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Tl 1 A MY Tk B shehg i [RE! dlena o I S § oR G
iR, a1 <Tet =1 g3 foeped @1 S @ | 98 faeiy fadt uh o as
& Hifia & Ted1, o U 9 oh SR 9 1 IR guid e €l
FfE 9 3H YR drele § R shehg iR @, at o9 @18 3@ foh
ATes o I3 o forg fag W faeiiy Sca=t gen @ oel 9 =% faeiy ok
% &Y H digd ¥ SR w1 AR T e @ 1 eH UE wdid g € S
fasiisr fog ® Sa1 T aex *1 AR fd R @ | AfE oy faaey u
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T T HLar, a9, Tk iaeier e Sea g S @ 1 36 YR v
A A €, A Al e (W) H el WS © | W 9 uiwman o
(a1g) TH 91T | I W | Yarted T2 et | g § 39 ge faay
7 T w9 @ T8 <9, TUR I A6 HISshIEH R & §H S
S I &1 39 YRR o el & gfaed @ Yed S g o arsfas
ifereh TAHIGRTT ST T 54 ok YdTE o farl €t wiea o U o o
TR WA T A FW €, 7 Fead & | T T9 § g0 W ok
oo o ateme &I |

M g Tk g @ T forg ok Tt qen faene & e w5 gee
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Sk HY=F 1 e HIAT & | G BT SEH-TSH U1
faf=1 Yehm 1 Xl o WIeAH R Bl 1SS0 ok
fere saf el st wegem faga Hohal o &9 § ufafdd
o 1 ehen © T8 fora-geshia a@ Sifaa &1 S
SN € Tehal €1 ol Hohd o G | T F€! =10l
Skt %A H STIAT W €

[T T T =0T o for Wiemy Y STevehar
TE B | B9 S © TR W awd fetd | T
Tt ¥ | 7Y Yol g 9 1 g W feord ar @
I YTl SAARARB A AdARel, S A 9 9
fafa & 2, @ T Y g3 BH qh UeEdl € |

Rt S qen Stat & Scq= a8, eaf awm, et
SR P R A e e S
21 37 geft TN o HeR o fow wieem %1 savesd
Bral @, 3 for wresrm o S el 8l Hehdl | SehT H=1oT
AT o HUN o Sl oh HROT GWE B T@T § qef
HIeH o Y] o O i e B 1 forega- ek A
Gefer =1 wehR w1 @il erdt € ook fova o e1mg e
12 ¥ 31e77H | faga-gaenta am o = o forg
1Y 1 BT SAE9Ieh Tel 8— Teh1 g=t Frafa o of
Bl 21 gehr, e a@, X-fervol qeft ferga-gasia
fopzal €1 Frafa o @l forg-geepta ol =1 =, c,
T Bt @ TSR 76 e

€c=29,97,92,458 m s™! (14.1)

et TR 1 T T a0 ¢ T geT 9 o W 9
ST STl &1 918 %o o Selagiq, WIeH, =I2M, TCHTI] qelt
0] S ekl © Talg €1 4 a0 Wehfd ok Felien A
foraor & wene Bt € foteen oo o emrq aredt et
T U | TR J T Heheudcneh €9 | A1tk e faga
ST T A g § R e qe e
ST SR TRt ot g | ot il & aran
ST ®; TR O Gag god N k1 SUANT SelRH
geeet o foHan S €

TG 31e | ©H had Atk al o 9 H, f5eh
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fonfe=mm BT (1629-1695), Ta2 g a1 STEwTh
=2 % U8 UG difdentag € fSmer m ot fd i
qiferer ¥ FaG € | A W S vl o el w1 ifent
T G AleTeh k1 Ao o G € al shi ifereht
I THAT T | FATES HIEAT H a4l BT S <ot
& WY AT G B ® | (dif SiiEl, fefed
HHTFAT, o1 MK Feareer Wi oh S0 § 1) 36
oY i SATEAT TH WA SIIER0N g HL |

