable cans work best)
dried grains of rice, beans, or lentils
1 balloon per student (with the narrow end cut off)
1 rubber band per student (for all activities, 5 rubber bands total per student)
1 pencil per student
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Objectives:
Students will be able to:
● Categorize orchestral instruments into chordophones, aerophones, membranophones, or
idiophones based on how they make sound.
● Create instruments that make sounds using the same methods as instruments of the
orchestra.
● Play hand-made instruments along with recordings of music that features that instrument
family in the orchestra.
● Discuss the making, playing, and traditional uses of the didgeridoo and its importance to
Aboriginal culture.
● Explain how a microphone works like our ears do.
● Understand how, in analog recording, vibrations are transferred through the air, concentrated
within a device, and then recorded on a physical surface.

National Coalition for Core Arts Standards:
● MU: Cr1.1.3, Cr1.1.4, & Cr1.1.5: Improvise rhythmic and melodic ideas, and describe connection
to specific purpose and context (such as personal and social).
● MU: Cn11.0.3, Cn11.0.4, & Cn11.0.5: Demonstrate understanding of relationships between music
and the other arts, other disciplines, varied contexts, and daily life.

Colorado State Standards:
● Colorado (Third / Fourth / Fifth Grade) Music 2.1: Compose, improvise and arrange melody
using rhythm and pitch.
● Colorado (Third / Fourth / Fifth Grade) Music 3.3: Identify and demonstrate complex form,
meter, and timbre elements.
● Colorado (Third / Fourth / Fifth Grade) Music 4.2: Identify differences and commonalities in
music from different historical periods and different cultures.
● Colorado (Third Grade) Science 1.2: Objects in contact exert forces on each other; electric and
magnetic forces between a pair of objects do not require contact.
● Colorado (Fourth Grade) Science 1.2: Energy can be moved from place to place.
● Colorado (Fourth Grade) Science 1.4: Energy can be produced, used or released by converting
stored energy.
● Colorado (Fourth Grade) Science 1.7: Patterns can encode, send, receive and decode
information.
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Activity 1
Procedure:

Time Requirement: 8 minutes

Create a Box Violin with your students to show how string instruments make sound!
This instrument is a chordophone.
While the class makes box violins, play recording of Orchestral Suite No. 3: Air by
Johann Sebastian Bach.
Materials:
-1 box per student (cereal box, macaroni box, shoe box, etc),
one big side cut out (this can be done ahead of time)
-scissors
-4 rubber bands per student
a.) Cut open one of the big sides of the box. (this can be done ahead of time)
b.) Stretch four rubber bands around the box.
c.) Students can pluck the strings with fingers, or use a pencil to pretend to bow their violins.
d.) Play a portion of Orchestral Suite No. 3: Air by Johann Sebastian Bach again;
invite students to pluck or bow their violins along to the rhythm.

Activity 2
Procedure:

Time Requirement: 7 minutes

Create a Straw Oboe with your students to show how some woodwind instruments make sound!
This instrument is an aerophone.
While the class makes straw oboes, play recording of Serenade No. 2 in A Major, Op. 16,
Mvt. II Scherzo by Johannes Brahms.
Materials:
-1 straw per student
(could cut in half and use ½ straw per student)
-scissors
a.) Flatten one end of the straw. (teacher may choose to prepare
Steps A & B before-hand, or have students do it)
b.) Cut on each side of the flattened end, from 1-inch down the straw’s
side to the middle of the tip. These two cuts will create a little
triangle at the tip of the straw.
c.) Have students insert the cut end into their mouth, and blow to
make the “double reed” vibrate.
d.) Play Serenade No. 2 in A Major, Op. 16, Mvt. II Scherzo by Johannes
Brahms again; invite students to play along on their oboes.
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Activity 3
Procedure:

Time Requirement: 15 minutes

1. Introduce the didgeridoo:
The didgeridoo is an instrument created by the Aboriginal people of Australia
at least 1500 years ago. A didgeridoo performer would have been
accompanied by another musician playing rhythm sticks called “clapsticks,”
and together they provided music for ceremonial dancing. Didgeridoo
musicians have passed down their traditional rhythms for generations.
Although the didgeridoo is made from a hollowed out tree branch, it is played
the same way that we play orchestral brass instruments: by blowing air and
buzzing lips to create vibrations in the air column inside!
Didgeridoo performers use a technique called “circular breathing.” They
breathe in through their nose and buzz air out their lips at the same time. In
the orchestra, oboe players also use circular breathing occasionally. This
technique allows a musician to play a wind instrument continuously without
stopping for a very long time. The current record for holding one note using
circular breathing belongs to saxophone player Vann Burchfield. In the year
2000, he held a note for 47 minutes, 5 ½ seconds!
Show your students this video of Australian Didgeridoo performer
William Barton. Notice the intricate rhythms he plays, and that he can play
continuously without taking a breath.
2. Create a Didgeridoo with your students to show how brass family instruments make sound!

