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AT 14

5
-

14.1 ¥fHeRt

fusa stear | 794 U fUvel &t 1fd oF aR H 37 fohan St Whtent
e e B A e b S6 YR ok vl 1 we €, df 39 e
o 1 BI? ek S I HIeAH THl bR oh R w1 SR 2
TH YHR o MW H YA S WIEAH o o19gEl il ThH-gE 9 S
T § TS vt fondlt Tk o1aed &1 71 T8 799 &1 711 o1 weifea
Tl 81 9fE 3T Th SIS shehg i Tonell drena o wid St § &R
firnd, Tt 1 g3 faegsd e i @ | ¥e faeiiy fond weh wom a
& Wifra &l @, o Tk 99 o SR SR 1 R guld g
g MY 3 YhR dreiE H fRER g i ©, a1 o9 @18 @7 foh
qTes o g3 ok g fag W faeny Sco=t gen € oi 9 =@ faeiy gai
o &9 § il © Sed hi AR TG HI € | g9 T Yo Bl § S
fasiy fog ¥ Siat T 9meX 1 IR G X @1 &1 | At 1 faes g
R FT TR-TE FE F S 4R W @ F, A Wi A
3 TS T T W A S T A ¥ e e &
g ¥ R & S sroiq st faeny o ox @ 0 FrEa o =@
T8 Ie Y el @ foF ST 1 SormE W gl o | 9 iR
T & Fer, 9, Tk el faeiy o= 8 S @ | s YR 5
Ao €, 1 eafd g (Wieem) o end ¥ Sl @ | W 39 ufhan o
() TH 9N 9§ T 9 ¥ Yafed 61 et | g H 3o gu faery
=8 Ty w9 9 @ 7 <, TR T STee WERIEE 5 & 7 S
S U €1 39 R & faeial o gfawy @1 e S go7 o arafaes
ifeeh TR ST T %o o YaTe o {1 &1 HIeAm o T T
T WM T A FW 2, T heA ¢ | TH TAE § 75 A
o # st 3 |

T 5 U g @ TR g a Tt qen faeits o Yo %1 gEe
T FER0T Bl &1 HRI FHE FER-a3 a1 R Heohdl o Heor TR R
HTA T ek (STed) 1 37ef © a1g H Al T S HIAT 9 Fa0
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3ok S i ST HIT 2| YA BT STEH-TIH T4
faf= WehR =1 @ o HeA gRT Bl B 1 Sl %
fore eaf el =1 Ay faga Hehdl o 9 | iafda
fopan ST Teha ® 58 foega-gasa a@i <ifa 1 S
SR & Fehdll &1 g Hohd o Hg=- H THIAE] T =01
ekt HH § YT WA B

[t T i GeRo1 o fou mem FY sTeavTehdl
T Bt | B S © o e 9 frata | T w6
Tohedl € | THY Hehgl yehTer a9 I g W feord 9”@
I YT AALARH T STael, S SERe €9 §
foafa & 8, © T I g B9 o Ueedl € |

TRt S e ST | 3cq= a, LAt qu, et
i e e e e e
1 57 |l T o Heor o Ty HieaH 1 SArevdeRdl
Brel 8, A far mresm o weia T2 &1 Wk | 3Rt Heol
e o HUNl o <ol oh HROUT H9E B Ul © el
e ok Yerey it o Felk s €1 faga-geen g aai
Tdfer f9=1 YR 1 a gt € foep fawa o o1 wen
12 H 72z 3| faga-gas ™ T o 9= o fog
A1 1 BT AT el — bl H=ol fafa o ft
B 81 yenrer, et @i, X-forol gl faga-geshia
fepzot €1 frafa o @oft for@-gawta @@ =1 =14, c,
T Bl € e 9  ©:

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

Tl JehR T Tk 3 X € T g ok AW g
ST ST €| IE o7 o Seiai, WM, <I2 , TRAT] q
0] S e W Gag B | A 1 YT o seien A=
foreror o were el € forees foma & e erredt shemed
T U | T I A ehodAIcHeh €9 H A1k qei foga
Seeha qN T qor W Afen 3d €, auy g
STIART Sk TENfTeRT 1 sIga o got et o qran
Sl ®; SR ¥ Hag 57 AN kT SYAN SR
gereelt | foran S 1

T S T e A T % AR, T
TUT o fIU SeATeHeh e STavash €, S1e79 i |

A T § B SHRT hell a2 W T T h
Hiedaitreres gure gitet=r g €, fH «ft o fd =1

AR fergetooT wargerm Heeel vraredt § fapan e o |
Torfaam T (1629-1695), T& T a1 3TEwTh
A F9 T U ifdwfas & e am @ v =t
qifeier! @ Forg B | HHAT 9 S vl o <ol w1 Aifdes!
TN T WAtk 1 Hifaent o qv=rq € aam 1 difas!
o1 TS AT | YATEY HIEE B R kT et <ol
& WY FRT G B € | (A SifE, Fefed
FHAIFE, 91g 3% gereer Azt o S € 1) 59
ool i AR TH TR SR GRT H4 |

o 14.1 9 <2MT STTHR T R Helg HAT
1 e W fo=r sifsr | 4fg 39eh T il 6t A
1 TR Gt BIS 7, q a1 foai gat fal qen
T Tl € | T HihA | o Bl € 2 TRtk Wi
TR UEell AT STYT AreATere i ofers o faenfid gidt
2 | St ol S vEell HAM @ Gag €, ord: SuH
T 3t Gdted Bl € IR 39 YR IE Wi eI
Tt S § | el faeie @ uw R 9 g 9k g
Bl W €, WY Yk HuHT SO wrerereen & feufa
o U-SER € oY o H @l § | T E
RN 3360 oF &Y H o1d R W form = feafq
¥ el fhd TWmel W fa=r &ifs | el & fafy=

I — i —F

A

fo 14.1 -5 4 a5 FA1A 1 978 | R A &1
THTIE E1 1 STl &; 7 38ty SR R a g=ia
g ST #

fest, A g g7 TH-IW ¥ Id B € | 5
7 fesal o foreht wop fR 9 forell 5 o1 wired €, @
I AT W TS Tess 1 YeFh1 1 € qN T8 bl
T oo ¥ T fesdl 7, TR 9 R TR A, 36 9o
L e oo T R W /A

3T, o7 TH 1Y ¥ &3 Gl o Horol W fa=anr
F € | S & IS et T oI 9 et TeRet €,
9% 39 TIM I 9 ok B W & H FUifeq sera
e Tt @ | STk HRU U B & Kl Ag H
T §, 0 AT (Sp), TRerd B € | <, Wi Tehieh
& W RN =t BT €, o7d: FAM ST € wifa
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39 feufa o off faeiis o SA7hAEE H ' yoHaq 9’
I B S € | T8l 59 Tehor |, 51l H IRerd, s
T S Hifted st foraror & wued ¥ | 9% fandt
&7 %I gdifed fran S 2, A1 SH & o 379] AT
feheteRt THgerdt & o ST o1 998 i € | 39 TN,
TeTerd! & o S dedl §, S1ere S e o Hdted’
= Bl & Toreh Thorearey qeierd! & 3 fete ' S
B S ® | AfE e & 79 IR ST ok &S 1 qer
¥ forRfera &1, @ 39 & o 9Ri R o IRae @i arg
39 & | JaU Hioh faed i THIerd &3 &l 3R
yohel 3 B | 39 YR, Giited s1een fole U &
T W & T 3R I Fd 7, Foreh hnor arg # faeiis
1 GO GO B U € |

Sl | off T o Hgw ek T S "Rl © |
foRteeia SIEl H TXATY] 1efe WRATIST oh §H STed
etehi § =afeerd gid & | 3T, Je TR St
RT3 T THE, 3T TR SR o TCAR gRT TR
Il o HRUT, FrEEE § il § | A% o1 qRempe
o1 feeR T gu fonet Wk Temmy] ot foeentia fohan e,
At ik SE YRR S R A % TR H o, 39
feafq & off T TIEA 9t 39§ S | 3Td: 'H
St (lattice) oF AT i 3T fageti =1 wifa
o Hehd & 9 WA o e A o 6=
THhd T |

