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Wavelength & Frequency H %

RM-UP

v ="7
Speed of sound = ? X ? V
=7

=" f o

What is the relationship
between frequency and
wavelength at constant
Speed?

Sound



Wavelength & Frequency 'Y
=f

Speed of sound = frequency x wavelength

f=v/ih
MW=v/t

INVERSE

frequency
wavelength




Wavelength & Frequency H %

RM-UP

v=fh f=v/h WU=v/f

Fill in the data table using the appropriate equation &

330 m/s for the speed of sound:

Low
C

f (Hz) 256 320 384 480

D E F G A B HighC

1 (m) 1.15 0.97 0.77 0.64



Wavelength & Frequency H %

RM-UP

v=fh f=v/h WU=v/f

Fill in the data table using the appropriate equation &
330 m/s for the speed of sound:

Low High
C D E F G A B c

f(Hz) 256 288 320 341 384 427 480 516
M(m) 129 115 103 097 086 0.77 069 0.64

=330 m/s / 480 Hz
f=330m/s/0.64 m

=330 m/s / 256 Hz =330 m/s /320 Hz
f=330m/s/1.15m f=330m/s/0.97 m

2=330 m/s / 384 Hz
f=330m/s/0.77 m 5



Which wave property increases as the energy of a wave
Increases?

t SNA2R X FNBIjdzSyOeé X gl @ SWARMUP

The direction of
propagation of a sound

wave IS to Its
direction of oscillation
( & ).

The direction of
propagation ofa
wave is  toits
direction of oscillation
( & ).




Which wave property increases as the energy of a wave
Increases?

t SNA 2R X ¥FNBIj dzSshpldudeX &I @ SWARMUP

The direction of Sound wave = longitudinal wave

propagation of a sound .
wave is parallel to its ve trav y

direction of oscillation
(back & forth).

ave viprates thijs way

Compression - Rarefaction - Compression - Rarefaction

The direction of
propagation of a
transverse wave IS Ocean wave = transverse wave
perpendicular to its
direction of oscillation
(up & down).
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. How iisssouddam@@hmledgannanﬁnﬁﬂﬁdmcanc?

ESSON
ESTION

heardl?”?

. |dentify the properties>ofwaves: related to

sound ((tongitucinalywavelength ramplitede,
frequency,sspeedninterference;standing waves
reflection, refraction randcalculate variables.

. BExgillamaad deanngriie balam ofssoliso wxdevayv

(Dopyler et traftradbiorefRiteioio nesaance,
difffiaction].

CRISTNGUS R DETWEESH ] DUFE SQUIREL  HOISETs @RICEINH!
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Simulation Part 2

http://[somup.com/cbeD3nhRAY

Air will be removed from the Box/What happens to
sound when air Is gone?

Alir is added back into the BoxVhat happens as air
reenters the box?


http://somup.com/cbeD3hRA7

Generation of Sound?

Variation in Alr Pressure

O

Vibration of Particles

GEMNERATION

Air Compression

OF SOUND

WAVES

Air Compression

+

;

o>

Distance
from the
source
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¢ If a tree falls in a forest, and there

THINK

ABOUT IT IS N0 one there to hear It, does it
make a sound?

\ —ﬂ

)45
A




% | Ifatree falls in a forest, and there

THINK

<=0 s no one there to hear It, does it
make a sound?

Sound is - aphysical X
disturbancein a medium. _ﬂ

~ am
AL
Therefore, therelS sound é

In the forest, whether a

human IS there to hear it x
or not! Jgk

A person to hear it is not required.The
medium (air) Is required!
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How do we hear?

