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15.1 ¥fHehm
T e o g0 UH favel ot 71fd o 9 o 7= fohan St TRt
e YA 21 A g e g WehR o fyuel o1 w9 ©, 9 39 e
o 1 B2 Uk SoHM g W1 6 YRR ok R R ST 2
T UHR & WY | YR 96 WA o TSl i Th-TH H S
T 2 fSraeh SRt fohft U S7ara o1 TIfd SR 37ere shi TIfdt skl geriferd
TN B A 9 Teh SIS Shehg i (hEl qreie o I 5t § R @
g, it STt =1 g3 Taeqsd e S @ | 7 faeia el ww T as
& Hifird T Tea, oA Uk I o ST STeR 1 I T e 2
g 37 T YR dreE B R dhehs iR @, @ 319 7% <@ fo
ATl o g3 o g fag W faeliy Seot gan @ ael @ e faeiy gei
o &9 ¥ digrdl ¥ STed 1 AR A w3 € | e TH g e € S
faey fog @ a1 T a1 ot 3R 70 X @1 71 | Al o1 fagsy g
R T TR-TR FE F S R @ 2, A w3 w
TS S-S T W A S M §, e e &
fig @ @ T TR wefq ST fEe ¥ $% W g0 Frw o e 3
Y 7g YRt il @ TR STl 1 SorHE W J6i o |1 ol iR
T &Y T, 99, Tk Tiaeiel faeiiy S & Sl € | 36 TN S|
BO oo §, qt eafd gan (Arew) | gu S € | Wy 39 uiear |
(91F) T 9FT § T A6 H Yeifed &1 Bidl | arg | 3ca gy faafy
T T w9 9 @ T2 <4, AR S S10a1 AIghIh Al gRT & EH SR
S T €1 39 YRR % faeiei o gfawy o1 Yed i go4 o et
Jifereh TR ST T $o7 o WelTe o fo1 &1 H1eA™ o Tk T 9
TR WA q T F €, T FEAW ¢ | 39 A § g qdl &
foma # a7 T |

A g Uk g @ SR g Ak Sl aen faensy & e w1 gu
1 GEROT €Al B 1 BRI TGS GoR-a5 al gi Hohdl o Geror 1 fefy
1 &1 Aeh (STaeia) 1 21ef B 9y eaf al Seq= A qen e
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3ok TY=A i e Il €| G 1 SEH-USH T4
fafi= WehR 1 qXT o HeAW g Bl 1SSl %
fore eaf e 1 wagery faga Hehdl o &9 | iafda
fopan ST Teha ® S8 foega-gasa a@i <ifa 1 S
SR & Fehdl &1 JoT Hohd o Hg= § FHIGET Tt =01
Ikt % | AT W 2

[t TN ! TEROT o U WeAy i STEvghdl
T2 Bt | 7H S @ for wehTer 9 fefd § A o
Tohdl & | Y Tehel Weh1e o 1 g W feod ari @
I YT ARG TAe, S SR €9 §
foafa & 2, © THT i g §H o Ugedl € |

Rt S qen STt § S qOT, a3t @, et
S B e A i A S e A
21 27 |l IO o HAr & oI HieEd ) eI
Bt 2, 3 for wresm o Tafta et 81 Sehdl | SR ToR
HI&H o HUNl o <ol oh RO G9el B Uil © adl
e ok Yere ol X Feft e 21 foaga-weeh g adi
oo T Yehr i ol gt & Toerep T o o1 when
12 H o7z 3| faga-gas ™ ad o =Xl o fou
HIEAT H1 T STATIS T&l 8— Teh1 G=ror Frafa | o
BT 21 Wk, Aedt o, X-fohvol geft faga-gast
fepeol €1 Frafa & aeft for@-<geehia @M 1 =1, c,
T Bl € e 91 ©:

€c=29,97,92,458 ms! (15.1)

A JRR A Tw o W @ Y 5o a1 % AW g
ST S 21 9 554 o g, W, =2, TRAT] qe
3] S SZh W GaIg B | A a1 ehfa o aelien At
faawor o wehe Bt € foraeh fawa o omra errelt e
T 9eT | A T HeheuTcHe ©9 | A qer foea
SaH TN BT qor B Ak orgd €, ey g
ST STk TeNfiTen! o1 siga i et el o qren
ST €; TOEEE @ TG FoF @ Rl STAN T
gereelt | feman S @ |

=] ST W S A A A, f
U] o fIU SeATeHeh e STavash €, S187 i |

AT T 9 B SHRT hell 92 Fifeed T a0 bl
Hiedatarere gure gfteri=n g 8, e of i wfa

ST fageioor Teyem Teree graredt | fepan 7 o |
forfy=am T (1629-1695), &2 T a0l 3TEsieh
e F9 U 9iag difderfas 7 foer am @ fd
ifeten! W Garg & | HAHT 9 59 Tquei o Sl 1 et
T T et 1 Hifaent & qv=rg €1 aam 1 difaeh!
1 THS AT | YR WEAHT H R T AT et
& WY HRT G B € | (A <ifE, fefod
FHHITET, a1 S gearee qrea % ST € 1) 39
ey FT AT 0 TS IR0 g H4T |

o= 15.1  I2MMT STTER T TR 9 g i
1 Faee W fouR IS | afE 39 T R &1 FAE!
I ThEH Giahl DI =, A a1 faais T R aek
T Tl € | 5 Uisha § o Bl ® 2 Fehraeh Wiwd
TR Ygell HHMT 7Y WHTEee St e 9 faeifia it
2 | dfer Tl wAF Teel HAM 9 Heg €, o: 3EH
e e G Bl § SR 39 YR I8 Wih S
Tl S @ | 7Rl e @ U R 9 g 7 guia
Bl W1 €, W Tk HAMT 10! Ao i feerfd
o 3-SR E oY <o i @dl § | U9 E
TR IS0 o &Y H YoTd LIH W fauy =i ferfq
T @t fordl et W faur #ifae | et o fafa=
M
A
fa7 15.1 T%-3R 9 Fag FA17a &1 78 | R A

T = STl 8 e faeity 39t R ok g
gl ST #

fes3, wAFT g g7 TH-TW T Fod g € | S
2 fessll o forelt wh R o forelt §o ol Sigd €,
I U W e o 1 Yeh] a1 € A1 T8 IRl
e e e S e e e e e
TIE @M S F M W @ W

3T, 379 TH a1g § &A1 T o Hao W fo=R
F € | S & RIE Al T 9 W el [ordl €, df
I8 39 WM hl 91 oF BIE ¥ &F I FUIfed 1o
oz 3t & | Uk HWU 3H B & HI Ag H
el |, W ST (), TRerd Bl @ | <1, Hidl Tehieh
&l W RIMYT =t BT €, o7d: FAM &1 € wifa
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zq fafq o o faefiy < smwAMUE o ' yomE aa’
I 81 A1 € | F.l 59 Y01 |, 5cdl § gierd=, s
T S Hifte e foeanon & guey € | At o
& &1 Giifed fran <1 €, df S° & & S70] 9l
feheteRt THiaerdt &3 H ST o1 J9E 3 € | 39 TN,
el & o S dgdl ©, 1el 39 & | ‘gdied’
S BIell & FoTqoh thoreerey qdard! &= | ¢ forter’ Sea=
B S ® | A e & 79 IR S ok & Rl qer
H forfera &1, @ 39 &3 o ¥R IR oh 9Rast i a1y
39 & H YA Hieh foe il HIad! &3 i 3R
yehel 3l B | 39 YN, Gited 1o foter T
T T & HT ARG F €, Fwen wror g ¥ faas
T GO GO B U ® |

Sl o off g o "W qek e W wWehn © |
fortectia S|l o TXHTY] SAeET WAV oF HHE STadl
Sethl § orafeerd eid & | $TH, Y T S7er
TR 1 e, 19 FRI ST o TRV §RT AR
Teil o SHROT, e | g § | afg o At
o1 feeR Y@ gu fonelt Wk wam] i foenfya fomen wmg,
al ik SE YRR S TR HEET o WOl W oo, 39
feerfa o off Tk YoAEE ot Sea= € S © | o7 B
ST (lattice) o TRATIRT i 3t foged w1 «ifa
o Gehd € q WA & = FHACET i A=
Thd T |

319 TH 39 37T oF STl SR | a7 o fafs=
sifeerforen TN St == A |

15.2 3TIYRY ae e aedl

B STA © o A3k oot o6t wife o |rew ok sIeeh <o
T 21 AR AT o Feh T H1 1 b 0 o wAeaq
et Y € ol TE AT Bl B ST A hed €1 Af%
T1&7H ok Feeh q4T 1 TITd o1 TS oF ST JeH i
&l a1 ol or<e a1 % ®U H S S 2

fort 15.2 el S % e U 49 wE
T e fe@rn T @ 5 S’ %1 T 9N Sw-AE
ek o 9% S ol T B | A TE ok 31T
o § SR i ofere T =l af 39 g R as
TEo ¥ TR § T I ST B S| 37 : TR R

R —>

|,

fera 15.2 579 fordl it SR ST (x- 378) Tl Tahel
g feiier giar € d SRl @1 HIE Flaey
T FR-A4 (y-378) TerT Bl & |

TR TS ok I i SR oA ST ek 21 et 15.3
o off Ut € we Teufa yefiia @t T € S heret o
2 T zod o #E g0 el % T R W s -
T R Gad A S F w2k 95 TRy o ®© €

y

.

fera 15.3 gl SRt & sr3feer 9f9a @i e (Saraehia)
T SFIE T T Ueh ISTEL &1 T o &7 7
SR 7 FIE THIEYT STaed @ &1 TH 99 &
T Y TS o GTdeT e el gl

N —

T YR 9§ T H 3o fasny 1 aRomy ey g
ST I T B © | QT € aRiE e o wresm o steee
T HIeA reATERe o 3411 Sier Shid € St T
e T 38 HEfd gt 81 e Sl | o w5 i
1 e o oo ¥, o1 I8 STUe a0 1 T 3T
3l

29 fell 901 W T YHR ¥ fo=m o gad g1 8H
fordt fafyaa Frar-e1or W R B @ 1 Faer
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Hohd B 3HY BY TRl hTeT-&101 T q¥ i STepid THet
St T o= faft ain @t fedt o fage W famr
FHTT € N TH A1 e e ok Rt ffyea e
T Higd B 9 Y9I & WY 3Gk Il Sl @]
51 15.4 W e quTl o e WIH SErel LAt
T = feafa yafeld =1 T €1 ag ¥ R for o TRy
o Tk T R T e o 21 e & T ar et
1 3R eeherd SR T aTet &1 3R wi= ¥ gited

fora 15.4 e &t $F-1 fd FUH ag & R/ 76t
q eaf7 @7 I FT A & 1 Jlob arg-srEad
& Slord @ T F 9 & GHIR &, 97 T8
3R W &

