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14.7 faeg

ESIy|
fommotg faw
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14.1 sIfHaT
fusa steama o g0 U@ el &t 1fd o aR # e7eas R St et
e e E1 A g e g6 R o vl %1 99 7, @ 59 e
o o1 B? Ueh S g HIeTH TE YR o FeR w1 S 2
T UHR o TeA9 H YA Tl HIEAH o FAFadl i Th-gR G 9
T 2 forgeh ot fordt U 1o &1 71 SR 319 1 71 1 gefad
FI B A A9 Tk BIS Shehg I Tohdll dreae & I 5o H R G
g, <t STt o1 g faeqsd e S @ | 7e fasiiy fordl we T a
& Wi =&l Tedr, SR Teh 99 o ST o i R GHEd e 2
I 39 T YR " § FRER g I @, @ 217 9% <@ foh
Ares o g3 ok g fog W faeiy Seo=t gan € @'l 9 = faeiy gai
% w9 § gl ¥ 9Ted 1 SR A w € | eH TH wdid g € S
faei fog 9 Siat @ aeX F TR T 3 @1 &1 | Afg 19 faege g
R T BR-TR FE F S R @ 2, A W W w3
S TS S-S T WA S T A §, e e &
forg @ Q& S ereriq TRt faeis o o @ g frad o+ @ R
Y 7 YRR il @ TR STt 1 SoHE W gl o | el Y 3R
Tfq & FT, 99, Tk st e o= 81 <1 § | 36 YRR o
O S €, df et g (AreAm) H eHd R W 2 | W 39 giehan o
(91g) TH 9N 9 TE 9N H Yared T8l el | 9 H Iea gu faery
=8 Ty &9 9 fe@r e <9, TR FE 1] HechihiAl gRI €1 g9 SRl
S I €1 39 YRR & faeiei & gfawy a1 S i go7 o arafas
ifeh TR 1291 H $54 o aTe o ol €t w1eam & Tk TH 9
T WM T A F ¢, 7071 HEAW 2 | 39 7AF H g9 M &
oo o s1ees B3 |

T 5 U g @ TR g % Tl qen e o e # ge
T GEROT Bl B | HRI THE GeR-as A R Hehdl o Heor T e
HIAT T Ak (STaed) w1 37ef © g H Al T Sea HIAT 9 FG0
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3ok TG i Hed T €| AT I SEH-TSH F:
fafe= YehR w1 a7 o HeAW gRI BIal 1 Sl &
fora eaf Tl ! weger faga Hendl o &9 | qiafda
o <1 Heha @ S0 foega-gasa aaf <iffa &1 S
SN 8 Tkl €1 gt Hohd o TG | =Iadn J8) =7l
Tk HH H STAIT W B

[t T 1 GeROT o fow mream &1 eI
F& Bt | B S @ o geRrer 99 fafa @ e o
Thdl & | 3O Hehel Yok ¥ ki g R feord a)f @
IR YehTYT SR SAaRel, St Aaelies ®9 9
fafa & 2, @ THT I g3 B9 dh Ugedl € |

forelt S den STat o 3o a4, w9, et
e S e e T e e S o
21 5 |eft T o He=Ror o foAu Hiem w1 STrevgendl
Brdl 8, A far wresm o weia e &1 Wbl | 3eh1 TR0l
& o Nl o el oh HROT G9e Bl Ul © el
e ok Yearey uit X Feft shean 21 faga-seeh g ok
e f9=1 YR k1 q Bidl € forren fowa o oma wmen
12 H 27279 | fagm-gasa aa o 9=l o fau
1T HT EHT SAETIH Tal B~ o1 G=rol Fafd & o
B 81 genrn, e @, X-foreol qeft faga-gasia
ozt &1 frafa o @eft foega-gasa o #1 =, c,
U Bt € e 9 ©:

c=29,97,92,458 m ! (14.1)

T JehR T Tk 3 X € T g T ok M g
ST Al 1 98 554 o g, Wi, =2, TRAT] qe
3] S 2o W GaIg B | A a1 Uepfa o aelien AT
fereror | wehe it € Torer fama o a9 srelt shemati
9T | T A G GehodTeHsh €9 | A1k qei faga
weehid qON I qor W AU Id €, qUy gAehT
ST 37k TeNfiTent &1 srga i et el o qran
Sl €; SoleeH @ Heg Fo7 al il STAN S
geraelt | feran S @

T 3141 | §H ohddl difAeh aull o aR |, fSren
Gl o feIu SeATeHeh H1ea STavaeh 8, $1e9 i |

A I § & SHR hell a1 Fifiged T T h
Fieatreres gure gite=r g 8, i ot @ ifd &

At fergeroor weigerm weeelt wraredt § fopan 1 o |
forfyaam TR (1629-1695), &2 T a1 3TEsieh
A F T8 wfag ifaerfag € fomes am an fq 5
ifetent W Garg & | HAHT 9 59 Tquei o Sl 1 et
TN T et 1 Hifaen! o g9 €1 a0 1 difdh!
o1 TS AT | YATEY HIEE B AR kT 3! <ot
% Y AT G B § | (A S, Fefed
FHATET, 91g o1 geareer At o S € 1) 79
ee] i AR &0 WA IR GRT H |

o 14.1 o 91T S8R T TR § g It
! Faee W fo=R IS | 9 39 T R &1 FAE
I ThEH Giaehl BIS 3, A I a8y TR R T
T Tl € | 56 Uisha § o1 Bl § 2 Ahreh Wied
T UEeHl SHHTHT 7Y FreTeree i s d faenfird g
2 | Sifeh T U Tgel wHA § Hag €, o7 SHH
TS T Gl Bidl 8 SN 39 YR T Hieha STl
Tl S 7 | 7Rl faee O T R 9 g 9 g
Bl ST €, TR Tk HEHT SO wreereen & feefy
& UL-SER € oY <o el @l € | 0 €
TR 33BN o €Y H {oTd WM R forrg =1 feafa
T @e! fhdt et W fo=r S | el & fafa=

M

A

fera 14.1 -3 & Gag HANTT &1 998 | R A Fi
THTIE T ST &; 7 38T SR R a g=ia
gl 5 8

fes3, wAFT gl g7 TH-TW ¥ Fod g € | S
2 fosdl o forelt T R o fordli oM w1 Sied €, @t
€ AT W TS Tged i weenT <l € Al T el
e e e e e e
G (OAMEl 31 & TH W EEl wdl € |

3TN, 376 TH 1Y | &t M oh H=ol W faan
F € | S & IS et T oI @ et et €,
I8 39 WM hl 91 oF BIE ¥ &F Il FUIfed T
foeafia Xt 8 | 39k FROT 39 BR & H 9 F
Bcd |, /I ST (5p), ferd B @ | 31, Uid Tehish
&l TR AN ot Bl ©, 31d: A w1 & «ifd
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9 feafq o off fasiiv o A7wAEEE H YA 9’
SO B S E | T8 T 5 W ol |, S | ufted, A
o Ieq=1 Hifte e foaeano o guey ¢ | At et
&5 1 Hdifed fran S ®, A S° & o 370] AR
et HTgerd & o ST o1 99E 3 € | 39 TN,
Gritgerdt & o S dgdl B, S1eel 39 & | ‘gie’
e BIl & Toreh Therearey eierd! & ¥ foer’ Seo=
B S ® | AfE hIE & 37O IR AR ok &l Rl qer
T foRfera &, @ 39 &3 oF 9ri SR o REe @i arg
39 & § YoY Hhich foRe ol GHad &3 @i AR
ohel <l € | 39 YR, Hiled e foler U &
T W & T R TG w0 2, Forgeh wrwr oy | faeis
1 GOl HOd B I ® |

S|l o off gt % Hgw qek e S "R © |
fortectia Sl o TXHTY] SAeEn TRHS oF HHE STadl
el § oafeerd eid ® | $TH, Y qRET] S7er
RT3 T TR, 319 =R TR o TCHIV[ gRT SARIfad
Tl o KR, T § el 7 | A% o1 mRarpef
=1 feeR T@d g fonelt Wk o] i fowenfya foman sme,
@ ek SHT YRR ST foh AT o WeRor | o, 39
feerfq o oft weh YA ot S @ S © | 37 e
ST (lattice) o WTTLSﬁ H A ﬁﬁ?:ﬁ 1 wifd
o hd B qU WHA-FTeA o o= A o w9
Thd € |

e BH 39 e ob 37Tl SN H 7 o faf=1
sifeenaforen TN T ==t HI |

14.2 U QAT 3MLEA al

B WA € foh =13k el =1 Tifd & Hiemw o w2 e
3 &1 A HeAH o T2k T k1 T T TE9 o e
et T €l TE a0 i B0 STHE A hed €1 Afg
TIEH ok Sk qUT 1 A 1 TS9N o ST JeH i
& o T I IS a0 o ®q § S Sl B

ot 14.2 ¥ fordt <R & Ry TF T TR &
Tfq s @ T @ 5 S’ #1 Tk 9N Sw-AE
12l oh WIS ScU [ohdl T 2| IS TGS o SYTHIT 1
T § SR HI e Tt 7 df SHeh T fR a%
TEOH | Tee € TS 1 THEA B S| 74 I R
TR TS o WS Rl SLEN R S Hehar €1 Fo 14.3

o ——

|,

fera 14.2 59 ot anf4a SR o ST31e9T (x- 378) FIE TheT
g Mfavicr giar & a SR @1 HiE gfowdt
SFagT FR-A4 (y-378) FIoT HIaT & |

o off Ut € we feufa yefiia &1 T € ST sherel ga
2 for 5o 9Tl %1 g0 S & U f | Sw-A=
1 3R Hqa Al SATeh 4 2ok YSM oy o ® R
M YR 9 T o a1 faeftyy =1 aRomm 399 ot

y

.

