
2. ~dd~un'du~umaiu~uw"u~~dunmd~"nvru~nis6~~uuur1a~uu~ndu 

y = f (x f vt) 



4 4 a w  
3. ndusiiuo~niio nnu~~uan~cu::bd~ir~du1u~d~~uu~~u' 

y = A sin (kx f m) 

 ma$ k = 211 /h un:: co = 211 IT = 211 f 11a:: A t o  11ovdBp 

r. m j . n u & ~ u m l d o ~ s i n ~ ~ n i n ~ a n a i ~ ~ n d o ~ d ~ ~ ~ ~ u e i i u o i i n i i o  ! 

E = i k ~ 2  = LmopA2 
2 

Imu$ k iio iinJm"?uo~usqiiuKa 

~mrinir6iuIou~fiij~iuiio 6ifiqiu 

dE/dt = ~CLOOA~V 

do p flouandonaiuuia 

s. ~uniruo~niuiio 

apy/ax2 = - (apy/at2) 
v2 

IRU y = fn (x) ~jurifluo~~unirlndoudvo~ndu #a r~lctJundu 

6. n&&lZmnnnirraundrr 2 nrzuau I m u ~ n a i u $ ~ ~ a : : ~ ~ ~ u ~ ~ ~ m ~ r i i ~ u  L L ~ ~ R  

ni~mdoudws~~iu~ul~mnisunmrromfi 

y = y, + y2 = I 2A cos at I sin kx 

n d u d ~ ~ u ~ # u l ~ e n P 1 ? ~ d ~ i u 0 1 o ~ u ' i ~ ~ ~ a : : ~ ~ n o d n i ~ ~ m ~ i o ~ ~ ~ d 6 ~ u ' i  fl11UU11 1 
.I o::Jnaiun 

" FIY2 d i M s " l l l # u l ~ ~ n ~ ! d d ~ i t l ~ ~ ~ ~ u ' i ~  
f n l  

21 CL 
LLR:: = 2 [!I 112 dins"yriodniuirmwSo~tlmaoqu'7~ 

fn .I 

21 P LUQ n = 1, 2, 3 ,..... miubi611 



1do v n'o naiudaldu4 V, l o  naiudau0~~841nm la:: v, l o  naiudauoclmn'r 
n"1 liier 13u4 





kmuoifimmdouduo.j~3nni.j1u~n~wzuo.jndu Imu~ammdunn (mechanical wave) 

4 4 J J 
1. AM~RIUU~IJ (transverse waves) nuiu& ni5~nn~unuo~~d~Imuno~nin  

uotri?nni.jmdoud~iYuainn"u3~ni~~ndouduo.jndu 
2. nbuaiuai~ (longitudinal waves) nuiuiic mnndouduotnduImudoynin 



1o.s ~ b u l u t f i t ~ o n ~ ~ 1 ~ ~ ~ i n n i s # ~ t Q o r i l ~ t f l u ~ n n d u 1 ~ u d ~ u ~ i  1 umtQon~j~n 

P o=tndou~u~p1~ninCunistndouduo~nbu 

rl~undulunli3a0'~~0udrztnnifua1uu1~~du~~u~n"undu~du~lu~~n~1.jei1~ 9 
t d o ~ a ~ a ' ~ n r z i 1 ~ o ~ ~ ' ~ ~ o d i ~ n ~ 1 ~ n " t a u ~ t n d o u n " w ' 1 ~ ' 1 d g r ( ~ ~ ~ ~ u ~ m ~ z ~ n ' m n i z ~ i 1 u ~ a m  
~ u j r h ~ i ~ ~ r n k ~ d B  10.3 ~ ~ i i n m ~ n d u l u ~ r ~ z ~ i i u i ~ u ~ ~ ~ ~ A ~ n o ' m  c (corn- 

pressed) i n d o u ~ ~ n ~ ~ ~ n ~ . r ~ A u ~ n ' ~ n " ~ n ~ ~ i n d o ~ ~ u o ~ n d u  Imuoan'mn~rLt~nzmr 

uuiuvioide~n"u'1d tqiutAu+i'undulau~ 

424 PH 111 



f (x) k u f l  y Gn'i@gn irii6u y 6unii iioudhpn (amplitude) 

I% 10.4 nbulu1~ond~1ndauAliaunaiui7a v luunu x idumn 
(n) ldonm t = o ninwrndu1dduu1idn.~'1dmiu y = f (x) uar 

(9) tdnianii~ui t ( m ~ ~ ~ f t ~ ~ ~ ~ 1 ~ ~ ~ 0 i l l l t l d . J  x = vt hd y = f (X - vt) 



n~iudlw'uflumnir 10.1 unr 10.2 Gonil ~~~dhirnb (wave f~nctioh) k 
J J J  1 Y unn~mnrncurnnunnlauul1dn4Iu~1nu y miusiil~~(i.l x unrmiu~?ni t #4#u y i4tflu 

g4dJiram x unr t 1178 y (x, t) ~ n ~ ~ k n ~ ( ~ m d ~ ~ ~ n ~ ~ ~ d o u ~ ~ i u ' ~ ~ ~ ~ ~ ~ r ~ r ~ d ~  q (X 11nr 
t) ~ r ~ n ~ i u L h l U ~ d n r h ~ u ~ ~ n d u n ~ ~ ~  I$U d ~ u d f l ~ u o ~ n d ~ ~ ~ o ~ o ~ n d U  $4 b n  
~ ? 1 ~ 8 ? i l  irnaiudatda (phase velocity) I ~ u d  