(=9 T) a1 fore™ (=7 ) HT TR I &
S| afg e st 37T Hi AR Yohed q Sel i
3R WieH 1 YT Tdd qo Aadl (SAEehid) 8 af Th
ST T 3T SR Sl WIS ohl olalg oF TSl a1y
H T | T T W T8 SRS a0 1SS B
W 96 € iR 98 W % U fag ° @ g
o T el © | ST ok Tt s T €, = 527 foed
T FEfd el ®, I T e 81 Sewond, fre e
¥ S i Ul w9 W A E ¢ g, R e W
¥ fasny 7fd *d ® 7 fF 9of w9 9 S w6 IR,
o (ST T qUT €9 | () q1 LAl T hl Th TS
T AMfeU— & a1 § faeiy (@ o §) &1 a1y
H R0l i @ 91g wea qoi w9 i T e 2

Fifreh a1 AW % gearey ured o gefuq )
3T AT § H1eH o 27e9d HeRvl S f9n o ofdea
T L B Tored smepta | ufterds g ® it weay
o Yk Sfere | e T el 21 3idl e St

H qEqUl UM el © tUid I ruEush Yfdsel i
HiaoTeT Y Hehd €| ALl Sl 3791 1S STehR Tl Bil
2 SEfTT TXel ST e 1 gfadrer et T gehd
&1 31a: TRy a0l el wd eIl (qe H) ° Hew
& UG el | T =, SiE e a¥ell <l W S
TeATET T[Tk Bl & 3teid 3 Geire ferpfa o1 gfaurer
T TR F1 5 o O Wi e (T) @
Geifud €, 3 3G de q¥ell M o GeR0T Y Gehdl &
31d: L &1 B¢ (TF9H STIE90 qer ST gemeerdl
Tk ST B €) H SIS T STIYE S R I
T HEa 8 Hehdl 81 T o W shedl STeed g
TN (edfT) o1 GO HoE g1 96 @il ®1 g oY
e H S T SR I TR T A SR
Bt € df ST =Tt f9 B gehdl @ i < e
oAl TOTeh o hereey

b 3GTEYOT 15.1 = T 7fd & F© I[N KT
T ¥, g feufd o 9% @ae fe s @ fg
ST ¥, 3eed € el JHI h1 HASH ®
(a) ford @&t Frefaa wam o Th R & T

3R fazenfya & W 39 w1 fmdl
fas (d37) &t Tfq |
(b) 5@ 9 W fodt faferer o zuer fea =t
M-S ek fafereX § 3cq a3 |
(c) STt oF T8 W Ferd! Hiet@te gR Seq=1 a3 |
(d) e SIEHH FRE fhed gN g | 3=
TFA T |

gt

(a) STTIA

(b) T3

(c) 9EY qen eresd

(d) erfee <

15.3 WTHN X W fareme deier

foret Wt @R ok wford faeror o fow, w9 fearfa x
T WA ¢ o TRE Wl i STeRdshdl Bl 81 Yol
&0 TR Ig e a0 ki 3T &0 R STHId 1 foreror
BT & & g2 ke fRofq W T o 9 feafd o arem
T 3Terel 1 TIfcl sk Terereor < <l B 47 B9 ol sesh 4
T T (U T o e 15.3 | <l M ®) ot e



378

afifereht

T Hed € Al Tor e 9t Sk BT wte) gfeen
o foTe 29 fonelt SToe ot W foreR st fore afs wrem
o fordl taa =t feafa &l x W Frefia o @ e/ema &t
e feafa 9 formm &t y 9 fefug e g e
eI WH T 1 qe T B9 F ailq i
yx t) =asin (kx- ot + ¢) (15.2)
I Held o HIH H IS @ H aeqd © R e
S SR I Bl o g AT W foEn w ®
g
ylx, t) = A sin (kx- ot) + B cos (kx - ot)
T FHIRIT (15.2) T (15.3) ¥

a= m qd7 ¢ = tan™! (%j
G (15.2) T SAEh I T a1 Fefid s @
g THF o fog frdt ffvea &, 7m ofifse t=¢,
R faeR #| d@ THEHW (15.2) § S HeH 1 HIiE
(Tox + Teerien) BRI o7d: T o1 oahR (feredt ffSera &
W) x°h e o B S 9 81 6w, Tt fifvea
TRl xe = x, T T &Yl da FefteRon (15.2) 1 <20 e
1 HIH Teh Tk —ot 21 371: fht fafvea fefg w
e y TH o Aol e 9 &Y § qietdd erd 2
arefq, fafi= feefaai w Aem o staga @ stad Tifd
FW B S AT foF S (1 7 e €, xR A
YTk o B 9 9 Jox—wt + ¢ T A TR Rl
3T: R (15.2) x - 3§ o =R T2 o6 ST
SHEHT (ed) T Frefd e 21 g6 fauda, wer

ylx, t) = asin (kx + ot + ¢) (15.4)
X-3181 1 FOTcHe X2 oF STfeT Tfaeiiel au o frefua
I € | T 15.5 Wi (15.2) o fafe=1 <fifqes
TR o AT T © O g9 oTe uReTd

(15.3)

ylx 1) : Teafg x 9o w99 t & ®oM oF T H
IELSZIEE]

a : T W A

® ;T HI HONT g

k : U T e

kx-ot+¢ : IRMIH Hell HO (a+x=0, t=0)

fara 15.5 QE1H7 (15.2) & 9HF fagl &1 grRem

fo1 15.6 TH e W Ui fo=1 7l o fag
GHIHTOT (15.2) o 3TTed <9itan €1 fepelt at o erfereram
eTch fereenrae orel farg ol i whed & don stferemam
FUTTcHeh Tareero aret faig &1 T sed €1 78 3@ &
foru for 1E a0 o TIfd et @ 71 oY W e shfeed
Y Hehd § IR R < o = 3id oo o Wy sl
T ear 21 T o 59 oY W owE () 9 <wiE ™
21 3 YRR B9 Hiew o ferdt e feafa, w1 <fifse

ferar 15.6 1377 Tl | X-3787 %1 &rcme 1590 & STga9r
Tfaeier &g STadl aXT

x 3187 o A fag W fREl s1a9a &t 1fd W fa=ar &2
Tohd €1 3 o W 3 fag (o) @ guifan wn 1 fe
15.6 % 3Tei@ <uid & o a1 foig w3 faig (o) T
o G STt &9 Y A i 21 tfd, ¥ o T ok
e A fag W feoa w01 ot w7 feafd o aia:
T L 71 I8 TRt o= fearfq o o o ferg o
T T 70 I8 ff 3ud ® R oo gva o 9 feg (o)
Tk ot e il € 3o | v uw fAfved g W
o 2
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o3 15.6 o 3Tl oF SMYR W 37 89 THHI
(15.2) =i fafy= ofemi =t aftafog w3

15.3.1 3TIH qUT hell

GO (15.2) ¥, Ffh S w61 AE +1 71 -1
o o= uRafda erar €, e y (0 ®1 JE g den
—a%h &= qREfdd e 21 80 9% q 1 GFs ST
T T AR BT IS B TEI B T T o TR
Tt erema &1 oqe ey feafq 9 sifusray fowemm
Tgital B1 e < fon foreemq y eFTeneh A Seones §l
kel © g o U €1 a oh T T 37 HEd B

THIROT (15.2) o hI0TH I AR (lox — ot + ¢)
1 T BT Hell Fed 21 KA gu A q ok fow, fandht
Teufd Td 99 | el T o1 fazemed Fuiia s
BT x =0T ¢ =0 Whedl ¢ | 3Td: ¢ hi SARTH
Hell HIV Fed B x- 38 R gA fog qon R e
1 29 YR A1 Hed & G9e Bl € fF ¢ = 0 | 37
THFT (15.2) B ¢= 0 @ W ATIHAT T HiE 219
T e 2l

15.3.2 TR Q9T T a1 GE&T

T el o <1 fagati o sie o1 =gad g ol aesd
FEd ¢ 3R 30 gmea: A 9 <wid €1 gleen o fog
TH GAM hell aret fagatl sl o =1 7d o gehrd &1 7
e q wumTa Sfef stern el o e Y g R
THERT (15.2) H ¢ = 0TH W, t= 0 W foEemd= g

y(x, 0) = asin kx (15.5)
feh 0T H 277 ¥ ToIw GREdd W A Hed H AE
& @l ©

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

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

T n=1,2 3, ... | GAF o fad 3 gu e w

a1t feigati o we <FaH T n= 1 oH R I el 2
A7 T s & wefien

2 2w
A== k=22
P

Jch] WEIROT TReRTaR 277ET SRV 0T W& Fgd ¢ |

sqehT SI A fead ufd die 37e@l rad m! B I*

(15.6)

15.3.3 3TMadehTel, IV TG qem g

foa 15.7 § U SEHE erd fT@rn ™ g 9
e fifyea &1 W q o1 SR T8l Swidn § e
ey o Tk Faad (fhdt ffvea feafa W) &1 90
o | foemgd wiar 21 gfaen & faw em g
(15.2) H ¢=0 d & 3 1aFe (qH ST x=0 W)
I TG W A A B| 99 oW U gl ©

y (0,9 a sin (-ot)

—a sin ot

o 15.7 59 @7 e’ § @ oRd! € at g fAfvea feafy
W SRT &7 37999 3 a @ THT & 1Y Sl
F Bl

TN o A 1 A6 I SR o6 foRdl 3Te™gg
SR U Ol e H for T wwa #) sty

—asin ot = —a sin o(t+ 1)
= —a sin (ot+ oT)

<{feh ST et S 2n IV R TR B4l 2,

2
oT =2, A o :Tﬂ (15.7)

o T TT FT I G Fed © | STHT SI AH

oo wid Yehe el rad s €1 el @@ 1 e
v 9fd Sehe Sl wt "Eem €1 ew:

10}
= (15.8)

1
V=T =

*78l @ rad i BI Hehd € SN HAH HI hadd m' U F B Hehd & 3z, k, TS oG § GHI ehel Al a0l sl @A
1 on W N HE W W eF arefl m™ SI 7Ed § Wl S At af 2
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v 1 &S (Hz) ® 99 )

Stda Wl § wed € fRdt e & srfRw
Tferefiet TR STeEn SR AT T wee o e €
S q | WeAw % fRel stade § q WEor
oo o "W foremod g ® | wHie (15.2)
Y forelt ergeed @ & forg foRamee weM 39 YR
forean S 2,

slx, ) = a sin (kx— ot + ¢) (15.9)
Tl s(x, ) Feafd x den w9g ¢ W e o fed
e 1 T HE 1 feen o faeen @ | weiento
(15.9) ® q foreeme s 21 o= qeft Ui o =@t ared
T Sl ST T o VRO W & | sherel Wk € R € TR
foRemTT weM y(x, § o WH R HeH s (x, § foram
2l
> 3QTEYT 15.2 ; TRdt SR o SRRt oA Lt