farT 14.3 &9 SR & S1gfa Jid &is s7ad (Saeia)
TT STTIE T ] T SSTEI &1 R & &7 F
SRT &7 &8 FhIET S7aad T 1 T 9 &
eI YA FEE & Wiel Fie il g

ST 1 TR B © | R € aRfefeE o wiesm o steee
SO A G o 33T e i € Safe T
e T S8 WEid Bl 1 e SR | A% Y T
1 G o ofded §, o: Te YL T 1 Th
3T B

7Y fordl @1 W YR @ fa=R X ¥ehd B1 8H
fordt ffvaa FraT-e701 W TR § AR &1 faar &
Hohd 2| 39U B Tondl Shiei-&707 9T qU i SAha fet
STt wes o faft ain st foeet Tom fag w faar
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FHIAT € N g9 ST &4 S ok Rt ffvea sraea
T Higd F qA THA & 1Y 39k Il hl 3@ |
51 14.4  31<ed qXTil o e WIH SEre LAt
i 1 feorfr afeta 1 T ¥ 9 @ R e o
o Toh R W T e o 21 feT & T ar 3w
1 AR eeheld SR TR aeT &1 3R Eied ° g

ferd 14.4 =T &1 Sr-98 7 #F arg & 90 T
o sqfq @ S FT Sl & | Yl arg-s7Fd
& glor @7 A w1 {9 & GHIR €, a: T8
3R T &

(33 ) A1 foRe (H o) 1 W] 30 &
S| Afs fee i 318X FT IR ¥ehe qef a9l &
3R WieM 1 W Had qef STadl (SAEshia) 8 at Th
ST T 3¢q— BT Sl q15Y9 <hi otdlTs o T3l a1y
H T ST T E9 Y T TS T8 H1 S 2
T & € i 98 e o U fag @ @ feig
Tk THA T 7 | ST o el ST T €, 9 so ford
A Gl et ®, T T e 21 Srewoned, gt e
T 5o &1 of &9 9 7@ B 71 g, R S a
o fagii nfd & ® 7 fF qof 9 @ 5l 56 9w,
oA (ST T U1 €9 | Tfq) q1 LA T Hl Th T
AT AU =t a1 | fa&ie (@ 7 °) H1 a1y
H HeRo g1 © 91g HieAw qoi w97 1 6 2

ST TN § N i T T Haor i 9 o
Teferd BIet § | 37d: TR GeR01 o U WIEAH o Yok
ead § 3TaEvT farepfd B € | o1d: STy X 1
Yo heel S HieAml, S8 el H @ gehar © S
STYEYF Yfdael 1 URAIe T ¥oh Sfafeh qal ¥ I8
HoR0T TET 81 Wehall | el oh |- 3 o e
ferepfar o1 WfddTer % Tehd €, 37 STeed ol sh1 Heror

ol oo HTeAHl | SHUE S Hehell € | S0 ok fog,
el S Tl W ST o Seed S YRR i ai
G B Wehdl €, Safeh o | sheret arg<ed Afren A
1 € GO GG B | 5TeA o I3 W I YRR KT T
B € : hivThTeE (31 53 qre) A den e
T | UBA YN HT a0 R HH areed i S
Bt € et areed e weer @ srfus @l gl
eI g7eh I o1 ShIUT STt oh I3 T8l ok hI0T oA
o BT € | oo aX k1 qeed o1 qrefush IRE e
X ¥ H2 Tt Wil 9 B 2 | A W e faumE
& &9 H o Gl YA S g St € S S o
T3 1 AU F[aH TR W WA hl FAE HE

T AT | FUI o Sfe I8 a & Hifad T8 Wd
qfee 371 faedr 52 ST o WY dell qe il @
- | HU-T(G o e Teh Stfee T afferd gt
%, 9 7 oharel HR-ATH T hYd © Siosh SR 9= qel
TG oF Bl €1 WK W S AT STIRY q qen
e a1 AN e

e &Y T 28 I T ¢ Teh Weh &1 Hiem | Sy
T qen Seed qun e fa-fae g 2

> IGIEYOT 14.1 = T A & FB I[N KT

g ¥, g frofq o o' saEy fom s @ wfa

FATEY B, SFeed © e S 1 HASH ®

(a) fordt @et Fefaa HAM o TH X =1 T
R foaxenfya & W 39 wAM &I fomdt
fasm (Ya) =t Tfd |

(b) 5@ ¥ W fordt faferer o saah fued =i
M- *¥eh faferer | 3oq=1 i |

(¢) o1 h 83 W FeTdl HiewEe gRI 3ca= ai |

(d) et HIEHH FE fohted gRI Ay H 3cd—
T T |

gcl

(a) 3TI9%A

(b) ergeed

(c) STIIE qon STqeA

(d) sTgeA <

14.3 WH @ § faweme e

fordt gt 9 o TifordE faeor o fou, sH frafa x
q THT tSHI o ToRE e 1 STETehdl Bidl 81 Uik
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ofiferent

&0 T I8 He a1 i U &0 R A T faawor <
B & < g v fRfa W e wer S| fefq W
T 3T i T R fereRon oft <1 ?1 AfE & fondt s g
T T (U e o e 14.3 9 g9 v ) i vl
STl wTed & ol Hele Her ff Sesh gF =g gfaen
o fora &0 fonelt sToeer T W foeR i forr afg wrem
o fordt o7 =t feafa &t x & &g &8 @ o7e=a &t
e feafa 9 foreamm =1 y @ frefug = e fedt
SRR W G0 1 a7 w9 9§ aflq e §
y(x, t) = asin (kx - ot + ¢) (14.2)
1 ol o v | U5 ¢ 1 ad © fF Ew
1 3R ISl el o s HasT W faER 9 @
I
y(x, 9) = A sin (kx— ot) + B cos (kx — wt)
qa FHIHT (14.2) T (14.3) W

B
a= Ja%+ B2 99 ¢=tan’ (X]

TR (14.2) T SAEh T W a0 Fefid s €
e A oh fag feret iy aor, a9 <fifsrg ¢ = ¢,
R foaR X 7@ GHHT (14.2) H S He™ 1 H0TH
(Foxe + TeertioR) BAM| o7a: T o1 oAeRR (feredt ff¥era o
W) x o e o B9 H 1 a1 B 6 wehR, et iy
Tefd x = x, T TR ol T TR (14.2) 9 51 HeH
1 vk Teh Teeish —wt €1 31a: fondlt fafvem feorfa w
foreeno y a1y ek g ®9 4 afEfdd g 2|
srerta, fafu= feafaai W Areem o staga WA oTad T
F T A AT B S ¢ 6 HAF 95 S, 1 7 o
YA 9 o 9 S8 Joc —ot + ¢ 31 AF 3R &l
3T: THIRIT (14.2) x - 318 oF &IcHeh fowm oF ofgfew
SEhE (3TEd) R Rl e 1 gHeh faadd, wer

ylx, t) = asin (kx+ ot + ¢) (14.4)
X318 T FEMCHeR T2 o STfeT Tfasiiel a1 i Fefua

ylx. 1)

(14.3)

 fafgxdn T t F P F T H

foreem=
a ;T R M
o ;T HT R g
k : IV T GE&

kx-ot+¢ : ARFIE FHell HOT (a+x =0, t = 0)

fara 14.5 G907 (14.2) & 7% fagl 1 gk

Fadl ¢ | fad 14.5 R (14.2) o fafa=r wifaes
TRt o = <eiar @ fSen! 70 o1d uftwifed )

fot 14.6 TUH e W G f9= gH o fag
THIHT (14.2) F 3@ <9 €1 foreht o o exferemam
e foeenae ot faig ot oiid shed € e sifererad
FUTcHeh fereeno o1t feig ! 7d hed €1 98 <@ & fog
o g T hd T el € &H I W LA ka9
Tohd B IR fifY < o =g oid oma & @iy &9 Tfg

fera 14.6 F7=1 Gl | X-3787 1 YA 1397 & 71T
Tiiier i SATed] T

e 21 Fas o 39 ol W (x) | <t e Bl s
R T WA o fordt ffvea feufa, 9 dfse x ot
o 7 fag W forelt st &t 1fd | fo=r & Fed
g1 28 fom W 3 fag (o) @ <wien @ R o 14.6
o Tl T © o qo fog W S faig (o) wHa o
I STl ®9 9 TG w21 St oW o T o Wy
7o foig W feom &1 ot mren feafa & wifkd: o
e 81 7 Tl o feafa & o1 & foag o o 2
&1 98 oft 3Ed € fon o oma o 3 g (o) wh goi
o H T 3 ¥ 9 s Ffvea @ = o 2
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o5 14.6 o 3TeEl o YR W 37 §H THIHIOT
(14.2) =1 fafy= ufemai =t aftanfoa s

