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Musical Thstruments : 51'01305/‘9 Waves Loales on siings

Wrere are, we i this course’
Covered most of the maothematcs of Lves:
complex numbers
dflerentol eqns
Fowrier transforms

Cowred. some gonerul properties of al waves
dispersion” celoion
owe. velocihes (Uphase V5. Ugaup)
information, enegy Transmission

Deppler anPr (dferent B coves in mater fuacuuwmn)

Now were. info e examples ,om of the Course,
Where e discues varicus physical phenomena,
asseciated with actual waves. Ll cover :
sound & poundary condhons
[C topsmission” lines
electromagnehe woves ,
(eRechon Crefrachon, intePerence, diffraction
@\wm%ricaj ophes
odern examples
Last tme:
Doppler effecit _ _
* matter waves : must take info account & Veloohes
%\}e,lodly of Source, chzerver, medium
pee % I (Vs = Observer, Us = source,

| and Um = medium, e cnol)
* hﬁw woNes - Only one, relevant veloc

%VOOQU of observer ot “source

Pl f

Too\o:j :

x Doppec example: redsh?t of our universe

* Thotk waes

% Poundary condihons _
‘>d@‘rno wih He and SFe 1n orgen pipe

* (Jpve ectuahom ~ Tansverse. Wawks on G sfrir:ﬁ

Doppler Example : redshiPt R our universe
space tself is expanding

0}
4 1 e 11 [ | { 1 1 ;] e« SON
el TR, Ly BN A fe 3
e dighone-d Space hns expanded
o ® '0‘1”( hd some. foctor o,
¢ [ L4 ! [ | . [ [ | 1 ¢
«d
(e x-d _ 120 (%)
O hos moved auwy ot U s

® hos moved ovay of Vi @_0%;’,04 - zoo\ém)

%'U’@locit\j ar which the star recedes I propor hional
fo Ve disface fom the star!

> con use redshifr (lowered Geguency) F ligt Fom stor
o el hs distance! “ Cﬁ W

ALSD, the forthe~ ng«l the sfor & the longer &+ fock R

hght o %th,. the greates the 2 denf; Hhe
orther lin dme we are [Oobr\ﬁ‘_




Shock \nbves
(o/'ﬁ/‘@o&ef than)
Ldnat hoppens when o source moves ot ) cuw?

Loves pille up 2 SHOCK WAVE
|

—>U5=Cw

"Rwa\mgml-
teoeticdy the enen gde up af the vovelior s O
>lat =X

ol %q:p
very comglh fiLid dynam:cs preblem
gt uselil, Simple fets can we extroct Gom this?

> furpulence, fom big ener concertrohion = HOGE draa
=>\/@r;23 hard 15" breal e sound  barries
.\_

a d\éjslc/b t(\’lpo,55|b( ]llce/ C
INgerin )

>once Le &w@d ﬂna wmdﬂ
Hhe shock wave, becomes a CO%

YowT
MACR cone:
=sin”
sl —>
Us UsT UsT  UzT
> Concentrates at the cone, swface

> he'e the cone touches the coserver the cbse~ver
nears "sonic boom = rapid delvery B LOTS oF erergy

51‘0.ndin3 Waves

When o sound wave hite a hard wall, I+ reflects,
(el exomine reflechon in more q/ua/\h’r&hv& detal loter)

So ® we nbroduce a sound Lpve info a pipe closed at one

end, we hove our org 1na) m\;e/uxg wove away, Plus ¢
reblected wva\\ﬂj wave/ back totards.

/ p/‘cﬁﬁuf‘a d{?(zerme,—-o

. ‘(ﬁ@d end:
blow ), . UJ"U— & ﬁ\pkcuia/‘
preduce. woves —L‘r — dqqola(;@ﬂ‘éxﬂ =0

Sum of 2 opposites m\xdi/zﬁ waves (of aC[/ual amPhh,(dd:

Asin (k-8 + Asin(ka r wot) . ‘
= Asin(kx)cosut) - Aces (k) sin(wt) + ASin(ka) cos(ub) + Asin (k x) cos(u)
= 2A Sm(kx,)cos(wt)
%?\o%gs a%d himes
ot Red positons
in spac

Con think of thie as  (2Acos(ot)) sinlkx)
W [ S

Rxed wore in
amphhxbza y

=“5{'0/\d\/5 Loale”
wen pipe, e only Looves which Wil rea) ly "stond’ Lottheut
0\&6 uchve rnfer?ere/u, beheen = ond €& Mmust sehs
spec,\ﬁc, \/)oundorj cordibons' sef i@ 9@%@ of  pige.