379 BH TH 3181 oh STTe] STIAIT | A o fafe—
sifenafreR T T == AT |

14.2 MU qAT 3L a0l

T WA @ o 137k o o1 7fa o Hieaw o weeh e
FTd T A Hem o T T4 k1 T A I o deeg
TreT hTd © dl UE AT ol BH ST T hed § 1 A
TI&7H oh F2eh T % TIfd i & o e Sem &
&l a1 o o< a1 % ®Y H S el L

fod 14.2 ® {8 S & oW T T8 0% i
T e fe@rn T @ 5 e’ % T 9N Sw-Ae
e o 9I% SO TRl T B A TE % 1Y
T § SR I e STt B 9l SHeh TR TR a%
g ¥ g € TS T STIHG B W o7 gE fR
T TS ok WS ki ST R < Tehel ¢ o 14.3

e

|

fera 14.2 579 fordl a1fd SRT 373157 (x- 378) T Tahel
g el giar & d SRl &7 BIE Flaey!
SITT FR-A (y-378) FIeT BT & |

o off et € we Teurfa wefifd @ T ® SR shee g
2 for & oTE ST g Sl % TH I WS-
F1 3R Tad Ted SAahia 9ok UeH fhT s © 21
9 YhR § S’ ¥ 379 fagiy o1 9Rom 3uH wor

y

.

farT 14.3 &9 SR & ST3fee 99a FiE sfrad (Sraehia)
TT ST T T T SR &1 R & &7 1
ERT &7 HIE YT STaee @ S TET 99T &
e STTH] AR % FI9E JerT Bl B

SHTEeh I A B € | R €1 aRfEfaa | wres o stee
Ot Hre e o 38 -1 Sier i € SEfe T
e T 3 T et 81 e S’ o o i fa
1 fon o ofded €, 3: Te STTEd T 1 Th
IR B

&Y fordl T W ) YR @ fa=R X Tehd B1 8W
fordt ffvea FTaT-&101 W TR § @) 1 fasAor
Tehd &1 3HE BY TRl shiei-&101 T % i 3Tepfa foet
S| T o= fafy @ @t fRet Tom fave W faar
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HT 7 AT BH I LA SR o fehdt fafver sreea
T higd HL qA T ok G Thk Il Fl IE|
o1 14.4 H er<ed aO o W WIH SR Eat
T = fearfa gafela 1 1 €1 arg | R fore o Ty
o T T W T e o 21 e i T 9 3t
1 3R geherd SR AT oY &1 IR ©ied 9 g

fera 14.4 T &1 S-918 7a #0 arg & 930 T3
o eaqfT T 3T F1 A & | o G-
& SlorT T WA FT R & THR &, 97 TE
g WA E |

(3=9 @) TN o™ (A o) 1 T 30 Bl
S| AfE fRes i AR Y IR Hehe ad 98l i
3R EieH 1 A Fad a2 ST (SAeshd) 8 o Th
ST T T Icq— BT 11 U9 hi SAaS oh ST 91
H T R TR T G I8 ST T H ST |
T q € wifE 9 mer o T fag ¥ g g
Tk T T | ST feh Te e Srarn T €, o g fored
T HERd B, I e e 21 serewond, e e
" 5ot 1 gof ®9 9 A et T wReq, fRel St/
¥ faeiisr fa xd & 7 fF gl 9 9 w1 36 TR,
oA (arg 1 qUl €9 ¥ TAG) q1 At T HI TH TN
g Ffet— e 701 | faais (I w7 H) 19y
H TRl g1 © a91g HeAm qoi w9 i 6 FHa 2

STIE TN § UM T T T =Xor &1 fI9m
e eidl € | 3Td: T3 el o T WILAH o Felsh
e | e faehfa g1t § | o7d: STuRe al i
G0 shael 381 HIeEEl, S9 S|l § 8 Wehdl © S
TTETh il oh1 YRUTe Y Toh e Tl § T8
HooT 71 81 Gkl | ARl oF -Tie 3 ot Hdied
ferep el o1 wfeTer ot Hehd ©, 370 : STgeed aul o1 SRl

o Foree HIEAHl | SHUE S Hehell © | 301 ok fog,
Wil S8 ezl o Sae Td e A WehR i A
T Bl Wehell €, STdfeh a1 | ohelet areed A1tk aXmi
1 & G0 H9E ® | 5TeA o 58 R T YRR 1 al
B & ; ShiYTRTe™ (312l U3 e) A el e
T | TEel YhR hI U1 HIB! HH qRLd 1 SHRT
Bl € Torent aTeed e GeHi 9 @i Tl e
TN ok I 1 0T STt oh I3 TS oh ShI0T T o
T BT € | oo a1 qeed o1 qrefush IRE e
HeX ¥ g O el 7 o1 € | A T e foTm
& &Y H o oIl FeAeE 9ol g St € S S o
TS i T AAH T R T HT FAE FE T

T AT H FON o [ I3 ak &1 Hifhd T8l ®d
dfeeh e fodR SI2d ST % WY dell 9 Bl €
SA-TM B KO- o | Teh Sifeet T Afmfed gt
2, 9 7 ohelel HU-HE TIid Hd § dfesh STeh! qvE qe
ST of B €1 R W Seq A STIE ax qen
et i e A )

=TI &Y H I8 IR 7T € o Tk € e o ety
T e et qun W = fa=-fae g ?)

b IQTEYUT 14.]1 =9 T T & F9 S Y
T €, yeles feafd § 7e waey fo e @ i
STITRY 2, ST © el A 1 HASH ®
(a) frdh et Fefad A o TH R & TH

3R foeenfud & W 39 FHAMN F1 fmet
fasm (da) &t 7 |
(b) %@ 9 W fodr faferer o zuer fea =t
M- wieh faferey o 3o @ |
(c) et o I3 W Ferd! Aiedale gRl 3cd— aii |
(d) et FuEmE Faes fohted g1 ag o 3ca
preckull

gctl

(a) 3TI&

(b) T3

(c) STI9E qe 3Teed

(d) e “

14.3 W @ § fawemoe e

fordlt gt X o Tiforda faeror o foau, &6 frafa x
T T 3 o TRl Tor o1 STevaehdl 2l g Y&
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afiferent

U W g He T HI ST &0 R A T faawor <
T B < g vk fRfd W e e S| feefq W
T T 1 7T sk fereron oft <1 B AfE & fondh sk
T q (U s R fo 14,3 9 g9l v ) w6 v
T T € ol el B 9t SEshd BT =) gfaen
o foTu g0 fondt SToRe T R fomR 8 e afs /e
o fordt e1eE =t Rafd o1 x d el &L @ s1eaa &t
e feafa 9 forerm =1 y @ Fefug o e fedt
SEHI W G0 I a9 R w9 9§ afid s §
yl(x, t) = asin (kx - ot + ¢ (14.2)
S He o IR H IR @) T qqd © R w
1 3R I Herl o aeh G W foEn W ®
g
ylx, ) = Asin (kx— wt) + B cos (kx — ot)
o GHIRTT (14.2) TF (14.3) 9

a= \[p2 4 p? TN ¢=tan’ (gj
G (14.2) T SR W a0 Fefid s @
T HHg o fag fedl Ffvea o, am <fifs ¢ = ¢,
R foaR X @ THET (14.2) H S B H HS
(Tex + TeertioR) B o1a: T 1 oehR (feredt ff¥era o
W) xoh e o B S a0 81 g Wb, fepedt fifvea
Tl x = x, T foreR =1 T TR (14.2) H 51 HeH
1 vk Teh Feemioh —t €1 3d: fendlt ffvem feorfa w
foreno yTHg o 1Y Sgeeh g ®9 9§ qiEfdd e 2|
aretq, fafa= ferfai W Areem o staga W e T
FW 1 oF AT fF S ¢ 7 e 2, xR A 0
¥ T3 o o 9 Jox —ot + ¢ T M TR R
3T THIRI (14.2) x - 3181 o g <90 oF STfeat
SEh I (3TEd) TR Rl e 1 gHeh foadd, wer

y(x, t) = asin (kx + ot + ¢) (14.4)
X318 T U T2 o A Tasiier a o fefua

ylx. 1)

(14.3)

c fafd xdon T t oF o & ®UH

o=
a ;T R A
® : T HI HIOF gFa
Ik ;IO T T

kx-ot+¢ : SRFIE Hel HO (arx =0, t = 0)

farT 14.5 THI07 (14.2) & "AF fagl &1 gk

F4 © | Fa 14.5 iR (14.2) & fafa= Hifqes
it o 9 geiar @ fgen! 79 ot uftwfid )

fo 14.6 TAF i R U= fa=1 9Hl & fo
THIHIT (14.2) o 3Tei@ <9I 21 fonddt a o siferehay
e faremes ot faig o oiid whed € den stfereram
e foreee ot faig i 7 shed €1 98 <@ & fag
o ohIE T hY T el € &W I W e hfed
Tohd & @R TRt 3@ o o1e oid wma & @y &9 Tl

fera 14.6 =1 Gl W X-3787 1 YT (997 & 71T
Tierelier @i Sedr aeT

e 21 Fos o 38 ol W (x) 9§ St w2 g
TR TH WA o fhdt Hivea feurfa, om efifsm x st
o 7o fag W forelt staga &t 1fd W fo=ar & Fad
g 28 o W 3 fag (o) T i @ B 14.6
o e S9id B foh oot fag w S g (o) w9 &
1l 3wt w9 W i L 81 e, O b i % Wl
7ot fog W feom w1 ot A feafa & wifkd: Som
e € e Tl o feufq & & o fag ot o 2
&1 7% oft @ € T o oma o o g (o) wh ol
e HIA € 3o H ¥ Tk Ffeed g0 w9 o
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o3 14.6 o 3@l o 3MYR W 37 &9 HHIHIOT
(14.2) = fafy= ufemi =t aftafog =&

