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Five ComponentsFive Components
 of Instruments of Instruments

1. Energy source1. Energy source

2. Energy connector from2. Energy connector from
    the source to the    the source to the
    instrument itself    instrument itself



Components ofComponents of
InstrumentsInstruments

3. Primary oscillator3. Primary oscillator

4. Resonant oscillator4. Resonant oscillator

5. Sound emitter5. Sound emitter



1. Energy Source1. Energy Source

llMuscle PowerMuscle Power
uuArm MotionArm Motion
uuFinger MotionFinger Motion
uuLung MotionLung Motion
uuFoot MotionFoot Motion

llElectrical PowerElectrical Power



How much Energy?How much Energy?

llTypical Instrument = 50WTypical Instrument = 50W

ll~ 1% is converted to sound~ 1% is converted to sound

llTotal Orchestra ~ 60WTotal Orchestra ~ 60W

llFor 90 dB = 10For 90 dB = 10-3 -3 W/mW/m22 at an at an
ear of 1 cmear of 1 cm22 P=10 P=10-7-7 W!! W!!



2. Energy Connector2. Energy Connector

llTransmits from Source to theTransmits from Source to the
instrument itselfinstrument itself

llExamples:Examples:
uuViolin familyViolin family
uuPianoPiano
uuWind InstrumentsWind Instruments
uuOrganOrgan



3. Primary Oscillator3. Primary Oscillator

llThe part of the instrumentThe part of the instrument
that vibrates and is directlythat vibrates and is directly
responsible for the sound.responsible for the sound.

llExamples:Examples:
uuStrings, reeds, lips, surfaces,Strings, reeds, lips, surfaces,

air.air.



4. Resonant Oscillator4. Resonant Oscillator

llAmplifies certain frequenciesAmplifies certain frequencies
to produce a harmonic series.to produce a harmonic series.

llExamples:Examples:
uuViolin familyViolin family
uuPianoPiano
uuWindsWinds
uuDrumsDrums



5. Sound Emitter5. Sound Emitter

llGets the sound out.  UsuallyGets the sound out.  Usually
via a hole or openingvia a hole or opening

llExamples:Examples:
uuViolin familyViolin family
uuPianoPiano
uuWindsWinds
uuDrumsDrums



String InstrumentsString Instruments

1. Energy Source1. Energy Source
uuArm motion for bowingArm motion for bowing

uuFinger motion for pluckingFinger motion for plucking
(violin or guitar) or moving(violin or guitar) or moving
keys (piano)keys (piano)



String InstrumentsString Instruments

2. Energy Connector2. Energy Connector
uuBowsBows

uuHammersHammers

uuPicks or QuillsPicks or Quills

uuFingersFingers



String InstrumentsString Instruments

3. Primary Oscillator Strings3. Primary Oscillator Strings
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String InstrumentsString Instruments

llString Variables relatedString Variables related
to frequencyto frequency
uuLengthLength

uuTensionTension

uuDensityDensity



String InstrumentsString Instruments

llFrequency VariationFrequency Variation
uuMany Strings of DifferentMany Strings of Different
Length, Tension, DensityLength, Tension, Density

uuChange Effective LengthChange Effective Length
of Stringof String



String InstrumentsString Instruments

llActivation LocationActivation Location
uuChanges timbre byChanges timbre by
reducing some harmonicsreducing some harmonics

uuNo nodes at activationNo nodes at activation
pointspoints



String InstrumentsString Instruments
Nodes at middle of the string

Second Harmonic

Fourth Harmonic

Sixth Harmonic



String InstrumentsString Instruments
Antinodes at middle of the string

Fundamental

Third Harmonic

Fifth Harmonic



String InstrumentsString Instruments
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String InstrumentsString Instruments

4. Resonant Oscillator4. Resonant Oscillator
uuWooden Box or Sheet ofWooden Box or Sheet of
IrregularIrregular Shape Shape

uuExample: Violin (MI CD)Example: Violin (MI CD)



String InstrumentsString Instruments

5. Sound Emitter5. Sound Emitter
uuOpening in the Body of theOpening in the Body of the
InstrumentInstrument

uuExamples: Violin andExamples: Violin and
Guitar, etc.Guitar, etc.



Branford Branford MarsalisMarsalis

Classical pieces onClassical pieces on
Soprano SaxophoneSoprano Saxophone



String InstrumentsString Instruments

Stringed instruments onStringed instruments on
the MI CDthe MI CD



Wind InstrumentsWind Instruments

llEnergy SourceEnergy Source
uuLungsLungs

llEnergy ConnectorEnergy Connector
uuAir From Player’s Lungs orAir From Player’s Lungs or
From a CompressorFrom a Compressor



Wind InstrumentsWind Instruments

llPrimary OscillatorPrimary Oscillator
uuReed(s)Reed(s)

uuPlayer’s Lips (Brasses)Player’s Lips (Brasses)

uuAir Near Opening Into WhichAir Near Opening Into Which
Player Blows (Flutes)Player Blows (Flutes)



