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fusct 1o o g9 UW favel &t 1fa oF aR § S7eae foRen s et
e X 1 A FE R 32 YRR o fyvel &1 9 7, @ 39 fam
o o1 B2 ek SeAH Jokd HIETH THT YehR oh TR w1 S 2
T YHR & TeAT H JARS T HIEAH o FAIadl hi ThH-TR G o
T € Foraeh ol fondt U e &1 71 TR 319 i1 71 s getiferd
Il B AR 9 Tk BIS hehg ol Tohell qreie o I 5ot § R @
fivrd, it STt o1 g faeqed e S @ | 7 faeiy fond weh T a
& Hifra 1 a1, o T I ok SR Sl &1 3R FuRd g 2
I 39 TE YR dred § FRER shehg I W@, 1 o117 98 <@ foh
ATl % g3 o g fag W faeiiy Sc=t gen ® oel 9@ =% fasiy gui
o &Y § digdl ¥ STed 1 R A I € | e U gdid g © S
faeiter fog O <ot T seX T 3R TG 9 @1 =1 | Ak 31 faeysr g
R T BR-TR FE F S R @ 2, A W w3
o THS TS THT W & FR-A M F €, W ey & g
forg O & S sreriq STR! foenw o oy ® Il frad o = R
THY 78 T 2ia € foh 5ot 1 So|E @ gl o i ael i AR
T &Y e, 99, Tk sl ey S 81 S @ | 3 YR 5
TSl €, df el gan (AreAm) A HE R W © | W] 39 gienan o
(91) T 9 ¥ T A6 § Yofed 7! Bt | g | 3ca gy faay
T T ®Y 9 f@rE 781 <d, AR S S10a1 HIShIE Al gRT & &H SRt
S U €1 39 YR @ faeiel o gfawy o1 e S g7 o arafas
ifereh TMIALT 1 T %4 o YaTE o {1 €1 W1eam o T T o
TR WM T A F €, T FeAd ¢ | 39 9 § g9 0 ok
oo # stezem 3 |

T 5 U g @ TR g a% Tl qen faeie o Yo ) gue
1 GO BT 81 THRI T HER-ds a0l g Hehdl ob Heor X Fei
FHIAT T 9k (STaed) T 3tef © g H Al T SA HIAT 9 FG0
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STk GG I e el &1 G 1 SEH-FIH T4
o= TR ®T a1 & HEAT g B 71 SRl %
o et a1 Teiwem foea Gendl & &9 o qiEfdd
foann ST wehel © TS forepa-weehia a@il S a1 ST
Hehat 2 FSTTeRT ToRoT YehTRTeh 211 1 Shferel 31efe ST
SN 81 Hehell €1 Yot Hehd o T H U= €t =0l
kA %9 | T W 2

[t T A1 TR o foIu mrey &1 v
T 2l | B9 W @ o weprer adt el @ e e
Tl © | A9 Hehel wehTel of 1 g R feom ari @
TSI FehTYT AdLARh [T 3TaRel, S sATeeleh ®9 9
frafa & 2, @ THT FIA g TH qF g1 ¢ |

fordl S qe ST H Scq= i, #af au, sgehdt
T St gaifaa @l At o o w9 o S S
21 5 |l T o HeRor % foAu wieEm w1 Aol
Bl 8, A for wrezm o Seiia e €l Wbl | $7eh1 S0l
WEAY o KU o Qo o HRU GHI B Ul § el
T o Yearee] uT R Feit e 71 faga-geh g ati
el i1 YR 1 il et @ foeon T o a1 when
12 ¥ e1emE | faga-gahia au oh Feol o fag
TIEH 1 BT AT Te| 8— o1 G=ol fafa o ot
Bl 21 wehter, et i, X-fervot weft faga-gaw
fepzol €1 Frafa o weft forp@-<eehia M 1 =1, c,
U Bt ® TSR 9 €

c=29,97,92,458 m s™! (15.1)

T HehR T TR 3 X € N g W ok M g
ST STl &1 98 %4 o Seteaiq, WIS, =I2H , TRAT] qel
319 S Th| W oG 1 A T Yeptd o e Aieh
fereror & wene Bit € foreen foawa o enra aredt smera
T U | T A I HeheuAreTs &9 § Afrek e forzga
e N ki qor § I ord €, ey e
STFANT SR TrenfiTert 1 aga H got gferal & arn
Sl ®; Sl @ GG o U k1 STAN ol
geraelt | feran S @

T 374 | g had Al all oh ar |, feren
H01 & folU SoaTehes H1eam STEva ¢, 31499 &4 |

A T © & SHAN Thell 9 Fifeged T qOT
Hieaerere gure gfitenier g ¢, R of @ i &

AR fargeroo Tewem Taed Srarsal § foha T o |
Torfyaam T (1629-1695), Ta T a1 3TEsieh
1 F8 T8 wfag difdsrfag € s m @ fq 5
Aifrer § Hag & | FAF A o9 fyvel o <o 1 ifdent
A XA lieteh k1 e o Te=rq €1 qa 1 et
1 U T | TATE WIEAHl | N T ATl <ot
& WY AR Gy B T | (A SfE, Fefaa
HATE, 91g 3% Yeareer A o S € 1) 79
a9 1 A TH T 330N §R A |

o 15.1 # 39T 3TER TH TR § g HHTTA
1 I W foar SIS | af< 39 T R &1 A
%l THRIH GG BIE 3, A 3T {9y TR fR T
T A R | S TR W R Bl © 2 IREd Wi
T e HHMT 3TIT ArATaEer i ware 9 fasifid gt
2 | St <o S vEell A 9 Gag €, or: suH
e S1fET WIS Bial © S 39 WehR T Wieha 3
Tt St © 1 7Rl faediy af T f @ g 9% "efa
Bl W1 ®, W Y A 10 e w1 feafy
& - E oY e h @l ® | U8 E T
AR 3T o ®Y H {otd LWIH R forrg = feafa
T wEt fordl Wemet W faar Fifeg | et o fafa=
‘W/_E
A
fore 15.1 TH-FR G Faag wa1 1 978 | R} A+t

T Gl STl € ae faeity 39t R ok g
g S g |

fee, S e g TH-gER @ Ffivd B € | 5
2 Tesdl o forelt wop R 9 forell oM w1 Siied €, @t
€ T W ST feed ol Uehl a1 € AU T8 efah
e fesd § g fesdl #, TR 9 R d R, 36 9o
GO Yerme! I B T W Gl Wl # |

3TN, 376 BH oY | &4 a0 o H=rol T faan
I E | S & g eat T oy @ EieRd TRl €, ol
T IW WM HI 9 F B Y & HI Fdifed e
forediia il € | SHoh IR0l S B &5 ! o1 ok
el W, T Y (§p), Tferd il € | g1, i Thieh
el W IR &l erl €, 31d: A i €1 wifd
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Tg feorfa o ot fasiis o oTgpaua ® ' yormae 9’
I € ST | T8l 59 Yokt H, e H ufked,
o St Gfted e foean & quey € | At
&7 I gifeq foran a1 €, A1 @ &7 & 1] S
et gHiverd & ST o1 Jo8 3 € | 39 TR,
GHigerd! &5 H S deal €, el 39 e § ‘gdiea’
e Bl © Toreh Thoreerey qeerd! & ¥ fote ' S
B S ® | AfE R & 370 IR S ok & 1 e
5 S T T T e B A A e = A
39 & YA ek e il gHivedl & w1 iR
ohel 3 B | 39 YN, Giited 1o oo U &
Y E &5 T 1R I e €, Foreqeh shro o o faredio
1 GeR0T H9d & el € |

Sl # oft gt o wgw aeh KA W Hehar € |
forteelia SiEl o TRATY] 7o WRATVST oh §HE STadl
el § it eid § | 3TH, Yo TR St
TR T THE, 3T AR SR o AR gRY SARifud
il o KR, TrEEE H el ® | A% o= qRene
o1 feeR T g fonelt Wk o] st foentya foran sme,
@ e IE WK S TR UM o WeROl § T, 39
feorfa & off T gIET 91 39 B S © | 37 8
e (lattice) o TRATI[ST 1 iy faged w1 wid
o Hehd € A1 WAl o de AT o 7
Thd 7 |

379 TH 39 37T oF 3TTel STI9RT | a7l ok fafg=1
sTfemerforen T St == HT |

15.2 TR qAT e aat

B S € o AR i st il o Ao o seeh <o
T 1 A WA o T T I G kT K90 F Aefeq
T T € dl UET T 1 B STIHEY O hed & 9
TIEAT oh S T 1 T R TS9N o ST <o
&l a1 1 egeed a1 % w9 W S S 2

fod 15.2 H frelt </t o oW T TH w] &
Tt Ha @ T 7 59 S A T 9R -
ek o 9% Scq= o al T B AME TS R ST
o § SR T oAeTE Tk =t 39k W fR a6
T W Tee €1 TS I 3T € S| o7 I

N\ —— Y

R —>
X

forg 15.2 w7 o} 1fid KT g S791397 (x- 378) HIE Taher
w5 i giar & @ SR’ w1 BIE glawdt
g SR (y-378) JIoF FaT & |

TR TS ok e ol SR e ST Gk 21 feet 15.3
o off Ut & we feufa yefiia &1 T € S herel ga
2 T 2o o #rE g0 S & U R W Iw-AE
1 IR Fad Al SAEH A Feeh IS R o ®@ 2

y
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fera 15.3 oG SR”Y & S7gfaT fia #Ig sTad (Sraw1)
TN ST T ] Tk SITERT &1 /T o &7 F
SRT &7 FIE JREyT STaFa T w1 T 9 &
A ST R % W9E FT B B

Y TR 9 T H 39 fasny &1 qiomy 399 yurdt
ST T T B © | AT €1 aRiefaE o wresm o steee
SO A FrETeEen o 32T Qe i € Safe T
el T 39 HEfid et @1 Ser el | o w5 i
1 TE9 o See €, 37 T8 ST T 1 Teh S0
2l

2 fordt a1 W 3 YR 9§ foRr 1 9o 21 '
fordht fafyaa Fra-eo W e H a0 1 fasor aR
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Hohd 2| 39U BY Tordl Shier-&01 W a0 1 SArRfd foe
S| Wk o fafy @ & fordt v fawie v famm
1§ e g9 ST e e ok ot fafyera et
T higd L q 9T o T 9k ol H G|
o1 15.4 § a7 Xl o e =T Sy At
e a6 eerfr wrafefa 1 7 1 o § R Fomel o g
o Wb T W U e o 21 feed &l T 9R 3
1 AR eeheld SR fhT et &1 3R @ied § e

fera 15.4 feT & $F-918 7Tfd waat arg & 93 7ot
o safq a1 34 HT S @ 1 gl arg-sraad
& Slerd @ AT FT 39 & GHIR &, o7 T8
37T W& I