o 14.1 ¥ 39T STTER T R © Fag HATAI
it e T fTaR HIT | af 590k Tk i &1 A
I THTH WIFHL BIS 3, A S a9 T o T
T T ® | 39 UiehA W 1 el ® 2 TR wien
TR YgEl HAMT STIT WG i wers 9 faeifid gidt
2 | <ifer TE U Teell wHE 9 Hag €, o Sad
T Sferel Hdted Bl € 3R 39 YR I8 Wihar T
Tt St € | e oy @ uh iR W g 9k e
Bl W €, T Teieh HAMT 10! Freereen whi feerfd
& -3 E o Qo i @l § | U8 @ Tk
HTERTI 3T o &Y H {otd Ry R form &t feafa
o @et fordl Yamet W fa=m wifs | emet o fafa=
— s

A

forT 14.1 TH-R 9 Hag FANE #7998 | 'R A Ft
T G I & a9 ety g R e weaid
i

fesd, A AR R TH-TW T IAT e © |
2 fesl & fordh s f @ forelt So =1 Sied €, @
€ A T ol fess 1 UFh1 a1 € q1 T8 LIRhl
T 2o B T fee 6 T R e, T
T el v B T W el Wl ® |

3T, 279 B9 a1g H &af1 M o HeRor R faanr
F € | S B RIE eaf q arg W iRl e §, o
9% IW WM & 9 F Bl W & hl Hilfed e
foreaifia edl & | 39 RO SH B &9 w1 91g ok
B §, /A AT (Sp), TRE 21l @ | <7, Wid Uik
&othel T ARG ot el 8, o7d: e 1 € i
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=9 fearfd 5 off fasiis o STIFAIM ¥ ‘g ad 5’
I B ST § | T8l 58 haul ¥, S | Ui, A
H Seq=1 Hited e faean & wuey § | A
&= 1 giifed foran w1 €, A1 S9 &9 o 1] A
FroheTens e & o ST 1 799 % € | 39 WK,
eivedt & H S Sgdl §, el 59 &9 | CHdied’
I BIell & Foreh Terearey qeardt & o * forer S
B ST € | A HE &4 70 IR IR % &5 w T qer
o forfera 81, a1 39 &3 o 91 IR o YRew &l a1y
3G &7 H gOv ik foReH w1 GHived! & 1 iR
el Xl ® | 39 YRR, Gited roe foRer wh &
T T & FT SR A B 7, ek wron o faeis
1 GeROT G B e €

|l o off gt o wgw aeh e S e € |
foRtecita S/l | TRETY] S1efe RHIV[SH o WHE SATerdt
STerehl § e eid & | 3, Yode TRAT) St
R[S T HHE, 79 FRY SR o TRAT[SA gRT SR
el o KT, WO § Bl § | A S qeene
i frer T gu foreht weh wamo] st foreenfia feran e,
3l S YR S TR wHAT o WO | o, 3
feafa & off T YT S6t G @ a1 € | o7 B
Sk (lattice) & TRHIST *1 icd fage 1 wifd
o Tohd § AU WHV-FeA ok sie wHIE o HJ
T |

379 TH T9 ST oF STl STIA H e o fafa=
sifqenerfores Ton 6t == R/ |

14.2 YR a7 = aiil

B ST € o =31k el <61 71 o Areaw o seeh e
T B | AR AIeAH o T2 T 1 T T e o e
o T € o T T HI FW SIE T Fed B AR
TIEAY h Feeh R T Y e o ST <o i
&l 9 i ereed W o w9 W S S )

o 14.2 ® fordht S & oHfkw Ut T R H
T shed @ T € N9 Sl % T aR SR-Ae
SIZh o WIS Ieq= T3 71 2| IS T4 o ST i
o § SR T o STfush 8 a 3ok gE i 7
TEoH ¥ Tl & TS T STaHEA B ST o I R
TR T o Qe i SR R ST gk €1 fo 14.3

g ——

.

