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15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8

ST g <A q
TE N H fazenus wey
T T I A

TN oh STeariqor <1 fagid
TN T T

fores

TR g9Eg

fommot= fau
St
AfaRaa A=
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15.1 ¥fHehm
frsa steama o g0 U@ el &1 1fd & R # e7ead fhan St ekt
T YA 21 A g e g WehR o fyuel o 9 ©, 9 39 e
o 1 B2 Uk SoHM g I 6 R ok R R ST 2
T YR o A9 | YR 96 WIEAH o Aol Bl TH-TR G 9y
T € foraeh ot fondt U 19 &1 71 TR 319 1 71 s geferd
A 21 AME 3T Tk DI shehg i ToHET dresl o I 51 9 i 9
fiwrd, <t STt =1 g3 faeqed e San @ | 7 faeiiy fordl w T q
& Hifira T Tear, SR Uk I o SR SR 1 iR GHid Bl 2l
g 3T 3 YR deE H R shehs R @, @t 319 @18 <@ foh
ATl % g3 o o fag W foeiy Seot gan @ a8l @ e faeiy gei
o &9 ¥ digdl 9 Sl i AR A I € | TW Tl godid B © S
faeiy fog @ a1 T a1 ot 3R 70 X @1 71 | Al 31 fagsy g
R T TR T F e R @ 2 A W 3w
TS S-S T W A S M § v e &
fig & @ T TR weq ST fE ¥ $% @ g0 P o e 3
Y 7g YR il @ foF STl 1 SoAAE @ J6i o |1 ol iR
i &l T, 99, Tk Tiaeiel faeliy S 8 Sl § | 36 TN S|
TH SO €, @ et g (W) § 7Ue R W ? | Wy 39 uihan o
(91F) Tk R § T 90 § Yanfed 71 st | arg | 3 gy faay
T T ®9 9 @ 72 <4, AR S S1e0a1 AIgshIh Al gRT & &H STh!
ST I &1 39 YR o Tl o wfawy @ U S goq o et
Jifereh TG ST T o4 o Yele o o & e o Tk T 9
T M q T Fd ¢, T HEAM 2 | 39 A B g9 awl &
foma 7 e1ee T |

T g Uk g @ TR g a% Tl qen et o U Y gee
1 GEROT Al &1 SHRT THES GoR-ds a1 gRI Hehdl o Heeor ) e
1 &1 Aeh (STeia) 1 27ef B 9y eaf al Seq= Al qen e
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3ok GG ! e Hell 1 G BT SEH-FIH U
faf= WehR w1 @7l o HeAW gRI BIAl 1SSl o
fore eaf R ! ey faga Hehdl o &9 | qiafda
foran <11 Tehar @ 8 forega-gaanta a3l <ifa 1 <
SR & ehal &1 JoI Hohd o Hg=H § FH=IqET Tt =R01
ekt %9 H T S 2|

[t TN ! TEROT o U WeAy i STevghdl
T2 Bt | BH S @ fop wehTer 9 fefd § A @
Tohdl & | THE Tehel W19 9 1 i W feod ari @
I YT STAARH I 3TaRel, S eI €9 °
frafa & 2, @ T I g B9 o Ugedl € |

TRt S T2 ST H 3 qU, &4 auT, et
S S g ey A e E
21 g7 geft TN o H=L0l ok foIw wiess w1 SavEehdl
Bt 2, 3 T Hesm o Gafid T8l 81 Wehdl | ST H20]
HeAq o U o Sl o HRU GHI B Il © el
e o gearey it o Felk s 21 faga e g aai
Tdfer f9=1 YR w1 a gt 2 foren fawa o g e
12 ¥ o7 3| faga-gasa ai o Feol o fa
AT HT T ST T&l 8~ Teh1 G=xol Frafa | o
BT B1 Wkt e ¥, X-fohvol geft faga-gasa
fereol 1 Frafa o geft fora-gesia W 1 91, c,
T Bl € e 9§

€c=29,97,92,458 m ! (15.1)

A ehR 1 Tk o a1 B o goA ax % AW o
ST ST 21 9 564 o g, Wi, =2, TRAT] qe
U] S SEeh § oG B | 3 a1 WehTd o selien AR
foaron & yehe Bt 2 foraes fawa o o1y erreft wHamstf
T 9eT | FEfd A U HeheudTcHeh ®9 | it qe foea
SaHT T I qor H Ak orgd €, Ay e
STIART STk TENfiTerT A1 aIga Hi got gferai o qran
ST €; SAEE @ TG 5o T h1 STAN TS
gereelt | feman S @ 1

< 1T T e = i < R, o
U] o fIU SeATeeh e STavash €, 31879 il |

T T 9 B SHRT Shell 920 Fifeed T a0
HiedaTeTss goe gei=r g &, fr ot o 1 1

ST fageioor Teyem Teree Sraredt | fepa T o |
forfy=am T (1629-1695), T& T a0l 3TEsieh
A FB T s difdwfag 8 foes T @ 7 Y
Jifeten! © Garg & | HAHT 9 59 vt o <ol 1 et
T T et 1 Hifden! & v €1 i w1 ifdeRt
o TES AT | YoATE WA H R T STl el
o WY FRT T B T | (@ i@, Fef
HATTE, 919 K Yereer Areadi o IS € 1) 79
Iy H1 AT TH WA 30N g 4 |

o= 15.1 H 20T STTER T TR § g il
! Faee W fo=R IS | 9 39 Tah R &1 A
I THEH Giaehl DI =, A I 9y TR R T
T Tl € | 56 Uieha o1 Bl § 2 FAehreh Wied
T UEEH ST 7Y FreATaree i oars o faenfird gidt
2 | St S HEE TRl M @ Gag €, o1 SuH
T Srere Hdied Bl € SR 39 WehR I8 Wihar STl
Tl S ® | 7Rl faeiy @ e R 9 g 9 guia
Bl W1 ¥, W Y HAMT 1o wrereee i fefd
o 3-SR El oY <o L @dl ® | 08 E
TR IS0 o &Y H {od WM W fauy &1 ferfa
T @t fordl et W faar &y | et o fafa=
M
A
fa7 15.1 T%-3@R 9 Hag FA17a 1 78 | R A &

T i Sl 8 a4 faeity st R ah g
gl 5T @

fes3, wAFT g g7 TH-TW T Fod g € | S
2 fosdl o forelt T R 9§ fordli S5 1 Sied €,
€ AU W e ol 1 YehT a1 € A1 TG IRl
e e e ] e R e e
G AME! 310 & TH W el Wl € |

3T, 379 TH a1g § waf T o Haol R fo=r
F € | S & RIE et T I U iRt eRdl €,
I8 39 WM hl 91 o BIE ¥ &F Il FUIfed T
e 3t @ | Uk WU 3H B & I Ag k
el |, W ST (), TRed Bl § | <1, Wil Tehieh
&t W AR ot g1 €, o7d: HHHT i & i
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zq feafq o o faefiy o sTwAMUE o gy ad’
I B S € | T8l 59 Thaor |, 5l  gferd=, s
T S wifte e foearon & guey ¢ | 4t e
&5 1 difed fhean Sar €, @ 5§ &% o 310 ey
feheteRt THiaerdt & o ST o1 9IE Y © | 39 TN,
el & o S dedl §, S1erel SH e o CHted’
IO 2T ¢ foreh thoreed geadt & o ¢ foter ' 3ea=1
B W1 € | AR HE & ST AR AR R & ki ger
o forferd &1, @ 39 &3 o 9N IR oh 9Rast i a1y
39 & H Yo Hieh fae i THIed &5 i AR
yohel 3 B | 39 YR, Giited s1een foler T &
T W & T SR G F &, ek Fwrwr arg ¥ faeie
1 G0 9 B el € |

Sl o off gl o wgw ek feam W wWeRen © |
fortectia S|l o TXHTY] STET WAV oF g STadl
Setehl  oafeerd gid & | 39, Je TRAm] St
TRV 1 YE, 379 R 3TR o TAET §R STRifad
Il o RO, TR § el 7 | A% o1 qReme
1 feoR T U forelt We aem] 1 fereentia foran e,
al ik SE YR S TR HEET o WOl W oo, 39
feerfa o off Tk oA et Sea B W ® | o B
St (lattice) o WA i i fagsti =1 wifa
o Gehd € q TH-JEAl & = FHAET ol 7=
Thd B |

379 BH 39 STEAT o 3TTel STI9RT | a7l ok fafq=
stfemerforen TN St == R |

15.2 STTYE a9 3Taed avdf

TH S & o 250k Tl <R 1 71T o A& o S2eh St
T 21 AR AT o Tk T 1 7 b 0 o wleaq
et Y € ol UE AT hi B ST o shed €1 Afg
TIE7H oF F2eh T 1 T i faem o 1T S id
&l a1 o o< a1 % ®Y H S Sl 2

fot 15.2 el 0 % e U 49 wE
Tfa = fe@mn ™ @ 59 Sl % T 9N Sw-AE
ek o W1 SO el T B AR T% R ST
o =R e e A A S S A
TEo ¥ RS § T T STAHT B WM 37 TR R

R —p

|,

fera 15.2 579 fondl arfd SR 373197 (x- 378) Tl Tahel
g feiier giar & df SRt @1 HIE glaeyl
T FR-A4 (y-378) TIeiT Bl & |

TR TS ok I okl SR e ST ek 21 ol 15.3
o off uEt € we Teufa yefifa &1 T € S shee o
2 T zod @ #1300 S & U R W -
T R Gad A SHEH A e 95 Ry o ®© 2

y

.

fera 15.3 ol SRT & sr3faer 9fya iE sierd (Srasie)
TR STIIEY TR T T BT 81 T o &1 o
SR 7 FIE FHIEYT STaed @ &1 TET 99 &
T ST TSR o GTdeT e el gl

T R 9 SR H 39 fasny 1 qikony 3ud yurdt
ST I T B © | QT € g o wress o stere
U A G o 32T Sl shid € Sfefeh g
e T 39 HERd et #1 Srer Sl | o w5 i
1 e o oieed §, o1 I8 STueY a7 1 T S0
3l

&Y fordt 01 W 2 TR 9§ faaR X 9d 21 8H
fordt fafyaa FTa-e1or W e § @ 1 fasor
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Hohd B | SHE BH TREl Shiei- 8707 T a0 i SAh(d Tiet
St we o= faft adn st foedt o fage R faer
FHTT € N g9 A1 e e ok Rt Ffyea ereea
T Shigd L T THA o WY 39k ol il 3|
51 15.4 W e ql o Herd WIH S LAt
T = feafa yafela =1 T €1 o ¥ R fwE o9 Ry
o Tk T W T e o 21 iR &l T ar 3iee
1 3 Heheld SR L aeY &1 3R Ei=d 9§ e

fora 15.4 e &t $F-1s fd HUH ag & w[/T 76t
q eaf7 @ I FT A € 1 b arg-srEaa
& Sl T Ty T 90 o qEid €, od: a8
3R W E

