General Physics (PHY 2130)

Lecture XII

WAYNE STATE
UNIVERSITY



Last lecture:

the a 1de of the wave

the material properties of the string
both of the above

neither of the above
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Usiganiuning Fork to

Drojellca 2 Sot

region

= As the 3 5wings to the right, it
forces the air molecules near it
closer'together

m This produces a high density.
area in the air

m This is an area of compression
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- the biie ai molecules
(0 th rU:F O the tine
Spread et
= This produices an area of

low' density:

m This area is called a
rarefaction

Low density
region
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Usigle) =z TLnlinle

= As the tuning fork continues to vibrate, a succession

of compressions and rarefactions spread out from the
fork

m A sinusoidal curve can be used to represent the
longitudinal wave

m Crests correspond to compressions and troughs to
rarefactions
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LAy within the norm @ge of hearing of
'r~ nlerm ar

Normaly; Jsr"er 0 Hz to 20,000 Hz
rras“OrJJ(“ s
m Freguencies are below the audible range
m Ultrasonic waves
m Freguencies are above the audible range
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Noglicztions o UI rasound

aNeERENISEANG produce images of small objects
I Wiclgly tsecEls cielfEle stlgand treatment tool in
MECICIPE ™
n Ultrasenic ﬂoﬂr eter to measure blood flow

Viay: Usespiezoelectric devices that transform electrical

iergy Into mechanical energy.

= Reversible: mechanical to electrical

= Ultrasounds to observe babies in the womb

m Cavitron Ultrasonic Surgical Aspirator (CUSA) used to
surgically remove brain tumors

s Ultrasonic ranging unit for cameras



m The speed is slower in liguids than in solids
m Liquids are more compressible
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Example: thunderstorm

Suppose that you hear a clap of thunder
16.2 s after seeing the associated
lightning stroke. The speed of sound
waves in air is 343 m/s and the speed
of light in air is 3.00 x 108 m/s. How
far are you from the lightning stroke?




Example:

Given:

Viign=343 m/s
Veound=3X108 m/s

t=16.2 s

Find:

=9




Example:

Given:

Vi =343 m/s S.ince. Vight > Voama » W€ 1gn0re the t.ime requir.ed for the
Veound=3%108 m/s lightning flash to reach the observer in comparison to the
t=16.2's transit time for the sound.

Then, d~(343 m/s)(16.25)=5.56x10’ m=[556km|

Find:

=9




INMEVLEsye asWave s the rate at which
CHETENENGY TIOWS throuc '

OFIENLES J r)err)enrhmlrj

traVvel e

m Pis the poweﬁ!he rate of energy transfer
m Units are W/m?



Veglous L) f Sound

AN hreshQJrJ o nearmg
s Faintestisound! n W” u@ans can hear
N r\oou'c 1 X 10 Wi
Bislgsisriolel of Hair
m Loudest sound most humans can tolerate
= About 1 W

m The ear is a very sensitive detector of
sound waves




Jihe sensation offleuidness is logarithmic in the
AUEn hear |

' decibel level of

eshold| of hearing
= Threshold of hearing is O dB
=« Threshold of pain is 120 dB
= Jet airplanes are about 150 dB



Example: rock concert

The sound intensity at a rock concert
is known to be about 1 W/m?2.
How many decibels is that?




Example:

Given:

1. Use a definition of intensity
level in decibels:

1
p=10 loglo(l_] =

1,=10"12 W/m?
1,=100 W/m?

0

0
Find: =10 loglo(%] =10log,,(10%)=120dB v

_ H_l

Note: same level of intensity level as pain
threshold! Normal conversation’s
intensity level is about 50 dB.
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DIOPEURES aially
eutward fiiom the
esclligling sphere

= The eneral propagates
equally injall directions

® The intensity is
P

4 v

o
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Spherical wave front

© 2003 Thomson - Brooks/Cole



2| LSou rce

the inverse square relatlonshlp can be

used .
I 7,




Wave front —

= [[hed@istance between
SUGC IVE WaVe fronts Is
the wavelength

m Rays are the radial lines
pointing out from, the
source and perpendicular
to the wave fronts

Source <

: /.:' - ____________---"
I
l'\,. B

© 2003 Thomson - Brooks/Cole
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© 2003 Thomson - Brooks/Cole

0)L]] @/ the
" fronts .

= The rays darié nearly
parallel lines

= A small segment of
the wave front Is
approximately a
pla ne wave Wave fronts




=52 IDOppIEr elfect IS v,@_v fienced whenever
tiIETENSHEIatiV; uion' between a source of
WaVeES anEsa (

Wrm I‘J’Jd J@f ce and the observer are moving

er, _ the observer hears a higher

urce and the observer are moving
away from each other, the observer hears a lower
frequency
= Although the Doppler Effect is commonly
experienced with sound waves, it is a
phenomena common to all waves
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-%SeWEr IS

m Due S
MOVEMERL, the
ObServer detects an
additional number Observer
of wave fronts 0

heard is increased




I%server s
MoVIN Ay firom a

statio Uurce

= The observer
detects fewer wave
fronts per second . Observer

® [he freguency O
appears lower




DEPPIEREfect, Summary of
OIISEVEIRIMOVING

W
ilElapparent: fiiegliency, £, depends on the
dCLUBINTEdUency of the sound and the speeds

o )
-

8|V, ISIPOSIUVE Iff the observer is moving toward
the source and negdative if the observer is
moving away: from the source

il




= As the source moves
away. firom the ebserver
(B), the wavelength

appears longer'and the

frequency appears to be
lower




DEPPIETMEIECEHSouUrce Moving

> . .
Jse the=V. WiREn the source Is moving

towaralthe ebserver and +v, when the
source is moving away from the
observer




Example: taking a train

An alert phys 2130 student stands beside
the tracks as a train rolls slowly past.
He notes that the frequency of the
train whistle 1s 442 Hz when the train
1S approaching him and 441 Hz when
the train is receding from him. From
this he can find the speed of the train.
What value does he find?




