EDUCATION
WORKSHOP

Setting
the Stage
Episode 2:
Can you hear
me now? How
microphones work.
--

SC Grades 3, 4, & 6
NC Grades 2, 4, & 6

S OU T H C AROL I NA STAT E S TA N DA R D S
Student Objective:
The student will be able to explain the history of the microphone, the engineering of a microphone, and
the conversion of sound waves to electrical energy.
3.P.3A. Conceptual Understanding: Energy can be transferred from place to place by electric currents. Electric
currents flowing through a simple circuit can be used to produce motion, sound, heat, or light. Some materials
allow electricity to flow through a circuit and some do not. Performance Indicators: Students who demonstrate this
understanding can:
3.P.3A.1 Obtain and communicate information to develop models showing how electrical energy can be
transformed into other forms of energy (including motion, sound, heat, or light).
3.P.3A.2 Develop and use models to describe the path of an electric current in a complete simple circuit as
it accomplishes a task (such as lighting a bulb or making a sound).
3.P.3B. Conceptual Understanding: Magnets can exert forces on other magnets or magnetizable materials causing
energy transfer between them, even when the objects are not touching. An electromagnet is produced when an
electric current passes through a coil of wire wrapped around an iron core. Magnets and electromagnets have
unique properties. Performance Indicators: Students who demonstrate this understanding can:
3.P.3B.1 Develop and use models to describe and compare the properties of magnets and electromagnets
(including polarity, attraction, repulsion, and strength).

4.S.1B. Conceptual Understanding: Technology is any modification to the natural world created to fulfill the wants
and needs of humans. The engineering design process involves a series of iterative steps used to solve a problem
and often leads to the development of a new or improved technology. (Not addressed in fourth grade CCSD FOSS kit.)
4.P.4B. Conceptual Understanding: Sound, as a form of energy, is produced by vibrating objects and has specific
properties including pitch and volume. Sound travels through air and other materials and is used to communicate
information in various forms of technology. (Extension of 4th grade CCSD FOSS kit experiments.)
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6.P.3A.4 Develop and use models to exemplify how magnetic fields produced by electrical energy flow in a circuit is
interrelated in electromagnets, generators, and simple electrical motors.
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Assessments: Pre and post assessments are included on page 13.
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Vocabulary: Sound wave, vibration, microphone, pitch, diaphragm, coil, magnet, current.

NORT H C AROL I NA STAT E S TA N DA R D S
2.P.1 Understand the relationship between sound and vibrating objects.
2.P.1.1 Illustrate how sound is produced by vibrating objects and columns of air.
2.P.1.2 Summarize the relationship between sound and objects of the body that 		
vibrate – eardrum and vocal cords.
4.P.1 Explain how various forces affect the motion of an object.
4.P.1.1 Explain how magnets interact with all things made of iron and with other 		
magnets to produce motion without touching them.
4.P.1.2 Explain how electrically charged objects push or pull on other electrically 		
charged objects and produce motion.
6.P.1.3 Explain the relationship among the rate of vibration, the medium through which
vibrations travel, sound and hearing.
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PA RT I - H I S TORY OF T H E M IC ROPHON E
Before there were microphones, people came up with more creative ways to make their
voices heard. Stages were built in a curved shape to help sound travel and actors wore
masks with megaphone-like lips to amplify their voices. People used megaphones, which
are large funnel-shaped devices for amplifying and directing your voice. The invention of
the microphone made an impact on the arts and the world alike. The microphone is the
source of the popular “crooner” style of singing from the 1930s. Performers could sing
without having to yell or strain their voices towards the audience.

Ancient Theatre of Epidaurus | Berthold Werner, CC BY-SA 3.0
via Wikimedia Commons
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Carbon Microphone
Western Electric doublebutton carbon microphone
from stokowski.org

Amplified masks |Capitoline Museums,
Public domain, via Wikimedia Commons

It was the inventor of the telephone, Alexander Graham Bell,
who is credited with inventing the very first microphone in
1876. It required sound waves to vibrate a needle in water.
Ten years later, Thomas Edison invented the first carbon
microphone, which was much more practical. Edison’s carbon
microphone was actually used extensively in telephones and
radio transmitters for decades, until the 1970s.