(=9 ) a1 fore™ (=g o) 1 ] 3 @l
S| At foe w ST T AR Geher qUl arel hi
3R W= 1 Y Fad a1 A (SAEH ) & A Th
ST T T Icq BT SH1 U139 R SAdTs o SAgf<el a1y
o T R T T W I STesd a0 i SEEI B
T & € i 98 Head o U fag @ @ fag
Tk T Al & | ST TR Teel s e €, o ged fored
T HERd et €, T e e 21 Serewoned, fehet e
o Wt 1 gof ®9 ¥ 7T et 81 R, R St @
o fagiisr wfd #xd © 7 foF of ®9 9 Sl s 9w,
a9 (arg 1 qUl &Y I ) qO A T Hl U AL
AT AMfeU— &t a1 | fa&iy (@ 79 °) F1 g
H GROT Bl € 91g e ol w9 i T e 2

e T WA % gAY e ¥ Hefud 2
STIE AT § HIeH o 2199d ol i f<en o oo
T Hd B TorEH eTrepfa | ufterds g © it weay
o Yedieh 3fed H STaEq forepfd eidl 81 Sl el Sifa

H T UM el © AUid A TuEush el i
Wi Y Tehd €| ALl ST 3701 ShiE SR &t Bl
2 ST TR STIETeh el 1 Hiarer &l s Fehd
£ 31a: oyey Ul S|l wd Sl (qee |) o we
& UG el | TN Fen, SiE e alelt <l W S
FEATET T[Tk BT & 3tefd & gefte farpfa o1 gfarer
T 31 9 o A wie R () @
Geiferd €, 3 Sl ae a¥el <Al H HER0T Y Fehdl 2|
37d: RId &1 B¢ (FF9H AIEI0T TNl 3THa TTwerd
ot S BT §) | orq<sd qen STy <Al bR i
T Fafd & gt &1 W 9§ e e €|
T (2af) 1 GO G9E B v WA $1 9g S99
Hqem W SR U S S YRR i a3l HeEia
Bl & SR =Tel T 8 Wehdl ® it g fa
ARl OTeh o hereerey

> ISTETOT 15.1 = T (A o FP 3560 [Y
T ¥, Yok Teerfd o ge ware fom s aw i
AT 2, e © e <Al 1 e @
(a) T det Fefaa HAM o Th R TH
IR foeenfyd & W 39 FHAMN 1 Rt
faym (d39) =t 7fa |

(b) 5@ ¥ W frdt faferer o z9eh fvea =t
M- H¥ep faferey d Ioq=1 @ |

(c) STt o 88 W Ferd! Hiet@e gR Seq—1 adi |

(d) et FuEmE Faes forted g1 ag H S0
Ere kUl

gct

(a) 3T

(b) sTeeA

(c) Ay o reed

(d) 3rfee <

15.3 T o W fawenus dey

fordt wrmet q ok wifordr faeror o fow, w9 feafa x
TN TH ¢S o TRE e Wi STeRTehdl Bl Bl T
&0 W I8 T T 1 SH &0 W SAhfd hi faawor <
1w € < g e TR W o e SH fefd womem
T ST o1 7T sh1 fereRon ot <A1 B AfE B fendit S
T R (U w W e 15.3 H g v ®) o e
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afifereht

T Ted § @l Her et ot Sk BT <fe) gfeen
o e B4 fohrelt sToRe o W foreR s fore afs wrem
% fordt oo =t feafd &t x W el &L @t s1eaa &t
e feofa 9 foremm & y o fefug we g frdt
SR W G0 1 qd e w9 9 afld e ©
Yy (x t) = asin (kx- ot + ¢) (15.2)

S el o v TS ¢ T aqd © R wm
1 SR I el o g FaAeT W foEn w ®
g
ylx, ) = A sin (kx— wt) + B cos (kx — of)
qa FHRT (15.2) W6 (15.3) |

a= JRZ 5 W o= tan (2]
G (15.2) i SAEHE W @ Fefd o @
g wHgH o for forelt ffvea &or, om ofifsw ¢=¢,
R foaR R @ FHHT (15.2) | S e Hl HI0H
(Fox + TXerien) BT 37d: TR o1 TR (feredt ff¥era e
TR) x o e o B9 H 1 a0 81 56 TR, ot ffve
Tefd x = x, W fom Y| a FHIHT (15.2) | 51 e
1 0Tk Teh TEerish —ot ©1 31 fondht fifvem feorfa w
foreeno y 99 o Y e E B9 4 uiEfdd g 2|
srerra, fafv= fefaai w Areem o stagd Wa efad T
I T S AT R S ¢ T aedl ©, xR 91 R
¥ TS9n H 5o SRS k-t + ¢ T TH TR R/
3Tq: THIR (15.2) x - 3181 & gl fo9m o Sfew
SEHI (3TEd) T Frefud e 21 9er fould, wer

Ylx, ) = asin (fkx + ot + ¢) (15.4)
X-318 T R OTcTeh e oF STgfaer Thaefiel au ot fefua
L ® | fae 15.5 FHietor (15.2) o fafa= sifaes
TRl & A gwitar © et g9 st Rt e

(15.3)

ylx.t) . feofa x qon w9 ¢ o WeW o U H
foreem=

a ;U1 1 STREH

o ;T W HIVF Mg

I IO TGS

loc-ot+¢ : SRATEH H FO (a+x = 0, t=0)

fara 15.5 TEIR0T (15.2) & HAF (9@ &1 R

foo1 15.6 TOH AqUet W g fo=r Al o fag
THIHO (15.2) & 3T <9iian &1 ot an o sifereram
e foreerTaa aret g 1 9itd e @ qen eifershan
SO Toee el feig bl T sed &1 T8 3@ o
foru o whiE o= ol TIfd Shedt € B it W A Shivd
X Tehd € IR TR <@ fof = it wma & e 9
T wear 21 fos § 3 it wowE (%) 9 <wite >
21 S8 Wb B HieAH ok Terdt e feafa, w1 ofifse

fera 15.6 1377 Taal | X-3787 1 &rcmeh 1590 & STgfaer
Tiereiter g STEd T

x 318 oF A fag W fRdt staa &1 1fd W fa=ar &
Tohd €1 3 fot W 3 fag (o) | <wifan e 21 fot
15.6 o 3Tei@ <eid & o ot fofig w3t faig (o) T
o G Sl T Y Tl il 21 Ffd, a1 o T ok
ey o foag W feora w01 ot wreg feafd o aiia:
e F 2| T8 Tt o= fearfa o o1 o faw o
T 1 70 I8 ff 3ud ¥ R o gwa o 9 fag (o)
Tk quf o Hl € S | i wew fafvea @ =
oA 2
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o951 15.6 o 3TeEl oF YR W 379 87 THIHI0
(15.2) =t fafy= afemi =1 aftanfo =3

15.3.1 3TTEMH T ehell

IR (15.2) #, Ffeh S He H A +1 d2 -1
o s qfafdd e 8, faeamm y (o t) 1 91 ade
—a % = qiafdd giar 31 g9 A% @ A 3R
T o AR FT I B &I B S T a HEAF ok
forelt stama &1 oae mren fRufq @ sifysran fowemmm
31l 21 2 < fop foeae y eFTeHeh 1 RO €l
Tehell & W a ¥ 1 ahl O 1 7797 Fed 7

HHRTT (15.2) o HITH HI AR (lox — ot + ¢)
1 T H Hell Fed 21 K g AW ok forg, fomed
feafq @ 97 W Fen a0 w1 fazemy fuiRa s
B1Tqd: x =0T =0 TR hefl ¢ B 37 ¢ hl AR
Hell FI0 FEd Tl - 38 R G fog qen TRk o
%1 39 YR 1 Fod & T B S fF ¢ = 0 | 37
THHIO (15.2) B ¢= 0 TH T ATIHA HT hiE 219
& e 21

15.3.2 qUES Q9T RV q@T G&T

A FHell ok ) faiget o dte i =ad g 1 anesd
FEd ¢ 3R W gmea: A 9 <wid €1 glern o fog
B T el arel g 1 3 =1 7d o "ehd €1 el
e | wET Il el WAl o ot w1 g R
THEI (15.2) H ¢ =0T W, t=0 R foaeem= gmm

ylx, 0) = a sin kx (15.5)
I ®I0 H 27 ¥ YIH IRAdH T A Fed h1 7H
e Wl ©

2nr

sin kx = sin (kx + 2nn) = sin k[x +T}

aryfa faigeti xaen X+2%”aqn%|wq=r o B € -

T n=1,2,3, ... | GOF faeme fFE i gu e w
o1t feigedi o Hed =FdH U n= 1 oF W WS Bl 71 A
Ta e e & SRt

27 2w

122" _2r

oo k=

Jc o] HERUT TReRieh 372081 I qT & H5d ¢ |
&1 SI A fead Ufa Hiel 31eal rad m! eI

(15.6)

15.3.3 2SI, ShIUHT AT qem A

fo 15,7 9 U ek e femrn T g U
et fifYera o1 o a0 o1 SR @l gwian © e
ey o T ofgaa (fodt ffvem fafa w) =1 9w
o @1 fazene <wiar 21 gfaen & forw en i
(15.2) W ¢=0 od & 3R 3fe=d (HH AT x=0 W)
I T W eAE <@ F| a9 ed 9 B @
y0,9 =
= -—asin ot

SN
\/

o 15.7 59 @7 SRt / @ ord! € a el iy feafy
W SRT &7 37999 W a § THT & 9T T
FT Bl

T o S HT STEd Il SRI o fohdl Terd
SR Uk ol e o foran e gHa @1 sverfq
—a sin ot = —a sin o(t+ T)
= —a sin (ot+ o)
<[feh S et Jeieh 27 10T W GG Ll €,

a sin (—owt)

T

2
ol =2n, I o =Tﬂ (15.7)

I T HT RIS AT Fed € | 3T SI A
mgﬁmﬂWrads‘lélwwaﬁWﬁ
Vv ufd dehe el -t wEA 71 e:

@

— 15.8
P (15.8)

1
V=

*7&l 9t rad ! BI Tehd € IR HAEH B had m  FF B ehd &1 W2, k, THIE oSS § THI Heh Al a7l i GE
H1on W N HH W W B aell m! SI qEh W il 9 Al 1 2
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v ®I gl (Hz) ® 919d 2|
Swgew = ° wed € fRd el % edfRw
Tferefier TR STere STYE T 1 Haw forn T |
e a1 | HeAm o TR srada W Geor
feen o g feerod g & | e (15.2)
o fordlt st @ o fau faeray we 3@ R
foran ST €,
s(x, t) = a sin (kx - wt + ¢) (15.9)
Tl s(x, ) Feufd x den 999 ¢ W Hqiemm o TR
e 1 R G h feen o faeen @ 1wt
(15.9) § o foeene s 21 o weft TReE o =€t o7
& Il ST T o VRO | & | el Th & iR ¢ R
foRem™ oM y(x, § o WH R FeH s (x, ¢ foram T
2l
b ITEYOT 15.2 : TFdt S o SR T it
T 1 fgewor 39 yR o @ €,
ylx, 1) = 0.005 sin (80.0 x- 3.0 9
Tl Aifersh Teemier SI WHfl § € (0.005 m,
80.0 rad/m Tl 3.0 rad/s)| dIT &I
(a) @M, (b) e (c) 3MEdshAd Td
smgfd afepfard IfST | g8 x = 30.0 cm e
THY t=20s W T &1 fowemgq y ot afiwferd
HifeT |
go7 =9 faxerds &1 qor St (15.2) § & W
Y (x, t) = asin (kx - wt)
e frefafad 99 9w g €,
(a) a1 &1 AFHE = 0.005 m = 5 mm
(b) HIUNF T HEA = 80.0 m-! T HIVF A
o=30s"!
e TH FHIHT (15.6) o NI AU A 99 k
o ey foed ©