T 1 el 39 YR femn e #,
ylx, 1) = 0.005 sin (80.0 x- 3.0 )
TEi SAifeher Teerier SI AR & € (0.005 m,
80.0 rad/m dT 3.0 rad/s)l dXT T
(a) 3™, (b) WA (c) eHhA TH
g qRepferd wHifsT | g x = 30.0 cm a2
THY t=20s W 0 &1 faeemq y ot afiwfed
IfSTT |
go7 39 faeams &1 ga S (15.2) § & W
Y (x, t) = asin (kx- o)
(a) 9T 1 3™ = 0.005 m = 5 mm
(b) HIUNA T H&A = 80.0 mr! T HIVF A
w=30s"!

e &H GHIH (15.6) % g aUTeEd )\ 99l k

T ey foed ©
2n

7»:7

2n
80.0 m!
= 7.85cm
(c) 19 &9 7= fSu Tu T aen o § daY gR1 T 1
M 96w €,

T = 2n/w
2n
- 305!
= 2.09s
3@ dfh Tgfd v=1/T
=0.48 Hz

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

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 WIHT TR Kt =TA

fordt w1 =1 = fefug w3 % faw s @)
o forelt fog (TRl shem IV g0 Afvafad) W e
Hixd H T T IR & € fR I fog wmg o Wy
fohe TRE T YAl 81 AT ok I i A W A 3
gfeerstes e g1 fos 15.8 ° <1 faf=r wwai, fomes
wTe A ¢ 1 Y THA S §, WA 1 SThR S
T R GEE A YA € SR (X318 H1 eACHS
o) Ax T o B arEd |, % () g <
IS THF At H T A x T 1 ST YRR 941 HT A
Ax/At B Tordt 7= el o1et foig W off 39 @ ()
O T &1 T8 T A v § THT HOT (ST T
Yed euftafda =& @) | @ W fee fHfvea wen
fifg %1 T 1 fen w2

kx — ot = THdiR (15.10)
37d: e U ¢ SSerdl €, A fHfvea e fag w1 feafa
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 3T9qH HH o1 W

dx o

T (15.11)

O T H AL ke 1 )\ Y Fad & T &8 W e &
o2, 2

=SS (15.12)

TR (15.12) 9 Tt 90T o fou ue =
a9 g1 I8 daardt ¢ o weam o fdl staud o Tk
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9ot Srer e H @ U e aesd o seR g
F T wE dfee foe ferdt =it w W =
e o Seed O (SR o fo as gerHE
S, WA SoAHM Se) qel Yerey o (Waeh
Ml o faq a7 Yoo Toleh/3TIEq TOT,
I IRl T[T ) 5 i eiar ©1 Arem =t
i e 21 e SR (15.2) T fHiveEa =
o foIq Tmesd @i ergfa 1 Helw ¥ 21 Ak #,
ST YTl S S e €, WA § Sy qel e
T A He B A STRT el SE HIEAH § S-S
ENM| 36 1A o STadt U9 H Fw HWeA AfAw
T FT = o faw g9 fafdre =9 g S

y

A

AX t+At

/7&“( [/
/I e

twarrr 0

o7 15.8 999 t T t+At aF (& 3gfd @ T HT T,
&l At Y GHT S 81 W T g w9
T 37 IR THIaRa 8 ST @1 @ 7 9 (7
fAfs=rd sem aren #ig 3R fig) 999 At 7 320
Ax THT HXal B

» X

15.4.1 Afd S W STIURT @R i oA

frdl =ife @ * = fasy o RO AW H
I YT St 3 STecid O (FFHM S) 5N
fruifd gt 21 =1el 9oH R W ™ €9 G qel
TR HNE W Jiaei™ w9 9 Feifd gt 21 e =k
R T o AU Yo 9d S’ ¥ 96 T 98H &l
21 39 Hed ¥ Sigelt 07 e 5o w2 S
TR o TFAM m I ITH! @6 [ 9 i 6 |
U BT 1 e o A FEEl s STE wioh
fRdl S W T &1 =1 o fag Jened g3 9 fohan
S Fehdl © g I8 ScAfd 39 GEdeh hi HHT o R
21 31d: B0 e faveivn %1 Syam &30 W B9 T8
ST 9h © T et farfi faweioor @ gened g7 ==t
e B Hehel 1 3 fafy Wy wey o feeien wed
ATY=ad Wt 81 ! T [ML'] & 991 T 1 &
1, afd [MLT?| 21 &8 @ fame 1 39 7R
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fordt Tt W WE T GoROT
frdt = W T

T T HEROT AT LW
M W <@ Fehd
g1 Y TH g
IRE ¥ 39
1 e g oft
3@ Whd § IR
T T O &
TUAT o T Hehd
21 35oh Ty el 1 9 3 cm o419 o T T,
T Rl IR P GRI hi AT BNl 3T TE
AN SO e § o Y Hehd € SR FENTIe
T o)

1 93 cm =99 i oel T et foret
FAMR A1 JARRIET o STHA-9MHH 1 SERl W)
T §F TN ST T TG0 T g ° HF H
ey e 3iR S 61 g a1 g6 9 eIR
F 3 WHE 9R (1 ¥ 5kg) TehEd| A/l &
a9 & g 3 ¥ 5 WX B Gl Bl T T
ST &R Tt o T R o U 39 W SR 9
TER HIY| 399 T W TH g a0 it fR
39 W W R T @ A9 36 W R T
SRR TG BIT g3 $W Tehd &1 3T ST
T 3R WA T8 hT e s Gay o S
Hehd €| TS o FHIW BH U U8l 39 THoh Q-
A TEdA B4 2@ HWehd © | Ueh wivaere (fom
wIEt) 1 TR | W G T R @ g
R 1 g T T | 1M I9I 4 B Fohd
T ol 5T 9% 9 &1 TR HT HHd B
TR g FHR (15.14) SN W HE W
Al

o & Rt Hiiia o & gae enferek dg ok
e | ot g B1 g Sl 99 Te € TR dq
i THTE THEH FH TH F BRI 39 W TS Hl
ST At TE W Tk o i o § Ikl Ak
Bl 81 W W T H1 O HH BH o HRO
T @1 S Thdl € IR sTfere W gl
AR F& B S 2
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afifereht

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

[MLT ]
[ML™]
Iq:, AR T aen p & wiHier g ufvmEr €

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

fuifd e g € T | arqa o genef g3 H ¢
E 121 3@: aifad S H STuE T 1 =

=[]

(15.13)

v= |-

P (15.14)

& Y for =t v W& o 00 T 3R p (T S8l
I % HROT A SH H1 AT 2) W a4 BT
qaTeEd 91 egia W EEd: e T et g1 e
FHeme § oY U /W o 9R W ued el =
g | st Tt 21 T HReBT A TN v ST a4 Bl
gt faefisr o did W feR e 21 wew o ot
faftaa =t qen emgfa o o, T (15.12)
e w1 el w2

22X

14

(15.15)

> 3QTEYOT 15.3 :0.72 m Ao fhd Liel o R &1
FIM 5.010°kg € | A R W @ 60N €,
Al AN W S i Ee 9 e 2

Zo7: AR i Yfd Tehish @iaTs ol SoTHM

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

TR R STIIEY T i =1,

T _ | 60 N
i \6.9x10°kgm

L=

T=983ms! <«

15.4.2 TS T &t oA - i il oA
foprelt aTeed q § W o SfaFd q HeRol i fawn
o ot feufq o -1 <o w3 € | gF T o
@ Ioh € fop waft a0l a1y o oY - STeTe o
Htedl qen fateri o ®9 | THT @ B | e
forfa o ufdaa &1 faRor &W e gemer qored
Heqq o1 AFdT T ol © 59 36 YR
R wd €,

AP
B-—m (15.16)

T8l T § URerdd A P 3 forpfd AV/ VSa=
3l &1 B %1 fomn o€l & S g &1 € 3R SI A
o gH kel (Pa) | =¥k id &1 AT o HEROT ok
fore Wi Sieeta 07 soEE e p € et fam
[ML?] & | &9 3Tl 9 <@ @ehd € foh Tl B/p o
'ﬁrr?d?ﬂ%!m%:

ML T7?]
ML7]

aa:, afg B aen p € wrHfies ifaes ufvEr €

v=C\/%

T/ C T fegw T 9 fardfa favewo g fawifa
FE 99 T8l ¢l g 3 9 C=1 U B ¢ | o7
fordht oo o e a3l i =t o T S o R

B

; (15.19)

et S B S g werm o faw, mg o
TIgela FER 0 €l € SR EH B i el TS
forpfa T forem & 1 STavgswd Bt 81 39
o, UG Jereerdn unish ‘= qunieR’ © fSeeht fem
ST -FeAreedl oTleh w1 fam €1 38 Yool ok fog
farefrar foreetoor veel St @ SR e THieor (15.18)
St wrefteRtor g gt @ e erfeifa feris ¢ g
2 TSEh o gend Scafd @ 1 9 gl 81 39 TR
ot S B & eresd w0 & = fefafaa dey
TR e 1 S B

Y
V=,
p

=[L* T?] (15.17)

(15.18)

D=

(15.20)
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Tl Y ©€ o U1 1 AT FeARedl Ol € | HRof
15.1 # fafg= wreamt & st &t =9 <we
T 2

WRUT 15.1 %o wrehl | eafq @t wre

o
arg (0°C) 331
a1g (20°C) 343
giferem 965
HEESR] 1284
CG)
& (0°C) 1402
& (20°C) 1482
Yz 1522
3|
LI RRL 6420
I (ife) 3560
=i 5941
PRIEC 6000
Foohlees &R 54

Al @en S W At w1 A T\ w gern o
aAferek 21 [ < fop S o g |, Wil =
I et a1 Y = €)1 SHeR BRI e € T il
9 3Gl ol T T ge | Hifed s stfues wied
Al 1 370 T AT FeTeerdl TUlish o | 31fersh
B4 &1 I8 IO NG 9 379 A e 2n o e
Tl B

ol T o 2o o =ITeT o1 STehoT BH STE3 719
Gi=ered | X Gehd 21 fordl oteel T (3@ e
11) o faU 3@ P, 309 V d@en @™ T o =9 Hae
39 YR e fRA S B

PV =Nk, T (15.21)
T&T N 79 ¥ TS w1 WA, I, SeesHH FEdis qe
T 719 1 Shfeed § 19 © | 37q: Tordl goard qftedH
o fau wfe (15.21) 9 &4 ffafad g9 ar
Bl

VAP + PAV =0

3Td: THIHT (15.16) B I8 AW gfaeenfud & |,
B=P

1 TR (15.19) § forelt ameel 719 o ergeed an

EIlcIH

v=|—
P

9 TaY ! FAULH = | Tfyq foRar o, o1
T4 = 1 g o FEd ©

(15.22)

> 3IGIEYUT 15.4 1 o A 1 STAN Hich AR
q9 TS I@ (STP) W o ¥ =@ &l =
1 AT HIT | T o 1 T H FIEH
29.0 10°kg © |

