-
W 15 11089CH15

15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8

STITEY q e q
T W o faeens ey
TMH @RI B A

TN oh AR w1 fagia
TN T e

faoas

B’ g9

fommotg faw
A9
AfaRea A=

5
-

15.1 iHenm
fusa steara o g0 U@ el &t 1fd o aR H 7oA R St Tt
e e T Al g e g6 R o vl %1 w9 7, @ 59 e
o o1 B? Ueh S I HIeTH TE YR o PR w1 S 2
3T YR o WY H YA ol WA o 3TaFdl i Th-SE 9
T 2 forgeh it fordt U e &1 71fd SR 319 1 71 1 gefad
HI BN AR M9 Tk BIS Shebg hl fohddl qred o I 5ot § R @
iR, <t STt 1 g faeqsd e S @ | 7 fasiis ford we wom a
& difa & T@ar, SR Tk 99 o SR SR i SR guia g ?
I 39 T YHR " § FRR shehg I @, @ @17 9% <@ foh
dTes o g3 ok g fag W faeiy Seo=t gan € @i 9 =% faeiy g
% w9 § gl ¥ Sred 1 A G w § | eH TH qdd g € 59
faei fog 9 Sict W@ a1eX FT TR I 3 W@ &1 | Afg 319 faeqe g
R T TR-TR FE F S R @ 2, A w3
3 TS S-S T R @ S T §, g e %
fig & X T ST orelf ST Faet % % @ 0 P R w B
Y T YRR el @ TR STt 1 SomE W g9l o | 9l HY 3R
T &Y Fel, I, Tk st e o= 81 S ® | 3 YRR o
TH SO €, A e gan (W) ¥ THY R W § | W 39 gieRar §
(91g) TH 9N § T 9N | Yared @1 et | 9 H Iea= gu faery
=8 e &9 9 fe@r e <9, TR FE 1] HechihiAl gRI €1 g SRl
S I €1 39 YRR & faeiei & gfawy a1 e S go7 & arafas
ifeh TR 1291 H= $54 o aTe o a1 &t w1eam & Tk TH 9
T M T A F ¢, 707 FEAM 2 | 39 TAF H 79 qM &
oo o stees B3 |

T 5 U g @ TR g % Tl qen et o e # ge
T TEROT Bl B | HRI FHE GR-as A g Hehdl o Heor TR e
HIAT T Ak (STaed) T 37ef © g H Al T SA HIAT 0 FG0
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3Tk TG i Hed Hdl €| Gl T STEH-T5H T
fafe= YehR 1 X o HeAW gRI BIal 1 Sl o
fora eaf Tl vt weger faga Hehdl o &9 H qiafda
o <11 Heha ® 59 faega-gasa aal <ifa &1 S
SR 81 Hehell | o Hohd o HgeH o FHIGA Je =101
Skt %A H STAIT W B

[t T 1 GeRO1 o fou Tream &) eI
T& Bt | B0 WA @ TR geprer q@ el @ T o
Thdl & | TUY Hehel YRl ¥ ki T R feord a)F o
IR YehTYT SR AaRel, S Aaelies ®9 9
fafa & 2, @ THT I g B9 d Ugdl € |

forelt SR aen STat o 3o a4, waf 9, et
e R e
21 57 |eft M o HeRor o foAu HiesH w1 STrevgendl
Brl 8, A far wresm o weia e &1 Wbl | geh1 Serol
e oF Nl o el oh HRUT H9e B Ul © el
e ok Yearey ol R Fef shean 21 faga -k g ati
e f9=1 YR 1 ai Bl € forren fawa o o wmen
12 H 7279 3| fagm-gas ™ aOm o =il o fou
1A 1 EHT SAETIH Tel B~ Teh1 Gl Frafa | off
B 81 genrn, e a0, Xl gt foga-gesia
fopeot &1 fafa o weft faga-gasia @l &1 =, c,
U Bt € e 9 ©:

c=29,97,92,458 m s (15.1)

T THR FT TH T T ® o 57 1 & AW o
ST ST 81 98 o4 o g, YoM, =g, TRAT a2
3] S 2o W GG B | A T Yehfd o aeien AT
fereror | wehe il € Toreer foma o e st shemati
9T | T A G Gehod-TcHeh €9 H A1k qei faga
e N I qor § Ak ord €, ey e
ST 7ok Trenfiten! &1 sga o get el o qran
Sl €; Solee § Heg §oF aUl sl SUAN SoeR
geweet o A S € |

T 1A | &9 had AlfAeh a3 o ar |, feren
U1 o feIu SeATeHeh H1ea STavaeh 8, S1e9 i |

A Il | & SHN el o Fifecd T a4 6
Fieatreres gure gftet=r g 8, i ot o fd &

Aeifer fergeroT weiwerm wemelt vraredt | fafam T o |
forfyaram TR0 (1629-1695), & T a1 3TEsieh
e F9 T 9ig diferfas & foer am @ fd
qifetent & Garg & | HAHT 9 59 Tquei o Sl 1 ifdent
T T Wleteh 1 Hifaesh! & qe=g €1 e w1 difdeh!
o T AT | YATEY HIEE B R kT 3! et
& WY AT G B § | (i S, Fefed
FHATET, 91g 3N geareer At o S € 1) 79
ool i AR TH T SR §R H4 |

o= 15.1  3WMT STIER T TR 9 g HAtam
! Faee | fo=R SIS | afE 39 T R &t FAE!
I THREH Gl DI 3, A Icq [Iaid TR R T
T Tl € | 56 Uisha § o1 Bl ® 2 FAehrEeh Wied
T UBCH AT ST AreATearEe i s o faenfird g
2 | Sfth S A TEelt HAM @ Gag €, or: suH
T Tl Tdied Bl ® SR 39 YR I8 Wiwan e
Tl S 7 | 7Rl faee @ T R 9 g 9 g
Bl S €, TR Tk HEHT SO wreereen & feefy
& TSR € oY <o Hl @l € | 0 € U
IR I3EX0N o &Y | otd WIH W fom &t fearfa
T @e! fhdt Wmel W fo=r & | el & fafa=

fa7 15.1 T#-3R & Gag Fa7a &1 998 | ‘R A &1
THTIE T ST &; 7 38T SR R ae g=ia
g o &

fes3, FAFT g g7 TH-TW T Fud B € | S
2 fosdl o forelt wh R o fordli S5 1 Siied €, @
e AT Y T fosd 1 Uakhl 21 & A1 T8 eahl
T fesdl 9 TR fesdl #, TR 9 R TR+, 56 TR
G AMEl 31 & TH W EEl Edl € |

3TN, 376 BH 1Y H & qUN o ool | foaam
F € | S & g et T oI @ et el €,
I8 39 WM hl 91 F BIE ¥ &F HI FUIfed e
oz 3t & | Uk FHRU SH B & Kl AG
e |, 7 ST (8p), Tfad gl € | g4, ufd Tkl
&l TR AN ot Bl ®, 31d: wAF w1 & wifd
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9 feafq o off fasii o A7HAEEE H 'y 9a’
SO B S E | F8T 58 W ol |, S | ufted, FHae
o S Hilted e foeanon & quey | 4t e
&7 1 giifed fran Sa1 €, @ SH & & ] el
et Hgerd & o ST o1 998 3 © | 39 TN,
Gritgerd! & o S dgdl ©, S1eel 39 & | Cgie’
e Bil & Toreh Therearey qeiedt & W foer’ Seo=
B S ® | AfE hIE & 370 IR S ok el Rl qer
T foRfera &, @ 39 &3 oF 9ri SR o REyT @i arg
39 & H YoY Hhich foRe ol GHad! & &l IR
ohel <l € | 3 UhN, Hiied e foler U &9
T T & T SR MG F §, ek e arg F faee
1 GOl T B I ® |

S|l o off gl % Hgw ek e S "R © |
fortectia Sl H TXHTY] STeEn THS oF W STadl
el § oafeerd eid ® | $TH, Yo qRET] St
R[S T TR, 370 TR 3T o TATET R STRifad
Al o R, T § el 7 | A o1 mRangef
1 feeR T gu fonelt Wk wamo] i fowentya foran sme,
a ik SE WhR S foR A o WO W oo, 39
feerfq o oft weh Yo ot SO @ S © | 3T '
etk (lattice) o TRATIRT i 3t foged w1 oifa
o Fehd B qU TWH-FTeA o e AT o W
Thd € |

376 BH TH 318 oh STTel STIANT | ol oh fafa=
sifeenaforR TN T ==t B |

15.2 3R a9 3ME adi

B WA € T =131k e =1 i o Hiemw o w2k e
T €| AT HIEAH o T2k T 1 T o1 T o warelq
e L € ql Rl A i B STy Al hed 81 At

N\ y

=8

e ——
far 15.2 579 ot arfa SRT 3 13197 (x- 374) I8 TheT
g favicr giar & a SR @1 HiE ghowdt
ST FR-A4 (y-378) FIoT FaT & |

TR TS o WS ki SLEN R S wehat €1 fot 15.3
o off Uelt € we Teufa wefifa 1 T © SR sheet o
2 fop o o W g S % T i W Sw-A=
FT 3R Tad SAed A Seeh Yo fhu S @ 2

y

.

fera 15.3 gt SRt & srfaer 9fva g srad (Saraehie)
T ST T 1 U SSTE & T & &7 7
SRT &7 FIE FhEyT STaad @ 1 T 9 &
TaeI YA TR & Wie Fie Yl g

T YFHR T SH A 39 faeiy 1 gfiomm s9H wumt

T oF B2k TUT i 7T ahi 2T o6 STfReT e i
& a1 1 o< qW o B9 H S S 2

fort 15.2 & forelt S % oTfw T TR w9E A
Tfq s @ T @ 5 S’ 1 Tk 9N Sw-AE
A o IR Scq= R T /1 A% TR % STErg
o | S T e Ttk &t SHeh gE R a
T Y TR ¥ T T STAHET g S| o7 TR R

ST 1 T Bl €1 S &1 aRieefei o wiesm o afera
SO Ao G o 33T Sie i € Safe T
e T 39 g et @1 Srer el | o w6 Tfa
1 TET o e €, o1 T STIIET a7 1 T ST
2l

7Y forel T W YR 9 fa=R o ¥ehd 21 8H
fordt ffvaa Fra-e01 W R ° @ &1 faor
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Hohd ©| 39U BY TRl Shiei-&707 I qU 1 SAhd fiet
STt T o= fafy @ st fedt o fave W faer
T 7 STl BH I ©aH SR o fept fafvem sraea
T higd F qA THA & 1Y 39k Il hl 3@ |
1 15.4 H er<ed aXnl o Fad W S et
Tt feorfa wefela 1 T 1 o o R el o T
o Toh R W T e o 2| e & T ar 3w
1 AR eeheld 3R TR a6t &1 3R Eied 9 g

fera 15.4 9% & $F-919 fd #aH arg & 93 Tolt
4 sqfq @ 39 FT Sl & | Yl arg-s7eTd
& Sl T T T 9 % qEia g, 97 T8