2_1:
k
21

80.0m™!
7.85 cm

(c) 219 &9 == fu U T qen o H 9 g’ T 1
M 91d & 8,

A =

T = 2n/w
3 2n
© 305!
= 2.09s
39 Jfek s v=1/T
=0.48 Hz

T x=30.0 cm T 9T t= 20 s W e

y = 0.005m sin
0.005m sin (-36 + 12m) = (0.005 m) sin (1.699)
(0.005 m) sin (97°) ~ 5 mm <

15.4 WIHT TR ki <A

fordt gt @ &t = i F o fae ' @
& fordht fag (et e =h1v1 5N SAfvarferd) = &
iz X FHd € IR e € e fog wwa o Wy
fore e T LT &1 AT ok I BT A W A A
gfaerses e 81 ot 15.8 § <1 fafe= g, foen
o= At T o GO S , T AT H SAHT 0
T | HEE a0 U W€ SR (x-3ET WY e
faem) Ax 3 Jewa 31 a%dd H, HE (x) R @A
IS o At W U A x T B1 T YRR 9T i =
Ax/At R TRE o= shem At foig T o B9 S (x)
M Fehd &1 T8 TE AT p ¥ THA UM (1T T
Yot erufiafda 7€ ®@m) | w1 W fHfyea wen
faig =t Tfq 1 o s ©

lx — ot = TR (15.10)

3d: W& GHE ¢ a<ordl €, di ffyea e fag ) feafa
x ol T9 YR a<eAdl B o hell shivnieh SR W1 o7:

kx — ot = k (x+tAx)-o(t + At)
I KAx—-wAt=0
Ax, At T 3TITH HH o1 W

dx o
at ko
O T H A & 1 ) 9 Gard & T &Y W o 8
v=@=/’W=i (15.12)
2k T
THHIOT (15.12) G T T o6 fow weh =
Ty B 98 9ardl & T wead o Tt ofere o U

(15.11)
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qof Srer el § a1 Yo Uk e o el g @4
F 21 oA dfse e fee =it W o=
qeAd & el O (S & fau Yew gemE
T, WA SeAHH Sed ) q Yoy ol (Faes
il o folw oM Yomeedn o/ STIEqUl T[UTieh,
I YeTErd OTieh) g Tl giar €1 wiesm =
Frefia shear 1 =ren weiehtr (15.2) Tk Ty =
& fau wesd iR emgfa &1 Gey 3@ 21 o |,
ST Tgel ST S e €, WIEAH § g a9l e
T a0 Hd € qe Seh! el SE e | STenT- 3T
BT 36 7L o STadl SUNFN | o Aied AlfAh
T *1 =1 o foaq g9 fafite =ise g &3

4

fora 15.8 9T t T t+At TF [Fd STFHT @I HT T,
STl At T TET I &1 T 2T gaE w9
T T 3R TAIaRa & Srar 81 aXT &7 9 (7T
fafoaa ar aren #iF 3R fag) g At F 30
Ax THT T &l

15.4.1 @ SR T YRS T hi aTA

fordt =ifr @ 1 = fasiy & FRor mem o
I T T 3R el ol (FSAAH Sed) §N
frerifd Bt B1 w1eT 9o R 9 ™ €Y G qel
TR HRH W Fiaei™ 9 ¥ Feiferd gt €1 fhe e
TR T & 8 T e 9 S H G T 98H
21 38 Heol o Sged o1 Wash FeraE ey @ S
S o THAM m kil 3Uh! dare [ 9 faTifed 0
W eI €1 e % Mawa e w1 SwE weh
fordl St W T *1 =91 o fau Fened g3 9 fohan
S Fehell € W I8 e 39 Y& shi HHT ok oY
21 o B faeda faveiv s STEm S W g9 Te
ST 9o € for ket fordia fageiom @ zened g3 =
WIS B Hehal ©1 TH Tt @ ur wew o feerien el
=T wdt 81 Wl fom [ML] & 991 T &1 o
1, sFufd [MLT?| 21 &d &9 fommeil &l 38 R

381

fordt Tt W WE AT GeROT
frdt &= W T

TS T HEU AT M
M W <@ Fhd
g1 MY TH g
IR | 39 W
1 aRadq g oft
3@ GHd § IR
T A AT i
T ot R Ghd
&1 3Heh foIT 9kl 1 ¥ 3 cm I o Th &,
T Rl IR P 9RI I AETIHAT BNfll 3T TE
T ST e § off Y Herd € SR FETIe
T o

1 ¥ 3 cm 9 &1 ot T Aifore) fee
FIMR 21 FANTIET o STHEA-9H &1 e’ |
T T TR 3T Th 90 Th g ° HF H
e ST 3R R F 1 T o1t g% ° TOIR
FTH W FE R (1 ¥ 5kg) Tl {ori &
= ® T 3 W 5 WX © TRl B TH B
T 3R T o Uk T o U1 39 W SR 9
TER STl 396 WH W Th W o= 5 fRe
39 W TR R T& Som| o9 36 ) | T@
ST TR BIal g 3@ Hehd €1 Y STt
T SR WEfd T8 1 Hears s Far o Si=
Tehd 1 TS o T B ¥ U8l 319 3ok -
A TEd BId 2@ TWehd ©| T wigers (ferm
HEl) ® HeEd | Y T 5 Th A6R ¥ TR
eR &1 T T T | R I9I 4 B Fohd
T ol 5 =9% A & M H GHRA B
TS Jo HERO (15.14) SN 9| WH 9
HifeTg)

T € et Tt o o udet eifere 9 ok
e | ot gl 81 g Sl 99 e € TR dq
T ShTE SEAM HH BH o BRI 36 T TF
AT HIST TE W 36k o 1 Gl H HIB! ST
B Bl T W T HT AT %A BH b HRO
T @1 S Ghel © 3N SEfIT Arae gfeersiTen
3R Hew B = 2
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ofifereht

HAIfSa e ¢ Tk =me &1 famn LT 9§l ed
e W <@ "ehd € R o T/u a4 fam @

[ML’Iil_z] — [L2T72]
[ML"]
aq:, A T ae y & Wi Sifdes v € @

v:C\/z
Y7,

el ¢ faaee feems ®, fo@ forfia favewo g
fruifi 2 g 7 7 | areqa § gened @@ W C #
M 171 37 A SR ST9E Al i um

(15.13)

T
v=[—

U
e ST foh =t o WeEm o O T @I p (T 9l
T o HROT A SR T S B) WA B
A 1 e W Ta: fR T wd 21 oem
wefell | oMY UH W oF 9R W YR fSMen! =«
3Tt @ Tds T 81 T BRI A TN v S a4 B
amgfa faeisr o da @ fsik &war 21 A o fhd
faftea =@ qen omgfa & fau, T (15.12)
Waﬂﬁwm%:

(15.14)

1)
1=2
» (15.15)

> 3STEYUT 15.3 : 0.72 m @dl fhdt Lt o arR i
FIUM 5.0x10°kg B | 9% R W @& 60N ©,
A AR W ST T R el 4§ 2

;AR 1 Wi Tehish ST 1 K9
~ 5.0x10°kg
0.72 m
= 6.9x10° kg m™!
TE, T=60N
TR R STIE T i =1,

T 60N

V= [—= — —=93ms’! <
u 6.9x10°kg m

15.4.2 3 a0 Hi WA - & A o
feprelt arqeed a1 & A o STerge qT GeRo i fRem
H oot fearfa & om-di® <eF w € | B9 vee off
@ gk € fop eaf o 91 ok o - EEE %
Gfted qen fereml & ®9 H THA A & | Gl
fosfa # gfqaa &1 FuRo &W arel g ord
HEAH 1 AEA TRl ok ? T 3@ WK
TRt i €,

AP
B="3vv (15.16)

Tl T/ | URedd A P A fasid AV/ Ve
#3d &1 B 1 fam 9t & S @ 1 2 3R S A
o T8 Uhel (Pa) H o9 id &1 T o HeRU o
foru yrfires Steed U1 So7mM T p € fgeht fam
[ML?] & | €9 Tl | <@ Fehd € foh fdr B/p
ﬁ%ﬁﬁm%:

ML'T?]
ML

37a:, afE B qen p € wrfieR sifaes qfeEt €

v=C\/%

T ¢ T Remiw § Y o favemo gn fwita

FHE Fogal Ef B gendd Seafd ¥ C=1 U B ® | o7

ferelt Tream ¥ sTgeed T Y = o foe e i
B

N 15.19
v 0 ( )

et 3 ©g w9 Wig wem % fau, o8 °
IYST FER 0 el € SR EH B i sheel IR
forspfa 9T foaR ota 1 STEvFhdal Bl 21 39 Jhl0l
o, WrEfiTe Y olis ‘AT unies’ ® foeent fem
I -JAREIT ol 1 fom 21 39 W0 & forg
forfta favaivor qeet S © ok & Tt (15.18)
St HefteRtor ara Bt @ e erfeifa feeis ¢
2 forgert oM wened Safd 9 1 9w el 21 39 YR
forddt S wg H oresd W 1 W Frefetaa gew
ERI =R 1 W @

[L*T7] (15.17)

(15.18)

v= |— (15.20)

p
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Tl Y B o USiel w1 AT FeARerdl oneh § | 9Rof
15.1 ® fafg= wremsl # wafs &1 =@ o
T 2

WRUM 15.1 & WiEAd § &6 & @

]
91 (0°C) 331
arg (20°C) 343
ey 965
HESER] 1284
I
S (0°C) 1402
S (20°C) 1482
-5 1522
3|
wfafem 6420
IR (TfraT) 3560
w=a 5941
PRIEC 6000
eSS T 54

Zal qen Sl | eaft i =rer 9l 1 ger o
sifuer B (=AM 2 T 3G o eReor |, grEfiteR =
S W <A T i e 81 3T ROl 9 § TR gal
o Sl Wl TG T qer o wdifed e s whied
BIT 1 37q: Toh I Feaerdl 0T o T 3Tferh
B €1 T HIROT 6 Y S9eh ST @At B b1 e
YT B

Tl 719 o eaf o =l 1 SAheld 89 TEY 19
qfhed § ¢ 9%d ¢l fordl o1eel 19 (3@ s1em
11) o foU <@ P, SFdA V e a9 T o =9 Tae
3 YR e T Sl B:

PV = Nk, T (15.21)
el N T H ST w1 HEA, ko, deesme R aom
T 9 1 Shfeed § a9 ® | 37d: Tordl Hardt aieds
o fou g (15.21) 9 &Y Fefafed d&y g
B

VAP + PAV=0

37d: FHIHI (15.16) | I8 AM Jfaeenfud & W,
B=P

1A IR (15.19) W fordlt et T o ergeed a

1 =M,

P
v=|—

o

3O WY i FageH =2 o T@fya fRa o, eTa:
T8 e H1 G A FEd €

(15.22)

> ISTEYUT 15.4 <2 o 3 1 ITANT Hieh T
q9 TH @ (STP) W a1 H =& &1 =1
1 ATHE HIST | 9 o6 1 T H FAAH

29.0x 103 kg ® |

Z67 : B SMA © fop fordll off 79 o5 1 H/ad &1 STP
T A 22.4 o Bl € | 3Fd: o1 1 STP W
e