Zo7 : W Wd @ T fenell off T o6 1 diet %1 STP
W A 22.4 R Bl € | 3d: 9 HI STP R
el

1 Al 9 1 TEEE

Po=
STP W 1 Hidl arg &1 A

29.0x10°kg
22.4x10°m°®
=1.29kgm3
el A1 | e i = o fae =ed & g9
o STIER TH STP R a1 | & o o &1 ffarad
A T B g,

V2
| 1L01x10°Nm™2 | .
Ui kgme | MY (1529 <

HHRTOT (15.23) ¥ UK A § =41 h1 =1et
M, 9RO 15.1 H U 7T gorm g o a9 § At
1 =el o M 331 m s H qo W 15% % 2l
fEr gAY el Tordt gE2 A TH <A Hi W ga
FHETT T T R FTEGH =g 7 €A HoRol oF §Hd
meAd | @ § 8 aTel IReds Sl SHardt /e, @ g
7 I € TR ST I8 Hoq TEl T ot | o |
g arn foh eaft geror o 99 merm o {e-uikada
Tat e a9 g ® fop o ware o faw A
TR ST W@ T STEvdsh THT 3Yeied & 81 9Tl
TFEa®y Ig URerd HHAr @l Bld o T
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(adiabatic) Eﬁ% Iwm\%ﬁ@ﬁfﬁqw e )
et ey ] e ®
pV' = feris
FYS A (PV) =0
PYV AV + VAP =0
T YRR, ST T o T T5To ST FeareerdT ok

AP
N
el ¢ @ F1 <t fafere omen w1 erqud
C,/C, B | 3: A ® =@ i =,

U=JE
p
=27 % T U 39 GG i ATTrd GINed wed € |
a1 % fq y=7/5, 3¥d: 37 % g0 STP W a1 §
&5 1 =T o Ahe o T THIHIT (15.24) T

AN I dl a1 =l 1 7 331.3 m s W Bl
2, S wiftd =1l 9 A @ ©

15.5 TN o TLARIIUT T Faegia
g foudia feneti o 797 It S T T Th TR B
UR Y Bl o Bl €2 98 <@ Sl € foh ur e
o a5 it A WY U Al S W@l ¢l W,
FAfgea & SN, a0 Yo <A avn w1 9 fa= g
21 fa3 15.9 aUeR ol foradia SRl aret &1 qw e
o Th I I AR T w1 fefq gufar @1 W g
Afqenfta e & d qrRome foeend geeh-gere el &
0T feoereei w1 sSmiodE A g 81 39 YR
e a1 ALARITUT kT Tagld e 21 56
fagid & TTER, Y% TE T YR T HId1 & HA
T T3 famaE T 71 o weAn o eteEd <A oh
Fr faeenfya eid € iR = fagerd™ oM @
SBUCHS & Hehd ©, ¢ fowenys s foeemeH
ST = g 21 o 15.9 fafr= T W
IR T eI =Yl 21 e (c) § forgie gome W
M < : A SIS oh HROT Yeh-YUsh Sca fagema
Teh T 1 S o & Y A ® 91 gk fag W
el e 9= 21

SR o fag1d i T €9 | = & o
faw, AR ST y,(x, O 9y, (x, O AEH o6 fReh

ad™ = YP

(15.24)

e o Toreeno €, S 4 T STer-3TenT 6 i)
ql 3T A9¥a o Bl AR I /A fohdt & ¥ U g
g € IR etfqemtua Bl ® A e forer y(x, o
g

y =y, (x89+y,(x 9 (15.25)

t=4s

M (r]

fars 15.9 a7 9 fawdia fawraT are faoid e o
THT FAT 3 W51 A () F S WSl &
i @ = Ty giar 2

Ifs freht Mo o T & &0 ] st sifue
T T @ © A SR qRomH a1 ®9 | aw
o YUeh-Yefeh T el w1 AN e ® | tefd Afg
Tfeefiel aE0 % 991 Hed 39 YHK B,

y, =f, x-vt,

y, =1, (x—0t),

y,=J, (x—vb,

qa 7egH | {98y k1 90w 9en 90 Hod 39
YHR S R S T,
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y=f,(x-v) +f,(x-vt) +. .......... +f (x—vt)

= ifl (x —vt)
i=1

NI hT fagid SAfqwor &t 9RERTr &1
T 2

e o fou, feet aifa et o srfeer =
AT N 3T WIH R R TR w1 S W
HIoit G o T B 9 v O G e ol
T B 34: T aiesd ff gHH §1 SR o =
off T BT A ST o 3ok ST HE © A
A x-318] o HATHE Tow W T I 21 T 9w o
I oholel AR el H | HHEO (15.2) ok
ITER 3 Al G hl 3T YR Fd F € ¢

(15.26)

y, (x, 8) = asin (kx - ol) (15.27)
IRy, (x, 0 = asin (kx- ot + ¢) (15.28)

T PRI & fOgid &1 T FH W, 2
ORI 39 YRR Ed fRaT S ©

Yy (x, ) = asin (kx— o) + asin (kx— ot+ ¢ (15.29)

(Ioc—a)t)+(loc—cot+¢)}cos¢}
2

r
a[2sin{ 5

qﬁ%ﬂﬁ(sinA+sinB)3ﬁmWﬁﬁagm
T3 1 gEm T 21 em:

(15.30)

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

THIROT (15.31) I8 <M ¢ fo qRomedt o o,
x-F8 HI U TEen § T Tl SMedl aw ©
fSraert sTragfa qen deed <Al A/ o g {1 R
TR FAR ¢/2 Tl Heaqol q24 98 ¢ fF THh
A AT ek qUN o oE R ¢ T e

A(P)=2a cos%qﬁ (15.32)
I 9= 0, Felq S a0 THA Fell H 2,
Yy (xt) =2 asin (kx- o) (15.33)

g RO T w AEH 2a €, S A®
ot o | 3tfeshan 1 ¢ = n o forQ, g aw
wod: Tk g faadia sonet o gt € qen o
T T AW G B U A Bl ©

ylx, =0 (15.34)

y y

A A,

(b)

fa7 15.10 TR & f457d & ST3aR GO S
T R a3 Sgfad @ & gRomE
1 GROHT T T STAH FAR P T TH
XAl &1 T8 FAIR (a) F 7T I & 7o (b)
& forg i

HHRTOT (15.33) & TN T G SAfqHIoT
T 81 T WOl W S ST S W €| G
(15.34) < i o1 Tt safqentor <ot 2 fomew
RO T W SH @M T S g @1 5 15.10
HfAHT01 o T A THLO 1 ST © S SAEARI0
fagia =1 wftomm 2|

15.6 @ T TS

s gArT o B STIRag el | a1 Hall hi
== BT | BT © S IS TE el au TRt
IR T T I € 2 A uiEm 5 € d w”
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afifereht

el T WAfdd & Sl {1 giaeafy w5 e 3@
i & T w1 IEre 81 Afk wfedm ok 35
&l ®, e g€ Tl a1 fa= yoarey wresl o e
FTgss 7, i feafa go wfea & ot 21 39 frafa o
If T HT heS AT WSl & Sl & A F 9
TR HreAm H qRfHd g1 S @1 A R iE a9 fae
el 1 i W) ) safad B © d arfid
TN 1 STUafdd a0 Hed &1 SAfad o Suatad a
W o Y o Tl 1 UM i §, ae
arufad ud Wafdd & wWedd o " et
o I

foa 15.11 foreht @fa S o eTfaer o= et
e IRETH W wEfd eidt aT <giien 81 4t 71 o R
TRETHT GRT Sl <Rl I SR &l Bl © d aetaa
AT 1 MR =&l elal @ S 3Mfad 9% b1 ® W
e 9 $Heh hell W 7T AT 180T &1 Theliak Scd—1 &l
ST B TR RO € Toh qiEn g € den uiEi
R | o R ey w1 forerms I s =iy
HARTY o fogid & HUR, 78 adi H9a g v
ufad Te TUEfdd O | T ellaR 81 difeh qikomHt
foreeTo ¥ =11 e qeh g¢ SR | aRE fdey W
TR 81 39 uRomm w1 w9 e 3w ¥ o uw
X Fehd &1 W T fOR R TEEl € Al o8 R W
I SR BT 71 g2 & e F77m o ER R

A e
Y A e
ﬁgmm%
A el %
e

faT 15.11 49 58 9REHET @ T8 &1 Wadq

T W 9Romg ¥ guE qen fen o fouda aa mifua
FA &1 TROTHEEEY Tafdd 98 Sca aidl © foren!
FeAl § T T SR B
% foe of &9 & W 7 (S8 T 2R TE W e
g &t © W foRet ©g W AT ®9 9 TG H Geh)
ql TEfdd T i el a4 A (HH o ol g9 |7
A1) ol S Sfad T o 1 e qiEmE W sty
oI q9 Yo 0% oh AW 1 T AT B 31GQ
TR FT IIEIOT A TR F1 e G B
i, frl T w o Tl A e
R ¥ WerdA § 7 el S el @ q gl
R § e | IS helid Sc9= T8 Bl 21 59
HYF I TOE ®9 T e FIH b oIy, qH el
ATfad a0 1 39 YR el w9 ©

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

a0, ¢ IREH ¥ Tadd o faw, wafdd al &i 39
TR FrEf #5 §,

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

fonelt gelt IR ¥ ey o fau, wafdd @
1 36 YR Fefa =@ €,

Yy, (x, t) =a sin (kx + ot)

(15.35)

(15.36)

T 38 IREH Wy =y, +y, =0 Fft =l
|

15.6.1 STWE T qAT GHH= faemy

TUscl e o 394 T R R aREfHa fem w
forem fepan | g Tt e goRfaa feafml & (59
T o W 9ferg SR S1eren afifed ot 1 arg
Hie) foad wed= 1 a1 erfuss R W e 2
IEX01 ok foru, fendlt et & <€ IR T et o
T fR 9 wEldd 2 81w el ar gEd
feon & T we g R 9 wEda el 21 T
TRA 9 % Fodl @l € 99 qF S § TH
aftardt X e 7 o1 S U8 @ Yo s
T e € T ®9 H 39 =1 i o forg,
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x-3181 &I oS foen o T At foedt o oqen
X-F& HI FONHF (M H T Al G9H AW T
FORE arell qEfdd a1 W faER FifNT 9 =0 %
feru wefiertr (15.2) 37 (15.4) 9