14.3.1 3TEMH AT ehell

TR (14.2) ®, Jfh SO0 e &1 AE +1 9 -1
o g qfafdd g §, faeemdd y () %1 76 aqe
—a % o9 qiEfdd g 81 W 9% awhi e e
T df ATl T IS B9 el el €1 d a HIedF ok
fordt staz@ =1 oo wren feafq 9 eAftreray fowemam
Tgiien 81 &M < fop e y oFeres A1 BoleHeh &l
Gohdl & W a ¥ €1 @hl T01 1 7979 Fed 2|

THFT (14.2) o HIVIEH I TR (kx — ot + 9)
1 T 1 el Fed 21 & gC W ah forg, freht
frafa td 99 W wen R F1 fazerq fufa s
B T : x =0 A ¢ = O R el ¢ B 3Tq: ¢ hl SARTH
Hel IV FHed §1 x- 3 R A foig qen ik e
%1 30 YHR e Hool & Hud Bl € fF ¢ = 0 | 31
THHIT (14.2) H ¢ =0 TF T SATIHA HI hE B
& g 2

14.3.2 U qUT HIVHT a@T GE&T

T el ok 3 foiget o o= 1 =Han T 1 aires
FEd ¢ 3K 3H gE=: A 9§ g9 € glaen o fog
B U el a1l fage 1 vid a1 7d o "ehd 21 e
reed < hArE Sl sterer Tl o <t w1 g 2
THRT (14.2) ® ¢ =0 e W, t= 0 W faeemd= gmm

ylx, 0) = asin kx (14.5)
IR HI0 H 27 ¥ Y&k IRedd W A He w1 7H
e Wl ©

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

rerfa feigen xaen X+2%”am%|wq=r T ER T —

T n=1,2,3,..... | T forr fFe i3 gu e =
a1t feigedi o WA = < n= 1 oF W 9w Bl 71 A
e e e @ St

27 2w
2:— k:—
PR

Jcoh! TERUT Reiah 312fa ShIUNT a¥aT GE&T Fad ¢ |
g1 SI "R oo ufd Hiew s1dn rad m! B I*

(14.6)

14.3.3 3TEdehlA, VT MM a9T T

o 14.7 9 T W@ ooE fe@En ™ 2l 9
foreht ffyera & w9 o1 SR @l Swian © e
ey o Tk 99 (fohdt ffvem fafa ) =1 9w
o Ty foema guiar €1 gfaen o forw &0 g
(14.2) W ¢=0 o € 3R e7e@d (WA T x=0 W)
H G W A I 7| 99 eH U Bl ©
y0,) =
= —asin ot

SN
\/

fora 14.7 <& @7 S’ 4 @ ot & at frdl v feefd
W SR & 37999 HEMH a @ G % QY SleiT
Far Bl

TET o Sl o1 3TEd ohidd BRI o fohdl 3Taad
BN T ol e o fean e gHa @1 steiq

—asin ot = —asin o(t+ 1)
= —asin (wt+ oT)

<feh <1 T Y& 21 FIU R RGN Hl 2,

asin (-ot)

T

27

ol =2, I o =T (14.7)

® ! T 1 SRIUTE TG Fed B | TR SI A
ez 9fa dehe 319l rad s 21 fopddl a1 61 e
v ufd ke el S H@N 1 3T
o
2n

(14.8)

N -

v:

*7el 9t rad ! BI ehd € X AH HI had m W T X Tehd & Iq:, k, THIS oGS B GHI Gehel Al AT ki HEA
HTon W N FH W W H el m! SI AES § A S ared i
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v %! 89 (Hz) ® 99d 2|

Triw w= § Wi @ R S % emRw
Tferefier TR STeren SE T w1 Hew o T € |
e a1 o HieAw o foRel Srage W T Weor
feon o wwiR foremd g ® 1 @HieRO (14.2)
o fepelt eresd @ o oy foeende wer TH YR
foran S R,

s(x, §) = asin (kx- ot + ¢) (14.9)
Tl s(x, ) ferfa x den ww ¢ W HeEm % fedt
3FFE 1 a1 G i feen o fowemad #1 @Hienor
(14.9) ® q Toreenmam e 21 e weft Tfvwl o =@t ord
T S ST T % Yo § 9| Shael U & 3 B fR
forem® ®eH y (x, § F TWH R HeH s (x, § o=
T R

> 3GTEYOT 14.2 : Thdt S{ o ST T St
T 1 Taewor 39 R T e ®,
ylx, ) = 0.005 sin (80.0 x— 3.0 t)
el ofifersh fEerieh SI WEeh! ® € (0.005 m,
80.0 rad/m AT 3.0 rad/s)! dIIT <kl
(a) MM, (b) IR (c) fEdHhd To
sgfa aftskferd *IST | <8 x = 30.0 cm. A2
T t=20 s T T 1 foazeme y 9 aRefea
HifSTT |
goT 39 fomemum 1 gl Il (14.2) ¥ % W
Yy (x, t) = asin (kx- ot)
&Y Frefafed 7F 9 B84 ©,
(a) T 1 MM = 0.005m =5 mm
(b) IV T F&A = 80.0 m! TN HIvia g
0=30s"!
9 &H HIHT (14.6) o g aUesd A 99l k
o day fored

X_Z_’T
B V3

2n
80.0 m™'
= 7.85cm
(c¢) 319 89 79 U T T q2M o H G4 g T H1
oH T W €,

T = 2n/ow
2n
T 305
= 2.09s
319 Jfek smafd v=1/T
=0.48 Hz

T x=30.0 cm AU GHF t =20 s W e

y = 0.005m sin (80.0x0.3-3.0x20)
= 0.005m sin (-36 + 12n) = (0.005 m) sin (1.699)
= (0.005 m) sin (97°) ~ 5 mm <
14.4 WH T &1 <A

fordt Wt @ w1 e fefud # % foaw g @
o Tl fog (Torell shem i1 g Afafar) W e
Hfgd R Fhd T IR <Ed ¥ % 9w fog 9w & @
oF e @ T LAl &1 T ok IS T A W A 3
gfaursre g 1 ot 14.8 o <1 fafe= wwa, fren
a9 A ¢ T oY THA S &, W AT HT SAHR 90
T B AR T U € SN (X318 i S
fEem) Ax i =erar 1 O ¥, fag (o) R e
IS TH At T U Ax TN B TE YRR q4T KT =1
Ax/At B THE 311 hen ol fag W oft 59 fog (o)
A Gehd Bl I8 S AT v ¥ THA KA (1T T
Yo srufafda 7 ®m) | w1 W R fAfeea wan
fag =t Tfq =t T St @

kx — ot = TR (14.10)
31q: W& GHY ¢ SEedl €, i ffea oo fag ) feafa
x ff T8 YR aerdl & & el o 3R W o:

kx — ot =k (x+tAx)-o(t + At)
a0 KAx-wAt=0
AX, At T TTGdH HH o W

dx _o _
T (14.11)
©® T T T ke HT A Y Fafd & W 28 W e &
v=@=l _4 14.12
27k T (14.12)

TR0 (14.12) Tt W W o fau uw oo
HaY 21 U8 dardl ¢ T weay o ford) steme & T
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ot e e | 9 Yo Uk e o SR g 99
Fd Bl eam e R fed w@ife @ w5 e
oy o wieed O (S % Ty Waw gera
T, TN SeAHM ) qe Jeareet on (e
feml o faw 7 gy TUNeh/STIEIT TOTe
I FeATerdl TTish) gR1 T eian 21 A =
frerifia shear 1 @1en weietr (14.2) T iy =
o foru s @R egf 1 Welw a B Ak #,
ST e STl S e €, WA U STueY aefl e
T T4 Hord € qe k! el SE A o SYenT-Sfer
BT 39 3TeA™ o STad] SUNH | s WA At
T T =@ o foau gw fafte =se 9 S|

y

4

Ax LAt

/7<< s
/e

t‘Tl'?ﬂ"T 0

fera 14.8 T0F t T t+At TF fHd ST @RI HT T,
STl At T GHT ST 81 T YT qHE T
T ¥ AR TIaRa g Sl 1 @ %7 9 (A
fafaa e aren F1F iR fig) g7 At 4 T
Ax THT FT B