1 Sound waves are sent out from vibrating objects.
1 The outerear ocatches the sound wa

1 The middleear t akes t he sound wayve
the eardrum.

1 The Inner ear sends the messages to the brain.

Middle Ear

Sound Waves V| Inner Ear

1 The brain puts it together and hooray! You hear your
favorite song on the radio.

13


http://www.kidshealth.org/kid/body/brain_noSW.html

The Human Ear

The exterior part of the ear
(theauricle, or pinna) iIs mad
of cartilage and helps funnel
sound waves into the auditol
(ear) canal, which has wax
filbers to protect the ear from
dirt. | |

Incus

Ear Canal Ear Drum

Outer Ear Middle Ear

. Sound : 14



The Human Ear

At the end of the ear canal |
theeardrum (tympanic
memibtane which vibrates
with the incoming sound
waves and transmits these
vibrations along three tiny
bones (ossicles) called the

hammer, anvil, and stirrup \ s
(malleusn iIM1m3tﬁEQS | Ear Canal IEarDrum l

Outer Ear Middle Ear

. Sound : 15



The Human Ear

The little stapes((stitrup)
bone Is attached to the oval
window, a membrane of the
cochlea Fag ke

Incus

Ear Canal Ear Drum

Outer Ear Middle Ear

e Sound e 16



The Human Ear

The COCHIE&is a coil that converts  semicircuir

Canals
the vibrations it receives into electrical
Impulses and sends them to the brain 4

Vestibular
Nerve

Facial Nerve

via theauditory nerve. K i
Delicate hairs (stereocilia) in the | 4 o
cochlea are responsible for this signal

conversion. | | : .

These hairs are easily damaged by lot
noises, a major cause of hearing loss!”

Eustachian

The seniidieularceanalselp maintain Tube
balance, but do not aid hearing.

Sound . : : r Inner Ear

17



Hearing Summary

QUICK CHECK

Sound waves enter the ear
canal and make the
vibrate. This action moves
the tiny chain of bones
(ossicles - : , ) in
the middle ear.

Semicircular

Canals Vestibular

Nerve
Facial Nerve

Nerve

The last bone in this chain e ¢ | 7
&d@(ﬁksi @nkhﬁ ﬁnem@rane { o = ) S5T5 \ Cochlea
window of the __ and [ \ o »
makes the ___ inthe
cochlea move.

Eustachian
Tube

Ear Canal Ear Drum

: I I I |
The ﬂU|d movement then Outer Ear Middle Ear Inner Ear

triggers a response in the
nerve.




Hearing Summary

Sound waves enter the ear
canal and make the ear
drum (tympanic membrane)
vibrate. This action moves
the tiny chain of bones
(ossicles - malleus, incus,
stapes) in the middle ear.

Semicircular

Canals Vestibular

Nerve

i Facial Nerve

Auditory
Nerve

The last bone in this chain
rkork® enkhs diemdrane t
window of the cochlea and
makes the fluid in the
cochlea move.

Eustachian
Incus Tube

Ear Canal Ear Drum

| | L |
The fluid movement then Outer Ear Middle Ear Inner Ear

triggers a response in the
auditory (hearing) nerve.




The Human Ear K42

QUICK CHECK

Outer Middle Inner
Ear Ear Ear

What part of the
2l human ear acts as
gt Cochiea g an amplifier to

\A " iIncrease the motion
uditory
. Nerve  Of the eardrum?

ear canal
middle ear
Inner ear
auditory nerve

i S

R
e

Sound 20



The Human Ear K4

QUICK CHECK

Outer Middle Inner
Ear Ear Ear

What part of the

Hammer

Anvil human ear acts as
e, gl GO an amplifier to
\ risgeiV).  ~  increase the motion
- ‘Nigl 7/75)\.  Auditory

nerve  Of the eardrum?
ear canal
middle ear
Inner ear
auditory nerve

00T

Sound 21



Range of Human Hearing g

The maximum-range!of frequencies forimestpeople Is

from about20 herizito220Hhousdnd hertThis means! if

the numben of highpressure fromgai/efronts hitting our
eardrums:each:second is:from20 t0)20. 000, thenthel sot

may e detectableli you listen itollouchmeusio @ften,

yoQ’ Ui p@obably fipdrthat Poarbahey (bamdwiiitt) wilk e a t

diminishet]. m

Range of
human hearing

Ultrasound

Low High
pitch | | pitch

r x : T | : T T T T »
0 10 100 1000 10000 100000 1000000 10000000 59

Frequency (Hz)



Some animals, like dogs and some fish, can hear freque
that are higher than what humans can heamGatii).

Doctors make use of ultrasound for imaging fetuses and
breaking up kidney stones.