(=9 T) A foRe™ (< o) 1 TR I @
S| afg e st 27T FT AR Yohed q 98T i
3TR @i o1 ¥ Had qei STadl (SAesha) 2 @t Th
TS T ICq=T SR i U1SY ohl lalTg o TR 9
H T | T T G T8 SR qT 1 SR B
W GG € i 98 e % U fag ° T fag
T T hcll © | ST ok Tt s T €, e 54 e
T FEfd et &, T T e 81 Sarewond, fRet e
¥ S i ol w9 § T E ¢ W, R o W
¥ fasny fd *xd & 7 fF 9of w9 9 Sl 3@ IR,
o (ST T qUT €9 | () q1 LAl T H Th AL
T AMfeU— a1 auT ¥ faeiy (6 =@ |) &1 9y
H TR0 BT € 91g e Ul 90 I T R 7

Tk a0 qEA o oAy urd g Hea 2
TR T B HIL7H oh 319 Xl i fS9n oF iered
T L B o smepta | afterds gian @ ererfd wean
o Ycdeh S1age | STawqu] faekia gidl 81 S|l T SiiEl

H qEqUl TOTh BT © NUid I TuETsh el
HFeTaTer =hY Tehd B | TRl T 101 1S SHR el Brl
2 SEfTT @Xel ST Hfdee 1 Sfadrer T8t T Fehd
#1 31a: oTeY TGl 3w Sl (qee o) o gd
& UG el | T =, SiE e a¥ell <l H ST
ATl T[Tk BT & 3teid 3 Geite ferpfa o1 yfarer
T TR F1 5 o e we fEh (T) @
Geifd €, 3 3Gl e a¥ell S § FeRoT FR Gehd! 2l
37d: LA &l B8 (TT9H AIEI0T TN ST TeAreera
TR ST BT ) H TR de ST S YRR 1
T TR B Wehdl €1 TR 91g | shedl <A qE
T (waf) 1 G G9e B1 v 2id #1589
reAm SR Ud S S YRR Wi a3l HeEia
Bt € df ST =Tt f9 81 gt @ =it S e
oAl TOTeh o hereEy

> IQTEYOT 15.1 < O A o F5 IZE0 KT

T €, g fafq § g way fe e o i

ST ®, e © el QI 1 HASH ®

(a) ford @et Fefaa wAm o T R o &
3R fazenfyq & W 39 HAM &1 fmdt
faym (d39) =t fa |

(b) 5@ ¥ W frdt faferex o swer feq =1
M-I ek faferel § a1 aX |

(c) STt oF T3 W Fetd! Hieare g 3eq—1 a3 |

(d) Twdt e e fored g arg o Sea=
THA T |

gcl

(a) 3TITA

(b) sed

(c) STIIEY ael eesd

(d) e <

15.3 WITH X W fawemoer weer

foret wmet @ ok wifordre faeror o fow, w9 feufa x
TN T S o TRE e i STeRgeRdl Bl Bl Yo
&0 T € He a1 ! SH &0 W ki whi foawor <
BT & S gE v flofa W TE o 9 feafd o arem
T e o1 T oh1 TereroT oft Za1 1 At & fordht et
T T (U T T fae 15,3 H S T R) o6 o
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afifereht

1 Hed € ol Tor e Ther 9t sk B wie) gfeen
o o 29 fonelt ST o0 W foer s fore afs wrew
o fordl tara =t feafa &l x frefia o @ e/eaa &t
e feafa 9 foxrm &1 y 9 fefug e g e
eI WH T 1 qe T B9 F ailg s ©
yx t) =asin (kx- ot + ¢) (15.2)
I FTH % iUk H UK ¢ KT Aewd ¢ R e
S SR A Bl o g FAeH W foEn w ®
g
ylx, t) = A sin (kx - ot) + B cos (lkx - ot)
Ta FHIIT (15.2) T (15.3) §

a= A% B> T ¢=tan’ (%}
G (15.2) T SATEhH T W a0 FHefid s @
g T ok o frelt ffvea &, 7m ofifSe t=¢,
R foeR #l @ T (15.2) § S HeH 1 HIiE
(Fox + TEoriR) BRI 27d: X &1 TR (Tt ff¥era eor
W) xoh e o B < 9 81 6w, TRt fifvea
TRl xe = x, W T sd 7o FefteR (15.2) | <20 e
1 HIF Teh Tk —ot 21 31: fht fafvea feofd w
faeeITe y 999 o WY SAEEE w9 4 uiafid g gl
areta, fafi= frefaal w Arem o staga @e stad Tifd
FW T S T R S ¢ 9 "edl 2, xS 7 R
YTk o B 9 9 Jox -t + ¢ T A TR Tl
3T FHIRT (15.2) x - 318 o gcTeh TS9N & o
A (ed) T Freftd e 81 g6eh foadd, wer

ylx, t) = asin (kx + ot + ¢) (15.4)
X-3181 TRl FOTcHe fEeT oF ST Thaeiiel auT o fefua
T € | T 15.5 et (15.2) o fafe=1 ifaes
TR o AT S © O B9 ofe aRea

(15.3)

ylx.t : feafq x don w99 t & FoM oF ®U H
foreem=

a I Ee i k™

® ;T ST 0T g

k ;IO T e

kx-ot+¢ : IRFIH He HO (a+x= 0, t=0)

fara 15.5 QE1H07 (15.2) & 9AF 9@l &1 R

fo1 15.6 TH e W Ui o= 7l o fag
GHIHTOT (15.2) ok 3MTerd 391ian &1 et a¥n o stferemam
eTeHeh TareeTa are foig 1 3itd shed @ qen fershan
U Tareent aret fefg o1 7T sed €1 78 3@ &
foru for 1E a0 o TIfd et @ 79 oY W e shfed
L Hhd § IR R < o = e oo o Wy
T wear 21 fos 9 59 oY W s () 9wl T
21 3 YRR B9 e o foret Ffvea fefa, 7 <fifse

ferar 15.6 1377 Tl | X-3787 1 &rca 1597 & STga9r
Tfeier &g STradl aXT

x 3187 oF A fag W Rl saga &1 1fd W fa=ar &
Tohd €1 T4 T W 3 fag (o) © gurfan wn 1 fo
15.6 o 3Tei@ <9id & o ot foig w3 faig (o) T
o 1 STt &9 G T FHl 21 SFfd, 961 % T ok
ey A fag W fEa %01 Aot g feafa o6 amia:
T w71 I8 TRt o fearfa o o o forg o
T 1 70 I8 ff 3ud ® R oo g9 o 2 feg (o)
Tk o0 e kil € Sad | v uw fAfved @ wa
o 2
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o3 15.6 o 3Tl oh 3MYR W 37 89 HHIH
(15.2) =1 fafy= ofe=i =t aftafog =0

15.3.1 3TIH qUT hell

GO (15.2) ¥, Ffh S w61 AE +1 71 -1
o o= ufafda e €, e y (0 #1 JE g aen
—a%h &= qfEfdd e 21 80 9% q i e 3TeR
T A AR BT IS F TE B T T o TR
fordht oo 1 oae Ty feafq @ eifueran fomemm
Tyitan B1 M < fop foeemae y eFTees o SRomeAs §
kel © g o U €1 okl T R 37 HEd B

THIRTOT (15.2) o HI0TH I AR (lox — ot + ¢)
T T T el Fed 21 KA gu 3@ a ok forg, fonedt
Teufqd Td 99 W Tell a1 1 Tz fHuiia s
BT x =0T ¢ =0 Wehell ¢ | 37 ¢ hi SARAH
Hell B0 FHE T x- 34 R qA fog qo AR aqor
1 29 YR T Hed & G9a Bl € foF ¢ = 0 | 37
FHEIT (15.2) B ¢ = 0 TF T AT HT HIE 2
T eI 2l

15.3.2 TR q9T T qOT &I

A el o <1 fagati o sie &1 =g g ol aresd
HEd ¢ 3R 30 gEeE: A 9 <wid €1 gleen o fog
TH GAM el aret fagati sl o =1 7d o Tehd &) ad
G 3 wunT ISl steEn T o e # d R
THERIT (15.2) H ¢ = 0TH W, t= 0 W fomd= gmm

ylx, 0) = asin kx (15.5)
Tfeh 0T H 277 ¥ Tedd GREdd W A Herd 1 JE
e WA R

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

rerfe fagati xaen x+2%ﬂaqm%|wq=r T B § —

Tl n=1,2,3, ..... | GAH foremm & 3 gu ao w
ot feigedt oF e <A g n= 1 F W W B 21 A
da fean e & g

2 2w
A== k=22

Ko T

Jcoh! WeRUT TeRian 31era SRITTHT TR G& $8d © |

sqehT SI T Yfead ufd Hie 37 @l rad m! B I*

(15.6)

15.3.3 3TadehTe, VT ATgra qer g

foa 15.7 § U SEHE erd fT@rn ™ gl 9
e fifye &1 W q o1 SR T8l Swidn § afe
ey o Tk 99 (fhdt ffvem feafa ) =1 a5
o qre foemaa wiar 21 gfaen & fow em g
(15.2) H ¢=0 oid & 3N 1aFe (qH ST x=0 )
I TG W A A 8| 9 eH U Bl ©

y (0,9 a sin (-ot)

—a sin ot

fora 15.7 59 @7 €’ § G oRd € at fet ffvea frafa
W SRT %7 37999 M a @ THT & G1Y 5T
F Bl

TN o A 1 3T 1l SR o TRl e
SR U Ol e H for T wwa #) sty

—asin ot = —a sin o(t+ 1)
= —a sin (ot+ wT)
<ffeh S et e 2 10 T RGN HLT €,

2
@T =2, A o :Tﬂ (15.7)

o T T FT I SR Fed © | STHT SI AH

oo wid Yehe el rad s €| el o &1 g
v 9fd Sehe el wt "Eem €1 e:

0]
= (15.8)

1
V=T =

*78l 9 rad I BIE Fehd € X HAH HI hadd m' ¥ F B Hehd & 3, k, TR oG H GHI Hehe Al a7l B HEA
Fon W N HH W W e arefl m™ SI 7EE § w9 At af 2



380

v &l &S (Hz) o 99d 2l
Stda w=l H wed & fRe el & srfRw
TIfeefter a1 steren STy q¥ i weol e w R |
e a0 | WA o TRl ereEe H T GeRr i
feon o "W feremod g ® | e (15.2)
H forelt ergeed @ & forg foRemme we W YR
foran S 2,
slx, ) = a sin (kx— ot + ¢) (15.9)
Tl s(x, ) Feafd x don w9g ¢ W e o fed
e 1 T HEO 1 faen o faeend € 1w
(15.9) | q foreeme s 21 &= qeft TR oF =@t ared
& i ST T % YR | & | el Th € AR © TR
foRem™ weM y(x, § o WH R Hed s (x, o foram
2l
b 3QTEYT 15.2 ; TRdt SR o SRS TR Lt
T 1 el 39 yehR e e €,
ylx, 1) = 0.005 sin (80.0 x— 3.0 )
el e i SI weh! | © (0.005 m,
80.0 rad/m Tl 3.0 rad/s)l a7 T
(a) 3™, (b) WA (¢) Naddha T
T EhRield wHifST | g x = 30.0 cm d
THY t=20s W 0 &1 faeemq y ot qfiwfed
IfSTT |
go7 39 faxemm &1 ga ST (15.2) ¥ i W
Y (x, t) = asin (kx- o)
e frfofad 99 9 8 €,
(a) T &1 3FH = 0.005 m =5 mm
(b) A T F&A = 80.0 m! T HIvF A
w=30s"!
e BH GHIH (15.6) % g aUTeEd A 99l k
T gay foed ©
21

