Reading: HAL ch8 or Morin 722

(or a more govarced & Jetalled
teatvent of ok wates 1N

Geoy Chopr 14)
Doppler Effecr & Shock Woves
Last hme:

Phosics ISc (HOEQMM)
Lebhece #10
Thurs, Ot 7, 2010

% averoge powes carried by a mechanical wave: (=7 E ST
x impedance. of a medum: 2= JEpe

X djr\amic farge - rofio of logest detect cble nput
© smallest defectable 1nput

£ human ear percenes  Loave {n+eneﬁ3—, powes [area

¥ decbels = 10 108 (%) where To= (O7% W/m* ‘
- s minimum detectable m’re/ﬁul’[j
* equaﬁoi P stote 2 . .
=< - b heat of constant P . Cp
P VY Lree ¥ i&‘;:j%@ hear of constant V' Cwv -
Y= 5/2 R menchmic (@5 He); %= s B diatmic (é-@- O2,N2)
_shress . -OP
* bl moduus = B= Stain © AN P
* Usound =J% ; 2= J@P
€ itersiy Tohzcon5.5 > 5. |
lp- {3TZ.
G'OOIS 'gf TOd H

x Doppler Uty
' nen-relatwighic. (eg. sound)
© relabvishc (e.g h@hﬂ
* shock woeves

Doppler Cecr
D G weve todked aboud Infrmanen L ereryy Carried bﬁj

a wave, bt we assumed that the e sowce is Bxed.
Lhat i the source P the waves ymowes?

CAREFOL! ohat & mO\/(/E w.at What?
Sound woe: thee are adua”& 3 ‘Hﬂin&a that can move :
O source,
® sbserver
& medium (e,g. oir) fhrouﬁh Which seund Hravels

Moving source ; stah medium, Observe  :
vz Sped of d though medium
(cw 15 alwa‘ys in the st Lame of the medium)
Us= speed o Meving source
(toke Us>0 ¥ souce moves toroards observer)
(assume. Ul < Cw)
k- O(“if)imal sounc! Pf&g/u@mcg

Followo 2 successive peaks o e sound wave -
- 1‘/\@ oce generoted T='/f cport n Hoe
= sodrce e UsT = Us/f durmg this Hme
> of hme t=0:
O 157 peak 6 of x.-0
® 2™ peak dogon't &&T exigt
s ot hme t T
O 15" peak 5 af A= CwT = cu/f,
® 2 peak is o e =UsT =s/fe
> /%= (cw-ve)/Fe
> now this spacing befeen peaks &
Ll contue Ytowarde doserver at speed cw
> 50 cpserver perceiies the orcwa o the hoo pesks  separated
a hme
T D%/ cw = [(CoVE)/Cw] JB =T (Cw-vs) /cu

pro Cw_ p Doppler 514319%.@ MOVING scurce,
CwUs | stohonory medim, d‘ah'moi(j cbserver; Us < Cw




In this diaﬁram) foke 1750

“C\d('& “T> tUs T
~Owlb

= BX=(Cw +’U’s)7—

Cw(‘ﬁ - T) +UsT

Cwt
VS e Gy

= CV“ >R

e\
UsT

Source. movi ng avay fom Soserver:
pre Cw= p > Pl
CWivs
Source movm with f‘&gp@d" T
Combine. - lp 51”01104 obser\/er
(- @f o + awa8>

Suhonag source., mechum; Moving Obsesves :
epeed o? :soumd (n SEhon mechum
Ty = Spef,_d_ o obeerver  (toward ectrce)

7(2 = orn@mcd sound wgfe,oz/ueﬂcﬁ

FDHO(,Q 2 pecks oF the sound wakes:
are generoted T= YV apart
Jfl'vpspaag behoeen peoks 1s A= cwT =culfs
> a# hme, &<
appo:sa obéarva hears Rest peak.
@2” paak s culta oy

Ooserve?,
— — h
pmk . ° % 1%“‘“ peak.
- —~—
A=cuff,
: £
> 2 peak peets olserves o fime T’L‘é%/;;

fr. Cwtve p Oserver mov g Towards \
Cw ﬁ’aﬁm&@ Sotirce (5Tojvona@ medium)

Source. WWO\J\KS Towrds cheerver:

What ¥ e Saserver moves awacj Ko tre. source”?

and dowvu stl foking >0 Fo be
— — "J .
feak e Vo %5 1Sfpwk a speed, not veloai\j
A= G/,
nd . { CW/‘P«:
22" peak mees obeecver af hme T'= 2=
)1() Cw -, p

— dosemar_movvg corh espect o
Combine : ,P wile £ staten Source
(-~ awj‘ ¥ for fowads )

Mwi(\s source & observer 6faﬁona~3 medium :

Combine.:  £'= CW”{;?(,

Fold the. directions of moton info the signs of Vo, Us
So become \Velecibes instead of eds:
Vo bor mohon toLoords sowce
U, >0 B rchon oaway Rom source
Vs>0 Gor mohon towodfds chserver
Vs (O B~ nchon ama(j Bom ohserver

J\wm defre e sgie of  Usvs with respect B the
direchn of sound p/bpo@mon Cuw.