tdo x jmiaoiflut~munr t tfluiuiii (n) u~ui~ucuruot~dtdotani t = o, t = 1 

?ui3 tin:: t = 2 ?ui3 ti& (u) naiudatdm8tw'old 
44 0 asm (n) ttnucii t = o, t = 1 S, tin+ t - 2 s ~~ud"n'findu~& 

oddidnuruzuotw'~dtd8 tan1 

(u) tint (n) ~11i~iiku 

~tdd 10.0 (fl), 



I 

y * = A sin (2 icxlh ) ........ 10.4 c 1 

, k 
k 1 



kudiinasii A liunii a e ~ J 7 q ~  (amplitude) uoqndu dqnuiu8qciiu~qmuaJRdu 
iiarciinasii h l iunii miuuianb'u (wavelength) uomdu d.riiicillrnldiqr-~iw 

# A d  uemn$unlafio~ndu~7arrnii~di i i n u ~ ~ ~ ~  idsm~n~~~m~d 

rl A  d U  sr i~dd i i inaur~unnu~~bi~~~f r r r i~d i~uuhCu~u~nrrur  h thn?un$u 
~ ~ d o u ~ l d n i ~ u ~ ~ ~ u n ~ i u d a i d s  v ido iqai wiuld t rrrifl~dfinbunfiun'umnir io.1 
&a 

y = A sin 2'lC (x - vt) ...... 10.g 
1 I 

4 rl i i fotr in~a~i~ainnnuin"Rou1~Indir~urni~i~i~~n~iuui~n~u I3unii nip 
(period) d~rr14fodfl'n~d T ~ ~ ~ ~ i n ~ i ~ d L ~ ~ # 5 ~ ~ i l d f l ~ i ~ d 3 i d 0 1  naiuunrffu~~r 
niuldiii I , 

v = h IT nio h = vt ...... 10.0 
fi$u rriiiuu~~d~undubi~$uidulnd 

uonrinfoiri~uun~iufiGua'~'i~6ulu~rduo~ ~ausdu (wave number), k iinr 
nnudah u (angular frequency), co kmsd 



k I 2 ~ i h  un:: m E 2WT 
...... a::\& y = A sin (kx - cot) 10.8 

~ri?uuo~n~iufimukaYda::1# rou b u d  (cycle per second) HSotard (hertz), Hz 

~maniunnid~u?~tf l~~~i f l / rou 
aiun~iurluni6'n".~~umu'i~diuu' as~in~iufinirdrh~S"un3iuPs3tvl~ v 16ji 

2 1 uuno m = 2 7 ~  d~lilun?iaivi~dr::~iidn?iud f t t n . - n ~ ~ d a ~ ~ ~  m  mud m ii 

y = A sin (kx - at-$) ....... 10.11 

kuf!  $ Gunii fiindRit*ln (phase constant) unsa::~ifiifidinnfiidudiu~iid q 6imn 

I 

y = A cos (kx - at) ...... 10.12 

~du'tdodain~n'~u~flYwu'a::tdou~d go0 ein&n'duYm'Hio sin (go0 - 8) = cos 0 

y = A sin (at + $) ...... 10.13 

Imuaifinaiurluriud sin (Z - 0) - sin e rdfuii ~tl~undulu~unir 10.13 
e 4 -  n8iu~~mnidunrdnirtnff~u~ttu~0autiln11i1uoiindl&~n~iuit~8a Cduu o~trunndu 



4 4  tnboui~iu~d ituu~~r~h!dn'io~ct!~u'u"uii nbumfuoiin (harmonic waves) unr 
8an~nwrnbu~'ndi~u"i inbu~d ituui~d (sinusoiM waves) 

I 

d 4 hedl4 10.8 n d ~ ~ d i i u u i w i n n o ~ ~ d n i ~  x iJuu?n Ajaii~ud3g~ 16 twTItum~ 

y = A sin (kx - at - $) 

16 cm = 16 sin (+) ~ 3 o  sin (9) = I 

Ihfi0 $ = -'lt /2  yl'iD 86 

(n) unuriin;rhmnis 10.11 tin:: 10.12 0~16 

y = A sin fkx -at + n / 2 )  = A cos (kx - ot) 

n n t n d o u ~ u ~ ~ o ~ n i n r i ? n a i ~ l u i ~ ~  y tu qnln q 4 4  x n ~ d  ilomnnboudclliuu~ia 
(transverse motion) ~~uI?n?iufi-~clliuu?i~ vy llnm?llJ ti4aiu~91~ a,, aiun?i~Oruw'ua' 
kni!6ainoy#uduo~ y 'lumrnr 10.8 &d I 



y = A sin (kx - at) 

hi k - 21~/3\1 = 27tf/v = 27t (6 Hz) 120 m/s - 1.67 m-l . 