o 14.2 S ot aifia Skt & 3191391 (x- 378) % Tahel
e faelier gt & @ SR &1 FIF glowyt
T FR-A4 (y-378) FIoT FHT B |

o off et & uer feufa yeikia 1 7 € A Shae ga
2 foF 399 9Te HRF g S & T R W SW-A=
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T YR © S § 3 fasny 1 afomm s9d wumt
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SR 7 i Flaedl sTaFa T HTTET 397 &
e ST W o G9el e Rl 81

SIS R Bl € | S &l affefa | wieem ok steeE
U HEA WrETERE o 34-TTE Sier id € Safeh T
e T 39 HEd Bl € S o § aX i T
w1 faen o ofdad €, o7d: T8 STTES T H1 Th
30T B

&0 frdl @1 R YR ¥ fER #% gahd 21 e
foret fafyea Fa-e101 R o™ § T @1 oo &
Tehd €1 39 T TRl shicT- 8701 T q¥T i 3Trhfa et
ST TR 31 Tty o ot fordt <o faviy W famm
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HTAT € i gH STU A SR ok fehedt ffver st
T higd X 91 9T S Y 39k Sl hi G|
1 14.4 H Sr<ed aX o Hard WH I EAt
e a6 eerfe wfef 71 7 1 o @ R et o g
o T R W e T @ @) feed &1 u ar et
F1 3R gererd 3R TR o 1 3 Eien 9 gifted

fera 14.4 fiReT 1 $TP-98 Tfd &qH arg & 930 T
4 eaqfy a1 3G HT St & | Gk G-I
& o T M F R0 F TAR &, 7 TE
g WA E

(=9 o) qe foRe™ (FgA o) 1 TR S @l
ST AfE foed i 373X & SR Hehe q91 98l Fi
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H T M TR €9 H T8 S T BT I 2
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A T I | ST R TR S T ©, 9 5o fored
T Fafd et 7, I T war 21 S<rexoned, fRw o
¥ 5ot &1 qof ®9 9 7 B {1 g, R e /A
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o (AT 1 Uf &9 | 7Ifd) qe LA T R T @l
T FMfeu— & T § fasis (76 79 /) &1 9
H GEROT Bl © A1g Wied qul w97 i e e 2
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RO Sheel S Wi, S S g Hehal € S
3TYETS Yfqact 1 IR $ Heh Safh Tall ¥ 98
HoRoT el B Fehdl | el oF WU-|et 3 ot wfted
Terehfet o1 HTeTaer o Tehd €, 31q: STRed Xl bt el

[off Yeareer HreHl § SHE S Hehdl B | e o fAu,
et SW wierdl § Sy U e S UehR i il
GE &1 Tehdl &, Sfeh a9 W oheret araed Fifsren awoi
1 € T WA | Sl o 58 W E YRR i A
Bt € : Shf¥TeRTe™ (1906 I3 e a3 qen oo
T | TES R F1 TG FIGT HH qeH 1 ST
Bt & et e e W @ atfuss T8 gl
eI 7ok o 1 HRUT STe oh &S 1 oh HRT FeHa
I BT € | o qll it e o1 e oier e
o | FE 9 el 9% B} | A 76 e feue
% &Y H o ol WA ol g Sl @ S Sl oh
TS HI I ATH TR W @ H T Il B

T TN | HON ok e I3 q & Wi T W
dfeeh 3Teh1 TG SIed W o WY dell qeh el @
SA-q | HUI-TIG o T Uk witeat i aftferd gidt
2,3 7 el TR-A9 T L € afesh 31 9YE qe
ST off el €1 Wgg W Seq= A ST Al aen
IFRed a1 WA e 2|

1Tk &Y T TE T T € foh Ueh € Hiemm W ey
T qen e qul i e - e ?)