Wind InstrumentsWind Instruments

llReed: Single and DoubleReed: Single and Double
uuBernoulli effectBernoulli effect
uuAlternating high and lowAlternating high and low

pressurepressure
uuExamples: clarinets, oboes,Examples: clarinets, oboes,

saxophones, bag pipes,saxophones, bag pipes,
accordiansaccordians



Wind InstrumentsWind Instruments

llVibrating LipsVibrating Lips
uuSimilar to reeds, but the lipSimilar to reeds, but the lip
acts like the reedacts like the reed

uuExamples: Trumpet, tuba,Examples: Trumpet, tuba,
French horn, baritoneFrench horn, baritone



Wind InstrumentsWind Instruments

llAir Near the OpeningAir Near the Opening
uuSteady flow vs. TurbulentSteady flow vs. Turbulent

Flow near a sharp edgeFlow near a sharp edge
uuTurbulence cause pressureTurbulence cause pressure

changeschanges
uuExamples: flute, Examples: flute, recorderrecorder,,

organ pipesorgan pipes



Wind InstrumentsWind Instruments
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Wind InstrumentsWind Instruments

llResonant OscillatorResonant Oscillator
uuAir Column Within theAir Column Within the
Tube that Constitutes theTube that Constitutes the
Body of the InstrumentBody of the Instrument

uuDemoDemo



Wind InstrumentsWind Instruments

llSound EmitterSound Emitter
uuHole in the Opposite EndHole in the Opposite End



Wind InstrumentsWind Instruments

llFrequency VariationFrequency Variation
uuTubes of Different LengthTubes of Different Length

uuInterlocking PipesInterlocking Pipes

uuSystem of ValvesSystem of Valves

uuSeries of HolesSeries of Holes



Wind InstrumentsWind Instruments

llTubes of Different LengthTubes of Different Length
uuNot convenientNot convenient

uuExamples: Pipe Organ andExamples: Pipe Organ and
Pan PipesPan Pipes



Wind InstrumentsWind Instruments

Interlocking PipesInterlocking Pipes
 

 

 

 

 

 

 

 

 



Wind InstrumentsWind Instruments

llInterlocking PipesInterlocking Pipes
uuEasy to get any pitchEasy to get any pitch

uuDifficult to play becauseDifficult to play because
position must be exactposition must be exact

uuExample: TromboneExample: Trombone



Wind InstrumentsWind Instruments

System of ValvesSystem of Valves
 

 

 

 

 

 

 

 

 

 

 



Wind InstrumentsWind Instruments

llSystem of ValvesSystem of Valves
uuEasy to playEasy to play
uuDifficult to get pitch accurateDifficult to get pitch accurate

for all notes (compromise)for all notes (compromise)
uuExamples: Trumpet, FrenchExamples: Trumpet, French

Horn, Baritone, TubaHorn, Baritone, Tuba



Wind InstrumentsWind Instruments

Series of HolesSeries of Holes
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(b) One Hole Open 



Wind InstrumentsWind Instruments

llSeries of HolesSeries of Holes
uuSkill is required to coverSkill is required to cover
the holesthe holes

uuExamples: clarinets, flutes,Examples: clarinets, flutes,
oboe, bassoon, recorder,oboe, bassoon, recorder,
and saxophonesand saxophones



Strings and WindsStrings and Winds

Frequency vs. LengthFrequency vs. Length

fn = n(v/2L)

fn = (2n-1)(v/4L)



Strings and WindsStrings and Winds

Frequency vs. LengthFrequency vs. Length
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Strings and WindsStrings and Winds

Look at examples on MI CDLook at examples on MI CD



PercussionPercussion

llEnergy SourceEnergy Source
uuArm motionArm motion

uuFinger motionFinger motion

uuFoot motionFoot motion



PercussionPercussion

llEnergy ConnectorEnergy Connector
uuSticksSticks
uuMalletsMallets
uuHandsHands
uuFingersFingers



PercussionPercussion

llPrimary OscillatorPrimary Oscillator
uuTwo-Dimensional SurfaceTwo-Dimensional Surface

FF Drum HeadDrum Head

uuThree-Dimensional SurfaceThree-Dimensional Surface
FF Cymbal, Gong, xylophone, chimesCymbal, Gong, xylophone, chimes



(a)

(b)

Drum HeadDrum Head
 Radial Modes Radial Modes



Drum HeadDrum Head
 Circular Modes Circular Modes

(a)

(b)



PercussionPercussion

llDrum FrequenciesDrum Frequencies
uuNot a harmonic seriesNot a harmonic series
uuNo definite pitchNo definite pitch
uuNoiseNoise
uuRole in music is rhythm notRole in music is rhythm not

melodymelody



PercussionPercussion

Video Tape III-4Video Tape III-4



PercussionPercussion

llTimbreTimbre
uuAs with stringedAs with stringed
instruments, timbre can beinstruments, timbre can be
made to change dependingmade to change depending
on how the instrument ison how the instrument is
struck.struck.



PercussionPercussion

llResonant OscillatorResonant Oscillator
uuWide variation that dependsWide variation that depends

on the instrumenton the instrument
uuExamples:Examples:

FF TympaniTympani
FF ChimesChimes
FF XylophoneXylophone
FF Cymbals and Gongs.Cymbals and Gongs.



PercussionPercussion

llSound emitterSound emitter
uuOften is the ResonantOften is the Resonant
Oscillator itselfOscillator itself



PercussionPercussion

Look at examples on MI CDLook at examples on MI CD