Example:

With the train approaching at speed , the observed frequency is

Given:
345 0 345 1
frequencies: A42Hz=f ( 345 rzl//ss j N j= [345 m;:/_sv j M
f,442 Hz | |
f,=441 Hz As the train recedes, the observed frequency is
sound speed: v=345 m/s
441 Hz = f 345 m/s+0 _ s 345 m/s 2)
345 m/s—(-v,) 345 m/s+v,
Find:
) Dividing equation (1) by (2) gives ,
V=

442 345 m/s+v,
441 345 m/s—v,

and solving for the speed of the train yields
v, =039 m/s




se positive values of v, and Vs if the motion
IS toward
= Frequency appears higher
m Use negative values of v, and v, if the motion
IS away
m Frequency appears lower
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ALSHEEK Wave
EsUISAIIERIthE
SOUIrCEVEIGEItY
exceedsithe speed
of the wayventself

= The circles
represent the
wave fronts
emitted by the
source




ne conical wave front is the shock wave

m Shock waves carry energy concentrated on
the surface of the cone, with correspondingly
great pressure variations




ConcepTest

The following figure shows the wave fronts generated by an
airplane flying past an observer A at a speed greater than that
of sound. After the airplane has passed, the observer

reports hearing

1. a sonic boom only when the airplane

breaks the sound barrier, then nothi

2. a succession of sonic booms.

3. a sonic boom, then silence.

4. first nothing, then a sonic boom, the
the sound of engines.

5. no sonic boom because the airplane .
flew faster than sound all along.
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o)f Sr nd WENES

2ISeund Waves int e}""r ore

N EORSHIGHYETRLErTi enag occurs when the

PAtPREITEFENCE DE 'ween two waves’

OGN IS zero or some integer multiple of

NaveEIengLns
pati dif erence = nA

= Destructive Interference occurs when the

path difference between two waves’
motion is an odd half wavelength

= path difference = (n + 2)A
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SUEEIJERVEVES™

sNhenial tiaveling wave reflects back on
[CSEINBGIETLES LraVve img waves in both
~direcuens ¢ |
he wave and its reflection interfere
according to the superposition principle
m With exactl the right freguency, the
wave will appear to stand still
m [his is called a standing wave
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VAV EIOcelURSIWhere the two traveling
i adme magnitude of

t the displacements

' ctions

T dlsjﬂhce between two nodes is 2\

m An antinodeeccurs where the standing
wave vibrates at maximum amplitude



Vibrating
blade

Let’s watch the movie!
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Z2VESIOn a String

Ay, S formiarharmonic series
sithexftindamental and also the first

MaRMonIct

5 ISTUINEISEC mﬂﬁfmomc

aves In the string that are not in the

harmon serales are quickly damped out

m [n effect, when the string is disturbed, it
“selects” the standing wave frequencies




MVARSYstem withrardriving fiorce will force
2 VilauERiat ItS frequency
WhERRENTeqUERnCcy of the driving force
2dUaISFEIEN ﬁ gl fireguency of the

- system, the system is said to be in
[ESONarce



PIENOIFRESONANce

lUmA'lS set in

2 [he others PEeEin to
Vibrat e to the
Vibrationsiinrthe flexible
beam

= Pendulum C oscillates at
the greatest amplitude
since its length, and
therefore frequency,
matches that of A
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Columns

) 'f ONE EX d o'f if)

~ moyement of the air is restricted
| anahis Whe elements of the

movement and an antinode exists



at Both Ends

First harmonic

Second harmonic

|
*ébui._‘i”i Third harmonic

© 2003 Thomson - Brooks/Cole (a) Open at both ends
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First harmonic

Third harmonic

Fifth harmonic

(b) Closed at one end, open at the other © 2003 Thomson - Brooks/Cole
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Semicircular canals

Hammer Anvil Stirrup s
(for balance)

Oval window

/_ Vestibular nerve

~——— Cochlear nerve

Cochlea

eardrum is the middle \ {4 @i -

(tympanum)

‘\ l.l\\_ \ V [ i
\ N ~ .
ea r \ 2 2 v =~ Fustachian tube
\ ‘ | ;

= The bones in the middle
ear transmit sounds to

Fig 14.27, p. 452

the inner ear




nd Refraction of Light
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es like a wave
Opagation)

m SEMEICASES light behaves like a particle
(photeelectric ef "ct
the

P~

: INSLEIN Termulate

L 4 Ei"“f

h=6.63x10""J -5

eory of light:

Plank’s constant



-%ravels alt
0@ mY/SHR Vaccum

5l trevelsislemer in liguids and solids (in
geeond With' predictions of particle
GHEGHY)

» [n order teraescribe propagation:
Huygens method

= All points on given wave front taken as
point sources for propagation of
spherical waves

m Assume wave moves through
medium in straight line in direction
of rays

Wave fronts



| Wner IgNt ENCOUNtENrs

POUREaIVAE2AINGNNATO
secondimeditim, part of

IRCIGERNEY rerlects

0 =0,

Angle of incidence =
angle of reflection

= Rough surface: A\//\N/
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