10.4 m~d iabun~; j~ i~~~u~~dua i . fue~n  
l m u a i k n i ~ t n ' n o u ~ u a ~ n d ~ l ~ ~ a n n i ~ d i ~  q r=muim&diurra'J~iun(11fl6iflu 

rrumi4~nnuin 7 ~ort~u'16oinmniil#i~mnd~lutffu~+an idon'ahuimanuanlfl 
g4qu &pJi( 1o.o lununrdhmj~lur =riiulaul#n'~ ua n ida~oin~~iun7::n'1lun~7~ nua n 
8ultRRour~fi~lu~hdan 



(n) (U> 

~ d d  10.10 (n) du~u~du1~on%~~~~dou~6?uo'~~if i? v iinrmaind~udouum~h 



1 

tzl&iiyu e ifluyu~dn &uflo sin e - e ~JEU 
F, = 2F sin 8  - 2F 8  

uin~&uuo~~hi3ondu~nn4#~ p  ~ o u ~ ? ~ n ? i u ~ i ?  nA'i?8o 

m = pAs = z p R 8  

ciaedw 10.4 squi (n) oirn il~uo.r~fluidui~onu~nn6i 101110 0.3 fihnru ui? s iumr 
& ~ ~ ~ ~ u m i ~ d n u d i ~ u d ~ l j . n ' i l  WU'J iin::d~iudnu'i~ud~ i i u ~ u u ~ ~  2 fi1nniL fiidd 10.1 i 

tin:: (u) i?niiw'fidindoudtinwu'~ii4¶on 
44 0 arni (n) wu$in.rluolnir 10.18 t::l& 



(u) tinu(iin~~mni2h~%~incliui~3i~ifu fro v - s i t  rdb 

t = S/V = 
s m 

0.263 s 
19.8 m/s 

...... 10.19 

Y k  
-.-a -. P -QJw (n) 

(n) I 

$1 10.1s (n) d 4 u i 2  1 ldagndklu (u) ~:16Ruur~~ufin'i~fld.~~Ruaan~~a~diunaa 

w~~iulJajhudu 7 do 7 M u  (n) ua: (4) 1u~nulu:uatn6u1u~nii.~t.~ 



tdo B n'o n ~ i r c ~ ~ w y u d d ~ r c i r  (bulk modulus) 

FAt = (AAP)At ...... 10.21 



&$u Av/v, = - U 4 
= -- tuollnuriin~lUtiuni~ 10.23 o=!& 

( AvAt) v 

n"se AEi = *(@) wAg 

tuiio 1iondumdoudoin~iuYdv3i srtfi~naciiuIouanjdiu AE nn.riunmii 

h u  h ~ ~ u d a u u o ~ f i n n ~ d ~ ~ ~ ~ ~ ~ ! d n i ~ & i u ~ i ~ u a n  Am hu~siuddo 7 ni!d llnr 

o'R5iovciiu~ouafi~iu86 "61fi.riu" Iudau~linuin q uod&nnic (Ax + o) $8 

61fi41~ = 
dE dx 
dt - +(az ) w ~ ~  



arliid&ii nirriiulourtfi~~ulnundu1iIuoiino::dCm5ini5rii~l~u dad51mu 
m54 n'uCi5idaue~n du unr riiK~no~uo.maiud~~nr~~oud~~n 

P = + ~ W A ~ V  

o, - 211:f = 211: (80 Hz) = 377 S-1 

ZP, = Fsin 0, - F sin 0, = F (sine. - sin 0,) 

lunrddyu 0, 110:: 0, lduyuldn q oirl?si5cuil#4i -sin 8 e tan 0 korliluu 
naiu#u~bUi~diu~~ul~u76ii 



hyu 0, ua:: 0;Cilunu x 

5 y  F (tan 0, - tan 8,) 

...... n F [ (ay /ax)B - (ay /ax), 1 10.27 

tmreinnpbonoruo~ii?Ku fio 

~ u n i r  10.29 & ~ m  ni5~o~nBu1utfitilon I 

I 

~ d o i q e d i i ~ d ~ u n d u ~ i ~ ~ a ~ n t f l u ~ i n u o ~ ~ u n i ~ ~ i ~ d i u  erciiRiociwilJdJ~r 

nduIui~ut~anmiununa 10.8 iio y (x, t) = A sin(kx - at) ~ l a ~ 1 5 ~ l c i l o y ~ ~ 8  

iir~~~no~t3uun'll~qni t imrn~5n~re'cl x, orl# 

ay /at4 -wA sin ( k ~  - ~ t )  ' 

ay /ax2 = - k e ~  sill (lcx - ot) 



A rl & s d i ~  10.6 o~ni  (n) o'slnd7uomdu i i n z ~ n n i r i n d o d  (u) nisnr:fmuo4nnun 

x = 3.0 iunr tin:: t = o lmz , ,  (n) a ~ ~ p a u ' i i ~ ~ r i d u n ~ u ~ o m n d ~ ~ f ~ m n i ~ u o ~ n d u  
rilnum~dguneu y = 3 sin n: (4x - 10001) 
94 0 am1 (n) finmifirlXndum~umnir 10.6 

2n: y = A s i n ~ ( x  - vt) 

A i l d a t i ~ ~ n ' ~ g 4 d h f l ~ ~ ~ n " l ~ ~ m ' 1 f l f i 0  y = 3 sin n: (4x - looot) 

& = - (4n:)Z (3) s in  n: (ex - 1000 t) 
a x e  



azy- - - %? 

ltaz ; -iG 
- (10006) (3) sin 7t (4x - iooot) 

(250)~  

= - (47t)"3) sin 6 (bx - 1000t) 



~ b -  4 n- , fg 1 

io.10 n i ~ ~ ~ u u ~ n b u 1 u 1 # u 1 i n ~ a n 8 i n d ~ i ~ d ~ n ~ ~ o u ' i ~ ~ ~ 1 a v ' ~ i ~ d i ~ ~ i n  (n) 8 4  

