

























































































Previous chapter covered oscillations

review uniform circular motion
y

n of moves along circle

constant radius r

tangential velocity Vt constant magnitude
let T period time for 1of distue

complete revolution
dist inv 248 circuit of circle

so U2I
define frequency no sec

leer intime

so define angularfrequency W angles sec

w Z2yF




























































































and uWI
what does motion along x y look like

y

y
r

o
x x

WSO

y rsino
0 is changinguniform rate

that means def count 111 F w

solve If w constant

O wt 0 0 at t o




























































































so rios wt

y rsinwt

Efferent

wt

x y exhibit simple harmonic motion

reswt SHM

9
amplitude alway an angle phase

more general x r us wt 0

phase constant

just tells you where x is when to

something controlled by initial conditions
can measure position around circle

Heartfy displacement from equilibrium




























































































if measures displ from equilibrium
then it takes energy to dispace it

usually E αx energy amplitude

200 1127

YEIat.in
can generate waves

ex oscillations in bath tub generates
water waves

waves are a disturbance in a medium
water waves disturbance in water with

gravity and inertia
sound pressure disturbance propagating

in air

EM electromagetic disturbance moving
through space IE.ie eft

Disturbance propagates along medium

transverse disturbance wave direction
eg water waves




























































































longitudinal disturbane parallel to wave
direction

e g sound

earthquakes produce both

note wave propagation velocitywilldepend on

properitiesof medium

so Ut for transverse
Vu for longitudinal

for earthquakes VL We
so can use this to locate epicenter

by measuring time diff between
Vt Vt in 3 different locations
knowing Vt Un

epicenter
LET manure
i d

an earthquake happens at some location
and at time to




























































































an unknown distance d away are
seismometers that can measure
transverse longitudinal waves

