** needs revision
Date: February 1999

Course: SPH 3U1

Unit: SOUND

Lesson 12: Title: Musical Instruments

Apparatus needed: arrange beforehand to borrow a guitar and a flute.  Also have photocopies of Scientific American articles to refer to. plastic candy wrapper.
* the physics of music video is pretty good too.

Bellwork:

Preliminaries: photocopy from Time-Life “Sound and Hearing” (musical instruments)

Lesson:

All instruments must have: (i) a source of vibrations
(ii) a way of selecting the note to be played or amplified
(iii) a way of amplifying the note so that it is loud

String Instruments (review the information in the handout first)

The source of vibration is by plucking or the bow .... 

[go over vibrating strings briefly if not done yet] Again, when you pluck it, you are just setting up random vibrations. The only ones that are sustained are the ones that have a node at each end -- these are standing waves of the fundamental and overtones.
The note is selected because it is the vibration that resonates at the fundamental frequency of the string (at that length, tension and mass (or density or thickness)). Changing any of these changes the fundamental frequency and so the note that is played.  DEMO: plastic candy wrapper

Note that as well as the fundamental frequency, you are also getting smaller amplitude vibrations or higher harmonics. The number and relative intensity of the harmonics is what determines the overall sound of the instrument. It is how you can tell the difference between a guitar plaaying a G and a piano playing a G.

The note is amplified by the sound box as the vibration from the string passes through the bridge and to the whole soundbox. Note that the soundbox has an irregular shape so that it doesn’t have any resonances which would amplify one note much more than the others.

Wind Instruments

The source of the vibration is the buzzing of the lips (brass instruments) or reeds (woodwinds).
The note is selected because it is the one that resonates in that length of air column. (see trumpet handout). Some interments like the clarinet behave like an air column closed at one end, but most behave like on open at both ends. If you play a G on a flute or recorder and blow harder, you go up to the next resonant frequency/harmonic (an octave). The note is changed by changing the length of the air column, by opening and closing holes or by redirecting air through longer tubes using valves.
The note is amplified by the resonance of the air column (so it only amplifies one note). Note that there is a feedback mechanism that selects the part of the stimulating vibration that matches the resonant frequency ( the length of the air column ends up making the reed vibrate predominantly at the correct frequency for that length.

Percussion Instruments

Percussion instruments make a noise when struck.

The instrument is generally shaped so that there is one main note that resonates. For a xylophone this is determined by the size and mass of the bar thing. For drums this is determined by the size of the drum and the tension in the skin.  Bigger drums (and gongs) have a lower resonance frequency. In most percussion instruments the note cannot be changed (so that you need a whole drum set). 
Exceptions: timpani drum -- can change tension with a foot pedal, striking different places makes different notes.

Large percussion instruments generally need no amplification (especially if struck hard), but some smaller ones do amplify the sound. e.g. xylophone: some have hollow tubes underneath each bar that are exactly the right length to resonant and amplify the sound.

Go over Chandli modes perhaps -- different possibilities of vibration. Ask: what are the boundary conditions? somewhere antinode. Nodes at rim.

Draw sample modes for a drum with nodal lines. - hit in centre, hit in one quarter.

Human Voice (See page 299 in Nelson)

air source: lungs
source of vibration: vocal folds
selection of pitch – vocal folds

resonantor: pharynx, mouth, nasal cavity

Homework: p312 #3,4,12,13

Evaluation: 

Acoustics – Nelson book p307

The acoustics of a room or building depend on how the sound is absorbed by materials in the wall of the building. Looking at p307. What materials absorb sound best ? are these hard or soft? [hard tend to reflect it]

Are higher or lower frequencies absorbed more by a wall? When your neighbor plays loud music, what frequencies do you hear most?

Reverberation time: how long sound hangs on after the note stops. If there is no reverberation then the music or speech sounds dead. If there is too much, you hear echoes. Echoes delayed by 0.10s or more can be heard as two distinct sounds by the ear.
concert halls: 1-2 s
vocal music: 2-5 s

Ultrasound: (Nelson p 255-257) what is ultrasound? What are three uses of it?
why ultra? (less diffusion and refraction – more in a straight line)

PHASES
REVIEW QUESTIONS FOR SOUND UNIT TEST

p 281 #4 (see page 279)

p 316 
#5 
- superposition

#10 pitch, amplitude, freq…
 
#13 v=f( and v(temp)

#18 speed of sound

#24 string

#31 closed column

#44 nodes
State the function of each of these parts of the ear: ear drum, 3 bones, cochlea, semicircular canal, eustachian tube, auditory nerve
 

NOTE: make two tests – for alternate rows. [maybe also for period 5]

Test questions:

1. label parts of the ear

2. describe them

3. adding two waves

4. standing waves in a string – node distance

5. two places where resonance is beneficial, two where it is a problem

6. three naturally occurring waves 

7. pendulum. 