» X

14.4.1 AT SR W 3FWRY T &t 1A

fordt =i @ &1 9ma fasiy o wROT ey o
I T o 3R Sgeetd ol (KA TeE) gR
i it 21 =1et 9o SR ¥ ™ ®9 9 q
TR HNH U Haam &9 9 Getua et 21 e =l

HAIfSa e © foh =re &1 famn LT 9 B EH
A ¥ 3@ "ehd ® fop e T/ H F@l fam @

[MLT]
[ML']

3@:, AR T ad p & wEies Gifae it €

v:C\/Z
U

Sl ¢ fomuem fens ®, fm fafe favomo g
i e doa € ® | O o Fened gF § ¢
E 121 oFd: aifd SR § STIE O H1 e

— [LZT_Z]

(14.13)

(14.14)

e T T =t v WIeEm o O T @I p (T Sl
T % HRO A SR F1 SATALT 2) T AT H
TaRE 71 g W ;R T et g1 e
el | oMY UH @ o 9 H Ten fHenl =
g Y T TEl 81 &1 Rehi A qN v Sea= AT i
et faens o Hiq W i e 21 e ot
faftga =@ qen omgfa & fau, Tl (14.12)
TR o1 Ui w e

15}
=2
> (14.15)

p 3GTEYOT 14.3 : 0.72 m @d fhelt HIa o R
1 59 5.0x10°kg ® | A T R & 60N
?, @ dR W STIIE TN i =l =¥ ?

T T o U I oH 9 S § 7FE T U8
HECE KA iR R -Coi LR e TR |
TR o TEHE m I ITHT dar [ 9 faafea e W
W B @1 e o Tfaskd el % STE weh
forelt SR W 981 T 91 oh faw Fened g ura foRa
S Gkl @ TR I8 Scfd T Y& shi WA o SR
B\ o1d: e ot faeioo s S il W ed 98
ST ook & TR et fodta favermo @ gened g €
W 81 Fehal B1 39 oty § urw ey | feergen deedt
fT=rdar Tt B1 w et T [ML] @ 990 T &1 5
#I, etafd [MLT?| 21 &8 39 fomei & 39 ¥R

Ze7: AR i Yid Tehlsh <ials o] S

B 5.0x10°kg
0.72 m

= 6.9x10° kg m"!
TE, T=60N
TR R STIIE T i =1,

60 N

T
v=/—= — —=93ms! <
4 \6.9x10°kg m

Reprint 2025-26



298

ofiferent

14.4.2 3T I &I oA - a1 Hl oA
fopelt areed a § WA o Sfarge q WeRol i fawm
o et feorfa & om-die <o | € | g9 Ted ot
@ o € & el o ag o @ e -sEat &
GifteH aen foremi o ®9 § THA el B | G
fapfa o ufqaa @1 faRor W At gere o
qeqq 1 AFdH JARedl ol @ 58 39 YR
gRsfe 3 €,

B=-ﬁ (14.16)

el T/ | uierdd A P e Tl Av/vsa=
3 &1 B i fomn <@l ® S 5@ &1 € iR SI "
o 30 Ukl (Pa) | =¥ i €1 @ % GEl
fou, wrefiter Srecd o1 FeHH T p ® Torent famn
[ML?] € | 89 3TEHT ¥ 3@ ¥d ¢ for i B/p ®
Iuferd famm @ -

ML T?]
M L]

3ra:, A B qeN p & WrEhes sifaes ufvmt €

v=C\/%

T/ ¢ e feoniw T 9 o favewo g fawifa

FHE G9E T8l ¢l g I ¥ C=1 U B © | 37

fordht meem H SR qal bt =t o forg e 9 R
B

= i 14.19
v 0 ( )

frelt 3 o5 SW Wig wem % fae, s o
TIgela FUR 0T il € SN BH B i sheel 3TReA
fopfd W AR 3 ® STEvEEd B 8l 39 TR
o, WrEfiTeh Jeareerdn Ulieh S s’ ® TRt faen
ST -FeATEdl ol i e 81 38 Wehdo ok forg
faria fogeion qeet ST @ SR BH THieT (14.18)
St FefeRTor ara i @ o eifeifia feriar ¢ e
2 forges 9 =enef safd § 1 W g 81 39 YR
forelt S og o eresd @ i = FretetEa dee
SN o9 1 STl @

=L’ T7] (14.17)

(14.18)

Y
v= L[

P (14.20)

Tel Y ©g & gl 1 A YA ol 81 HRof
14.1 ® fafg= #wreawt # wafq &1 =@ et
T 2|

AR 14.1 T weadl § a1 il wne

o
g (0C) 331
g (20°C) 343
giferam 965
HEESE] 1284
EC
S (0°C) 1402
S (20°C) 1482
TYE-STeA 1522
3|
Tt 6420
I (dfe) 3560
= 5941
PREC 6000
B HIEEIR G 54

el qen Sl H eaf =t T gor | stk
Bl [oH < fop S o weheor W, wrEhes = o o
= T 1 = 8| THH HRO TE ¢ T ol o S
1 T T o | Hifed s A hied e el
Td: ok TR YAl Uk o W Sk B g
FHEHIT (14.19) G | S SR gl T TG 1 g
H 5o T 3T BT © | T S STEd ST
Tt ot ® gfg e stfurs Bt 7 1 =@ Hwwo
? for ol SR golf o eal 1 e Tfa e @ |

ot T\ o Al o =1el 1 3Tkl &H STeyl T
gfehe o X Tehd €| Tl o1eel 9 (3@ srema
10) o faQ @ P, ™FaH V qe1 @9 T o6 = qa4
TH YR e Rl Sl B

PV =Nk, T (14.21)
Tel N 79§ TS R WA, e, Seesm i qe
T 9 &1 shfead & a9 € | ora: fond) guard aRed
o fau e (14.21) 9 &4 F=fatad g9y 9
T §

VAP +PAV=0

3;{@,—;” _i = P
AV/)V
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3d: GHIRIOT (14.16) H I8 AF dfaeenfud & |,
B=P

31 TR (14.19) | foreht sreel g o ergesd aon

HT =,

P
V= |[—

P

9 HaY ol HaUUH =g 1 Tfa fRan o, ofa:
T4 =g 1 g f Fed © |

P ISTETUT 14.4 =27 o A 1 ITAN FHleh A h
q9 Td @ (STP) W a1 H & &1 =1
1 ShHT HifSC | 9 o 1 HiA T FTqH
29.0%10% kg T |

Zo7 : 0 Wd & o fendlt off g o 1 | 1 STP
TR AETH 22.4 o B 7 | 37d: oI H STP W
e

(14.22)

1 Aid a1 61 FEEH

Po =
STP W 1 #id a1 &l T

_ 29.0x10 kg
 22.4x10°m®
=1.29kgm>
forelt wreAw @ a1 &t =@ oh faw =ged o 9o
% STTUR W STP R a1 ¥ &3 o a7 &1 Fr=fafed
M WIS Bl ®,

2
1.01x10°N m 2 O
I iokgme | T (1429 <

HHIRIOT (14.23) ¥ U<l 9 § &4 1 =1el hl
HH, 9RO 14.1 H T 7T 90T g0 9w A § At
%1 =161 o AF 331 m s &1 go § 15% & 2|
feR T el Terdt g2? afk e =A% 39 ua
FHETAT T T R TG =[ed | e He o 99
ey | S B g arel IRed i GHdrd O, 9 g9
€ I B b SeR! T€ hou WEl el ot | s
g oarn fof eaft J=Ror o 9ug wem o ge-aiada
gat dig fd | e © TR oA v o faw g w6
T SFTY WA T 3TEYIh 99T U= -8l 8l Irdll
FAEEd 98 URadd THdadt @l B a9 Tt

(adiabatic) %ﬁ% | TG Ufsraati 351%111311??? T W
71 Fe o] B € (WU 11.8 W)
PV’ = e
AL A (PV) =0
PyV ' AV+ V'AP=0
7Bl y @ F Q@ fafere wemen &1 erqum

c/c T |
30 TR, STEH T o T T A TR on
AP
By =7F

31d: a1g § A &l A [FHRO (14.19)],

UZJZE
p
e o G | 39 TYfg FI eI G9ner $Ed ¢ |
9 o faQ y=7/5, 31d: 319 A 30 STP R a1 #
e &1 A o AThald oh 1T FHIHIT (14.24) H