Ve vel of transverse wave

V2 longitudinal wave

v Vt
seismometers detect waves at times
to tt

d Ut t to Vulte to

At tt te time between arrival of
the 2 waves

use tt to

tu to

At to to

E d

I
bymeasuring At and towing Vt U can

calculate d




























































































epicener

1 2 dz
3

di

ds
measure At at point 1 2,3 and triangulate

PTEhyyw.ve
Period T time for 1 cycle
Frequency f syiles sec

1cycle so f 1 T
Angularfrequency w 2,1 2T

Amplitude max displacement
ex rcosyt

amplitude angularfrequency




























































































wave propagates in some direction
with velocity v

depends on medium

ex sound pressure disturbance in a medium

air water rock steel
343m 5 1500m s 2000m s 6000m s

in general denser medium highervelocity for

pressure waves

why because wave is from interplay between
inertia and restoring forces

water gravity

spring spring elastic properties

wavelength

defined as distance wave repeats

if wave propagates w velocity
and wave repeats every T seconds



























                                                       https://www.physics.umd.edu/hep/drew/shiva_wave.html#traveling
































































then IXII
or X

I
so o

this is a general
characteristic of 4,99
mechanical waves

Lpulse see

Nov
assume shape stays constant as wave moves

in rest name of wave let be coordinate
relative to wave center

An
f x is constant in wave

reference frame
x

in lab name wave moves along




























































































d

s5r
frame moves dist d ut in time t

so d x at x x x ot

so f x f x ut

this is the wave function of the wave in

lab reference frame

in general f x ot wave moves in X di
f x ut x l

200 1 29
o s v

Sinusoidal traveling wave f cos on sin
see

note trig functions argument are angles
if wave moves dist X in I period then

goes through IT in IX

YT in 27

https:www.physics.umd.edu/hep/drew/shiva_wave.html#periodic




























































































so angle is
21

t.fi

OEO 21T each cycle

for sinusoidal wave sin or cos

y x t Acos x

so y x t A cos I x ut

write k 21 wave number

also 21 2,1 Xf If w

so can write y x t A cos bx wt
wave moving in tx dir

Alos Ax wt

wave moving in dir




























































































note Xf It If Is
1m

if you use cos then y A when 4 0 t 0

this your initial condition

if instead your initial condition was

4 0 at 4 0 t O

then y x t Asin kx wt

phaser

note you can be general and add a

phase constant

y x t Asin bx wt d
is a function onlyofinitial conditions

0 t 0
y 0,0 Asind

if 0 0 y 0,0 0




























































































if 0 12 y 0,0 A

and somewhere in between

Velocityaccelofmedium_
water waves transverse wave

p y.tn

pyvaxf
equilibrium

line

wave disturbance propagates with

velocity Xf

but medium only moves up down disty
for medium y A sin kx wt d

vel of medium by 2 Aw cos hx wt d
Unax Los

Umax Aw

velocityamplitude




























































































accel ay 211 Aw sin kx wt b

Amax sin I
amax Aw accel amp

note ay Aw sin why
so 221 why

take
2 Aksine

Ak sin k y
so 1 kly
and 2 way

eliminate y

WE

8 E21 0 but v w k

so 11 81 0




























































































this is the linear wave equation
and is true for any 1 1 linear

wave

linear means no terms like 21 x etc
linear gives us principle of superposition

ex y f x t

Yz f x t

2 waves

like from dropping
2 stones in diff
positions on lake

resulting wave yet y g linear

Velocityofwavesinmediumwaves.com

from interplay between
inertial and restoring forces

inertial ma so involve mass

restoring depends on medium




























































































water gravity
air compressibilityof air
strings tension in string

these forces imparts energy
into wave

KEαv
distestis

and

so guess v2 Y.EEa propagates
faster

increase and
its harder to disturbmedium

so we
guess wFE mss

to get units right mu unitsofenergy
Force a dist

so vxfustyqd.tn

Ease for string




























































































µ mass dist mass per length of string
Fuston tension of string

v Tr string

ex guitar string mass 0,3g high E

6.0g Low E

they are around 25 in 60cm 0.6m

so µ 0.5g m high E

801am 1091m low E

speed of wave V 450m s for high E

so TIM
T mV 0.5g m 450m 5

0.5 15319 4501,5
101N 22 lbs tension




























































































in fluids
restoring force is elastic ability to

compress stretch

usually we use Bulk modulus

PEE.es dIv
inertial mass volume f

units B FTE 19m11 Isa
53 EE.me Is

want to combine to get units v 1

tall gas

Fluid f is correct

200 1 31




























































































Energyinwaves
take waves on oscillating string

itT
Consider KE for I wave length ofstring

KE my axis mass for 1

if string has mass length µ DIE
then Mx MS

v2 is average velocityofstring
remember y Asin bx wt

Vy Aw ws Ax wt

Wave is average over
1 period and I

Average of f x over length L

F flxsdx




























































































so u've A'w cos kx wt dx at

do dx part 1ˢᵗ cosCkx wtSdx

changeof variables z kx

wt.dzkdx dx 1
this integral becomes cos 2 12

5 12 2

thiststrage value
v5 Z of ws 7 over 1 period

N
Z

ws 17 is between 0 1 good guessthat

average value is

so cos Kx ut dt

then van A'w de Awfdt
Y




























































































so Val A w

KEX MY A'w A'wiped

Next consider PE ofstretching string
PE is the work done in stretching string
by amount y
using sping model where force Fs R

ks spring constat f
400 1 29

this spring will oscillate w fug w JIIso write big w My

wiped
for spring PE kgy

PE is average over IX IT just like above

PE ks y dxdt




























































































y A sin Kx wt
and So y dx as above

so PE w MXA A'w'pet

same as KEX

total energy Ex PE KE Awful

Power
power If
power averaged over 1 period T
is average energy per time T

Pau E Amw

If v along dir ofwave
propagation

so Pau A µ w

Pao α A w and v




























































































Par is power of wave as it propagates along
dir so Par over 1 X is Pav of wave

main concept Pau wave α A amplitude

true in general for all waves

waveIntensity
for 3 D wave sound radio etc

intensity is PEea

spherical waves

far from source wave looks like plane wave




























































































it
area a

Intensitygoes down as wave spreads out

but Pau over wavefront is constant

so to calculate power flowing thru area

A use intensity
PA I A

I Power spread out over area fave
Power watts

111
area sphere 4Tr

Intensity is power smeared out over surface

so I FITZ
and power on area A PA ftp A




























































































for 2 D wave wave ripple in Pond

I Eq power per length
2 circumference of circle

1
detector width

L

Pu power through L

Pr I L Ear
h

ex sun's energy is in electromagnetic waves
covered more later this semester

intensityradiated decreases as youget
further from sum

at earth I 1400

Rearth sun 93 10 mi 5280
2 311 ff

150 106 km

total Power I Pay Pau I area




























































































Psay 1400 45 Reath sun

sun power 1400 4T x 50 10 m

output
1400 YT X 1502 LO8W
3956106W 109 109

395 106GW IGW decentsize
nuclear reactor

Ism 14004m at top ofatmosphere
atmosphere absorbs 1000 at surface

For 1 day the energyabsorbed would be

I day 112 121 1211 Eg
12 hrs daylight

12K day day

light changes over the day reducesthis total

assume summer average is peak
winter peak

so at our latitude assume I
summer I 2 Iday 6kWh m day
winda Ew Iday 3kWh m day




























































































Use solarpanels to collect energy from san

1 assume area is a 1.6m

2 panels only convert 20 of light
to electric power typical are 15 25

so efficiencyE 20

so power Pin I A in to panel
power converted to electricity

Point Pin E
summer

Ps 6ftp ay
1.6m 20

2k2g perpane
winter

Pw Ps I
kky per panel

let's design for winter

Average home uses a I kW averaged overday
D 1kW 2,1 24 kwh day
so we need 24 panels at least




























































