This instrument is also an aerophone.
While the class makes didgeridoos, play recording of Fanfare for the Uncommon Woman No. 1
by Joan Tower.
Materials:
-1 cardboard tube per student (mailing tubes, paper towel rolls, etc)
-markers and crayons
a.) Show students traditional Aborigonal symbols & their meanings. (halfway down webpage)
b.) Let students decorate their didgeridoos with markers and crayons.
Students can use some traditional Aborigonal symbols if they’d like.
c.) Play Fanfare for the Uncommon Woman No. 1 by Joan Tower again;
invite students to buzz along on their didgeridoos.
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Activity 4
Procedure:

Time Requirement: 15 minutes

Create a Bongo, Shaker, & Güiro All-in-one with your students to show how some percussion
instruments make sound. This instrument is both a membranophone & an idiophone!
While the class makes percussion instruments, play Danzón No. 2 by Arturo Márquez.
Materials:
-1 tin can per student (old soup or vegetable cans work best)
-dried grains of rice, beans, or lentils
-scissors
-1 balloon per student (with the narrow end cut off)
-1 rubber band per student
-1 pencil per student
a.) Have students put grains inside their can.
b.) Stretch balloon (with end snipped off) over the can opening.
c.) Secure balloon with a rubber band.
d.) Students can now shake their instrument like an egg shaker, play the balloon top like a
bongo, use a pencil to play it like a drum, or scrape their pencil along the side like a güiro.
e.) Play Danzón No. 2 by Arturo Márquez again; invite students to play their percussion
instruments along to the music.

Optional At-Home Activity
Students can watch Boulder Phil musicians make their own instruments and join along at home!
Send these video links home so students and their parents / guardians can make more instruments
together.
A.) Make Your Own Violin with Veronica Sawarynski
B.) Make Your Own Flute with Elizabeth Sadilek-Labenski
C.) Make Your Own Trombone with Bron Wright
D.) Make Your Own Percussion Instrument with Nena Lorenz Wright
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Bonus Lesson B: How Recording Works
Procedure:

Time Requirement: 15 minutes

1. Introduce how recording works:
Sounds are wave-shaped vibrations coming from a “source of disturbance.” For instance, if a timpani
player hits her drum with a mallet, those two things colliding would be the “source of disturbance.”
Energy is created by that collision in the form of vibrations. Those vibrations look like a wave, and
travel through air molecules into our ears. There, the vibrations bounce off the eardrum, travel
through the middle and inner ears, and are transformed into electrical signals that our brains call
“sound.”
Recording works basically the same way! Just like our ears translate sound waves into electrical
signals that our brain can decode, recording also transfers sound waves into electrical energy. But
through recording, we can create a record of those electrical impulses that can be played later again
and again!
To understand recording, let’s look at how a microphone works. When you speak into a microphone,
the sound waves from your voice vibrate a thin sheet of material inside called a diaphragm. The
diaphragm in a microphone is usually made of plastic. It responds to vibrations just like your
eardrum. On the other side of the diaphragm, there is a magnet. When the diaphragm vibrates in
response to your voice, the magnet vibrates as well - just like the ossicles in your ear. As it vibrates,
the magnet moves back and forth towards a little wire. The magnet and the wire interact to produce
electrical currents that match the same pattern as the sound of your voice! Just like our auditory
nerves, the wire in a microphone transmits those electrical impulses so that they can be processed
as sound.
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Now that the microphone has created an electronic version of your voice, you can choose what to do
with those signals. If you wanted to hear your voice in real time, you could play it back right away by
hooking the microphone up to a speaker. Speakers work just like microphones, but in reverse! An
electrical impulse is sent through a wire to a magnet inside the speaker. That vibrates a much larger
diaphragm (the “cone”), built inside a box that makes the sound waves project even louder.