14.3.1 3TTAH AT hedl

THRTT (14.2) ¥, Ffh <1 Fed &AM +1 T -1
o o= ufiefdd el €, o y (x,t) 1 9 a T
—a% o= qiEfdd e 21 80 A% a1 eFes 3T
A df SATIHT 1 HIE B el Il B T @ HIeAE h
ot sTe@a &1 oTqe ey feafq 9 sifueran fowemm
<31l 81 & < o fereemom y e =1 SRS B
Tohdl & T a A €1 aohl T 1 3799 Hed 2|

THHOT (14.2) o HIUME HI AR (kx — ot + )
1 T T FHeAl Fed 21 KA g AW aoh fow, gt
feafq w@ 999 W Fa T 1 foxeads fauifa s
BT x =0 1 ¢ = 0T el ¢ 81 37d: ¢ hl SRTH
FHel HIV FEd T x- 378 R g g qon s e
1 TH YT IS Tod & g9 Bl © 76 ¢ = 0 | ¥1a:
THEHIT (14.2) H ¢ = 0 T T ATIHhdT HT HIE 2
T g 2

14.3.2 TR qGT HIUHT a1 G&T

A ell o < fagati o ot 1 <Fae g 1 aarRed
FEd ¢ 3R 30 gmea: A 9w €1 gieen & forg
T GUM el a1t faget o 3id =1 7 o "end B e
et ARG wief stere Tl o <t T g 2
THRTT (14.2) H ¢ =0 TH W, t =0 W fowemo g

ylx, 0) = asin kx (14.5)
Ifr w0 H 27 ¥ TS IRET W S Hed w1 JH
e Wl ©

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

arorfa feigant xaen x+2%”aqm%|wq=r T B § —

Tl n=1,2,3, ... | GAF forar= frd i3 gu & w
et feigeti o e <FaH & n= 1 oF W W Bt 71 A
o fean S & SR

2w 27
l:— k:—
K M T

Jcoh! GeRuT ReRTah 312/@T SO o G&H Fed © |
g1 SI Ak fead ufd Hier s19dr rad m! g1

(14.6)

14.3.3 ATEAhIA, ShIVIE MMM q4qT 3N

o 14.7 § U SEwE erd fT@mn ™ g 9
foreht e o1 T 9 1 SR Tl g © e
ey o U oraaa (fdt ffvea fufa w) =1 a9
o @t fecemas guifar €1 gfaen o forw e g
(14.2) ¥ ¢=0 od & 3 1aFe (A SST x=0 )
I T W eAF <A F| a9 e 9 B @

y(0,9

asin (—ot)

—asin ot

o 14.7 519 @7 S’ & @ ToRdl € at g fHfvea feafy
W SRT &7 37999 3™ a T 5T & GrY SieiT
F Bl

T o T H1 STEd Hd SN ok foRdl sTaEE
T Tk guf S § forn e wma @) srefq

—asin ot = —asin o(t+ 1)
= —asin (ot + oT)
<[feh <1 He Felsh 2n B0 R RGN H 7,

2
WT=2m, a1 o= TE (14.7)

1 TET T IO T Hed € | TR SI 7
feom 9fa e 1udl rad s! 21 el o =0t smgfa
Vv Ufd Hehe el H H@M T3

o
271

V= (14.8)

1
T

*78l @t rad I BIg Tehd & N AHH Bl haed m! § F B Hehd €| 3z, ke, THIE AT H GHI T Al a7l Bl GEA
Fon W N HE W W e arefl m? SI qEh § 9 9= At 1 2
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v &I gl (Hz) ® 9r9d 2l
S = A wed & fedt el % eefewm
Tferefier TR STeren S X w1 Ewew o e |
SFEA T W e o TRl sreee o T WeRol
feon & wwiR fowem g ® | @HieRo (14.2)
o ferelt et o & fou faeendd e 39 TR
foran S 2,
s(x, ) = asin (kx— ot + ¢) (14.9)
Tl s(x, ) ferfa x den = ¢ W AeEm % fed
Y 1 a1 TR0 1 fewn o fewenra @1 weieRor
(14.9) ® o Toreermam s 21 o weft Tfvwd o =@ ol
T S ST T % YO H 9| Shael T & 3R § fR
oo™ W y(x, § F TH W HeH s (x, O o=
T R
> 3GTEVOT 14.2 : Thdt S{ o TR T St
T A1 el 39 YR fea e €,
ylx, ) =0.005 sin (80.0 x— 3.0 1)
el ofifersh TEerier SI HWEERT | € (0.005 m,
80.0 rad/m T 3.0 rad/s)l dXT &1
(a) @M, (b) Wi (c) SAEdehl o
srgfd afeferd ST | g8 x = 30.0 cm @21
AT t =20 s T T H1 foeemd y oft TRewfera
HIfTT |
go7 39 foaemd &1 ga ¥ (14.2) 9 & |
y(x, §) = asin (kx- ot)
&Y Frefafed 79w B4 %,
(a) U &1 AW = 0.005 m =5 mm
(b) IV T F&A = 80.0 m™ T v
0=30s"
e BH GHIHIO (14.6) o gR1 aeEd A 99l ko
T way foed ©
21

7L=7

21
80.0 m™!
= 7.85cm
(c) 1@ 89 79 fRU T T a1 o H G4 gR T &1
M T H B,

T = 2n/0
21
T 308
= 2.09s
e ek TR v=1/T
=0.48 Hz

T x=30.0 cm T FHI t =20 s T oo

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 <
14.4 WHT GO i o1

fordt Wt T w9 e FH % fau gm @
o forelt fog (TRt shem =h1v1 g0 SAfvafard) = &
Shfad o Hehd € 3R 3w © f A% fog wma & @y
foh e e T YAl €1 O o TS i T WA <
gfererses e 21 oot 14.8 ¥ =1 faf= g, fomen
o1 A ¢ 1 O THT SIS €, T AT R SAHR 90l
T B EEE W U TE AR (X318 1 G
o) Ax S0 e ?1 asd ®, fag (o) gr switn
3t T A ¢ B g0 A x Tordl 81 T FhR T 1 =
Ax/At B THE 31 hen ol fag W ot g9 faeg (o)
M Fehd B T8 TE A v W T UM (SFFAT A
e erufafda F& ®m) | w1 W fardt fHfvea wen
fag =1 wfa =1 g s @

kex — ot = TadH (14.10)
31d: W& GHY ¢ Sgerdn €, df fafvea e fag ) feafa
x 9 TH YR Feerdt € foh el hivne =R W1 31a:

kx - ot =k (x+tAx)-ot +At)
Rl KAx - @At =0
Ax, At T 3TITH HH o1 T/

dx o _

T (14.11)

O T Y A ke HT )\ O Gard wE W FY I o6 §
-279_ 4y -2 14.12

27k T (14.12)

TR (14.12) 9t W GO0 o fau T =am9es
a4 21 U8 9adt ¢ fF meay o ford) steme & w
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quf Srer el | a0 Y s aeEd o aueR g
Fadl ?1 eam i o fed @it @ w5 we
HMeqq o See O (S % fau s g
T, A=A SoTHM ) qe g o (e
fmil o falw oM YR TUTeh/STIEUl T[uTie,
I eATErdl ToTieh) g1 i e =1 AreAw =
fuifia sear 21 Fen "t (14.2) T fHivea =«
o T quresd @R e 1 Ged @ 2| e o,
ST TEE ST S G €, HeAH U STuee qel STesd
Tl G T ® ql ST el SE A o ST STer
FNM| 36 1A o STIad SUIFN H F® WL AlfAw
TT ! =a1a o fou gw faftte =se o 3|

4

fora 14.8 THA t T t+At 7% fwd g R BT T,
&l At o THE AT &1 T YA qHed &9
T ¥ AR THIaRa 81 ST 81 a7 9 (A
fAfs=ra et aren HiE iR fo3) g79 At § 33
Ax THA FaT B

14.4.1 Ad SRT W YRS T i oA

foreht @ifser @ & 9 fosy o w0 WeEm o
I YA Tt 3R STl o (FFHH Se) g
fruifd gt 21 <Tet god HRE W SAH ®Y F qe
TR FRF § a9 9 Hefd et 21 fhe el