Orgon Pipes: Open end +doecd end

pf(,ss ure d\@erm o)

Blows in Ck?%cd end: ]
preduce wave—> L. dxsp)acemem =0

Ok, (zmmmf meximum
(becouse displacement 15 AF ot P

# &L wnelergths §h
>4 of wvcle/gﬂns QHW@

>/_(2 H>}\ > A= (% .?)

n 2L & N

k- 2T . ar(ze%)
A L

25
=2 ‘P QT = — (K Usq,\ﬂd) vtsow\d(

OM barmonic: n=o0 > B- UZ{“:"

%

L
t 4

oS

Or‘gan Pipg,s: 2 open ends

. |
in L must be n+yg

=

phase W pressuce)

3
or Nty

i
* 2

blow 1n, Iwm gmsﬁu@ U‘L‘dﬁ& Dp=o

preduce. wave 2

disp(aﬁe,mmf max

¥ R wnvelengths fhng in L must e "2
> Lfg/\ J

Sy ar . 3)
A L

= ’&}"5{: (£ Vaouad) = Us«md(

)

rl?d}:

P”lfwad

* hacmonic: n=1 2o

?dnqo)acem,m MOX

Example: Crgon Pige vl He vs. SFe

Quiz: Lhat s the afio of  the & ueﬁc\as ow LI hear wWhen
blowwg these. 2 3&5@5 ﬁnnmaln ahj orgon p\pgﬂ
H@-' MW\DI = l’lﬁ
Syt Muel = 3«13+ (0‘16]6 = /%3

(Fo & weed as an nsulabng gos m electronic componmts
reploces more. toxic PCEj Onfortunatel J ts also
o gm,anlnous& ﬁas.)




Transvyese woves on a sin‘/:a

5+rir13 shretched with fension T

-
T 4 —linear moss denaitj e

What iF e vibrte the 6%/3 \/‘Uﬁca’b/ transvese T
the dicechon of the SMAL‘Aj?'

Sx) 2/1\/

x

We st refer to the displocement at ~ os Sx), even ﬂ“ouj%
15 in an ori"mﬁono] direchon  Nowo.

Well (ﬁr}%e/ the, equahon £ mohon B a small increment
O ﬂ/)lﬁ 6#1(\ N m: T(A
5

T i ‘
5@){@ Sl 20)

X  X+Dx

—x
Agsume emall displacements > 6L ad e are emal

SRz -TLcos®, + T, cos6e = O :
8 . k R because. shring 15 ot

smol sl mo\/i?j la@r-r;jw
-Te (]’ ;('@fj TT:&(I-” 2t = O

e

= L=Tle
2
2@ = =T_sIinBL + Tesinbe = ﬁoi‘i@ddfz,
mess mlafaﬁm

“TLoL + Tefr = pg,b?c Of—S;L
N clt
these are @o‘/ual >cadl thern T

pundd - T(@-a) = T (nee -Tmex)
. I/(df(?;w?o) . d@)
20 dn

dS@ursr) @)

dlj - - dx adxo ~ C!LS
p@ ’a’t—L =] e T BZL
25 . T "5 | woew equation R frunsverse
It Pe ax= Wves on a shfjAﬁ

Quiz a)wlmaJr 5 the dispersion relahon of these Lxves?

b) Whet 15 their u@loaw?

O)whaf 5 the W@ transmittect l@ a wave Sysin (ka-wt) !




5bndi/3 Woves on a Wl"t‘j

Consider a, sﬁinﬂ Ged on both erds :
T pluck it

= pulse wal h’avaJ o @nﬂw edh 4 Ffﬁ@d’

> el soon lots oFf courter-p mpaﬁa g Lave, Components
> nost com efﬁs Wil inter e clestn bu Hhe

components that Sohs@ the, lcwnda:j (/C"d?‘c/b Wil survive,

> “s’rondfnﬁ wave”