But you could also save those electrical signals and hear them back later. To do that, we need to keep
a record of the electrical impulses that were created when you spoke into the microphone. There are
two main types of recording that we use to keep a record of those vibrations: analog and digital. Both
types of recording use the electrical signals from the microphone, but do something different with
them afterward.
In analog recording, the signals are sent to a device that will physically
move up and down to reproduce those vibrations on some kind of
material. Early recording devices recorded vibrations on wax! But more
modern analog devices like cassettes and VCR tapes use a magnet to
record vibrations onto magnetic tape.
Most recording today is not analog recording, but digital recording. Digital recording measures the
electrical signals coming from the microphone many times per second. Those signals are then
translated into binary code, a language using only “1’s” and “0’s” that computers understand. That
information is stored as a computer file and can be copied onto a CD or shared as an mp3. The
computer will decode all of the “1’s” and “0’s” when you play the track, changing them back into
electrical impulses that will sound from a speaker.
2. Activity: watch this 3+ minute video about Thomas Edison’s wax recorder.
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Composer Fun Facts
Georges Bizet (1838-1875)

[to Lesson 1]

-Georges Bizet was born on October 25, 1838 in Paris. Although he was
registered as Alexandre César Léopold, for some reason he was baptized as
‘Georges’ and was always known by that name.
-On October 9, 1848, sixteen days before his tenth birthday, Georges entered the
Paris Conservatoire. There he studied organ, theory, and piano.
-Georges Bizet’s best-known work is the opera Carmen, which includes the
famous “Toreador Song.”

Sergei Prokofiev (1891-1953)

[to Lesson 1]

-Prokofiev was a Russian composer, pianist, and conductor.
-During the 1920s and early ’30s, Prokofiev toured with immense success as a
pianist in the great musical centers of western Europe and the United States.
-After the Russian Revolution, Prokofiev left his homeland with the Soviet Union's
official blessing. He lived in the USA, then Germany and Paris, during which time he
married Spanish singer Carolina Codina, with whom he had two sons.

Pytor Ilyich Tchaikovsky (1840-1893)

[to Lesson 1] [to Lesson 2]

-Tchaikovsky took piano lessons from the age of five; he only started his music
studies in earnest at the age of 21, following a short career in the Ministry of
Justice.
-Tchaikovsky was well-versed in several languages and he spoke French and
Italian fluently.
-Tchaikovsky’s most famous works are his music for the ballets Swan Lake and
The Nutcracker.

Johann Sebastian Bach (1685-1750)

[to Lesson 3]

-There are over 1,000 known compositions by Bach. These include cantatas, motets,
masses, Magnificats, Passions, oratorios, four-part chorales, songs, arias, and
suites.
-Bach and Handel were born in the same year 80 miles apart, but never met.
-Bach had two wives and over 20 children, though only half survived to adulthood.
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Johannes Brahms (1833-1897)

[to Lesson 3]

-Brahms started writing his First Symphony (Opus 68 in C minor) in 1854, but
due to his perfectionism, the public had to wait 22 years to hear it.
-Brahms enjoyed vacationing in Switzerland and Italy to compose, away
from everyday distractions.
-Brahms’ father played the French horn and the double bass. Brahms had a
life-long love for the horn and often requested that his horn players use the
“Waldhorn,” or the natural horn without valves.

Joan Tower (b. 1938)

[to Lesson 3]

-Joan Tower has been called “one of the most successful women
composers of all time.” She is currently a professor at Bard College,
where she has taught since 1972.
- In 2008, Tower’s Made in America, & its recording with Leonard Slatkin
and the Nashville Symphony, won three Grammy awards: Best Orchestral
Performance, Best Classical Album, and Best Classical Contemporary
Composition.
-Her Fanfare for the Uncommon Woman No.1 was commissioned by the
Houston Symphony in 1986 and was inspired by Aaron’s Copland’s Fanfare for the Common Man.

Other Composers of Interest
Benjamin Britten (1913-1976), one of the most prominent composers of the
20th century, wrote the orchestral piece The Young Person’s Guide to the
Orchestra, Variations and Fugue on a Theme of Purcell, op. 34, as a score
for a 1946 documentary film denominated “Instruments of the Orchestra.”
The piece showcases each family of instruments of the orchestra. Britten
wrote much of his music for the tenor Peter Pears who was also his
romantic partner, inspiration and collaborator.
Listen to this piece with your students to identify, compare and contrast
the different families of instruments of the orchestra. To listen to a
recording of this piece click here.
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Born in London, Samuel Coleridge-Taylor (1875-1912) faced several
challenges during his life because of the color of his skin. In 1904,
Coleridge-Taylor visited President Theodore Roosevelt at the White
House, a rare event in those days for a man of African descent. His music
draws traditional African music and integrates it into the classical
tradition, a trait that can be appreciated in the Symphonic Variations on
an African Air,Op.63 (1906)

Florence Price (1887-1953) was the first African-American woman to be
recognized as a symphonic composer and whose works were performed by a
major orchestra, in Chicago. She overcame many of the obstacles faced
during her time due to being a woman of mixed race and developed a fulfilling
career as a prominent composer. She wrote four symphonies and many other
orchestral pieces, several of which incorporate African-American rhythms
and traditional spiritual melodies. The Symphony No. 1 in E minor
demonstrates Price’s exquisite skills as a composer.