7»:7

2n
80.0 m™!
= 7.85cm
(¢) o9 &9 7= fSu U T aen o § daY gR1 T 1
M 6 w0 €,

T = 2n/w
2n
T 305!
= 2.09s
319 dfeh g v=1/T
=0.48 Hz

T x=30.0 cm A FHI t= 20 s T forwemed

y = 0.00bmsin 80.0 0.3 3.0 20
0.005m sin (<36 + 12x) = (0.005 m) sin (1.699)
(0.005 m) sin (97°) ~ 5 mm <

15.4 WHT TR i =T

fordt wmt @ &1 = fefud FE % faw g @
o forelt fog (TRl shem IV gR0 SATAfed) W 2
Hixd H T T @R & € fR I fog wmg & Wy
fohE TRE T YAl €1 AT ok I i A W A 3
gfeerstes el 21 o 15.8 # <1 fafe=r wwai, fomen
w9 A ¢ 1 Y TEA SHAe €, W AT 1 SR 9
T R HEE AT YA € SR (X318 1 eACHS
o) Ax T o B aredd |, % () g g
IS THF At H T A x T B 3T YRR 9 HY A
Ax/At B ot 7= el o1et foig W off 39 @ ()
W Wehd B1 I IE AT v W T HAM (ST A
Yed eaftafda F&f @) | @ W fee fHfyea wen
fifg 1 T 1 feon w2

kx — ot = THadiR (15.10)

3q: W9 TH ( SEerdl €, d Ffvea e fag w1 fefa
x 39 YR werdl § foh el shive 3R @I 37d:

kx — ot = k (x+tAx)-o(t + At)
a0 KAx—-wAt=0
Ax, At T 3TIqH AH o4 W

dx_ﬁ_

TR (15.11)
O T H AL ke T )\ Y Fad & ™ &8 W e
v—@—iv—i 5.12
ok T (15.12)

TR (15.12) Gt Tt O o fau uw =
a9 ¢| I dardt © o "o o fordt ofewe & w
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9ot Srer e H @ U e aesd o seR g
F B e T ferdt =it w w5 =
e o Seetd O (SR o fo e gerE
e, WA SoAHM e ) qe gere o (e
el o faq I Yowemn Toleh/STIEq0 T[0T,
I IRl T[T ) 5 Fifa i 21 A =t
it sear 21 e SR (15.2) T fHive=a =
o foIq Tesd @i ergfa 1 Hew a2 Ak H,
ST YTl S S e €, W § Sy qel See
T A HHe B A SR T el SE HIEAH § S-S
FNM| 36 1A o STadl SUMFN H Fw WieA AlfAh
T FT = o faw g9 fafdre =Iee g w3

y

A

AX t+At

/7&“( [/
/I e

twarrr 0

o7 15.8 999 t T t+At aF f&d 3gfd @7 F7T T,
STl At Y GHT S 81 W U2 qaE w9
T 3 IR TFIaRa g1 ST 81 aXT &1 v (7
fAfs=rd ser aren #ig SR fag) 999 At 7
Ax THT FT &

» X

15.4.1 aFd ST WX 3URY T it =1el

frdl = @ FT = fosy oF wRUT AWeEE H
I YT ot 3 SIS O (FHAM S) N
fruifd gt 21 <Tel 9oH wRE W SAE €I G qe
TR FNH G Fiao™ 9 9§ Feiterd gt 21 e e
R T o AU Yo 9d S’ ¥ 996 T Y8H &l
21 39 Hed ¥ Sigelt 7 a5 w2 S
TR o SFAM m S IHh! Tark [ 9 faaiem &6 )
U BIaT 1 e o Tfas FEEl s STE wieh
fRdT S W T &l =1 o fag Jened g3 ura foman
S Gehdl © T I8 ScA 39 &Ik shi HT o o
21 31d: BH e faveio &1 Syam %311 W ¥4 T8
ST 9h © T et farfia faweioor @ gened g7 ==t
e B Hehel 1 3 fafy o wra Wey o feeie wedt
ATY=ad @t 81wt T [ML] & 921 T 1 &
1, safd [MLT?] 21 &% @ fameit #1 39 7R
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fordt T& T W WE AT WeROT
frdt = W T

T T HEROT AT LW
M W <@ Fehd
g1 MY TH g
IRE ¥ 39 T
1 e g ot
3@ Whd © IR
TR TEA o i
T ot R G
21 3Eoh Ty 9! 1 9 3 cm =19 o T &,
T Rl AN P 9RI 1 STETFHA ENlI AT TE
AT SO e § off Y Hehd € SR FETee
T

1 93 cm ™ &1 dst T eAifore) feey
FAMR A1 JARTIET o STHEA-GH i e |
Tl g TIHT ST Th F90 TH g © 9 H
e AT 3R TR R 61 9 o1l g% § TeIR
F 3 WHE 9R (1 ¥ 5kg) dewhrd| Fari &
= w3 9 5 WX B Gl Bl T T
ST 3R T & Th T o 919 39 W ER 9
TER HIY| 399 T W TH g a4 it fR
39 W W R T SO o9 39 W R T
SRR WA BT g W Wehdl &1 3T S
e 3R WA TIE hi Hearsd s Fay ot Sie
Hehd €| TS o TG B ¥ U8l 39 3Hoh 4
T TEdA BId 2@ HWehd © | Teh wigere (fenm
wEt) 1 TR & Y w5 G R & g
FER &t g % T B o T9A A hY Hehd
g ol 5T 9% 9 & UM HT GHA B
THH! gl HHIRWOT (15.14) SN 9 "H H
Al

T & fndt Tl o o el wnfere o o
e & off 2 1 g 3 59 e § R qg w6
i THTE THHH FH TH F HRU 39 W TS H
3T A T W gEeh A7 1 ol | I AU
Bl 81 W W T H1 O HH BH o HRO
T @1 S Ghel © 3N SEfTT Aroe gfeereiten
3R w5 2
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afifereht

HAIfSa w1 ® foF e 1 famn (LT 9 8 8w
A W 3@ Hehd § o oUW T/u W e o @

[MLT ]
[ML™]
Iq:, AR T aen p & wiHien ifqes ufvmi €

u=C\/Z
7,
Sl ¢ famelR fens 2, 9 fodi favawo gm

fuifd e T € | ard o genef g3 o ¢
E 121 3: aifad SR § 9 ol & =

=[]

(15.13)

v= |—

P (15.14)

& S for =t v J1ea| o O T 3R p (T S8l
I o HROT AT SR T SATHANT B) W a1 i
qaTeEd A1 g W T R T S g1 e i
Fenetl H Yy U M % 9R H uen fSHeR! =
g § st e €1 T BRI A Tl v I a2 i
agfa faeiisr o g o ek sear 21 wremm o freh
fafvea =@ qen smafa o faw, TRt (15.12)
e w1 el w2

2=t

v

(15.15)

> 3STEIUT 15.3 : 0.72 m s fmdl Eiel & ar &
%9 5.010°kg € | 4% 9R R a9 60N ®,
Al AN W Y T i Ee e 2

Zc7: AR i Gfd Tehlsh oiaTe ol SoadH

_5.Ox10'3kg
0.72 m
= 6.910% kg m
qaqd, T=60N

TR R STIEY T i =1,

T _ | 60 N
i \6.9x10°kgm

L=

T=93ms! <«

15.4.2 TS T @t oA - a1 ol e
fopet ereed T & WieAw o STeEeE q WO e
o ot feorfd o -0 <o W € | 89 e o
@ oh € fop wafa ol a1g o @Y - sEgE o
el qen fateri o ®9 | THT A B | G
fomfa o ufdaa &1 faRor &W et g ore
qeqq 1 A FAEeal ol 8 5l 36 YRR
afefiE 3 €

AP

B=-3vw (15.16)

&l T § URedd A P 3 fobid AV/ VSa=
3l &1 B &1 fomn o€l ® S g 1 € R SI A
o 2H kel (Pa) | =¥k Hid §1 AT o HeROl oh
fore WG Sieeia 07 5HmE e p @ et fam
[ML?] & | &9 3T 9 <@ Gehd € fop Tl B/p
'ﬁrr?d?ﬂ%!m%:

ML T7?]
ML7]

oa:, afe B qen p € wrHfies ifes wiveEr €

v=C\/%

7@ ¢ T fegw T 9 fardfa favevo g fawifa

FE G9G T8l ¢l g 3 9 C=1 U B ¢ | o7

fereht Hieem | e a3l i =l o forg =k o R
B

- 15.19
0 ( )

et S Bg W W9 qeAw o faw, mg o
reelta JER A0 e € SR g ©g H1 ohael Seed
forpfar T forem s o1 STavgRdl Bl 81 39 Yl
o, Ui Jemerdn unish ‘= unieR’ © TSkt fem
ST~ FeATedl Ul i o B1 56 Wehdol o eI
fardta favavor veet S © ok W wHieh (15.18)
St wrefteRtor yre gt @ e siferifa feeism ¢ g
2 forment 9 Fenef saafq ¥ 1 W B @1 39 YhR
ot S B & eresd w0 & = frefafaa dey
T e 1 Sl 8

Y

V=,
p

=[L* T?] (15.17)

(15.18)

D=

(15.20)
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Tl Y ©€ o Ui 1 AT FeAmedr Ol € | HRof
15.1 # fafg= #wreast # wafa &1 =@ et
T 2

WRUT 15.1 %9 "reml | eafq @t e e

o
arg (0°C) 331
919 (20°C) 343
giferem 965
HEESE] 1284
CG)
S (0°C) 1402
& (20°C) 1482
TYg-STa 1522
3|
Tqfafem 6420
iR (die) 3560
=i 5941
PRIEC 6000
FoohIges TR 54

sal den Sl | At Wi W e qer |
sfrr 81 [ € TR S|l o yeeor W, g =
I ¥ 3rgeed o 1 = 2] SHeR1 HRO1 e © Tk el
9 3Gl ! TG T go o Hdifed s st wied
BI1 B 37 Tk A JTErd] oTleh o /M Sfersh
B4 &1 I8 IO NG | 3T u SAE 2 ) R
Tl 2

forelt T/ o eaf¥ o =ITeT T SThe 89 ey 1H
Gi=ered | X Gehd 2| fordl el T (3@ e
11) & faU @ P, 3G9 V @90 @™ T o A9 ey
39 YHN e TR S B

