Physics Chapter 15
Sound

15.1 Properties of Sound

Sound Waves


-are an example of a mechanical longitudinal wave

-must have a medium to travel (sound waves will not travel through a vacuum)


-sound can travel through liquids and solids (usually faster than through air)

Describing Sound


-use the common equation v = f 

-sound waves undergo reflection, refraction, diffraction, and interference


-an echo is a result of the reflection of sound


-may use destructive interference to cancel out sound waves


-speed of sound equation:




velocity = 330 
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-sound waves move much slower than light waves

Sample Problems:

1.  Sound with a frequency of 261.6 Hz travels through water at a speed of 1435 m/s.  Find the wavelength of the sound in water.

2.  Find the frequency of a sound wave moving in air at room temperature (25.0o C)  with a wavelength of

0.667 meters.

3.  The human ear can detect sounds with frequencies from 20 Hz to 16,000 Hz.  If sound travels at 

343 m/s determine:

(a) the wavelength of the 20 Hz sound

(b) the wavelength of the 16,000 Hz sound

4.  What is the frequency of sound in air at 20.0o C having a wavelength:

(a) of 0.380 meters (the diameter of a 15 inch "woofer" speaker

(b)  of 0.0760 meters (the diameter of a 3 inch "woofer" speaker

Assume the velocity of sound for the next group of problems is 342 m/s.

5.  A man sees lightning in the ski, and 2.10 seconds later he hears the thunder.  How far away is the storm?

6.  A man shouts at a cliff 315 meters distant.  How long before he hears his echo?

7.  A man shouts at a distant cliff and hears the echo 2.30 seconds later.  How far away is the cliff?

8.  A sound wave has a frequency of 9800 Hz and travels along a steel rod.  If the distance between compressions, or regions of high pressure, is 0.580 meters, what is the speed of the wave?

9.  A rifle is fired in a valley with parallel vertical walls.  The echo from one wall is heard 2.00 seconds after the rifle is fired.  The echo from the other wall is heard 2.00 seconds after the first echo.  How wide is the valley?

Wishing Well Problems

Version A;  10.  A man drops a stone into a wishing well 135 meters deep.  The temperature of the air in the well is 20.0 C.   What will be the total time for the stone to drop to the bottom of the well, hit the bottom, and then for the sound to return to the man at the top of the well?

Time to Drop

Time for sound to return

Total Time  __________

Version B:  When a man drops a stone into a well, he hears the sound 1.840 seconds later.  If the temperature in the well is 16.0o C, what is the depth of the well?

Loudness


-physical characteristics of sound are frequency and wavelength


-amplitude - another physical property of sound 



-a measure of the changes in pressure exerted by longitudinal waves


-human ear extremely sensitive to sound waves



(variations in pressure of less than one billionth of an atmosphere)


-depends on the amplitude of the pressure of the wave


-measured in units called decibels (dB)   (see chart on page 353)



-10 dB - represents a very faint sound



-120 dB - a painfully loud sound



-for decibel range as sound level increases by a factor of 10, dB x 


-a 10 dB increase in sound level appears to be twice as loud


-exposure to loud sounds affects ability to hear in certain ranges


-sounds above 100 dB can produce permanent damage to hearing system


-loudness perceived by humans not directly proportional to the pressure in the sound wave



-depends on both pitch and amplitude

Loudness Calculations


-if your are given the decibel level of two sounds, the increase in how much louder



the higher decibel sound is can be found using the following equations



Let x = difference in sound levels divided by 10



Increase in loudness = 10x
Example:

How much louder is a 68 dB sound than a 31 dB sound?



x = 
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Increase = 103.7 
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Sample Problems

12.  Determine the increase in loudness between a 35 dB and a 48 dB sound.

13.  Determine the increase in loudness between a 45 dB and a 68 dB sound.

Pitch


-essentially the frequency of the sound wave


-connection to frequency first determined by Mersenne and Galileo


-may be though of as a particular musical note

The Doppler Shift


-the apparent change in the frequency of a sound caused by the movement of either the source



of the sound or the observer


-occurs in all wave motion, both mechanical and electromagnetic


-responsible for the familiar "roar" of the engines at the Indianapolis 500


-used by radar detectors for checking the speed of baseballs and vehicles on the highway


-used in Doppler radar 


-see diagram page 355 in text book


-insects use Doppler affect for catching their prey (bat)


-when doing problems, assume the frequency of the sound is constant


-when doing problems, make sure to change all velocities to m/s


-for doing calculations use the following variables:



v
speed of sound in air  (does not change during problem)



vs
velocity of source



vo
velocity of observer



f
actual frequency of source



f'
apparent frequency due to Doppler shift


For an observer and / or source moving towards each other
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For an observer and / or source moving away from each other
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Problems:

14.  A train moves past a stationary car at a railroad crossing.  The train has a velocity of 68.0 km/hr.  The temperature of the air is 25.0o C.  If the horn on the train has a frequency of 340 Hz, what frequency will be heard by someone in the car at the crossing?

15.  A car and a train approach each other.  The car has a speed of 15.0 m/s and the train 21.0 m/s.  The temperature of the air is 20.0o C.  If the frequency of the horn on the train is 165 Hz, what is the frequency of the horn heard by someone in the car?