1 Al 91 &1 XFHH

p:
° STP W 1 Wit g 1 ST

29.0x10°kg
22.4x10°m®
=1.29kgm>
TRt w1 § At ®1 =1 o foaw =ped o 9o
o SIUR TH STP R 91 H &afd o a7 &1 f=farad
A O B ©,

s

u:[—l'leOSN nj] =280m s (15.23) <«

1.29 kg m"™

HHIROT (15.23) § U< a1g H &9 i =1el hl
M, 9RO 15.1 ® ST T¢ =0T g1 9 arg ¥ et
! =l % OF 331 ms! HI o ¥ 15% FH 2l
fER &AY el Tordt gE2 AfE &0 =T Hi W ga
T T T R FTEH =JeA 7 e Goxol & 994
mezm o 9 g arel URad sl gyardt 9=, 9 g9
e I ® o SRt I8 shou wel el ot | e 3
2% warn foh eaf TRt o 9Hg wem oS- aieda
Tl g T 9 B © TR S vaTe % fow arg o
TR ST WA T SAavds g9 SYei=d e 81 Irdll
FAEEY I8 qRadd SHAadt @l B a9 Tt
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sfifeeht

(adiabatic) K| % m@mmaﬁ%ﬁfmmﬁ@m
et G o B ©
pV' = feergi
YA A (PV) = 0
PyV' AV + VIAP =0
T TR, TR 11 o o 5o ST Jeareer e

AP
P~y =7
el y 9 #1 q faferse swemiet &1 U

c/C, ® | o: A ® @it =@,

v= /7_13

p

e % G H 36 HYfg ] AT GINEA Fed € |
9 o AT y=7/5, o: 1@ 4 0 STP W a1g |
A H1 AT o 3TheH o foTT THT (15.24) F1

AN L 1 & Bl = BT 1 331.3 m s W Bidl
2, S iy =e @ 9 @ ¢ |

15.5 T ok AN a1 fagia
g faudia feemsti o 7T et |1 a1 TR TH T R
YR T € d A Bl €2 98 3@ Sl TR Uk
& a5 off T TR e Al T Wt 71w,
AT o SR, T Y < au we) 9 e g
21 Tt 15.9 aUeR wd faudid SRl ol < i e
o TH T BT AR T e fefd getar 81 5 w6y
Aferemnfia g & o aRome foeem gers-ge wiai &
FR forera w1 SemiordE A g 21 9 TR
ST TN 1 ALAYUT kT TGl sear 21 59
I o SER, Toish 0% 39 Wb THA il © HHl
TR o foreme T R o ieAw ok orgEd ST ok
Frw faeenfud e € iR If farerm® M @
SBUNCHS: 81 Hehd ©, A2 Toeus sFi foendq
srsrfordta =T g €1 foe 15.9 fafe= wma W
TR T 3ATeRd ST €1 ST ()  faei gume W
2 < : Sl T o HROT YU -YUh I T
Tk TN & I TR R <@ 9 T foig W
el e v 21

IR o fagia &1 TRE €9 § =9d 3 &
faw, AR «fST y, (0, O T y, (x, O A9 ok fohet

(15.24)

gl o oo €, S 4fe T STeT-3TerT T Hd!
q 39 T9¥d o Bl AR I A fohdl &F H T o
g € IR stfqemfua gidt € @ e fomem y(x, o
BT

yx =y, (x9+y, (x 1 (15.25)

mﬂﬁ 5 (a)v
0123 4 g

% (b)

t=3s

t=4s

m (r)

-

farT 15.9 9aF ©d faudia faeergT et fawita oo 9
THT FAT 51 W5 A () F S TSl &
sffeeargd & I fereeraT glar 2

fg fdt aean o wF & o S IYer At
o YUeh-Yeh a1 Wol w1 AN B B | At A
Tfeefier TN o 9 Wer 39 YR B,

y,=J, x-0t,

qa Aegq | 981 k1 o909 HE 9o 901 B 39
YR e TRl S e,
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y=f, (x-vt) + f, (x—v) + ............ +f (x—vt)

:Zn:fi (x —vt)
i=1

AR & fagia =Aafaetor &t giEeTr &
T 2

W & fau, fed @ifa sk o s ™=
I QT e W R R TR S A W i
I TG o THH B q9 IO T @ e oft
U B 34: T9oh aTesd i gHH B 3! T =
off TaM Brf| 9 SNt o Seh STEm w9H © aen
T x-3187 o eFTeHeh TRu W TE el €1 3 awn o
IR ohael AR el § 81 THIHOT (15.2) o
ITTER T SHT G 1 TH YhR oFed Hd B :

(15.26)

y, (x, ) = a sin (kx - o) (15.27)
Ry, (x O = asin (k- ot +¢) (15.28)

e AR & fagid &1 W FH W, T
foreenoq 29 YRR oHed TR Sl ©

Y (x t) = asin (loc— ot) + asin (kx— ot + ¢ (15.29)

(15.30)

a{Zsin{(kx_wt) +(kx—a)t+¢)}cos ﬂ
2 2

Hﬁ%ﬂﬁ(sinA+sinB)a?mw$W
T 1 A TR B erd:

1], 1
y (x,f)=[2a cosy} sm(kX—wH;(P) (15.31)

THIHIOT (15.31) 98 M © fo qRomet @ o,
x-F8 T ¥ TGS W A Il e @ @
et smafa qen e <A WA FEE g1 R
TR FARK ¢/2 Tl TE@Ul 97 I8 € fH 5@
A T Tk TN o | el ¢ T Hed @

1
A(@P) =2a cos E¢ (15.32)

A =0, AU IH T THE Hea | €,

Yy (¢t) =2 asin (kx- ot) (15.33)

ot IROMH & HT HEW 2a €, S A H
Gofea Wl | Stfuehad B1 ¢ = n o forg, <M aw
gofd: Tk SR G fqadia wensti & et € qen gRor
A T AW G e U I B T

ylx =0 (15.34)
Y y
 ANAC/AN
\/
(a)
y y
—
\/// \\ // \\\ . .
@=Trad
(b)

for7 15.10 SARI90 & fH51d & STAR §°H S
qor RS ard | srgha @l @ gRumEt
a1 TR T T STAH FAR P T 75
Al &1 T8 FAR (a) & 7T 77 & @ (b)
& forg i

YHIHT (15.33) I TN T U SAfTHIT
T T TH FhOT H S AW I W 2| FHIHT
(15.34) & a1 fommeft =afqeror <gtar & ford
RO T | IHT S 1 S B 8 I 15.10
A0 o 37 ] THTOT 1 T © S SRR
fargia =1 afom 2l

15.6 U R TR

s STIar ¥ g0 SIS Aieasl | aUT He’ol &
==l W1 | e S hIE WE el X feRet
IR T | I € 2 9 oiEm g @ @ e
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sfiferant

e o qEfdd g St 21 wfaeafs w1 afee 58
TR | TR T SR 71 AR qiEm gula: 3
&l 7, ereren @8 el < fa=1 g Wi & o
ST %, @ et e e B 31 T ferta &
M AT 1 h® 9N WEfdd 81 Sl 8 92 e 9
TR W W URHA g Sl €1 A g aw | fae
Tt 1 afEm R R smafad g @ @ arf
T H Ol a0 Hed &1 AU Ue STgafid i
W % AUgdd o TRHl 1 UM e §, de
qfad T WEfdd 9 Wedd o W | o
e HT B

for 15.11 foreht arfa SR o6 STfReT T St
e uftEe o wafdd e @ suta 19 7 o
R R STl 1 e TR0 el Bl © o
T hT SAHR € el € S Ul wWE w1 § W
R d $9oh el | 7T A1 180° 1 THelial e &
ST &1 SHeRT R0 7Te § o ufielan gg ® qen aihm
R AR i R faey w1 forermm v g wifew)
AR o fogid & ogER, 98 9t §9a € S«
3afad TE wEfdd al | 7T heliaX 81 dlfeh ot
foreenTo ¥ 811 ¥ ek 3¢ R # uRE gfaay W
anenfid 21 58 9Romm i g9 Tfdewta gfe @ off g
F T T T TR IR W GEAql € A g IR W
Tl AR a1 81 e o AR o o SER Ser

B e
et o
m;:mg
I vl
<

fa 15.11 fdl 5¢ 9RHE T T95 &1 REd)

T W IR H 99 den faen # fauda 9o smifaa
Al B IROMHERsY qUEfdd T8 Scq= Bidl @ e
FHell | T H SR Bl 2
& fau gl w7 @ @ T (S T TR U 0 S
T &ft ¥ W foRelt 8 W A ®9 9 T T FWeh)
ql qUEfdd T9% i el q STEE (AF o e 219 A
?1) oE & S mufad Tg o &1 e uiEE W stfuesma
oo 7 Yo TS o I H1 S T 2 36E
TR T ST A qEY & ge B
e, fret T W o v W R Ge
Rt @ e § 7 el Sc gl § a9 gal
TRET § e § 1 Hed 3= T8l e 21 3
HYA H TOE 9 H S i o fou, A9 iy
Jafad a1 1 39 YR e w ®

y, (x, t) =asin (kx - wt)

T, g UREH ¥ e o fold, Tafdd @@ &i 39
TR e w3 ©,

y, (x, t) = asin (kx + ot + 7)

= —a sin (lx + ot) (15.35)

TRt el aiE T 9 weda o fau, wafda @@
1 3 TFR FEi| w9 ©,

y, x, t) =a sin (kx + ot ) (15.36)

Td: g UREH Wy =y, +y =0 9+t ol
I

15.6.1 TWTH 4 AT GHH= faamd

fusat o9 o g9 T TR W ufEifid e w
forem foran | W et e guRfea feefat € (9
T Fol W 9ferg SR sveran ufifird ervarg w1 arg
Fiem) Fad sgade g = e1fe ™ g 2
I oF o, fordt e/’ | < &R T et 9
T fR ¥ Wafdd e 71 ¥ wEfdd w1 e
feon o T e g R W wEkia e 21 T
YisRa 9 de Feldl wdl @ S a% Sf H T
STaferdt o Ued F = S T a0 e sty
T e 21 U 9 § 38 o i o o,
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X~ H TS feen § T wr fRE 9w qen
X-31& I UM &9 | THT L THH AEH TS
T Al quEfdd a1 W feER I ¢ =0 ok
fore wefeRor (15.2) 3R (15.4) 9
y, [x, t) = asin (kx - wt)
Yy, (x, 1) = asin (kx + wt)
Td, TR0 o FI5Id o FATIR Il IR 0T 39
YR =ad H A R,

ybxt) =y xt+y,xt

= a[sin (kx - wt) + sin (kx + wt)]

guRkfaa e e

sin (A + B) + sin (A - B) = 2 sin A cos B, HT ST
HE

Y (x,t) =2 a sin kx cos ot (15.37)

G (15.37) gR1 Frefud adn et qen wefienon
(15.2) 312 THIHIT (15.4) gR1 F&a a@m o <=

