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o
1. manuSeadesluenms
A4 o
2. manuemadu luviasas Ieuuuds
3. ¥ End correction YOINADALT TuLUe
4

A o A
mauninuz lumsldeiseilo

n3eal8lunsnaany

o 9 u’l’ & :’
1. vavas lwuuuamnisuiansyileain
2. Fowdmeanudanes 5 ou uazdoues

L4 o o
3. masuauwmoDT

=4
nqug
i o )
NOHUI (standing wave)
oM g ' Py > a ¥ A o A a & A
nsfienAsTznieganisansdiu nniuasdalfidendunafnantunioul
-] A & o ' o A 9! as 9 el ey o
aduivenuazidinfiadmisdarsgafezindeulounduu luuundudoniduiues
n’: A r A'q' -y ar =i ar L. A c& =4 q’.:
Astiundum1e Adsemdinduied Tomasfumungnissauiuldvesaiuaelinems
£ @ ar d' i » A =y - A @
wiumendefiu ianuevesdudonimuzousmils szifanrssuiureeniusagil
i L] 1 H A or o =1 r L o " lﬂl A ar ar
# 111 AwmainduindedusuiugudSondntin (node) uazdumisiinausudaiudiu
t P t - ) 4 & =1 A a = 4
igagaiSeniifiincantinode) AmAveariuia lszuSsufsuiaiiounduils SeSunndu
I ar 4 & ' a o a o ~ ' o
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14x Tay A dusamenadu

PH 113 (L) - 157




Fundametal, First harmonic
A

A
N
S |

econd harmonic

A A A

S
Third harmonic
A A A

Fourth harmonic
A A A A A

Fifth harmonic

4 o
31 11 uamenduidehududon

A4 A d A e a -
ﬂﬁuuﬂ‘mﬂﬂﬂuﬂiuﬂﬁﬂw +X Wig —X ﬁ]&llﬁ'l.iﬂ'lﬂﬂu

Yy, = A sin(kx + ot)
v, = A sin(kx — ot)
AduTINAD y = y, +y
¥ = [2A cos ot]sin kx (11.1)

A4 4 ' a A
Tuewns (11.1) duaunsaduiis seznaihududusiweundgpvesndulsamuna

ddeuninsangi 111 Tesmuu@dudonea L uaz A awdin

n=1, L = A2
n=2, L = 2(0,2)
n=3, L = 3/2)
a3Ulah 2L = nA lew 0 = 1,2,3,... (11.2)
o P ] o é o~ @ o
W151Nlﬂﬂiﬂu1ﬁu1ﬂﬂ[’Jﬂ'ﬂﬂﬁ?‘]ﬂ‘ﬂlﬁﬂq v “U\Tuﬂ'l']ﬂﬁllwu'ﬁlﬂu
v = i (11.3)
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Too £ Fusnudvesndwdesludnanadidmua Sy
f = KV- (11.4)
f = % (11.5)
n3Geni

A @ o a ' - o o - o
anwd dAndmualaofinsandl n Ae &1 n =1 dnSonduanudingn
+ ¥ ]
10 13RI ANUF (fundamental frequency) nFBfundlussuetind 1 (first harmonic)
$1n =2 Fomitulenes Inufi 1 (first overtone) ne@15uB1INM 2 (second harmonic)

&1 = 3 5oniluTores Inufi 2 (second overtone) H308151B1INT 3 (third harmonic)

aautishiatlnetladrades darwilazifluin doudlarednadlaezdiual fiiw
4 o o
yoInau dauaaslugiin 11.2

S T A = 4L
> B

1
———_—//

;L3=“§"L
£ = £ = 3
15=%L
f, = 3 = 5

4 A I =
i 1.2 pawTuvedareTadiudes
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1.2 Aowmiunnuduiug TosiSosdAuninanudnugude f, sagaiodouiunimdr

Wuslupiia e
£, = X
4L

G r - B ] ‘3‘. I a‘:
Fanadr n Saufumedminiu
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;n = 12,3, (11.6)