16.  A train is moving away at 31.0 m/s.  The train has a horn emitting a sound with a frequency of 

305 Hz.  What frequency will be detected by a stationary observer?  The temperature of the air is 20.0 C.

15.2  The Physics of Music

Sources of Sound


-always produced by a vibrating object  (vibrations of the object create molecular motions)


-all musical instruments have some vibration method


-human voice produced by vibrations of the vocal chords

Resonance in Air Columns


-when the frequency of a forced vibration on an object matches the object's natural frequency,



a dramatic increase in amplitude occurs


-resonance means to resound, or sound again


-for an object to have resonance, there needs to be a force to pull it back to its starting position



and enough energy to keep it vibrating

-resonance depends on a constructive interference between new vibrations from the source and 



reflected vibrations


-when play a musical instrument the air within the tube vibrates at the same frequency, or 



resonance, increasing the amplitude of the vibration

Forced Vibration


-if a tuning fork is struck and placed on a table top surface, the table will become a sounding



board and vibrate at the same frequency as the tuning fork


-the vibration of guitar strings in an acoustical guitar would be very faint if they weren't



transmitted to the guitar's wooden body


-sounding boards are important in all stringed musical instruments

Natural Frequency


-most objects vibrate differently when they strike a hard surface


-the special set of frequencies produced when an object hits a hard surface is called the 



natural frequency of that object


-many objects have more than one natural frequency


-is one at which a minimum energy is required to produce vibration


-is also the frequency that requires the least amount of energy to continue this vibration

Resonance Lengths


-a closed pipe resonator can be made using a graduated cylinder filled with water and a 



glass tube


-as the length is changed, will hear the sound getting louder and softer


-if have constructive interference, a reflected node which has bounced off of the surface



of the water (or the end of the tube) is in sequence with a node produced from the



sound source


-when constructive interference occurs sound is amplified (perceived as being louder)


-when this happens, will have produced a standing wave


-will have an amplified sound at 
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 of the wavelength of the sound 


-maximum resonance will occur at 
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 of a wavelength, successive resonance distances will



be perceived as being not as loud because distance from source to observer has increased



(see pages 359 and 360)


-equation for this relationship, which takes into account the diameter of the tube, is:



 = 4 (l + 0.3 d)     where l is the length of the tube and d is the diameter of the tube


-often diameter of tube and length need to be changed to meters

Problems:

17.  At a distance of 32.0 cm below the top of a tube 24.0 mm in diameter, maximum resonance occurs.  The temperature of the air in the tube is 20.0o C.  What is the frequency of the tuning fork?
18.  A tuning fork of frequency 256 Hz has a maximum resonance when the length of the tube is 34.0 cm and the tube's diameter is 24.0 mm.  What is the velocity of sound in the tube?

19.  A 440 Hz tuning fork is held above a closed pipe of diameter 24.0 mm.  Find the spacing between the resonances when the air temperature is 20.0.o C.

20.  A 440 Hz tuning fork is used with a resonating column to determine the velocity of sound in helium gas.  If the spacing between resonances are 110 cm, what is the velocity of sound in helium?

21.  The frequency of a tuning fork is unknown.  A student uses an air column at 27.0o C and finds resonances spaced at 39.2 cm.  What is the frequency of the tuning fork?

Open Pipe Resonator

-a resonating tube open at both ends


-minimum length is 
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 the wavelength


-if open and closed pipes the same length are used as resonators, the wavelength of the resonant



sound for the open pipe will be twice as long


-can be thought of as a long tunnel or underpass - open pipe resonator


-used by many musical instruments such as saxophone, flute, and bugle


-has a similar type equation as the closed pipe resonance equation

Problems:

22.  A bugle can be thought of as an open pipe.  If a bugle were straightened out it would be 2.65 meters long.  (a)  If the speed of sound is 343 m/s, find the lowest frequency that is resonant for a bugle.

(b)  Find the next two higher resonant frequencies for the bugle

Detection of Pressure Waves

-sound detectors convert sound energy into another form - perhaps electrical energy

Human Ear

-divided into three parts - inner, middle, and outer


-ear - responsible for conversion of sound into an electrical impulse which our brain can interpret


-as get older, ability to hear higher frequencies decreases


-loud noises can cause ear to be no longer sensitive to high frequencies


-headphones are very dangerous in their potential to cause hearing loss


-intensity of sound indicates how loud sound is perceived



-not a physical property of a sound wave

Quality of Sound

-timbre - the quality of sound (the tone color or tone quality)



-depends on relative intensities of frequencies

The Sound Spectrum:  Fundamentals and Harmonics


-fundamental - the lowest frequency produced by an instrument


-called the first harmonic



-multiples of fundamental called 2nd, 3rd, etc harmonic



-are found by multiplying first harmonic by 2, 3, etc

Pleasant Sounds or Unpleasant Sounds

-described using terms consonance and dissonance


-consonance - when combination of frequencies is pleasant


-dissonance - when combination owf frequencies is not pleasant

Musical Intervals

-Pythagoras developed the musical scales based on sound frequencies


-Octave - two notes with frequencies in a ratio of 2:1



-as change octaves, the size of the interval changes


-for other musical combinations frequencies are in whole number ratios



-combinations such as 5:4 or 3:2

Beat Notes

-beat - when two notes of very close frequencies cause a pattern of constructive and



destructive interference




-sound perceived as getting louder then softer

Problem:

23.   The French scientist Ballot first tested the Doppler Shift.  He had a trumpet player sound an A, 

440 Hz, while riding on a flatcar pulled by a locomotive.  At the same time, a stationary trumpeter played the same note.  Ballot hear 3 beats per second.  How fast was the train moving?
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