AT L i @ i =1 &1 7 331.3 m s W8Il
2, S =iy = 9 9 @ ¢ |

14.5 TN oF TEARIYUT kT Tagia
St fauia feemeti & 7T el <1 TR TR Tk TR B
R A € @ o g @ (T 14.9) 2 9% <@ S ©
ff I & 98 @t T WS A Afed T
Tt 71 g, AqeAT o SRE, T Y S aw waef
Y =1 giar 81 Fo1 14.9 SUeR wd faqdia el At
3 T T % T g H SR T 5 ferfy T
B St T AfeAi B © i IR e geren-gereh
e} o HTOT FoRTTH] 1 SO 4T B g1 39
TR ST qU 1 TEARIUT st Tagld e 2|
79 fagid & o9UR, Yo% W% 39 YR 0 hidl §
A R T e 76 1 o7 o ok stead e
o RoT faeenfud B € iR wfer fomemam e =
SBUCHe Bl Hehd ®, -¢ faeerds M fereema =
Srsrfordte = g 21 fest 14.9 fafs= wwa oo
SRR T 3@ WM 81 3T (c) | fosie gere ™
2 3 : I TI&I o RN JUR-JUh Icq el
Th T &I I ¥ FREq R 0 € 9o 7@ foig W
el T = @1

STARYY o fag1d ! T €9 § e & o6
fau, 7 AT y,(x, O Ty, (x, § Wem o fRet

(14.24)
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1l o Toreend €, S 4 R STe-3TerT T Hd!
ql 39 Fa¥9 o Bl AR I a0 fohdll & § T @y
gl € 3R erfdentua it € df e forer y(x,
BT

yb, =y, (x, § +y, (x 0 (14.25)

t=0s
Ry (@)
D &
012 3 4 6
t=1s
t=2s

o 14.9 gam wd fawdia faegma aret faedia fom &
T FIA 7 W] SAE (c) F IH TSl
sHfaeareT @ I e ghar &1

Az forelt mem W B oA A sreEn st
T T H T E A SR qROmH T w9 <A q
o Yeh-Jreh TR ol w1 AN B B | erefd AR
il @l o AT B 39 YRR €,

y, =1, (x-vd,

y,=J, x -,

y,=Jf, (-,

qd Hiegq o faeny o1 9uie i o 99 %od 39
YHR S R S R,

y=f, (x-v) +f, (x-v) +.......... +f (x-vi)

= Zn:fi (x - vt)
i=1

FANIU H fagid sAfaeor &t 9iEeTr &1
ot 2l

Wad & fau, fed @ s o sHfer ™=
HIAT A T R’ R faER FiF E T w
vl Tgfal o TuH & den Sl @ ge kot
U B 37a: $Toh aesd ff THH &1 SRl T =
off TaE Brf| 9 eNfST o SToh Em T9H © qen
AT x-318T o YT Ta9n | THA L 21 g9 aun o
T oholel ARMWeh shell | T HHHIOT (14.2) oh
SR 3 SH T Rl 39 YR Fd H ©

(14.26)

Yy, (x, ) = asin (lx - ot) (14.27)
R Y, (x, ) = asin (kx - ot + ¢)

9 AR o fOSd &1 T FH W, T
oo 39 YRR I fRel 9 ©

y(x, t) = asin (kx— ot) + asin (kx- ot + ¢ (14.29)

(14.28)

cos—
2

a{zsm{(kx_“”;kx_awq ‘q (14.30)
T&T B (sin A + sin B) & fou femifafa &
guRfed g1 1 g fohan 21 or:

y (xt)= [Za cos%ﬂ sin (kx - wt+%¢] (14.31)

THIHT (14.31) 98 9 € o afRomedt @ o,
x-318 1 YR TRun W HA kIl el @ ®
et smafa den e <A WA o JEE g1 TR
TR FARK ¢/2 Tl He@qUl qe7 98 ¢ T 3@
I T Tk a4 o de HeAR ¢ T B €

A(@)=2acos %¢ (14.32)
g ¢=0, 31iq AT T T Fer § €,
Yy (x,t) =2 asin (kx - wt) (14.33)
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efq uRomR @ w1 AEW 2a €, ST A
Guifer A A stfereham 81 ¢ =n o for, <A o goid:
Tk T ¥ faudia Fanet o gt € qen aRondt @ w5
AW T T 0 I B €

ylx, =0 (14.34)
Yy y
2at
a-.
a
(0] /\ — /\ X /\ - A X
/ (0}
a \/
g=0 a1
_2a.
(a)
y y
_>
N\VAVAVANS x
(6]
-a //\/\\\//\/
@="Trad

(b)

o7 14.10 SR & f9GId & STEAR TAF ST
qor R a3 srghy @ F1 gRuTE
1 TR T AT STAH FAR @ T 745
XAl &1 T8 FAR (a) F o8 77 & a1 (b)
& fag mi

THRTT (14.33) I T HT A Afqeor
T €1 9 Y0 W <M ST G W 21 GHiR
(14.34) < a0 1 formeh safaenor guian © foed
RO T W SH SAREM T S B g1 B 14,10
AR % T A1 TR I S0 © S SR
fagia =1 afom 2l

14.6 T T IS

fusal 3R o g oTuRes Areadl o 9 S0l &l
<=t H | F e S IS g teen qu fwRdt
R 1 e Rt © 2 afs i g @ dt wig
el T WEfdd g S {1 gfaeaty w1 ufEe 3

TREHT | e T I 7| A AREH qoia: T8
T 2, eren ae Tl & fa=1 wearee qreAdi o =
ATy 2, @ feafa o et e St 21 5@ fearfq o
e T <1 he W W 81 Sl & 9 e 9
TR e H qRIHd g1 S @) A wiE a9 fae
el 1 AR W) Tt stafad g ® gt
AT T 3TOalcd a0 hed &1 Aufad ud Tgafid aii
el o UEdd b Tl 1 U el ©, ae
fad T8 WEfad a e o 9 e @6
e L

foar 14.11 foreht arfa <) o STfRe T4
e R § wEfdd el T geitan 81 9 7 of TR
TR GRT SHoll 1 hIE STV Tl Il 7 o Tt
AT 1 R &l B & S i T 1 g W
e ¥ 9k el § 7T AT 180° hT HhaliaX Sed— &l
STl &1 gHeRT RO 7E € o afEian g5 ® qen aiEm
T gt gl W faey w1 fawerm s g =y
AR & fagid & ogaR, 78 9t g9 g <@
T Ud wEfdd M H 7T hellar 2l drfeh afumHt
foreema 3= =11 F§ den 3 <R H uREmE gidey W
e €1 39 gomm 1 &w TfaeE e @ o ww
F Ghd Tl 99 T3 AR W I © @l 98 AR R
T AR Hl g1 =g o TR o o FFER Far
TN R qRomg § 99 qen fen # fawdia 9« st

N W

f
7474474 N\\\\\\\\ I NNNNNNN i ANANNAN U ANARNANY

AVl

faa 14.11 f#gt 32 wRdtar @ T3 &1 WEdT)
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Tl &1 TROTHEEY YUt T4 S gil @ foreent
FeAl § T T A e 2
& foru Ul T @ wA § (S T <R T O we
 sefi @ S forelt ©% W was w9 9 A A Heh)
ql TEfdd T i el qA ST (AH o e 2 A
A1) ol € S efad T o 1 He qiEmE W sty
o q9 Y% WS % @M &1 I A S| e
R T SSTEROT A WY KT G o 2

e W, fe T T T T R
REH @ TWEd | 7T el S gl © qe gal
IREE | e § g welll S el el g1 59
HYF HI MOT €Y H o HH 6 A, IH A
JMafad 9 1 39 YR e w4 ®

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

T, 3¢ UREH ¥ e o fag, Jafdd @@ &i 39
R fref| w39 2,

y (x, t) = asin (kx + ot + 1)
=_—a sin (kx + ot)

foreht et afiE ™ ¥ wad o fau, wEfdd T
FI T THR e[ &9 8,

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

(14.35)

(14.36)
T 3¢ UREH W y =y, +y, =0 |+ aali W

14.6.1 MW a7 aen g faamd

e o9 ° gt fR | uREifia e |
foam o | g e % gufifea fafmr € (S <A
o = 9Rag S’ steen aRfia @=TE 1 a1 hiaH)
e wereda < a1 etfues fall W B 21 SER %
o, ot S/ o T feom o T Rl T & R W
e et 81 98 qeefda o Ed f&en | T ek
T R @ wafdd gt 71 98 wfehan qef Tk =t @l
2 5@ q% S/ ¥ U Srafterd! 901 Y 1 99 S 1l
AT Y ST a4 e €1 e Y 9 59 e
T o AU, x-3787 1 ¥ATcAS G0 | T TRt
TUT qAT x-3787 1 HOMCHAE 9N H T il THH
A Tel T aeft qaraia o W feer i) ¢
=0 o foTg TiehTor (14.2) 3R (14.4) §

Yy, (x, t) = a sin (kx — wt)
Yy, (x, t) = asin (kx + wt)

e, AR o Fagid o TR I aRomH auT 39
YHR FE H S T,

ybot) = y (xt)+y,(x t)

a [sin (kx — wt) + sin (kx + wt)]
guiifea Hermfide aeades

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

Y (x,t) =2 asin kx cos wt (14.37)