HAITSa w1 ® foF e 1 famn LT 9§l 8H
AT ¥ 3@ Fohd ® fp e T/ we fom @

-2
IMLT?] o,
[ML]

Iq:, AR T aq p & Wi Gifae v € @

v:C\/z
U

Sl ¢ fomedm fers ®, @ fafa favawo g
i e Hora = 7 | orea ® gened gF@ A ¢ #
M 121 o7 A SR ST T 1 e

(14.13)

T
v=[—

U

e ST o =t o WA o O T SR p (T S8l
T & HRO A S H ATAGT ) T AT BT
s = g W a: R e w8 e
FHerA H Y UH aWH o aR H U femeR! =
e | st & 21 < HRI A TN v S a4 i
gt faefisr o Wiq W FeR e 21 e o Tt
faftea =@ qen emgfa & fau, T (14.12)
Wﬁsﬁwﬁa’r{mwéz

1=2
|4

(14.14)

(14.15)

b 3TTEYUT 14.3 : 0.72 m @ fovdl Ead & R
1 SHH 5.0x10°kg € | A% TR R T1d 60N
2, @ IR W SFIIE T HT e ;Y 2

R T & a0 JAHA 9 Sl H T @ T U8
21 28 Hed H Srecl U1 ek geHE T g ® S
TR o THAM m i UK darg | 9 fg9fsa w0 W
W BT 1 e o A FEml 1 STE wioh
fRdT S W T &1 =1 o faw ened g3 9 fomean
S ekl & W] F8 S W Y&k shi WA o wel
21 o7 &n Torta fagervor o1 STEn 31| W B9 T
T ek & TR ot fodtg favermo @ gened g3 =
e B Hehal 1 39 fafy o wr Gey o feemis el
fT=rad ot 81 ekt formm [ML] @ 991 T &1 &
F1, 1efd [MLT?] 21 g5 39 fommefl &1 39 yaR

Zc7: AR ohi Yfd Tehlsh ciae ol Soad

_5.O><10’3kg
0.72 m

= 6.9x10°% kg m'!
TE, T=60N
TR TR SATIE T HT =0,

_r_ 60 N
4 \6.9x10 kg m™!

=93 ms! <«
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afiferent

14.4.2 3 T &l oA - & W oA
ferelt argeed au & W o SrEFd q WeRol shi feen
o eyt ferfq & om-dis <o #d B | g9 wed ot
@ o € Tl o arg o o -l &
GfteH qen feRerl o ®9 § T e & | Goted
fapfa o ufdae 1 fuRor w3 aret g ored
AW 1 T FeaRedl sk 8 8 3@ R
R 3 €,

G AP

Tl e H qREd A P A& foshid AV/VSa=
Tl B B 1 fomn o€l € S < 1 € SR SI "eie
o 38 Uhe (Pa) | o id | T o HeROT o
foTe wrafTeh ST 101 SeomH s p @ SRt fomm
[ML?] & | g9 3T § <@ gehd € foh fdt B/p
ﬁ&ﬁﬁm%:

ML T?]
[ML”]

Ia:, A B e p & WrEhTes sifes Tyt €

v=C\/%

T ¢ T feriE 7 N ol favemy g faifa

T 9 6l ¢ A9 St ¥ C=1 U B ¢ | 37

fendht e | e a3l o =l o forg =k o 2
B

— 14.19
0 ( )

et S ©g SW Wig wem % fae, o o
ITEl TR TG Bl © SR e B 1 el ee
fapfd W foaR & F1 STeRasd e 81 39 TR
o, WrEiiTeh Yo ulish ‘AT onieh’ ® fSreent fem
A -JCATEdl Ul i {81 38 Wil o oIy
faria faveioor qea S/En € SR e gt (14.18)
SRt FefteRRor ara B @ o eifeifia feris ¢ g
2 et 9 aened safq 9 1 9 B 81 39 YR
forelt Sim o8 o oresd W 1 = Fretetaa gee
g1 SF 1 Sl 8

Y

v=,/—
p

=L’ T7] (14.17)

(14.18)

U:

(14.20)

T2l Y B o gl 1 A G ol 81 HRof
14.1 # fafgm wreamt & aft &1 9« gerE
T 2

WRUM 14.1 % wreal °§ s wi oure

=
919 (0C) 331
3 (20°C) 343
Sfeq 965
HEESE] 1284
EE)
S (0°C) 1402
I (20°C) 1482
z-51d 1522
3|
Tqfafem 6420
I (dfel) 3560
= 5941
B G| A 6000
eSS TR 54

el qen Sl § eaf R =t i ot qor | Stk
B [oH < for Sl o wehtor ®, WrEfes = o o
ST T Y =1 8| TR FHROT e ¢ ToF 54l o I
=1 T 1 qor o Fifed S A hied el gl
37d: Tk ST YRl ek o WM fueh B €
FHRTT (14.19) 2@ | S SR gl 1 TG T g
H 59 T 1 B | g S STE ST
Tl Nkl | gfg e stfuren Bt ® 1 A ww
2 for oGl R gal ° eal 1 dtg i e € |

el 79 o wafe o =l 1 3eher B9 3TEYl T
i o &Y Fehd 21 Tt smeel T (3@ st
10) o U @ P, G V @ @9 T o6 i< qay
TH YR =Rl el o €

PV=Nk,T (14.21)
TET N T H STUSH R HEA, ke, Aeesi Fdic aom
T 9 o1 shfcad o a9 € | o7d: fopedl wwardt giteds
o fau g (14.21) 9 &4 =fafad §&y9 o
g @

VAP +PAV=0

374 _i =P
AV/)V
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37d: GHIRIOT (14.16) H I8 AF wfaeenfud &+ |,
B=P
37 IR (14.19) § fondht seel 719 o ergeed o

Hi =T,
P
v= |[—
\Jp

9 Y i GAYAH =T A TAiq TR o, o
T8 = H g H hEd ¢ |

b 3GIEVUT 14.4 <2 o A &1 STAN Hich AHS
q9 TH @ (STP) W ag ® =@ &1 =
1 AHAT HISC | 9 o 1 A S FHAH
20.0% 10° kg T |

Zo7 - 8 WFd € o frelt off g o 1 Wi @1 STP
W A 22.4 el BT ® | 37d: 9 H STP W
el

(14.22)

1 Aid 91 1 $FAH

Po=
STP W 1 HIA a1 &l A

29.0x10°kg
22.4x10°m°
=1.29 kg m®
TRt w1 | e i = o faw =ged o 9o
o STIER g0 STP R a1 ® &af o a7 &1 fr=Afafed
HH W e €,

2
1.01x10°N m 2 1
I ivkgme | T (1429

THIROT (14.23) ¥ U< a1 § =419 1 =1e
M, 9RO 14.1 H ST 70 990 g0 9 g § et
%I =el o A 331 m st &1 go § 15% & 2
e &Y el Terdl gE2 afK &H e hi 36 qA
T 1 &0 R TG =ed 7 T HeRo1 o 99
e | e H g arel URedd sl Hardt 7, O 89
€ U § foh ST T8 Hou Wel el off | eres |
78 warn foh At d=ror o 9ug A\ § Se-uiady
Tal g D | B ® TR o yaE o faw dm
T SFY T T 3TEvash 999 U= &l &l Uil
TFeRaEY I8 URedd SHdardt @l B a9 Terd

(adiabatic) %ﬁ% | TG Hfshaei 6‘51%111341?@‘? H W
71 Fe o] B © (WU 11.8 )
pV' = feeis
Yl A (PV) =0
PyV AV+ V'AP=0
78l y M w1 < fafere wemen w1 U

Cc/C T I
30 R, Y 7 % fU T ST TR ot
AP
Pu="amw =7

Fd: o | ea H e[S (14.19)],

UZJZE
p
=2 % G § 39 HYfg 1 AIelE WINed FEd § |
a9 & T y=7/5, 37d: 1@ A% &9 STP R a1g §
3 HY = o Sk o foIT TR (14.24) 1

AT L o A i =t S JF 331.3 m s W &Il
2, S Hifya = @ 9 @ ¢ |

14.5 TN oF IARIUT k1 Tagia
St faradia feemedi & T S < T TS T TR R
UR S € @ o gl @ (T 14.9) ? 98 <@ S @
% IR W &% 9] ff W T A Afed TG
Tl &1 W, Al o SR, T Yed g A wel
Y fo=1 gra 81 o 14.9 e wd fawdia e et
3 T T T T H SR T ferf T
1 v T Srfef B € o IR fereeos gerh-gern
e} % N1 TR 1 ST A B g 59
bR ST a0 o1 STeARIuur et faglal e 2|
70 TISId & STUR, Yoish TS 39 YohR THH il €
A TR g e T #) o Hiegm ok stege <l
o R0 faeenfua g € iR <fer fowemam e =
SRUNcHe: Bl Hehd ®, A< faeemod gFi feoema =
arsmfordte = et 21 fem 14.9 fafe= wwa w @
SRR T 3T STl €1 3T (c) W fasie gue ™
I < : I TG oh HROT JUH-YUh I TR
TH W F IF ¥ R = § a0 1w oy W
el T ¥ 21