Non-parallel velouhes :
Lonat £ Vs, Vs ot pardlel to the sound cw?
- JU\%" toke the component that & arallel o the sound

%
= =,

(= CW‘ Uo CO@@OJ
Cw=Us C056s |

Us




What about rzlativihy! ‘ .
b)l/y docs t mate” who (source, doserver) 6 ’V’OV"B'?

x Becouse medum dﬁ air) gies an dbsclute reference.

Brone B soun
Sound cannot Pravel witheur a medium't

W measure Ui and Vs .t medium
frer 15 wind (mobon of nedium) = must add n vy,

Movi@ Source; MoV W\ad.u.m VV)o\/ang Observer (awaj)

= fwo weys o sk s
(Dspcw of d s er’u’m in rest Roume P Eath
_9 f/= (Cw*‘U’m)-’U‘o E
(CwtUm)-Us _
@épe,@d & sound jg cw in rest Kame P medium
Ooeerver Spéj,d 5 VsUpm In reef Gome. o€ pedium
Source speed o VU N fest Wome K medium
> f Cw= (Vo-Um) £ - CwtVUm-Ub £
Cw= (Us=Um) Cw +Um-Us

o

gt #® any of Hhese 3 (cbserver, source, medium) are mov}rﬁ

at m,la*:jvkaho Speeds Lith F&spad o cadn other?
> veloches  add fdaﬁv»@hcalj
_ /‘.)—I + Uy

/U:hf B ]+’U"1U‘z/(/3 .
> need o consider time dilahon:
t'= Yt where - J] ST,
not ey reslishe ... con't realy think o examples oF

nechon LoaveS manﬁ ot relothvishe speeds,
So we Lon't jpursie HisY in detall ...

Eledrrbm &gne,’n‘(, woves
i —> no obeolute reference Fome

> [)hd‘héf source o Obserer & Nwovffg shouldn't matre~

Sugpeee. sowce & oserver are app pprocching each otner
£ 2 e

= e should be gble o Consides o in
Vvoui sfahor;?gj smhu\a@ . MOVIN
Scur‘(cge, U " observ source, (,,4 obser&?f
C+uU”

s’)lz CC:U’ ?ON——‘—’—/E;z c YCZ

These. 2 Zremdas ase not Hhe. same
T%@ should _be !
L@M Must Rllowo a different rule

See. Morin

sreed o coeder time dilahon! (
S SHY-
>clock runs fastest n > own efeence Fame s Sti-sy)

Sang reference Frome. moui wr*r olod( Sees hme
running Slowe— a
g By RN =N

O Soure moves at v, ohserver stan
> T=V£ = fime betcen peoke in Suce Fame

= T=YT = Y/f, = hme behocen peoks 0 5’rahon08
Fome. of coserver

- b(,d' Source. proving towarals dosecver also 8i\/e,s us
mﬁular pler eflecr:

> pe ,‘ /I"wa

v )f
1+ U7 U
o V/b g - /ZF £ (mov:rﬁ fowards!)

@ Eource, sTahmor3 oserver moves ab v
= T=V8 = himne belueen peaks in stucce frame,
> T ’)‘/)f /(b/f> hﬂ/\é/ behoeen pwks N ObSUVU ﬁﬂam EQUAL[

= bur dieerver moving towoarels Source. dlse 8!\/6/5 us
Hhe ular Dopdler eflect:
i '
>0 P - (1) [y

I+ U7/, ctVU ! \
lv’/,f? jcu’ £ (mov:fzﬁ fowoords)




Dees tme diahon redly mate~ & cther waves?
= only i U is veYlarge, Cose fo o
> never an 1ssue With ~sound
(or ony other medium Lows T con think o)

Remembe thar time dilabon doean't depend on direction of 1
- 50 foctos don't alwaEP cance) o nicely i things moie ar angles

.
. 7 C
oy Ao P[P P
—

sfehon
Sowrce ob%,fﬂ
Hme moui % sour ce

diledion a~agle ©

Exampe : planetr detection |
Stors ore luminous — W can see them ohrga”y

9 .
Tbg oroit
fing orbt ®ppnet

star wil et Slghtly - closer | o trer
- con e dzﬁa chance, 10 br‘gh’m@as?
order ¢? Hude eshmate :
tolo) luMinosiy of sun = Yx 0% \W
Lobble, of s due to Earth