3gasd I8 |
(=9 ) a1 foe™ (<A o) 1 W] 39 @l
S| At fies i 73X T AR Hehar ao Jel &
3R Wi 1 Y Had qef STadl (SAEshia) & at Th
TSk 1A AT 30T BT 11 U1gY ohi TialTs oh TR a1
H T ST T T9 Y T ST T8 HT ST 2
W T € iR 9 WA o Tk fag ¥ g fag
Tk TTHA I 7 | ST o el ST T €, 9 s o
T Gl et B, T T e &1 Srewoned, fReht e
T 5 *T gul w9 9 A E §) g, w5 W
T faeng fq & ® 7 & gof ®9 9 5@ 36 TR,
oA (ST T U1 €9 | T(q) qA1 LA T R Th T
AT AU~ =t T | fa&iis (@ =7 °) 1 a1y
H HeRoT g1 © o1g HieAm qui w97 1 6 e
SR TN § N i T T Haor i 9 o
e Bl € | 37d: T G0 o TG WIEAH ok JAh
3ead § STaEyvT forepfd Bl € | o1d: STy X
YU Sheel S HieAml, S8 el @ wehan © S
STIEYF Yfdeel 1 URAIe T ¥oh Sfafsh qal ¥ 98
HoROT T8I Bl Wkl | Tl oh WIY-T1¥ 3 "ot

ferepfar o1 WfdTer % Tehd €, 37 : STeed ol sh1 Heror
G} eITeY TTEA) § U ST Hehdl © | S8R0 o for,
el S Tl o ST To Seed A TR S a
TNA &1 Tehdl &, Sefeh 91g § oheret arqeed it
1 € GO GG B | 5TeA o I3 W I YRR FT A
B € : hivIhTeE (31Ul 53 qre) I den e
T | UB YN HT a0 BT HH qlreed i St
Bt € et e e W @ erfus @l g
eI Z1eh o o1 0T STt o I3 TT8 oh hI0T eI
ol Bl ® | Tocd A ol TS 1 Weieh TR e
X U w2 It Wil 7 B 2 | A T e e
& &Y H o Gl YA S g St € S S o
TS 1 AU F[H TR W WA FAE H

< i H T % e 7w € i e e
e e fodR SI2d STFM % WY del qoh Bl ©
SA-T B HUT-T o T Teh sifee i qimferd gt
2,9 7 oheel ST T hYd § Wioeh ST agE qel
AT oF Bl &1 WK H S AT ST q e
B s e

e &Y T 28 I T E Tk Weh &1 Hiem | Sy
A qe Seed q ey = faE-fae g 2

> 3QTEYUT 15.1 = a1 T & F5 I3 KU

T € gl feerfq o @@ wargy foh o o ha

FAIE B, I © U A H1 HASH ®

(a) T A&t Fefaa HAM o Th R TH
SR foenfud & W 39 HAM &I fmedt
fasm (dad) =t 7fa |

(b) 3@ ° W fodt faferex o zoer fed =1
M- Fieh faferey o 3= T |

(c) <t oh 83 T Feidl Hiew@e gRI 3cd— ad |

(d) et HIEmE Faes fohted g/ oG H Sca=1
prec kUl

gl

(a) 3TI9%A

(b) ergeed

(c) TR qeN =

(d) 3T <

15.3 WITHT o ® oo e

fordt gt 90 o Tifordte faeror o fou, 'H feufd x
q T 3 o TRl Tor 1 STerEehdl Bl gl Uik
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&0 T € Hhe a1 i IH &0 R A T faawor <
B & < g v Rl W e wer su fefd W
T 3T i T R fareRon oft 31?1 AfE & fondt s
TR T (U e o fe 15.3 9 g9l v ) 6t vk
el wTed & Al Hele Her ot ek gF SeT) gfaen
o fota g0 fonlt sToeer T R foeR i fom afg wrem
o fordt o7era ot feafd &t X d Frefud L < st &t
e feafa 9 forerm =1 y 9 fefua o g fdt
SRR W G0 1 a7 w9 9§ aflq e §
Yyl )=asin (kx-ot+ ¢ (15.2)
S e o IV | TS @) HT qqd © R e
1 SR I el o Eeh Fae W foEn W ®
I
ylx, t) = A sin (kx— ot) + B cos (kx — ot)
qa gHIT (15.2) TF (15.3) W

B
a= Ja2 L g2 T ¢=tan’ (X]

HHIRTOT (15.2) T SoT6h 19 T a0 Tetd s @
Tz e & fau fee ffvea &, o9 ofifse t=¢,
R foaR R @ GHHT (15.2) H 1 He 1 HIoh
(Fox + TXeriaR) BT 37 T o1 TR (Teredt faf¥era &
) x o e o B9 H 1 a0 1 56 YR, et ffver
Tefd x = x, W o ) qe FHIHT (15.2) § 0 HeH
1 Ik Teh TEerish —wt Bl 37 ferelt Fifvem feofa w
e y E99 o Y SAEHE ®9 4 uietdd g 2l
s1erta, fafu= fefadi W Areem o staga Wa ofad T
F & A AT 7 S ¢ 9E Fed ©, xH qF A
¥ 9 | 5o S joc—ot + ¢ 1 TH 3R R
3T: THIRI (15.2) x - 3181 o €T fo9n & ST
SEhE (3TEd) R Rl e 21 gHeh faadd, wer

ylx, §) = asin (kx+ ot + ¢) (15.4)
x-3181 T} U a3 oh Tfeer Tiiaefiel @ i fFrefua

(15.3)

ylx.t) : feafq x don 99 t & wod ok w9 H
foreemos

a ;T R M

o ;T HT R g

I : ShIvIg T W&

kx-ot+¢ :  RFIE FHell HO (a+x =0, t=0)

forT 15.5 GHI (15.2) & 9% 981 T R

Fedl ¢ | fom 15.5 et (15.2) o fafv=r wifaes
TR o =1 <eiar @ fgen! 70 o1d uftwifid )

fot 15.6 9H e W Ut f= gH o fag
THIHT (15.2) & 3@ <9l €1 foreft i & exferemam
e foeenae ot faig ol o shed € e siferrad
FUTcHeh foreeno o1t feig ! 7d shed €1 98 <@ & fog
o g T ohd T el € &W I W e ka9
Tohd B IR fiRt < o =g oid oma & @iy &9 Tfg

fera 15.6 1377 Tl T X-3787 %1 400 1597 & STgfaer
Tiaeiet Ig SAedt aT

Heal ¢ Tt o 38 3 W (X) 9 <9iie e ) 56
YR T WA o fordt ffvea feufa, am dfse x et
o 7o fag W forelt sfem@ &1 1fd W foa=m & g&d
21 =0 Tt W 3 fag (o) @ gwien T B A 15.6
o el < B foh qe fog W I feig (o) wHa o
i STl ®9 9 T I 21 St oW o i ok Wy
7ot fog ® feer w01 st e feafa & wifta: e
Y 81 7 ol o feafa & o1 o foag o o 2
&9 7 off 3w € fo e gwa o 3 fog (o) w of
o H T 3aH 9 s Ffvea @ wa o 2
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a5 15.6 o 3TeiEl o YR W 37 9 HHHI0
(15.2) = fafy= uferi =t aftanfoa

15.3.1 3TIH dAT <hell

TR (15.2) H, Ffeh A1 e 1AM +1 q1 -1
o = dftefdd el €, T y (o) %1 JE qae
—a % &= ufEfdd g 81 89 A€ a i e 3T
T df ST 1 HIE 29 & Bl §1 A9 @ WA ok
fordlt eraa 1 oo W feafq 9@ eifureran fomemm
T9Tiel 81 &AM © fop oo y oFeHeh a1 SBoleHeh &l
Gehdl & T a ¥ &1 a ohl T 1 SATI7H Fed 2|

HHHIOT (15.2) o HIVIH &I AR (lox — ot + 9)
1 T T FHeAl Fed 21 KA g A ok forg, fomdt
feafq @ 99 W Fen a1 w1 fazade fuifa s
B T : x= 0T = 0 W Hell ¢ B 37q: ¢ hl SRR
e I Fed 71 x- 3 W G g qon sk e
%1 30 YHR A Hool & H9d gl © ok ¢ =0 | 31a:
FHHT (15.2) B ¢ =0 T T ATIHA HT hIE B
& g 2

15.3.2 TS AT I a1 W&AT

T hefl ok 3 foget o o= 1 =am g 1 e
FEd ¢ 3 TH gE=a: A 9 9 € glaen o fog
B U el a1l fage 1 3id a1 7d o gend €1 e
e T wETTa ISl stern T o <t Yl R
FHHI (15.2) H ¢ =0T W, t=0 R foeemd= grm

y(x, 0) = asin kx (15.5)
Ifeh 01§ 277 ¥ FAh IREAH TS BT hl 7H
e @l ©

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

arerta faget xaen X+2%”am%|wu=r TIH B T —

T n=1,2,3, ... | TOF faeme fFE i g e =
o1t feigedi o HeA =FH U n= 1 oF W W Bl Bl A
Ta e e @ gt

27 2w
2‘:_ k:_
K T

Jeoh] HEXUT TReRieh 12T SIvHT qT & Fed ¢ |
g1 SI Ak ead ufd Hie 31eel rad m! g1

(15.6)

15.3.3 3TTadehIel, IV ATgra qer g

o 15.7 § U ek ferd fe@rn T 8 9
foreht iy & o 9 o1 SR @l qwian © e
ey o T F99a (fodt ffvem fafa ®) =1 9w
o G fazen <wiar 21 gfaen & fow e g
(15.2) § ¢=0 ©id € 2R 3{aFa (HH ST x=0 )
I TG W A A 7| 9 eH U Bl

y (0.9

asin (-wt)

—a sin ot

N,
\/

o 15.7 5 @7 SRt & @ ord! € at el fAfvea feafy
W SR &1 37999 HFH a @ GHT & Qe Sleid
Fdr Bl

TET o Sl o1 3T shidd BRI o fohdl 3Taad
5N T Ui Ser H fern e w1 steriq

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

<ffeh S et Y% 21 10 W RGN FLT €,

T

2
ol =27, A o =T7[ (15.7)

® 1 T 1 <RI G Fed € | 391 SI HH
ez 9fa e 3tudl rad s ! 21 fvdlt 0 =1 srgfa
Vv Ufd Hehe el H @A 71 o:
L
2n

(15.8)

N =

v:

*7el it rad ! BI ehd € AR AH HI had m W T L Thd & A, k, THIS oG W GHI Fehel Al a7l bl HEA
H1 on W N FH W W H el m! SI AES § A W arel i
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v &l &S (Hz) o 919d €l
Stfw == W W @ fedl e’ o srfew
Tferefier TR STeren SIE T w1 Hew e T € |
e a1 | HieAw o TRl Srade W A Weor
feon o g foremd g ® 1 @R (15.2)
o fepelt aresd @ o oy foeends wer W YR
foran S R,
s(x, t) = asin (kx - wt + ¢) (15.9)
Tl s(x, ) feorfd x den wmg ¢ W qemm & feedt
37 1 T G0 H faen o fagenq # | i
(15.9) § q foreeme amem 81 o7 weft Ui o ot el
T S ST T % WO H & | el U & SR 2 R
oo we™ y(x, ) F TH W HeH s (x, ) o= T
2l
b 3GTEYOT 15.2 ; fHet SR o SRS oA
a1 1 fereor 39 wehR femn T R,
ylx, f) = 0.005 sin (80.0 x- 3.0 0)
el ofifersh fEerieh SI WEeH ® € (0.005 m,
80.0 rad/m T 3.0 rad/s)| XM &I
(a) oMM, (b) WA (c) oA T
sgfd afterferd IfST | g8 x = 80.0 em @2
T t=20s W T A1 foeqmd y 9 aRewfeq
HIfST |
goT 39 fowemum &1 qern I (15.2) ¥ % W
Y (x, ) = asin (kx— ot)
&Y frefafed 7F 9 B34 €,
(a) T T M = 0.005 m =5 mm
(b) =hIvfa T F&A = 80.0 m™ T v
w=30s"
9 &9 HIHT (15.6) o g aUREd A 99l k
o day foed ©
2n