YUl IR W A | GHIHI (15.37) § T Jox T
ot ITEAT-31eT T €, 7 T (loc— wt) & H4SHE &%
w9 H| TH T I @M 2asin kx Bl 3Fd: 390 R/ YeA
¥, oM g fog W e gl € weg SR R T
3agd GUH HIUT TG 0 A STEd HIA W e
AN | T ok fafer= sterrEl o S | e el
Tl g 21 el wol w9 @ fafe= faged w fafu=
ST 9 U & kol H aed il ) auT e T
o 3T 3R 7 T AR 70 Ll B 3Td: 3% AW
wed ¢ foreht fiven feafa w o emam Fiv=d e
? W S vee warn T @ fafae feerfes wosmem
o= i 21 o faigedl W oA v e € S Freig
HEd & e fo fogell W eiferkan e @ 3% weiE
wed 81 Tt 15.12 fooda feemett o o vt < A
o SN & ey YRoTH STgE e Sy 2

AT W 1 G Heequl @&l TE 2
ThT1 ok Srer et Herrfera A <=t = gt o |,
it wfdsy o R, Siietd B 21 feer e
Wew g W Yo TE F Ghal (TR GO

T ~ J ~
t N e NN \//
A
P Y b e,
-~ = A > T~ pd
~~~~~ N N / .
LT ~|l N e

ferT 15.12 fagdia feemsii & 787 3l §1 S7edt aill & STEARIII & Scq=T STFHE a’il| &4 7 T Feast (94 foreema
aret fag) #1 Reefd wet ggal ¥ erafalda wdt 2



388

T T AT § HY) T STHT e i g
Tl gl 1 Tk Ggeed el €1 3 Snghad
1 TeH 1 JEER faem sed €1 o1 71 <A Al ®
TReg frdt aifta S/ o6 o gamm= faen @1 faiRo
Eaull

TR (15.37) § froag &1 feafed  (Sw@r
T I e ) §

sin kx=0
FAd kx = nn, n=0,1,2,3...
+fF k=2n/A%, 3T:

xX=n-=—, n=0,1,2,3... (15.38)

T J1 AT fresl o < w5 gl %‘é‘cﬁ%l

I YR wel i feufaa (Sl emem sifuean e
?) ¥ sin kx 1 HF fekan BiaT ® :
|sin kx| =1

1
M Jox = (n+ S)m. n=0,1.2,3..

TS gt & AE e
15}
venor. n=1,2.3. (15.42)

T YHR T HE o e i w@eias giaar
sreren T foren Tauifta = foen @1 fordht freema =1
JAqH HTfad w@rTaeh g wl e &1 gor faer
T germ gl Fed &1 A IR W afieg L A ok
afa = & fo v=%sﬁwﬂwu5.42)ﬁ
n=17% §Td g1 F&l v HETH o AN T SR T
%1 =Tl €1 n=2 1 e faun 1 fgdia gt wed
2l n=3 o dEI&d gard o et @ 3 gH TR
Al ToTgfET B € | 37 faenet @ Heg egiE b
v (n=1,2,..) giu fafga fear < 2|

o 15.13 ° Al T W ufag @@ e’ o
W ®: Ul < T ¥ |

(a)
T A¥a g
gt

k=2n/h T W A )
LA A A
x=(n+5)5, n=0,1,2, 3... é<><>é (b)
(15.39) N fee o
T q HARE TR o e w1 gl A A
A/2 B B FHIHT (15.38) 1 STEM A A A

A ol W 9t L oo & @i ek
& faq o wed €1 A w W
x=0T A o @ uRdm wfqew g A
x=07Td x=L W 59 gl x=0

(c)
- A R

iy o TEd W Hgfe B B x=L A A A A d)
frrerie wftatr & for e § fo e W <eft Tomgfa
LR 9 7 ver 9 dafua & A N A N A N A
L=n%, n=1,2,3... A A A A A
(15.40) . @
s Lo B e warm A N A N A NTA NTR
qaeEd & ST a@ 9 GRdl 7
e W Freiforfed s gmoww A A A A A A
fean S 2, Ww(ﬂ
. A NN NN N
h=—  n=l2.8. o 15.13 T RRF W wRag @it Skt O S # 9em o

(15.41)

TongfaEr



389

g v el ¢ fop g @ifa e/ & faenet
o 9 fordl faen ¥ oo &) 9m=ae e Sl &
o fafa=t faensti &1 sreamiuo g 21 o faend
31furesh gererd | Saferd & Fehdl € 31 b A Jeordl
Q| foar o arEfaq S o =9 39 fagid  eneia
I &A@ faen gl faun 9 sifuw sfsa € 9 =9
o W TR e @ for SR i forw g W giepa T
T R

319 g0 fordt t8 frhm & Sl ot faensti
AT H T o u o % @ safw a0 faw g
1 ST STl W 9 ol i 1 AfcTeh] 1 91 HicH
T fhTa 1 Tk IS | I Hiew § Sl F DA
At Tt W feae B @ qen gol i W weE g @)
firede W e § aftads stfenan B © Sefe foreemmm
FAAH () B 21 TE fawid ge R W Sl
TR B ¥, <[ <@ URede g © ae faeere
aEm AAfushad e 21 S oh Gk At fR
x=0 oF R g gfqey (It 15.38) #1 w@d:
Tafe gt T1 A 39 o x = L wos & ot TRt
(15.39) @ 7 ufomg feerar 2 f&

[3f

L= |n+= |5, n=o0,1,2 3..
22

g qoTesd Frefated day § fdera e

» = 2L ’
(n+1/2)

n=0,1,2,3... (15.43)

frm =1 gmm faud wnafas smafar 38 yR
e I S @

1\ v
v=(n +§]E’ n=0,1, 2, 3...(15.44)

o faen n=0€ﬁ“<:|’7m%3ﬁ1?4‘6ﬁ LR

S ogfadl qa emaf w1 fawm gt steiq
15 D .
TR g et € |

fos 15.14 T f W g a1 W IR W &g

A Hietd & Horm B faum gt <iar 21 <4 fa

W e UIZY o feIT Yedeh e W W Bl 21 39 YRR
Te W € & I R | gt ag wiem o @t

(a) (b) (c)

X X

Tt

(d) U}

<
<
92

OO X 2
OOOXXX

1

faa 15.14 & RR @ got a1 R R | a5 &t
AY-HIcTH 1 F FAHEI [F4Td) Shefer faym
faerd Tae &

ot S Bt € (I o 15.15) 1 SWie afvia

T, SR T a1 i | Woifed e (ST 14)

IO B HHd B AR 9w e Fee w1 w@nfas

g o SR et § A FeR | 3 S g 2

fordt 1 =t 9RfY ¥ gearye® IRas IR
foreett, 3aTeTone, qact i faeet o Sl S YEER
faenest 1 Freitor go oftdmn o & gro foran smar @
for fooett &1 oify W fog &€ & foig w1 =&
Fl T @ o od &1 g fawnst &
STl w1 ke 3tfush Sifeet wM € | 39 Tue §
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sfiferaht

s

Tt ST TR U

fas 15.15 fordl gor w7 § ST9mHT @ | 9gel aR”
ToTgtEr st T E

T fomedi o o WeRo wiwferd e | e ot se

srafifea difaert ot & |

p 3TTETOT 15.5 IHI O § Gt fREt wew &t
e 30.0cm ® | 1.1 kHz 3794 o Gid g1
39 UEY W1 - [Urgha faen S SR g
Sfoa fovan s @ 2 9 39 o & U fR
sg oY eI Su o #= &9 R ot 35 =g g
IR G Thd & 2 9 H @ # =
330m s! ® |

Ze7: A UEY % hUd @1 el e faud fae
15.15 ¥ < 7 € | ugelt qungh w1 g,

D 1Y)

ZZZE (QEINEIERY
Tl L UEY HI A € | nal [ongha &1 et

v = h=1.2.3.) ( )
nT9L (n=1, 2, 3...) (Gl Tg9

F& L=30.0cm, v=330m s’

Vi

~nx330 ms™

n 2x0.3 m

e € TR 1.1 kHz 90 1 94, 37 51 v,
s steiq fedta Tomafa & Safsa & |

379 A% WY 1 Tk T 1% € o THIROT (15.40)
Y 71g ufomy ko @ fF 3@ W+ 99 e,

D D

== =1L (T TR T &5 =)

TG Y H ohad faum GE i engteat € farmm
Fd T

=550 ns!

"

3v 5v
Vg =—— | Vg =— q1 SE YR 3T .|
374L 0 4L

L=30cm @ v=300m s! & fau, & fR
T &% WY HT G A 275 Hz & 9901 Gid =1 e1gf
=3¢ oM % I 81 S e I W 3 s
o1 Hifaa foen = 7, 314 99 Ui o 19 WEY F TH
0 9% T W HE AR A T8 | <

15.7 fawd

ferede Tl o SATqeRTOT W I Teh U=k UiEEl B
Sd T Gfehe STgfe (WY SR ) @t &
e waf a0 Tk € wET G St © dl ed wHe
gt (I wihe el &1 ofed) gaE < @
g B P IR off GAE a1 21 e waft Y o o
-4 serE SR wgE G 3 © fwent s w1
i Tgfeal o S o aeR et ¢l Siias 39
URERAT 1 ST SO ARl % GHERT § S g1 d
3T T ] I qF GHERE I @A © 59 G ST
e HEl ! His fowdg AR 7 2

Y T 1 T foa=m & faw, g9 S o
U HI G o, T @, T e eaf T w®
R shd € qen gfaen o forg ferfd =i x= 0 @M |
HHIRIT (15.2) ® el 1 Th T4 99 (¢ = 71/2
e T ok fIw) qen aeR 1AW o W gH 9 e
?:

S, =acos otddql s, = acos w,t (15.45)
Tl W T Wdleh y o T W s 1 STEN fHA ©
ifer A Teed 7 fon STyl foeenae 1 o1d Y ©
g mm i o < el § o, o€ S€ 2
AR o fagid o STER, R fazerds i gq
3 TN o % ©

S=s+s,= a(cos o,t +cos a)Zt)

cos A + cos B & guRkfaa fepoifida gewfint
T ST HE TR

(15.46)

s =2acos Mcos @

afe A w, = % qdqr O =——F—
TR (15.46) F 39 GHR forg gahd ©
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ERiMR
ESIIERIECE R
FFR IT|H H
et €, e, 3
WY, @d |
TRIE B el S
F | AT
o Jeear R "
o T feren o
mﬁm ﬁfé wﬁ w1 e ¢ o R 9
THEHM W, AR WM TG o ol @RI,
O e R R < | T Bl s o
o ShU- 3TH SIIATET fohT TT UeeR a1 FeATRerdT,
T 3R &Y o MR W R e )

it & A1 A S dfer 1 g
2: wel goft F T offa ww W wefrw
TR-TUH IO HW ¢, T G T T0T- e
T S W R G YA S HW 2 SR dEd
goft & T T K1, 78 I8 WA 7 S o1 o
T AT S shid 81 oedoR HigY o T gfa
s o 9t o 2

QRIqeTer I & foh oo Hie qugea