PV = Nk, T (15.21)
T&T N 79 ¥ TS &1 WA, I, oS i qe
T 79 o1 ohiced § a9 8 | 31a: forel Tardt aftedH
o fau wfe (15.21) 9 &4 Ffafad S8 arw
Bl

VAP + PAV =0

37d: THIFT (15.16) B I8 AW gfaeenfuq & |,
B=P

1A THIRTT (15.19) | forelt el T o ergeed a

T =1,

v=|—
P

39 | I FeuUH e - T@fyq fRaA o, o1a:
T4 =2 1 g ot Fed € |

(15.22)

> ISTETUT 15.4 =2 o §A h1 STANT Hieh TR
q9 TS I@ (STP) W o ¥ =& &l =
FT AT HIWT | T o 1 T H1 FIEH
29.0 10°kg © |

Zo7 : B0 WA @ o fenelt off 99 oF 1 |t 1 STP
W A 22.4 R Bl € | 3G: 9 FT STP R
el

1 Al 9 &1 FEAE

Po=
STP W 1 Hidl a1y &1 TaA

29.0x10°kg
22.4x10°m°®
=1.29 kg m3
et T | eafd i =a o fae = o 99
o STIER TH STP R 9 | & o o & fefarad
qH T g 2,

V2
| 101x10°Nm™2 | .
T Tiokgme | MY (1529 <

HHRTOT (15.23) ¥ UKl A § =4t 1 =1et
M, 9RO 15.1 H U 7u g&nn g o a9 § At
1 W16l o HF 331 m s w1 qerl W 15% %A 2l
MfEr &A% el Tordt gE2 A TH <A ®i W ga
T T T Y FTEGH =2 7 e Ho)o1 & 994
meaH ¥ @ ¥ g Tl IReds Sl Suardt 7, 9 g
7 I € foF 31 I% o GEl T ot | o |
g arn fo eaft geRor & v merm o e-uiada
Tat e a9 g ® fop o ware o fau A W
TR ST TEH 1 ATA9T% 99T ST &l 81 Jrdll
ToEa®y Ig URed HHAt el Bld SR Tgrd
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afifereht

(adiabatic) Bk I@mmﬁéﬁmw i W
et ey ) e ®
pV' = feris
FYS A (PV) =0
PYV AV + V'AP=0
T TR, ST T o T T5To SR e o

AP
AV
el ¢ @ F1 <t faferse women w1 erqud
C,/C, B | 3: A ® w@if i =@,

p
e % T | 39 WG I ATCATE GINEA Fad € |
a1 o faq y=7/5, 314: o9 A 89 STP W a1g ¥
231 S} A1 o H o foTu GHIH (15.24) H

TANT L Al A 1 =el 1 JH 331.3 m s I Bl
2, S wiftd =1l @ A @ ©

15.5 TN oF ALARIUT k1 Tagia
T o el T T 4 A T T
UR Y Bl 9 g 82 98 <@l Sl € foh U
o a5 A e U Al S W@t Bl W,
FAfgeTa & SN, a0 Yo <A av e 9 fa= g
21 Tt 15.9 aUeR Wd faudia SRRl arel < o e
o W T I AR T HI feefd guiar 1 v wig
afferemiia gid © o gRome foreema gereh-gereh w1 &
0] feaReeel &1 SS9 g 81 39 YR
e T Wl ALARYUT kT Tgla Heend 21 59
fagid o S8R, Yo% TS 39 YehR 79 hidl © T
T o formE 72 71 ora: WeAm & oreEd Sl %
Frv faeenfua eid € iR = fagerd eMas
A 81 Tehd ©, A< foemas aFi forendq
ST = g 21 fa 15.9 fafr= e W
RN ] S il 21 3Ted (¢) § g g ™
2 ¥ : I T o HROT JUFH-UH Icq e
T TR &I diw W PR R @ T g g foag W
el e 9= 21

STARYYT o TagId i MR €9 ° e H o
faw, AR ST y,(x, O T y, (x, O AeH o6 fRe

ad™ = yP

(15.24)

1Tl o ToenvH €, S FfE T STrT-3TenT TH Hd!
ql 3T Ta¥a o Bl AR I i fopdl & § T wy
g € IR etfqemfua Bl ® A A forer y(x, o
g

y =y, (x9+y,(x1 (15.25)

t=4s

M (r]

fara 15.9 a7 9 faudia fawraT arei fawia e o
THT FHA {1 W] A (o) F A wEl &
sffeeare @ 9= farwery giar 2

Ife foredt mem § ww & aw  stean sifuss
T T H G S Al SR IROTH T w9 A
o Yeh-Yeh a0 el w1 AN B © | AUt 9
Tfefier T % qT Weld 39 YK 2,

y, =S, x-vo,

y, =S, -,

y, =1, (x-vt),

qd HiegH | f9eiy 1 90 w9 9% Had 39
YR =Ed TRl S €,
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y=f, (x-vt) + f,(x-vt) + ............ +f (x—vt)

= ifl (x —vt)
i=1

NI hT fagid Afqwor &t 9RERT &1
T 2

e o fau, fedt aifta e & srfee e
AT I 3T WH R R =R wRA | S aW @
HIoit G o T B qU iU O G e
T B 34: T aesd i GHH €1 SR T =
off T BN A ST o 3ok S "9 € A
A x-318] S HAIHSE Tow W T I 21 T 9 o
I hoel ARWE el | Tl FHO (15.2) R
AR T A TN Bl TH YRR T H ®

(15.26)

y, (x, §) = asin (kx - ol) (15.27)
IRy, (x, 0 = asin (kx- ot + ¢) (15.28)

T AR & fagld &1 T FH W, T
oI 39 YRR o el 9§

Yy (x, 9 = asin (kx— o) + asin (kx— ot + ¢ (15.29)
a|:2sin{(kx_wt)+

qﬁ‘zﬂqﬁ(sinA+sinB)35mWﬁﬁfagm
T3 1 gEm T 21 em:

(kx—a)t+¢)}cosﬂ

5 (15.30)

y (x.t)= {Za cos%d sin (kx—a)t+%¢) (15.31)

THIHIT (15.31) 98 S9Ifen & o afomdt < o,
x-318 1 YA TGS W MEA kIl e @ @
SRt e qen e I aen % §EE §1 W
TR FAR /2 Tl Heaqol q27 98 ¢ fF Tuh
M <A T2k AN o die el ¢ 1 Bl €

A(P)=2a cos%qﬁ (15.32)
I ¢ =0, 1iq S a4 GHH el | ¥,
Yy (xt) =2 asin (kx- o) (15.33)

g RO T wT @ 2a €, S A®
e ol | Stfushad Bl ¢ = n o forQ, <M qw
woid: Tk g faudia ot o gt € qen o
T T AW G e U A el ©

ylx o= (15.34)

y y

e

(b)

far7 15.10 STARI9Y & G519 & ST9aR GaF ST
qoqr WIS e 3 Sgra R BT IR
T GROHT T T STH FHAR @ T 75
T 21 T8 FAR (a) F 78 I & a7 (b)
& forg i

HHRTOT (15.33) I AN T G SAfqHIoT
Tl €1 T WLl | S ST S W § | G
(15.34) < i o1 Tt safqentor <t 2 fores
RO T H SH AW w1 S g @1 5 15.10
fehT0  FeRTl o ST € S AR
fargia =1 afom 21
15.6 T hT UTEAA
Tusdl STIAr § B0 STIRag WA | T HeRol &
== BT | W BT © S IS TE el au TRt
IR T T I € 2 A uiEm 5 € a we
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afifereht

el T WAfdd & Sl {1 giaeaty w1 aftee 58
ufeE & T w1 SR €1 AfE i gl 3g
T €, e o8 fh=dl @ fue wereer wieedl ok i
Hgss 7, i feafa g2 wfea & ot 21 39 feafa o
If T HT hes AT WEfid &1 Sl & A F 9
T WeAw | A g S #1 Af s @ fae
el 1 aRE W ot emafad et @ A gt
T I eTuafdd a0 wed 21 SMufad T sTadfad a<i
A o AUEd o W T e e §, qe
3fad Td WaEfid a1 e o WM e @
e L 2

fea 15.11 forslt @f1a €/ o erfewr o St
e R § Efdd gt o et 81 9 71 o fom
TR R ST Rl e STerior Tl Bl ® | i
AT 1 R & el 8 S 3Mfad g Rl ® Wy
T G 9ok el B 70 A1 180T 1 HelldR Scq— &l
ST B THRT RO T € o qREH 95 B qen qiEm
R | ol R Iy w1 forerdy I B =y
eANIYl & fagid o AR, 78 aft dad ® @
smafad Td wafdd @ | 7T wenaR 8 drfeh afomdt
foreeTo 9= =1 I ok g¢ Seam | afREH widss W
a2 59 IRomm ol eW a3 @ ot W
F Fhd F| 9 T IR R IEAd ¢ A 98 AR W
I SR BT 71 =2 o e F77m o ER R

A e
Y e
m@m%
s el %
e

faT 15.11 49 38 9REHET T W5 &7 Tadl

T W IR ¥ gaE qen feen o fauda 9o amifya
FHTA B| TROTHEEY Qe T4 S Bl 2 et
FeAl § T T SR B
% fore ol w9 W T (SR O <R T O we
g &t § W forelt B W T w9 9 T Y )
ql TEfdd T i el qAq1 3 (WH o ol g9 7
B1) oE & S Arufad =g o 81 7 qREE W sty
e q9 Y% WS % @M HT I A B 5
TR FT IO A Y F1 e G B

e #, T @ o we H e g
R @ Wedd § 7 el Sed= el ® qd Gl
IR | TEdT § g Sl SO Al Bl 21 39
HO I MOT ®Y G e H oh Ty, HE AT
ATafad a8 1 59 YR i w §

y, (x, ) =asin (kx - o)

T, ¢ IREH ¥ Tadq o faw, wafdd @l i 39
R frefia 3 &,

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

= —a sin (kx + ot) (15.35)

et gett aRE ™ ¥ ey o fau, wafid @
1 3 YHR [ w3 2,

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

T 38 UREM Wy =y, +y, =0 ¢t =l
V|

15.6.1 AW o¥3 qem gamr= faeny

TUscl e o 394 T R R IREfHa fea w
foam foan | Wy e e guiifea feufwl @ (59
T TRl W ufteg i ereren qiiHa ermarg w1 Ay
hiem) Ty qwerde < @1 sifen fa W g 2l
LT o Toru, ferdlt S/t § <7 ST T Tl o
T fR ¥ WEfdd e T T Wefdd ®T g
feon & T e g TR 9 wEda e 21 T
Uikl qd T ol Wl € W e SR | U
STaferdt o U 7 & S| U 9 Yed ST
T hedd 21 T & § 29 o S o [og,
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Xx-318 &I oAcAE foen H T At foedt am oqen
X318 1 FHUTHE e # T A THE W T
TS Tl WEfdd @ W faER R 9 =0 %
ferq wefieeor (15.2) 3R (15.4) 9