7»=7

2n
80.0 m™'
= 7.85cm
(c) 319 89 == fSu MU T qe o H Ga4 g T H1
oH T W €,

T = 2n/o
2n
~ 3057
= 2.09s
39 dfr emafd v=1/T
=0.48 Hz

T x=30.0 cm qA 9T t=20 s W faeemd

y = 0.005m sin (80.0x0.3-3.0x20)
= 0.005m sin (-36 + 12m) =(0.005 m) sin (1.699)
= (0.005 m) sin (97°) ~ 5 mm <
15.4 WH T &l oA

fordt Wt T w1 e fefud F % faw gm @
o Tt fog (Tl e i1 g Afvafam) W =
Hfgd R Fhd T IR <Ed © % 9% fog 9w & @
fohE TRE T YAl €1 AT ok I i A W A 3
gfaerse e 21 fo 15.8 ® < faf= g, foen
a1 A ¢ 1 oY THA SR B, WA BT SRR S
T B WG W U TE SR (X3l H S
feom) Ax T = 21 O W, fag (o) R e
IS o At W G Ax T 71 39 YRR 901 i =1
Ax/At R Tt 3 s aret fog W oft &9 fog (o)
M Wehd B1 € S AT v W THA HAW (SFFAT A
Yed eruftafda & @)1 w1 w fed fHfyea wen
faig =t Tfq = T St @

kx — ot = T7adisR (15.10)

31q: W9 GHY ¢ SEerd €, i ffvea e fag ) feafa
x ol T8 YR <A © o el hivish SR W1 37:

kx — ot = k (x+tAx)-o(t + At)
a KAx-wAt=0
Ax, At T A9qH HH o1 T

dx o _

T (15.11)
OF T H A k FI A Y Fad & W &8 I ol ©
_270_ v -2 15.12

27k T (15.12)

TR (15.12) T W 9@ o fau o oonae
oy 21 U7 Jardl ¢ o meay o ford) seme & T
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ot e e | 9 Yo Tk aesd o SR g 99
Fd B e e R fed @it @ w5 e
e o Sged i (SR o T e g
T, TN SeAHM e ) qe Jeareet oi (e
feml o faw 7 gk TUNeh/STaEIT TOT
SR FeATerdl ToTish) gR1 Feiffid eiar 21w =
fruifia shear 1 @1en weietr (15.2) T i =
o foru s @R ergf 1 Helw d B Ak #,
ST e ST S e €, WA U STued def STqesd
AT T G € q SR TTel SE A § STer-3Ter
B 39 129 o STad! SUNFl | s WA AifAw
T i =@ o foau gn fafte =se 9 S|

A Ax t+At
_’ <>
/ \S(f/ ”
MMW{ T«
taw T =0

o7 15.8 GO t @ t+At aF fwE SMgHT @I HT TH,
ST At o GHT AR &1 R Y gHed &Y
T € 7R TFIARa & ST 81 axT &1 v (T
fafeara e aren #1E SR fag) ggq At 7 5
Ax T Hal B

15.4.1 aFd ST T 3RS T aht =et

forelt @it 1 & o fasiy o wRoT wWeEm o
I T o 3R St ol (S T g1
i it 21 =Tel 9o SR ¥ ™ ®9 @ q
TR HNH U Haam &9 9 Fatua et 81 e =l
T T o T JoaE 9 S | G T 9
21 38 Heod | Srgcl U1 ek germE T u e S
T o SHAM m hi SUHT darE | ¥ AT &5 |
W T €1 e o Takia w1 v #en
forelt SRt W T w1 A1 oh faw Fened g ura foha
S ehdl § TR I8 Scdfd T &I 1 HIAT o TR
21 ord: e Tt faweioo &1 S il W ed 98
ST 9 © foh oot fordia faweioor @ gened g7 ==t
W B Gehal ©1 T fafy @ ura dew o feerien g
ff=raa Tl B1 w et T [ML] @ 990 T &1 5
1, @i [MLT?] 21 &5 39 famel &1 38 yaR

2021-22

fordt Tl WX WE T Rt
frdt T W T

TR T GEROT AT L_M_/
ST | <@ Fhd
gl T TH I |
IREH ¥ 39
1 e g ot
3@ Hd T @R
THh TEA o Hi
T ot FR Hehd
21 5Eeh foTq 9kl 1 § 3 cm =419 o Tk T,
T gl 3R FD R 1 STEvFehdl BTl 3T 78
AT SO e § off Y Hehd € SR gEmTed
T |

1 93 cm ™ & odel W aAfew) fomdt
FIMTR A1 AT o S-G9 i 6’ W
T goh TR ST Ueh 01 T §oh § &l Y
e ST SR TR ol &1 9 1ot g 9 TR
F T W FE R (1 ¥ 5kg) Tewrdl Fori &
= ®T gH 3 W 5 WX © Thdl Bl TH B
ST IR T o Th f o I 39 W SR 9
YER HIfWT| S99 TH T TH e o= S ff
39 W W R T S o9 38 W R dh
SR TR BIaT g3 <@ Hehd €1 3T AT
T 3R WA TE hT e s Fae ot Siw
Tohd B1 TE oh THIG B | Tl 39 38 ql-
A T BId 2@ HWehd © | Teh wivere (ferm
HET) 1 HeHdl § 39 T g T aar § ol
R &t S % T B BN THI T B Thd
g 3R fhY TH% oM 1 UM WL Fhd B

THH! AT GHRT (15.14) SN U AE 9
hifeTq|
T & ol Hita o o vaet efeh o@g %

e | ot B 81 g Sl 99 e € TR dq
Yid S1E SHAM A BH o6 HRU 36 T T] H
R HIE WHl W $Heh o i qoil | 1T T
T T T R TS 1 AT FH TH F BRI
TH 3@ W Goha © IR gHfAT A9 Glaursys
3R Tk & I R
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HAISa e © fof =re &1 famn LT 9 g ed
AT ¥ 3@ Hehd © fob S T/uH we fomn @

[MLT]
ML
3@:, A T ae p & Wi ifdes ufvmEt €

v:C\/Z
u
sl ¢ famen fens 2, 9 foda fasewo gm

Freifd e doa € | arad o gened g3 § ¢
E 121 oFd: aifd SR § STHE O 1 e

_ [LZT_Z]

(15.13)

T
VD= |—

U
e ST fop =t o WeEm o O T @R p (T Sl
T o HROT AT S 1 ST B) W AT HY
TRE 1 g W Ea: R TE e g1
FHerstl B oY U T % aR H ugW el =@
gt @ s T 81 T BRI A TN v S a4 BT
et faefisr o Hiq W s e 21 memm o T
faftea =@ qen emgfa o fau, @i (15.12)
qresd w1 e s 8

(15.14)

A=

<|<

(15.15)

b 3STEYUT 15.3 : 0.72 m T fHt Lt o arR &1
FIHM 5.0x10°kg ® | A1G IR R 719 60N ©,
W AR T ST TN =l g 2

Ze7: AR 1 Yfd Tehlsh <iale ol SeadM

B 5.0x10°kg
0.72 m

= 6.9x10° kg m'!
T, T=60N
TR T SATIEY T HT =,

ve IT_ 60 N
4 \6.9x10°3kg m~

T=93ms! <«

15.4.2 S T &t oA - a1 il oA
forelt aTeed au § WA o SfagE qX WeRol i fewm
o et fearfq & om-die <o | € | g9 Ted ot
@ o € o6l o ag o @ e -eEat &
GfteH aen foRemi o ®9 § THA e B | Ged
fapfa o ufqaa 1 faRor W areft gere o
qeqq 1 AFd FAR ol © 58 39 R
TR 3 €,

AP
B=-3vv (15.16)

el T/ | Ufierdd A P T faesid AV/ VIa=
#3d &1 B &1 fomn <@l ® S g/@ &1 € $IR SI Ak
o gd Ukl (Pa) H oo Sd 81 AT o HEROT oh
fou s Sreeld o1 SeAmE e p # ot fom
[ML?] © | B9 M ¥ 3@ Hehd © T T B/p &
Sufera fomm ® -

ML T?]
M L]

3a:, A B qeN p € wrEfien siifaes afwEi @

v= C\/% (15.18)

T/ C ww femw T 59 fardf favewo g fawifa
FHE 9 TEl ¢l g 3 9 =1 U 2§ | 37
ferdht Hemm H e qal b =t o forg SR o R

=[L" T] (15.17)

B 15.19
> (15.19)

et 3 o5 W Wig wem % fae, o °
UIgelfa FER 0T el € SN BH B i el 3TReA
fopfd W AR F ® STEvEd B 81 39 TR
o, WrEfiTeh Feareerdr Ulies o s’ ® TRt faen
ST - ATl Ol i o 1 38 Wehdo ok forg
fardta favavor veet S € iR B9 T (15.18)
St FefeRTor gra Bt @ e e feris ¢ e
2 forger 9 =enef safd ¥ 1 we B 21 39 YRR
forelt S o5 o ergesd W i = Fretetaa gee
TN ST T STl @

Y

v=,|—
P

v:

(15.20)
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Tel Y B o ugred w1 o JeAmerd o § | GRof
15.1 ® fafg= wreawt # wafq &1 =@ et
T 2|

WRUT 15.1 %o @readl B eaf @l wret

o
g (0°C) 331
a9 (20°C) 343
giferem 965
HEESE] 1284
EC
S (0°C) 1402
S (20°C) 1482
Yz~ 1522
3|
Tqfafem 6420
I (dre) 3560
= 5941
PRlEC 6000
FehIEsE T 54

el qen Sl | waf Y =t T St gor | stk
Bl [&M < fop S oyt H, iR W o |
= R Y 1A 8] | SHHT FROT TS © T 4 9 S
1 T T o | Hifed S A hied e el
3Td: ok TG YAl U o W sk B g
TR (15.19) 2@ | ST ST il 1 TG w1 g
H 5o T 31 Bl © | T S STEd ST
Jeareerdt ot ® gfg e tfurs Bt 7 1 T/l Hwwon
? for ol SR ol & eal 1 <ftg TIfa Bl @ |

forelt 79 o waf o =Tel T STher eX eIeYl T
qi=tehe H X Tehd B fordt oyl T (W e
11) o faQ @ P, ™G V @9 @9 T o = qa4
TH YR o Tehan S @

