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16 
Transfer of Sound Energy through 
Vibrations 
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Learning Outcomes  

Candidate should be able to: 
 

Knowledge, Understanding and Application 
 
(a) explain that sounds are produced due to interactions between molecules of a medium caused 

by a vibrating source 

(b)  recognise that sound transfers energy and that it takes different lengths of time to travel from 
one point to another through different media 

(c)  *identify sounds of different pitch and relate the pitch to their frequencies 

(d)  outline how the ear detects sounds in terms of the vibrations of the eardrum and ear bones, 
and the subsequent interpretation of sound by the brain 

 
Skills and Processes 
 
(a)  infer that the loudness of sounds can be changed by changing the size of vibrations and *pitch 

by the frequency 
 
Ethics and Attitudes 
 
(a) recognise the importance of sound in our society (e.g. for communication, music for pleasure, 

ultrasound in medicine) and the adverse effect of noise in our environment 

(b)  demonstrate precision and accuracy in making measurements (taking into consideration 
parallax errors) 
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16.1 Sound production by vibrating sources 
 

Sound 
 

 Sound is a wave and is normally associated with our 
sense of hearing. 

 
 Sound is produced by vibrating sources in a medium, 

such as air, water or a piece of string. 
 

Example 

 A tuning fork, a violin string and a loudspeaker cone can produce sound 
as they are sources that are in the state of vibration. 

 

 Sound is important to us as it allows us to be aware of the surrounding, such 
as a thunder indicates an approaching storm. 

 Sound is used as means of communication. Animals communicate with each 
other using various sound pitches. Humans developed sophisticated 
communication of ideas and emotions using music. 

 Sound is also used in navigation, industrial, medical and scientific 
applications. 

 
Examples 

  Bats emit ultrasonic sound as they fly. The sound waves bounce off 
obstacles in front of the bats, allowing them to fly around the obstacles. 

  Ultrasound is used in airports to look into luggage for banned items. It is 
also used by industries for cleaning jewelleries. 

  Ultrasound with frequency above 20,000 Hz is used in hospitals to 
observe the foetus of a pregnant mother, or detect signs of tumour in 
the body. 

 Exploration ships transmit sound to the ocean bed using a sonar, and 
use the reflected sound waves to create a map of the ocean floor. 
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16.2 Sound travel in medium 
 

How does Sound travel 
 

 Sound is caused by vibration of matter. 

 Sound travels through a medium. The medium can be air, water, glass, etc. 
Sound cannot travel through vacuum. 

Example 

 Vibration in a tuning fork produces 
disturbances in the surrounding 
air. When the prongs’ movement 
is outwards, the prongs push the 
surrounding air particles away, 
creating a local compression. 

 
 This disturbance of air particles is 

then passed from particle to 
particle by collisions, causing the 
local compression to move 
outwardly. 

 
 When the prongs’ movement is 

inwards, it creates an area with 
few air particles. 

 
 Pressure differences cause the air 

particles to rush back into the region again. This periodic to-and-fro 
movement of the prongs will create alternating regions of plentiful 
particles and few particles.  

 
 

 The sound waves travel outward parallel to the direction of the vibrations. 

 Sound is a form of kinetic energy, as it involves the movement of particles. 

 Sound energy can be transferred from one point to another through 
different media. 

 
 

Speed of sound 

 The speed of sound varies in different medium: 

 Air  343 m/s. 
 Water  1440 m/s 
 Glass  4500 m/s 

 Hence, the speed of sound is slowest in gases, faster in liquids and fastest in 
solids. 

 

undisturbed layers of air 

prongs are stationary

prongs move outwards

compressed 

prongs move inwards

rarefied
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Did you know?

You can estimate the distance of a lightning, by count the number of seconds 
that pass between a flash of lightning and the crack of thunder that follows it, 
then divide that number by three to get the distance in kilometre. 
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16.3 Loudness, pitch and frequency 
 

Characteristics of Sound 
 

 A sound can be characterized by its loudness, pitch and frequency. 