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

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

Tal, AR o Fagid o STTER e gRomHr a3 9
WehR =K 1 W €,

yat) =y xt)+y, (xt
= a/[sin (kx - ot) + sin (kx + wit)]
guRfed Frepmofide dames

sin (A + B) + sin (A- B) = 2sin A cos B, w1 I
FH W

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

TR (15.37) 5R1 Frefd a6 Yo qen geie
(15.2) 371en THIH (15.4) gR1 F&fa a@m & =

TEEYU SR T 2 3| FHHRWO (15.37) § T8 Jox T
ot TAT-3TAT ToremF €, 7 6 (loc— ot) & FISE %
®Y T\ TH T I SEM 2asin kx Bl 3Td: 39 0 Ye
o, o gk fog W = g § W S o Wk
3TaId AN HI0T AN o I 3T w9 e
FHIA 21 T ok fafe= sragdl o o § hIE el
& e 21 el ol ®v 9 fafa faget w fafa=
A G T Y Fell § qer wLl gl 9 U 7 ql
¢ ST S 7 T AR T Ll 21 37d: 3% AT a
Fed 2| Tt fafve frafd w s smam ffvea g
? g S Tl s T 2t fefaa wosmEm
o= 2t 21 5 foigefl W et v & @ o= freda
wed & a1 fo fogell W eifershan i @ 5= wwe
whed 21 Tt 15.12 foradia feemedt o o sheedt < o
B AR o Horeersy qRuMH SToH 9 <9t 2

AT T h T Heequl IR0l TE ¢ TR
TRt o <o 1 GIfaa qT <= A gt o A,
uftedien wfdsiy o RO, Wfdsfed g 21 e e
Weg g W Yo TE F Thal & (TR GO

ferT 15.12 fagdia feemsit & 787 #3dl 31 7adi awil o TR © 3= STYHT @R 4 § o st (S e
aret fag) &1 fefa a4t gaal W sraRatdd Edl 81
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e I T G HR) I THR! Je hi ST
e a1 U gq=ad et €1 3 gt
1 e o1 WETHT Tarem sed €1 31 g9 <A fo
TRag fedt aifa S)t o for g faen s fHemo
el

g (15.37) 9 freag &1 feafeai (ST
M Y e ) §

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

xX=n n=0,1, 2, 3... (15.38)

5
W:aﬁwﬁ@’ﬁ&aﬁﬁiﬁg B 71
I YR wel i feufqal (ST emem sifean B
?) H sin ke T T fEHTH BT T

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

k=2n/L T W
n=0,1,2,3...
(15.39)

1 A
x_(n+2)2,

A/2 BRI B HHISHTOT (15.38) 1 ST A
A fal W e L e o @ifa Sl
& faq o wed €1 A T M W
x=0T A o o uRdm wfaey =i A
x=0Tq x=L W 99 &Ml x=0

Hfas w1 Teet ¥ e eRft ®1 x=L A

TS SgfEl o HE g
%)
v=ng-. n= 1,2, 3... (15.42)

T YHR e (6 o oM Hi w@neiaes engiaar
sreren | faen e o foren @1 foredt e 61
JAqH GHTfaq w@nerae Tgha & e &1 gor faer
1 g oy Fed &1 I fal W aieg L @ &
T = & faw v=% St THE (15.42) H
n=17% §q 1 F&l v AT o AL0N T e a0
%1 =T €1 n=2 1 e faun 1 fgda gt wed
£l n=3 o qeTed gar Tongha gt © 1R 6 wehR
et ToTgfEr B € | 37 faened @ Heg gl b
v, (n=1,2,.) giu fafga fear s 2

fox 15.13 ® Al f w ufeg @i s o
WM B: oA qeiet 7 ¥ |

(a)
O ol ST Fo
T
<
N faedter omafa

TH: A HEN G F = w Y A

(c)
K S 5 Lo

. . . (d)
forere wfteir o foq steess & o @i W St o
Les A9 1 YRR | Heifud 8 A N A N A N A

L=n/21, n=1,2,3... A A A A

(15.40) § ‘(e)
A L e 1 S W Hifda ANANANANA T
TR Y TR T o dedl §
e 7F Fefafad 999 g0 W A A A A A A
ERIESIGIRS @é‘r(ﬂ
. 7 NS NS NSNS NS, Tomafta
A=Zr melL23. forg 15.13 =1 MR W 9Rag @ifia SRl & sl &1 99 9:
(15.41) o
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g AEYIH &l € foh i A ot 3 faene
¥ g fedt faun 9 S ) g fed S’ @
o fafa= faensti o1 stearmo g 21 o faemnd
Afereh ererar § S 81 Hehdl € 3R b %7 Yeerdl
Y| AR o aEfed S 9w 49 39 fagia W) enefid
g A @ faen gud faen @ s sHfva @ 97 T
a1 W R e @ fom et w1 fond fog W Hepa feman
T R

319 g0 fordll ©® frm o ol i faenst @
AT H4 71 Tk Faw % 7 Saifsh 3o o gt
21 A9 STt W ol oAwlt shiw Y AfeAhT T G Hied
T T 1 T 30 F| A HieH | S I A
aret fel R s g € qen g f ) 9es g 2
s R e o aftads stfusran g & wafe fowem
AT (Y) B ¢l 3Ok famid ga f w wEl
TR B €, A <6 qied gid © e fewere
AEM ARRAH B 21 S o Hueh ared faR
x=0 o W g gfaey (I 15.38) &1 w@d:
Tgfte eidt 31 A o o x = L 9&6g = at e
(15.39) ¥ =8 9Rom fasheran €

[+3);
L=1""%),-

o wnee frafafad wey o ufaefag gri

n=0,1,2,3..

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

(15.43)

e &) am faund w@nafas gl 39 R
ST 1 W

1\ v
v=[n+gjﬂ, n=0,1, 2, 3...(15.44)

Wﬁmn=oéaw%aﬁta€ﬁ%lam
Sea sgfaal gat egfa 1 fowm omgfaar stefq

v v .
3—, 5— anfg =t
4L’ 4L g

foa 15.14 T fR W Gat 921 T R | &7
a1 et o Ju : faud et getar 21 <A e
W Gel WY o oAU g f W 9eeE i #1359 YK
7g we ® fr <M R W gel 9 wiem § @t

(a) (b) (©)

XX

Tt

(d) (e) )

<
<
<

i

T
faz 15.14 T RR @ g 791 §R R | a5 fed
AY-FHieH T I FAHE ) sae
feemd g
o S Bl © ([@ T 15.15) 1 S @it
e, SR We a1 hictd | Yoiifed e (ST 14)
S 8 Tehd B A% @l g e w1 et
M o SR Bl & Al F1ehr § SIS Sea= Bl

fordlt 9 &1 IR ¥ Seags IRES gARR
Tereett, SeTETone, et 1 foeed! o ShuAl i TEH
faenent 1 fruftor 3o aftemn wd o gr fepen St @
fr foeeht &1 oftfy | feorg K off g &
@ 39 TRE oF hud w gHEr faumen &
Tt 1 stk stferh Sfeet &4 @ | 39 @Hen §

K OCXXX
ICOCOOCKX
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LIC A LKA

T TYET W U

ferar 15.15 fordl get 959 7 STFmET ®T | 8ell 9]
oA gt T &

< fermmeti o X GeRor wiwfea g € 1 e off gad

F=fied wifaeht o2l € |

> 3TTEOT 15.5 A X W o frdt gy @t
o 30.0 cm ® | 1.1 kHz 319 o @i gN
TH WEY 1 HIA-H qOIgh a6 i SR g
SufSm foRan s 2 2 A 39 oy & U fa @
ag Y fan e @ @ 79 R off 36 ' gn
AT GH Wohd € ? 9 | @A & W
330m s! ® |

ge7: Gl WEY °oh U &l Ygell $w fgumd o
15.15 # T3 T € | weelt [orgha Wi gt

1% 1%

2 e (g e
TEl L OEY 1 oeE ® | n o qongha w1 et

v, =2 1.2.3..) ( )
n=95L (n= ) (geTl 9159

T& L=30.0cm, v=330m s

V1:

y _ nx330 ms™!
" 2x0.3 m
T 8 T 1.1 kHz 379 1 9, 3T 81 v,
sMgfa Aefq fgdta ot 1 3afsd am |
379 A Y k1 U G0 <% & T GHIRT (15.40)
T gg qftomm e € o 39 aRy 1 got e,

v U
Vl - e

1T AL (T fR | &g 9E)

39 UEY § ol 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 fm
¥ &S I 1 qo ST 275 Hz & 9201 Hid i egha
=g T o TETE 81 SR T T e o
1 Guferd fere =11 &, 31 39 Wid o WY WIZY 61 Th
a0 98 T W FE STAR GAR Tl | <

15.7 fawd

forede qul o TR0l ¥ SO T U=eh IR B
S @ Gfehe g (WG SReR Tél) drelt &
e eaf a0 Tk € WA G St @ Al g wHe
g (A1 wfehe srgfaal &1 sfred) g 3 @
W] 7Y P9 IR off G 1 T 7 At w1 foar o
-4 S SR dgE g <1 € TSeshl e
GfeTehe Mgfal o @ik o SR Bl §1 Siitas 3
REEAT 1 SYAN U G o GHERT | i &1 9
AW IS I 9 dF GHEE HG Bd & 59 a9 3T
T A R A e g A

TG ST 1 O fad=m o fau, g9 < o
U HI0M ST 0, T o, HT SEd & Tl ®
foreR e & qen gfawn o fog feefd &1 x = 0 9
HHHT (15.2) § el &1 Uh GYfad 91 (¢ = /2
T T o feT) e sReR 7MW o W BH U e
g

S, =acos ot AU s, = acos w,t (15.45)

TE W T Ydlh y o T W s 1 SYAN fRAr @
Fifer &H STesd 7 foh SToey faeea =1 o1 o @
g mH it fe I ol § o, o9t St @
AR o fagid o STER, qRomH fowem = &
39 YHR oF H ©

s=s +s,=alcos ot +cos w,1)

cosA+cosB¢§¢ﬁ(ﬁlﬁﬁﬁﬁ'UTﬁq?ﬁ'qﬂﬁmﬁTﬂ
T ST HH T

V3=

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

(15.46)

— .
TZHW g = ford @

IR (15.46) 1 36 THR for@ g © ¢

ﬂﬁ(%‘qwb=wl
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e e B W TEe R
SR T W W A § R R R
THSH W, ARATT WS GId o Hol -4,
X, W, |, W, O, A | Se B R 13 S
o U 3TH SIS fhT 7T JeeR shi HeareerdT,
T SR W % SR W W w2

g T i i Ao | sier S Hehan
3. el S ¥ ¥ osft ww W wefr
TR-FUM eI 3 &, U ST 2 TMOT-IIe
it & T T T, T8 I8 WA Sl 1
TR Tl S Y | Aol | o & g
s @ goft % €

PIdcER A € R oo | qruees
el oF Yehi 5T HIAa SIarest § SHard T 2|

JeearoR Hfer qen 30 R § 9 Hs
@ ARy (S B (e o), werpE
R eeT=ge, o HiX) H o Tiila-%ae s
<91 ot 21 fafmear @ o) gfen o et off s
¥ 3 9 9 S|

s=[2 acos o, t] cos ot (15.47)
AR |o,- 0, << 0, 0,; 0, >> o, T, T FHHW
(15.47) ¥ e frereran €, aftomdt e siaa wivf
A o, W T FIA T W TR AW T