STARYYT o FaGId i TR €9 H e HL o6
faw, a9 ST y (x, O 700 y, (x, § "9 & foelt

(14.24)
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e o ToreemoH €, S 4 W STe- ST T Hd!
39 T99a o Bl AR I A fhet &F H T |y
g € R erfemfya B ® at e fararmm yix, o
B

yb, 9=y, x, §+y, (x 9 (14.25)

farar 14.9 a7 wd fawdia faemg arcit fawia o &
THT FAT 3 W]l 3G (¢) H S WSl &
7T & g foreeraT glar 2

Ifs fRdt wread | T g A0 T ST Stk
o JUeh-g¥eh a1 el T AN B © | tefd Afg
Tferefier Tl % q Feld 39 YRR E,

y, =1, (x—v,

Y, =, (x-vd),

y, =f, (x-vt),

T Tiemg o f9eiy &1 9uiF i ot 99 Hod 39
YR E TR S €,

y=f,(x-v) +f,(x-vt) +............ +f (x-0)

= ifl (x —vt)
i=1

NI k1 fagid Afqwor &t aiEeT &
T« 2

Wad & fau, fedt @ifa s/ o sk ™=
HIA Y AT T T R IR FRA E T
ol gl o TuH & den Sl @@ ge ko @t
TUE B 374: 396 qiesd off g9H €1 STRT q =
off THE BN A ST o 3ok ST 9§ ae
T x-3781 o G foen H THA e 1 g 9l o
IR cheel AR hell W &1 HHW (14.2)
ITER & S N 1 39 YehR o4k d ¢ :

(14.26)

y, (x, t) = asin (kx - ot) (14.27)
AR Yy, (x, t) = asin (kx - ot + ¢)

376 AN o fagId &1 TN & |, -2
oo 39 YRR = fRer S R

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

o{Zsin{(kx ) + (fox - wﬂﬁ)}cosq
2 2

(14.28)

(14.30)

J@ T (sin A + sin B) % fou feroifufa &
guRkfed 931 &1 g4 & 21 er:

y (xt)= [Zacos%(/):lsin (kx—a)t+%¢) (14.31)

THIHIT (14.31) 98 <9I & o afRomedt o= o,
x-318] HI oSk fEen H T R e W @
SRt sTfa den deed <Hf /A oF J9E g1 TR
THHRT FARR ¢/2 Tl Heaqul 27 78 T fF gqa
M SHI T2k qN o o HeR ¢ T e ©

A(@)=2acos %¢ (14.32)
g ¢=0, SFAfq A TN FAM el | €,
y (x,t)=2 asin (kx - ot) (14.33)
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Ffq aROTE T R @ 2a €, S Ah
Genferd A & SAfuehad 21 ¢ =n % forT, S ot ol
Tk TR ° faada et | et & qen afomd @
ST HeA B &0 I B E

ylx, =0 (14.34)
y y
2a+t
a-.
o //\ AV .
-a \/
p=0 at
_2a_
(a)
y y
_’
a /, \\ ,’ \\ X
or; ) X
-a 4 \/\\~//\/
¢=Tl2rad

(b)

ferg 14.10 7RI & g1 @& S7aR QA ST
aen aIRsd drd | eghy @l @ gRmE
T GROIHT T T STH FHAR @ T
AT &1 T8 HEAR (@) 3 17T 77 & T (b)
& foT mi

THIRTOT (14.33) I T HT TS AfqehRor
Tl 21 39 YR § S ST W[ W © | FHiehIr
(14.34) T a0 1 fommeht =sfaenor i © foed
RO T | SHT S w1 SR g 81 B 14.10
TR0 o 37 AT TRLN ] ST © S AR %
g =1 afom 2|

14.6 T T T

TUed ST | 897 3TReg Wead § aii FeRul &
<@l 1 | 91 A § S IS TS st ol R
ot 1w el 2 Afg ufd i g € ol wig
e T WAl &1 S #1 ufqeaft w1 afee g8

i | e 1 3 81 Afk ufwdm yfa: 3e
T €, ereen °e Tl 1 f9=1 yoare qreawi o o=
Fayss €, a1 feufa oo Sfea & ol 81 39 fefa o
e X T He W T 81 Sl & 9 B |
TR e | gRAHd @ S @1 Afg g q § fa=
el w1 afE W) At safad g 2 @ gt
AT 1 STUafid T Thed | Sl Tel sruafdd aii
W o Uedd o Tl 1 Ue il §, el
aufad Ud wafad ad W o 9 e @
o I

fom 14.11 foreht arfa <) o STfRe T Xt
T IR § qetdd et o witar €1 9 6e o {6
TR GRI Sell T g ST Tel Bl & o Tefdd
T HT SRR & I © S AU g H 7 W
T | TGk el § T A1 1802 T HetlaR Scd— &l
ST 81 SR RO T € o a9 ® qen qiE
R AW o R fasiy w1 foRemaT = B =ifen
AR o TG & ER, TE Al §9a § e
afad Te TEfdd T W T HellaR 81 difer gt
foreemo 31 311 I8 ek 3¢ SaR § 9REm gfiay w
amenia 21 3@ IRomm 6 ew nfaetE gfie @ o wa
F Ghd 1 99 T3 AR W I 2 Al 98 IR |
I RIS AT &1 =2 o dTE 190 o STER <ar
T W 9Romm ¥ 99 den feen o fauda sa smafa

d

f

R

faa 14.11 o9 3¢ TRHHET T T05 &1 REd
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Al &1 IROTHEEY YUt T4 S eil 2 forEent
Fell § T T SR B 2
% foe qof &9 ¥ wed § (S8 T SR T T sed
g i @ S forelt B W w@ad ®9 9 G H Hoh)
T afdd T4 i el adl ST (AF & et 219 A
21) ol & S Sufad T o 1 He qREmE W e
e q9 9% T & AW K1 I A TN AGE
TR T IR0 A LY H e faw 2
e, FE T A T T R
R @ T | T el S gl § qel gal
IREH | qUedT § IS Fellal SO e el 21 39
HYT i MOUME ®9 H Fod i o faw, 79 s
Tt a0 1 39 YRR el w9 ®

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

T, g UREH ¥ Wadd o fou, safdd a1 &1 39
TR fref| w1 §,

y, (x, t) = asin (kx + ot + 1)

=—a sin (kx + wt) (14.35)
forelt et T ¥ wred o fag, wafdd @

1 0 YR Fef| F9 8,
Yy (x, t) =asin (kx + wt) (14.36)

T 38 IREH Wy =y, +y =0 it el W

14.6.1 TWH G qem wamm= faemd

frgd o99m ¥ g Td R W IREfia feem |
foem o | g e ¢ guifaa fafei € (S8 <Al
i W it ei ereren uRfa owarg w61 91 FieH)
e wred= < w1 erfes fl W OB ©1 SER &
U, frdt S/t W U feom o T et a1 w9
e et €1 98 TEia o SHd fEwn | T ek
T R ¥ wEfdd g €1 797 Ui 99 9% e @t
2 5@ 9% SR H T Srafterd! a0 Yed 7 o1 S uE
T U ST T e €1 e w9 § 59 e
T o AU, x-3787 i ¥ATCAS 520 | T Ht fmt
TOT QAT x-3181 I HOMCHE fa9n § 0T Il THH
HEM TE s Al Tt a1 W e S ¢
=0 o foq T (14.2) 3R (14.4) 9

y, (x, t) = a sin (kx - wt)
Yy, (x, t) = asin (kx + ot)

Ta, STARIU o f9GId o FATIR I qROmH T 39
TFR FE F S T,

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

gulfeq Sermofads aeades

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

y (x,t) =2 asin kx cos ot

G (14.37) 5N Tt q@m Ye e weierto
(14.2) 1@ FHIHI (14.4) g F&MUd a0 o o=
TEqUl ST T &M < FHIHT (14.37) H U kx T
ot STeTT-31e ToemE €, 1 6 (kx - ot) o S4E &
w9 H| 39 T 1 M 2asin kx 1 3Fd: 79 907 Yo
H, 1w yersh fag W g @ W SR o gk
3TEId HM HI0F A o A ATd HA F e
FHA 71 a0 o faf=1 staaal o <o § IS el
T g 21 el ol w9 @ fafu= faged w fafa=
SR § TH B el H S A gl 99 U T d
¢ SN 3N 7 T AR T Ll B 3z 3% Y o
wed ¢ foreht fivem el w gmem smam fiv=m e
? W S| vee s T ¢ fafee feefei woerem
o= i 21 ot faigedl @ emam v i @ S Frei
Fed ¢ qu A fagall W afusan g @ 3% e
Fed &1 fot 14.12 fawda feeneti o w0 et < i
o AR o HeTEerRsy qRUMHT ST9H T <9 2

