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Abstract

There are many resonanse phenomena in nature which are very familiar. They
show the characteristic of waves. Thus the resonance phenomena in air columns and
in stretched strings are often taught in generel physics courses. But we can not find
any reason why resonance phenomena are happened for some proper lengthes of the
air columns or the stretched strings in texbooks. Thus in order to answer this problem
the wave motions in the tubes or in the strings are represented to be a superposition
of all waves reflected at both ends. Equations for the air columns of 5 different
bondary conditions and the stretched strings are obtained which lead the standing
waves having the maximum amplitudes for the proper lengthes as resonance.
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BRRMERNSHEOEESMER, ERBEEOHSLRABICLTRD S &

ax,t)y=Apv(a®+ k*) Pe™?

cosha(d—2x)—(—)"cos k(£ —2x)
X \/ cosh(aé + 7)) — cos k¢ (62)
X sin (wt —kE2/2+ g+ ¢e+ i)
kB,
72750, ¢ & delx) 13
¢'c:tan 71[ 1—:ee:fli7:osci(§lsk/f£ ]1 (63)
. _ (e 04 () e sin k(4/2—x)

sin ¢c(x) V2( cosh{a(¢—2x)} = (=)* cosk(£—2x)) (64)

{e®U2=0) — (—Yro=atz=D} cosp(4/2— x)
V2[ cosh{a(¢—2x)} —(=)* cosk(¢—2x))

cos ¢rlx)=

L% B,
§7. SEEADKFER L HDIRED

SAENORFERIZ, UNARTEEINGD, TNHZFESMERL LS CARLIIES
WeoTwd, ¢, #hrEsHT, 22 X% 30 RCEBLLRAILLY FrB 2
ok, (17 R

y(x,t)=Ae™"?



32 & W &

cosh{2a(£—x)+ 7} +(=)* cos 2k({—x—5)
\/cosh(2a4+ yo+ 7)—(—) *% cos 2k(£—s0—35) (65)
X sin(wt—kl+ks+ ¢+ ¢;(x))
£l B,
LIAT, WEET, JHEOR
I DWTDAEBEL TED,
f=e=10HEOERDOKTE julliny =
R TBIRRR, FEhTn3 ° =
EROREBR U283 LT 2
&0, BEEX®HAWIEOEER
BROBHRLEATILHTE % O
56)0

ZDEEDERIZRD & 5 I
Ranbd, ARBREXCE-T X 3. ZOESHDHE, MESEEHOBEDEE LR

- . e N CAT&Rahs,
FWCE U 2 EETEORE, o
BRIZAE U0 AIREE, ¢ 3ZOMEL I X 2OEBTORERE, 7 Ly 3%
DEHWET A E 2 ORMAIOHTEFNZN—EIRNT 2 L EDEDBELRTELY, ¢ &
S O/ TOREFEDMMOE . (Fo2 L n IZFELFIWLED) ThHB,

PAbED Z s ZOiRENL, (65) X s

— a2 /cosh{2a(d—x)+ 7} — cos 2k(L—x—5s)
velz,t)=Ae /2\/ cosh(2al+ v+ y)— cos 2k(£—so—s) (66)
X sin (wt —kl+ ks + ¢o+ ¢;6(x))

i3,
ZIT s & delx) iz (1) K& (31) X» s

¢G: tan _l[ l:ee‘—Z:all:To_j?'ScigSZZkk[[ ]9 (67)

&
. __J2sinh{a(~x)+7/2} sink({/ —x—5)
sin ¢yo(x) Jeosh{2a(£—z)+ 7} + cos 2k(4 —z—5) ’ (68)
cos dre(z)= V2 cosh{a(l—2x)+7/2} cosk(L—x—5)
e Veosh{2a(£—z)+ v} + cos 26(£—x—5)

TEHEINS,

ZZTa, %, 7, S SOTNTOMEE0WCLLEEREEZ2 L (66) Rz (67) K&
(68) KE»s
v&'(x,t)=(A/ sin kZ) sink(¢ — z) sin wt (69)
Y,
CORREEOLD IS HOON TV A, #HIET 2 L XDRESERK L2 2 D EE
DRSE & DB T E 20,
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§8. 5 H U (Z

MEREZEROBEICOVT, THEOREBAC—I—»oREESNLFTEOERD
1/2H L vEEI, SEHEBELLINEEZTAH LI AV —DoFERINIE
WiE, SHEOR»EETLER b VBEALDDWL, F I TREENE, 2O L SMHEIEaR
DERTZ, BEREISSXAE—2—flI~ETL, 2Tz rZtsETRESL
3, AC—A—TRESNIEFHIWHECOMBOE(ORER, iz, b OB >
TEY, ZOBHROVEFAL—F—0oRKIRENLELYDOFHEEEL D 2B ETT 3
ZrEnB, KENREED 1/20ESTHNE, METREENLETRE, br3E 1A
HOPOWEZIFEELI TR THETT AR EART I ENTE, ZOER, IhskFEM
HTELREDLI SEERD 2EOREBEEZD DI LIZE S, RIEICLT, ZThoDEM?1
FETZZw, FMEERD, 3fE 4G, LtERELE-STVE, RERHERKELR
%, EEZ, Wi TORRECETHOZTHOREC L > THRDORIEE %3, 20L&
WL THENKEZ 2 2 L 8HETX 3,

5, SEOWERED1/4DEIDTHOBEEICE, EX M VEBELAY —H —CRE LT
FEIE, FILLAL—2—0oHKIBELLFREMENS 7 T, TheoDEFEFRIIEREDLY
THREL BB ZEDNTER,

ZDE I BHEBBEROKET R, BREACTH-—MICER T2 I8 TEL LI ERD,
HIEHSEFOBERALBIZH E T AA—VREL>TEHBETES L5208 >1, ¥#2T,
Wiz, TNoDERE2H LI, FELBICVHICHBEREZR S ULHZ 3 0OEMTE
EBIKIZ L i)”lé‘g? , 7?&@@?%%@’(?)%
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