Tudealfiians gamsnenesuansly
: 4 b 4 &
717 113 denseloathdmnannsadou Ju
v
a1l wadaszduiih luvasalududeozuds
[ ' i ar t A
meumMsisunseilaidinaruiemiz douou
‘é -5 oy Q'I [-] r
Wostava Il dud e mniethnvasauda
[ ¥
msduueadeudesszinldeimelngseuiu
du'lude danydessdoudsaduanud
¥ []
vosdemeame luvasaudniuinisduminu
ar 3 o ¥r o
msfuvosdodos s ma a3 d1omaninly
¢ o o A o 4
ﬂﬁﬂﬂl&ﬁluusﬂﬂﬂﬁﬂﬂu (resonance) HINALNED
o = ¥ é + ¥
A1IMATA NV RN I A TUINUE IR Y
' A o 4
s1ntsan (lesnsideunszilesiaulilain
o 1 o L =\ lﬂl - J 1]
Auvuefena1l) desfineunazurngly
Seen 1 2, Wluanuoveeviseinmia die

¥
= [ A 4
NAMVIBURAIILTN ?}uﬁiﬂummmwum‘:ﬂu

L, = =
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uaninniswoans i Taulddoyaninminanesez Idaswliduns s likugaduila
r H é C: ¥ 1 " “. z 1 t i =
aaeraslugi 11.4 Fahien + fuswlorn sudeidiuguiiuZ, Tuidugudusiiuaiaa
avauualdidlu ¢

I
A

Y

N T

3t 114

' a ] 1A J n‘: v ] o ql;
aq1dd1 dwunmdsifndunfwsndofidntesndy L, e dafudesdou
7] Y 4
anuduRuiiu
Li+c = A4 (11.7)
. . . 4 A ) . . o
aaaldn ¢ Lﬂuﬂwmszﬂzwﬂmﬁmaaumnﬂmnaaﬂuﬁ": (end correction) U8IAUHUIN
a s A &
naMmeuvesnIuiLbBS
a o 4 o : =y 4 4’!‘
dwwuanuamussdiemalunaeauds (TeoRouseduiins) wwinas Tyuuudass

13 L4
haodlddumissnaniiauiiu L, Aniu

L,+c¢ = 3/4 - (118)
L, -1, = A2
ATy A = 2qL,-L) = 2d (11.9)
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{ A b oa d.' A a
& f = ardvesdouduitaviduanudvesndunvlunaoaudivmsifas Tnusiud

A
v = anudiveswnaudeslueme
AItU v = . 2fd (11.10)

amimesndudssuoinmafigungites mifvnaruduius Tasyssinudy
QuUUANR IR ITUNTT
v, = v, +0.6
Tos v, dusnudweafos ugangil t osmnmadoa

v, Hlunrudufes o qungil 0 oemiwailee = 33150 was/ AU

e
NN

ar 8

1. tufinAwes — anwivesdeudsiilFunmsmaasaudazd
~ gungitesvmuziinnanes
~ Sadurgudnarsniwlunasauda
2. U@ - FAnbadtunssdestissdunhiudahavaenud
~ inefouduesuiiianuiqugadeudasdowsiduudnily
Timiiothanaeaudaviailszunm 3 - 5 ruAas
— YUIRNUADYS sﬁﬂumzﬂmmﬂmﬁmﬁmﬁ'&ﬂqﬂ (resonance)
Faswanardiu L, (winszezthavaesvanedadessduin
— AuRLINUADY Aounszilosnsuiae Tsnudadsfiae
sz L,
- H”l?iﬂ?\gﬁﬁiwﬁﬁﬂﬁ"l’aﬁ‘m]ﬂ‘] Foudes
3. fwan - wieanswazndn L, fu 1/f
— slope V&I = v/4
- fimsl 1/£=0, L, =—c Soniffudufvesmanauda (end correction)
- MM —c¢