el ok IMEhI g HAe Ydreal H aamd Y 9

JeeToR WS qe1 JfWU 9RA H a9 s
T AR (S Tt (e o), A
IR frgeraqey o Hfew) § ohl Tiid-9 em
<91 1 &) fafirsear € SR g o foret oft 9
| 3 = W S

s=[2 acos o, t] cos ot (15.47)
IR |o,- 0, << 0, 0,; 0 >> o, T, T THHT
(15.47) T feheran &, afRomdt a2 sired i
YN, ¥ e FA T SR STAH T

1l IR e B S R U Y e a o g o
@W%Iﬁaﬁcoswbtaﬂﬂﬁ+l3wm—l ‘Eﬁ?ﬂ%
M AfRdd B €1 T v §, gRomd w® w5
o ® 9 2 0, = 0, - 0, ¥ SAR-TTE B B
o=2nv fawg vbeatﬁsﬂwwaﬂﬁ%

Vo = V1=V, (15.48)

11 Hz @ 9 Hz oh 3 Tgf a@ll ¥ 3o faeg
1 UREe o 15.16 IMa1 €1 TROMH T BT A

2Hz &1 3Tgfd W foreug <gifar 21

VIAAANANANNAN

P VAAVATATAVAVAVATAES

(b)

fera 15.16 (a) 11 Hz 3757 &7 TUgfa @i &1 sera
(b) 9 Hz 37gfd &t ongfa @ &1 37erg
(c) W (a) T (b) FT AR T G~
2 Hz 37l %1 faeqe q9rfar 81

b 3STETUT 15.6 T Faari 1 Sifal A 91 B T
T ‘e’ TR ST @ E e W o gl S’ B
o HROT 5 Hz 3G o foea I Y @ ¢ |
T B & @ § 9 gfg & W fawg &l
g Sl 3 Hz @ Wl € | A A 1 s1gfa
427 Hz ®, @ B &1 g1 19fd 3 i |

Ze7 : SR B qE 9@M R STH! HUA Hi Mg 9
St 19 S B w1 HW S (v,) A FT ST (v,)
Y ok &, 79 v, § OR 95 BH R o) w smafa
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el =ifer, wq fowug-smafa § firmee o
| e Az freed frhea @ B v, < v, | I
v,— v, = 5Hz, T v, = 427 Hz, 31d: S B &I A

g v, = 422 Hz “

15.8 Sl T

Te AR I Siad @1 oy © foh We @i @i
T g2 HeH TSt THY R ©, 39 it ok
AR (SAUen Agha) o el Bt Sl @ | 5 g9 e
fa & ferddl eaf-wia o e oA €, 99 gE
et e H1 dRA SFH-Th o ardfae aRe 9
a1fereh Wl eren @1 8 faodid Sie shig Wereh et -
¥ R gl 9T, i Uferd dRe sAf-wid ok Sredfersh
T ¥ A B © | 39 T Heeh et ufterde i
TAER YA wed & | Ed o Hifderfag siem
Torfeaam SfeR = weyem 99 1842 . ® 39 U9 &l
ETfad T | O 1845 T Bie W S1EH ol 3 ST
TR Theror R | Sfer gue T qul-aiEe €,
IE ohadl wa al T AN TE o1, dfcek I8 |t
g gawa oM R ot om] e € 1 fEA, e T=l
had & TN W g fTER w3 |

7 i fafs= afiferfal o smafa o afeds =
fageioor &4 ¢ (1) Yotk R ® wq @ iasha €,
(2) Hereh Tfasiiel @ W Wia fEer ®, e (3) etk ae
Grd <l Tferetier € | Yereh qen "HieA ok sfte wrdet T
T 1o 7 BF o wRon uRfefaEr (1) 9 (2) TR TR
Y =1 € | etfershier T i HeRoT ok oty wresm
TRl Bidt 7; TR oft, ferqa gaanta ol i H=ror
o fau Ay 1 stavgeRdr TE el | afg i Ay
T8, @ 39 I aRfeafal § 9% w1 HiE U T
T o &RV, @R YN Taeidl B SIUEl §d,
SR~ foeen= wqE e @ |

15.8.1 HId Tfavier; Uateh fem

A ki Taon oF Wy ¥ g0 9 uRuret o o & TR
Uereh ¥ G Wt 3 A GATETR 1 36 BH T G
S W foraR #I & S v, A7 Y A 2 ST Jarh Th
T % o feer & forad weam off feer 31 5 <fifsiw
foh IS T, Foreent ATeam oF |e o sTawen fefa
ek R T T HIOT SR @ TN e T, 7,
#9107 | T MG T TR Ui o U9 TH qgTh

T UIET U AT s WredT

S9 god WY W o=ed
4 g A I, =9 T
I FIE TR TR T
R W I ©, o 5
e
frehromn 2 gafee =&t q@
TSt § iRt argAveea
; T % SR B S 2
TROTIEEY 39 WE &
D I aefl 5 9 off 9T ke S 2
eY # 39 I W % g9, 150 °, 399 W F
& o1 I A8 e 81 $E HH <6 T8
&5 TR T AL w2

qRoTHd: = i ST Tl gaT 3=d <9 i
e, = @ o oY T8 H 98 L S hl IR
Jd €1 TH Fed € @ w1 gd fm g
TREfdd eidt & o $Eh! well § 180° 1 R
T S 1 S S gl A Uy o STy
T HT ST SH ThH T IR R

o o fou <", foh <1a 3= T &1 9
o, 9 fR W gge €, 9 0 e @: % fm
Y T TR o1 fauda faen o areg dedt 21 7@t
B9 Fed ¢ foh <@ o fo fhdt wei@ &
Rafdd et 2

S,

I
|
|
|
I
I
|
|
|
I
I
|
I
|
|
L +v.T, |
< N|

v.T, :

I

e 15.17 forrm &1 fefa 5 O W @2 qei& & T v, =T
g wfaeiies %13 @i f6g S, W T TI-1R1er
Seqfra &l 8 | 76t @i O, v,T, 38 9 &
wwEr fag S, @ THU WT-RrEw 3t
AT &
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(detector) %H}EWWW@%WWW—W
(crest) &I fa1 & | ¥99 = 0 W 5 ¥ fag S, W
sTafeer 8 (38 fot 15.17) , i Toh - Fomer sefor
FA T | TH GAT (t=0) T Gid Uik ¥ LT WR |
T8 TT-ToeR Yareh o W " ¢, = (L/v) WU € |
T t= T, R TId 9&7h 1 3R 0, T, T o ol 37N
fog S, W TEa ST & 5wkt Jars o 0 (L+o T) B
fag s, W ¥ wF IR (3W0) T-frer 3@
FA@ T | AT I TR YHE T WA f, W
T R,

N (L + v T,)

t,=T

2 0

THA nT, R HMA (n+1) 3 - ST e
2 S Uk d% 59 T ¢ R wEEd @ 39 39 YRR
A H TR T,

(L + nv.T,)
t =nT + ———2=

n+1 0

37d: 9UT 3aud

|:nT0 N (L + v, T,) £:|
15} 5]
o Yereh k1 GGk n - RmeR firar @ den derw o<
1 et T R sgeR fee w2
1] 1]

T [nTO , L+ ) £],n

v
=T,|1+=

HHIRIOT (15.49) i &9 g o wsi # i for@ wahd
g 1 3% v, eafa & S 9 T Yerw < o form
o gF R 9 T T qen v 9e Ufed egfa © S Wi ok
el e W 7, o Ut emgfa,

-1
v= v0(1+v—5)
v

I T = vH! A H Wi HT = v F HE HH
%ﬁ%ﬂ?w%i—s@ﬁmw&;ﬁﬁﬂw,

(15.49)

(15.50)

IR (15.50) F1 Gfeed; 36 YR for@ god 7,

1)

I Fiq Yarsh i 3R T @I @ v Bl (-v)
Y yfoeenfyd = W e I ¥ ¢

V= vo(l+v—sJ
1%

;W I eA Wi e etk W U W §
9 39 fafa &t qor § Si9 a foum W e, daren
UeTTHd FH G A T S Fid SHBT 3R Ferdl
2 98 a0 1 engha siferss @ 2

15.8.2 W&tk Tfaviter; 9ia feer

afel 39 Teurfd o, ST Hefeh |id %1 AR v, =1el | e
B, qe Gia fom § 81, i Siwer fowems i o= e
o foTe 36 SR €7 9§ 3T a&1 8FT | 3 Tifasiial Yefeh
o e % ° el 3 | 3w R O o Wi qen e
A v, ¥ THT 3T T q T R WA A HY =
v, + v | Tl aftfeafa & St @ somn T o S
1 39 uRfefq § off o W BW 98 U € f ved
T R qe (n+1) F R IR o Yt T WA
o e G AUl 39 WehR oA TRl ST Wehdl ®,

(15.51)

(15.52)

nv o1,

lh=t = nTo_U + D
0

31d:, Y&tk g HT9T A G kT STEd hid

T=T0[1— Yo ]
Uy +U

-1
=T, [1+v—0)
1)

AR o & H T W YRR A R Ghd 7,

1%

D, o
B 7" ST HH *H ¢, 99 S fowemgs o oa

BT, =ITE W&Teh TIfd o 3727l Hid , SFiifeh THieRo (15.53)
qenr Gf-iehe T (15.51) 999 © |

(15.53)
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afiferant

15.8.3 €I a9T U&eh 21 Td9iiet &

3719 &1 SR Y9 oh feTu, Tid qei Yafeh IHi o1 Tfaeiet
IR AT S = Ul | T8al i W& &H Yesh
Y 9 i fem & oeeHes fem " 9 s o
15.18 1 +ifd Hid q= Y&7h A v A v, AT H
Tfefiet €, A HHA (= 0 TR Y&k O, R 72 & S, (O)
1 o1 S B| WIeAW o Wiel feR U Yereh <@ §
o B A v, ST v 7R T e T, Rt o’ Sefsm
FI@ RN (=0 W T Hd TEA W FIRR I
YA F IH THI YWF O, F WA S, W I LT |
79 <feh Vareh TfaRfe 7, THIATT a1 Y Yerh b WE

V—> LV, —>
0O, :O2 S, :82

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1
<———> <———
VT, : LT, :

1 1

fera 15.18 v, 57 @ TfadH Jeie v, el G T i)
T t = 0 R T &1 arefaar #a9: O, a9
S, & 5 Fiq w7 (forer wream & wrder o
v &) 1 B TR Il Far Bl TH
e #h1el % a5 (t=T, ) 9&7% v, T, 0 Fciah?
O, R e &iq v,T, T TaTHT S, W T 7 St
&, S TiT e RIT-RReR Seafstd #ear 2

A (v+0) B | T TS TR YarE W T
t =L/(v+v) R TGI8 | THA ¢ = T, T Terh qe
wrd <A & e T feerfaEl e 0, e S, W
TEH WA ¥ | Ueiw A1 Ed o d= i T g,
0,S, =L+ (v,-v)/T) & | S, T &d T T-ferer
S Y 31 T | T8 TR Yk d | ¢, W
wEud § 9 38 YR = R 1 ehar e,

t,=T, +[L-(v,-v)T]/(v+v)

T n T, T, &4 (n+ 1) 3 T1-Rra 3@fs & 3
T WA ¢, W Yarh W Igaar € 9 59 YR e
F THA ¥,

to =nT,+[L-n (U, + VYT /(L+D,)

3d: WA HAAUA, (¢, -0

1
nT, + [L + n(vs+v0)TO]/(v+v0) -L/(L + UO)

T Ytk n qT- e fia 8 qe Yateh o &1 STadentel