Yy, (x, t) = asin (kx - ot)

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

Tal, LRI o fagid o TTER e aRomdt @@ 39
TR E H S T,

yt) =y xt)+y, (x b
= a/[sin (kx - ot) + sin (kx + wi)]
guRtfed e aeames

sin (A + B) + sin (A- B) = 2sin A cos B, HT I
FH W

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

TR (15.37) 8N Frefd a1 Yo qen g
(15.2) 3Tel THIHT (15.4) g1 F&fa 9@ o &=

TEEYU SR T & 3| FHRWT (15.37) H T8 Jox T
ot TAT-3TAT ToremA €, 7 6 (ke — ot) & FI5E %
®Y H| TH T I 3EM 2asin kx €1 3Td: 39 0 YeA
o, 3 geeh fag W i erar @ W S 1 T
3TTId AN HI0NT AGH o I 3Tad w9 e
A1 B T ok fefe= sterral o S | g el
T e 21 el ot ®v 9 fafa faget w fafa=
A G T B Fell § qeH wL Bl a0 U 7 d
¢ ST S 7 TE SR T 3l B 3Td: T AT a7
Fed 2| frdt fafvaa feafd w suert omemm fafvea e
? g S T s T © fafee fefaa wosmm
T 2 21 5 foigefl W e 3 & @ 5= freda
wed & a1 f5 fogel W sifskan e @ 5= wwe
whed 21 Tt 15.12 foadia fegmett o o sheedt < o
B AR o oy QR STIH T <9I 21

AT T 1 G Hequl w0 TE ¢ TR
ThTe1 o <o W1 HIfaa aw <A A1 enghaE o ae,
ufelan gfqsier o wRo1, wfEtia e 1 e T
Weg g W e TE F Gehdal & (TTHT g

ferT 15.12 fagda feemsit & 787 F3dt §F Sedt Qi o STEARII T ST STFHE a’il1 €A ] 1o st (9 T
aret fag) &1 Refa gt gaa W sraRalda wdl 2
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T T T Y FY) A TR e wy S
Tl STl 1 Tk e el ¢ 3 Sngrad
1 e 1 wETHr faen wed €1 o1 79 I il
TRag fedt @i S’ o fore g faen &1 fauio
el

gl (15.37) § foog &t feafaai (ST
M Y e ) o

sin kx=0
FAq kx = nn, n=0,1,2,3...
wfeh k=2n/A%, 3:

xX=n—_, n=0,1, 2, 3... (15.38)

2

W:ﬁwﬁ@ﬁﬁaﬁaﬁiﬁgﬁél
I YR wel w1 feufaa (SET s sifuean e
) T sin kxS AE SAHTH B ¢

| sinkx| =1
a:raiqu=(n+%)n, n=0,1,2,3..

k=2n/0 oH W

TR gt o AE g
%)
v=ng-. n= 1,2, 3... (15.42)

T YHR T (T o e Hi w@nefaes engiaar
e g faen fuifta =2 o 21 feelt freem =)
JAqH GHTfad w@rraes Agha &l e &1 ge e
o goH UGl Ed 21 <Al R W qREs L e o
e S S fow v=os S wEE (15.49)
n=17 G 8| F&l v AILAH o AN T A a0
%1 =T €1 n=2 1 e faun 1 fgda gt wed
2l n=3 % TEIE gard O et @ 3R TH YR
et ToTgfEr Bt € | 37 faened @ Heg engfE
v (n=1,2,..) g fafga fear < g

foa 15.13 9 g9 i W Rag aifa e
T B: ONgiEr <wE T E

(@
A AUl g
Tomgta

1 A A § A
x=(n+7)7, n=0,1,2,3.. é<><>é (b)
(15.39) N fielter ot
T Y HEANE FEER o g T gl A A
A/2 B Bl G (15.38) T ST A A A

A fadl W ufeg L e o @ifa i
& faq ot "wed € A T M W
x=0T A o o uREm yfqey g A
x=0Tq x=L W 99 8l x=0

TRy ® TESl § HtE @ 8l x=L A

(c)
K S S5 Lo

) . g (d)
foete wftair o forq steees & o o W St oS
LTesd A9 Fe 9hR § Heifid 8 A N A N A N A

L=n§, n=1, 2, 3... A A A A

(15.40) . ‘(e)

Ad: L e i S W HifHd ANANANANA T
TR H T T 9H gedl ©
e AF efafad §ey g0 9 A A A A A A
ERIES IS @Eﬁ(ﬂ

. A NTR NN NN R i
7”=7’ n=123. forT 15.13 39 G0 W 9Rag a@ifa s’ 4 3o &1 399 :
(15.41) o
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g AEYIH TEl € foh i i ot g faenet
¥ g fedt faun 9 so & ameaen fed Sl &
o fafa= faensti o1 srearmon g 21 oo faurd
Afereh yererar © o & Hehell € 31K D HH Feerdl
W) TR 9 amEfer S o 99 39 fagid w eneifa
g A W@ faen gud faen @ e sufva @ o7 7™
a1 W R wtan @ fom et w1 fore fog W wepa foran
T R

o1 g9 fhdt t8 e o ol it fauneti &1
eI H4 51 Tk T % 7 Saifsh go o gt
21 A9 STt W o vl shiw Y AfART I G Hied
TY fehT BT T SR | 1Y FieH | e H B
aret fel R freds g @ qen g f ) 9es g 2
frede W g/ o qftad sifirehan Bid @ et e
AT (Y) T ¢l 3ok famid ga fR | wEl
TR B €, A <@ qied g € qen fewere
AW AfUehad B €1 Sl o Hueh ool
x=0 o R Froug gfaay (et 15.38) it &@@:
wiqfie Bt 31 A T O x= LR A A
(15.39) ¥ =g yRomm foeherar € T

1\4

L= [}HEJE n=0,1, 2, 3...

o wnee frfafad dey o ufaafaa gri

2L
_(n+1/2), T1=0, 1, 2, 3...

(15.43)

e &) wm faud w@afas gl 39 TR
SFd 1 W

1\ v
v=[n+gjﬂ, n=0,1, 2, 3...(15.44)

Wﬁmn=oéaw%aﬁ?a€4—i%lm
Iea sMgfaal qat egfa &t fawm Tengfaar sreiq

v v .
3—, 5— eonfg =it
4L’ 4L g

o 15.14 T f W ot 91 W M W &7
o1 et o JuH B: T Tonefaal geiar 21 94 fa
W Gl U5 ok foTT Yedeh e O 9EE el ©1 99 YRR
7g o ® fh <Al R W ge o wiem § g

(a) (b) (©)

XX

Tt

(d) (e) )

<
<
<

i

T
fax 15.14 % R 9 go o TR R |/ < 9
Y-FHieH H I FAHE ) sae e
faremd woa 2
o S it ® (3@ o 15.15) 1 SR affa
T, SR We a1 hictd | Yoiifed Se (ST 14)
I B Hehd B 9% STl gt feh ot Teniersh
Mg % SRR et 7 At Fiehr & oFFTE S Bl R

fordlt 9 =1 IRy ¥ Seards IRES JAhR
Terectt, 3TeXoNe, Taet 1 fefeett oh Shudl Sl THM
faenent w1 frefor 3o aftemn wid o grr fepan ST @
o foacett =t ofify W fem & o fog w9 &
F 39 TRE oF U &t gHEr faumst &
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LIC A LKA

T TYET W U

fara 15.15 fordl get 959 4 STmH @A | 9gelt 9R)
gt st T &

< formati ® q@n W= wfwferd g @ | e ot sud

F=fied wifaeht o2l € |

> 3TTEYOT 15.5 A X W o frdt gy &t
o 30.0 cm ® | 1.1 kHz 319 & @id gN
TH WY 1 -Gl OGN {961 B SR 5
SufSm foRan s 2 2 A 39 oy & U fa @
ag Y fan e @ 9= 79 R off 56 ' g)
I GH Whd € ? 9 | @A Hl W
330m s! ® |

ge7: Gl WEY °oh U &t gell g faumd o
15.15 § T T & | weelt [ongta = e,

L 1%

% or (g Ew)
Tgf LY 1 o ® | n o gt # et

v, =2 1.2.3..) ( )
n =50 (n= ) (geTl 9159

F&l L=30.0cm, v=330m s

V1:

Y _ nx330 ms
" 2x0.3 m
T 7 & 1.1 kHz 3T 1 91, SR 517 v,
sgfa e1efq fgdt Tomgfa =1 3afsa &am |
379 A 59 k1 T G <% © T GHIRT (15.40)
T 7g IR feherar € o 5@ URY 1 go ngfa,

v U
Vl ol e

1T AL (T fR W &g 9=)

39 UEY § hadt faum G &1 gt € faeme
B €

=550 ns’!

Z—z, v5=2—L q T YRR ST T...|

L=30cm @ v=300m s! & fau, s f
T <% UIgY 1 Gl G 275 Hz € 91 Wi 1 g
=g T o TETE 81 S T O Wed o S
1 Heiferd faren &Y @, 37 39 Gid o WY TEY 1 TH
a0 98 % W SR GAR T8l | <

15.7 fawd

forede qul o SAfaetol ¥ SO T =k IREE B
S @ Gfehe g (R SReX gl drelt &
e wa a0 Tk € wHE g St § dl g wee
g (A wfehe sl &1 efed) g 2 @
T &8 F9 R ot GE 2 €1 &H eaft it dioar o
R~ w2 I T G <1 @ fooht emgfa @
feehe 3Mgfaal o i o ek Bl €1 a5
REEAT 1 YA T ARl o G § HW gl o
T I3 ! T T THENSH I W©d & 519 qh S0k
T R AT e g A

3G WA I O fad=m & fau, gm < e
U HIUM ST 0, T o, T Sl @l T ®
forem wd © qen gfaen o fog feefd #1 x= 0 91
HHRT (15.2) § el &1 Uk qYfad 91 (¢ = 7/2
sk T o feTl) e aeR STEM o W g9 W B
g

S, =acos otddql s, = acos w,t (15.45)

TE W T Yl y o T W s 1 SYAN fRar @
Fiifen B0 e 7 fon STyl foemae &1 o o ®
g wH i foe < el § o, o€l @€t R
AR o fagid o TaR, gRomr fowerms %1 gn
TH YR T Hd T

s=s+s,=alcos wt+cos ,t)

cosA+cosB¢H¢ﬁﬁlﬁﬁaﬁ'ﬂTﬁ?ﬁ'€lﬂﬁqﬁﬂﬂ
T ST FHH T

V3=

s =2acos (wl —a)z)t cos (wl +a)2)t
B 2 2

(15.46)

— .
TZHW g = ford @

HHIHTT (15.46) 1 36 THR for@ g © :

ﬂﬁ(%‘qwb=wl
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!.“571 e 4 Tohat forem o
i R R B
THSH W, ARATT A Sd o6 Hol -4,
Y, T, W, W, T, A W, S B 81 g sl
o YT ITH SIS fohT T JeeRk aht JeTeeral,
T SR W % R W R w2