' A ' M
— IR LA WIAADUBDIN T NADDILUADS AT
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~ Wivudivus v ildninmsneaesfiuiinn v, = v, + 0.6t
= 1 c‘ J
— ulSswBousm v i ldnansvesmsnanssfiudnn v, = v, +0.6t
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naeas Tsuudon 20 wudmas IWdediiinwise fuesmnaed smnmaw
Teulndes IR nne Tnnudilugimmidle Sssdunmumdursadofiusias
mm?;quaﬁmamuL‘swz"lﬁﬁuuasi'mﬂﬂu?;waLﬁﬂaﬁuﬂuﬂﬂﬁi}z‘lﬁﬁuﬁa
20 - 20,000 Hz (fmuatianuSudeslueinme = 360 wasdeiui)

1. 450-19350 Hz 2. 450-19800 Hz

3. 900 -18900 Hz 4. 900 - 20000Hz
nnMInanesmsduReavesdos Sumdaduiiadoedinnud 4000 Bsed wazfns
nonpsludesfiigungd 20°C fumisuesgnguitin i Tsuuuddeiiessues
afuils

1. 2.3 s, 2. 3.3 @, 3. 43 an. 4. 53 a,
t’fwmz‘ﬁv'hmmﬂammmﬁﬁqmﬂqﬁ 15°C doudles 5 Sunileflnnd 680 Hz
szfesldvedmeladuiiganinlsfess Winams dudsadiuafusiing 3

1. 20.5 a3, 2. 30.7 W, 33230, 4. 3759
lumsnansmasas lsuwuud laslddoudunind 1000 Hz Usingiuiac Tauu
uaﬁ'ﬂ%"’ammmzﬂ%gqﬁffauﬁaszﬁm‘i”mmu’flﬂadﬁwmmﬂmrmnaﬂ 8.1 %, ung 253
%, Arnntuithuyile

1. 34.4 %, 2. 32.4 wi. 3. 33.4 %y, 4. 36.4 %U.
4 o

4 . . v
- e Tvuuudlunasaufinasanils Suflugungd 18°C svzszniigniing

= s 1 o -

o = M o v o e
AnfuIAY 60 a1, Sgunglanassumde 10°C ITYITHINPAUNNAAAUITIVG
d' = .d' qid T <y
ruAas Tnshanuaiianufu
1. 32.7 %y. 2. 34.5 %y 3. 59.2 @5, 4. 60 B WIUAY
fdnsuTveatedlunimaniify 340 wasdeSud Foudueerdesdudaoniue

L -] r—% A r =y .
whlavsezsih Iines Tnuvud lillodondnssuonnieen 20 wuAmAS
1. 325 Hz 2. 425 Hz 3. 525 Hz 4, 625 Hz
] A A da ] a &
Tifonnasas Touundfiduiige teol¥iuaauiitinamd 700 bz udafemsduiosld
»
3 a5¢ S mualdmududeariify 350 wasdeIwnd

1. iooasT) 50 2. 2. 1a0ae1) 21 9.
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3. MODAUTY 60 . 4. inoRu17 40 .

8. lumimansamsdag Tsuuudlunaen Unngiudalddoudosiitinad 500 Esad
wnsenodssfilmelavemana szezsen-hsseduihiiAadoigereandiandu
e 35 wruAwAY qnmQﬁmmmmﬁmmzﬂ"'uﬂ:m.ﬂuwiﬂﬂ
1. —2 perriario 2. 21 DU
3. 3.32 earrusniia 4. 40 DIpuvTYL

0. Woanuiweudslunmevniiumiifu 330 wasdeind deudssdadannd 256
Hz sz liAas Isuundiulunasatmeiladrufivs stiams ez desdadiy
Yaredaliduaainla ﬂzﬁﬂﬁsﬁmﬁmmm?{qqﬁu 4 Hz (hifng1 end correction)

1. 0.3 91, 2. 0.4 %, 3. 0.5 aru. 4, 0.6 .
10. ﬂfuﬂuﬁﬁmqLﬁm%“lﬂvia‘lﬂf‘:ﬁﬂﬁmmmmuumﬁm‘lﬂq 'lf’fﬂ'uﬁuufmﬂumjﬂ i

T lefu niodusfians

1. Ao 2. $maefueiin
L4
3. anuudvsluaiueiindug 4. QAIMNIZ (2) U0 (3)
uHINGY
1. 1 2.3 3. 4 4. 2 5 3
6. 2 7. 4 8. 3 9 3 10. 4
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