PV = Nk, T (15.21)
T&T N T | STUEH w1 WA, ke, Sieest s qen
T 9 &1 ohfead o a9 € | ora: fondt goard afed
o fau wefiet (15.21) § 36 fFefafea g9y o
g §

VAP + PAV=0

= _p
T~y

3Id: GHIRIOT (15.16) H I8 AH Ffaeenfud & |,
B=P

31 FHIRTT (15.19) W fondht srreel g o ergesd aant

®1 =,

P
v=|—

P

39 Hay i FeyeH =2 - w@fyd fea e, s
70 =2 1 g o wEd ©

(15.22)

> 3STETUT 15.4 =J2A & T3 1 START FIeh TS
q9 Td @ (STP) W a1 H =& &1 =1
1 AT HIT | 9 o6 1 T 6 FTHH
29.0 x'10° kg © |

Zo7 : 0 Wd & o fondlt off 9 oF 1 "I 1 STP
TR AETH 22.4 AR BT ® | Fd: 9 H STP W
e

1 Al 91 &1 FAH

Py =
STP W 1 Hid arg &l T

29.0x10°kg
22.4x10°m®
=1.29 kg m®
TRt w1 | At i = o fag =ged o 9o
o STTUR U STP W a1y | &afd & o &1 ffafad
T W B E,

2
1.01x10°N m 2 O
U T kgme | MY (15:29) <

HHRIOT (15.23) § 9« a1 ¥ =4 i =1el h
HH, 9RO 15.1 H ST 70 990 g0 9w 9 | et
1 =61 o M 331 m s & qoT § 15% %A T
MfER a8 el Tordt g82 AfK 0 =T Hi ™ ga
Tl T T R FTEH =g 7 e goxor & 99
ey | S B gF arel IRedd i GHdrdt O, 9 g9
€ I B Toh Se! T€ hou FEl Tl ot | s 3
g oarn T af g=Ror o 99 mem o ge-aiedy
Tat g fd | e © R o vare o faw g
T ST T T 3OV 99T U= -8l 8l Irdl|
FAEEY I8 URedd FHAdt @l B a9 Tt
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(adiabatic) %ﬁ% | TG Ufshamati @WW T W)
71 Wl @] B © (WUE 12.8 3W)
pV' = fegs
Y A (PV) =0
PYV ' AV+ V'AP=0
TRl ¢y 9 w1 < fafere wwEn w1 U

c/c T
T TN, SR T o foTT ST ST ereer omsh
AP
B3y =P

od: 9g | At &t 9 [FHE (15.19)],

p
= o G H 39 TYfG 1 ATl G9ie wed # |
91 o faQ y=7/5, 31d: 319 A 30 STP R a1g &
2J 1 AT o ke o fTT FHIHT (15.24) &l

AT R i @ i =l 1 7F 331.3 m s W Bidl
2, S =iy =l § 99 @ ¢ |

15.5 TN ok AN a1 fagia
o foradra faensti & T I T TWE ThH W H
R W B df @ g @ (F 15.9) 2 98 <@ S @
fF IR FE & 9] ff T TS AU Afted T
Tt 71 g, AT o SRE, T YA ST a wef
Y fo=1 gran 21 fo 15.9 =R wd fauda e ot
3 T T T TR G T # e T
B St T AfeAi B © ql IR et geen-gees
e} o w07 foreraml 1 semTiorde 4N g €1 3
TR SIS Gl 1 STEARITUT Rt THgld Heerd 2|
30 fogid & ER, Y& TS 59 WehR A hidl §
A SR TS T €Y €1 ord: e ok sted S
o HR faEenfad g € iR dfeh fawenmm semss
SRUMCHS: &1 Hehd ©, " foeends g1 fageme
dremfordta =mT g 21 for 15.9 fafa= gwal = @@
HR HT G I 21 3T (c) § fa9w g9 w)
2 < : IH T % RO JUFH-JUAH IcqA o
Th T &I I ¥ FREd R @ T 9o T8 foig W
el T = @)

TR o fagia sl TR €9 § =I5 3 &
faw, 79 <ffST y,0x, 0 720 y, (x, § Feaq o fomedt

(15.24)

el o Toreend €, S 4 T STeT-3TerT T Sl
ql 39 Ta¥a o Bl AR A a0 fohdl & § T g
gl € 3R etfqenua it €l He T y(x, o
BT

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

o 15.9 a7 9 fawdia fawreq areit fawia e 5
THT FAT 3T W51 A () F S T§ &
sifeareT @ 9 faweraT ghar &1

Az foreft mrem o B oA sreEn st
o Yeh-Jreh a1 el w1 AN B B | erefd A
Tfqeiie T o T He 39 TR ¥,

y, =J, (x-v1),

y, =1, (x-vt,

y,=f (x-vt,

a9 Hiegq | faeny o1 9 i oren 90 %A 39
YR F fHaT S €,
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y=f, (x-vt) + f, (x-vt) + ............ +f (x—vf)

= ifl (x —vt)
i=1

FAANIU H fagid sAfqeor &t 9iEeTr &1
o 2l

Wad & fau, fed @it e o sHfe ™=
HIA N AT T R’ R fgER w3 gE T w
I TGl o THH © q B0 T @ e o
M B 3Ad: T9oh qUIeEd W FHH B T a0 =
off TaE B 9 eNfST fof SToh SEm wHH © qen
T X387 o AT Tou W T il ©1 T 9 o
N oholel SR el § | FHIEO (15.2) oF
SR T SH T Rl 39 YR oFed Hd ©

(15.26)

y, (x, § = asin (kx - ol (15.27)
Ry, (x, O = asin (ke— ot + ) (15.28)

Td AR & fOgd &1 T FH W, T

foreenTe 39 YR e foRa S R
Yy (x t) = asin (kx— of) + asin (kx— ot+ ¢ (15.29)
ol 2sin (lx — at) + (Jox — axt + @) cosf

) 9 (15.30)

'qg?gﬂﬁ[sinA+sinB)a5mﬁaﬁuTﬁqﬁa;W
T 1 @ w2 e

y (xt)= [Za cos%d sin (kx - a)t+%¢] (15.31)

THIHT (15.31) I8 <@iar & o aiomt o oft,
x-28 T e fGen § T kil el @ €
et stafa den e <Hf WA o JEE g1 TR
THHT FHAR /2 Tl HeAqUl q24 98 T R THH
™ T Tk q o | AR ¢ T He €

A(P)=2acos %(I) (15.32)
g ¢=0, 1fq A A qIH For ¥ €,
Yy (xt) =2 asin (kx- ot) (15.33)

ofq aRomER T R @ 2a €, S A
Goifad ol o eifushad €1 =1 o forg, <A 9 gofa:
Th R ¥ fawdia wemett § gt € den ufondt o w5
AW T T 0 I BT €

Yy o= (15.34)

y 2al
STAY ";‘"/\*A ;
iR Y

—>
~ N
a /, \\/\/’ \
\
0, — X b'e
_a/ \\/

@="Trad

(b)

fad 15.10 =R & G57d & FJGR GA SEH
qor R ard < srgha @ # gRurE
1 TRUMHT T T STH FHAR @ T 745
Al &1 T8 HEAR (a) F 78 I & @l (b)
& forg mi

THRTT (15.33) & TN T U SAfTHTT
T €1 9 YO H <M A G W 21 GHIR
(15.34) < a0 w1 formelt safasneor goiian & foed
RO T W SHT S T SR g g1 5 1510
AR % T I TR I S0 © S SR
fagia =1 oo 2l

15.6 TN hT UTEA

Tl STg9rT ¥ g8 oTuRes Aeadl § 9 SRl &
==t ® | FA R S HRE TR tedn q fRE
it 1w el © 2 A i g € dt g
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el T WEfdd = Sl {1 gfaeafy w5 uftee 58
AfeH § e w1 IEE 21 A o gl g
&l 7, ereren @ Tl < fa=T qemee weemi o o
Jayes 7, o feufa oo sfea = St 21 39 feafa o
e T 1 he W W 81 Sl & 9 e
TR AT | gRIHA g1 S 21 Afg g @ < e
el o1 g W ot eafad gt @ A et
TN I TUafdd 90T Hed g1 SAfad el vt qai
el o UEdd o Tl 1 UM e ©, ae
fad T8 WaEfad al e o 9 e @6
EISERCT IS

fo=r 15.11 foret arfa S o sfee T
e R § wEfdd el T geitan 81 9 7 of TR
ORI R ST T e SFEiToT Tl B ® d e
AT 1 R & Bl € S i T4 1 € W
T ¥ $HeR Hell | 7T AT 180° Tl FHaAlR Icd— &
ST B1 HRT RO 7 € o aiEiEn g5 ® qen aiEm
R |t o R ey w1 forermy I s =ifen
TR & fagid & AR, J8 af Had § @
qfad Ud wEfdd W H 7T HeAlaR B drfeh afumHt
foreerTo ¥ =11 ¥ deh g@ SR H uRE gfaey W
amenfia €1 59 aRomm 61 &w TfaeE e @ o wm
FR Ghd T 99 T3 AR W IE=d © @l 98 AR R
T STRIGT I 21 =2 o e 1 o SER fear

A

f

Ve

foT 15.11 9 3¢ TREHET T W5 T Wad

T W IR § g9E den faen o fauda 9o smifaa
Tl &1 IROTHEEY YUt T4 S gidl @ foreen
Fell § T 1 A e
% fau gof ®9 @ @ T (S8 T =K T T S
g &t ® W fRE B8 W wWdd w9 9 T T Geh)
ql TEfdd T i el qAq ST (HH o e 219 |
A1) ol € S Sufad T o 1 He qREm W st
foeenmTs 7@ Y& T ok AW H A YA TN TGS
TR T ISTER0T A gy kT G o 2

e F, el T w W R F g
R @ TWEd | T el S gl © qel gel
IR § WA § HIE el S T2l B 8l 39
HYT i TOE €9 H = H o T, g9 it
Al 0 1 39 YR e w4 ®

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

T, 3¢ TREH ¥ T o fad, Jafid T &l 39
YR Fref| &9 7,

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

=-asin (kx + wt) (15.35)

foreht et afiE ¥ wadH o fau, wEfdd @@
1 3 YHR FRef[ w@ 2

Yy, (x, t) =asin (kx + ot) (15.36)

TEA: 38 IREH Wy =y +y, =0 9 &l
I

15.6.1 W % agr g faamd

frsel oram § e Tk f W Rt e w®
foram fepan | weg teft ¢ guffeq feafaat @ (S
AT o W aites S steren aRkfia o 1 a9
whiem) e qXeds < 1 eifeen fa W e 2l
TR & fau, fFdt <t § uw feon §
FHA T TH TR W wElda Bt 21 T8 wEtd
T gl o T e T R ® e A
B T8 WisHa 79 qeh werd! @l © 54 9k S o
T UiEd] @ Yo T 99 S U o e
AT T heard B g ®9 38 e hi
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% oI, x-oe) 1 eFeeh faen & T ! et ae
qAT x—-3787 ! UM TSN o T Il U 34
o RIS el Wafdd 71 W faER | =0 %
o gt (15.2) 3R (15.4) 9