T *ta & f59 =0 day g = foan Sian =

v+ v,

_ [ty

%o+ v,
3Tgfcd o 9_1 | Yveh g1 UfaTd STgfd i 39 TR e
T THd T,

v+ Uy
vV = VO
L+ Vg

SR [ S e s el el sen e 1
Teh Aigel anh ot &1 A4 {6 98 Whmet & gER 5]
T T G ) waft gAdt ?1 o s sngha gAit?
Tel Fid 31 Yereh ST €1 THM 971 9 9 @ © o1d: engf
T h1g S LT S AR A &l Wrepfaen gt g
S G Sea=T Y @1 B | Afer 1ot shi qeiil o ure @el
I UeTeh UTehfaeh STgia | Afeeh sTghd e o wia
TCIET IThT AR Al € 3R HH g e Ham el
e EE R 2

2 % foh T Y 9 Wid & R a1 eeee
faen et 21 TEferT afk Yerh Gid Y IR = @R Al
v, T AH HAE © Sk A 98 WA S W A @
B v, F AR FOMHF 1 TG AR AR S Farw O
Y Q@ R v, B AH AR © 6 A 9w
O T 3R 31 @1 € q v, FT IF HUTESF €| Hd gRI
IS waf gt femedl & 7o wedt 1 59 @ w
S T Yersh k1 AR ST € SHKI & 9% TYfad

(15.54)

(15.55)
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SIER Y9TE o STAN
e fyvel @t engfEl |, SfeR 99 o RO I oiel Sl 1 STANT, &, Sufy famm,
wiiferert St fafaer &af o fyvel o1 o AqH o fow o S 21 sEeRt SuA gfer T St
o fou off et B fop 1E et iadio @ stfues fa @ @ T&l werE S @

A A 1 eat 1 fogd et O ) Maee U i SR S S 81 /el ©IE
w, fyve g Efdd a0 W Hieh gR! S I Hi Sl 21 I Al 1 e ST
fereanmoe wHEa 2

TATE 1SSl W aIRAMI o ARSI o faw, ¥ ¥ v I oG9 o forg g fafyr s sam
fman <1 ®1 @i Aifdshifag 9 1 9 WA o T SHeRT ST R 2

ST WM TS AT 3R YRR o fafe=t o o 1o Weate w1 A7 i oh foTy SRl S9Am
T T FET o qUEE T T ST Hd € SR HH SFeeR § 38 WAIIIR el Sl ¢ et
G A o TR gaw el € I T ¥ fs WEfda 8 Sl € 97 9 i i 3R 7 ok
ITest & T o v H W YR H ¢, T YU O 799 1 TR off wWied ¥ &<F 9

e T ¥ S e ST € S SRR SAITTH el S ¢l

21 o FR T feufadl | Yae o |y et o
ELl (v+uv) B B

p ISTEUT 15.7 : hlE Uohe 200 m s i =1 &
fordt =1ea Y IR i © | I ma wHE e
1000 Hz ST 1 T IcH1STd hl € | 39 &afq
HT FD 9N AT R TLT FR A o T H
AT ohe 1 AR WEfdd &l S € | (a) @ed
3N Hgfaa et &t egfa, den (b) Tohe gN
HYfd fdeaf i e qiehield it |

7ol : (a) 3@ 99 | Yereh fEeR € e &id Uerh i
3R 200 m s = @ el €, it T o, et
AT (= 330 ms) % WY qOEE € Id: BW TE
HHIEIT (15.50) 1 AN T 7 T FlTehe HiahTor
(15.51) 11 F&1 ik T fer Teg T 3R 9 T
%US$WFN'{(—US)W®HM*HW%H THRTOT
(15.50) ¥

-1
v

v = vo[l——sj
v

= 1000 Hz x [l—

200 ms™ Y
330 ms™

=2540 Hz

(b) = 38 YT § 319 7o | € (TR I8 wfasar
1 Eid ) T Yohe o1 GG=H 37 Toh Gg=eh 72
T (TR I8 TgoA ff FI@ ) T 1 97 0, =0T
v, 1 A &I 21 379 T (Aed) GRS eaf
1 e1gfa v S R e g stereg Mg © | el e
Hd %1 e A v, 1 STAN T HL Fehel | 37z Ve
9 I 9Y=® 51 e &t . emgfa

v+v
vi= vy 0
v

200 ms™'+ 330m s
300m s!

=2540 Hz x [

=4080 Hz
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Ol CORIO R o

10.

11.

|a9r
7k T FoAH® AeAEl H faEe @ geawdt § den 4 e o T o el g g w6l €
aggey a0 3 a6 et ¥ 5 weAm ok %l i1 "eRo i e % e qer W © |
sTgee ¥ 3 dul Bt § N Wem % Hv ae SeRw # fam & efew oM i ¥
FE TR e 9 Bl € S HieAH o Uk fog @ gw fag ae wHA hwdt ©
YT x-feen B e S a1 w1 AT 39 YRR oAed fhE S #-
Y (x ) = asin(kx— ot + ¢)
& a T 1 M, ¢ IO T GE&AT, o HUE G, (kx— ot + ¢) FHeAl, T ¢ Hell-Tadis 326
R el H 7 |
ot gt T k1 qOREd A, SU Rl U@ < suv fageti o e gt o oReR Bk © S feRd
iwmw_;ﬁaqgnﬁ%ﬁ%‘laqmwﬁ%%qa%ﬁmﬁwﬁaquﬁéﬁaﬁaﬁ@éaw
ERER |

freh a1 % Saderer T 1 39 999 g URwifya feran Sar © foed wiemm &1 g stEge S U
T ol H@ B | A€ W KT HIONG AN o § W YRR Harud gar g

2t

)
fordl o T gl v R 1/T & &9 § gRwfoa fohan wmar @ den gt o v engfa & frefated
HaY BT T

T

2

e W W W v=2=2 - 4y
k T

et A S W SgTed @ FT = 39 S o i ¥ Feifd e @ 1wk fedt o § o T @
T S 1 Mew T T T A IE S W SIS 9 HI A,

T
v=[—

U
eFfT qel SReA it ol gt € S S, gei aen 6§ T T "ehd © | Afg TRl wiew o S
AR Ol B G S p € f 3§ WeAW H st q@m & =

oIy F1 B W A W HI A
Y
v=|—
P

et 1@ o, Sfw B = yP 3: =& &1 =@

b= /ﬁ
Yo

7=l y T F J fafre se 1 SR (y= C,/C), p T F AFA qen P W F T

12. 5@ | A1 AME a0 fREl Hegm 9§ T Rl ©, q9 HILHH o [hdl ofede Sl [a€HIdd Uieh q oh



12.

13.

14.

1),

a3 W e 9@ fRd WeEE @ T el ©, 99 HISEH o fhEl sfedd @ faRurd Y 9ul %
o=l 1 SSEITOTTE AN BT © | 39 9O % STEARIGU &7 45T HEd © |

yzifi (x —vt)
i=1

T & S W THT HIA QI SAGhIF I STEARIU o oG o STTAR Hehed Aua A R sAfashor
1 qREET YERE HTdl € | A THE SAEE q qe1 T g ool W el H el ¢ % Sl
el 3 A TR € e § fque € o Sk SAfaeh ol i URUTH T Tehel 0T el € freen st off
I THM BT ©

y(x”)=[2" COS%¢]Sin (lcx— ot +% ¢)

g ¢ = 0 AL 2n 1 YUlieh [UST & ol T TehaH GHM hell H Bl © q¥ SAfqenol FaHl e §; A
¢=n AU nfET w1 fgum S e A aG uwen faula wone ® @t € den oAfaemor fomet
g ® |

fopedt gt R k1 feRelt gg ufEiEn erern W] f W OEd HeA-ScRAT oh WY gl €, W Rl geft
aREH W T WedA fo R shen-uiedT & g ? |

foreht smufad @ & fog
y, (x, §) = a sin (lx - o)
3e a9 wEfdd w1 o fag
y (x 9 = - asin (kx + of)
geil aREm ¥ wEfdd @ & fag
y, (x ) = asin (kx+ ot

ot feemsti § wfqeia < wdam a0 o TR 9 AT G SO Bt & | 3F A W afas af
R § IO T a9 HY 9 TR =ed fRA S ©

Yy (x, ) = [2 asin kX cos ot

Y A BT Tk A IE T foh T vy forend w1 fafvem sraffael 5 frd wed € den
sAfrehay foreemm 1 ffvem srafefaal i wod wed €, Bt € | < HEr el steren < HERT eeRi
o ot gl St €

L e 1 aifa SR S SEl i W uReg @1, fefatea srafaal § e st @€

vV=n— n=1,2 3.
oL

Tl v T H S W THA HT WA & | 3H Gau Y W gl vl G FRE % hU 1o e i
gar= faurd wed ? | Freae ot @ <o w1 faen gor faer sieen gem qunghd dEe ® | n=2
1 e e fGdlT urght wEd €, 3R $E ¥R %A Sedl S € |

L o 1 i el foraer wsh fou o3 den so0 fqu ger @S9 ag-whiew, fefafad smafet @ s
I

veln+l )2 n-01.23..
2 |aL
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IR Feiel g Frefua g 1 e 36 YR o R o <o 1 FaE faud g € | 58 Hey g
n=0 % foq o frerem s U, @, S ¥R o e ge foen st e ot e @

16. <A o @ ufeg L &ai &1 @ifa SR eterel T fR 9 9] 91 g TR W g ag-wiaw A
AR ¥ HIH F@ E 3= 3 FwE H gEeE faud #ed € | T 4 ydw e fee w1 sgaR
rgfa el ? |

17. o995 99 391 B0 & 5 9gd HH SR F1 A G v, T v, F T TF W wYea F W €1 s
AG 39 YhR e 1 W €,

Voeat = V1™ Vo

18. WeAH o WUel waf Wid 7T ek O i Tfd oh SRl feRdt @ i Uferd egfa ® ufterds e sier
ge7d FEA €1 s % fau e emafa i el W w1 e v, & | o fRen S @

U+ U,
V=Vy| ——
U+ U

Tl v WeM | @& A, v, WEH % AN Ve F A a9 v, W % "oe S-S w5
21 39 G H IWEN FC@ GHE, OS & fawn H 9 eFH iR fawda fRen & womenss ferw s

qaTeE A (L] m T @ U R T Al F I FHEO
foigail % o w1 g0
=Rul fodieh Ic [L'] m! k=27’t
T = v [LTY ms’! v=0v\
fereg st Vieut [T s T frehe srafeal #1 steamifua aom
F1 gt 1 3T
fa=moia faua

1. W fordt memm & o %o ) T A € 1 ge oy | et i 9 fr gt € 1 9o ¥ u e
@@gwwa@aﬁﬂﬁwﬁﬂﬁﬁﬁ%|wﬁﬁﬁﬁa@ﬁqﬁwaﬂsdﬁm@w HftAfera
BIAT T |

2. W1 H UH WA W W W % T WFAAd gt € 7 o 5o |

3. TEAg o ey et aFT o SiE ST (IE 9 Ad qe) WA ol oF JTHA o hIRUl Sl
TR B 7 |

4. TR AN H1 HERU heel S WeAH € Gehl § TH S0 FeArerdl ok 81, SIedoned
