

























































































Sound
Mechanical pressure waves in air

demo bell jar in vacuum

Hearing biological detection of
sound waves

frequency units In Hertz Hz

freq range for hearing approximate
low frequency 2042 all ages
highest depends on

age
0 25years old up to 20kHz

25 40 up to 15kHz

50 up to 12kHz

typically less for older
people

Utrasound us

used for non invasive measurements

mostly in medicine




























































































fuse 2 15MHz

can probe varius densities

higher density higher boundand

transmitter date for
larger echo

sFÉr
hard

strengthof echodepends on materials soft hardet
measure arrival time in detector
if you know velocities you know

density fordifferent depths

Sound compression rarefaction of air
density density

c membrane vibrates in out

Tembrane pushes on air creates

longitudinal pressure




























































































wave propagation out

drive speaker with sine wave

speaker moves in out sinusoidally
displacing air molecules

S x t Smax cos kx wt

amplitude max displacement

note
energy from speaker

air

changing air displacement pressure
some heatingof air

velocity ofsound m s

air water glass steel
Us 340 1500 5500 6000

for air Eg
B bulk modulus measures resistanceto

compression under pressure




























































































so B APRAY AP change in pressure
fractionalchange
in volume

g air density kgm 1.225kg m

at sea level 687 202

B and f change w temp
so use To vel at T 20 C

0 00 If v0 330m s

T 273 in K Kelvin
ex T freezing OC 273K 330m s

20 C 685 293 342m 5

40C 104F 313k 3534 5
7 higher

Derivation see text 400 2 5

Intensity
same as 0h16 I Pafa

sound travels in 3D waves spread out
over increasingly large area




























































































in 3D area 4 r r is dist from source

units I
2

Power is
P IA

integrate intensity
over area

assume I is constant over area

then D I A I 4H52
P is what source puts out so is

constant over any area

I goes down as

I
as area increases by r

so at any
r I A I As

I 4Th In 4Tr2
or I I 12

so double r intensitydecreases by 4

200 2 7




























































































Hearing eardrum

ear Tiff
signals to

brain

see any youtube video on how the ear works

Soundloudness

human ear handles huge rangeof intensities

threshold Io 15 w m

pain level Imax 1 W m

10 I 0

dynamic range of 10ᵗʰ

decibel BII 10 logo I Io dB

is anotherwayofcharacterizing loudness

reviewlogarithms
log say y co

then logoy




























































































1 loglx a logy
2 Log10 1 log 0

3 log a b log a 7 log b
4 log a b log a log b
5 1010910 x

dB for Io

β Iv 10 log Io ology o dB

dB for Imax

β Imax
10 log 10110 to 10 log10
10 12 120dB

dB 0 40 80 95 100 120
threshold sound level loud Terps siren load rock

at home radio b ball 30m concert

160 eardrums burst

ex Intensity I is doubled to Iz
what is increase in dB

DB 10log Iz Io 1010g I Io




























































































10 log a Io logI I 10109 2 1
10 log2 and log2 0.30

so Δβ 3dB for x2 change in intensity

Wadeintensitydendon
sound is a longitudinal wave

the changes in pressure causes displacement

S x t is the displacement of moleculesalong
X direction

when pressure increases molecules are

squeezed together no displacementyet
due to inertia

molecules then move but stop when

pressure gets small turn around etc
this is the model of a longitudinal
wave




























































































Dx V AΔX
DP SA push on it with

pressure AP

jaundiced
displacement is ASBse

DV ADS
note Dp is increase ofpressure

above atmospheric

Bulk amount ofpressuremodulus f ctinalchangein.msme

B
11

minus sign as DPA
ΔV

1 as Δx o

200 2110

from B IE
write




























































































Dp B 5B

this is change in pressure needed to move the
column pressure increases byDp
by amount AS

use s Smax los bx wt 0 0

then 2 ksmax sin bx wt

so Ap B Bks max cos kx wt

or Ap APma cos Ex wt

where Apmax BK Smax

Dp APmax sin Kx wtIE.IT Ia

now use v2BIT wet sound so B Up
substitute to getApma of k Smax

0 If
k Smax

or




























































































DEtgsmax.FIi.Ii gIiePEatPPower RE and DE work done
Force displacement
F AS

so P IF FII F 1
and I DP pressure
so I I Eff sp 1 ap.rs

and Us 2
I Smax as hx

wt

Smax w sin Dx wt

Iit Dplf us t bothdepend on time
Dpmaysin kx wt 2

DPmay5 in kx ut Smaxw sin Kx wt




























































































ΔPmaxSmaxW sin Kx wt
Imax Si kx wt

where Imax DpmaySwax w

Averageintensity I

I I t averaged over 1 cycle
so if I t Imax sin Kx wt then

I Imax Ftt Imax
because sine for any 0

so I Imax DpmaxSwax W

substitute forSmaxusing Dpmax VwfSwax
I
apmaxw.EE Eff

I

EgaJ
average intensity over 1 cycle

APmax pressure amplitudeof sound wave




























































































f density air level sound 400 2 10

1.225 kg m 330m s 0 C

ex average intensity at hearing threshold
Do 15

so Io 10ᵗʰ w m solve for Dpmax

Dpmax 2801T 2.1.225 33015t
28 106Pa verysmall pressure

find Smax
Inge

use f 1kHz

Smax
25 5

0pm

pain threshold for hearing Imax 1W m

both Dpmax and Smax F 1

so at pain threshold Dpmay 28Pa
Dsmax 10µm

this shows how amazing hearing is



























































  
