Actually we also need batteries to charge
during the day

EII.jo sinatboundary

It

fixed
boundary

inverted at boundary due to
Newton's 3ʳᵈ law equal opposite forces




























































































boundary exerts downward force to cancel
wave's upwards force
can think ofthis situation as a wave

in a medium that increased in density

Rule if medium density increases

reflected pulse is inverted

has a phase change of 180 T

Free boundary

boundary

To
no reaction forceat boundary

Rule if medium density decreases

reflected pulse is NOT inverted

has no phase change of




























































































Canhaveboth reflectionAND transmission

ex light on glass 96 transmitted
4 reflected

ex wave on string that gets thicker
transmitted pulse has no change
reflected pulse apply above rules

less dense

I

more de use

sE




























































































at
200 2 3

Velocityofwave depends on medium

denser slower

so at boundarywhere density increases

transmitted pulse

Amplitude will decrease
Phase no change
Frequency no change doesn't depend

on medium

velocity decreases

Wavelength If
so U then

reflectedpulse

Amplitude decreases dueto energy lost
to transmitted pulse

Phase 0 if density in transmitted




























































































region is less

1800 if density in transmitted

region is greater
Freq always the same
velocity no change same region
wavelength I

so no change




























































































Principlefsuperposition

Throw stone in a pond s makes a wave

wavefronts propagate
outwards

Throw another stone in at different location

go

At some point P both waves will cause

vertical displacement

Principle of superposition waves add linearly

so y P y P ya P

ex traveling wave in 1 D

wave function y A sin Kx wt




























































































here is what the wave looks like at t O

y x t 0 Asin bx
A

A

take a second wave w same A K T
but with a phase offset
A

A I

yz x t A sin kx wt p
at 4 0 y 1 10 to A sin 0
so A sind o IT

now add y ya
can ignore wt part same for both

think of it as addingthe same thing
to each phase




























































































set 0 0 no difference in phase

y

92

priniple ofsuperposition add linearly

Ytot Y Yz Asin Ax WWE

resulting wave Ytot 2Asin Kx wt

same f X but 2A amplitude

but since power Camps Plot 4Pinz
this is called constructive interference

note if 0 0 or 2T same thing
constructive relative phase 2nF no 1,2



































































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
























next set of IT

y

92

Y tot will be 0 everywhere
400 2 3

this is destructive interference

destructive IT 31,5T
NT 1 1,3 5 add int

or 2n DIT 1 0 1,2 any int

see

for more on adding waves together




























































































Superposition w onlyphase shifts

let y A sin kx wt 0 same A T S

Yz Asin Rx wt

Ytot Asin kx wt 0 A sin Mx wt

write A sin bx wt d a Asin by wt b d
A sin Kx wt A sin kx wt 0 10

let a tax wt 0
then y A sin a 30

yz A sin a d

remember sin x y sinx cosy cost sing

yity A sin at d Asin a 10
A sinla cos d as a sin 1b
A sin a cos Ed cos a sin Ed
2A sin a cos d

so yet 2am o
sina.isIihceisnow amplitude phase shifted

Ytot has same time dependence by 0




























































































amplitude 2A cos Ed
shited average phase shift

ex IT

got amplitude ZAMET o destructive

9 2 T 2AM IT 2A
shifted by IT

got 2Aces sin Rx wt T 1

write sin tax wt it sin kx wt cost
two tax wt

2Asin bx wt

scars
take 2 traveling waves

Same Amplitude
same X wave length f flag
opposite directions

y Asin Kx wt

Yz Asin Ax wt




























































































Ytot Y tyz A sink x wt Asin Rx wt

use sin atb sinacosb us a sink

so y tot
A sin tax cost costax sinnt

sin tax cost coskx sinwt
2 A sin Ax cos wt

Acoswt sintax
in

amplitude periodic in space

sin by y tot

but amplitude at each point is oscillating
in time

sin bx y tot

III III III III III
this is called standing wave











                    https://www.physics.umd.edu/hep/drew/shiva_wave.html#superpositionsee

and set velocities to be equal opposite

Haveling waves can come from waves

reflecting and interfering
e g waves on musical instrument
but only for frequencies that produce
reflected waves and both have nodes
at boundaries

Iftar

bridge
nut tuning

pigs
lowest frequencythat will fit will have

nodes at both ends wave length 2L



for sin wave

Jf
nodes

so L X or X 2L

is called fundamental
f x v which is a propertyof string

v TF
so f

next

axis
fr 2

2ft

next

to
1 373 X 3L 2ⁿᵈhamonI



3 321 3f

f n f

in me

these are called normal modes of
the oscillations of the string
and fu are the normal frequencies

200 2 5