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

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

Td, AR o Fa5Id o TR 9 aRomH aaT 39
THR e T S R,

ybt) = y b t)+y, (xt
= a/lsin (kx - wt) + sin (kx + wt)]

guifea Hermfide aeades

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

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

iR (15.37) gR1 Freftd aar Yo qen geie
(15.2) 3TeeT FHIH (15.4) g fefaa 9@ o &=

TEEYUl HR W [ 3| FHIHT (15.37) H 8 ko T
ot 3TE-31e T €, 7 7 (loc - ot) & F9SHE &
w9 H| 39 T I @M 2a sin ko 21 3d: 39 00 Yo
o, o ke fag W= g ® W S o Tk
3TEIE WA HIVF G o A 3Tad w9 e
A B T o T STerrel o o § i hela
& T 21 el Pl w9 fafa faget w fafa=
I Th € el | e wmdl § aT Yed A
¢ ST ST 7 TE SR T HIdl 21 3Td: T ST
wed 2| foreht ffvem feafa w gmem emam ffv=m e
2 W S e s T @ faftee feerfae w e
o= e 21 o feigedl @ smam = e @ S Frdg
FEd ¢ qun o fagel W aifusran e @ 3% wwde
wed 21 fot 15.12 fooda feenett o o st <
B AR o Horersy qRUMH STIH T <31 2

ST A h G TRyl wemr g ¥ fR
R R e
et wfdsy o ROT, Widsted g 1 e T
W AR ¥ e TS F G € (TR o

ferT 15.12 fawdia feemsit & 787 #3d g1 Sadi aeil o TR § 39— SYET a1 &4 3 foh st (g e
aret fag) #1 Refa @t gga | saRarda wdt 8
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STEd JTHT T | HY) IR TR e wt At
T a1 T qq=ad et €1 3 gt
1 Sler 1w Taen wEd €1 o 79 9 i
TRag fedt aifa S’ o fore wam= faen o1 faRo
Exul

Tt (15.837) ¥ freag & feafeai (St
AR Y B R) o

sin kx=0
A kx = nn, n=0,1,2,3...
<fF k=2n/A%, o:

X = ni, n=0,1,2, 3... (15.38)

2

Tqeed: I AN Freds) & o R d % Bt 7
I YR Tl i fefad (ST oA stfiean e
?) ¥ sin Joc 1 AF ST BT © ¢

| sin kx| =1
amiqu=(n+%)n, n=0,1,2,3...
k=2n/A o1 |
n=0,1, 2, 3...

(15.39)

P I3
x=(n 2)2,

A/2 Bl 81 WHIeRTOT (15.38) T STAN A
A fol R IRag L &g & aifd <t
& faq o wehd €1 A T W
x=09" o o uREm wfasy =@ A
x=0Tq x=L R f79 &l x=0
Hfes 1 Teel W e eRit ®1 x=L

frede, wftey & fou sawes © T o
LateEd A9 fe wehR o el @ A N
A
L=n5, n=1,2, 3... A
(15.40)

d: L deE i S W Hifgd
TR & ST @ a9 gwd ©

N1 a9 FefafEd 99y g 9 A A

e T ®,

N
) A

A= —, n=1,2,3..
n

(15.41)

A

fax 15.13 A ) W 9Reag aifid skt § stod 37T 399 8:
RElER]

TEIEdr gfaat o o B
15
v=n_—., n=1 2,3... (15.42)

TH YR B R o Sem w1 wnefas sttt
e wm o Feff e forn 21 freht Ferma &t
=JAqH GHIfad wnHraeh A Fi e &1 gor fagr
A germ gl ed €1 <A W aiEg L s o
afa < % R v=% St T (15.42)
n=17% HTd T T8l v AEAT S AN TR e
1 =1 81 n=2 1 e faun w1 fgda gt wed
gl n=23 % qeIeul gdid Ughd el © SR gH YRR
el gt B © 1 39 faensti @ gag el
v (n=1,2,..) g fafgs fear sar 2

fo 15.13 ¥ 4 il W ufag @ el o
HeE B ONgEl qwie T ¥ |

A

(a)

< T temw
o

A
(b)

K < g

T T HAE YR o e w1 gh A

(
A A

(c)
K > > > o
A
N N> =Heft Tt

(e)

A NTA N NZ N3 e
A A A A
)
NS NSNS NS, EEURMIEIS]
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g YIS el € foh i A e 37 faenet
o 9 fedt foun 9 oo A ameaen fed Sl &
oo fafa= faeneti o1 steaRao g 21 s faurd
31fereh Yererdl © S el Fehell 8 3K o o Yot
4| foar = gmEfe S9 o 59 59 fagia ® eneia
g1 A & faen gadl faun 9 sifus sxifs@ € 7 5@
o W R e @ fom et 1 forg fog W Sigpa foran
T R

379 g fRdl T8 fm o ol ot faenedi &1
A F 4 F7h1 Tk Fw 1 © Saifeh 3o o gt
1 SAIM: STt W 9 ol ki Y AfAehT I o Hictd
T T 1 T SR F| A HieH | S I g
At fol W g g @ qen gl f ) gee g 2
redE W < § afEde sAfueshan gid & Sateh foreera
A () T T TEE fawia ge R SR
TS B €, S <6 qed gid € qen ferwere
@M SAfRaH B €1 S o Hueh ared fa
x=0 o1 W g gfqay (T 15.38) &1 =&d:
Tgfte et 21 A @0 o x = L 996 = af e
(15.39) ¥ 7g Romm feherar € T

3
L=1""%)2
Heyfad aoresd frefafad gay | gfqafaa geft

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

n=0,1, 2, 3...

(15.43)

frem@ &1 wmm faund w@afas g 39 9H6R
= H A B

1\ v
v:(n‘i‘gjﬁ, n= O, 1, 2, 3... (15.44)

wﬁmn=o$@m%aﬁ?a€ﬁ%lm
3=a Mgfaal gat emgfa &t fawm Tomgfar stefq

5] 5] .
3.7 557 anfe Bt 2

o 15.14 T f W o 91 W R WS-
a1 et o JUW : o ongfaar geiian €1 99 e
T Gl U5 ok T Feksh e TR WS el 1 39 WehR
e e € fF S i | got 9 wiem | |l

TS T9aT JoH

A gt wreret ot

T

for 15.14 T RR @ o a1 R R | a3 fHar
A-HicTH 1 FS FAHT [T et favm
ferend g &1

g Se et © (W e 15.15) | STk afvid

freprl, SRt wd a1y hiem | Wuiifed Qe (TR 14)

IO B Weohd 1 A% STl Sgfa e w5t wnfaes

G o SRR Bt ¢ o T o SIAIE 3o B 2|

frdt o= 1 IRy § Igagde IREs AR
fereett, SqTEXoNY, Tt i foreett o Sl s JEE=
faeatt o1 freftor g9 aftelmn o o gro fepan St @
fr fooett =+ 9fify W g w8 off fog ®w= &
F@ 39 e & ST & yEme faumst wt
AT 1 STehe Afush Sifed %1 § | 39 woe |
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T ST q9H g Tgeita ot

it ot witeft T
faa 15.15 fordl get 959 7 STFmET & | T8ell 9]
gl et T 8 1
T famett o qn SR witwmtad g @ | fwe off 5oy
ar=fifea Aifdent o€ € |
b 3STETOT 15.5 M 19§ Wol fRdl qET @t
W 30.0 cm ® | 1.1 kHz 319 & @d gM
TH URY 1 - g faun Bt SR gr
SafSr o ST @ 2 9% 39 1Y o Tk R
5 T ez Se a1 =0 7 fR ot 39 Hid g)
IR GH hd € ? 9 H A Hl
330m s ® |

g¢7: Gl UEY °oh hud i Ugel ow faumd o
15.15 # g9t E ¥ | ugel qungha i ergh,

L L

VIZZZE (gar )
Tl L UY &1 e 7 | noff gt w1 1A

nv

Vv, =— =

n =5 (n=1,2,3...) (e [9E9)
?J§° L=30.0cm,v=330m s

_nx330 ms’!

Y 2x0.3 m

Ty 7 R 1.1 kHz 3T 1 9, 3T 517 v,
gt et fgdia qomgta 1 S3fsa wam |

319 IfE UrEY 1 U o & § qe GHieRn (15.40)
T 7 ufomm ke € % 39 sy %1 9w e1gf,

L 1%
Vl — —

=— =7 (T fR W e )

39 WY | cheel foqud wEA & qongtaE € forme
gt €

=550n s !

Z—z, v5=Z—z qor St YRR ST ..

L=30cm @ v=300m s! & fag, T &R
Y &% I1EY K1 gl G 275 Hz € 91 9id i g
=1gel U o qETEH 81 o T IS e o S
o1 Guferd feren =€ 8, 31 39 Wi o WY UIZY H1 Th
o0 9% & W FE AR GAE Tl M| <

15.7 faws

forede qE o SAfaeRtol ¥ SO T U=k IREEAT B
S TR e egfa (W seR &) et &
e et 0 Tk € EEE gAE <t @ dl ed wEE
g (S |iTehe egieal &1 sfed) gaE <ar €
T T P 3R o G A ¥ o At A o §
-+ =12 IR agrE G 3 € et emgfa
Gfihe Mgl o i o SRR Bl €1 Hiiids 39
TREEAT 1 ST T Rl o FHER § H g d
T I3 ! T o YIS Hid W©d & 5d qF S0k
GUET T 1 HIE ey g 7 <l

39 T 1 T fad=m o fau, g9 < o
TS IO A @, T o, i A L T R
forem e € qen gfaen o forw feafd &t x= 0 w9 |
HHRI (15.2) H Hell 1 Th TG 91 (¢ = 7/2
T T o feU) qe1 SeR ST o R gH W g
?