Y IR L ® S TR Tk Y5 e X o Weheor |
B T 5 f cos o, t BT AE + 1 T ~1 T E
Y tfeehad gial 81 TR vkl |, uford @ a5y
?ﬁwﬁmﬁ2wb=wl—wzﬁw—mmél?ﬁ?
o=2ny Ta&Eg vbemﬁwwmw%’,

v, =V -V (15.48)

beat 1 2

11 Hz T 9 Hz o R 3G a0l § 39 foeag
1 uftere fo= 15,16 <eiian 21 g 7% 61 S|
2Hz &1 gfa W faedg grfar 21

VEAAAAAAAANDD
MIAARRRRANRYE

(a)

PINANAANNNA
NAARARTAATAES

(b)

20, ey A
Y O~
-1.0
20

<
T

(c)

ferT 15.16 () 11 Hz 37gfa &t ongfa @i &1 s
(b) 9 Hz 37gfd &t omgfa @ &1 3T
(c) R (a) T (b) HT TR T Iq~
2 Hz i &7 faeqs gorfr g1

b SQTEYUT 15.6 < FIaRi =+ Sl A 991 B T
Y o1’ TR oS @l § qe WY H efer S B
% N 5 Hz g o foreqg Seq=1 i @I ¢ |
T B o 0@ ¥ 8 g wH W fawg &t
AT SEH 3 Hz @ Sl € | A A Y e
427 Hz ®, @ B 1 Ta1 9 710 HifeC |

g7 : SR H T 9@ W IUhI HUA hi AGM 9

S 2 1A S B W S (v,) A F A (v)
¥ sfoes 8, 7@ v, § IR 9fg B9 W fae w emgfa
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gedt =y, Wq fowug-emgfa # firmee 9§
T | o I fiekd frwem @ fF v, < v, | i@
v,~ v, = 5Hz, T v, = 427 Hz, 31@: S B %1 4

A v, = 422 Hz “

15.8 S T4

Ig TR fth oA #1 owd § 6 v S w@e
TSI g Ao el BEE R S €, SH W o
A (e i) o el et St € | 5 8w did
Tfa o frEt wafi-dia o fehe W B, 99 g
et eaf #1 dRa@ saH-Wd o ardfas aRd o
arferen weltd B B 5ok faadia Siel g Uereh eafi-di
¥ g W €, U R e o ot
AN W HH B B | 39 G Geeft egfa ufedT
TR UWE wed & | ed o difdewfag Sed
FoRfY=mT Sfer o wauad ¥ 1842 5. | 36 U9E &l
e fomam | O 1845 H elele § e il gHehT
Wi wierr femen | SfeR g9E T - uiEe €,
IE Thad e Ul W B AN TE o1, afch a8 qe
faga g oM W o @0 e | ifRd, 9 Tl
Had e e W g R w3 |

7 o fafa= uifafa o smafa o ufadq
fagetoor it : (1) Vet feeR ® W Wia Tiasie €,
(2) Yereh el @ g Hia e ®, 9o (3) etk qe
Hid <Al el € | Yereh e Hie o |ie wrdet T
T SIaT 7 BH % RO IRl (1) T (2) T TR
Y =1 § | SifaeRTe 90T I Gl o faw wed &Y
eIl erdt & ; The oft, ferd garentar axeil shi H=rom
o foTu e o) Stavgehar el Bl | 9fg g qream
T8, a3 <A uRkfefae o 9% S 1 g suE Tl
TH % HRU, AR YE TaSia B SA¥El W,
oo foremae 9| Bl # |

15.8.1 WId Tfaviter; Uereh T

a1 =t faom o Heiy ¥ g0 ug uiurel o= o € TR
et W W T 3T AT T &1 379 BH T did
S W foam & € St v, 3 | TEE € SR Yk T
U0 % ¥ feer © e mmeem off feer 1 9F efifse
o g @, forgent ey o amet form eraeen feafa
Terh SR A TE HIUG TG T SedwA T, T,
I T v | B0 WA € 6 Uath o U U SgEe

G UTEY W A Rl IEa

S& g 9ed H Fordl
g A1g HI, =9 M@
e hIE TS FHA TR
R R agw 7, df 3T
o 91 i g | @i
e & Tafere ==t <
TSt § iRt argHvea™
T o SRR @ Sl 2
IRUMSEEY 39 8 o
W 3T arell F a1y o SR Febet St 2
29 | 39 fR R &7 @, 29 §, Y W Hi
D 9 H 9 G 21 9 FH 4 H T8
& S 1 3R Fedl 2

TR = T 3R Fetal g7 359 <4
T, = T o oY g H 9€A H FH T AR
STl 21 BH %ed ¢ T <@ @ gl R 9
WEfid B € @ SHRT Hem § 180° FH AR
1 1 B WG S et S qgy § Sty
T T ST SE YhH T GO B

o & fau 3@, fF 59 =9 @ &1 9y
], o3 fo W aged 2, A 4 g @ 9 fR
Y TohueRR a1g faudia e o amqg ofiedt 21 T.t
BH %ed ® T <@ aw fae fhdl shelw &
Rafda gt 2

L +v T,

o 15.17 o™ #1 feafa 7 O W @2 Jarah & R v, 917
g faeiiel #ig &ld 43 S, W T qI-Rrer
3 F3ar & | 78T @i O, v,T, 34 7 &
e f43 S, @ 90 WI-RrER SEfT
B |
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(detector) € S S8k U g Al Yeeh qXal-T¥at
(crest)‘qﬁﬁl?ﬂT% | 9HT t=0‘3l'{TflE['€ﬁ'clf5f§ S W
arafeerd 8 (3 o 15.17) , Wi Toh 1T Seafem
FXA T | T8 A (t=0) W Gid Yersh ¥ LT WR |
T8 T FOTER Yereh o T " £, = (L/v) R TG E |
T t= T, R Hd ek T R v, T, T ¥ ol 8 3R
fog s, W 9Ea ST ot Yark ¥ T (L+o,T) B
fog s, W Hd Tk N (TE) T-Rmer swfm
F T | T8 TEN TR Yk Tk WA R
e B,

t,=T

2 0

. (L + v T,)
v
THA NT, T HA (n+1) 3 aT- TR Sford e
T S Ve 7 T 9EE (R TEA ¢ IH T TR
T F TR T,

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

n+1 0

3d: 9HI 3TdqA

[nTO L (L + Ty E}

15 5]
H Yereh k1 GG n T-TIER fiFar € de Jerek a
1 SR T €U ar e # §

(L + nu,Ty) L}/n

15 1]

v. T,
=TO+ s 0

1%

v
=T, 1+=

I (15.49) 1 &0 g o 9a § ot for@ Tehd
g 1 9fg v, 9% gfa & S i T Yerw <A % fRm
A eF R At 7€ | qen v Uferd rgfa @ S gid ok
Tfasiiel g9 W ®, 9 Ufka e,

-1
v=Vo (1 + U—S)
5]

IS T =M 0T ol J Hid HT =1l v B HA HH
%a‘er#%@maﬁ#ﬁﬁqw,

(15.49)

(15.50)

R (15.50) F1 Gf-ehed: 30 YHR for@ 94 &,

= voil—v—sj

iy (15.51)

o B S F S M @ A A o, F (v)
9 yfaeenfid 0 W e 99 ® :

V=V0(Ll+stj (15.52)

d: W& IS e Wi TR Yereh ¥ g S §
e 39 ferfa &t go o w9 g% fouw W oen, Uaeh
STYEITHd A G TIUaT 1 S Gid SHRT A el
g @ 98 a0l i gl erfuss Amgar 2

15.8.2 Uereh Tiaviter; Hia fer

o1e 39 fefa o, ST Yare Hid &1 3R o, =1 @ s
B, qe i foam o &, ot SR fawems 1 o= &
o foTT &6 S &7 9 A7 91 BT | BH Tfasiil Y&t
o e % H 1 w0 | 39 TR W H 9 qen Y
A v, § TG A T T T F FHG AH H A
v, + v | Tosch ufifeafa & St g erommEn T o S
=1 30 Uil § ff oo W eH 98 UM € T wed
T RTER T (n+1) & T IR F Uerh TF GEA

% A9 999 a0 39 YRR Had fRA S G ¢,

nvyT,
thy1 -ty = nT)————
Up+ U

3d:, Y&Th gRI HIYT A1 O KT A6 Shied

T:To[l— Yo j
Uy +V

-1
- T, (1+v—0j
15}

A % T& W T8 3H YhR oFH H T €,

Ve vo(kl+v7°] (15.53)

Yo o
afg —,~ 1 T HH E, 79 SR fawered e o€

BT, =T &Teh TITd hY ST2rel Hid, Fifeh THshIo (15.53)
e |f=rhe Had (15.51) T9H © |
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afifereht

15.8.3 Eld a9T Y&ieh S Tlaviet &
379 BH Sl Y97e o foIu, Sid a2 Yafeh <1 i Tfaeiel

TR AT Tk Hed=1 HUT | Tee i TG &H U&Th
T 9id 1 faen &1 oFeaes fogn 7T 7 <fifse fam
15.18 T wifd W qe Hafsh SHAR: v T v, o 9§
Tfefiet €, 7 THA ¢= 0 R Yaish O, T 91 &id S, (0)
1 9% R 81 WeAH o urdel R T Uk <@l @
o BT 3 v, ST v TR 3T BTt T, 1 7 Sewfor
F B t=0 W 5 G qeell @ TR Sef
HA B IH U YHR O, I WA S, W h LT |
37 <o Yok Tfqeiiet ¥, THfeT aT 1 etk o A

V,—> L, —>
O, :O2 S, :S2

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
&—1 &—1
VT, 1 LT, |

1 1

o7 15.18 v, 11 § TadH 3&i% v, =rel g TTEr Fid)
T t= 0 R 3 &1 STarefa #591: O, 7ol
S, & v @iq eaf7 (fger arsqm & arder 9
v &) T T TI-RTER AT Fa 21 TH
s7rad @1t & ars (t=T, ) 9&1% v, T, T T
O, W @1 #1d v,.T, T Fa%Y S, T g4 w1
8, 9 Fiq ST aT-RER Ieafda w8

A (0+v,) T | T TEEA TR Yarh W qH
t,=L/(v+v,) T UG € | 999 ¢ = T, T Y& a0
a3 8 oo T feurfaEl e 0, @ S, W
wgY S € | Uerh el &id o st 1 T g,
0,8, =L+ (v,-v)/T,) T | S, R & T TT-ToTer
SR T I B | I8 TR Jareh 7k T t, R
g & S 38 YR e TRl o WeRdl

t,=T,+[L-(v,—v)T]/(v+0v)