10.17 (n) nbumncinlJonlu11d&1Jomu'n 
(u) 1 1 1 ~ ( 1 ~ ~ u ~ ~ n ~ u ~ n ~ : : ~ z ~ i o u n ~ u ~ ~ ~ o n ~ u i  b u u o ~ w ' ~ d ~ d i ( u ~ ~ ~ u  

ni~ma~~iur~u~~n$ul l [~r~n~und~otmboud~iu~o~~~ur~onnu'n 



. ldd 10.18 (n) n~umnnn1~onuu'n1dfi1~on1ui 

(a) uiad~ur~afidu~nrz~zn'oundu~~iionuu'n baaoawnifi1dduu1d 

'luniam~~i~111~z~nd~~nil~rzlnbouddiuos'o'tl~uliion1ui 
I 

~dondu~niuuuauuidxniun"u~::~?i~ni~~~n~n~~ (interference) buoilniin 

d d . I '  
I ril 2 (IRU no$u~uaduaOYU wn~auordcl'n~rur~u~(ir 2 UUU 88 flnuii4 (stationaryHjo 

standing wave) oendiaiibdd' ~uariimrlrmn'iafiSumouBio!d 



d i nnuu.r iiima~nmsna~uuadnbu 2 m:um k~rin~iadiinri~oud8~ain'i~u lid 
n'miain~oudmsau'ian"~ 

Iii YI = A sin ( ~ x  + an) XIundumboudldnw (-XI 

Ye = A sin ( ~ x  - at) ~Ounduinboudldnid (*XI 

4  I: 1da5~unnundaot iio y = yl + y, o:l6 

y = 1 2 A cos at I sin kx 

-, lunstiid yl unr y, iflu%drldirlnlvu' air:l6nbusx~ illu 

Y = Yl+Ye 
= A [ cos (kx - ot) + cos (kx + at) ] 

1 mmr 10.31 llnr 10.32 liluauniauodnbudd ~oGdo~~umlnuno I I Q U ~ ~ ~ R U Q ~  
4  2.d nnuu~v.~i~dsw"uo1iul~ai 

Iuun6o:anvinbud~ 2 YGA 

I. nduddIut~u1gen 
2. nduddIurio 
~~udrrnouhu h (node) iio: dab (antinode) hvfu h 88 iilmci.rdoi 

d~v~oiiu~ci~dnnv~um y i%iYulmu x iinimr:4d1;ut~ub Rjiiimuc N LpJd 
u J v  

10 .1~  h u  J&h iio 6 i u v ~ . r d ~ n n i ~ ~ r ~ i i ~ u w n ~ ~ Y d ~ u i s l " i l ~ v u ~ ~ n i ~ n ~ r < ~ i i n i ~  
1d8uuudn.raindqm (y - k lload8qa A) 8diillvlj.1 A 1uldd 10 .1~  

I. ndu~uiki~en 
4 4  nnun ~iiduiffuilonh nudniudmli.rsr1i3ud~u~'w unrmrad~ivd ddoul i i  

1ndoudMrli3ud~ud~~"w 
b n. ndud~lutfful~ondm~~rlniunaa~~iii~ ~m~iin'nvolrndu~~l~~uulvG5~vii~ 

drnu$dnod fwivccroymr~dilmljtdm"s~ 6add 10.18 



A 
------. -. -..-- - - - 

Fund~rnent~i, first h~rmonic 

11 = 2 

Second harmonic 

I Fourth h~rmonic I. 

4iJ. l  sri~uii~~iiauo~cldudtdia1~1ii4n"u 5itouJar~d1tn"u fiitflunnunun?iui10.~ 
rl d 4 2 G oruottflumnnbuwii wtJuuo~ (envelope) uomnuwuutoc 61 triorwin?iubrr'ud 

mnir 10.33 ~ i ~ ~ ~ ~ ~ k ~ u ~ ~ d ~ ~ ~ u u o u t u ~ r l n " u r m n i r  10.34 y = (2A cos at) sin 

~;x d~diIH'Jniubia~iulduO~n"itiifi I:OUIUUD~~U~Q:AUUIWU 

mmr 10.34 ~ o ~ n ~ o ~ f i d o ~ ~ u ~ o u t u ~ r l ~ r n  (mmr 10.37) ku$m1uu3 twri: 

sin k (0) = o 





Fundamental 

I 
Third harmonic 

Fifth harmonic 

Seventh Ii.irmonic 

Ninth harmonic 

$4 lo.ao n ~ u ~ d u i d u l ~ o n d ~ ~ d d ~ i u ~ i d ~ # u ~  

14?adu~n'urmnia 10.40 unr 10.41 n ~ i a b u m ~ d u  fn iduul6l!lu 



fl ,-, = 2 x 297 HZ= 694 HZ 

fe nd overtone = 3 x 297 HZ= 891 HZ 



d~Cwuawdu &jdd 10.22 

Fundamental 

First overtone 

X =4L/3 

Second overtone 

X =41/5 

Third overtone 

X =42/7 

- ldiI l r t r  n b u ~ l u i e d a i u ~ ~ ~ ~ ~ ~ ~ u ~  



Fundamental 

X =21/ 1 

First overtone 

A =21/2 

Second overtone 

A =21/3 

Third overtone 

-/ 



o'il~'~n61tCn~dllniuu'ia41uuoavio ~in~Juztfluiin~iduoan'nu1urioJniut~nn"a 
r v C  -34 aoau'7atiinoin~adQu1n~c11~ nauu douIuuouiumd x = o ttnr x = eIun5au no 

iYasri1.r 10.8 oinni5nmnoa(uoat~nA ttiifljoakrdn31~8 loo it5914 L + O ~ U I ~  2 ~ 1 9 1 5  