HHHTOT (14.37) G Tt o Yet e Heiieheor
(14.2) 311 THHI (14.4) gN0 F&fua o o o=
TRVl N W I 3| THIHRT (14.37) H T8 kx T
ot A1 ToemH €, 7 (lox — wt) & HASE &
w9 H| 39 T 1 M 2asin kx Bl 3d: 79 00 Yo
o, o ke fag W= g ® W S o Weksh
3TEIE FHM HIVT G o O 3ad ded 9 e
A1 B T4 ok fafer= sfermEl o Se | g el
Tl g ?1 K ool w9 fafe= faget w fafi=
I Th € el | e il ©1 aT Yed A
A€ SR 3R 7 T AR T hLal B 3Tz T8 ST
wed 2| foreht ffvem feafa w gae smam = e
? W S vge sarn v € fafie feefes w e
Tt gran 21 5 faigefi W emam 3= e @ 5% e
FEd ¢ qun o fagel W aifusran g @ 3% wedg
ed 21 ot 14.12 fooda feenett o o st < o
o SR o Horersy TR STOE T <3 2

AP W h1 G Hequl -0l TE ® T
T 2 Ao ] R A S A e,
Rt wfdsier o SR, Sistia g 21 Feer fed
@ A ¥ e TS R G € (R o
Tt T T W FY) A TR e wy STt
e A w1 Tk T et 21 37 sngfaa
1 SIeT 1 TETART faen wed 21 379 8 A fal W
TRag fedt @i S’ o fore wam= faen &1 faRo
Exuf
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fer 14.12 foodia feensit & 787 FdT 3T Sedt q o STEARIYU & 37— STYH Rl &4 ] fon fAegat (S fareemsT
Tt fag) #1 Refa g+t gga ® eqRarlda &dt 8

TR (14.37) 9 feqg &t feafoai (SRl

@M I Bal ®) o
sin kx=0
A kx = nn, n=0,1,2, 3...

<f k=2n/A%, oa:

xX=n—,, n=0,1,2,3.. (14.38)

2
Tqeed: 3 AN Fedsl o S R 5d % Bt 71
I YR wel Wi feufaa (SET mem sifean B
2) ¥ sin kx &1 0F 3f®dd 21 ©
|sinkx!| =1
amﬁkx=(n+%)n, n=0,1,2,3..
k=2n/A o1 |

1 A
x=(n+5)5, n=0,1,2,3... (14.39)

9d: ] HATTT YT o5 A9 ®T g
A/2 TR | THIHTO (14.38) FT STEN IH R W
ufeg L o@E & @i Sl % fau w Tehd €1 Ak

Th TR =09 o o qfwm wfgsy =
x =0T x=L W 9 g x =0 U=d i Tl
Hfe Bt 81 x = L g ey o fow erewass € R

e L auresd A9 i YR 9§ Setd 2
L=n % n=1, 2, 3... (14.40)

3T L SaTE F1 SR W Hfhd qeresd s ST
T o9 bt = Torer 9 frefafiad ey g ure
e T 7,

2L

A= — n=1,2,3... (14.41)
qegedr gl o A i

15
V=n—— =

5rc n=1.2.5. (14.42)

T YHR T (R o Jer w1 o st
st wEr faen fruifta =2 fomn 21 freh freem &1
=JAqH FHIfad ek A & ™ w1 ger faer
T e UGl wed €1 qHl TRl R UieEs L weE %

i et o g V=i S TR (14.42) H
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n=1% HTd 8| T8l p WEAT o AL T A
G T HT A | on=2 H I (@)
ﬁmﬁfﬁ?ﬂﬂwméln=3a€ O oo SFdn g
aeged gl T Tt ¢ ST T Tohr i ¢ T
et Tt et © | 5 faenet 9 deg A A N
Wﬁvﬂ(nzl,z,...)mﬁ%ﬁfw
1% é<>N<>é e s
o 1413 % SF fi W ufeg A A
A SR H werm ©: qomefaE e T € A A A
Ig AT e & fF IS A S E<><><>é @
= fawed ¥ 9 fodt faen & s = N N o ot
T et SR T S fafe faene A A A

F AARI B T P faumd s
Yelerdl | Sfd 8 Tehdl € 3R $ A
Yarerd 91 fgar o amEfer S99 97 T
fagia | e 21w & faun gwd A
faen 9 eifuss 3AfSa @ 78 39 o0 W feR
A & fF S &1 frw fig W siga A
T R

319 g9 fordl T o o ol &l
faenasti &1 stz w4 e T 9w 9]
? Seifer guw T g B @9 S W 9l A
el hia H Al w1 A Hiew T
e =1 T 3T 1 A Fiew | 9o N
F B 9t fR W R i © qen g

A N NZTNTZF N7Z

d

=ieft Tt

(e)
et Tongfa

A A A A A
(®

N"NNS"NSN B U

A A A A A

iR T yege B 21 e W oeE | gfad faa 14.13 3 R W 9Rag aifia kT d Siad &1 9949 B:

aAfaham B § Safer feeme = (37)

2 21 3o faadd gel fol W el v e ©, an
T UfedA Bid © el Torend 1 ST Sifiehan Bl
31 o1 % W A A x= 0 SR R Freas yhE
(TR 14.38) 1 T Tt g 81 Atk o faw
x=L JEE B @ WHH (14.39) ¥ Ig 9Rumm
fererar ® T

-
L=1""3)7%"

Hufad wresd Frefafad wey o ufaafua o

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

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

(14.43)

frem &1 gme faud w@nanfas sigfaal 39 YR
ECiCT S G

UIEER]

1\ v
v:(n+§j£, n=0,1,2,3...(14.44)

wﬁmn=o$@m%3ﬁ1a€ﬁélm
S gfedl gt engta i favm TungtaEl stefq

5] 5] .
32 5 Y g v
AL’ CaL 2

o 14.14 T T W o 91 W R W a7
a1 e o Hem ©: T gl guiar €1 <H R
W gE TEY & A g fR W Y g 81 36 W
77 e € fF I fe W g 9 wem ¥ gt
TongfEl S B § (W A 14.15) 1 SHie aftfd
e, S TE a1y Fiem o WoifEa S (SHR 13)
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Tt

Tt
faa 14.14T& RR @ Ga a1 TR R | I3 Bt
- HIcTH P FS FAH [T et fam
ferend g &
IO B Feohd 81 9% STl egfa e w5t wnefaes
g o SR 2t 2 i R e Sea B €

frdt o= 1 aRfy ¥ Jgagde IREs IR
foreelt, I]EONY, dael 1 foeet oh Shol ohi JEMR
faensti w1 freftor g ot v o g foan s @
fop foreeh @1 TRty T feor FE @ fag ww T
H 3@ @ & & &1 gEm faumen &t
gl w1 STehe Afee Sfeet 1 @ | 39 THen |
T formiati § a0 weror winfera e ® | R off sed
araffed “fifaert o€t € |

T T q9H O Tgefrar qomrfa

el ot ieft Tt
faa 14.15 fd gd g9 4S9 @A | TR 9R
gl et T 8 1

> SSTEUT 14.5 T fO § Ga forst usy &t
€ 30.0 cm ® | 1.1 kHz 319 & G gN
TH UIZY 1 - g faun 1 SR gr
SafSr ok ST @ 2 9 39 qreT ok Tk R
g€ T ez se a1 = 'y fRe o 39 Hid g)
TR g1 Hhd € 2 Og W A &l =

330m s! ¢ |

Ze7: Gl WEY °oh U Wi el oo fgumd o
14.15 ¥ T9iie 7 & | veel qungta @ e,

12 1
T Tor (g 1E)

&Y LU #Y AR ¥ | n A gty # emafa
nv
Vn =5r (n=1,2,3..) (G uE9)

?JﬁL=30.0 cm, v=330m s!