AP qEH 1 G Hegequi @l T ® fw
T A o R A S At e
ot wfdse o SR, Sfetid B 21 e frd
@es g U e TE F Fehal & (TR o
ST TTHT T F HY) A THHRT Je w1 At
Tenifaes gl 1 Tk qeeE et 1 3 gt
1 SIe 1 TETERT T wed 21 37e 89 g fo W
TfReg frdt @i Sl o fore yamr= faen =61 faio
FH|

(14.37)
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T bt S
., \ ., ~ \
A
P o=y R - -~ RSO L
-~ o - ., - /?\ ...'."' P 7
R 3 N N e R
L ~ F s S D e U

N

N N

fera 14.12 fawdia feemsit & 787 #3dl g1 Sadt Qi & TR G Iq—7 STYET i) 49 3 foh Frest (7 e
Tt fag) #1 Refa gt gaa W sraRalda @dl 2

TR (14.37) 9 fege &1 feofadi (Sef wh fR Wx = 0 99 & o ufeedn gfgas i

A I el 7)o
sin kx =0
A kx = nn, n=0,1,2,3...

< k= 2n/A%, 31:

xX=n—_, n=0,1,2,3... (14.38)

2
TR X HH TRl o e gl % it 2

IH YRR Tel i feufqa (SET mem sifean B
) H sin kx 1 TH AYwdd B 7
sinkx!| =1

1
1A kex = (n + J)m. n=0.1.23..
k=2n/A TH W

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

9d: & HATTT YETAI G5 @19 w1 g
A/2 TR 1 THIHIO (14.38) T ST IH TRl W
feg L e o a1 S & fau w Tk €1 3R

x =0T x =L W o gl x = 0 UGy &l Tect ¥
Tt Bt Bl x = L g wfsy o forq sreweas € TR

T LA 4§ e TR § Hetid @
L= n%, n=1, 2, 3... (14.40)

31d: L e b1 S/ W Hiftrd aaresd sl st
TG o9 Gehdt 7 foen 9 Frefafaa d6y g e
e S ®,

2L
== n=1,2, 3. (14.41)
TEIEd sgfaat o °M g
y=n— =1,2.3 (14.42)
2L, n=1, £, o... .

TH YHR T TR o Ser i wnifas gt
ateren G faen Freffta =2 fan @) et frem =t
JAqH G nHraeh A S e & ger faer
T Jeg Ul sed €1 <H TR R ufiEs L weE %

TfE = & R v=i gl (14.42) ®
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n=1% G4 ¢ T&I v TEAH % AL T
MR T 1 = €l n=2 HI aeH
faen =1 fgdar gt #ed €1 n=3 &
TegEdt W O B © SR S HER
FrTet Tt et ® | 59 foeneti 9 gag
ﬂlﬁ'ﬁl’@faﬁ vn(n:1,2,...)_s'|'{'ff_t|'%ﬁm

S B

(a)
o el JoH
oA

o7 14.13 9 91 0 W fEs A A
A e | gud : ot st T € A A A

T AT TE ¢ R HE At =k ©<><>é (©
7 fauredi 4 9 forddt faen o &0 N N o Tt
T Rt S 1 e fafae faemet A A A

1 AR B ¢ Fo faund s
Yeerdl | SUfetd 8 Tehdl € 3R $ A
Yeetal 91 fHar o srfes S8 e 99 39
fagia W emenfd &1 ®F G faon =@ A
faen 9 sifuss 3AfSd @ 78 39 o0 W feR

U@ & fF =W &1 frw fig ™ Siea e A
T R

A
N N N> et

(e)

G e s e A N A NTE NFONSFT e T
fawneti =1 s1em N e T faw &g
& Sfafen a1 T g 1 3fera: 5ot § ol A A A A A A
T i I AfAHT HT Ag HiH TH ®

F I g f W R g € den g

o | TR B 3 e W ae § ufedy (97 1413 F R W IRes aifia S’ F g @ 3o o

atfererad Bt € Safen faeemes =< (3=1)

il 81 e T gel feR W STel W e €, =g
T Uferd el ® el fereera 1 e stfeshan e
21 STe o HUeh el TR ol x = 0 o T Freae wfaae
(TR 14.38) 1 Tord: Tgfte gl €1 afE goa faw
x=L JEg T @ FHH (14.39) ¥ I URomH
IRETSCIED

-3
L=1""%)2"
Heyfad auresd frefafaa gey 9 yfqafa g

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

frm &1 g faud wrfas gl 38 TR
ECECT IS |

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

(14.43)

VR el

1) v
v=(”~ +§)£, n=0,1,2,3...(14.44)

n@ﬁmn=o$@ﬁ%3ﬁ?%ﬁélm
S=d ogfal qot emgfa @i faww womgfaEr steiq

v v .
3—, 5— onfs =it
4L° 4L €

o 14.14 T f W Ga 301 W R W s
a1 et o JuW : o Tungfaat et €1 SF i
W Gl TIZY o o weeh R R 9eE il B 39 R
Te W € fF S Rl W got 9 wiem ® g
ot S Bl € (3@ e 14.15) | SWiek afvia
ferll, SKt U arg Hiem § YUifed Qe (TR 13)
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(2) ) (©)

XX

Tt

(D) (e) ®

<
%
S

.

ot
fax 14.14T% R @ @a a1 TR R | a5 fwdr
AY-HicTH %1 F FAHT [F8T4] FHeet fogm
ferend we 2
IO B Gehd €| A% Sl ST e bt wneifess
TG % SRR Bt & A e § SIAIE S B 2|

frdt &t 9Rfy | gearyds IRag gAER
foreelt, 3TN, qaa & focelt oF SOl i JEER
faenetl =1 feftor o wfidmn od o g foman S @
fr foeeht 1 TR W fem FE S 65w T
Fll 3@ aE & Fu w1 yEmE faumst @
AT 1 AR AU Sied 1 8 | 39 FEen |
) fameti § qvn w=wor wfiwferd g @ | e o gad
srafifed wifaert o= € |

BCOOXX

><

faa 14.15 f&d ga gy 4 9T @ | gEed 9R
gt et T 8 1

> ITTEYOT 14.5 <M 50 ¥ go fordt Iy &t
o 30.0 cm € | 1.1 kHz 319 & Gid gi
TH UEY & HH-9 Mg fau1 AR 51
SufSi o ST ® 2 9 39 Y o Tk T
a3 3 fen sme af o 7w R o 36 ' g
AR YA Ghd € ? 9 W wouw
330m s' € |

gel: G UEY oh SO & Ueell g faund fo
14.15 ® g9 7 € | veelt [ongta w1 gt
V1=%=% (gen rEy)

Tel LY &1 oo ® | n o [urgfa & e

=L 1.2.3..) ( )
=g (n= ) (gen wEw

T” L=30.0cm, v=330m s

nx330 ms}

T T5%03 m

T 7 R 1.1 kHz 39T 1 9, ST 517 v,
sTgfa 1 fgcdfta Tomgfa =1 33fsa & |

379 A Y k1 U G0 <% © A THIRT (14.40)
T gg uftomm fasherar © o 39 1Ry 1 got 1,

1% 1%

=710 (T fR W &< 1Y)

39 UEY § ohadl faum T i gt € faeme
g €
3v 5v

Vg =—r Vg =—o
5=ar Y54 Tl 3T YRR 3T ... |

L=30cm @ v=300m s! & fag, w&
Y &S U9 F1 gl gfd 275 Hz € 1 Wid &1 g

=550n s!
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=gl TUTgf ok degEd 71 < F Oma WEd % S
it Gerferd foren =1t €, o7d: T4 9id o 91 YT FH Th
o0 &% T W HE SR YA Tl <M <

14.7 fawd

fores, T o SAfaeRtoT | 39 T Uk qEe B
9 I |iehe G (WG SER TET) aredt &
e eat G Tk € wEE G ot ® df ed wEeE
arafa (3 wf=ere safel =1 eied) g o ©
g &8 F9 R ot GE <@ 21 =W eaft a1t droar o
-4 s IR agE G a1 @ et e <
e giaal o 3 o aUeR Bl €1 Eiidas 54
TRERAT 1 SUAN YA ST o TEERT § Hid &1 o
AT T ! T o FEERSE Hid ©d ¢ S qh I
GUE HE A1 HIE fawqg gaE | <