~ U ~ R ~ O W J ~ U ~ ~ I U U I ~  0.3 x 10-4 iiI~n?u-ium5-l fiidioani~ln~~i~nm5ku~oa1nutisn 
nduniim~ut+on 1, 2 tine 3 ur~oa'I#tt~a~a~ut88nivii~n 





~Qrcpnpnp~i 
n& L~L~P~ULOL~K~~~UU . JdlULQQ~UL~Q~RQ~~~LJll J ~~LL~C~~l~Q.#21U1 

coi~c~~cLuugniupoun~icF~iuioo~cokcinnitunn~p1 og~cp ykcu 
-n~nopo~n_ur~nn~~n~~o~rpn~~n~~ciuic~~n~in~in yiiounii. 
nyr (u) szWor p~y~~~~~~o~n~riu~yiri~ PQU~UQ~~Q~UILL~~~~PQ,H~~ 

I CQl$tl#~LUU~l~LUld~l12#~ 

r b niFci?oc...n~ir$ (n) SZ*OI bp!! nu1 z p~cngino#-iuly~~~i&lF b y n~yn~) 
noycnplnqxyn z Fqcngirro#\nppiuicniynicqMnipcpsLuugin~ npp~ycnp 
~Q#~~~~LUIL.U n, L yu@ocir. njiuiPnLLu UA z capno# (n) tz-or pptn~ 

~~L~~~~u~~U~~QP~R#IRQ#~Q~~Q#~~U~~LLU (h) 

~~Rb~~tn~Ub~h~~~(m011b~~lIt~# 

bQhpItLCUfl~LUlUQ~n#lbQR~LbnLLOPItLtUL~ UQgtl#ltt\bkJtlpU (u) VZbOl 6 



Fundamental 

First 

I ~ i /  lo.rs (n) ~n8nnirdintb~ (v) nir~finnirdini~~nkd 1, 2 uar 3 ~ulmomnir#ufi8t 

nuu~'ii5-~'u6i~iniidinw~ontnin"u a 6ittwci4dii~ iioiitwci~dtiinnir$01~0.j 
4  4  nftttm 44n-~iuduot~butau~ tnin"un-~iuduo~n'ioini~~~uwoon ttfla tuotaomz~u6i6i 

c A i l  nqld tiIu.roziuioulajl~01 oztiin t ~ u ~ & 2 l n n ~ ~ w u w o i i i n n i ~ ~ u f l o ~ n ~ ~ d  2 nuufiii 
4  4  u ~ ~ ~ & ~ ~ ~ ~ U + i ~ ( i h i n i i d i n w o o n  b iu0ioou5r~~~U:Xinji b M tiIu.1ortuitt4 11~:&2ln 

c A 4  nw~u~tuoiiinm5&~o4nRd 3 ~flutbuu"8ovld n'ilIjfinwiJnngni5fll"uou (end or 

edge effect) n l 5 t ~ ~ ~ 5 & ~ ~ 4 n ~ l l 5 n t t R r ~ 5 " 4 d ~ 6 4  ~ z k f  





t: 
triffuii o '~n i l?n~no~ i iuu~uo~n '~~~w~~ ihn 'u  erdwn'u~mnn'icl~n'? 3 unr y 
n i m i C a n i 3 u o ~ i ~ u t  4~i~uclLmiuui~1uu.in~i~ii~uuo~~~ii~Eu sriimnein 

~ i ~ ~ i ~ l o ' R ~ f l 3 ~ ~ ~ ~ . ( 1 ~ ~ ~ ~ ~ Y ' 1 4  t o  i d o ~ ~ i r u o ~ i i ~ ~ ~ n ~ m d d ~ i u u ' i . j n d ~  (5ndniudia 
mu A wdjo nun) wn~i?im<ubi i w ~ o u ~ ~ 1 d o m o ~ 6 e , u o ~ ~ w n d u a a ~ o ~ 1 ~ w 0 o m n ' d ~ ~ d w G i  

baa Ai i r r n r i i  i i i ~ u o c  iiii~erwo~1m1w ~u'uiilnu'ou o c i i b i i l  iaioir A i u 3 w I u i i u o ~  
i ~ u 3 ~ f i i  6 m ~ i ~ a u o c c l b u m i u u i ~ 1 u i ~ ~ i ~ v o ~ ~ ~ ~ ~ ~ i i ~  7 fro 

I 



MEDIUM ' 

Gases 

Air (0" C) 

Air (loo" C) 

Hydrogen (6 C) 

Oxygen (6 C) 

Helivm ( o " ~ )  

Liqvids at 2d C 

Water 

Methyl alcohol 

Sea water 

Solids \ 

Aluminum 6 100 

Copper 3660 

Iron , 5130 

Lead 1322 

Vulcanized rubber ' 64 



h e t i l a  10.0 o d ~ i  

n. o'.ri?umtRu4u61 
u. o ' n n h o ~  tRuJluorpilQ 

4d 8 aani n. (ttnupii) B oinmri~n1wo'n96 



a. h d  (Beats) 
~ a h i i m n n n i r r a u ~ u u o ~ n  Au 2 nr::uaulnAouilIflufi~~~~ua~u iinaiudi~.mCu 

lbnu'oa tti~~nindunotnr~uauG~'~~ou~~fi~m~riiCu ~~n::ni~ui~os::unur::u::nr::l~"~d~~ 