Hiitg &l 1 A Ao § sier s dha
3. el S ¥ ¥ sft ww W werfr
TR-FUW eI 3 &, U 40T 2 TMOT-IIe
it & T T 1, T8 IE WA Sl 1 TR
TR ATl S Y €| oo HiS o w9 gfd
e @ 9oft o 2l

e A € R oo | qruesa
el o I g TIqe Iarest § SFar T o

JoearoR. AT qem U IRA H SH hE
T AR (SR wE (e fo), e
R feaT=ge, o HikY) H o Tiia-TeT s
<91 ot 21 fafmean @ ok gfren o frelt off s
¥ I T 9T S|

s=[2 acos w,t] cos ot (15.47)
AR |o,- 0, << 0, 0,; o, >> o, T, T FHHW
(15.47) ¥ frsht feheran &, wftomdt @1 Sfea i
M, ¥ S HA T T THHT AW I

1l 3R T ® S TR U 95 S al o yeheor
B T 5 W cos o, ¢ FT A + 1 @1 -1 B §
T Stfeehad gl 81 TR vl |, aRome @ a5
?ﬁWﬁWﬁlZwb=wl—w2@W—WﬁﬁT%|?ﬂa?
o=2nv fo=g vbeatﬁWWWW%,

v =V -V (15.48)

beat 1 2

11 Hz @ 9 Hz o R g aUT & 30 faoag
1 uftere fo= 15,16 <9rian 21 g 7% 61 S|
2Hz &1 gfa W faedg gt 21

VEAAAAAAAANAD
MIAARRRRNATIATE

(a)
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<
T

Iy VAVAVATAVATAVATAVAE®

(b)

20,
fLor
y 0]
1.0H |:
2.0

ferT 15.16 () 11 Hz 37gfa &t ongfa @i &1 sieEa
(b) 9 Hz 37gfd &t ongfa @ &1 37T
(c) R (a) T (b) HT STEARIGY T Iq~
2 Hz it &7 faeqs gorfr g1

b SQTEYUT 15.6 3 FHaRi =+ Sl A 991 B T
Y o1’ TR ST @l € qen W o e 3 BN
% N 5 Hz g o foeqe Seq=1 ol @I ¢ |
TH B & T@ H 8 g wH W fowg &t
g Sl 3 Hz @ Wl € | af§ A &1 e1gfa
427 Hz ®, @ B 1 Ta1 79 710 HIfeC |

g7 : SR H q9d g W SUR! U ®I TG T8
S 7 1 A S B TS S (v,) A T S (v,)
Y 3k €, 7@ v, ¥ R 9 30 R fouii &1 emafa
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gedl =y, Wg fowus-omgfa d frmee 4§
T | o I frekd fwew @ fF v, < v | T
v,— Vv, = BHz, T v, = 427 Hz, 3d: S B &1 §a

A v, = 422 Hz “

15.8 S T4

Ig TR <fth Sted #1 v § fF v g w@e
TSIt g2 AT el FHY R W 7, 39 G 5
A (e ) o et et Wt € | 5 e w e
Tfa o fREt waf-dia o ke W ®, 99 gE
et waf F1 dR@ sAH-"d o ardfas aRd o
eIk it Bial 81 3ok Toradia el shiS Yersh i i-id
Y g gl W €, A U R eafH-Hid & ot
IRed W HH B B | W T Galt gfa gRiede
TR UWE w8d 8 | ed o difdefag Sed
ToRfe=mT Sfer 4 9auad 91 1842 . H 39 YW@ &l
wedferd foman | O 1845 H elele W = Seil g
Wi wieror femen | SfeR g9E T - i €,
IE Thad e AUl W B AN TEI oidl, afceh a8 q
faga g oM W o @0 e © | oifeRd, 9 Tl
Had & el W g faErR w3 |

7 o fafa= uRfafei o srafa o aftadq @
fageroor i : (1) Yere feeR @ W Wia Tiasie €,
(2) Yereh el @ g Hia fEer ®, 9o (3) etk qe
T S faeiiel € | Yereh qen wie o st we T
T A 7 BN o HR aRfEfE (1) 9 (2) T
Y fu= & | sfersmisr @@ 1 Gewor o fog wer 5
frergeshal gl v ; fthY off, ferega garentar aaail ol wemon
o ToTu Wieam 1 STavgehar 78l Bidl | 9fg hiE Hieaw
TR, @ T A uRfkfae o 9 0 w1 g Sur e
B F HRU, 9% Y& Tfavila § Yl 9,
STeR-faeT THH B © |

15.8.1 Gia Tfaviter; Yeter e

a7 =t T o Wy W g0 g% URurEt o9 o € T
et W W w31 A GTEE &1 379 BH T Hid
S W fomm & € St v, 3 | TEE € SR YEE TH
TS % ¥ feer © e meem off feer 1 9 efifse
o g @, forgent mesm o graet form steen frafa
Tereh SR A T HIVG TG T SedwA T, T,
F 9 0T | BH UEA € TR Ueth o UG U 4w

G UEd W A T aEad

S9 Go 9EY HoSer
g g HI, =9 M@
e hIE TG THh GE
R R o= 7, df s
o 91 i gol | die
feRTeran © gufeTT =Rt <
TSt § iR argevee™
T o SRR B Sl 2
TRUTEEY 39 e o
W 3T arell $ a1y o SR Fehet St 2
29 | 39 fR R &7 I, 29 §, Y SR Hi
D 9 H 9 Gl 21 9 FH 4 HT T8
&9 S 1 3R Tl 2

TR = ST 3R el geT 359 <4
TS, [ <16l oh o1 TS H a5ed L S BT AR
eIl §1 BH hed € foh <@ a1 gol R 9
WEfid eidt # df TR kel H 180° HT AN
1 a1 B WGl S gel St qgd § Sty
AT 1 ST E TehH T TR R

o & fau 3@, ff 59 =9 @ &1 9y
w7, o3 fo | agw 2, A o g € &9 fR
Y TohyeRR a1y faudia e & amqg ofedt #1 Tt
B wed € foh <@ a1 fo fordt e &
oRafda gt 21

L +v T,

o 15.17 o™ #1 feafa 7 O W @2 Jera & R v, 917
q faeiiel #ig &ld 43 S, W T qI-Rrer
3 #3ar & | 78T @i O, v,T, T 7 &
wyElq f43 S, @ 90 WI-RrE SEfi
B |
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(detector) € S S&eh I Tg=H dlct Felsh - R
(crest)‘qﬁﬁﬁm‘% | 99T t=O‘T{W"éﬁ'€ff\a§ S W
afafeera € (38 fo 15.17) , Wi Teh oo~ e Seafsm
FXA T | T8 A (t=0) W Gid Yersh ¥ LT WR |
T8 T TR Yereh o I W £, = (L/v) R TG E |
T (= T, T HId Jeish 1 3R o, T, T = ol ¢ 3R
fog s, W wg < © et Yark ¥ T (L+o,T) B
fig s, ® ¥ Tk IR (W) TI-foren s
F B | T8 TEN TR ek T T R
e E,

t =T

2 0

N (L + v T,)
1)
THA NT, T HE (n+1) 3 a1- e Scfs e
T S ek a9 9 ¢ W g 8 39 3 TR
S H THA B,

(L +nv.T,)
t =nT+7SO

n+1 0

3d: 99T 3IqqaA

[nTO L (L + Ty E}

15} 1]
H Yersh k1 Hg=h n - ER fiFar € den Tk a
1 SR T KU Har e o €

(L + nuTy) £}/n

T = |:nT0 +
15 1]

v T,
=TO+ Skl

D

v
=T, |1+=

I (15.49) 1 &H g o 9a | o for@ Tehd
€ 1 9fg v, 9% g & S T T Yerw <A o R
A eF W At 7 § qon v Uik Tgfa @ S 9 ok
Tfasiier B9 W ®, 9 Ufka e,

-1
v=Vo (1 G U—Sj
5]

I T =M 0T ol J Hid HT =1 v B HA HH
& T T & 2 F A I o IR 7 e,

(15.49)

(15.50)

RO (15.50) T Gf-Tehed: 39 YR for@ gehd

el
1)

o B S F S M @ A A v, F (v)
9 yfaeenfid 0 W89 U9 ® :

v
vy 1+=
v=vo[1+ 2]

Fd: e IS e Wi TR Yereh g S @
79 39 feufd &1 ga o 59 w8 foum W o, Yarew
eTehd S AT WUl 1 STe Fid SHeRT A =erdl
g @ TE T HY gha AR Higar 2

15.8.2 WeTeh Tfaviter; Wa fer

o1e 39 fefa o, St Yareh Hid 1 3R o, =1 9 ThiEE
B, e G forr H @, S faeerd & g
o feTT &6 SR @7 9 A7 Fe1 BT | g WIfaviiel Yareh
o frder e o s R | 38 TS % H Wi qen Yarh
S v, TG G 2 N T F GHT SH FT A
v, + v | el afifeafa & St &0 sommEn T o s
%1 29 iifterfq § i S9R W Ew 9% W 2 R wed
T R T (n+1) F T IR & Yeish TF G
& o9 HHY AU 39 YR oHed foRaA S Gl B,

(15.51)

(15.52)

nvyT,
thy1 -ty = Ty ————
Up+ U

3d:, &Ik g /YT T T HT 3Td i

T:To[l— Yo j
Uy +V

-1
- T, (1+v—0j
15}

G & T& H W 3 YER Ia L T €,

18]

Yo o
afg ~, 1 A HH €, 79 SR faweres e ae

T, =ITe Yayeh TIfd s 37276 Hid, Sifeh THieh 0 (15.53)
e Gitehe Gad (15.51) 99H © |

(15.53)
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15.8.3 Eld aUT Y& Sl a9t &
379 BH Sl Y97e o ToIQ, Sid a2 Yafeh <1 i Tfaeiel

AR AT ek T H4l | Teel i ae §H JeTsh
T Gid 1 fa9n &1 oFeae foen 7T 7 < fifse fam
15.18 T wifd W qe Hafsh SHAR: v T v, o 9
Tfefiet €, 7 THA ¢= 0 R Yaih O, T T &id S, (0)
1 o1 3R 2| Wierm % wde feR U Yerh e @
o 51 31T v, ST v SR 371erd T T, 1 T St
F 2 t=0 W & Fid ggel @ R St
HA B IH U YR O, HI WA S, W hH LT |
s S e T T A A e A A

V—> v, —>
0O, :O2 S, :S2

1 1

1 1

I I

1 1

| |

[} [}

1 1

1 1

1 1

1 1

| |

[} [}

1 1

1 1

1 1

1 1
< >
LT, : L. T, :

I I

o7 15.18 v, =1 § TaHH 9&i% v, =l d TiErH did
T t= 0 R I &1 STareefat #a%1: O, 7ol
S, & S @iq eafT (et areqm @ qrder 9
v &) T T TT-FER It HIaT & TH
s7rad @1t & ars (t=T, ) 9&7% v, T, T FTHT
O, W e gid v,T, 3 T S, W g
8, 9 Fiq ST G- Ieafdd w8