PA RT I - H I S TORY OF T H E M IC ROPHON E
M. Chorpening and F. H. Woodworth invented the first
ceramic microphone in 1933. An electric current could be
created through the vibrations of sound waves meeting the
piezoelectric crystals.

Ceramic Microphone
Shure Model 708A from shure.com

E.C. Wente of Bell Laboratories invented the condenser
microphone in 1916. The condenser microphone allowed
sound in motion pictures (movies) and the built-in amplifier
was perfect for radio broadcasting.
In 1931 the dynamic microphone was invented by Wente
and A. C. Thuras of Bell Laboratories. This is the type of
microphone that we still use today because they are sturdy,
take a lot of sound pressure and can take a loud volume.
(This is the mic we will focus on in this workshop.)
Another microphone that was invented right around the
same time, in 1931, was the ribbon microphone. This
microphone was introduced by RCA (a major electronics
company). The ribbon microphone is another important
piece of technology. We still use the ribbon microphone
today especially for vocal recording and broadcasting.
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Condenser Microphone
Gregory F. Maxwell, via
Wikimedia Commons

LEFT: Today’s Dynamic Microphone
RIGHT: Ribbon Microphone
LuckyLouie at English Wikipedia.
Transfered to Wikimedia Commons, CC
BY-SA 3.0

PA RT I I - V I DE O WOR K S HOP
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CLICK THE IMAGE
ABOVE TO WATCH
THE WORKSHOP

John Barry is the Head Sound Engineer at the Gaillard
Center. Growing up with a musician mother, John developed
a passion for music at a young age and turned his eye from
performance to production in college. As the Head Audio
Technician at the Gaillard, John works with maintaining and
tuning our audio systems, mixing sound for local shows,
and assisting touring engineers with their shows.

PA RT I I - V I DE O WOR K S HOP
As heard in the video, a dynamic microphone converts sound waves into energy. Sound is
made up of vibrations, or sound waves, that we can hear. These sound waves are formed
by objects vibrating. Sound waves travel through air, water, and solid objects as vibrations.
When they reach our ears, these waves make the delicate skin of the eardrums vibrate.
The rising parts of the sound waves are high pressure, and the dipping parts of the waves
are low pressure. Put your two fingers under your chin over your own larynx. Now hum.
Can you feel the vibrations? Hum in a higher and then in a lower voice. Do you hear the
change in pitch? Remember, sound waves are formed by objects vibrating and microphones
transform sound waves into electrical energy.
As sound waves hit the microphone, they are causing the diaphragm of the microphone to
move. The coil of wire connected to the diaphragm moves with it. The sound waves move
the coil through the electrical field created by the magnet; it creates an electrical energy
on the coil. That electrical energy is then sent through a cable to the speaker, and the
microphone has created a signal!
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The three main parts of a microphone
are the diaphragm, coil, and magnet.
The diaphragm is a thin material that
MAGNET
is suspended inside of the microphone
so that sound pressure can cause it to
DIAPHRAGM
move. The coil is made of electrically
COIL
conductive wire. It is attached to the
diaphragm and moves with it. The
coil and diaphragm together are in an
electrical field created by the magnet, which in turn results in electromagnetism. Dynamic
microphones use no batteries and have no power plug, they are reacting to the energy
created by the sound waves. Vibrations make sound waves, sound waves make the coils of a
microphone move, and the movement towards the magnet creates energy.

PA RT I I - V I DE O WOR K S HOP
Now that you know the inner
workings of the microphone let’s talk
about electromagnetic induction.
Microphones take kinetic energy
and turn it into potential energy. That
process is through electromagnetic
induction. This is the use of the
movement of magnets around a coil
of wire to create an electrical current
through the wire. This is done by
rotating magnets between north and
south poles of the magnets while a coil of wire moves between the rotating magnets (in a
dynamic microphone the sound waves make the coil move).
Magnets have a north and south pole. Poles attract or repel one another. South/north attract
and south/south and north/north repel each other. The alternating push and pull at spaced
intervals causes the rotation of the magnets around the coil of wire. That rotation produces
the electrical current. This is what is happening inside of a dynamic microphone, which is
why it uses no batteries or requires no electricity to work.
Who gets credit for this discovery?
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Michael Faraday discovered
electromagnetic induction in 1831 in
England. He found that if you change
the magnetic fields by rotating a magnet
around a coil of wire, you can create an
electrical current through the wire.