> IGTEVUT 14.1 i T Ifd & FB IR Y
T ¥, o feorfa | g% @aet R e o i
TR 2, Sreed € e <Al 1 HASH @
(a) foreht ofel Sefora wamT o Th R & T

IR fazenfoq 3 W 3T FAMN w1 fHdt
fasfm (d37) =t 7 |
(b) 5@ 9 W fret fafee o 9o fuea =t
AM-ND Hieh fafeet § 3= a0 |
(c) el o 83 W Feid! Hiedare gRI 3ca— o |
(d) TR HuEaH FS forted g1 a1 | 3ca—
T T |
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(a) TIu¥

(b) 3T

(c) 39l qon e
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T T ¢ 34 o TR o 1 ST Bl 21 Tk
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afiferent

&0 T I el T bl SH &0 T Sehid o fereor <
1 & S g v Tt W T wer 9 fefd e
1 Tl h T oh1 TereRoT i el €1 AT & ferell soreh i
T AT (U T A o 143§ el 7 ®) & e
T e € Tl Gl el ot STk g1 wtey) e
o o &0 forelt oToRee i R fomR s o afs wrem
o fordll oToa &t feafa &l x § Fefud 3 @ s1a9a &t
ey feafa 9 fowemm &l y 9@ fefya & g
eI W R 1 qe e w9 W afid s ©
y(x, ) =asin (kx - ot + ¢) (14.2)
1 e ok HIVih H U% ¢ k1 arad @ R e
R 3R i Ferl o s FaeE W TR w5 ®
g
ylx, §) = A sin (kx— wt) + B cos (kx — ot)
Td FHRIT (14.2) TS (14.3) ¥

a= Jm qAqr ¢ = tan! (%)
GO (14.2) T Sereh i T qe frefd s @
& THF oh o et ffvea aor, 99 <ifs ¢ = ¢,
R foeR #R| q9 GHH (14.2) § S HeH HT 0TS
(Fox + TEeRieR) RTI| 3Tq: T o1 AR (fopeht ffvea e
T) xoh Hel o T H S I 2| 36 Wehw, fergdt e
Tl x = x, T o= =) 7 THfiehn (14.2) 9 <1 Hed
1 0l Toh FEemioh —ot 81 o7: fordht fifvem feafd w
foreTee o o T SEeE w9 9§ ufEfid B 2l
repfa, fafi feafodli w A & orege W st i
T Bl A T foF S ¢ 1 A S €, x %1 A
YT TS o S S8 Jox —ot + ¢ T TF 3R Rl
3T WHIRIT (14.2) x - 318 o ok foun o o
SRR (3TEd) T Frefd w21 36er faudd, wer

ylx, t) = asin (kx + ot + ¢) (14.4)
X318 Y FOTCHe e o AT TTfqefil 7% i fefua

ylx. 9

(14.3)

. feafa x 9on w99 ¢ & ®oH & ®UH

foeem=
a ;TG HT SR
o ;T T RO ST
I . IO T e

kx-ot+¢ : RFIE F FU (atx=0, t=0)

fers 14.5 EiaI0T (14.2) & A =g &1 9k

F4@ 2 | o 14.5 FHE (14.2) o faf= sifdes
it o A gl © fden! g9 ofa gftfia s

fodt 14.6 T9A a0 W e i AEl o fag
IR0 (14.2) o 3T <M 21 fenddt o o stfershan
AT faeeT ot foig i 9 wred € den sifuehan
ST ToReelTo oiTet fsig =h1 7T %hed €1 8 3 o foIg
o o1 1 oY I YAl € B ST W AN Shiwd W
Tohd € IR Rt <@ fop o1 oiid oo o @i oy Tifd

/\ > X

\

VARV

(e)

fera 14.6 =1 a3l T X -3781 &1 70 (397 & 37319
Tireier 15 sad X

Y 2| oo o 8 3T W (x) & ggien R g
YRR g9 ey o foRdt ffvea feofa, am <fifSe x o
% Ta foig W fFE staea &t 1fd | foar w g&d
21 28 T W 3 fag (o) @ =wien o R T 14.6
o e <9 € foh wet fag W S g (o) WA o
WY e & Y T T 1 Sl T o T o ;e
T fag w feord wor 1ot Wi feafa o wifta: oM
Fa 21w et st feefa & o1 & fog off v 2
&H 78 oft @ € T o owa o 3 faig (o) s ol
e el € Sad | v weh e 5 =t o 2
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951 14.6 o 3@ oF YR W 379 &7 THIHI0]
(14.2) =1 fafs= afyei =1 aRenfig 3@