 A sound is described as musical if the pitch and vibrations are controlled. 

 Noises are sounds in which the vibrations and pitch are non-periodic and 
uncontrolled. 

 
 

Loudness 
 

 It is easy to distinguish between loud and soft sounds. 
 

 The loudness of the sound depends on how big is the vibration of the matter 
in the medium. The bigger the vibration, the louder is the sound. 

 
Example 

 
 The chime of a bell in a clock tower can be heard from hundreds of 

metres away, while the ringing of an alarm clock can only be heard tens 
of metres away. 

 

 The loudness of sound is measured in decibels (dB).  

 Prolonged exposure to sound level higher than 100 dB can lead to hearing 
loss. 

 
 

Pitch 
 

 Pitch of a sound can be described as high (sharp), like the sound of a violin, 
or low, like the sound of a bass drum. The physical quantity that determines 
pitch is the frequency. 

 The higher the frequency, the higher is the pitch. 

 Pitch is usually used to describe the general frequency of a sound, e.g. in 
music, or a bird’s chirp. 

 
 

Frequency 
 

 The frequency of a sound is the number of vibrations the matter in a 
medium makes per second. 

 The frequency of a sound is measured in Hertz (Hz). One Hertz represents 
one vibration per second. 

 The frequency of a sound determines its pitch. 
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 Human ears generally can hear sound frequencies of between 20 Hz and 
20,000 Hz. 

 

 
 

How the ear detects Sound 
 

 
 

 Sound waves enter the ear canal and make the ear drum vibrate.  

 This moves the tiny chain of bones  hammer, anvil and stirrup in the middle 
ear, and also amplifies the vibrations. 

 The stirrup in this chain transfers the vibrations to the cochlea and makes 
the fluid in the cochlea move.  

 The fluid movement then triggers a response in the auditory nerves which 
send the signal to the brain. 

 The signal is then interpreted by the brain. 
 
 
 
 

outer ear middle ear inner ear

ear canal

hammer

ear drum

cochlea

auditory nerves

Eustachian tube

stirrup
anvil

semi-circular canals

Did you know?

Dogs have a hearing range of 40 Hz  60,000 Hz. Hence we cannot hear a dog 
whistle, which gives out sounds at 23,000 to 54,000 kHz.
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16.4 Worked examples 
 
EExxaammppllee  11 

 
A tuning fork, a violin string and a loudspeaker cone are producing sounds. This is 
because they are all in a state of 

(A) Compression 

(B) Expansion 

(C) Rotation 

(D) Vibration 
 

Solution: 
 

(D) The vibrating sources are all in the state of vibration 
 

 
EExxaammppllee  22 

 
Vibrating prongs of a tuning fork produces sound that we can hear. Why we 
don’t hear anything from vibration of our hands? 
 

Solution: 
 

The lowest audible frequency range for human ear is from 20 Hz. In order to hear 
a sound, we must vibrate our hand at least 20 times within a second. A tuning 
fork can vibrate 250 times in a second (i.e., 250 Hz). That’s why the tuning fork is 
heard but not the waving hand.   (ans) 

 
 
EExxaammppllee  33 

 
Four different whistles, when blown, emit pure notes with the frequencies 
shown below:  

0.1 kHz   1 kHz   10 kHz  100 kHz 
How many of the frequencies are above the normal audible range for humans? 

 
Solution:   

 
Audible range for human ear is from 0.02 kHz to 20 kHz. Hence, only the sound 
emitted by the whistle of frequency 100 kHz cannot be heard. 

 
 
EExxaammppllee  44 

 
Which of the following is a source of sound? 