g m ~ & u o ~ n ~ ~ n o ~ n r ~ u a ~ u ' ~ a u  

yl = A, cos 27t flt 1 : :  y, a A, cos 27t fzt 

Y = Y l +  Y2 
= A, [ cos 27t flt + cos 27t f2t] ...... 10.61 

a + b  cos a + cos b = 2 cos cos (T) 

kmulfla = 211 flt an:: b = 211 fzt mnir 10.61 smniulilu 

f - f  f + f  y = 2 A, cos 211 (v) t cos 211 (y) t ...... 10.62 

10.26 (n) snmanivluo~ yl un: y2 JIJ 10.26 (u) ~duninuodniurau mnir 
Y H  A r 

10.62 4~~innunirue::rnuii nairmuodnnuraui?naiud~'dwn (effective frequency) 
J J  din'unaiuolanu (v) a a s u o u d t i ~ ~  iio 

fl - fz t A = 2 A, cos 27t(--) ...... 10.63 



Idit 10.28 n~rnunk~o~ndukin?7uiai i .~~uiiSn~'o~ 
(n) ~ r n ~ ~ n f f u n o ~ n ~ r u ? ~  

(U) L ~ ~ ~ M w ~ u ? ~ v o J ~ ~ ~ u L ~ R L ~ u G ~ ~  

t: 
&uiio ~uudnrrousrdl loud~~m~4~~1~u~nr~ (IER 1 il1d) l1nrhv~il4(lk ( I ~ R  

I dmd) &I?U <~lft@d)ii~d 2 ~ & I U H ~ J ~ ~ U  n?iuddfld (beat fnquency, fb) d ~ ~ a i u i i t  

o " i ~ ~ ~ i l ~ l l d d ~ ? ~ i ;  i ~ l u ' ~ ~ I 6 i f l ~  i 



a. Jnnanird~sJ1Jas4 
1do~wd~fi i t i iml80~ ~ja(flandoud w3oikno~~di~1ndoud ~ ~ ~ ~ ~ l i ~ u ~ d d l i n g  

f l u  I 7 1 d u ~ ~ o z i i 1 w o u u  1$0~1w(i~n'i1~mldu4~~nz(fldo~dd . jodid 

i i u  7 dlffuI6~miio rz~u l i~u~uo~~~~~nuuOl 'w!ow~m~oI~ l  a : ~ ~ ~ ~ ~ u ~ r z ~ i i ~ m o w d ~ n u u ~  

wiornIVl$rlb~$iuiwi(fl~ un:mou~aciunn(flluz~~mnoii~n"u 1~il7uniidnn~nirniu'ii 
-A u mu A  r lnnl ln~~alslerldae (Doppler% effect) ail79i~ol?n~olnmni (oinin) qnun 

d 4- 
~ 7 1 ~ 1 T ~ ~ ~ ~ 1 d ~ ~ 1 1 ~ 3 1 # ~ ~ 5 4 5 ~ ~ ~ 1 d ( ~ d n ' ~ 1 1 ~ d d n ' 1 1 ~ ~ 1 ~ ~ 4  

1nukq1d tdot~wd~n'iliimnffulfln'iliimn2'Ru a#induorrndaud63uCm~i83n~h 4 9  

~uodn'un'nvarruod~3nni~ 'Irjiilmriariiliimu:~nffoudw3o11; 10.27 (n) unm~ 
4 A  A wfinnumnnouoonnnuwd~n'i~iim~u'ollwd~n'i~ii~o~d~ pld 10.27 (v) unmmfindu 

~ d e ~ ~ ~ d ~ n ' i r i i ~ ~ n ~ o ~ ~ ~ ~ n i ~ u ~ i 6 ~ ~ C m ~ i ~ ~ w ' o ~ n i i C m ~ i 8 ~ u o ~ n ~ u  



ldd 10.98 (n) ~fi~nn~nboudhuiuud~n'i~i i~ (f > r) 

(u) qfi1nn1nbouflds1n11udan'71iin (r < r) 

462 PH 111 



Idol i~ i~i l i i~ l~ur~~i l 'oudsin~0r4~nm B 'ldJjcJ'84'inn A 62u&n1% v,, afi1na 
u J u 

A unr: B qnun m1dd 10.29 



@ 
Observer B 0s 

lunrdPi.r~J1a mluddpmm B l ~ h r  rzQsni1 f ilo 



fii&u~d~riiliiml~nr~fi~npll~~doud nnrmni2 10.68 unr 10.71 mnim2oi?!uu 
nuni~$aldua~dnngni~dmod~dnofl6~~~ 

m~n::flouuotnduamiioin3"arJdn'ioj~ndoud ~du 1n~odun7ornuuA naiunq 
nAuuo~ndunr~uor~Ciuu fi~~lndoudoonld'oinfiun'i~iimndu dringnirdldu 

Y 4  lku?n'uln'Ruuluon&l#u41diu'1~~6~~li (sonar) Wn~Jiod~d&ko'i&l~duod 





gaediq 10.13 5 n w u i u i ~ d i  daufiuo'A5ilia 75 (Iud~$ala~ i T I ~ b i 5 u  

naiad roo itismd oa~inaia duo4 l a u d  ~ m u n i ~ ~ ~ ~ n n " ~ ~ d a ~ a ~ . j u ~ n i a d a ~ i ~ ~ a n " ~  

8aunaiaGa 55 (Iud~taIu~ d f i u  (6iil)l~mlflo"m~i~~ualuainip1iriin"u 343 iam5/3uiji) 
J e n. u~:nsanaaoa~isijozmunian"u 

u. ~ f i o i n 5 n A a a a p n u n i ~ n " u  iici? 

