HHolol  Sound Waved

We Aave biokegical receptors [6r Soundl and Gght
haves. Thus, Ut o uite importent lo wrdlersiand
thexe waves befter 5 Here we weudH Gibe T denve
the wave equation v Sotrd waves pepagating

Approximate. the 1D Sclid as an array of coupled atons
My M l» Ly a”(t) Un(E) s the dinpbrcmert
‘ torthe N2 otom.

)§\=‘f\<:\ K Spring comsh. K B U t) = UNE)

The equilibrm position of the Natom i X=N3, where a
1> the Gathce corstant.  [he dc’oszcamenf‘ of each alom
dexcribed by the salar field UGE) = Untt).

Eoch atom fels o torces from s ﬂ@f‘@f\bom. Wn'te dlovon
the EOM for each atom 2

M&m_" "k(&{r\ n:)+k(6{mréé/\) K(za ~Aii f‘-f)

We would @ke o Showr that the above EOM &> nothing bed
the nwave eqguahon o .

@ Cufrm LoTHA ,Dvafoaq; &o‘/&/‘@ nof@éj / reanonabbe, .
Wy = 4 usat)+Fusat) = 7 tw* ia,,_,

Y 2 U T (a (a>) 2. (——" ax?-

Thas . we have i 2 _ay_
! bt ——ar e
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I e PCQQ =
@ Ifdbeabylb&QM Un = OU/SHT.

QD{Y\&):‘/\Q @OJ\O{@ 7’095%6/\ ooo [he EOM ready

-3 [0 fire

The micrescopic denvation not ondy shows that the
dyramics IS Qaptured by the wave equation, but also the
icroscopic deperdences of the wave Spegd O.

Q
P ET— ()=,{f\q=¢%a the wave
(,% = ,%‘ | pf@p;@ojeg olue to Micro- Vil

For SHff matedals , the Spring constent K IS Zege —7 the sound

Speed is fast. Note that U~ 6ocom/s o steel , much Asler
than U~ 330M/S in air.

D Sound waves in an idex® gan. Letwy st withan
Interesting obSeryation.

ISRIIN fHHHS

The Sound Speed cn air is roughly the same as the recf-
mean-Square. Speed of the gan mokecules. I this a coincitne?
Or;, fhere (s Something deeper here ©

Befére digging info fechnical olefails, ot 13 “Ae:&%y” To GooR
B relevant parameters Girst. R i it

relovant prromefers = B L, T, M, infetive Guesses ?

Not very eany To identify the right parameters becaue. we :\
mix up thermodynamic ard microscopic quanfifies .. :
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PR
A roysh picture. (or fhe Scund wave helpa. -
Q) gar molbcules move ard change the dendity .
b) C/WSQ a) de/\af)/ — C‘/\Qf\ge in pressure .
<) pressure variations gencrale molecular motions .

The above picteue S«@ge&'“s hal” we can identify,

P ard p as # 7

Now Cp 15 fry To omolenm'zmol the dynamicy of gan molecudes,
.P(x £)

P(Xt) =B +B &t )4;_7 vanations due
P/\-/W\l‘_% POE)= P, +p. Gyt Y o Compremion

o

. TF (o reasonable To aesune that B« B,

X and 0, << Pq IN USual Sowrd waves .

E in equilibrum.  Assyme the presscre and the density
Xtobxtdbuelxt)  are refofed by Some funchion,

EE — D= JF(P) USe. Jaykor

Xt )

-2)1‘07\ oo

B+P = o p) = FR)+ K@) o+ ) p
Reeping the. owext non-vanishing ferm, Wwe cbioin
Q(Xt)"kp(xtﬂ = f( = O}P)

Lo you sex the gmemQ{zeo} Heokeh ou> here ? %

From mans conpervation in the finy Seament ¢

Rax = p [ Xx+elx+Ubucx) —(+uc)) ) 1= p[o:x+ Ldx | EQ’
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pge 4
s (H'g%) =(PO+PQ)(I+%<'