14.3.1 3TAH TqAT hedl

e (14.2) H, 9fh S HeT w1 AH +1 70 -1
o = uiefdd e €, o y (x,t) &1 99 aden
—a % st uREfdd e 21 ed A€ a ! e 3T
T A AR T I E TE FI1 ¢ T a WeEAE
foreht sta@@ @1 oo Wred feafq 9 sifusan fazemw
T &1 oA < fop foeens y eFTees o1 SRomcHe ©
Tohdl € T a ¥ | ashl 0T 1 37797 Fed 2|

THRTOT (14.2) o HIUH ®I T (lox — ot + ¢)
1 T T el Fed 71 H g AW ah for, fmd
Teafq wa w9a W el @ 1 fowere Fuiia s
B1 T x =0T ¢ = 0T el ¢ B 37q: ¢ 1 SRIWeh
Hell IV FEA 81 x- T8 R A {65 T SR aor
%1 3 YR 1 Td & §9e eI E 16 ¢ = 0 | 37
THEHT (14.2) § ¢ = 0 T T ATIHAT FT FHis g9
T e 21

14.3.2 TR AT HIVHT aQT G&T

oM el o 3 fagel o s ot =gAeE 5l w1 qaree
FEd & SN 30 gEeE: A @ <id €1 gl & fog
TH GHM el orel faigedt 1 3 a1 7 & g 7)1 e
e 1 wHATE 9l steen WAl o de w1 g R
TR (14.2) " ¢ =0 TH W, t=0 R fagem™ gm

ylx, 0) = asin kx (14.5)
IfF 0 H 277 9 Y&F aRedT W S HEd A JE
e @Al

2nrx
sin kx = sin (kx + 2n7n) = sin k[x + T}

arerfe fargati xden H%ﬁaqﬂ%@m T B € -

T n=1,2,3, ..... | TAA fawem g &3 gu ao
et feigeit o qeA IAaH g n= 1 oF R W e 81 A
9 ez ST € weishon

2r 27
l:— k:—
P

Jcoh! OO TReRieh 312/ IvHT a1 W& Fed ¢ |
TG SI A Aea Ufd Hiex 31e/@ rad m! 2I*

(14.6)

14.3.3 2SR, HIVITE I 91 A

o 14.7 ® % SEwE Ae@ @ ™ R 98
foreht fifv=rd &0 W a2 &1 SRR & gwifan © afes
e o Uk 31gd (Tt fafvea feufs w) =1 ww
o @1 oz swiar 21 gfaen & fow e g
(14.2) § =0 od & 3 37erral (A ST x=0 T)
1 Td W A 34 F| a9 BW W Bl ®
y0,9 =
= -—asin ot

N A\
N

ferT 14.7 59 @01 )1 4 @ Jordl € af et fHiv=a feefa
W SR &1 37999 A a & GHT & 919 qier
T B

T o e T 3T el SR o6 fopdt a9d
5 % ot <o § feran e wmg €1 sreiq
—asin ot = —asin o(t+ 1)
= —asin (wt+ oT)

<{feh 1 Wl Ye® 2 IV W TR HLl

27

oT =2m, = w=T (14.7)

© I T HT RIS MR Fed € | THRT SI AR
ifeo ufd 9 tudl rad s 1 fordl o 1 e
v 9 dehe el HI H@N B 3T
o
2z

asin (-wt)

V= (14.8)