n . f '  = (  343 m/s + 24.6 m/s 
343 m/s - 33.5 m/s ) (400 Hz) 



d 
4. f1oun5ZttnnllaZ%~iinyu (Shock Wave & Sonic Boom) 

luma~mi~a in~ni rd~od tJno~u.unouriaud"u ~m3oir~n unn'4rii ifin t8u~u" 
n~iall?uotmrmdod~'ouniiO"maid~uo~~1d~Iucn"3ni i l q ~ l d ~ l d i t ~ 1 o d o l ~ ~ 1 F  
iio orIacrifi~bu hhn i+~uo.rttnkrii tii~uinnii0"m5i~auo.j~1du1u~~noi~ 

A A 
1o.m (n) n b u 1 u n j n n u 1 u o 1 1 ~ d ~ r ~ 1 1 i i ~ 1 1 n 8 o ~ d ~ d n 1 ~ ~ ~ 1 6 ~ ~ o ' h ~ 1 ~ s ~ ~ ~ n ~ 1  

8imnd~uo.rnffu 
(u) ~ ~ ~ n ~ w n i ~ ~ i / ~ n b ~ n ~ : : ~ ~ n n ~ ~ o . ~ ~ i n ~ ~ ~ r i . ~ n ' ~ i ~ i n  so Id s,, 



n nnisnmnohdi~neu (ripple t a d )  r=¶&wfii~ini!u 6i 11nslh3I.J 10.30 (fi) 4 4  

sin 8 = v - ...... 10.73 
"8 

A &  8un $ii inuah (Mach number) wdadidui~w~uh isiwad u'R (Ernst Mach) 

6. nbulki;clete~n~u~p.p~~~~cl~ (Infrasound & Ultrasound) 

n b u l k ~ n ~  l6iiti nbunailiin?iud~e~iwr o. i $4 20 HZ da.Jrmn yuo~nuih 

hllinuaoiufl6 ~ 8 ~ 9 i n f i ~ ~ i l ~ s l d d ~ ~ i m 1 ~ ~  iiu nduilriu~u~~? ndu#unrliiou 



praiudu (intensity) 
4 I I 4  II 4  naiulu'rr I uo~nnun~nnoud iioo'nn~aniladuuo~wk~iunnnuwiuisio~if~ 

H G ~ u ~ u ~ I U I I U ~ ~ ~ Q ~ ~ ~ Y ~ Q I U ~ ~ ~ I ~ ~ ~ ~ ~ U # U ~ ~ ~ U  ~~on i ia i ina lu t~u~on"7f imbu 
. I 4 4  Y J  ~nnunnnuwiuiriond~~riauwun 

Y I I  mmu~uuuiuhi i  riifi~riiti'uluc~ana1~8a 1wnraz~u6iuo'lkrio~if~~1jauwun 
u II Y I I  ~ u n d u ~ ~ u c ~ ~ d i f i n a 1 ~ m ~ n ~ ~ ~ ~ o 6 1 n i i u z r u 1 1  (undond~~ciauwun) g t u h  

naiuhuo~oynin fi~oiradulu 1 rou moieitpuf'kfii 



n?lulbu~orndulautdd~toud5~mna1u~u (pressure amplitude) P = 2s N m 2  

( l~u~&d~ddoi~n~~5if inu1wa)  i j ~  
/ 

luinnaufliawf (acoustics) UjGuul$wu?u w . c m - 2 d ~ 1 f l u w u ~ u ~ ~ i j o 1 u l ~ . j  

cgs tin:: MKS 

uaud5~mn?iu~ 'uuad~a~11~?111 id~uadn~~~ i&~f i~d~~u~m~r i i~u  o.oooos N . m-2 

ddfi~uanrwiumn15 10.74 ~ ~ ~ ~ ~ U L U ' U ~ S = U I ~ U ~ ~ ~ C U  i o - l & ~  . m-2 

~e~m~r i7njuadl~uddaonui~~nd~1wduad~'0dd~r~u1~~~6&u' i ;o  

mufiii n?~u~buuodlau~$?ii?n~~ns~nnu?d 20 mws iie 1 W. m-z 

1&unalu6$~66amaiu& (Intensity level and loudness) 

ldo~c~nir~ouo~n~iu~u'usf~uo.~nu~~~1~iii~~a~.j16u"un'ouu'n.~u 1~Guul$nmn 
A~~uIUSIIJU logarithms u ~ n n i ~ f l ~ z ~ ~ ~ ~ u ~ a ~ n n ~ n u n c i i ~ " ~ ' ~ ~ ~ ~ u ~ ~  rrhn?wl$u fl uod 
n8u1au.jiddiiu1uw1unun7~ 



4 u d 4  3 4 iuo 1, =. n~iu~uuninann'inuaruw~nin"u 10-12 W v m - 2  d'i=uimLYiinUYngiuLUYU 
uodi8uc\\~i?iuid&~o1fiu nu?uuodaR'un?iulu'ufiun~i s~%ua (decibel) duudo db 

/ 

10.2 1inslrii~sln~iulbutfluim~~unu0~5:er"ul3~4ii~ q lunrju~nuyd 
riiii (171~& nuii~iit na iu~#nl~uuo~u~nuyYS~i&uin~u'ou iflulliuiwC( 