~nx330 ms™!

mTT5503 m

Ty 7 R 1.1 kHz 3T 1 9, ST 517 v,
gt srefq fada qomafa 1 safsa wan |

379 A IIgW hT Tk o =% € T THIRTOT (14.40)
T Ig gy freherr © foF 5@ WEw %1 got e,

1% L

=711 (T TR W &< 1Y)

39 WY | cheel foaud wE & qungtaE € formme
F €
v3=2 v5=2 qor St YRR ST ..
4L 4L
L=30cm @M v=300m s! & fag, & &R
Yo% UIEY 1 gt G 275 Hz © a1 Wi 1 31gfa

=550n s !
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=gl o o qeTEd €1 <k T8 e e o e
1 Guyifad faen 72 ©, o7d: 39 Wid o 91¥ U5 1 Th
o & T W HE SR G TG <M <

14.7 faws

foredg T & SAfGROT W IO T Vg qREe B
S TR e g (WY seR &) et |
e et 0 TR € EE g <t @ dl ed weE
agta (S0 wi=ehe STgiaal &1 SiEd) G 3 ©
g e 9 R ot GAE a1 71 W A w1 foar ®
-+ w12 3R agE G 3 € et ergfa
iehe el o iR & ek Bl ¢ Siiae 39
e 1 ST A AT o GHERT | i Bl 9
YA I I q I THEH HId Wd © S qeh 3ok
GUET T 1 g ez g T <l

TG T 1 MO fae=m o fau, g9 <1 o
TR R0 I o, T o, Hl A ealf T R
foram e & qen gfaen o forg feafa 1 x= 0 7 |
THHI (14.2) H FHeAl &1 Th G0 741 (¢ = 7/2
Y T o felw) qen seR SfE o W 88 9T
Bl @

s, =acos @t 9 s, = acos ,t (14.45)
&l W T Wdleh y oF €A W s 1 STAN fohen B
Hiter &H eeed 7 o eruey oo &1 o Y ®
g u oifse fm I el W o, o€l 9€t 2
STARIY o f9g1d o6 AR, IR fowemas =t gq
39 YHR = FW ©

s=s +s,=a(cos wt +cos m,t)

cosA+cosB$§WﬁaﬁWWﬁaﬂ
T ST FH W

(0 - w,)t

_ (o +a)t
s =2acos 5 cos

2

(14.46)

- o+ .
aﬁ(%‘?wb=w12ab qn wa=%f?f@ﬁa

THIHT (14.46) H 3@ TR forg Thd 2
s=[2 acos o, t] cos ot (14.47)
AR |o,- 0, << 0, 0,; 0, >> o, T, T FHHW
(14.47) © Fread froherar €, wRomdt @ siea wivia
AN o, | A HI § T TR STAH T
Y SR AL T S o Tk Y5 e qA ok Fehdol
H B 81 9@ 5 cos o, t H AR + 1 @ ~1 Bl
% oA sifueshan gl 81 S wskl W, gRomd @t w

wia w9
Tl #, Wi W
I G A"
EEINRIECL R
FFR T H
et B, wifepet, 3
w9, ¥d 9
TRIE B el S
F Bl AT
o eedI HiST
4 wha fren o
S T W w1 T R R W
THSHM W, IRATT YT HIA o Jol ©R-1,
Y, W, |, W, O, A |, S B 21 S &
o U ITH ST fRT T TR hY YT,
Tl SR WY % SR W P # 2
iitg &l 1 A9 Ao | |fer 1 gehan
. el oo ¥ ¥ sft ww W el
TR-TOM 3 H &, A 407 T MOT-9IIe
1 ST BT g oA I B © SR e
gt & T GO T, T8 T TH & S AT
TR e S I 2| HeedoR Wi & W g
TS @ Soft o 2
dEd A € o Hoear R G g
el o YS! g1 T1qal Il § a-ar Y 9
oA HiT qe1 <fRr WG H W g
T R (S wEh (e o), werpe
R feReeTIge o HEY) § ol Hiid-%e BAR
%91 1 € Torfersear € eiR gfen o feret off wm
¥ I I qY S|

o 7 3T 2 0, = 0, - 0, T SIR-T@E B &1 R

w=2ny a0 v &l 39 IR Fa H &,
Vo= Vi—V, (14.48)
11 Hz @ 9 Hz & 3 g a & 3ca foredg

w1 ufEeT o 14,16 @A &1 9RO T B ST

2Hz 1 egfa W faedg gwar 21

beat

Reprint 2025-26



<

307

PINAAAAAAAAAD

L VVVVVVVVTT @

> IFTEVT 14.6 < TR 1 Sl A 721 B T
o1’ TR ST @ § qe T | ST Sl BN
o RO 5 Hz e o faeds Sca= ot @ e |

@) T B & @ § F8 gfg wH W fawg =i

ST S 3 Hz @ Il € | A% A 1 STgf

<

{;1(')0 A/\AAAAAAA 427 Hz %, @ B %1 91 g 7 Hifa |
1.0F \/\/\/\/\/VVV ) goT : S0 § oG agM W IHH! ShuA i M a¢
(b) ST © 1 A S B W A g (v) A T S
20+ (v) @ oiferk 8, 7@ v, ¥ 3R o B9 R fawi wt
ol Al ot s =, Wy feei-rgtn § free W
;1' ' T | om: 9% frwd e @ fF v < v, | I
-1.0H |/: VA—VB=5HZ,H94TVA=427HZ,33|H:@'{°TBEI§TH§[
20 e v, = 422 Hz
fer7 14.16 (a) 11 Hz 37gfd &1 qUrgha @ & e
(b) 9 Hz 37gfa &1 Tumglid @1 & sferd
(c) M (a) T (b) FT STEARTT § I
2 Hz 3mgfa &1 fareqs gorfar 21
S IRU)

1.
2.
3.
4.
5.

Tk T g WA ¥ faude W gewdt € don 3 =ged & T o fam gu Wi e ®
a7ggey @ o a6 el & S Wegm o k0 91 e i K9 o ofeed Je w ? |
sgeed el A A B © R Wiemm % O R e 1 fawn % Sy <ed w2 |
TIH R 9 W e § S Wew o U f6g 9 g fAg 9% T w0
e x-Een o GURd SaeswE @ k1 FEYT 39 YR oAed fwdl Sl -

Yy (x, ) = asin (kx - ot + ¢)
TET a T HT AW, ko FIUF T G, @ F0NF TG, (kx — ot + ¢) Fell, 9T ¢ FHell-Fdish 12T
YRR el R0 T |
ety w1 Wi A, Sud fRl W 9 HArE foge o o9 #1 g o oweR wdt ® S fRe
&0 T WM Hell H B § | ST T b AU a8 I HEG eIl Steren YEsi o ot i gl o I
% R Bl ® |
et & ok EdHT T hI SH GHA gRI URefaa fohan San @ fow wiemm 1 $E seEd S Th
o Ul HA T | FE T KT HIONG AN 0 ¥ T YHR Gafud g @

i L
w
fordt w1 # emgfd v H 1/T o 9 § IRfeq fopan S ® qen smafa 9 wivig stgfa ® frefafea
Fﬁqﬁ?ﬂ%:
1)
V=_
21
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9.

10.

11.

12.

13.

14.

T T HT T v=%=%=lv

forelt a1 St W g9y @ H1 = SH S o il 9 fwifa gt ? 1 Ak feet < | e TR
U S 1 Fah FoAEE S u® A 39 S W Sy @ &1 =,

\F
V= |—
U

eqf aXol oTgeed A ol g & S S, gai den el § T Y Tkl ® | Afg fRdlt e 1 et
YAl Uk B 91 ¥ p § dl 39 WeAW § A @l wl A

U1 H B § oA a1 =
Y
v=|—
P

frdt 79 @, Sf B = yP, 31: a1 &1 =

oo [P
o)

7l y W F fafire Se # SguE (y= C,/C), p T F TS T P W H AE 2|

Sa o A e a0 fRd weEe H Us WY THE S §, 99 HIsEH o fohd efee o faRerid gde
T ok ool w1 SISO A e € | 3 a oh SEARIYY T [Agid wed ® |

y=Y fi (x=ut)
i=1
T & SR W T HIAl & A T FAARIU o fI§7q o STIER ke SA¥@ FRET g1 SAfadwon
1 qfEreT W wdt ® | Af% qHH S a 991 GHM g arell TRy el B hell-fadieh ¢ % ST
arell & 90wk € feen § e € Al ek safaetor 1 URomH U Uehel qi Bl © foreet st ot
Ik TAM Bl B

y(x,t)z[Za cos%dsin(kx - +% ¢j

g ¢ =0 AT 21 FT YUk U & df T THSH TAE hedl B Bl & T AfGw0 Furdt eiar ;A
¢=mn Ul niferd w1 faom PN o @ WA whew fauwla woret # et @ qen safaskor faaed
a1 €

fereht st R w1 TRl g o teen o] fE W WEde well-SehAY % 91 el €, W fRdt gelt
IRt R I8 WerdA for foRdt won-aierd= o e § |

frelt smafaa @@ o fag
y, (x, § = a sin (kx — wt)
g UREM ¥ WEfdd )T % o
y (x, § = - asin (kx + of)
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15.

16.

17.