Asin(kx -wt) + Agn(~kr-wt) = 2Asin(ex) cos(wb)

omplide, hos
YNodes" = zeros o
Rxeat pasih'ong n spree

5 L > must sehsfly bouadany cordlivons

n=2 /—\’/ hormonics

= increcsing s of V- W%)eﬂaﬂr\s

n=> N o string

Dispefsxm celphon £ shing el s trat

wcwkff«

O T, . Tsz_meT:A/_f
> ;ﬁjpe,K i aT 2LV pe

"Rindomental @eaLuu\(:«j“: 7 =3Ef;;
"harmonics' = B R N>

Quiz: TP your inshrument s fat mwmrlﬁ £ o o0 low ), shoud
&w l or hﬁhfan Hhe, amﬁ

How fo excite. the Rindamental 7
0 pluck 5**‘“3 n mddle  (both ends fxed)
® drive end  ab correct Qf&@umw

Hows to excte the harmonics?
® enforce a node > clamp siring loceely a o parfieslar loeation

: uck.
%%d clmp P %ﬁ

® drive, end of correct Pm@uemj

(note: in the lecture dervio, in case ®, the davrg amplitude
is o small that the diiven end is very a node)

Musical 1nstruments -

Sfrm instruments ¢+ uge methed @, Pluckin 31\165 a
C,omhfolled mix oP vencies. The ins mem” selects &
r“eﬁcb:zwes ar the frequencies that satefly the boundary condifions

in cor\srmchve interrence.  The? dominont response. 15
*W/ qu&MUﬁ’al R”@clumc;? But the elabve mhos F He hlﬁhef

hormonics are. whet dis naubhes an Ao a poano fom an” A
on o violin.

Wind Instrunents: Use a combinahon of metheds @ and @,
mega the elde on the trombone > a2ven posmms 5:\/@ gou
only Seven Burndementdl ﬁ’e@umcuas Cur con Lse hps Ve,
hioher hormonics of each slide pc&lﬁoﬂ




Summorn

Shock. waves .
* occumulahon of energy I Wavekont o cones  when
swte exceeds “the speed of sound .
* con 3@& lglm‘ Shock. woves to! = "Cerenkov ruchobon

51‘@00!{/5 Love - Asin (kx) cos(wt)

Boundory condihons :

OP@/H— closed erds: 7(31\ = (2 n+ (PLVSOund

2 open ends: [, = NVzuna

aC
Tronsvese. wae o a 517»,',3.- f%f . :'10% g)i
Next ’n'/mf
* reflechons

* muti-dimens enal bawd@@ condrhons

Keadvg £ next hme: HLL, chopter & o0 Mocin 4.2-43 and 7]
o Cfeorgi a and 11-113, (L6

OIBN\ pipe demonstvation :
Voo J%T - ﬂ; Yo~ /3

Ssk= 70 —CC—P but 1t seems thar nobodj hos messued Cu
Y (Ce: 970/ Mol k)

(99%55 Vs (the poinr i5, 1F5 o small numbe/Jqu'

locger than 1, s0 the [Ihe/i, rutio 5 goirﬁ P be almost J
= ths wll not mafter much compared \{(Dsm/‘@ne )

= Usound (H@) ~ p_sgi‘\!w_b ~ 6

7 U 'sound (SFe) PH& qﬁﬁ

Since ¥ scoles Tke Ugng Qaiuen of He in on pipe
ghoud be  Gx hgher than Qre,cLu £ SF in Ogg/ﬂ pﬁog.

“Tronsverse. waves on o eirinj
Lkex-st)

a) Plug in the old 5+a/\ol(ojz Sut)= 5. e
L3 &L(k%—wt’) _ "kl( %) (e -Lst)

. L) 5o
- w=ﬁ»:K

b . .. (T
) Vphse Ugrop = J/?;
0"113 equal becouse d[spersfon s linear

O) EVWB& Mansmission:  Toke Sxt) = £. sin (kx-wt)

N{‘q}aﬁ ahon direchon
Fy=Taine

J

Power tronsmitted = (Force. achng on o Plece of ahin
Rom 1ePr7Which s making i+ Hove)
.(\/anfv of movinﬁ piece o 5#)”:/»3)

()~ (s 2S)

- _ds
SO & Tond =~ %

@ (T(EYR)) - (-Tlkscostnwot)(-wiicoslix-wtly

/tkzg

= TwkS (o (k) = L Twk 3> Z
Uphase ] \((:

POOL)@F

P IpT WS Nhaented

Note : W 1% "imp@daf\ca" & 67‘%1/6

Flot instrument : ﬁ3h+@n Ypur Snr}nﬁ
Y3 (
c(*tumag too low