Bats and dolphins use ultrasound to locate prey by reflec
(echdlacailioi | h

Elephants and some whales can communicate over vas
distances Wlth sound Waves too low in pltch for us to hes

23




How does sound trayel? issser

ASound travels through all states of matter n
gases, liquids, and solids .

AThese are called the medium .

ASoundcannot travel through a vacuum
because It needs particles to propagate It.

AThe medium (air, water, metal, etc.) has
very liitlieenetmovementt while the wave
(disturbance) moves through the medium.

Sound 24



Sound Travels Through Matter

Gases

Most of the sounds
we hear travel
through gases, such
as air.

Sound waves travel
slowest through the
air.

Sound from a bell,
a horn, or an alarm
clock travels
through the air.

— —
— —
— —

Liquids

Sound waves travel
faster through
water than through
the air.

Sonar is used to
locate objects
under water.

What animals use
sonar?

Solids

Sound waves travel
fastest through
solids because
molecules are
packed very tightly
together.

You can put your
ear to a railroad
track and hear the
trains up to
hundreds of miles
away.

Trackers put their
ears to the ground

to listen. -



What type of waves are sound waves?

LJIIIIIIHHIHHIHIIHIHHIHIIH
UIHIIIIIIIIIII!IHHHIHHHIIHH| [T
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LJHHIIIIIIIIIIHIHHHIIIIIIIIHIIHHHHEI REREEREY

LJIIIIIIIHH'I 1
UI ORI AN DR
IO AR

Sound

Longitudinal Wave

TR

_~ Amplitude

—— period —

- Transyerse Yave

26



When a tuning fork vibrates, it creates areas of high
pressure (compressions) and low pressure
(rarefactions). As the tines of the fork vibrate back
and forth, they push on neighboring air particles.
The forward motion of a tine pushes air molecules
horizontally to the right and the backward

retraction of the tine creates a low-pressure area
allowing the air particles to move back to the left.




Explosion
of a Star

Can you hear 1t? Explain.

How do astronauts communicate with
earth?

28



Explosion
of a Star

Outer space has no air. Therefore, no
particles can transmit sound In space.

So how do astronauts communicate with
earth? Radio Waves (electromagnetic)
which are converted to sound.

29



SQun_d Waves Sound waves include

high frequency waves

(), low frequency

QUICK CHECK WaveS ( )’ and
Sound waves travel efiection of waves ().
through a
substance called a
and IS faSteSt The dlrECttlon of
: propagation of a sound
IN (solids, liquids, gases). waveis __ toits

direction of oscillation.
Sound waves are g —

(Iongitudinal, transverse ) )

Sound

Motion of air molecules Propagation of
associated with sound. sound



SQun_d Waves Sound waves include

high frequency waves

(ultrasound), low

S frequency waves
Sound waves travel (infrasound), and
through a reflection of waves
substance called a  (écholocation).
medium and iS The direction of

: : propagation of a sound
fastest in solids. wave is parallel to its

direction of oscillation.
Sound waves are

longitudinal.

AT L -':';'.., ré ‘534, I:i- PR3

Motion of air molecules Propagation of
associated with sound. sound

Sound



Behavior of Waves
Speed & Temperature
Frequency (Pitch)
Amplitude (Volume / Loudness)
NResonanceo
nDiI ffraction of Sour

A Standing Wawes - |
AiBeat® p r o d mterferdnced y

2



Temperature & Speed of Sound

The speed of sound in the SAME medium is DIRECTLY proportiol

[ 21 6 € B A8 (S Ve B U ) i

umos

me d |

t hat
medium, the FASTER sound travels.)

t o

the faster its molecules/atoms vibrate.

Speed of Sound in Air

The hotter a substance is
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Temperature & Speed of Sound

In the summer, sound .. Speed of Sound

travels slightly faster in
air than it does in the )’_—4@‘
winter. -~ 60

Air molecules must. - e
bump into each other in I {:":J
order to transmit a :

longitudinal wave.

3436 mis

When molecules move
quickly, they need less
time to bump into each
other.

/wi 3304 mis

34



Sound .

Temperature & Speed of Sound

The speéabf soundih dry airis giVen by:

v©° 331.4 m/st 0.60T
| WhereT IS airtemp iAC.