Note that both /o, <1 ard 94%9)( 2T
? }?/ 5 +@o-é§ +/<2/%7 r?wegﬁbgy GO

Finally, we relbte the dersity vanation &.(xt) to the Spatial

derivative. of the Scallar freld, o B
£60)-A [ RXEY=~E 5x

—> Eﬁ—' PGerodx)- A

Write o{om the EOM for the tiny segment;
[- D(x+dlx) + P(")] >Q (P )q\ x) atz We need to simplhy

the [ HS a bit-. ...
—> .“J_Pajtdx)iﬁ_?(x) = = dix e -—(‘?—Qo-oix == il kg)%- dx
¢ . : s
ifference. cn = Kp. é@% dx e 2™ spatiaf deriative

Sabsﬁfafe o the EOM arol we_obfaun the wave eguation,
— __ Wawre '
fﬁ& OX% %X g%a\x St fat"‘- K BXZJ equation

The sourd speed on the el gas Can be expressed ax
v ko= (9B ) Because the osciblation of the docnd
- = wave IS quite fast, Ut can be viewed

as odiakohc procesy (ro Aeat in orowt clering, osciblation ).

e pr where C o Some Const, 3= Cp/c,,

_9{2-— " 3 _ b’P He:/e I drop the.
ap = “ 9P &tb%bf‘f?)alexo

We can also expread the Socmof Speed in fe/ms of ‘*
miCroSegpic paramefers w ~ % See Next page.
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poge S
Accoroh'rg To e dexd ) gas ),

Pv=nNekT ——bLB= %ﬁeT il P/QTT
The radio L/p can be repocedd by KQT//A,

= | IRT a’ﬁeT The Soundl speec] i royghy the.
L e ay Upp=/RT/m |
It (> rother remarkable that Mewtons 2™ Gowr regnd agaun ard

Expliry the propagation of Sownd waves. Iy acklihion, with o bit
knocuéealge of themcdy namics, we wrderstand why O~ Upgns.

D Depplor cfect. T would Cke to present a SimpBy opprooch
o denve the Doppler effect.  The usual choice (S the rext fane
OF the mediwm . The velocities of the

@YV b
Seurco. observer Sowurce and the ohserver are Uy, Y
SRR %%E?C
-0 T 2T 3T .-I.—hmet ’-( g
¢y
At t=0, the first sgnel i's Sent cut r‘fom the
Sewrce. At t=t,, the frst Signal 1S recejved by the observer.

Eg
’@+Uot! - Cstl t_- Cs“ ]

Now we Tam To #he emission and the recopfionof the zfldsfgnaf?.

s} @ \E L Er BTG Y)

_A2

e+Lsts)T erguyT BT

—> (o))t = 0+ (o) T

_ R+Go)T AV
e s
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page &
The fime infernval of the receiped S/gna@s (S
Tl 'éy__ t[ = LGt € = &l

OS_ Uy CS— Oé) C;— (%

The emission inferval T andl the recgption inferval iod
| are not the Same anymore.  The relbtion between
ffequencien , =T, thus takes the 1B,

,\75 %—% F | Dopolereffect cue lo Uy and U, ¥

(@)

Readl the fexdtbeok (orany otfer book ) and you will kncw Aow- usefsl

ardl inporiart #e Doppler eféct 0. Bud, the above relation doeenf
Work 180 Gght. There s ro Such thing called " the reat frame of

the medium”.  Onby the refative velboity O-=
Writing the. Lorentz HenstZrmation N Madmx 7‘c?w7r\

/ : B i 8
(c&) - (cos:u Sm/;\oc )[cz’:) Coshot = o
X Sinhov COSAX " I
X Sirhoe = r-_-_#/‘@/c)"" (—CQ-)
It feuns cat that (W, CR ) Can be viewes] as o #4-vector and
thus cleacribed by the Same Trarst@smahon,

W'\~ /[ coshoe Sinhoc 78 we chosse Cght ~nw
a7 o X olirection o thad
CR' Sinh™  Coshx | ck . .
R=(R,0,0)
VP Cosht o+ Sinhoy - ch = @os/\u-f-sf‘/)/—uo()a)

The a@aebra IS Straghtiorward, CO@‘W*S”V\W =] /—+ LL;’S ,
[+ 1%: Cr>
/- Vo C-v ?%K%f%

| 20131217 &\
Prcpptr et 6 v ¢ \.E

~ Uy maokes hende.
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