o9 | SR AN bl STEAH WATRdl YUl i SYEvdehdl Bl €, ofd: A awl |l wremi-oE,
59 den 19 H g9a B €

5. & T agfa w1 fr W eed W @@ § |t Holi 1 S wHH g 7, W R i g
Tra 999 W S w9 Bt © | TR st o o fere fafvea aror o w5 s ket
TAE Bt € W Sk e e g T o




6. foret mem o form &) feafa aret et o @y 39 W § fod AfE w1 * 9« () Fad
HIeAH o Y qe 31 i (S8 FoEH Te) W il @ | 98 eafi-ga o 9 W ek
T w4 |

7. HEAH % WNE v, o § TRA R Yek % fU gers w9 9 @0 B 9t o ¥ fa e € aen
%Wutvo?ﬁél

TS

15.1 2.50 kg S 1 20 cm @sl d1fd S W 200 N el %1 719 2 | 4% 39 SR o Tk ol w1 Sy
ekt e W df S oy fres o9 o T T 9@ o= 2

15.2 300 m Hl WHR & o O fREn T wer $9R o SHR WS qide o 9l I © | A a1y
o e 1 et 340 m s € d TR o ThTA i eAf HIMR o 9 W qeer fiRE o feRet S 9 g
M ? (g=9.8 ms?)

15.3 12.0 m @ ©iel & IR 1§40 2.10 kg € | R 8 o1 fera g1 e aife 39 aR W ot srqwesr
T T =@ 20 °C R I a1g H A & = (343 m s!) F IR 7

15.4 g9 &1 3T Foh W Hite fom ag o =& ®t = =&
(a) @ R AR 7 *A,
(b) 9 % W 9§ S €, 99
(c) & o @Y =g Sl € ?

15.5 9+ 7€ dren § T s fom § i W @ weM y = f(x, ) g Telud s S @ e xoqen ¢
F x - vt AT x + vt FAG y = f(c £ vt) FASH H IHS SN AMEY | 1 3T U oFff g 7 ?
F R T y o FE e 1 e Hieh g8 9disy o g et Wt a i fefua e e €

(@) (x- ovt)?
(b) log [(x+vt)/x)
() 1/(x+v)

15.6 1 9HES 99 § 1000 k Hz 319 i Tsed wafi Scafsiq il € | 478 g8 waf el o 53 ¥ TRl
2, @ (o) WEfdd & qen (b) URHA eaf w1 qOIREd W IS | 9 99 Sl W At Bl = wE:
340 m s! 9¥1 1486 ms! ® |

15.7 Tt oreqael § Saehl § ZHY 1 UG oM o ToIT TUSed TR o1 WA TRAl W ® | SH Sae o
et o weed Tt @ fed eaft 1 W 1.7 km s? € 2 R 1 Y=eF g 4.2 MHz © |

15.8 R S0 W #E SIS ongfd T w1 o

Yylx, ) =3.0sin (36 t+ 0.018 x + n/4)
g foran S @ | Wl x qen y SAier W qen ¢ Wehs W ® | x Bl uAToH® fagn and @ 9} ©
(a) 1 T8 WH a1 T St AW ? I T8 W aG1 © Al SEET = 9o GeLor ki f9m 7§ 2
(b) SEeRT M qU g B 2
(c) ST % HHA THH! IRFTh el F1 € ?
(d) 3@ &1 A HAFE R % fw w e gl e @2

15.9 9% 15.8 § aff[d @0 o fT x =0 cm, 2 cm 91 4 cm o T faemT (y) 3R 999 () & = 16
IifEd HITT | 37 UhT k1 SHTa o1 & 2 o1, Sgfd 1ere shell § © fobdl Weeqeti o wet wn o
ot M T fag W g fag W R 2
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15.10

15.11

15.12

15.13

15.14

15.15

15.16

15.17

T T @
Y (x, t) =2.0 cos 2n (10 t- 0.0080 x + 0.35)
o xdenm y &l m ® q ¢t s § foran o}, o o S Q@ pert foge o sw weir fha € fore

(a) 4m

(b) 0.5m
(c) A/2

31
(d) v

T o W ufeg o aifia S W ey foRdd 1 39 YR o fRal T @
ylx, ) = 0.06 sin (23—nx) cos (120 §)
SEd xqen y i maen ¢t s W foran 7o € 1 3Ed S o A 1.5 m ® e 8fa 3.0 x 102 kg
? | ffafaa s sw G
(a) T€ ol W T el AW w0 W 9 e frefua e © 2
(b) sEe! e faudia fagnsil o T T & AW % AR o ® § HIA U YAE a4 FHI a0,
Sgfa o =1 TG RIS |
(c) S ¥ q99 d HifeT |
(i)¥eT 15.11 # affd Sl W w1 & fau daee & #=0 S & @b f6g 9ue (o) smafq, (b) e,
(C) 3™ ¥ U7 H © ? AT ST I TR HIC |
(i)t fR ¥ 0.375 m R o foig &1 @M fehamn € 2
Fe forelt weareer @ (SR AYEl Sesd) o foreed @i fefud #% Gl x dd % Bor Ky g
& | Tg warsy foh 598 o A (i) FH T R, (i) ST AT B, (i) 3 @ et of @ i @ el
EZoii
() y=2cos (39 sin 10 t
(b) y=2x-vt
(c) y=3sin (5x-0.51) + 4 cos (5x- 0.59)
(d) y=cos xsin t+ cos 2x sin 2t
T gg Il o A= A GR ST g faem H 45 Hz ogf @ %O @l ® | 3@ AR k1 ReAqH

3.5 x 102 kg A1 @ Fo70H T 4.0 x 102 kg m™ 2 | (a) TR T YL T 1 = 41 €, q
(b) IR H & e & 2

T R W gelt don TR R W 9ame fifes @ft 1 m &t Afas, fedt fraa emafa 6 9 (340
Hz 39 1 @i fg9) o @, < A § o9 ®ie™ 25.5 cm 3126 79.3 cm dl @ q6 3
Tl & | WANTIeN % A9 W 9g § A H1 Wiel 1 SMehel RIS | HR-FAE HI TG HH Hhd € |
100 cm &« Eid-8g 94 7 fog W ufeg T | 36 3rqeed S0 &1 gt g 2.53 kHz © | €
¥ ettt = =0 e 2

20 cm @ o UEY 1 TH THU §€ B | 430 Hz g % Hid gR S g K1 shiHE-H qorgfa faen
IR N SISl i Sl € 2 afE 39 Wg o S fo) gol e df off @ 9% 9id 39 uEY % 91 SR
FT ? 9 § A F A 340 m s ® |
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15.18

15.19

15.20

15.21

15.22

15.23

15.24

15.25

foar =1 3 <@l A den B Uk @ ‘W’ @R e W@ E a1 Yo 9gd gF o sRol 6 Hz Sgf o
foreds Seq=1 Y W € | S A 1 T §9 e W faes & egfa et 3 Hz ® Wil © | A A &
el g 324 Hz @ o B &1 g a1 8 2
T KT FA (ST HE)

(a) forelt eaft @ & focers freds <@ wodg ear € SR foomed wedg g Fedg e € 1

(b) sff@ 9 BH W o wHRE eeRYH k1 gl fKon, yhfa den R ghfved #X ok 2

(c) amafed dqen faar & @R 1 engfeal TaM 89 W f & I § S W A 9% Y od €
(d) 9 e den SuEY SFl WK 1 a1 WUU Y FWehd § Welfsh TGl H heel e awdl

& "ula @ gl €, a

(e) URerdt wemy W WERUl oh WA T i AHiA fahd el Sl © |
Iotdl WA o e e W @El $iE el wid 9 § 400 Hz g 1 €l asdt € | (i) ©iewd
R @S Yk o fou wie i Agfa F el Safe WmEt (@) 10 m s Ae ¥ wiew i AR Tfasie
%, 790 (b) 10 m s =Tt ¥ wiewd & S W R ? (i) I & GHON § 5wy W 02 2 w9
¥ @ ®1 9 340 m s FAT |
WyF 1€ ° @ i WEl wid 9 § 400 Hz g 1 @ a1 @ g1 af 10m s =W 9 4
H B H ST A T A § | B % wew W ws R e o e et e
qe W W ? @ g8 feefa derd: s@ feufq o wwew @ fEd 9g wid @ 9o Yes 10 m s =i
Y I 1 AR g W el ? Wid ag § A i Al 340 m s W Hhd © |

IfaRed 31w ™
foredl St W ¢ W g W TH YR ST i T ®
Yy (x, § =7.5sin (0.0050 x+ 12 t + nt/4)

() x=1cmdM t=1s TR fFHH fog &1 fazeare qen e +1 a1 Ja HINC | =0 98 =1 /T F=lo
T A & AR 2

(b) SR o 37 faigetl 1 sraftefa sma wifow foreht ergeer faweme don = Sat € € St x= 1 em
W feord foig &1 g9 t=2s, 55 @M 11 s W T |

1 T HIE i T (IEOnY HA w1 ') meEm § 9S 9 7 | (a) T 39 T H HE e
() smafa, (i) WA, (i) TR0 BT G 2 2 (b) AR T W1 TR UG 20 e © eiq HE u@w
20 s o IYET Yhe o FP AW o foIw sl 7, df el g1 S TR T g (1/20) Hz 219 0.05
Hz®?

8.0 x 107 kg m! s goadM wcd i fohell ofall St o1 U Faw 256 Hz i o faga =ifera @i
st @ W21 ® | S o1 gau fau feed feer foedt o SR Toar gon Rl qen o tore @ W @ S|
W 90 kg % W2 @2k ¥ | ol aren fau Ol eireh Sl @ erEviia # o @ foes wRo gw fm
QY Yl T T SAEH O Bl R | t= 0 W SR o aid R (g et ) x= 0 W sy fager
YA R (y=0) N 98 y HI ¥ Ko & R Maeficl € 1 T H A 5.0 cm T | SR R 39
T H1 AU I a6l STIIRY faRMe y ol x qeN t o ®od & ®9 H fafae |

frdl wigsl @ orEg wE ‘GAR feE 40.0 kHz S99 W YEe Rl @1 HE 9-TAgs
360 km h! =1 ¥ 39 THR i 3R T edl 31 g ¥ el ot i gt o0 82 Sl § eati s
= 1450 m s~ ST |
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15.26 T geall o 9fieR q¥ S i € | T o T, gest oy (S) den eresd (P) <A WK Wi A
H1 IR B Thdl T | S Al kT YAEd WIS T 4.0 km s, @1 P A ki giawd = o
8.0km s! § | ¥ YhU-ofEl fFdl YFT & P 91 S TN ! Rebi€ Far € | Teell PRI Tl S
T T qo § 4 fiFe Ted wEudt € 1 T8 A BT R adl W Y@ | e il ® 9 W6 it fw
qhY Tfed BF A T H A R |

15.27 % 9GS e TH § BESHSM g WHA af 3= Hid €U 3¢ W ¢ | A elfSe THIES g
Seafsid WigeA i i g 40 kHz € | fordlt Sam &1 3R €t dig 9ug1 Ra 999 SEee i e
w1 H = H 0.03 TH T | THIEE g A T AR ¥ Walia e w1 smafa @ € 2