1'3 'Iiaiaisl~iuido~i?L q ~ f l s l u m n  naiufiiwuuumiun~iu~u'u ~Di~i8ulu~dn~iu 
Ln'ubi9~i#uodiriiu 6ii?lu~ui~n$ (pure tone) C(dn3iu ibuiiinir udn~iuddit~u 
ld~ir8ufi~ddn3iu& in'in"uimold 

q w n 1 ~ 1 1 a a u u s  (quality and pitch) 

qainressi!us nu1uii.r knvarruoa ldu~Cl LTIER~J ldom+k inntoin3.rd 
3wd4 ~do~slum~~n~usriciuiw n~i~uai~u ild isinuwo ionlkiii ta~~n"~muu"u~1~1n 



nuddsrinnhu oinldo8u w~o~ i luu lu  4mws iflu6u nisdisiiiun<nwruruo~fiu 

idu96~~iwnr~omiwuo~idu~oii~n"u q ~ i w u o ~ i ~ u ~ u ' : u ~ ~ u o ' i u ~ ~ I o ~ ~ o s " [ n u ~ i f i ~  

$ueiniiuiaut$u 7 iinr~inmtoonrritdu~t~.~~wisi~rn'i.~n'u uonoinifqPrniwuoc&.da 

$ ~ o ~ r i ~ n a i r r l u ~ l u a ~ t a ~ ~ 6 3 ~  ibu n idnmi~ua~i~anih d s m o u ~ i u n ~ i u d n n i ~  200 

l & ~ d  nYuniuoiin 2, s, r iior s 44$~wu~iinqlrr tbui1~~un"un1dn~9~~~o~~nlau.~wif~ 
d~iinqiudiriin"~ itiijnqirr iu'lliimn di~n"u ~ a u 4 k a o ~ & i ~ ~ o o n ~ 6 i i i e J ~ n u a ~ i a u ~  $4 

Guniidqruniwiian"~ 

.~zn'ui#oa (pitch) nuiuh n?iup;l6iuadiau~ wqniaucq4 ~ i u  u. a, I n?n 1 ~ ~ ~ 6 1  

i.iu n, u, P w3oIGm~um? IA, is, ij, 141, ran, m, 4l zu ila~~azlidu~IH'iiiuodi~5miouii 
IR ijlauP h 4 i j lduqwii  lfludiu ~ ~ $ ~ l a ~ ~ & o y n - u n a l ~ d l a ~ 4 ~ ~ ~ 3 ~ 1 a ~ ~ d d  sr$u q~ 

0' t rc $u~ 'na iud~~  idu~niuuun~iud6i uonnn&r l t~u~k~un"una iu t~uuo~ iau~~n6~~  
a$uiau~ (pitch) iiuiRuwi'unaiuRj (loudness) 8o iflu~iuirudl~oiofmhu 

I & P ~ &  q ~ ~ ~ A U R W  



d o  x tlnr y ~flulum~ unr t flu?uifl om1 

n. ~ la~dapm U. n~iuuiafldu 
II J 4' n. naiun rrnr 4. ~msifiaua~nnuu 

t PlQU 0.2 lUsl5, 3 lUR5, 100 63Tmd, 40 COS 2NE1 - 5 )  
3 



10.6 mu~ilulun'idi?um#nui~ 0.6 ~ums, u3n 6 x 10-3 ?i%nns"u, dn31ut4 400 C38u 
04Hl 

n. n?iudniYnyn 
u. iiu~hnaiIwugqm &nu 7 vd~n iu i5o !~un~ iud~  io,ooo l35md 
neu 200 lZ5mqf, lonoi Iwu$49 



lo. 1 1 n d ~ i i J i ~ n $ ~ ~ u  Kundt's tube ~nunis#uc~iuuiau~c i i i c  infinuia 1 turns n% 

iiriuI5nscnnic uric (iinaiaduoc i i i c  infin~n'in"~ 2,486 iarnd 1in:n~ju wclu 

10.12 i~ncn~ciincuia 1 turns mtcuriu#riuz 114 ~ ~ I U U I ~ L L A = ~ ' I I ~ ~ L ~ ' R ~ ' R U ~ . J I U  Kundt's 

tube $cdoiniR tu qornqii 300 K n~uw~ho~nniu~unnomo~riicn"u.r.as 

imE iums ocn16c~r1iauotn8umu1aIuiincn~~ i inc~~u  ivi11~ 



mB¶J 66 db, 77 db 

4x .I lo. 17 ~fidi.rurnm 1 m m d  tun5 itlnoondouuaolt~dqds::#u naiu t ~ u  so db fnmr4 
n f i d i ~  oiuii "acoustic powern d i u n ~ i  diqlnu ndu idu4 19~1ui1!1 

QlelJ 10-IW 
\ 

4 - 4  
10.18 muii~uIu 2 ~ 1 ~ d l i 3 ~ i o n ~ n ~ n i ~ u ~ u o u ~ m ~ ~ n i ~ u  iiaaiuiln~n~n roo i5a-m.~ 

~ a i ~ k u o ~ m u n d ~ l i o ~ ~ ~ u ~ ~ 1 9 ~ 8 ~ d a ~ i n 1 ~ r 3 ~ 1 ? i n  4 Ilmddo'fui3 ~ O H I U ~  

no~e)urrr'oun"u 
moll 0.02 (H3omou 2%) 

lo. 1s rnuuA6"unih itdufia 30 iumr/3uifi Idmbqqiudqn'idi t ~ n ~ ~ ~ i r u n ~ n  61 
&nfi?uo~i~u.r~uoin~n = 340 timr/?uii rr~ 'ul~u.rvo~n~ncidrin~tt~~nu 

u"ysauuAiifii in115 
milell 644 ls5~11'd 