Examples of the speed of sound based on temperature:
Air, 0°C: 331 m/s Air, 20°C: 343 m/s

| Temperature | _Speed (ms)

Water 0C 1402
Water 20 C 1482

Water 25 C 1493 e



Measuring the Number of Waves

. Pitch is how high or how low a sound is.

. A high pitched sound has higher frequency,
meaning more waves pass by in a given time.

W\/\/\/\W\/\/\/\

Higher Pitch

, Alow pitched sound has lower frequency,
meaning that fewer waves pass by in a given time.

1
w /\
-
0
2,
i8]
[
i \/

Time

Lower Pitch



Pitch & Frequency

+ A measure of how high or low a sound is.

+ Pitch depends on the frequency of a sound wave,
OY L= ¢ NV VRN ¢ D VINHUES e SECON.
- For example,
INHP

i

TR

AN T

V V UJLUMMJ__%UI

| 11l
- Low pitch - High pitch
- Low frequency - High frequency
- Longer wavelength - Shorter wavelength

37



Frequency People Cannot Hear

Supersonic
- sounds travelling faster than the speed of sound

Ultrasound

- sounds with frequencies ABOVE the normal
human range of hearing.

Sounds in the range from 20-100 kHz

Infrasound

- sounds with frequencies BELOW the normal
human range of hearing.

Sounds in the 20-200 Hz range 38




Frequency People Cannot Hear

Ultrasound

- sounds with frequencies ABOVE the normal
human range of hearing.

Sounds in the range from 20-100 kHz

(= 07:09: 06PN
. . V349 #» 99
o : 2.5 160nn
. - . CARDIAC
- L .
\ z :
g ’; . . < p
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Measuring the Height of Wavyes

*We can make it louder or softer by changing the

amplitude of the height of the wave.

*The higher the amplitude , the louder the sound.
*The lower the amplitude the softer the sound.

AR Y A T A T A WY /Ibilitudte:.ﬁ.
Louder  * % 0o o0y
l- g L -| L --' g -. .- ] |
i
Softer — — P A —




The Decibel Scale

The chart below lists the approximate sound levels of various sou
The loudness of a given sound depends, of course, on the power
the source of the sound as well as the distance from the source.
Listening to loud music will gradually damage your hearing!

Source Decibels
Anything on the verge
: . 0
of being audible
Whisper 30 Constant
Normal Conwersation 60 exposure
Busy Traffic 70 leads to
Nlagarq Falls 90 permanent
i AL hearing los
Construction Noise 110 g
Rock Concert 120 — Pain
Machine Gun 130 — Damage
Jet Takeoff 150
Rocket Takeoff 180




- The Declbel Scale

Intensity & Decibels

AAR intensity sealébased on t
humanpperceptionfof Eis
Aldudnddsdinogies ss@l. | S (-0

— 90

AThe lbase: uinit of the intensity |~
sc@caslca@ed thes'beld. a | | d
Acutllu tacl deghedt dix)e .
IS moreccommonly;used,

which 1sQ.1Hbel. | D

Sound Levels (dBA)

Threshold of pain
et @incraft take-off at 200 foet

Rrveting machine

L.En*stluttn:-n S-Ie n u

Bodbar Room
lackharmmier at 50 fest

Vaouwum cleare

~S

i.'muw{tmnmheul@& feat n

Large alectrical transfommer at 100 feat

Cgiet urban area at night

et countryside

Threshold of human percaption

42
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- The Decibel Scale

Intensity & Decihels

AThe lowestintessityinumans t

hearisaassigned a aluée mdB.
AThe scaleisdogarithmic)so eac

Sound Levels (dBA)

130

120

i‘mcrea&a)ﬁfl b&_je# :F()lﬁ)nhimes
louder.

AAR increaseaririintensityfof Bebel
is 108 = (10 x IOxx119)= HADO
times lloutier.