TG T it T foeee & fau, e S e
TR 0T A @, T @, T A Lo T R
forem shed € e gfaen o forg feafa 1 x= 0 7 |
THIRT (14.2) ¥ Sell &1 Th qqf=d 91 (¢ = 7/2
Yo AT oh feT) den SR ST o W gH qIe
Bl B

S, =acos ot T4l s, = acos w,t (14.45)
Tl W T Wdleh y o TN W s I SHAM A B
Fifer B9 eeed 7 T SAey foreens &1 o Y ©
g O ifse I el W o, oiEh @€ 2
SR < f9§1d o6 TTaR, IRmH faeemds =1 &d
TH YR o H B

s=s +s,=a(cos ot +cos w,l)

cosA+cosBa5§qﬁﬁlﬁﬁaﬁﬂTﬁ?ﬂqﬂéﬂﬁaﬂ
T TR FHIH T

(0 - )t

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

2

(14.46)

— ), + W .
aﬁ'%ﬂwfwlzwz TN @0y =——— ford T

TR (14.46) 1 39 YR for@ Tehd € :
s=[2 acos w,t] cos ot (14.47)
IR |o,- 0,| << 0, 0; 0,>> o, T, T FHHW
(14.47) G Tk fererar €, aRomHt a¥n strea i
TN o, W T HI § T TR STAH T
Y SR TR © S TR Uk g e T o YRl
H B €1 59 S cos o, t H AR + 1 ST ~1 B
% ST sfuehan el €1 S wIskl H, IRomH @ wi

o gMd ar"
EEICR e Rl
HFR @ H
Tt €, Afehe, A
wWH, @ i
IR & el I
Y Bl AHAG,
o eedTo HfET
- v 8 ¥ e fuen o
Wﬁm@wﬁww%ﬁm R
THIH T, IRATT WG Gid o ol -,
T, M, W, W, e, A, W, SO B §) T
o ST 3TH S fohT T ool ohi JeTeerl,
T 3R WW o SR W R w
it Tl 1 fF S § ster s gehar
3wl A 4 ¥ sfw ww W el
TR-FOM 3 HW €, A 407 T T0T-Gre
gt & 1 STA FT, TE T WA 2 S 1T T
T AT I I 21 TeedToR G o W9 gfd
TS o 9l % €l
TcTer I § o HeearoR wie qruea
el oh IMEhI 1 Wae YAIel § S T 2|
JoIoR. AT q 30 9Rd H 9 hE
TR A (S8 T (fEd o), FErEER
R ST & W) | o Hiig-we TR
391 F & fafere € iR 3FET % faeh o W
H I 9 1Y S|

o ® 9 2 0, = 0, — o, ¥ SITR-TE & T HH

w=2nv faEg vbemﬁsﬂaquaawﬁ%,
Vo= Vi—V, (14.48)
11 Hz @ 9 Hz <h 3 ST @ § 3ca foredg

1 Wftere fot 14. 16 T 21 ROM T ¥ SR

2Hz %1 eTgfa W foedg gwifar 21
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PINAAAAAAAAAA

L VVVVVVVTTT @

> 3ISTEIOT 14.6 < Toari =t Sl A 91 B T
1 ‘o’ T ST Tl 9 W A el SR B
o N1 5 Hz g o foeug Sco=1 o &I € |

(@) Tl B o 9@ § 9 ghg T W {wg &

g T 3 Hz ® Wt © | g A &1 emgfa

IE/\/\/\/\AAAA/\ 427 Hz %, A B &1 9o g T Hie |

\/\/\/V\/\/ © Ze7 : S H I 9@ W SHeh! U i g 93
(b) STt 1 Ak S B W 4W g (v) A T g

Mg v, = 422 Hz
fer7 14.16 (a) 11 Hz 37gfd &1 TUrgha @ &1 e
(b) 9 Hz 37gfq &1 Tumgra @1 &1 37erg
(c) T (a) T (b) T STARI T 3T~
2 Hz it &7 faeqs gorfar 1
|

SO

Tk T s WA B faude W gedl § den 3 =ged & fa o fml g7 wiaEfha e ®
FFE T A A Bl € TS WIeAH ok Ul a1 GOl 1 fGen o e Sred B € |
Fgesd et A A Bt © P wemm % o1 R HEo 1 faen % ey dem # B
YT} G e R Bl € S WIeAH o U f6g ¥ g f6g aoh T wel ©
¥ x-Too W HERd SHeehid a1 1 fRT9T 36 WehR oFe feRal WAl e-

Y (x, t) = asin (kx- ot + ¢
TET @ T HT AWM, ko FIVIT T G, 0 FIONF TG, (kx — ot + ¢) Fel, T ¢ FeAl-Fadih 12T
YR el HI0 T |
ot gt a1 weEd A, SUd Rl U8 1 %AnE faget o o9 w1 i oF SeR B © W fRe
&0 T THE el § B € | ST T o T g% <« AT el steren weusi o o T gl %
% S Bl R |
forelt T o o7rEdier T 1 SH GWA gRI Ut fohen w1 © TS HieAw o1 i Sfeee S Uh
e o FA T 1 AT T H FOG G 0 ¥ T YER HaAT S @

21

=t
10}

el T #Y Mgy v A 1/T o &9 uReifud foran S @ qon gt 9 wofg st o Frefatad
ey B €

Rationalised 2023-24

(v) @ sk 2, 99 v, ® IR 9 e W fawd @
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9.

10.

11.

12.

13.

14.

T T R =T v=%=%=ﬂv

fopell dIf@ S W S7g9ey @ HT =T SH SR o Ui § fAuifa gt © | Al foret < § @ e TR
qq S 1 ah T S u® A @ S W S a0 @ §,

\F
v=[|—
U

sqf @@ eeed Ak ot g € S S, wat qen fE § T o) wehdt § | Atk Rt w6 st
YA U B q1 ¥ p ® dl SH WeAW § A ql i =

B
U: —_—
P
g 1 B | LA Al B WA
Y
U: —_—
P
et 79, <f% B =yP, 31: a1 &1 =
o [P
o

Tl y W F Q) fafre swet w1 ST (y= C,/C), p W F1 WS T P T H A

Sa 3 @ st fRd meE W TS WYl THA Rl 7, 99 HiggH o foRd sTemda o fawerd Y
T o Tagenei o1 s A B © | 39 AN oh S7eARIYY @ f4gid wEd © |

y= fi Gc-vt)
i=1
T & S W T FI S AR T FAARIU o fI§1q o TR ehed sAe@ e g/ Sfqawo
1 TR YR HLt § | A% HHH AW @ 991 WHH g dell Ty el B shell- i ¢ o S
ol < T Tk € TR | faHe € @ Sek sAfaeRiol 1 U Ueh Uehel @0 Bl @ foreeR! afgha o
Ik THM B ©

y(x,t)z[Za cos%;/)}sin(kx_ wr +% ¢)

g ¢ =0 1o 21 1 Uk TS & Al T THSH FUE Fell § Bl © 91 AR GO g €; Afg
¢ =n @iEl g ifes & faum o B oAl a0l Thed faudia sensil § el @ qen sAfaeor feaemed
B €

forelt oot R w1 TRl g o steren W] fR W Wede well-SehAvl % @Y gl €, Wy fRet gelt
Rl R 98 wWedd fo fRdt swon-uReds o e €

et emafqa w1 % fae
y, (x, § = asin (kx - ot)
g U@ | WEfdd =T % o
y (x, § = - asin (kx + o)
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15.

16.

17.

_--__
[L]

Teh B &0 T HHH el o S HHIA
fageti & o= 1 0

Gaxol fgdien I [L'] m! k=2—;

T =T v [LT!] m s v =D\

foea smafa Voo [T] s T fie sTafaal @1 sTeifaa o
Ft sghadl #1 AW

el wfelm § wEka @ % fg
y. (x, ) = asin (kx + o)

ot faemeti | Tfaeiiel 31 TeEm T o TR Y ST 98 I Bt § | 3 A R ufEg @it
T § IO ST a6 F 39 YHR e Al S @

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

A T H1 T AT T € fF T g foramm &1 ffved srafeufmt i fredg wed € den
sAfercha foremem 1 fHfvem safeerfqal 5= 7908 #ed &, Bt © | X1 AR Toua) STeraT < ShAnTd Jeusi
o o9 #1 i e R

L @& 1 it et st <Al fol R afteg =1, fefafea sl @ s e @ o

5]
Vv=n— n=1, 2, 3....
2L

el v T B S W TET FT WA 7 | T G ¥ U gfad b G ™ o kU St <o i
gara= faerd wed € | feram stafa @ Sier w1 faen gor faer steen gem ongla sheed ® 1 n= 2
F1 e faen I T qorgfa wed €, IR S YRR %W Sgdl S © |

L & 1 e el fraent Tk faw 5% qen o fau ge @, 99 ag-shiad, Frefated smafet @ s
F T

V—n+lv
22Ln 0, 1., 3..