A (0+v,) T | ST TEE TR Yarh W qH
t,=L/(v+v,) R UG € | 99 ¢ = T, T Y& a0
a3 g et T feurfaEl e O, @ S, W
wgE W € | Uerh el &id o st 1 T g,
0,S, =L+ (v,-v)/T, & | S, W &d T TT- R
SR T I B | I8 TR Yarek 7k T t, R
g & 5 38 YR o TRl S HeRdl @,

t,=T,+[L-(v,-v)T]/(v+0v)

T n T, R, &M (n+ 1) 3 T1-TReR 3@ & 3@
T WA ¢, W Yarh W Il € N 59 Yo e
F THA ¥,

t.,=nT,+[L-n(v,+ U)T)] /(L+V,)
A WA WA, (¢, -0

nT, + [L + n(u+V)T,]/(L+Vv) - L/(L + V)

o Yereh naeT-ferer fdr & qen Yereh a8 o1 sfrerdenTel
T *ta & 59 39 S99 g} oFed foan Simar 2

T - TO(HMJ
U+ U,

v+
:TO _
U+ U,

3Tefet o TRl H YR 51 UfEa e whi 36 YRR o
TR T,

v+ U,
Vv = VO
v+ U

S i e e e e
T Hfeel A6 9&1 €1 /T fh e Yerel o gEe gu
T T G Y eaf g ?1 9% @ egha ga?
T Gl 3R etk <1 €1 FHE a7 =l @ § 314 3Tt
T IS SR TET ST ST i o Wrehfaeh e g
S G ST o @1 81 Al 3t b1 TeREl o I we
IS YeTeh WTehfaek oTgfa ¥ ifues sgfa Aie sam s«
TS ST AR 3Tl ® 3R HH A A w5
TermEl 398 QS 2

oM < fF g9 Ueth § 9 &) e # eeee
faom e 21 safere afk Uk Hid T 3R 99 W E Al
v, T HAF HAEF ¢ T A IE W S WG @
B @l v, A HOEE g1 I SR A S Yarw O
QW@ R v, B AH AR § TEE AR T8
O &1 3R 31 @1 2 v, FT TH FHUMES ¢1 Fid g1
Scafsa ety el feensti o T et B1 39 et
S T Uik T SR ST B SHeh! E 9% T h

(15.54)

(15.55)
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TATE TSl W AGAMI o AFRYH ok fee, ¥ o 3 Al o §g=H o fag 39 fafy &1 swm
fopan e ®1 Wil difdentfas Rl w1 a7 H9H o fIT gt SUERT Y 2

SR AN BT AT 3R YRR ok fafi=t il & ot qae 1 1eAe i o fau seeht s
T 21 Tl o TeEt W w1 STEN hid € AR HET AeeR W 38 WM shel Sl 81 et
T AR o IR W qoer el € IR 3 9 e Wefad 8 Sl @ qefl W i a3k &5 &
Tl % T & A T ST G S, S g0 & e &1 W off e §1 a9

TEfdd @ W S e o a1 @ SU SRR SATT el S

21 = wRw v feafae § Yak o el st @
aﬂ(v+vo)€ﬁ?ﬂ%|

> 3GTETUT 15.7 : s Uohe 200 m s ! 1A §
ot e =1 3R Tfa|E B | fa i 99a 98
1000 Hz STgfe shi T S il € | 39 &t
HT FT A0 AT R T HT Yfaeat & €9
aT9Y Uehe 1 TR el 8 51 € | (a) e
3N gYfaa eaft &t emgfa, qen (b) Tohe gN
HYfad gfdaeafy &1 efgfa afekfad s |

7ot : (a) 39 e | Yereh feer © qen & Ut
3R 200 m s = 9 et 8, Fifw a8 am, et
AT (= 330 ms™) & WY qoAF B Fd: BH TSl
TR (15.50) 1 YA & 7 foh Tiehe GHiw
(15.51) 11 =&l Fiifh Hiq fer 1ed 1 &R I @l
T v, T R (~v) Tireenfod HE1 30 Fohr Feiie
(15.50) 9

200 ms™ jl

= 1-
= 1000 Hz ( 330 ms’

=2b540Hz

(b) =&l 39 W9 H 319 @& Hd 8 (i a8 Wfqeat
1 G T) T Tohe HT HYAR 379 Th T 7206
Tk (iR 78 Fg=A ff w1 ) T 1 916: 0, =0 T
v, 1 T HFICHR 21 37a Hid () BRI Scaford e
1 Mg v e S foh @18 g eraeg eigfa € | 9l 8w
B 1 el AT v, 1 ST T&l L el | 372 Uohe
9 FgE g FEE T A

L+D
V’= v 0]
1%

200 ms '+ 330m s
300m s

= 2540 Hz (

=4080 Hz
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e x-feen H GeRd SHEhia qU1 1 ey 36 YR o fRA Sl -
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T&T @ T HT AEM, k¢ HIU R FEA, 0 HIO G, (lox— ot + ¢) Fell, T ¢ Fell-Fadih 12T
YRR el HI0T |

et Tt o w1 qoeed A, Sue Rl 08 @ wEr fage o i w1 g0 % Se i © S el
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frel T o STEdere T 1 SH HHE g URwid feen ST € fed Wy w1 #iE stemd o Tk
e gl HIA R | Tg WA B HONA G o W W FHR Heferd e €

72t
w

forelt 1 Y Sgfd v &1 1/T o &9 § qRWIa foan smar @ qen et o v sgfa o Frefate
a’a‘uzﬁm%:

wrrﬁar’naﬁamv=%=%=/1v
ot @ S W TR @7 HT 97 39 S % oN ¥ fuifa g § | Ak fedt < d @ T @
T S 1 aw FHEE T T A I S H IRy T R A,
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u
eFf Tl Sreed AR a Bt € S S, gell qen W § T R Wehdt € | AfE FoRe T 1 AR
ARl Ul B 4 S p § dl SH WeAW WA a3l i e

oiq 1 B H e T B W
Y
V= |—
o)

et g #, If% B =P, 3: @& # =9«

b= /ﬁ
yo)

7l y @ 1 QA fafire s # S (y= C,/C), p W F WS qeM P A H A T

12. & & o1 Afuek 90 fre wieEm @ T I ©, q9 WA o REl etedd 1 faRera goke ol o



13.

14.

15.

foreomal 1 SO A B R | 39 9O o STEIRITY T fHgld wed ©

y=37, (-t
i=1

T & S W I F A SAERE a0 AR o f9Gd o IR ehed AL@ e g/ SAfdaw
1 IRER R el © | Afk THE 1AM a qe 99 Sgfd dreft W hell § well-fEdis ¢ % 3@
areft & 76wk € feen § faHe € dt ek safashtor 1 URoTH U Tehel @ Bl © et egfa ot
Ik GHM Bl €

y(x1)= {Za cos%dsin(kx - wt +% ¢j

Ifg ¢ = 0 @&l 2 H1 YUl O € o a0 CHeH GHA Hell § Bl € a9 SAfshior Fa g g A
¢=n o n e w1 fovm e F A T Twew farid wenet ¥ et 7 qon s fared
Bl ® |

ot st R w1 FeRelt g aiEmn steren W] fR W ede well-SehAv % 919 el €, W fRdt gt
R R 98 wWedd fo fRe swor-uReds & e €

fordt stmafaq @@ o6 fog
y, (x, ) = a sin (kx - ol
3e R ¥ wEfdd 7@ & fa
y, (x, ) = - asin (kx + ol

weit ufEd ° wafda @ & fag
y, (x, t) = asin (kx + of)

foqda faemsti # foslicl 1 Toaw qT o TR § ST T 3 B | S A W afag aifa
T A IO W qUT I 39 YHR e fwA Sl @

Y (x t) = [2 asin kx] cos wt

A T BT T AT T € o T g foeere w1 fHfve srateufeai T freat wed € den
Aferehan oo w1 fafeaa sraffaal {9 weas wed 2, @1t & | 1 AT el steren < swHMT geaRt

o dte w g E R

L et &t i S/ S SHl R R uReg ®, Frefefea s @ s e € e

Ven— n-=

= 2L,n—1,2,3....
el v W R S W TEA H WA R | T G ¥ W gl b G ™ o kU St <o whi
gar= faerd wed @ | feam engfa @ Sier w6 faun gor Fer steen yem qorghi weer © 1 on=2
F1 e faun w1 fGeT qongfa wed ®, SR T YRR w9 dedl S T |

L <iaE 1 hiE ol foraert weh for =g qon <o faw get @, S8 ag-shied, fefatea gt @ s
F T

v=[n+i) L
- 2 )oL n=0,1, 2, 3....
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SR Tee gR1 Frefua safaal o1 W2 39 YR & R o <o w1 Farm e S € | 36 e g
n=0 % o o frem smfa U ) ¥, 36 HR o P B g faen steen g ot @

A R W ufeg L @ #1 difa S steer Tk fR @S] 91 SR fR W g ag-hiem 5
A W BT B © = B R i g e wed © 1 T @ yeieh sigha e i SR
g B |

foreqs qe eI B € W ogd W SR 1 & SGRE v de v, kI T Tk w1 Hgied # S 2 forg
g 38 YR oFe 1 S €,

Vbeat = Vl = V2

WAy oF WU A Hid 1erel Yeteh O hi A oh SRl fRE a1 &t Uferd emgfa W uRadq g e
J9e FECA &1 A % ferw Ui oTaf At G w1 N v, o 9a § o R S §

v U
[
v U

Tl v WM H A F A, v, TEH AU YeH F A A o, WM % WHe eAf-ga e
21 39 I H ST W g9, OS HI 9 # 9 oA iR fauda fewn § swmomenss few smdm

Teh &1 &0 W GY hedl o & HHN
feigatl & <= =1 3
RENIREREIED ke [L'] m’ =27"
T = v [LT] ms! Vv="0A
fereg s Voot [T] s T fiehe il =1 steamifua a
T Al T TR
faemuia fawa

1. o fordht mrezm & 9ue wo7 &1 fd T T ) vod 9g ¥ At a1 9 fo= w6t © ) vod T e
U Y T Tk o 1 G GftEferd et @ | eaft i § a1g w1 el 1 "dted qen fatert affer
Rl

2. T H TH WA Y TR WM qF Fel ARG g 8 A g |
3. meAH o fehean It AFT oF o ST (YE 9 37d qoh) TR Fell oF ITEA o HROT e

T B 7 |

4. STIFE A 1 GEROT Sheiet ST WeAW W T Hehdl © TSH STOEY0 YeATE UMk @, Sereoned

3 | eed A h MG JARC! O bl SAETAhA el 7, ofd: A a6 qeft wemwi-agi,
59 d1 19§ gud el € o

5. € T agfd F fFd we ored T a @ § @ Fi w1 S 99 e @, Wi fRe fig

Trad 99 W ST el 191 Bt © | Tt sy @ H ferdft ffvea o o et o w1 wend
THMA Bt & WY Sk W e g ®




6. fodt aeam o form =1 feorfa ot Yeres o dmoet S9 Wiegq o Tt 9 a1 &1 =1 (v) Shed
AW o FeaRY qel o= Ol (S FeAH Tee) W R e @ | 98 eaf-wid o 9 R fask
& At |

7. AR o WU v, O § Tiavia fRE e o f Yorw €9 @ w0 H 9 o 9 i el € qen
TE A v+ v FA T |

15.1

15.2

15.3

15.4

15.5

15.6

15.7

15.8

15.9

A
2.50 kg SeAM w1 20 cm @l d1fd €I W 200 N &l %1 @46 € | (€ 36 S o Tk Tl i Sy
et e S @ S faey fead wwa § g f 9@ agem 2
300 m S WHR o o o FREn T geer HAR % SHR W S drele o 9§ 2R § | A 91y
¥ eaft #1 =1t 340 m s ® df TR % TR 1 AT FHR ok I R wer fIRA o fme X 9" g
M ? (g=9.8m s?
12.0 m &« A & d- %1 599 2.10 kg © | GR § e o 1 =few @ifer 59 qR R fanelt srqget
T HT = 20 °C W I 9 § =9 &f =6 (343 m s!) & WER 7 |

oel &1 ITAM Heh TR HifoC foF ag § =t &1 = F=4

(a) <@ W Freft & e,

(b) M9 & HY a5 S 2, Al

(c) 3T o @Y =g Sl & ?