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

&1 W EHA Wl y o M W s 1 STANT fehar ®
iter &H ereed | o STuey foweme i o1 Y ©
g WM oifse o I el § o, @€l @€t ©
SR o T9g1d o T7ER, IR fowemms =t gm0
39 YHR oI H ¢

s=sl+sz=a(cos o,t +cos wzt)

cosA+cosBa5§qﬁi\?ﬁﬁaﬁﬂTﬁq?ﬁ'qﬂﬁmﬁaﬂ
T ITAR HH T

V3=

(0 + o)t
2

_ (0 - o)t
s =2acos 5 cos

(15.46)

g B9 o, = LRl wa=a“Tw2fw§aa
AT (15.46) F 36 YR for@ g&d @

)
2
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ofiferent

Hia w9
Al #, Wi W
ERilEei
EEINRIRCL R
HFR @A H
ot €, e, 3
WY, @g g
TR, B el S
Y Bl AHeTg
o AT HST
¥ THha fen #
S T Wl 1 998 © el R g
THSHM W, IRATT YT HIA o Jol ©R-1,
Y, W, W, 0, O, A |, S B R 13 &
o ShUd 3TH S TohUT T TeeR ohi TeITeerl,
T 3R W o R T R e
Tiftd =i 1 dF SforEi § sier 1 gehar
T: TR oot § ¥ gifa ww S werfhe
TR-TOH 3 HI §, T A7 T M-I
T S W A A A SO HW € IR e
gt ¥ T G 1, TE € WA € S AT R
TR e S I 2| HeedoR Wit & w9 g
TS o 9 & 2l
e A € o Heear R 6 qruegH
el oh IMEHRI R Wael YAl § sar T 2
JoeATR T qeT Ife0 9Ra H 9 e
@ Ay (S B (e fo), wergpe
R FereaTT=qqed & WiRY) § TRl Tifd-Te FAR
%91 1 € Torfersear € oiR gfn o feret off wm
" 3 7 I S

s=[2 acos wbt] cos ot (15.47)
IR |o,- 0, << 0, 0; 0,>> o, T, T FHHW
(15.47) @ Frreh foehetar , aRomHt o€ strea i
I, ¥ I HA T T THHT A I F

Y 3R L & S foR Tk Y ST ol o gehor |
B &1 5 cos @, t F UE + 1 @1 ~1 T T
A Afehan gl 71 TR Wkl o, uRomd @w®T a5y
o H 3T 2 o, = 0, - 0, § STR-TGHE B T FE
w=2nv faEag vbeat?ﬁ@:fw&laﬁaﬂﬁ%,

Ui =V, =V (15.48)

beat 2

11 Hz @ 9 Hz & T 3Tgfd a0 § 39 foeag
1 uftee o= 15,16 <9 €1 afomd & 1 s
2Hz &1 3Tgfa W faedg gifar 2

PINAAAAAAAAAN
NIAAAAARARRNES

(@)

FNA/\AAAAAAA

VUVV VY ©

(b)

fera 15.16 (@) 11 Hz 3gfa &1 qungha @i & e
(b) 9 Hz 3gfa &1 urgfa @1 &1 sferd
(c) W (@) T (b) & FTARTT T IT~
2 Hz it &7 faeqs gorfar g1

> 3TEYUT 15.6 < T9aRi &t SET A 91 B T
Y o1’ TR oS Tl § qen Wl H efrer S gH
% SN 5 Hz e o foreqg 3ea=1 o @1 ¢ |
T B o @@ § 9 gfg & W fowig &t
R TR 3 Hz @ Wl € | A A 1 g
427 Hz ®, @ B %1 Ta1 79 71 HIfC |

ge7 : S H e 9@ W IHH! HUA hl A 5

ST 1 Ak SR B W A ST (v,) A T SE (v,)
Y offu 7, 7@ v, ¥ R ofg oW W fawml # emafa
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Tet =ifew, wWg fowz-emgfa & fee o
T o gz freed frem @ fF v < v, | I
v,—V, = 5Hz, T v, = 427 Hz, 3: S B &1 §d

g v, = 422 Hz <

15.8 S U9

Tg TR T SftaA &1 e © fF S e die
IS g2 AT IeEl FHY R W 7, 39 i 5
AN (rerE gfa) | et et Wt € | 5 e | e
Tfa @ fepedt eaf-wia o fehe 9 €, 99 g
et s #1 dR SAf-Uid o ardfas aRd 9
fereh Wil eial @1 g8eh faoiid el whig Yefeh eaf-Hid
Y Qg W 7, Ufed IR e -Tid % aRdfae
AR © A B ® | 39 T Heel g qiede i
TR AU Hed B | LA o ifdeptas Sied
Tonfeemm SfeRr 4 wauYm ¥ 1842 5. ¥ 39 U9E &l
Wt foRam | O 1845 H elele W aEd St  gHh
AT Thieror feRa | SR g9 T qi-aiEe €,
IE Shad e Ul W Bl AN TEl il afceh a8 |t
foga gaeta @@ W o oy g 2 | oifRd, B9 R
hael e @M W & faEr w3 |

B o fafa= aRfeurfaet § smgfa  9fteds &1
forgetoor w4 : (1) Yerer feeR ® W Wi s €,
(2) Yerer Tfasiier 8 W i feer €, aer (3) Yareh qen
Hid < Tasiier € | Ytk qen Hiea ok ste wrdet Tt
T ST 7 T o HRT URFEAET (1) T (2) T TR
Y T € | eAfurehTer OO Bt Feor o ferw HiemH
Tkl et ®; TRt oft, ferga Hearenta T 1 SRt
o foTu "1eem i STavashdl 61 el | AT i wread
T 2, a3 3A ufiferfaa § 9% H1 w8 SuE T2
M oh ®RU, A% Uae Tasid @ ST¥el 9,
SR - o THH 2 ¢ |

15.8.1 HId Tfaviter; Uareh fer

o it fagn o weg § g0 ag uRarEl s o € TR
UeTeh | HId i 31T 9T &R ¢ 379 89 U 9id
S W fomm & T S v, 3 § T € SR Yk TH
O % ¥ feer © e meem off feer 21 9 efifse
o ig @, foroent mesm o grvet form staen frafa
Tk I AT T HIO ST TN SedR T, 7,
F A 0T | FH HAG § F Yash o I T S99

ol Uy H & T e

S& gd 9EY H Fod
g3 a9 I, 3= T
Al HE T 3Hh TR
R W g 8, df s
i Ap ) A A
e & Tafere ==t <
TSt W iR argHuee™
T o e Bl S 2
TROTEEY 39 e o
TS o arell F o Wt ael fehat St 21
59 H 39 fR WA T4, WY H, 3HY SR A
D a9 ! = Giedr 81 THY HH 6 B T8
&5 FR 1 AN Tl B

TROTHG: = T 3R =erdr g7 S=d <16 &l
e, = T o oY TR H 98 S AT AR
STl §1 €W hed © T < w0 gol R 9
TEfdd it @ o SRl hell § 180° 1 AR
31 S 1 S S gl S urey o STy
T T S GEH WehH T GRome 2

o & fou <9, fr 59 =9 @ #1919
e, o< fR W ogea €, 9 0 e 8: 5% fm
T ToheRR a1y faudia fen & amqg ofiedt #1 T=t
BH %ed § b @ @@ foe fRdl s &
oRafida B 21

L +v /[T,

ferg 15.17 forrm &1 feifad 7 O W @ Jer% § R v, 97
g Tfaviter @I Eid 43 S, W T a1- R
3 F3al & | 78T @i O, v,T, 4 T &
gvarq fag S, ¥ 390 WT-RrER sdf
T |
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ofiferent

(detector) %ﬁqu@ﬁwmw—w
(crest) ®! faT ¥ | ¥ t= 0 R 9@ ¥ fog S, W
sfafeerd € (3@ o 15.17) , 9 Ue qe-fome sefer
FA T | 38 I (t=0) R GId Yersh ¥ LTH WR |
g - FeTeR Uereh o W THA ¢ = (L/v) R TETA R |
T =T, T HId Jerh 1 3R v T, T =t ol & iR
fig s, ® W& ST ¢ Fowh! Yah ¥ Tl (L+o.T) B
fog s, W Hd TF R (W) TI-Rmer 3@
FE T | TR T TIA-RR Yk % A f, R
T R,

+ (L + v T,)

t,=T, .

2

AT T, R G4 (n+1) a7 771 fere scafer shan
2 S Yerh a0 99 ¢ TR U1 § S9 39 WK
S T T

L T,
t =nT+—( + 1w, To)

n+1 0
37d: 9HA 3TaqA
[HTO L L+ wTy) g}
5] 5]

H Ytk 1 GY=e n - Fre fiar € den Uers o’
1 AEdehTe T fGU SER e e 2

(L + nvT,) E}/n

T = |:T'LTO +
1] 1]

v T,
=T0+SO

v
=T, 1+—=

HHIIT (15.49) ! &H TG o 9a | o for@ wehd
g 138 v, 9 ogfa & S W TS Yerk <A o faem
o e W At ¢ ® qen v o8 Uik ergfa @ S Hid ok
Tfaeiiel M W 2, 9 e et

-1
v =Vq (1 + U—SJ
15}

I T = v 1 ol | Wi 1 =l v H HA HH
%ﬁ%’ﬁm%%@maﬁéﬂﬁﬁqw,

(15.49)

(15.50)

FHHTT (15.50) T Gf=Thed: 29 YR fo@ 94 ©,

15}
=Vy|1-—=

I Hid Yarh 1 ST 30 @1l @ v, FH (-v)
Y yfeaeenfud 7 | g9 UMW T

15
=V |1+ =

3d: Ve HIE A Wi R Yereh 9T Sl @
79 39 feafg &t qor ¥ 59 9% faum W o, YEeh
STYETRT HH ST YA 1 S Tiq SHh! SR el
g @ 98 a0 i ergha fush Aaa 2|

15.8.2 Y& Tfaviier; wia feem

e 39 feutfq o, ST Yereh Hid %1 AR v, =1ed | A
B, qe T for H &, o Sfer faxem s s Sgea— &
o foTT &9 SR @71 9 310 91 81 | BH Tiaeial Yash
o T7e91 %A o o6 ST | 39 Teen W H W S qen v
A v,  FHT T U T F GHT SH F A
v, + v | Tl aftfeafa & St &0 stommEn T o
1 39 uRfeerfd § ff ST W ew 7 U ® R wed
T IR qq (n+1) o T RER & Jeih T o
o wie WY el 39 YR e TRl S Hehl €,

(15.51)

(15.52)

nv,T,

oto
O e
()

3Td:, YTk gRI /YT T T HT 3T e

T=T0[1— Yo ]
vy +U

-1
=T, [1+v—0j
15}

A o 9& W T8 3H YHR oF T T €,

V= V0(1+U—OJ
1%

Yo o
afs - 1 HAE FHA €, T ST e e a8t

B, =Me YeTeh Tfd s 3727 Hid, FHifeh THIH (15.53)
e |f=he G (15.51) T9H 2 |

(15.53)
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15.8.3 EId qUT W&k Sl Tfa9ie &

37T &1 SR UHTd ok feTu, Gid qei Uefsh <1 ohi TIfaeiiet
IR AT Soieh Sca= F4T | U8l i T8 e Yaish
9 9q 1 fXen i oeees feen |/mT 7 s o=
15.18 %1 wifq Wi q= Y&t HwRl: v T v, 9 9
TIfefict €, AT 99 ¢ = 0 R Y&Tsh O, T T Hd S, (0)
1 o1 AR T WeA o wer e T Yerh Ed ©
e T ST v, STfA v 3R e 1 T, 1 7 Setei
F Rl t=0 W VE Hd Tl w1 et st
FHA B I G YHEF O, B WA S, Wl LT |
19 <{feh YaTeh Tfaeiel 8, THCTE a0 k1 Y&tk o HoE

V—> L, =
o, 0, S,

LT,

fera 15.18 v, 911 & T 9&i% v_ =16t @ T il
T t= 0 R 3 F1 STArf wH1: O, 7ol
S, & 57 Hiq afT (e areqm & arde 9
v &) @ TEE RI-FRER AT FX & Th
rad e & ars (t="T, ) 387 v, T, 3 FTHT
O, ® e gid v,T, T FeH S, W g
&, S FIT ST T-RTER Iw@fsdd w8

A (0+v,) T | S TEE TI-RIER Y&k W T
t,=L/(v+v,) W TG € | §9F ¢ =T, T Y& a0
wid gE 2 e T feafaal wEwn: O, dem S, W
TET W § | Uelk dem Eid o g &1 T g,
0,S,=IL+(v,-v)/T,] & | S, R BId T T0T-ferer
ST T A 7 | I8 - Yerk 9% T f, R
TEed # 9 39 R e A S gk €,