(A) Satellite moving in space 
(B) A sonar on a ship 
(C) A lighted bulb 
(D) Ear muffler 
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Solution: 
 

(B)  The sonar transmits sound waves to the sea bed, and uses the reflected 
sound waves to detect objects on the sea bed. 
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16.5 Concept map 
 
 

 
 
 
 
 
 

Travels at different 
speeds 
 Gases (slow) 
 Liquid (fast) 
 Solid (faster) 

Sound

Used in 
 Environment 

awareness 
 Communication 
 Industrial 
 Medical 
 Scientific 

Ear 

Controlled 
Music 

Travels through 
Medium, not 
vacuum 

Produced by 
Vibrations of matter 
in a medium 

Characterised by 
 Loudness (dB) 
 Pitch (high / low) 
 Frequency (Hertz) 

Parts of the ear  
 Ear canal 
 Ear drum 
 Cochlea 
 Nerves 
 Brain 

Uncontrolled 
Noise 
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16.6 Practice questions 
 
Multiple-choice questions 
 
1. When sound travels through a medium, what has been transferred? 

(A) Particles in the medium 

(B) Particles of the source 

(C) Energy from the source 

(D) Energy from the medium 
       (           ) 

 
2. When sound travels through a medium, what happen to the particles in the medium? 

(A) Vibrate randomly 

(B) Vibrate along the direction of travel of the sound wave 

(C) Vibrate perpendicular to the direction of travel of the sound wave 

(D) Do not vibrate 
       (           ) 

 
3. What is the factor affecting the speed of sound in a medium? 

(A) Frequency 

(B) Pitch 

(C) Loudness 

(D) Properties of the medium 
       (           ) 

 
4. A vibrator strikes a surface 10 times in one second. What is the frequency of the 

sound produced? 

(A) 0.1 Hz 

(B) 1 Hz 

(C) 10 Hz 

(D) 100 Hz 
       (           ) 

 
5. Vibrations inside the ear are amplified by the three bones namely the _________ in 

the middle ear 

(A) hammer, anvil and stirrup 

(B) hammer, cochlea and stirrup 

(C) anvil, stirrup and cochlea 

(D) hammer, anvil and cochlea 
       (           ) 
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Structured questions 
 
1. Describe how a piano produce music. 

______________________________________________________________ 

______________________________________________________________ 
 
 
2. Why is sound unable to travel through a vacuum? 

______________________________________________________________ 

______________________________________________________________ 
 
 
3. What is the difference between music and noise? 

______________________________________________________________ 

______________________________________________________________ 
 
 
4. A boy listens to music at about 100 decibels for half an hour. Is this likely to cause 

damage to his hearing? 

______________________________________________________________ 

______________________________________________________________ 
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Answers 
 
Multiple-choice questions 
 
1. Answer: (C) 

Explanation: Sound is a form of kinetic energy, as it involves the movement of 
particles. Hence energy is transferred from the source. 
 

2. Answer: (B) 

Explanation: The particles in the medium is being pushed and pulled by the vibrating 
source, hence the sound waves travel outward parallel to the direction of the 
vibrations 
 

3. Answer: (D) 

Explanation: The speed of sound in a medium is dependent on the properties of the 
medium, such as density. Speed of sound is in the order    gas  liquid  solid. 
 

4. Answer: (C) 

Explanation: The frequency of a sound is measured in Hertz (Hz). One Hertz 
represents one vibration per second. 
 

5. Answer: (A) 

Explanation: The chain of bones  hammer, anvil and stirrup in the middle ear amplify 
and transmit vibrations from the ear drum to the cochlea. 

 
 
Structured questions 
 
1. A small hammer strikes a string when you push the key down. This causes the string 

to vibrate, giving off sound. Depending on the length of the string, sound of a specific 
frequency is produced. The shorter the string, the higher is the frequency. 

 
2. Sound is a wave that travels in matter, and there is no matter in a vacuum. 
 
3. Music is a controlled sound production at selected loudness, pitch and rhythm. Noise 

is uncontrolled sound production with random loudness, pitch and rhythm. 
 
4. Yes. Sound at loudness level of 100 dB can cause permanent loss of hearing, even for 

just a short duration. 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


