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[bookmark: _Toc213833573]Balloon Lips | Investigation 1
Description
What makes sounds? How do instruments make sounds? Learn more about sounds and instruments in investigation 1. 
Materials
· Tube 
· Narrow funnel 
· Balloons 
· Rubber band 
· Tape
· Trumpet Mouthpiece
Procedure
1) Insert the funnel into one end of the tube.
2) Stretch and rubber band two balloons over the opening so that they nearly overlap.
3) Place the balloon lips against the mouthpiece of a trumpet and blow in the tube.
4) What do you notice?
My Results
In the space below, write your answers to the following questions.
1. What happened when you blew into the tube?



2. Why do you think this happened?



Explanation
Blowing into the tube with balloon lips causes the edge of the balloons to vibrate. The vibrating latex produces pulsing bursts of energy that enters the mouthpiece of the trumpet forming a longitudinal standing wave, or compression wave that moves through the trumpet producing sound. The balloon lips resemble the buzzing lips of a brass musician that is triggered by moving air from the lungs.  
Vocabulary
· Longitudinal standing wave
· Compression wave
· Vibrate
· Energy 

















Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833574]Mouthpiece Marvels| Investigation 2
Description
How are instrument mouthpieces alike and different? Compare and contrast with Investigation 2- mouthpiece marvels. 
Materials
· Funnel with a large bell 
· Mouthpieces from different instruments 
· Trumpet
Procedure
1) Compare the mouthpieces of different instruments. 
2) What do you notice? 
3) Try playing the funnel by blowing into them.  
4) Does it produce any sound? 
5) Try it again, but this time try buzzing your lips. 
6) Could you produce a sound this time?
My Results
In the space below, write your answers to the following questions.
1. How are the mouthpieces similar or different?



2. Can you make noise with the funnel? Can you change the sound that comes out?





Explanation
When blowing into a funnel or brass mouthpiece, you can hear the rush of air, but it doesn’t produce the desired sound. Buzzing the lips starts the necessary vibrations to move the air particles in compression waves that we interpret as sound. You may have noticed that the funnel with its large bell amplified the sound a little, but the tone was not very pretty. When playing the funnel, it is possible to slide up through the scale from note to note from a lower to a higher range (portamento). When the musician buzzes the lips, the mouthpiece serves to focus the vibration into the instrument which further focuses and amplifies its volume. The trombone or tuba mouthpieces are much bigger than a trumpet’s. A larger cup to the mouthpiece allows more of the lips to vibrate producing a lower pitch.  
Vocabulary
· Vibration
· Air Particles
· Compression waves
· Tone
· Pitch 











Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833575]Closed Open Pipes | Investigation 3
Description
Let’s learn more about how instruments make their sounds. How do sound waves move? Find out with investigation 3. 
Materials
· Instruments: Trumpet. Trombone, Horn, and Tuba 
· Slinky 
· Singing Pipe tube with Stainless Steel screen 
· Propane Torch 
· Protective Gloves 
· Goggles 
· Lighter 
· Friends 
· Adult supervision
Procedure
1) Examine the trumpet and notice that both ends are open. 
2) How would the sound move through the instrument? 
3) Hold the slinky on one end and begin a series of in and out waves. How could this relate to what is happening with the column of air in the trumpet? 
4) This is a demonstration for an adult to do.  Ask a friend to look in the end of the singing pipe and describe what they see. 
5) Have them predict what might happen if the adult lowers the pipe onto a flame. 
6) Put on goggles and protective gloves before lighting the torch. 
7) Light the torch and hold the screen end of the pipe over the flame for 15 seconds. 
8) Turn off the torch and hold the pipe vertically. What do you notice?
My Results
In the space below, write your answers to the following questions.
1. How does the slinky relate to the air in the trumpet?


2. Describe what happened with the singing pipe. What did you learn?

Explanation
Once the trumpet is held to the lips, it “closes” one end of the pipe and the bell is the open part of the system. For comparison, flutes would be an Open-open Pipe because there are openings on both ends. As the air particles in the horn vibrate, they create a longitudinal standing wave. Therefore, the air particles are moving parallel with the direction of the wave in compression waves, like the motion of the waves moving through a slinky. The singing pipe is a way to show that vibrating air particles in the pipe can produce a sound. The torch’s flame heats up the stainless-steel screen and the air in the tube.  As a result, the hot air begins to move faster, and it becomes less dense, so it exits the top of the tube.  Cold air gets pushed in through the bottom but as it passes the hot screen the particles speed up again and the cycle continues.  The moving particles get channeled through the little openings making a turbulent flow and producing different frequencies.  Some of the frequencies resonate in the pipe amplifying the vibrations.  If the pipe were longer or wider, it would produce a lower pitch sound, just like large pipe organs.  When the pipe is turned sideways, the air stops traveling through it, so the sound stops.  This effect can make it look as though you are pouring the sound out of the pipe. The buzzing action of the lips produces fast puffs of air that excites the air particles in the mouthpiece which travel through the instrument.
Vocabulary
· Frequency
· Vibrations
· Flow


Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833576]Brass Bells | Investigation 4
Description
How are brass instruments alike and different? Study a few different instruments and find out!

Materials
· Tuba 
· Trombone 
· Trumpet  
· Horn 
· Cornett 
· Funnel 
· A friend 
· Musician 
· Mute
Procedure
1) Have a friend describe the bell of the instruments.  
2) What do they notice? 
3) Why might the bell of the instruments flare out? 
4) Have your friend predict what percentage of energy escapes the instrument? 
5) Listen to a musician play with a mute. What do you notice?
My Results
In the space below, write your answers to the following questions.
1. Why do you think the bell of the instrument flares out?



2. What do you notice happens when the instrument is played with a mute? Why do you think this happens?


Explanation
The bell's shape significantly impacts the sound produced and the notes the instrument can produce. If the flare of the bell changed gradually the instrument would lose too much of the compression wave out the end. That would sound similar to playing the funnel. The flare is still important because with none, the sound would reflect into the pipe and negatively affect the sound. Therefore, the precise bell shape will reflect some of the lower notes back into the instrument while projecting the higher notes into the room. Most of the energy (97%) is captured in the instrument by friction, so only about 3% of the energy actually exits as sound. Brass musicians insert mutes into the bell to lower the volume or change the sound quality of the instrument. Mutes can also be held or clipped on.  
Vocabulary
· Compression wave
· Energy
· Friction













Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833577]Tubing and Spit Valves | Investigation 5
Description
Learn more about the parts of an instrument and why they need a spit valve with this investigation. 
Materials
· Tuba 
· Trombone 
· Trumpet Horn 
· Cornett 
· Funnel 
· A friend 
· Glass of ice water
Procedure
1) Ask a friend to describe the shape of the tubing especially comparing the trumpet with the cornett. 
2) What do you notice? 
3) Try to locate the spit valves on the different instruments. What might be their purpose and why are they needed? 
4) Describe what the instruments feel like to the touch. Are they cool? 
5) What might happen if your hot breath interacts with the cool metal? 
6) Notice what has happened to the outside of the glass of ice water.
My Results
In the space below, write your answers to the following questions.
1. What do you think spit valves are for?


2. What does the glass of cold water have to do with an instrument?



Explanation
The shape of the instrument allows it to produce different partials or notes within the instrument’s range. A perfectly conical instrument means that it would taper increasingly through the instrument. Cornett and Flugelhorn are more conical compared to the trumpet giving them a more mellow tone. If the instrument’s pipe was fully cylindrical, it would produce an odd grouping of harmonics and different notes. Although the trumpet is called a cylindrical instrument compared to the cornett, all brass instruments combine cylindrical and conical components. The valve block is much more efficient in the cylindrical part of the system. Because brass instruments are metal, they are also great conductors of heat, so they feel cool to the touch. As a result, brass instruments have spit valves meant to empty the condensation collected inside. This comes from the musician’s warm breath that naturally contains water vapor. As the vapor moves through the twists and turns of the tubing it condenses on the cooler metal changing from a gas to a liquid and collects in specific areas. This is like how water vapor collects on the outside of the glass of ice water and turns it into water droplets. Brass instruments have specific spots that would need to be emptied, the spit valves are there. A better name for those would be ‘condensation valves’.  
Vocabulary
· Condensation
· Cylindrical vs conical
· Water vapor






Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833578]Designing a Hose Trombone | STEM Challenge
Description
Ready for a challenge? Design your own trombones with this STEM challenge!

Materials
· Lengths of garden hoses 
· Plastic tubing 
· Assorted funnels  
· Different brass instrument mouthpieces 
· Mouthpiece cleaner 
· Musician
Procedure
1) Design a fixed slide trombone out of the available materials. 
2) Be sure to design trombones of different lengths and bell sizes. 
3) Clean the mouthpieces with cleaner between different users. 
4) Ask a musician to play the partials on the different Hose Trombones.
My Results
In the space below, write your answers to the following questions.
1. What materials did you use for your project? 