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

T n T, W, &M (n+ 1) 3 701 Frex 3e@ferm w2
2SN G ¢, R Uk R wgedl @ o 39 YRR e
T T T,

taer = NT, + [L— 1 (U + VYT, /(U + )
o WA AW, (¢, — O

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

T Y&tk n qT- TR fidn @ a2 Yafeh a1 STrerdehTe
T *ta & 59 39 Gy g/ oe o Sian =

T = To[1+ Us_v‘)]
v+ v,

(15.54)

v+U
:TO S
v+ v,

STgfc o 981 | Ueh g1 UfaTd g sl 39 TR e
F TH T,

v+,
Vv = VO
v+ v

e i e
ek Afget A6 931 B 1 HET fh 9 Yerme o gEer grl
T T @ et gt @1 98 = egha gAT?
T GId 2R YeTeh ST & GHH S H =l @ € o7 g
o oh1g S el S SR Arst =t wrehfaek sgfa AT
S G Sea= o @1 81 Afeh 3t 1 w2l o I wet
1S &1k repfash 3T | siferer STgfa e sam S«
TSt SUHT AR I € 3R FH A A HIW e
Tl 3E8 QS 2

M < foh g9 Ueth § 9 &1 {90 hI e
faom et 21 TEfeTT Ak et ia FT AR ¥ W@ E A
v, T M AHE ¢ Sk Al 9 9 S W R S @
B @ v, FAE FOEF | EG R AR S FaF O
Y QW @R v, B AE AR § TEH AR T
O &I 3R 37 T € I v, F T HUMEE | Fd 51
Scafsa et qeft fegnsti o oA St B1 3w At
ST TAT Yersh kT SR S T SHH! € TE TYfAd HI

(15.55)
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TR YA o STIERT
T fyuel i Sgaal o, SR Y9e o %Ol M o X 1 I, WA, Sty fer,
rliferent St ferferer & o fauel o1 o o+ o fow foran S 21 g9eRT SUAM qferd o8 Sied
o fau ot st @ for i M fadm @ stfuss wfd 9@ @ T we s @

J AR w1 LAt o1 foe gaea aun i TiaeH s 1 AR 49 S 1 S ©yE
W, fuvg g WEldd 9 WIS ek geR! TP A 1 Sl €1 39 & Sl 1 S e’
fareamom wgam 2

TG 3TESl W AAMI o AR o fau, 1 ¥ ¥ I o 9g= o fae 39 fafy &1 swm
foran <an @1 @l ifdeRifas dRi w1 9 Ao o fT gHeRt SUE % 2

SR T BT AT 3R YRR ok fafir=t il o ot Jae b1 1eHe i o foIu s9eht STEm
T €1 F8T 3 Teal a0l hl ST i € SR YT AR | $H WM el Sl &1 Teafd
T AR o TN Ya9 il € 3R 3T W o WEtid 8 Sl © 92 T i T SR €8T &
Iredl o T & fovE W SMER YH w T, T9H YU % g3 1 THeA off wfha €1 'd |

TEfdd @ W S e o1 € SU geRlRT SAUTH el Sl g

21 T FRU TS T § 9k o |oe gat &
A (v +v,) T B

> 3IGIEYUT 15.7 : s Uohe 200am s 1%kl a1 §
ol e =1 3R TIfa|E © | TTfa i 99g 98
1000 Hz S sl T SIS il € | 39 et
H FS N A R UGH X Yfaeaty o w9 H
MG Yehe 1 3R WETdd 81 Sl 8 | (a) @84

B Syfea a1 wiegha, qen (b) o g1
Hyfad gfaeafy &1 egfa aRekfaa ST |

ZeT : (a) 39 99 ® Yerh fiem € qen i Uetsh
3R 200 m s = G Tasiiel €, =it 7@ o, st
a7 (= 330 ms)) o WY qEHE €| € €0 Tl
HHHIT (15.50) T YA 1 7 T G-k THieho
(15.51) =TI T8l Fifeh G feR A& HT 3 = W
T 0, TIM R (—v) Fienfad FHiT 58 THR THeh
(15.50) ¥

200 ms™ -
330 ms™

= 1000 Hz x (l—

=2540 Hz

(b) =l 38 Ue ¥ 379 @1&d € ¢ (Fifew 7 vfaeaf
1 G ®) T Yohe 1 THEeh 376 Th = el
Terh (iR 7€ Fg=A off w31 €) 7 1 97@: 0= 0T
v, 1 HH ST B 376 Hid (Aed) GRI Scaferd waf
I T v @ S e g steeg g © 1 el e
I 1 qe A v, 1 STAM Tl L Fehdl | 372 Yohe
¥ R TYEE g0 R F T

L+D
vl= v 0
D

200 ms'+ 330m 51]

=2540 Hz x ( 300m s

=4080 Hz
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o p Wb =

10.

11.

12.

HRTIT

Tk T s WA ¥ faude W gwd § don 3 =ged & T o fem gu whafha e ®
a7ggey @ o a6 Tl & 9 Wegm o k0 a1 e i K9 o ofeed qe w R |
sgeed it A A Bl § T Wiemm % U1 R H= i feen % Sy Sed w2
TIH R g W e § S WeAw o T f6g 9 g fAg 9% T et €
e x-TRe # G SHEehE a1 b1 [y 39 WehR o fehan S @-

Yy (x, 1) = asin(kx- ot+ ¢)
Tl a T T AEM, ke FHIVTET T L, 0 IO G, (o — ot + ¢) FeAl, TN ¢ FHeAl-Fadish 12T
YRR el R0 T
et gt X 1 W A, Sus R T8 @ whuva faget o ot w1 g o SRR eid @ S fRet
&0 T WM Hell H B ¥ | ST T b AU a8 I HENG ARl Seren YEEi o ot i g o I
% R B ? |
foret @1 & e T 1 U GHA gRI R feran wmar @ e wieAm v hiE e oo U
e Yol FIA T | TE T KT FHA G 0 T TW YRR Fafd e ©

T=2"
@
. Tl @ Y emgfd v ®1 1/T o &9 § qRwfya fepan sman @ qen engfa 9 wioig engfa & Frefetaa
Heay BT ©
1)
V__
21
et e v =2 = Ay
. TR T V===

forelt I S W g9y @ &1 Wl SH S o il § fwifa g ® 1 Ak fet < | @ e TR
T S 1 @F FHEE T pu T @ I S W SRS W1 K A,

LD = |[—
U

eaf7 @ eeEd Ak Gt Bt € S 3, %ol qen A9 § T #) geedt € 1 3k fhd w6 s
YAl Ul B @1 ¥ p ® df SH WA § Al @l it =

oy F1 9g | TR @ w1 =
Y
v= |—
P

fret @ #, JfF B=1P, 3: @ # 9

b= /ﬁ
P

Tl y T w R fafre Fwmel F S (y= C,/C). p W F ATA I P W K I@ €
a3 A e a0 fRd meEd H Us WY THT S §, 99 HIEH o fhE ofede o faRerid yde
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13.

14.

1li5},

T o foaeroH w1 diSmiod A9 B § | 39 qUT oh S7eARITT &7 f4gid Fed © |

y=Zn:fi (x —vt)

i=1
T & SR W T HIA & AR T FAARIU o fI51q o STIER Tehed A¥@ FRET g1 SAfadwon
1 T T wdt ® | A% GHE AW g qe1 SHM g arell TRy el B hell-fadieh ¢ % ST
areft & a wh € fen § AfaHe €l ok SAfashior 1 IRUTH U Tehel @ Bl € et egfa ot
szﬁr%:

y(x,t)z[Za cos%¢}sin(kx - o +% ¢]

g ¢ =0 A 271 HT YUk 7O & @ T THSH THA Hell Bl & qn Afqerzor urdt g 2; afg
¢=mn FEl n et w1 faum PN @ @ W uwen fauda wenstt § e @ den safawor fommet
H

fereht st TR w1 FeReElt g o steen W] fE W WEde well-SehAY % 919 el §, W fRet gt
it R I8 WerdA for foret won-afterd= o e § |

fordl emafag @1 & foag
y, (x, ) = asin (kx- ol
g UREM ¥ WEfdd T % o
y, (x, 1) = - asin (kx+ ol
gl 9iE § wEfda @ % fag
y, (x. 8 = asin (kx + of)

foradia fegmadt o wifasfier € weie| qwi o =afaeor 9 STy a6 S Bt © | g i W uftag arfa
T § IO ST a6 HI 39 YHR e TR Sl ©

Y (x t) = [2 asin kX cos wt

AP TN BT Th AT T € o Ty foeere w1 v sttt T A wed € den
rfersham feoreenmom =t ffvera srafeafaar {5 weag sed €, el & | &1 AT FTeqal SAel < Hand Feusl

= R i B i
L e &1 aifa S S <Al o W uRerg ©, Frefefea srgfe @ s et @

v
Vv=n— n=1, 2, 3....
2L

&l v W B S W THA I G € | TH GaY Y W AR Bl U2 T oF HUA 1eE <o
TG faerd wed ® | fream engfa @ Sem it faun gor fer e ggm qongf wedd € 1 n= 2
i Ser faun & fgdlg oy wed €, @R 6 YR %H dedl Sl ® |

L e 1 g ol formet weh fm s qen o a0 gen @1, S ag-shiod, Frefafed s @ s
H T

v
v=ln+=|— n=
( sz ,n=0,1, 2, 3....
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SR Fee gRI FEfad Safal 1 U2 38 YR o o & oM ®1 5@ G e € | 36 g6 g
n=0 % fau o feam smgfn U ¥, S e YR o Fr i qe fen steen wem i @ @ o

16. =l 0 @ 9iEs L @O &1 Afd St o1ee T fR 9 9% 9o R f W g o1e@n 3 g
o Sg-hiem 5 frad smafadi @ & #d € 3= o ol 1 e faund @ed © | T 9y
argta e 1 7gAIR orrgfa Bl # |

17. fo9e 7@ eI B & 19 9gd A ST i & SRl v,aem v, H a0 Th W wgad w1 S 81 foeug
g T YR oA H W R,

\%

beat

18. WeAH o WU A WA (S) AU YaTh O LS I bl A o SR fomelt X &t Ufera sgfa o afteds
B SR FHE wECAl ¢l e % fore S gt A et W w1 emgfa v, % e ¥ e fhen s §

V., ~

1=V

2

v+ U,

V=V0
v+ U

Tl v WM H A F A, v, TEH F ANE YEE FT A a9 v, W % WUE - w1 o
21 T TI H ST W GHF, OS HI K # 9 oFmHs iR fauda fawn @ womers g smdm

qTeE 2 [L] m T & g9 R G FeAl & 3 HH
feigail & o =1 A
=Rl I k [L1] m'! k=27”
quT = v [LT] ms’! v=0\
forez s Vooar [T] s 3 fehe eTefaal &1 etearifaa ao
1 sgfadl 1 IR
faemoia fau=

1. & et aremm o 9= 5o w1 1 6 ® | ved 9g A el o | e et R ) ved 0 s e
T T I T 91 H M GfAferd eidt & | eaft @1 § a91g 1 w6l %1 Hdieq qen faver afmfea
B |

2. W H TH TH W TR WM doh el LEiaRd et @ 7 R ged |

3. Tt =ifeer 0 ®, WeEm o fsheqn <ot A oF off9 STEdd (IE 9 S1d T) TIRY Jdl o
A F FRO FS T BA T

4, STIHE U HT GeROT Sheet I WeAW H B Tehdl © TSH STIEI0 YeATErl Ul @, Serened
39 | o T H G AR O K1 SEYAhA eIt ©, 3: A A gl wreami-I,
5o e i W e e € o

5. @ T agfa #1 ferdt Wt ted W @ § geft il 1 SEm SHE gl €, W fed Ky
f1q THg W SR Fard = eidt ® 1 Rt st i o feeht ffvea aor w el ol R erd
TOM Bt ¥ W Sk oA fae B © o
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6. fordl e o form w1 feorfa amel ek oF Ay 39 WeAw H fRE AR w1 w A9 (v) Fed
A o oAy qel o Ol (S SeAHH W) R AR et € | 98 eaf-wid o 9 R fasi
T& L |

7. WM % WU v, o § Tiaelia R ek % foTT Yore ®Y 9 W@ kA o 9 o el € qen
??I'E'Wuiuo@'rﬁ%\l

CRDIES)

15.1 2.50 kg S99 &1 20 cm &l @i S T 200 N 911 &1 9 € | 4fE 39 St o T R sl ooy
ekt fean s @ soa= fasny feae wma o g f 9 wgem 2

15.2 300 m Sl HHR % IS & iR 71 TR #H9R o YR W o4 qee o 9 @ SR © 1 A 91y
# eaft %1 9t 340 m s ® dl TR % THIA b1 e HHR ok I R wer fIRA o fHe X a” g
M ? (g =9.8 m s?