I n T, R, &M (n+ 1) 3 a1-Forer 3e@fs & 3@
T WA ¢, R Uah W 9 € S 59 YR e
F TR €,

thy =nT,+[L-n(vs+ LT /(L+D)
ad: W9 WA, (¢, -0

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

o Yereh n aT-Rrer fiFdn & o Yareh a1 STrederTa
T & ¢ 59 39 g9y g I fhan 5 =

T - ﬁ{é+1g;£gJ
U+ v,
:%(v+%j
v+ U,

STgfcd o 9= | UWeh I UTad ST ohl 39 YehR e
FTH T,

(15.54)

(U+UOJ

v o=V
o
Lv+v5

S S ued el gf el e i
Tk Tfgen g §S1 B1 AT R 98 e o gReR g
T T G Y Al g B1 9% @ engfa ga?
T G 3R Yereh <Al €1 T & o w6 @ © 3 S
H h1g 3fqX LT T TR At ) wrehfaer egfa goh
STt G Seq=1 L @1 81 Afehet Io1 i T2l o g @e
WIS YaTeh UTehiaeh g § sifies Tafd Aie &am s
TETIEr IFHT AR M € SN FHW A e HIM v
el 398 QS 2

M < fh T Yok ¥ Wiq &1 fen #1 eeers
faem et 21 TUfeTe Afk Yk Tiq kT SR ¥ @1
v, 1 T AT & Sk A 98 Wa S ¥ X S @
B @l v, A HOTEH g1 I SR A S Yarw O
QW@ E D v, F AR AR § TEE AR T8
O T 3R 37 @1 € q v, F °H KOS €1 Fd 51
Scaferd eaft @t feenetl & T wdt ©1 5@ A w
S I Yerh Y TR ST & SHH! & 9% TYfAd hI

(15.55)




395

TR YA o STWERT
e fyuel i gl o, SR que o HRO M o X 1 SuAm, WA, ity foe,
iifersht 9 fafay &= & fyoel =1 o Aree o foaw fran Sman @1 59ent SuEm gfed g7 Siten
¥ fom o A 3 W M R @ s TR @ @ T e @

A A 1 waf a1 TR s qun 1 Tear fuvs Y SR SIS S 21 el wvH
W, fuvg g wwEfdd a0 WS ek gl STE A 1 Sl €1 39 Q1 Sgiaal w1 S SR
fereerTom e 2

TATE TSl R IYAMI o ANEIH ok forw, ¥ H 973 Il oF W= o foe 39 fafy &1 s9am
fopan e 1 Wil ifaesifeg ari w1 o HIGH o fIw gHeRT SR i €

SR AN &8F TEAT 3R YRR ok fafi=t it o o Yae o1 e i o foTu SHeRt STan
T €| T8l 9 TEE a1 SYAN B § IR HE HeER H gH WA el Sl &1 weat
T Al o IR W Yo T € @I W W o WEiad 81 Sl € 92 o shi id 3R g5 o
aresl o T o favE o SRR USH H €, THE YUl o g5d 1 wed ot et ?1 gsd 9

WEfdd @ W S e o € 39 SRR SATT el S

21 T SR T feafae § Yak o ardey st @
aﬂ(v+vo)€ﬁ?ﬂ%|

> 3GTEUT 15.7 : Hs Yohe 200 m s ! 1A §
et e w1 3R fadE B | fq i 99T a8
1000 Hz g sl T S il € | 39 &t
FT FS I A R TgA H Fiaeaft o w9
AM9Y Tehe T R Wl 8 Sl 8 | (a) e
3R Ggfaa waft &t gfa, den (b) Tohe gN
Hyfad gfaeafy &1 agfa afewfaa wifsw |

ZeT : (a) 39 e | Yersh feer ® o1 &id Yerh i
3R 200 m s = 9 e 8, Fife a8 am, et
AT (= 330 ms™) % WY qoAA B Fd: BH TSl
TR (15.50) 1 YA T 7 fohr Giehe GHieRTo
(15.51) 11 &l Fiifh Hiq fer A1ed 1 &R I @l
T v, T R (—v) FRmEefd w58 gehR FHiw
(15.50) 9

200 ms' )
330 ms”

= 1000 Hz (1—

=2b540Hz

(b) 781 30 WA | 319 @7 & ¢ (T 7€ Ffaeafq
1 EG T) T Aok HT FYAF 3T Th Gy e
Tk (iR 7€ Fg=A off w3 €) 7 1 91@: v = 0 T
v, T T AT 21 379 Wi (Te) §R Sedferd eaf
1 Mg ve S foh @18 g0 eraeg Mg € | 9l 8w
HId 1 Jel AT v, 1 STAN Tl L Fehel | 37 Tehe
9 JE 9gT® 5N e & T g

L+D
V’= v 0]
D

200 ms '+ 330m s
300m s

= 2540 Hz (

=4080 Hz
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oLk W -

10.

11.

|9

Fifye il SeAHs HeAHl § foemE © Uehdl € a1 4 <A o T o el g gt gl €l
3ggE Tl A a6 B © S WieAH oh Ul a1 GeRUl 1 e o ded Sier wd €
ogae T 3 A B € R e S U1 a0 HeRol B faen % srfaw <o wid © |
FH R g I e @ S WieAn o U fog W g fag 9% T et €
e x-fee H GeRd SHEhiT a0l 1 ey 36 YR o fRAl Sl -

Y (x, t) = a sin (kx- ot + ¢)
TET @ TN HT M, k¢ HIUT RN G, 0 0T 3G, (lox— ot + ¢) Fel, T ¢ FHel-FHadish Tean
YRR el HI0T |
fopell w1 s A, U TRl U@ S HANE fageti o o i g0 oh SNeR Bl © W feme
&0 T WM el § e § | ST W o A g% < wEma Fredsl steren weaei o e 1 gl o <
% U e |
frel 9 o SEdErT T 1 39 999 gR1 uRwiftd fran Sar © e weaw o1 g sege 9 T
o quf A T | T A KT HNA AGN 0 Y 39 FHR Feted e €

r=22
w

et @ Y Sgfd v & 1/T o &9 § qRwIfa fepan smar @ 9o ergfa @ g ergfa § Frefatea
aﬁa%ﬁm%:

mmaﬂwv=%=T=/1v
ot @i S W SgIRT @ $T 9 39 S % o ¥ Fuif| e € 1k el S d e TR
T S 1 Pk FHEE T T A IH S H SR a1 I A,

\/T

L=

Y7,

eFf el sreed AR a et € S S, gell qen W H T Y Wehdt € | AfE FoRw T w1 AR
YETEdl OTik B A1 Ve p € df S WeAW ¥ eatd q@l i =

NS

g A B H IR all HI =
Y
v= |—
o)

fdt g §, 9f% B = yP, 31: @ &1 =«

b /ﬁ
P

7l y T 1 I fafere Se @ SEE (Y= C,/C), p T8 1 U A1 P i H T T

12. S | o1 Al 90 freh Wiemm Q@ THA I ©, q9 WieEH oh fohHl sta¥e w1 ey Yoie qi
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14.

15.

foreomal w1 SO I B @ | 39 9O % HEARIY T [Hgld wed ©

y=37, -t
i=1

T B S T I F A SAERE a0 AR o fIGId o IR ehed AL@ FRET R Afdaw
1 IRER TR el | A THM ST q q91 UM Mg oiell Wy el § sholl-fedis ¢ o 3R
areft & 76wk € feen § faHe € Al ek safashtor 1 URoT U Tehel @ Bl © et egfa ot
Ik THM B ©

y(x,1) :{Za cos%dsin(kx - wt +% ¢j

IfE ¢ = 0 A& 2 H1 YUIieh 7O € o a0 CHEH GHA Hell § Bl € qe SAfdehLor g g € 4
¢ =n al n e &1 fawm N @ @ W uweH fauwlia wensii § @it @ den safaekeor fomed
Rl

ot st R w1 Rt gg aiEmEn steren W] fR W WA well-SehAY % W19 el €, W et gt
R R 98 wWedd fo fRdt swer-uRedT & g ©

fordt atmafad @ o6 o
y, (x, § = a sin (kx - ol
3 R ¥ wEfdd 7@ & fag
y, (x, ) = - asin (kx + ol

weit ufEd ° wafda w1 & fag
y, (x, t) = asin (kx + of)

foqda faemsti § fasficl & Tom a0l o TR O ST T8 3 B | S i W afeag @it
T H IO W a1 39 YHR e fea Sl @

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

ST T 1 Th Ao T € foh g v faver w6 fifvea seftefaar T fea sed € qen
Aferehan fozemes 1 fafeaq sraftafaal 7 wed wed 2, @11 & | 1 AN fRegel stere < wHMT gEuRt

o ote w g E @

L e &t qifa S/ S SH R R uReg ®, Frefefea sl @ s e © s

Ven— n-=

= 2L,n—1,2,3....
el v W H1 S W TET HI WA B | T G ¥ U gl i e Fp o kU 1o S
gar= faerd wed @ | feam orgfa @ <o 1 faen gor faer steen gem qunghd weeld ® 1 n= 2
#1 e faun & T qorgfa Fed ¥, iR S YRR w9 Sgd S © |

L <iaE 1 whiE ol foreht wsh for &g qon gaw o @etl @, S8 arg-hiem, fefefaa sl § sam
H T

v=(n+i) 2L
- 2 oL n=0,1, 2, 3....
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16.

17.

18.

_--__
[L]

SR T gR1 FREfad safaal &1 T2 39 YR o e o oM |1 g e S € | 39 S g
n=0 % o o fream sl U ¥, S 36 UHR % Rk B e foaen steen e ot @

T fol @ ufeg L ol &1 @ifd SR st th R 9 &% 9o g fR W g ag-ahlem
AR ¥ HIH FW © 3% 3 T w1 gEm faud wed § | T @ yeiw g e s s
gy B 2 |

foreqs qe Sc9 B € W gd W SR T & G v den v, B G Tk W1 ggied # S 2 fag
T 39 WhR =T i W €,

vbeat = vl = v2

TIE o WU LA Wi S1efel Y&k O i Tfd o Rl fRE T &t Ufea eafa o uReds g1 SR
go79 HEAM T A & fau 9 emgfa w1 st W B e v, & & § o R S ®

v U
[
v U

Tl v WM # A F A, v, AW ok WU e F A 9 o, HEW o W6 S-S H oA
21 3@ G 1 STAN HI GHA, OS I fRen H A7 eAenss AR fauda fgen § smomers few s

T & &0 W GYH hedl o6 S HaTA
fogati o o= &1 30
T=Ro1 i k [L'] m’! =27"
T = v [LT] m s’! V= DA
fereds gt Vieus [T s T fiehe il =1 steamifua a
T Al T TR
faemuie fau

1. &1 et wregm & 9= g7 1 G T2 R | ged 9y | et o @ e et @ ) g o ush e
U T LI Tk o1 H G GfAferd eidt & | e q | arg 1wl 1 gdived qen faver wfmfaa
Rl