PA RT I I I - E X PE R I M E N T S
Before you begin the experiments, you will need a science notebook. Use
your science notebook to document the scientific process for each one of the
experiments. Include one drawing of each experiment in your science
notebook as part of your response.

1. Ask a question: what are we trying to find out?
2. Gather information and observe: what do you know about this topic?
3. Make a hypothesis: what do you think will happen?
4. Experiment and test your hypothesis.
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5. Analyze your test results.
6. Present a conclusion: what happened? Was your hypothesis correct or
incorrect? What did you learn?

PA RT I I I - E X PE R I M E N T S
Experiment 1 - Stick Harmonicas

Learn About:
Sound waves and pitch
Supplies:
• 2 large craft sticks
• 1 wide rubber band
• 2 smaller rubber bands
• 1 plastic drinking straw
• Scissors

Photo from CS Mott Children’s Hospital, Camp Little Victors

Instructions
1. Using the scissors, cut the straw into two 1-inch pieces and set aside.
2. Take the wide rubber band and stretch it length-wise around one of the jumbo craft sticks and
place one of the straw pieces under the rubber band, close to the edge on one end.
3. Take the other craft stick and place it directly on top of the craft stick with the rubber band.
Secure them together at the ends using the small rubber bands.

Setting
the Stage
Episode 2:
Can you hear
me now? How
microphones work.

10

4. Finally, take the last piece of straw and place it in the harmonica between the sticks on the
opposite end from the other, but this piece should be fit above the wide rubber band instead of
below it.
5. Encourage your students to play the harmonica by blowing in the center of the harmonica!
Explore different pitches by moving the straw pieces!
6. Wrap it up: What is happening? After playing the harmonica, complete the sound experiment
by talking about the mechanics of the harmonica. The vibrating rubber band makes all the noise,
and the closer the straw pieces are to the center of the harmonica, the higher the pitch will be
due to the shortened length of the band. Simply put, pitch is the highness or lowness of a sound.

PA RT I I I - E X PE R I M E N T S
Experiment 2 - Waves Traveling Through Matter

Learn About:
How sound waves travel
through air and solids
Supplies:
• Metal kitchen spoon
or large metal 			
measuring spoon
• 30in of string

Instructions
1. Stretch out the string and tie the handle of the
spoon in the middle of the string.
2. Take one end of the string and tie around your
pointer finger. Do the same using the other end,
but tie this string around the pointer finger of your
opposite hand.
3. Put your fingers, with the string wrapped around
each, into your ears.
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4. Lean over so the spoon dangles and swing the spoon so it hits a nearby door or wall.
5. Hit the door or wall again, but this time with more force. What do you hear?
6. Wrap it up: What is happening? You should hear a bell-like sound travel up the string from
the spoon and into your ears. The sound waves are traveling through the string. Sound waves
can move through solids.

PA RT I I I - E X PE R I M E N T S
Experiment 3 - Visible Sound
Learn About:
Make sound visible by
forcing objects to react to
the sound of vibrations
Supplies:
• Empty, clear mixing bowl
• Plastic wrap
• Large rubber bands
• Sugar crystals or rice

Instructions
1. Wrap a sheet of plastic wrap over a mixing bowl securely with a large rubber band.
Be sure the plastic wrap is tight.
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2. Place a few of the sugar crystals or rice on the top of the plastic wrap, placing them in
the middle of the wrap.
3. Get close to the sugar crystals or rice and say something LOUDLY!
4. Wrap it up: What is happening? Experiment with louder and softer words or sentences
to watch the sugar crystals or rice react to the sound vibrations and move. They are
reacting to the vibrations created by your voice. Simply put, sound waves are the pressure
caused by sound.