[L]

@émmww%ﬁw
foigeti o o= =1 O

=Rl I k [L1] m! k=27"

I A v [LT!] ms! V=)

faeig smgfa Voo [T] s 3 frehe il st et a
&t gfadl 1 IR

el IR | 9Etia @@ o fag
y. (x, ) = asin (kx + ot)

foradia fegmadt o wifasfier < weigd q@i o =afdeor 9 S 9@ S Bt @ | g i W ufteg arfa
T § IO ST a6 F 39 YHR e TRl Sl ©

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

AP TN BT Th AT T € o Ty T w1 Ty sttt T freat e € den
Aferchem forema w1 fafee srafeafaal o= 7oz Fed 2, Bl € | < AT Feus) steran & shomma e
& = # T A

L <@ %1 afa Sl st Sl foll R aferg @, Frefafed smafeal 9 &0 o 2

15
V=n— n=1,2 3.
oL "

Tl v T HI S W THA HI WA € | W GaU Y W Al G2 FpE oF HUA S1eE qo w1
g faurd wed ® | feam orgfa @ <o 6 faen gor faer stedn yem ol ke © 1 n=2
#I o faen w1 T (g wed €, 3R $E YRR HH dEd S ¢ |

L oiaTE w1 i el foreht o fow % 9o guw fqu ger e, S arg-shiem, frefated st ° s
H T

v—(n+1jv
2 9L n=0,1, 2, 3.

SR Feu g Frefia STl 1 T2 39 YR o @ o Siom w1 gamE el e € | 59 e grR
n=0 % fau o feem smafn U, ¥, S 36 bR % fem o qe faen st wem omefa g
T fodl ¥ ufeg L @arE &t aifa )t stean Tk R 9 ] qen s fR | ge stean < g W
Ao ag-Hhie 5 fFaq safaai @+ w1 € 3% 3 Fehml 1 g@m= foemd #ed 1 3 9 gk
e fE &t srgaR gl B 2

forers 78 3T B & S 9gd BH ST H QA AR v a0 v, B T T W wgen w1 2 fog
S 39 YHR K Bl WA T,

beat = V1~ Va
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310

faemoia fau=

1. & e mregn o 9E %o7 &1 a2 ? | ged 9y | eaft o @ e et € 1 ge o uh T
U T WM % o1 i T GiAferd gl € | et i W o1 i el 1 Gited qen feer wftmfer
g 2l

2. W H TH TH W T WM doh el LEiaRd el @ 7 R g

3. fordlt @iifer @ o, "reem o ke el RN o W= STEda (IE W A0 ) T dal ok
A o HIU Sl EIFOT el €l

4. STIFE W HT GeROT Sheet I AW H B Hehdl © TSH STIEY0 YeATErl Ul @, SSrened
3 | eeed N ol TR WAl Ul i STEvAhdl il §, ofd: 3 avl weft wemdi-o,
59 71 19 H gug et 2

5. & T argfa #1 fordt Wt ared W @i @eft il 1 SEm SAE gl €, Wy fed Ky e
o T R ST et = Bt © | foet st o o ferelt ffve eor w el sl &6t sherd
TAM et & W STk o fre we R

6. freh meam o form =1 fearfq arel e oF Ay 39 WeAd # fRE it w1 w1 A (v) e
AT o YR qe 3T O (S g Te) R R et @ 1 7 st % A ek
el

14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

T
2.50 kg Se99M %1 20 cm el a1fd SR W 200 N o 1 7416 ¢ | A€ 79 S & Th f 1 et
wesht fean s @ soa= fasny feae wma ¥ g fR % wgem 2
300 m S R o o o FREn T geer HAR % SHR W S dreld o I § TR § | Ak |y
H eaft %1 9t 340 m s ® A TR % THTA 1 e HAR o 9 W geer Re o fRat X a1g g
M ? (g=9.8ms?)
12.0 m &« el % IR %1 599 2.10 kg € | aR § a6 foha 1 i1 =few @ifer 59 qrR R fondlt srqgeer
T &I A 20 °C W Y&k 9 H A1 H =1a (343 m s) o SR @

T™ oo = P F1 ITM Feh TR HifC fF ag & a1 &1 o a4

P

(a) T@ W AR T+,

(b) A9 % WY =g W €, 9

(c) 3Tl o @1 =g Wt € ?

A FE dan © 5 uw fam § wE g @@ wer y = f(x, ) 5N fEfua &) S @ fad x den ¢
P x- vt A x + vt FA y = £ (x = vi) TASH | Ghe 1 A | F 38R Ul off g 2 ?
Fr fau Ty ok YAF Hor w1 G0 Foh I8 GdqEC R o7 R W o w1 frefud w g 2
(@) (x- v

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

() 1/(x+vd)
g TR 9 ¥ 1000 k Hz g i WIsed saf Seafsld <l € | 9f€ 7 a1 il & I3 § 2ot
7, @ (o) WEfdd &af qen (b) WO saf w1 qresd Fa FIfSC | 9 qen St | eaft Sl = e
340 m s q 1486 m s ® |
el sTeaare | Skl B W 1 AT oM % AU Wges @R H WA R S ® 1S9 Haw o
et o e fhat @ fad At # 9| 1.7 kms! ® ? TR &1 YEeE 9 4.2 MHz © |
fordlt S W HE YRS ToTghd A H i

y(x, =3.0sin (36 £+ 0.018 x+ n/4)
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14.9

14.10

14.11

14.12

14.13

14.14

g TR ST ® | "Rl x dun y W W qen ¢ Gk § | x 1 oA fewn ad 9 Id @
(@) N T8 T GO0 el FAYH ? A T Y 9 @l THeH! =l qefl HeWoT i fa9n w7 2 ?
(b) THeT @M qen R = § 2

) ST % THA THH SRFTR Fe RN T 2
(d) 3@ T § I wAFE ekl & A= R A g0 Fm e ?
99 14.8 ¥ Ff0@ @ % fIY x =0 cm, 2 cm T 4 cm o g foeems T (y) 3R w94 () o &= WH
AeAfEd IS | 57 T w1 Tpfa 921 @ 2 1AW, orgfa stert el § O fore weqell o wdt i o
it fa s foig ¥ T fog W foe 72
T TOIgRd TT

y(x, t)=2.0 cos 2n (10 t — 0.0080 x + 0.35)
forad xden y&l m ® 9ot s ° foan w0 2, % forw 37 S <ot foget & e s e @ e
% T 2

(c

4
A Rl W ofteg fRdt @if S W ey faremm i W YR wed fRan T ©

2n

ylx, t) = 0.06 sin (7)‘) cos (120w 1)

forad xden yh maen t i s H forn T @ 1 e el Y e 1.5 m ? fget g'fd 3.0 x 102 kg
? | Frefefea 1 sw e

(@) T8 wer WIH 90 e Ay o § 9 R frefid s € 2

(b) 3! e faudia feeneti 7o wedl < W % AR % B9 Hid U Fedsh a0 whi axieed

STgfd qen =el §Id i |

(c) SR ® TE I HIC |

()Y 14.11 ¥ affd et | @ & foau aase o #n =@ & aft fog e (a) smafq, (b) Fan,
(c) @M ¥ &9 HTd B ? AT I Hl TR HIC |

(i)t f’ ¥ 0.375 m R F fog &1 sm@m fhaT 2 2
Fra forelt g o (STyRY el STeed) o faReqd @i fEfUd R ot x A ¢ oh e fRu Ty
2| 98 9aET o 399 9 HIA (i) TIH 90 1, (i) STEH T 6, (i6) 39 9 TR oft o @ e et
Exuild

(a) y=2cos (8x) sin 10t
(b) y=2x—vt
(c) y=38sin (5x-0.51) + 4 cos (5x - 0.5%)
(d)
T qg IH o g @ AR AT gA g W 45 Hz S9fd ¥ kU F@ €| T AR K1 FAHH
3.5 x 102 kg a9l @sh 59 ¥ 4.0 x 102 kg m™ 2 | (a) TR W STIHE X7 1 =1l 941 €, qe
(b) TR ® T R € 2

y=cos xsin t + cos 2x sin 2t
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312

14.15 T f W geft do0 g i | IadH fed @it 1 m a6t Jfasw, e foa smafa o 99 (340
Hz 9 &1 @i f53s) o @, @ HAferh § 91 Hie™ 25.5 cm 3196l 79.3 cm &dl § q6 3
<ol @ | WA o @9 W o | A i Wlel I Aol HITST | R-GHE I UG HE Fehd € |

14.16 100 cm @ ©A-vg 994 A fog W ofiag 7 | 39 o34 %91 &1 gt 29fa 2.53 kHz ® | €A
o eaft 5t = e ?

14.17 20 cm @ o EY 1 Th 90 98 8 | 430 Hz 3G o Gid g1 9 g 1 hiA-E gt faen
SR SN Sfed 1 St 8 2 4 39 wey & A fR got & @ ot 0 9% Wi 39 uEY o Wi ST
HAM? 9g a1 &1 9 340 m s 2 |

14.18 fHar =1 <1 SiREl A 9o B Us @19 ‘W' @R ool @€ e AiEl-d sgd eF % %Rel 6 Hz 3ghd o
foreds S X @ T | S A TG FE M W faes #1 g sk 3 Hz T Wit € | afg At
ot 3Tgfa 324 Hz @ @ B 1 emgfa = € 2

14.19 T2 HIFGT & (12 Hd)

& Hafa B "ed g, 9
(e) URErdt weaw | HeRo o HT TE 1 SHd faHd & Sl @ |
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