Fun Facts About Sound
Sound cannot travel through space since there are no molecules to travel through. Here on earth, we
have air molecules that vibrate in and around our ears.
On Earth, sound travels at a speed of around 767 miles per hour through
air. Air Force Captain Chuck Yeager was the first human to “break the
sound barrier” on October 14, 1947. This means that he flew an aircraft
faster than the speed of sound, topping out at 807.2 mph. Traveling
faster than the speed of sound causes a sonic boom, which is a very
loud noise similar to thunder and can be seen in this picture.
The tip of a bullwhip can also travel faster than the speed of sound, and the “crack” of the whip you
hear is a mini sonic boom!
Since particles are closer together in water than in air, sound can
travel four times faster in water.
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If you clap in front of Chichen Itza's El Castillo pyramid, the echo will sound like a chirping bird.
Which do you think is louder, a car horn or a crying baby? The answer is the cry of a human baby, at
115 decibels!
The loudest natural sound on earth is caused by an erupting volcano.

Alexander Graham Bell, inventor of the
telephone, also created the concept of the decibel (dB) as a unit used
to express the intensity of sound.
Heinrich Rudolf Hertz was born on February 22, 1857 in Hamburg, Germany. Hertz
discovered one of the first clues to the existence of the quantum world. The unit of
frequency or pitch, the hertz (Hz), is named in his honor.
Tuvan throat singers from Mongolia practice overtone singing, where they use special techniques to
vocalize a fundamental pitch and a strong harmonic at the same time. Brass and woodwind players
can also play multiphonics! Through playing the fundamental pitch and singing another note
simultaneously, brass and woodwind players can make even more overtones sound sympathetically.
Watch Greek trombonist Achilles Liarmakopoulos of the Canadian Brass demonstrate trombone
multiphonics!

Thanks to our Sponsors!
AEC Trust
Harry & Ellie Poehlmann
Sei Solo Foundation
Virginia Hill Charitable Foundation
SCFD
31
Copyright © Boulder Philharmonic Orchestra

Online References and Resources
Featured Repertoire

Listen to Sounds Travel Underwater
Kids Academy

L’Arlesienne Suite No. 2: Farandole
Georges Bizet

Super Ears
Education World

Romeo and Juliet Suite No. 2: Montagues and Capulets
Sergei Prokofiev

Lesson 3

Symphony No. 6., Mvt. III
Pytor Ilyich Tchaikovsky

Measuring Sound
Science Learning Hub

Orchestral Suite No. 3: Air
Johann Sebastian Bach

Make Your Own Instruments
CBC Parents

Serenade No. 2 in A Major, Op. 16, Mvt. II Scherzo
Johannes Brahms

Straw Oboe
Exploratorium
Make a Didgeridoo
KiwiCo

Fanfare for the Uncommon Woman No. 1
Joan Tower

Didgeridoo Solo
William Barton

Danzón No. 2
Arturo Márquez

Symbols in Aboriginal Art
Artlandish Aboriginal Art Gallery

Lesson 2

Bongo, Shaker, Güiro All-in-one
Mama, Papa, Bubba

How the Ears Work
Nemours KidsHealth

Bonus Lesson B

Model Eardrum
Neuroscience for Kids, Eric H Chudler

How Sound is Recorded and Played
study.com

Fork on a String
Teach Beside Me

The Microphone
About the Microphone

The Components of Sound
Iowa State University Center for Nondestructive
Evaluation

How Does a Speaker Work
Electrical Classroom

Mystery Noises
Neuroscience for Kids, Eric H Chudler

Edison Wax Recording, Guitar and Vocals
County College of Morris

Marco Polo
Neuroscience for Kids, Eric H Chudler

Fun Facts About Sound

Bonus Lesson A

Acoustics at Chichen Itza
jessicep via Youtube

Animal Hearing Abilities
Hear.com

Tuvan Throat Singing
FNscarH via Youtube

How Do Animals Hear?
Phonak

Trombone Multiphonics
Chris Coletti via Youtube
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