PA RT I I I - E X PE R I M E N T S
Experiment 4 - Electromagnetism

Learn About:
Make your own electromagnet
(one of the ten forms of
energy)
Supplies:
• AA battery
• Copper wire
• Iron nail
• Paper clips

Temporary magnets are created by electromagnetism, which is a form of potential energy. A battery
passes electricity through a coil of wire wrapped around an iron nail. Turn on the current and the
nail becomes a magnet, turn it off and the magnetism disappears. Electromagnets are used
for many machines like a lawn mower, microwave, or an electric toothbrush. You use a form of
electromagnetism every day to power something in your home without even realizing it. Let’s make our
own electromagnet.
Instructions
1. Wrap the copper wire around the nail 25 times. Leave a little wire sticking out at each end.
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2. Take your AA battery, place it parallel to the nail, and touch both ends of the wire to each end of
the battery. One end of the wire needs to touch the + side of the battery and the other end of the wire
needs to touch the – side of the battery.
3. Move the nail near the paper clips, and your nail should now attract the paper clips. You have
successfully turned your nail into a temporary magnet.
4. Now remove the battery. Place your nail back by the paperclips. Is there any change?
5. Wrap it up: Using the coil and the battery, you have created a temporary magnet, which is
electromagnetism and a form of potential energy. Now, can you create electromagnetism without a
battery like in a dynamic microphone? Yes, you can! However, this experiment is a little more involved;
please go to the video link here to explore more.

3RD A N D 4 T H GR A DE A S S ES S ME NT S
TEACHERS: A pre and post assessment is included. There is a paper/pencil option, but this can also be combined
with the three arts-integrated assessments with the included rubrics. The assessments above can easily be
integrated through the arts and completed during your special area block or invite your special area teacher into
your classroom. Pair up with your music teacher to complete the rap or song, your physical education teacher for a
dance, your computer teacher for a video recording, and your art teacher for the drawings and diagrams. The arts
put the “A” in STEAM and make it possible for all learning styles to master the state standards.

Pre & Post Assessments
1. Draw a timeline of microphones through history and make a video recording of yourself
explaining how microphones have contributed to our world. (4.S.1B Rubric)
2. Draw a diagram of the inner workings of a microphone and make up a dance, rap, or song
explaining the transfer of sound waves to energy by a microphone. For third grade, include
electromagnetism of the microphone in your diagram. (3.P.3A.1) (4.P.4B Rubric)
3. Design your own electromagnet. (3.P.3A.2, 3.P.3B., 3.P.3B.1)

6TH GR A DE A S S ES S M EN TS
Pre and Post Assessments
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1. While learning about the dynamic microphone, we focused on potential and kinetic energy
which are the two primary forms of energy. But kinetic and potential only describe the many
different types of energy. There are ten different types. To cover the sixth-grade standards,
research these five forms of energy: mechanical, electrical, chemical, radiant, and thermal.
For each type, write two sentences describing the process and draw a diagram or act out an
example of each and record yourself acting it out. You may record your presentation and state
your two sentences prior to acting out each type of energy. (6.P.3A.1 Rubric)
2. Draw a diagram of the inner workings of a microphone and make up a dance, rap, or song
explaining the transfer of sound waves to energy by a microphone including the use of kinetic
and potential energy and how electromagnetism ties into the process.
(6.P.3A.2 and 6.P.3A.4 Rubric)
3. As an electromagnet, a dynamic microphone has the ability to store energy. How? How can
the energy be conserved? Research and write one paragraph describing the process.
(6.P.3A.3 Rubric)

C I TAT IONS AN D R E SOU RC E S

Explore More Resources
How do Microphones Work?
Electromagnetic Induction
What is Sound?

Research
https://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/electrical-engineering/microphone
https://www.britannica.com/science/electromagnetism/Faradays-discovery-of-electric-induction
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Photos
Epidauros Theater: https://commons.wikimedia.org/wiki/File:Epidauros_BW_2017-10-10_16-38-16.jpg
Theatrical Masks: https://commons.wikimedia.org/wiki/File:Theatrical_masks_on_a_mosaic_in_the_Museum_Capitolini.png
Carbon Microphone: https://www.stokowski.org/Development_of_Electrical_Recording.htm
Ceramic Microphone: https://www.shure.com/en-US/performance-production/louder/the-history-of-crystal-microphones-and-artifactsfrom-the-shure-archives
Condenser Microphone: https://commons.wikimedia.org/wiki/File:Oktava319-internal.jpg
Ribbon Mic: https://commons.wikimedia.org/w/index.php?curid=7782171
Stick Harmonica: https://www.mottchildren.org/posts/camp-little-victors/popsicle-harmonica
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S P ONSOR S AN D S U PP ORT E R S

Setting the Stage is presented in part by:

the

Kennedy-Herterich
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