2. How do the different instruments sound? 



Explanation
Because there are no valves in this instrument, it is most like a trombone whose slide never moves. Although the Hose Trombone is not made entirely of brass, the process for producing sound is the same. The musician expels air from the lungs causing the lips to buzz in the mouthpiece and sends pulses of air into the air column in compression waves that exit the bell and get interpreted as sound. The speed of the vibration, along with the length of the tube, determines the pitch. The longer the tube the lower the overall pitch of the instrument. With practice the musician can play the partials of the Hose Trombone by changing lip tension, opening between the lips, buzzing lip area, amount of air, and tongue position to change the pitch. 
Vocabulary
· Vibration
· Compression Wave
· Pitch
· Tension










Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833579]Valves and Slides | Investigation 7
Description
Learn about how brass instruments change pitches and produce different notes in investigation 7. 
Materials
· Musicians 
· Trumpet  
· Tuba 
· Horn 
· Trombone
Procedure
1) Listen to the musicians play for a moment. 
2) How are they changing the pitch and producing different notes?
My Results
In the space below, write your answers to the following questions.
1. How does each brass instrument change pitches?




2. What parts of the instrument can you see moving and changing as the notes and pitches change? What do you think is happening?




Explanation
The valves and slides elongate the tube. That allows the musician to change the fundamental pitch of the instrument. In a trumpet's case, this would make it possible to produce 7 new sets of harmonics and all 12 notes of the chromatic scale.  
Vocabulary
· Valve
· Slide
· Pitch
· Harmonic
· Chromatic 


















Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833580]Pitch Physiology| Investigation 8
Description
Learn about how brass instruments change pitches and produce different notes in investigation 8.
Materials
· Musician with brass instrument 
· Tube 
· Narrow funnel 
· Balloons 
· Rubber band 
· Tape
Procedure
1) Insert the funnel into one end of the tube. 
2) Stretch and rubber band two balloons over the opening so that they nearly overlap. 
3) Blow into the open end of the tube and then increase the pressure by blowing harder. 
4) What do you notice? 
5) Ask the musician to play a note and then increase its volume. 
6) What did you notice?  
7) Ask the musician to play the different partials with the instrument, but without moving the valves or slides to change the pitch. 
8) What did you notice this time?
My Results
In the space below, write your answers to the following questions.
1. What happens when you blow harder on the tube? How do the musicians make louder notes?


2. How do the musicians make different notes without moving parts of their instrument?


Explanation
When the musician engages their abdominal muscles, they can expel the air in their lungs with greater force, which also increases the volume of the instrument. The musician is also able to play a series of nine notes (or partials) without changing anything on the horn. This is achieved by changing the vibration frequency of the lips, enabling the musician to play across the instrument's harmonics. There are five physiological factors to determine the pitch: tension, aperture, area, pressure, and tongue position and these all work together to produce the desired pitch. The tension of the lips can be controlled by the muscles around the mouth, but especially muscles in the corners of the lips. Generally, the more tension in the lips, the higher the pitch of the sound produced. Adding pressure from the mouthpiece contact can increase tension too, but that leads to a lot of fatigue. By changing the space between the lips, or aperture, the pitch can change as well. A smaller aperture or opening produces a higher note, while a wider aperture produces a lower note. A third factor influencing pitch is the area of lips vibrating. This is why trombone or tuba mouthpieces are getting increasingly bigger. A larger cup to the mouthpiece allows more of the lips to vibrate producing a lower pitch. The small cup on a trumpet’s mouthpiece only allows a small area of the lips to vibrate, so the instrument’s pitch is higher. The fourth factor is the pressure of the exhalation. Additional pressure results in a higher pitch. Finally, by changing the tongue position in the mouth it alters the space for moving air which affects the speed of the moving air and resonant volume which affects the pitch. For example, a lowered tongue, as in an “ah” vowel creates more space and results in a lower pitch. Blowing into the tube with balloon lips causes the edge of the balloons to vibrate just like air blown a person’s lips. The vibrating latex produces a sound. When blown with greater force the pitch goes up as well because the edge of the balloon vibrates at a higher frequency.  
Vocabulary
· Valve
· Slide
· Pitch
· Harmonic
· Chromatic
Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!
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