Threshold of pain
Jet aincraft take-off at 500 feet

Rrveting machine

1 Construction site
1 Baollar Boom

1 lackhammer at 50 fest

Vaouwum cleare

1 Conwversational spesach at 3 foeet

Large alectrical transfommer at 100 feat

) Cluiet urban area at naght

1 Cuiet countryside

Threshold of human percaption

43



] :
— The Decibel Scale

more iintensel(loud). is:the sound:of a jet

taking off than.a typical.conversation l - Throchold of B

with a personWhat property,of.asound 180 - Jst Teking OFF (200 f+. awen)
K ~ — 120 - Operating Heawy Equipment

Wa\ﬂesi&@@verns}thrs,} e 110 - Might Club {w/ music)

e 100 - Camstruction Site
e 00 - Bailer Boom
e 30 - Frrzight Train {100 ft. auwcy)

e M - Clazsroom Chatter

— G0 - Conversation {3 ft. away
a0 - Urban Residence

40 - Soft Whisper {5 ft. cwa)
30 - Marth Rim of Grand Canyon
20 - Silent Study RBoom

10

0 - Threshold of Hearing 1000 Hz

a4



] :
o The Decibel Scale

Use the chart to the right. How much 1, 5ical sound Levels (dBA)
more intense (loud) is the sound of a jet

ta_king off than a typical conversation l 4 - Threshld of Pein
with a person®hat property of a sound 130 - Jet Taking OFF (200 1. cusa)
. e 1201 = Oiperating Heawy Equipment

waves governs thls? — 110 - Might Club {w/ music)

iy e 100 - Conztruction Site
1 bﬁl i ﬂ'{otdB ' : e S - Biziler Room
Jetitakingooff-=133Q/dB X kdbel/103dBI= b3/bels et Tran (HR L e
Conversatian-56d6lB x debél/ B dBshadels [ e (3t cwau)
13 belsi 6 bells= 7 belsimorerintense o son hser (911 awaw)

30 - Marth Rim of Grand Canyon
20 - Silent Study RBoom
10

0 - Threshold of Hearing 1000 Hz

107 or 10 x 10:x120:x 10 x(10 x)10x 10

10,000(000 times moretintense.

Amplitudegoverns intensity of sound.
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Resonance

Sound Waves are a common type of standing wave caused
by RESONANCE. This often occurs when sound is reflected.

Resonance i when a FORCED vibration matches an
objectodos natural frequ
vibration, sound, or even damage.

Singers can shatter a wine
glass by hitting a musical note
that is on the same frequency
as the natural frequency of the
glass. Because the frequencies
resonate, or are in sync with
one another, maximum energy
transfer is possible.




Standing Waves Reflecti
A standing wave is produced Traveling Wave
when a wave that is traveling is
reflected back upon itself.

‘_r

There are two main parts to a

standing wave (enrichment): Stjﬂ‘f“;g Wave
ntinode

Antinodesi Areas of
MAXIMUM AMPLITUDE

Nodesi Areas of ZERO
AMPLITUDE.

47



Resonance

Resonance Is the cause of sound in musical
Instruments.

When the frequency of vibration of the source
matches the frequency of vibration of the air
column in the instrument, resonance occurs

and sound Is heard. %
5,

In the quitar, the sound
hole allows resonance.

48



Resonance

Resonance Is an important consideration when building
a musical instrument. Factors affecting resonance
iInclude the strimgs and body (violin, piano, harp ), the
length of tulbe (flute, oboe, brass ), shape (drum, horns).

—_—
WY,

Harp

Drum

Flute

Oboe Trumpet
49



Diffraction

Water waves spread out as they pass through a narrow
opening.

A Diffraction also occurs when waves bend around an
obstacle.

A The larger the wavelength is compared to the size of the
opening or obstacle, the more the wave diffracts.




DiffractionA Interference

Sound waves can passes through each other and combine via
superpositionThe diagram shows two sets of wavefronts, each frol
a point source of soundrl'lie frequencies are the same here, but thi:
IS notrequired for interferencg\Wherever constructive interference
happens, a listener will hear a louder soWHerever destructive
Interference occurs, a listener will hear a diminished sound.

A: 2 crests meet;
constructivanterference

B: 2 troughs meet;
constructivanterference

C: Crest meets trough,
destructiventerference

51



Interference Diffractic

\—’/_|_ = -
L"IJI ase /\ v :::tnesrtfr;aurc;t"i::
\ /

) /_.\ Destructive
\_/ 180° out interference
of phase —

A No sound

52



Interference Diffractic

Inside noise-canceling headphones

Sound waves created Noise created
by headphone speaker by extemal source

S

— " )
\ /

' Microphone Destructive interference

A

= Silence




Standing Waves Diffractic

When a guitar string is
plucked, it forms a
standing wave
representing a particular
musi cal nAot) gl

54



Standing Waves

Interference occurs as the One wavelength
Incoming waves pass
through the reflected
waves.