200 2 14 Sandwaveinterence
start w 2 sources of sound
both have same amplitude freq velocity

so same d

put sources in different locations

Fr

r

p

each wave has amplitude at point P givenby

y Asin kr wt

92 A sin Are we
Ira is dist to P
from each source

add to get ytot A
sin tar wt sin biz wt

let Dr re r difference

and F r 5 average




























































































solve for T 52 Dr 52 r

25 rats
so 21 Dr 25

V2 F Dr

r F Dr to get r r Dr

so y Asin EF kDr wt

y Asi BT hav wt

yity A sin KF ut kDr
Asin hr wt Rdr

let kt wt α

A sin a kar Asin d kDr

A sin α cos hdr cos a sin kDr
A sin α us Rav cost sin k Dr

2A us horsird
2A cos kar sin AF wt

i iiii.it iitiiis
so waves interfere constructively




























































































so bar nit

k Dr n ZIT

D 211 so 2,1
Dr n 2T n

interference

iiiiEii i
I Ar Int n 113,5 odd

Δr n x n odd

or Dr 2n 1 X n 0 1,2

Ar.cn 2 n 0,1,2distuuctivef
see https://www.physics.umd.edu/hep/drew/optics/antenna.html





































































R

intubewlmenddloecl.se
L source x

molecules of air cannot move at closedend
but cans at open end
so if displacement wave has

node no movement at closed end

anti node max movement at open end

this wave will resonate in tabl
y

is

x
so if source emits sound w wave length

4A
than reflected wave incoming

wave

will interfere constructively and cause

resonance





































































also L X and others adding

resonance at L d Fd Fx
or

Xf 44,43
4 44 a 1 3,5

onlythese will fit and resonate

frequency v Xf so f y
fu In

n 53,5

f I so fine n f f fundamental
frequency

Tubeopenatbothends
resonates at wavelengths that have
anti nodes at both ends





































































y

50 L 1 n 1 2,3_

or An 24
fn ng nF n 42,3

f

R

Tmfmechanical in electrical system
will have natural oscillation

ex child on swing





































































pendulum

twoIT wo 2Tfo
fo is natural freq

sping week
Wo Imf

LCR circuit C

Luv
2 you can drive any system

at any
desired freq c

drivins E L

Luv

rÉ 1 F t

if driving frequency matches natural

frequency resonance





































































Beats
2 tuning forks w different w 2 f

y A sin wit

Yz Asin wet

add got A sin wit Asin wat

A sin wit sin Wat

form w̅ IF
ΔW W Wa

solve for w w2

Zw̅ W We
ΔW W Wa

add 2 w̅ DW 2W

w w̅ AW

Wz W Dw w̅ DW

rewrite Ytot A sin tot Swt

sin wit DWT

expand sin Et Δwt






























 




















                    https://www.physics.umd.edu/hep/drew/superposition.html





sinint cos Dwt

cos w̅ t sin Dwt

Y tot A siniot cos Dwt cos int sin Dwt
sintot cos Dwt cos int sin Dwt

2A cos AWE sin w̅ E

if f fa are close then DW LL w̅

ex f 440 Hz

f 442 HE
Δ f 247

F 441 z

ZA cos Dwt will be like a very

slowly varyingamplitude of a
sound at frequency I

see

mmMMMM
AwsÉaw.t



The signal sin w̅ t is modulated

by Swt Beat freq is Sf

DopplerEffec.ee
non Relauistic DopplerShift
simulation

normal stationary source and receiver

what happens when source moves

e g police car w siren driving by
stationary source receiver

So R

Source moves w velocity U
wave moves w velocity Xsfs and fs Ts

source puts out wave and after time T
wave is distance

away
during that time source has moved closer to
receiver



next wave will be emitted closerto receiver
than 1ˢᵗ wave

1st wave

So R

uts distance sourse hit wave after
moveby

time in
timeTs

R

2ⁿᵈ wave
emitted

receiver R sees smaller dist d between waves

d Xs Ust It is time between wave
emission Dt Ts

so d X5uTs use V Xfs f5 Ts

E E if
R sees was arriving that have wave length

Xp d and waves are still moving
w velocity v and If

so Xp fr d fr



d
2

so d X u Ts

on Xr Ts us R
Fo

E EE
E If source moving towards R

ffriff s moving towards R

if s moves away from R u U

ffs S moving away from
R

What if receiver is moving

moving receiver

dist between waves also decreases

d Xs ust but now It is periodof
wave that R measures

At To



so d X UTR
and d Xr just like before dist between waves

so Xp Xs UT
that R measures

Xs
2

use Xpfr Asfs
so

p Es fr
If Is FYE r moving

towards s

for R movingaway from
S u U

R moving

ffrfsv.IT away rooms

200 2 17 400 2 17