ST Ta g Fefud g #1 92 39 YR o R o [eH i FOE g B € | 39 Heid gr
n=0 % fau o= f=am st %L 7, S 39 YR o e 1 gt faen stern yem Tomgf ekl ® |
T o § ufEs L e &1 @a S e TR R | 98 qe g f W g efuen s faU W
el ag-hictH 5 Faa gl @ w7 %id € 3% 3 el &1 gam faund sed € | 3 9 g
safa e # STgAR g B T o

foreqs e 39 B € W 9gd hH SR HT A SR v T v, T WA TH W wYfaq w1 S g1 fowe
g T THR T B S 2,

beat= vl ~ V.
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faemuia fawa

1. X fordt wegm § G w57 1 A T € ) God 9g ¥ At w0 9 o= et € ) ved T e
Y T TIF Tk o1 HI TG GfEferd et @ 1 eaft oo § a1g 1 el 1 gited den foter affer
g 2

2. W H Uh WIH ¥ TR WM T Hell LyHiaRd eidt & 9 fF g3

3. Tt @it 1 o, Wreem o fehead e 9 o6 o9 STRIUG (Y€ 9 31d TF) TORY Fadl ok
A % HRO Fll AR e 7

4. STIFE T HT GEROT ket S WEAE H T Hehdl © TSH STUEUU FeARrl Toneh @, SSreone
S | geed a1 AT YAl O h SEvAhdl €l §, ofd: 3 av |l weeri-o,
Td a0 T o e e €

5. § T emgfa #1 frdt oer oned Wt @ W gt wON %1 Em gHH B 7, W R fiw
o THa W SRt e = et € | ferelt sromret axn o fenelt ffvea amor w @ il Y ward
TAM B W Sk e fre g 2

6. fwdt weam o form =1 feafq ot Jateh o wMer 39 wemm o foRdl w1 @ &1 =9 (v) ad
e & FeaRe qel = O (¥ FeAH ) W R ot @ | g9' et o o sk
& Al

14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

AH
2.50 kg S99 %1 20 cm @l A1fFd SR W 200 N & 1 o419 € | (€ 39 Sl & Th fl 1 gt
ekt fean S @ soa= faany fra wma # g f @ wgem 2
300 m S WK o vid | R T qeer HiMR % MR W S dield o T | SR @ | A |y
¥ a1 #1 91t 340 m s ® A TR % THIH 1 eaft HAR ok 3 W wer fivm o fhe 3 eR g
M2 (g=9.8m s?)
12.0 m &« A & IR 1 5794 2.10 kg € | aR § a6 feha1 it =few @ifer 59 qrR ® fondht st
T HT A 20 °C W Y&F a1 | &1 &1 91 (343 m s!) & TR 7 |

el F ITAN FHeh TR HifwC fF ag o e &t = &4

(@) & W R T e,

(b) 9 o WY TG SR T, 9l

(c) a1 & @Y &g =l € ?

A 78 dhar © o wh fam | wE el T wer y = f(x, ) 50 Fefua w5 S € o xoqen t
F x - ot AT x + vt FHA y =f(x £ vt) TASH § The T ARG | FN 39T Ul off g € 2
T fRT T y ok YAF Hel w1 GV Foh I8 TAqEC R 98 R g o i Frefid e e @
(@ (- v9?

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

() 1/(x+vy
T TARE a1 § 1000 k Hz 390 1 106 waf Icafsid il 8 | 4fg 7 eaf sl o s ¥ Tohal
?, @ (a) WEda waf qen (b) UROHG eaf i qTesd A IR | A91g el S | A hl W HA:
340 m s’ T 1486 m s ¥ |
el serdre ® Sashl § ZgEd 1 Ual oH % fU wger SRR R WA fRAr S € | 39 Sad o
wft § et fhadt @ fad it # 9e 1.7 kms! ® 2 ThR 1 yEeE g 4.2 MHz © |
fordl SR W HE ATURS T[OIgRd T HT A

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

14.10

14.11

14.12

14.13

14.14

BN e STar ® | Fel x den y WAHI e ¢ Wehe W ® | x i ueds fen A ¥ q¢ 2 |
(a) = T8 T GO0 B Sefel Y ? AfE Tg YA a0 € A SHRT =eA qe1 He{O1 Hi fawn = 2 ?
(b) THeRT 3MEM qen a0 § 2

) ST o THA THHT ARUE Hea o ¢ ?

(d) 3@ 1 ¥ wurd R o 9 w1 Fen g8 e 2
99 14.8 H A0 @ % T x =0 cm, 2 cm T4 4 cm o Tag foeend = (y) 3R 999 () o &= U6
AeifEd I | 37 UTRT w1 STpfa o1 € 2 o1, orgfa s1orn el § @ fohe wegedl o g o o
Tt T Tk fog o g fog W = €2
T O WA

Y (x, t) =2.0 cos 2n (10 t — 0.0080 x + 0.35)
s xqe yl m ® et s H foran T 7, % forw 9 < Srert fage & s wetid fha € R
Fr # @ @

(c

4
T R W oReg fRdt @i S W eruRy o ®i 39 YR o fRAn T ©

ylx, t) = 0.06 sin (%nx) cos (120 ¢)
s x @ yHl m e t 1 s H forn T 2 ) TEd e Y e 1.5 m ® gt gefd 3.0 x 102 kg
21 fefafea w1 sw G
(a) T8 wo W 90 Sgen Y o § 9 Ry el s € 2
(b) 3Eeh! =T fadia fagnat § T edl < X % AR % T H Hid U T 0 i aee,
smgfa qen =e | Hi |
(c) Kt H @ @ HifSC |

(1)U 14.11 ¥ 3ffd S | ® & fau aase & =0 s & aft fag v (a) 94, (b) Fa,
(c) 3¥M ¥ o HLd B ? HAUT ST Bl T HIET |

(ii)TF fa ¥ 0.375 m Q & g &1 3w e 7 2

T foreh g X (YR el oTeed) o fakentd &l fEfud S ol xden ¢ o HoM KT g
2 | 98 9 o S99 ¥ A (i) TH T B, (i) STEEH T ) (iid) T 9 fed ot o w5 et frefua
EzoIid

(@) y=2cos(8x)sin 10t

(b) y=2vx-vt

(c) y=38sin (5x-0.5t) + 4 cos (bx - 0.51)

(d) y=-cos xsin t+ cos 2x sin 2t

T qg Il o o9 @G dR AT gA faen § 45 Hz S9fd ¥ kU FA | T AR K1 FoAHH
3.5 x 102 kg a1 i@ FodH 5 4.0 x 102 kg m™' € | (a) TR TR STIFE 77T 1 =1t 941 €, 9o
(b) AR ® T foHe 2 2
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14.15 T f W Gell 7o T R | Faemn fed @it 1 m 6t e, fFe f=a smafa o 9 (340
Hz 319 &1 @i f59s) o @e, s Aferht § 919 Hie™ 25.5 cm (@@l 79.3 cm Al © q6 3R
T B | FANEIT o q9 W oY § eafd i =t 1 e HIT | HR-FAE H TG GH Ghd R |

14.16 100 cm @st Wie-9g 3104 127 fog W Ieg ¢ | 390k oFesd &l %1 got g 2.53 kHz € | &
¥ el Y =1t @ ? 2

14.17 20 cm @& o UgY %1 Th TG0 &< 8 | 430 Hz 3G & 9id g 39 WY 1 shiA-l qongha faen
IR N IS 1 St @ 2 A 39 wey % <A fR gt @ a ot 0 g% Wi 9 99 o @i SR
FAM 2 99 H waft ®1 96t 340 m s ©

14.18 foar %1 < SR A 9o B U @ ‘M’ R oo @ € a1 AE-d Sgd eF % %R0 6 Hz g o
foeg 3o R @ T | SR A T T $8 SeM W faeg #t g Week 3 Hz ® S € 1 Ak A
ot 319 324 Hz @ @ B 1 e1gfa =1 @ 2

14.19 T HIST & (2@ &) :

(a) e waft oo F fawom oot T@ 7o0R B § SR fomered weuR <@ fROR w €

(b) 3ff@ 7 eF W ot TR Rl &1 T, f&en, gHfa qon mwR gifved &% o € |

) amEfer aen fadr o @ w1 Sgfaal WHE B W A B9 g 9 S R W 9 Y wd @

(d) 3G STEd qen S Al YR HT qLW kI WGV FI Gohd © Seih W H ohael e al

& HuRa e wehdl ®, ae

(e) UREdt wesm § HeROT oF HHA T 1 P fokd & Sl € |

(c
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