2. T H H WA Y TR WM qF el wHiaRa e € A fF g |
3. WEm o fehedd el A oF o9 STEIid (IE 9 31d T%) ToIRel 9al o T o RO Srelt

T B 7 |

4. STIFE A 1 GEROT Sheiet ST WIeAW W T Hehdl © TSH STUEYU YeATE UM @, Sereoned

3 | esd A H TG JARAl O k1 SAETAhA el 7, ofd: A q@l qeft wemwi-a,
59 q1 9§ gud el € o

5. € T agfd F fFd W ored T a@ § @ F 1 S 9E e §, Wiy R fRg

mewﬁmfwﬁ% | foreft srammedt avn o forel fafvea &0 o gl ol & et
TAMA Bt § WY Sk oW e g B




6. fordht meam o fom =t feorfa arer Y oF Oy 39 WA | fedl At @ & =@ (v) had
AW o FeArRY qel 3= Ol (S SeAHE W) R R #dl € 1 9% eafi-g & an W feik
& |

7. WEAH o WO v, O ¥ et fRE Jaw % AU gems 9 9 96 # W o ¥ T @ @ 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 S 1 20 cm sl A1 S T 200 N et 1 @16 € | 4% 39 S % Tk R w1 Sy
ekt e S @ s faey fead oma § g f 9@ 9gem 2
300 m S WHR o 9id o R T geer HAR % SHR W S dleld o 9§ TR § | Ak 9y
¥ eaft ®1 =1 340 m s ® df TR o TR k1 e HHR ok I W wer fIRA o fme X a” g
M ? (g=9.8ms?
12.0 m &« @il & a1 %1 5799 2.10 kg ® | R § o feher1 g1 =fee aifeh 9 a) R ferdlt srqweer
T HT A 20 °C W I ag B =97 &1 =6 (343 m s!) & IR 7 |

sEl &1 ITAM Feh W Hifve fF ag ¥ = &1 = =i

(a) <@ W Fref & e,

(b) 9 & HY a5 S 2, Al

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

A e b € fF uek fam § i Wi @ wer y = f (x, ) 5) Fefua s e © fEd xoqen t
Eﬁx-vtawa'[x+vt3wﬁy=f(xtvt) mﬁmmmlwmmaﬂw%?
F= U T y o O Held 1 TR ik 98 waigy fh 9 fRE W qw  fefa w1 g e
(@) (x-vt)?

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

(¢) 1/(x+ v1)
T TAEE 9 § 1000 k Hz 39 &1 90sed waf Ieafsid sl 8 | AfE T waf sl o s ¥ Tohal
2, @ (a) WEda s g (b) IRAMHA e i GO 0 I | 91g el Sl § Al el huEsl:
340 ms! 4 1486 m s © |
Rt oreqde o asl § <gmd 1 Uq o o U Wger ThR R YA R ST € 1 39 Sask |
et o s feraet ® fow a1 1 Wt 1.7 k m s € ? Th &1 Yeer g 4.2 MHz © |
fordl S W HE ATIRS [OIGHG aT H A

Yy, ) =3.0sin (36 t+ 0.018 x + n/4)

SN e S @ 1 Fel x qen y WAH H qun ¢ Yehe W R | x i oAedsh fen ad 9 9 ® |

(a) N g WIH q01 7 e SAH 2 4K T8 Y a0 € o THhT el 9o GeR i fawn o § 2
(b) T M T S N T ?

(c) STM o UHY THH! ARFIH ol 1 8 2

(d) 3@ a1 ¥ & wuNd RrEd o die i e g w2
W9 15.8 W At @ o ol x =0 cm, 2 cm @91 4 cm o Toq fawens (y) 3R 93 (¢) o = %
SAAfEd IS | 37 UThT R STepfa 1 € 2 1@, i s1e/n el § @ fohe weqell o g i o
et T s fog ¥ T fog w fae 22
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15.10

15.11

15.12

15.13

15.14

15.15

15.16

15.17

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

e xdqe yal m ® a1 thl s W foran 7 B, o fu $9 < <ot fageti o die shetiar feran @ foreh
T

(a) 4m

(b) 0.5m
(c) 73//%
(@ n
Tl R W uReg Rl @i S W ST gey foweee i 39 YR oI fRar T @
ylx, ) = 0.06 sin [%nxj cos (120 & )
S xde y ol m ANt s H foen T} | TEE K 1 e 1.5 m @ fSEent wefd 3.0 102 kg
21 fefafea 1 sw G
(a) F8 ol WIH o e gmH w1 o ¥ fRd Frefud e ® 2
(b) 3! e faqda fenst & o et < X % TR % ®9 H i U Yk T ki e,
AR qel I qd HIST |
(c) SR o T ¥ HifT |
(i)7%9 15.11 ¥ affid e W w1 & fou saEe o w=0 Sl & 9t 6 96m (o) smafa, (b) e,
(C) 3™ ¥ HUd H T ? M W H W HIfST |
(i)t fa ¥ 0.375 m Q & fog &1 smam e 7 2
Fro ot e A (IR el oreed) o fowerud @i fefud e ol xdd t e %o fRu Mg
& | 7% 9T fF T8 9 I (i) T a9 6, (i) ST @ #, (i) T 9 R o @ w1 98 fefa
F ?
() y=2cos (839 sin 10t
(b) y=2+x-vt
(c) y=3sin (5x-0.51) + 4 cos (5x—- 0.51)
(d) y=cos xsin t+ cos 2x sin 2t

T g IH &+ 9 difa dR o o faeur § 45 Hz o9 @ w9 k@ €1 3@ AR I FoAHH
3.5 102 kg a1 e 5oa9H ¥ 4.0 102 kg m' | (a) OX W SRS q01 HT = F1 T,
(b) IR & T e 7 2

T R W gel do1 g T W FeaH feT @t 1 m &6t Tfas, R fea emefa % wa (340
Hz &gfa =1 @i f9s) & @, v/ Al § 9 Hiad 25.5 cm JA96l 79.3 cm Al € q6 AR
T B | YA o q9 W Gy W et i = H1 e HIT | RR-GAE FI TI0F HE Gehd |

100 cm Tdt WA-3g o 727 fog R ufeg 2 | 360k TR O i qa g 2.53 kHz € | ¥
o At w1 we e 2

20 cm W« % UEY 1 TH 90 &% € | 430 Hz 9 o Hid g0 g9 UEY 1 SEA-E qureta foen
SR BN S 1 St § 2 A 39 wey & A FR gt & a ot 0 g% Wi 39 U9 o 9 AR
HAM 2 o § wafd &1 = 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 1 eifal Aden B Uk @ ‘M’ @R as @€ aen ot Sl gH o sRu1 6 Hz 3T ok
forede Se0=1 T @ § | S A 1 A F® SeM W s i oMgfa Hewt 3 Hz ® St § | A% A
ot o9 324 Hz @ @ B &1 emgfa = @ 2

e HIfS & (3rerEr HY)

(a) forelt waft aon o fomemma frede @ wede Brn @ SR fowemem weug q@ feg e €

(b) off@ 7 eF W ot TR Rl #1 T, f&en, gHfa qon emwR gifved & o 2 |

) arafer den faar & T T egfal guE B W ooft 7 S 9 S W K 9% R o ©
(d) " o< q TR S WehR 1 A T UINUT kY Fehd © SR Wl W oheel TR adl
& Huia e gewdt €, 9o

(e) URET Hiezm W HeRUl o WHF TS HI SH(A forpd @ Sl @ |

o WyH % 9 T W @El HiE el wid a1 § 400 Hz g st w@el oedt € 1 (i) wiewE
W'@@‘}Wéﬁmﬁﬁaﬁmwﬁmﬁﬁm(a)IOmS‘IW@WHﬁaﬁTWﬁﬁﬂF{
?, 71 (b) 10 m s =Tt ¥ e ¥ S W@ ® ? (i) I & gkl | et it =t € 2 wid a1y
T «afq &1 9 340 m s ST |

Wy a€ o el HIE W@Et wd 91 H 400 Hz 39 1 € oo @ # 1 a4 10 m s we § A
¥ WA #I 3R 91g ge7 o € | WIF % wiehd W @ fhe Jees % fag st w6 g, ares
qe = 1 E 2 ¥ feufd qea: s frufd % wney € e oy wid @ aen e 10 m s =
¥ A€ HI AR g W e ? Wid ag § e w1 Wl 340 m s o Hhd @ |

(c

rfafeam 1
fopel St W IS W UG @ 39 YRR ST ki TS ©
y(x t) =7.5sin (0.0050 x+ 12 t + n/4)

() x=1cmdel t=1s W fFH fog 1 fowemas qen e &1 =1 J@ DI | F1 I8 a1 AT Gl
T WA o S B 2

(b) St o 3 feigati w1 sraftefa wma ifoy e ey fowem qen = Sat €1 € foa x= 1 cm
W o fag w1 @HF =25, 5 qM 11 sWR |

91 T 1S GITHd TS (IEONY e F Faa’) weaw § 91 S 2 | (a) T IH T H B M
(i) g, (i) TR, (i) GEROT HT WA 2 2 (b) AR TR W1 W Ui 20 The ¥ rufq dE wdw
20 s o UYEN UhS % FO A ok Qe €, d WS gRI S TR 1 g (1/20) Hz 3121 0.05
Hz®?

8.0 107 kg m' sk SoquM wcd & ol o<t S 1 s fou 256 Hz st & foem =ifaa @i
feust & o1 € | < o1 guu fau et fer frdt o S ToRdr gan Rl qen & veie 9 dur @
W 90 kg o SIE weeh ® | Tl oren fqu i oness el 1 Srawifyd Y o © foees s 5@ R
T TR a1 SAEH T Ee1 € | (= 0 W e ok ard R (fge 9l ) x= 0 W ey faen
JA T (y=0) T 98 yH! ok X ok e Tagiier € | T 1 @M 5.0 cm € | S W TH
T T 9UH A A6l STIIRY fORed y &l x q1 t o %o o &9 § fafay |

fFlt TIge ¥ oEg FE CWAR' ™ 40.0 kHz S9M W WERA w8 HE wE-TAgs
360 km h™! =Id1 ¥ 39 9FR &1 R 0 St 81 st O wekla s w5t ot w0 82 sa § e
=l 1450 m s~ ST |
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15.26 Y gedl o iR a0l Seq=1 e € | i o faodd, gedt srged (S) qen oreed (P) < WehR Wi aw
1 IR F Gehdl B | ST kI UAEdl wIel T 4.0 km s, 991 P Al i giaed = e
8.0km s ¥ | FE YFI-oIE fFH qFT F P 9 S T F {HE F@1 T | TEell P el S
T H o | 4 e ved Tt @ | 7 ued g f qd W @ § T st § e 9 st
qhT Hfed B ol T A g0 T

15.27 % F0MEg fFE TH § FTEHSM gY THSA A Scq= i 8¢ I Wl B | HA ST SHEEg g
el wged st 1 e 40 kHz @ | vt <ieR w1 @ik ien <ig 9og1 O 999 SHRE i ww
w1 T = F1 0.03 TH 2 | THNRE FR A W FOR ¥ Walia @& F e @ g 2