A e b € TR ue fam § i Wi @0 W y = f (x, ) gR Frefua s st € e xoqen ¢
Eﬁx-ut?:??ﬂ'[x+vt3m1'?{y=f(xtvt) Wﬁmmm|wmmﬁ%ﬁw%?
F= U MU y o T Held 1 TR ik 98 waigy fh g fe W qwn o fefa w5 g e
(@) (x-vt)?

(b) log [(x+vt)/x)

(¢) 1/(x+ vi)
T TAEE 9 § 1000 k Hz 39 &1 T0ed wat Seafsid il 8 | AfE T eaf sl o s ¥ Tohil
2, @ (a) WEfda st g (b) URAHA e i qUIRs G I | S 9 Sl | eafd Hi oo hE:
340 ms! @ 1486 m s © |
Rt sreqdre o Sasl § ZgEd 1 Uq oH o fU wge SRR T WA fRAr S € 1 39 Saw o
et o s feraet © fSd et 1 el 1.7 km s @ ? W i WeIeE g 4.2 MHz © |
fordl SR W Sk ATYRS T[OTgHd T H A

Ylx, ) =3.0sin (36 t+ 0.018 x + nt/4)

SN el S ® 1 W8l x qen y WM H e ¢ Yohe W R | x I oedsh fown od @ < ® |

(a) 1 Fg WIH q01 2 e SAGH 2 A T8 TH AW € o THRT el qen GeRr i fawn o # 2
(b) THT @M e g & € 2

(c) STM & THY THH! ARG ol 1 8 2

(d) 3@ @1 ¥ § wurd Rl o de sl =T g8 @ e 2
e 15.8 W affid @ o ol x =0 cm, 2 cm @1 4 cm o ToIq fawens (y) 3R 993 (1) o = %
e I | 3 UTRT H1 STepfa 1 € 2 o1, gl s1een el § O fohd weqedl o woet a0 o
et T ww foig ¥ T fog W fa= 22
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15.10

15.11

15.12

15.13

15.14

15.15

15.16

15.17

T T T
Yy (x, t) =2.0 cos 2n (10 t- 0.0080 x + 0.35)

e xdqen y @ m® 9t s W foran e 7, o T $9 < <ot fage & ot shetiae foha € fSeen

(a) 4m

(b) 0.5m

@ 73//%

(d) T
Tl R W ofeg Rt @i S W eruey fawer w1 3W R o fRan T ©

ylx, ) = 0.06 sin [%nxj cos (120 & )

S xd@en y ol m e tohl s § forn T ? | TEE K 1 e 1.5 m @ fSEet wefd 3.0 102 kg
2| ffafea w1 sw dfe

(a) F8 el WIH oM sreEn gmH W o ¥ fRd frefud e ® 2

(b) 3Th! warE faqda feenst ® o el < N % STARY % ®9 H S gU Yk qT ki areE,

AR qel I Jqd HIST |

(c) SR o T 9@ HIfST |

(i)7%9 15.11 ¥ affid e W @1 & fou A fo w0 Sl & 9t 5 96F () smafd, (b) e,
(C) 3™ ¥ HUd H T 7 W IW H W HIC |

(i)t fa ¥ 0.375 m QW = fog &1 W R 2 2
Fra ot e AT (IR SieEl oreed) o fawerd @i fefud % o x q9n t % e fRu Mg
& | 7 oAy foh g8 @ i (i) T G B, (i) AT G H, (1) T G TR o w5 A& et
F ®

() y=2cos (89 sin 10t

(b) y=2x-vt

(c) y=3sin (5x-0.51 + 4 cos (5x- 0.51)

(d) y=cos xsin t+ cos 2x sin 2t
T qg Il o 9 @fHT dR AT G faen § 45 Hz gfd @ kU F@ €| T AR K1 FoAHH

3.5 102 kg a1 s $oa9H e 4.0 102 kg m' € | (a) X W WY q0T %I =1 F1 T, 0
(b) IR & T e @ 2

T i W ge do1 g T W SeaH fReT @t 1 m a6t Jfas, R fa et % wa (340
Hz agfa &1 @i f9s) & @, v« Afast § a9 Hiad 25.5 cm S9@ 79.3 cm Bl € q6 SR
T 2 | YIRS o qM W o § eafT i A1l 1 SAehe HINT | HR-FHE H 0 GH Ghd ¢
100 cm &+t ©a-sg oo 7 fog W ufiag 7 | 30k oresd S %1 gt egfd 2.53 kHz ® | @i
T et w1 w0 e ?

20 cm W« % UEY 1 TH 90 &% | 430 Hz S9fd o Hid g0 TH UEY 1 SEA-E ot foen
SR BN a1 St § 2 A 39 wey & A FR gt @ a ot 0 g% Wi 39 99 o 91t AR
HAM ? o | wafd w1 = 340 m s ® |
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15.18

15.19

15.20

15.21

15.22

15.23

15.24

15.25

faar &1 < <ifal Aden B Tk @ ‘M WR ST @ T qen oit-d Sgh g9 o Rur 6 Hz T %
foreds Seg=1 X T ¥ | S A 1 9 F9 M W fows i g Fehl 3 Hz W® St § | A A
ot g 324 Hz @ @ B &1 e1gfa =1 € 2
e HIfS F (e Hh)
(a) fordt eaf aon & fawerm fieug a9 wo9g @i @ SR fomemm yoae <@ fieug =i @ |
(b) 3ff@ 7 eF W ot TR Rl &1 T, &, gHfa qon emwR gifyed & o 2 |

) arafer den faar & R T emgfeal guE B W ft 70 I ¥ S W) K 9% R o ©
(d) 39 ST qen S Sl YR 1 AN k1 WHUl FX ehd ¢ Seish W § oheel Iesd il
& Huia e gewdt €, 9o

(e) URET Hiewm W HeRUl o WHF TS HI SH(A forpd @ Sl @ |
o WA % 9 Tel R @l HiE el wid o9 § 400 Hz ST 1 @iel seit © | (i) wiewd
W@@Tﬁw%mﬁfraﬁmﬁrwﬁwﬁﬁm(m 10 m s I ¥ WIHH Hi AR Tfaeiier
%, 71 (b) 10 m s 9Tt ¥ e ¥ S W@ ? (i) I & gkl | eaft 5 =t #4029 91y
Y eaf7 1 9 340 m s A |
Ty I€ ¥ el HIE W@t wd 91 § 400 Hz A9 w1 € oo @ g1 a4t 10 m s wa 9 A
U WA #I IR 91g Te o € | RIF % wiehd | @ fhdl Y & fag st w6 egi, anes

qo ool 1 ¥ 2 0 g8 feefd dea: s feufd & gmey @ fEY 9y wid @ a0 e 10 m s =
Y 7€ *1 AR g W B2 Wd 9g H A H A 340 m s A T ¢

—_

C

ITfaRed 1w
forel St W I W OIgR @ 38 YRR ST i TS ©
y(x t) =7.5sin (0.0050 x+ 12 t + n/4)

() x=1cm el t=1s W fFE fog F1 foaeemam qon e &1 =1 JG HINC | F1 T8 =1 T Foxo
T W % AR § ?

(b) =t o 3 feigeti w1 sraftefa S shifey fSeen erye faweme qen = Sat & € fSat x= 1 cm
W o g w1 @HT =25, 5 A 11 sWE |

ealf o1 1 Wi wg (S<rend e w1 ‘fua’) weam o 9GS S R | (a) 1 3H TR 1 R e
(i) STEf, (i) TRA, (i) FT F T E 2 (b) AR TR w1 T W 20 Fhe T el o werE
20 s & YT WS o b Y o feIu Sordl €, @l Wel g S @R & ghd (1/20) Hz 19 0.05
Hz® ?

8.0 107 kg m™' s FoquM wcd & ot ofeft S o1 s o 256 Hz 3af & fogm =ifea @i
B ¥ 91 2 1| S 1 g fe fReER fer forft o SR ToRar gen e gen & gore § dwn €
W 90 kg o W1 oeeh ® | Tl oren o Gl onesh Sl i Sfeeifud Y o @ freh sRor 3@ il
W quEfdd a1 SEE 0 Tl ® | t=0 R S o o fR (gt ot fl) x = 0 W e foeemH
JA T (y=0) T 98 yH! o X ok e el € | T T @M 5.0 cm ® | S W TH
T T 9UH A A6 STIIEY ORI y &l x qe1 t oF %o o &9 § fafay |

et Tgst ¥ eeg ®E AR’ ™ 40.0 kHz M W UHEH wIA E RE IE-TESs
360 km h™! =1d ¥ 39 |FR &1 IR T Sl 81 THgsh ¥ Walda saft st gt s 82 S § et
=l 1450 m s~ ST |
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15.26 97 Yeal & Wil a0 Sei hed § | e ok ferodia, gedt argee (S) qen reed (P) S ¥R i
I U B Fehell € | ST H1 HiaEd wIel oA 4.0 km s, 991 P Al w1 gfaedl = e
8.0km s ® | FE YFU-IE fF qFT F P 9 S T H {HE F@1 T | el P A el S
T H o | 4 e ved vt ® | 7 wed g f qd Wl Y@ § A sl § g 6 it
TR HfEd B ol T A g0 T

15.27 % F0MES fFE TH § FEEHSM gY THS A Scd= i 8¢ I W@l B | HA ST SHEg g
IeafSfd wged st w1 egfa 40 kHz ® | fordlt <iam w1 iR dien g giog1 9Rd gug weKg i e
w1 1 = F1 0.03 TH T | THIGS FR A T AR ¥ Wafia @ #w ey @ w2



