
MAE 285 Lecture # 2 : Introduction to Acoustics 14 January lol 9
t

Be sure to read and carefully go through Chapter I
.

NO CLASS NEXT WEEK : HOLIDAY!

WEEK AFTER ( 28 JAN) : MEET IN SME 320
.

Acoustics

FLUIDS cannot support  shear
. ( As opposed to  solids ) .

So
,

in fluids , sound is  compressional only .

Suppose we have a sound source  in our fluid , oscillating at an amplitude of E . 4M¥ ⇒ sound

Sound is at frequency
, f ,

and propagates at  a speed c . FXfluid→  compression

Then the wavelength is d = off .

←

rarefaction

The distance between adjacent compressed and rarefied regions will be427yd "
on the  order  of

"

thermal diffusivity : K I assuming you  remember what thermal diffusivity is

The time required to equilibrate the temp . from the compressed to  rarefied regions is N MR
.

Compare this to the time for one wavelength of sound to pass
: tf -

- -

RATIO : ( d¥ ) ( f ) n RANO  of THERM
. EGON .  TIME To THE ACOUSTIC WAVE PERIOD

won
: YI = Fa = fol f if we define fo I

' 4k : If f as fo ,
then the temperature Will NOT EUUUBNATE

AIR :
c n 102 mfs and K or 155 mys  ⇒ fo  N I O

"

Hz n 10GHz

WATER :
c n

103 m/s and kn 10
"

m Ys ⇒ for 10 THz .

So sound is adiabatic as for fo in most cases .

losses due to imperfectcollisions ( i . e.
,

viscosity is differ)

foundpropagation-onceptsf.co

sound is adiabatic
. . .

and the  equation of  state for an adiabatic fluid is

yl

¥7:!
.

.

.

'
t = I 's'¥:÷: f. eye :c:

he SPECIFIC  HEAT

@ const .  vow .
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let's look at a compressed region of the fluid . . .
as the sound passes through . BEFORE : width of £

AFTER : ( compressed) I - (Ez) - Cz) = I - q . for
cross - sectional area .

So the Volume change  of this fluid parcel is Dvd = CAIL
(A) ( %)

= 2£

opt = je = 82ft ⇒ op =HIM

a-
a U

change in pressure /awpressure ↳
Tff is = THAT

Um
. . . yeah ,

there is a point to this . . . look:

Newton's 2nd law : F = m a

§
coffin -

- eat, faded ⇒ op
-

- le III ) ⇒ PHI )=¥xaI¥ )
-

Well
, we can simplify a bit

,
but let's ASSUME THE Acoustic WAVE is HARMONIC : offs = we

'

q where WE Haft

⇒ p 82ft = 2e air f '

q ⇒ f
'

= Iffy ⇒ w
'

= K2 a where k = HI ~ the WAVENUMBER .

In an adiabatic fluid ( with fhhfo from above) ,
Sound propagates without dispersion .

A none - dispersive
acoustic wave propagates at the same speed regardless of frequency .

From Ch It kinetic theory) , c = VII
We know up -

- p FF) n I keg = E EH n N I where Vn vibration velocity ( particle velocity) .

v = ut f

the up HpME = pl (c) Ie = @pile ) F) ( req) = per ⇒ up = few
-

 -

"

Is v Lagrangian or Eulerian
"

n SEE Westervelt paradox .  .
-

⇒ tip = of C N Acoustic Impedance , Z .

Uh
,

well
,

remember  electric  circuits ? op = Z V

"
VOLTAGE

' '  
=  " REST STAN  

CE"¥
current

"
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Particle Dis 'RE
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found intensity I q
'
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&
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' A

A  little more on acoustics . . .

ONE - Dim . . .

WAVE ELEVATION ! Uft - eU××=O OI Ee #
- CZ G××=0

"

I  want to know  more !
"

⇒ Fritz John

But the  solution to this  equation is ulxctfflx - et ) tglxtct )

If the wave  is  sinusoidal
,

then we can write the solution as ulx.tk Aws nett - E)
amplitude Laf steel of  sound -

phase  velocity
'

=Aeosf¥ - I ) = Acosta - nett

Tntfime
 period

Wbauenumber : KEY =2
ut t

www.t.ae.im.

→

OBLIUUE  reflection ←
I

4,2 / REFLECTING
I WALL

INCIDENT !
REELECTION ¢

U±=F±( t - E) ⇒ up=EdttE ) 4
,

ON THE BOUNDARY , WHAT'S U = ? It's ZERG .

So u = UCO ,t)=U±( at ) t Up ( O ,t)⇒
uloitf Felt ) -1 Felt ) - O

⇒ FplH= - Felt

⇒ ulxitkftlt - E) t Felt -1€ ) = Felt - E ) - Felt -1€ )

Iflhewaveisa harmonic sinusoid
,

then

ulx ,t)=A[ cos wht - E) - cos uett-ED-2AsinwtsinhE.nstn-wnn.fi#9 !



Rese
: £ walls of perfect reflection ,

one  at  x=o
,

another at x = - L

(
antinode

In this arrangement , we have a Hit ) ¥-0 AND UH, HIEI

I

4
We can use our solution from the one - wall case I f

x= -

Lf
I x= O

is::::*::: ⇒ ÷ . . . ..iq/TfIxnode4n=§
ftandingwaveratioi C south

If the  reflection  off  of one  of the walls  isn't perfect ,
we'd hare  a standing ware ANI a traveling wave :

ulxit ) - A
±

cos wtf - E ) - Arcos  wlttz ) =

At cos w ( t - E) - Arcos wht - E) + Arcos we ( t - E) - Arcos left

- 
1- I

le a

( At - Ap) cos nett - I ) t
Artus  ult - El - user CHEM

( Axe AHsin
"

net sin YI

= ( At - Are) cos we ( t - E) t ( Aet Ape) sin wet  sin WE

DEFINE the standing ware ratio ( SWR) as SWR = AAI.IN#p:swR-sD for a perfect standing
Ware

SWR -01 for a perfect traveling wave .

(progressive)

Some books write the reflection coefficient, r = ARIA
,

⇒ scope tf .

§
+2

Obliguewares I T 4

"

I
'

IT at - a.x
,

. ¥ , an Ii he . the
'

I * Iran
"

triadwar . .± g.
 nun ,  ⇒ . along ,€,÷§,× ,

REFLECTED WAVE ! Eggs
.

)
* U = }

I

Ute - A cos ( cut - kix
,

- kalxz ) ⇒ pa
, , ,

wave }
⇒ A

egg
= f

NET WAVE : U= Uet Ur = 2A  sin ( wet - KY"
x

,
- KILI Xz ) sin ( ktzki × ,

+ ke-÷×z)
BOUNDARY CONDITIONS : X 1=0,

U =D ⇒ KI = he - ; AT THE WALL , THROUGH A REFLECTION , f- Eonsthnt .

A



The resulting wave motion is u ( x , ,xz , t ) = 2A sin ( wet - kzxz ) sink , Xi -

Phase velocity of wave ? c #¥2
(

PHASE VELOCITY OF THIS WAVE , Cf =/ C ~  SPEED OF A  SIMPLE  SOUND  WANE  IN  MEDIA