15.3 12.0 m o« el o dR &1 o781 2.10 kg € | aR & @16 foha €1 =few @ifer 59 qR R fandt srqgeer
T HT A 20 °C W [ 9 § &8 H 919 (343 m s) F TR B |

15.4 A FT ST Hh T HifGC fF o § =& w =9a @i

(a) 3@ W [RW & FaA,
(b) O o W =g Sl 7, A
(c) Eal & WY &g Wt € ?

15.5 v 98 i@ @ fo6 T fam o o W 0 ®ed y = f(x, ) 50 Fetad w S ¢ e xoden t
I x - vt FALET x + vt HAG y =[x+ vt) FASH § Fehe B AET | 1 TR Ufaaad off T € 2
= X MU y o e el w1 e ik 98 Sy fh 98 fRd Wi @ w1 fefia w5 w2

(a) (x- vt)?
(b) log [(x+vD)/x,)
(c) 1/(x+ vt

15.6 wIE wHRg 9g ¥ 1000 k Hz Mg 1 wsied eaf Scafsld il € | 9f€ 7 a1 9l & I3 ¥ Zohdt
?, d (a) WA &t e (b) UG Al i qIeed Wi It | o1 qe1 Sl | et 1 wel HH:
340ms! @M 1486 m s ¥ |

15.7 Tl erouaet § Skl ¥ g 1 U M ok fAU TS TR kT WA fRA S R | SW A |
et o aresd ferat © fSe eaf %1 Wt 1.7 km s € 2 TR T YoM g 4.2 MHz € |

15.8 & St W *E oy Umgfd @ H1 FuiA
Yy, )=3.0sin (36 t+0.018 x+ n/4)
g T S ® | Fel x qen y Wi § qen ¢ Gehs W ® | x i oedsh foen od @ < ® |
(@) = T8 TIH G0 S1el FAYH ? IfE Tg W o € o SEhT el 9l W=l 1 faen @ @ ?
(b) SEHT @M q1 G M 7 2
(c) ST o THA TESH! ARHH hell FM B 2
(d) 3@ T 4 I wAFE el & A R A g8 Fmoe?
15.9 W% 15.8 | =t @0 o f@ x =0 cm, 2 cm @1 4 cm o T faeen (y) 3k 999 () & =
AeAfEd IS | 57 T w1 pfa o1 @ 2 1AM, orgfa stert el § O foRd weqel o wdt @ o
it T s foig ¥ T fog w fam 22
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15.10

15.11

15.12

15.13

15.14

15.15

15.16

15.17

T TOIgRd @T
Yy (x, t) =2.0 cos 27 (10 t— 0.0080 x + 0.35)

forad xqen y & m® 9t s W foran T 2, o forw 37 Srert faget & ot werw fhan € e
% T8 2

ﬁﬁmﬁ4mmwmdﬁmaﬁwﬁwﬁaﬁwwmmw%
ylx, 1) = 0.06 sin (%nxj cos (120 1)

s x @ yH m e th s | forn 1 ) seH SR # e 1.5 m ® fEent g8fd 3.0 x 102 kg
? | Frefefea w1 sw e

(@) T8 wer WIH 901 SAen Y o § 9 R ey s ¢ ?

(b) TRt eaTeE faadia feenst § o wedl < O % AR % B Hd U Fedsh a0 shi axiee

3Tgfd qen =e §Ia HifT |

(c) SR ® T 1 HIC |

()9 15.11 ¥ affd et | @ & foau aase & #1 sf & aft fog e (a) smafq, (b) Fan,
(c) @M ¥ &9 HTd © ? AT IT H TR HISC |

(ii)t® f®’ ¥ 0.375 m R F fog &1 oM R 2 2
T forelt g W (STyR S1edl STREd) o foeed o FRefud A x e o e fRT Ty
&1 7% 9T fF T W R (1) W T R, (i) STETH T R (1) T 9w off wn w e e
2o

(a) y=2cos (3x sin 10 ¢t
(b) y=24x-vt

(c) y=3sin (5x- 0.5 1 + 4 cos (5x- 0.519)
(d)
T g IR o A" i IR IO gt faen § 45 Hz oMgfd W FUH Kl €| 3@ AR k1 FoAHM
3.5 x 102 kg q21 Ias Fo7dM ¥ 4.0 X 102 kg m™ ® | (a) TR W SIL T i =1 ¥ €, qe
(b) TR & T e 7 2
T f W gelt don T R | Iaaar T @it 1 m &6t Jfaw, e faa emefa o 99 (340
Hz 379 &1 @i fgs) o @, @ HAferh § 91 i 25.5 cm 3196l 79.3 cm Bdl § q6 3
Tl B | IR o A W o § At i ATl 1 e HINT | HR-FAE H TG T Tohd ¢ |
100 cm &+t €ia-sg o e fog W ufiag 7 1| 30 oresd S 1 ga1 o1gfd 2.53 kHz ® | €
o et 5t = e ?

20 cm @« % UEY & TH 190 &% | 430 Hz 9 o Hid g7 36 UEY i HE-E qoregta foen
TR SN Sfea 1 St 8 2 4 39 wey & A fR get & A oft 0 9% Wi 39 uEY o WY ST
HAM 2 9g ¥ a1 k1 et 340 m s ¥ |

Yy = cos xsin t+ cos 2x sin 2t
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15.18

15.19

15.20

15.21

15.22

15.23

15.24

15.25

fHaR &1 <1 <ifal A den B U @i M R asT W@ R qe oigt-E 9gd B o wRu 6 Hz g &
foreds 3o X @ T | S A THE ho M W faes #1 g sk 3 Hz T Wit € | afE Al
ot 31gfa 324 Hz @ @ B 1 emgfa = € 2

e HIST R (e HH)

& guia 8 "edt €, a0
(e) URErdt weaw § HoRo oF HHT TE 1 Ha fopd & Sl @ |

e RYE % 9 (e R @t *iE el wid 9 # 400 Hz i 6t |l st € 1 (i) W
R @S Yo o fau el &1 Tgfa F g S@fe Wmel (@) 10 m s 9 ¥ Wi Hi AR fasier
2,9 (b) 10 m s el § R ¥ QS @ 7 2 (i) A & FROn H eaft wY et 9 2 2 wd 9
¥ A & =@ 340 m s AT |

VYA € | el *IE WEt I 9g § 400 Hz 319 &1 €t oot @ ? 1 3t 10 m s = § A€
Y VYA H AR GG Te7 A 8 | WY % WwH W TS R Yerk o fag st w1 ergfa, airest
qol WA F1 T 2 F A8 feorfa dera: S feufd o wuew @ fSEd o wnid @ 9en Yee 10 m s W
Y 9 #I R g W e ? id ag § A H AA 340 m s A R F |

stfaftaa r1eamw

fret e W HIE g g W 39 YRR ofed i T @

Yy (x, § =7.5sin (0.0050 x+ 12 t + n/4)
(@) x=1cmaeN t=1s R fF o5 F1 Az qon e o1 =9 Fa HIGC | F1 T8 =06 T Fexo
T el o SR T 2
(b) St o = fageti i srafefa A iy fe ey fawem den =me Sat & & fSaft x= 1 cm
R feorg fig # 999 t=2s, 5 A€M 11 sWT |
e 1 IS HiHa g (Irewoned et 1 ‘fud’) Hemm | ST S 2 | (a) 0 39 WS 1w AivEd
(i) mafa, (i) TR, (jii) TEROT H @ § 2 (b) I W W1 T U 20 Yhe ¥ A e ydF
20 s % UYEN Hhe oh FD AW o fIQ oeidt €, df G g Seu= TR &1 e (1/20) Hz 312@ 0.05
Hz® ?
8.0 x 10 kg m! e F=90M ¥ i fohell o<t <Kt 1 wh o0 256 Hz 31mafa & faga =ifer @i
5 @ a1 2 1 Sl w1 gEu fau et fer frdt % S ToRa gen R qon % werg 9 ot @ |
T 90 kg o ST @k & | foret aren faw Wi e St i srewiiitd Y o € frees wRor 3w fm
Y WEfdd TN 1 A 0 Fe ® | t= 0 W o A fw (fgyet 9t fat) x= 0 W eryey fawemm
JE T (y=0) T I y HI AR G ok SR e | | WA H1 @M 5.0 cm ® | T W 3@
T 1 qUH F AT IR IR y 1 x TN toF %o & €9 ° fara |
frdt wgst ¥ Mg FE WAR' FRE 40.0 kHz 3EM W YEOHE R §1 HE TG
360 km h™! =1d1 ¥ 39 TFR & 3R 7 &t 81 wHgsh § wekdd «aft &5t ot w0 82 5a § = w5
A 1450 m s AT |
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15.26 9% Yot o iR o Scq=1 wd € | TG o fadd, gedt sTged (S) qen reed (P) Il YRR w1 aw
FT TP F THA 2 | S T FT UTEW FA AT 4.0 km s, T PR KT IfaEd 1l e
8.0 km s ¥ | FE YFU-IE R gFT HI P 9 S T F fHE F@1 T | Tl PRI el S
T T gor H 4 e veel W ® | 9% OMd gU R @l Wt W ® T il © 98 9 it fR
g wfed T A T H gl o

15.27 % F0Eg fwd TH § Hghed g WA & SO F §C I W ¢ | AH SAf SHIEg 5
Icafsld wgrea aft #1 g 40 kHz ® | fRdt Sar &1 iR den g sag1 v 99a SHeE A
&7 F = F1 0.03 T F | IEIEE 5N G W IR ¥ Wafda st w1 et @@ € 2
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