C
Me= .?xto”kﬁ Mg = X0 kﬁ
_
R= |.6X0" m

CH e == 3510 F the way Fom & E
= YS*O® v Feom Aun
suppese e are 100 light &wfé aw
. =QOOUW5§(TK " gly?) (35107 m)s) = 1O m
V‘f@f’ﬁlfy 1%’[5 FF ke Vrz

T d(L -2
> DL, G(R)er . &
r —a L r J0'F m
re re

How many photons is thie?
felezcope lens  |m diameter
fotol frachon of star powce~ Copfured by telescope
~ M = J—XIO’%: CQXIO_%
qrietm e
Potal stor power cophwed by telescope
~(x (638)(Yx [FC W) =72 557" W

. . :_“*Qiﬁ
energy of L&W\G"\ L-line in Vzﬁjdf“o@en’ 7 =
A= 12ILA "
P-c/r=(2%10" m/s) 1.2 <107 )
= 3% 0" Hz

energy > W< (0-6xI6% T a)(2x16° He)= 2<107° T

i ol stacs en wece at this £ (s net!)
then we woud” have

’%’%%;7—\3-\1= io* phofons/second Fom stor

ed be fv})}n 1 detect | port N 107 of these
% | exta photon e I sconds

s [ N r [ da,
O x L . x L = [5
07 * “00o " HWL dage
NOT (lkELy!

= Use Doppler ohfr insrad

ffe@Lumaes oe puch easier 1o measwe than intensihes

QUZ: Was the Fuctiond Dopp\e/ st in this cased




Wratls v R star?
1o AUS<0Tm) _ e

T =07 s
. [CEXU
- BTt
s "LN(, v\ e
(‘*?G’) St c/> * (v
_1»_):_$ O.l m[s - 3Xlo-lo
C  2xlp¥mls o
sh'l\ not eas , buf‘\(,oﬂ’%m ﬁﬂe/ realm OQ Pos&nbi}:t\j(.
> derect uencies Ve beats

(mix it nearlou reference. Jrequ
= need veny~accurate @?ﬁ@ﬁj @u)/ue/x@3

Example : redshiPt R ow universe
space tself is expanding

o &
Mﬂ"brl';rl[""‘zll.bgao"fqh P
shors e R4 ok of Atter bme 4,

rekeerce distonce < d Spece has exponded
pont bﬂﬁmf\c Loctor .
@ T ST : S B
«d
(e x-d _ 120 (%)
© hos moved awy o vi- T 4
® hos moved auny ot vye (044-10d _ jod (1)
“y n £
= velecity ar which the star recedes i propor fional

to Ve distorre fom the star!
> con vee redehifr (lowered Fequency) o ligt Fom star
o +ell s distonce! “ Y W

ALED, the frthe~ g the stor 15, the longe~ t+ took R
wgi the greater the fedshift; Hhe

hght o %ﬁéhw. _
o the l n bre we ore [OOkmﬁ’_

Shock \nbves
(ofﬁraafaf%n)
Ldnat hoppens when a source moves ot ) cu?

Loves pile bp 2 SHOCK WAVE
|

Vs =Cw

;Rwavagml-
treseticdy the enen gila‘U(o at e vovelor 15 0O
>uhat al pr &f
va@ comglicoted  Huid dynamic,s preblem

LWhat uselil, Simple focts can we extract om this?

> furpulence, Fom big ener concentrohen — HOGE d(‘aa
Svey hard 167 break He socund  barrier
%:231- a p«y@ {mpo;s‘,‘bkhg ke c,
| challee)

dubi’ an en mwmﬂ e Qfa}

Sorce e exceed  thes
Hhe shock wave becomes a cone

4odT
MACR cone: §

7 _— S HE —
UsT Vs | UsT U1

> concentrates af the cone, surfoce
> whe'e the cone touches the cbserver the cbse~ver
hears " sonic boom = rapid da]ivery of LTS oF erergy




Summmﬁ

Doppler ahift (non -relativistio):
pro (Co+Un) Vs p
(Cw+Um)-Us °
Doppl@r et (relabwishe):
pe [2Xg

e °

Mach cone 0/8\@: 9;5i/\"(f—}“’;)

Next hme:
5%0/\0‘3/3 Loves & musical Inshuments

(Qadirg for next tme. HUL, chapter ¢
or Morin chopter 4
o C«’Wﬁ; sechon .3