At certain frequencies,
interference between a
wave and its reflection
can produce a standing
wave.




Standing Waves

One wavelength

A standing wave forms
only if half a wavelength
or a multiple of half a
wavelength fits exactly
Into the length of a
vibrating cord.




Standing Waves

A node is a point on a
standing wave that has no
displacement from the rest
position. At the nodes, there
IS complete destructive
Interference between the
Incoming and reflected
waves.

One wavelength

An antinode Is a point
where a crest or trough
occurs midway between two
nodes.




Standing Waves Diffractic

Harmonics are ¢
constructive and

destructive interference. T g [0 second hamnonic

Most instruments play

harmonics (the same Third hmoni

. . Node Node Node
note in different
footac/ds’a. v e s 0 )

The human ear often cannot hear the separate
frequencies. So, a musical note sounds like ONE note,
but in reality it is often 2 or more frequencies combined.

pased on Q— String | ——Orundamental
(first harmonic)

58



Interference o O Diffractic

Wave 1 (red) and Wave 2 (blue)
: AR AR AR AN AR AR AR RR D
For Instance, a IR
guutar Wwilapray “werlorl prl ay fFJO\I'DerllCJOIPESI C
fhraominydoand acHs o Hléal L

usually has 3 strings for each
Ano't e . o JcL [D1. Jct | DL JcL
| A I
l I

I LY | 181
1}‘ ﬁ% 1 1 1 “ il}‘ II : 1 1 \ “ il II 1 I l “ril
' | 'k ';m. 1H’ 'IH ' & I
I
Beat Pattern {in preen)
Tuning a pi an oesawof tbeyn cuotnmplairziensg
string to that of a tuning fork (at the same time). If the two sound
sources - the piano string and the tuning fork - produce detectable
then their and the string must
be fNtunedo.
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\ Diffractionof Sound

Even though waves travel in straight lines, they also ben
around obstacles so you can hear around a corner.

Diffraction of Sound Waves

\'¢

Student

Student

60



The property of waves bending as they pass
through a narrow opening is called

a. reflection.

QUICK CHECK

D. refraction.
C. diffraction.
d. destructive interference.

A 6-meter rope is tied to a hook in the wall.
Which of the following wavelengths can produce
a standing wave?

15m é . & ®B. & . 5

The amount of diffraction of a wave as the

size of the obstacle or opening increases.



The property of waves bending as they pass
through a narrow opening is called

d. reflection.

D. refraction.

C. difffestionn.

d. destructive interference.

QUICK CHECK

A 6-meter rope is tied to a hook in the wall.
Which of the following wavelengths can produce
a standing wave?

15mé 2mb5é B. & w (mhilipkcoiBam))

The amount of diffraction of a wave increases
as the size of the obstacle or opening increases.



Noise or Sound?

J Pure sound is based on a specific frequency or
wavelength.

3 Noise A no recognizable wave pattern; waves
Il EYIl weEDI 11 UI OUwl wEOE wh

PURE SOUND:




Di fferent Asoundso t
(A) noise, (B) pure tones, and (C) musical notes.




Frequency of Sounc

A Pitch of the sound

A There are 12 musical notes on a
staff from A to G# (one octave)

A Bass: Low frequency O to 300 Hz
AMi d r ang é:300tdi6y0@0iHz e 0

A Music hagecognizable wave patterrtie sound waves
have similar f and a&.

65



How do musical instruments create sound?

It depends on the type of instrument. There are four
types.

*Woodwind
* String
*Percussion
*Brass

66



Woodwinds Instruments

Woodwinds make music by blowing on the top of the
Instrument or on a reed which causes vilwaitomn. When the
frequency of vibration of the reed matches the frequency of
vibration of the air column in the instrument, resonance
occurs and sound is heard.

Clarinet

Bassoon

Flute

Piccolo
67