N -

*7el ot rad 1 Big Fhd € AR AEH H heet m! W T BT Tohd B q:, ke, SHIE oAGTE H HH e ol @l i wEA
1 on ¥ ON HE W W eH Al m SI A § Ardt oF el i 2l
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Vv i 8 (Hz) § 99d 21
Stfm Wl § W € fREt e & erfew
Tfergfier TR ST SR T 1 Hewl e T € |
IS a0 | W ok el ereEe W A We i
oo o wWiR fowemod B B | SO (14.2)
o ferelt ergeed W & forg foRemee e 39 YR
foran a2,
s(x, ) = asin (kx- ot + ¢) (14.9)
Tl s(x, ) feafd x den 9w ¢ W Ao o Tt
I T T GOt fen H fowemam 21 gt
(14.9) H o foeeme smam 21 o= weft fvmi o aet a1
T S ST T % WO H 8| sherel Tk € 3R § TR
foReM™ e y(x, § F TWH W HeM s (x, ) foRn
T R
b 3GTEYUT 14.2 : Torelt SR oh STfw T Al
T 1 faeRor 39 yehR femn R,
ylx, ) = 0.005 sin (80.0 x—-3.0 1)
el ifher fEerish SI HWEERI § B (0.005 m,
80.0 rad/m dqT 3.0 rad/s)l I kI
(a) @M@, (b) WA (c) 3Taddhla T
g IEhfed ifsT | g x = 30.0 cm T2l
T t =20 s T a1 61 fowemad yooff 9ienfea
HIfST |
ge7 39 foremms &1 qa iR (14.2) § i |
Yy (x, §) = asin (kx- wt)
(a) T 1 M = 0.005 m = 5mm
(b) IV T &A1 = 80.0 m™! TAT HIVHF TG
o=30s"!
79 &9 THIHT (14.6) o NI qOREA A 9 Kk
o gay fored &
2n

k=7

2n
80.0m™'
= 7.85cm
(c¢) 1 &9 9 fSu 7u T 9o o § G4 g T A
M 6 HW €,

T = 2n/w
2n
~ 305"
= 2.09s
39 dfeh s v=1/T
=0.48 Hz

T x=30.0 cm TN FHI ¢ =20 s W faeem=

y = 0.005m sin (80.0x0.3-3.0x20)
= 0.005m sin (-36 + 12m) = (0.005 m) sin (1.699)
= (0.005m) sin (97°) ~ 5 mm <
14.4 TWH TC1 H a0A

fordt et T 1 =@ fefug w9 % fag g @
= fordll fag (forell svem w1 g1 sfyerfand) W &M
Shigd T Fehd § IR 3@ © o 71 foig wme o Wiy
fohe e T a1 81 AT o6 I i A W A
gfgerses e 21 fom 14.8 # < fafa=r wwa, foren
W At 1 o THA STl €, T T3 T SAHR <0
T B WA A U 9 SR (x-8 1 EAHE
f&9m) Ax T wer 21 arda §, fag (o) gR g
ol g A ¢ H U A x = {1 39 YHR a1 H =1
Ax/At B Tt 311 shen oret g W ot &9 fag (o)
A Wehd 21 T IE AT v ¥ TEA HUM (ST T
Ui emfafda & ®@m) 1 @ W e ffrea wen
forg =t wifa 1 & s @

Ix — ot = I (14.10)

Iq: V9 TH ¢ Sgerdl €, dl Ffvea e fag ) feufa
x 29 YR 9t © T el v 3= @ od:

kx — ot = Ik (x+tAx)-o(t +At)
a0 KAx—-wAt=0
Ax, At T TTUqH AF o W

dx o _

TRl (14.11)

O T I T Jc I A Y Gard & W o8 W o §
_2m0_ . A 9

Py T (14.12)

TR (14.12) Tf WH W o ot =
Hay 21 I8 adrdt & for weaw & et sfewe &
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uf e e | T Yo Th e & SRR 5l 7
F B wE dfvw e aite @ # oaw
qeAm o Sged o (S o fau aw gemH
T, AT FeAH Te) 9o e o (ae
frml o folu 97 Yo TOTih/STIET 0T,
ARG JITEeedl ToTieR ) R fwifid gt &1 weaw =re
Fertfa shear €1 @1en wefeheor (14.2) T Ffvea =
o foau @ @R st &1 Hew @ 2| arkd ¥,
ST TEe S ST gehT €, WieAn | ST9e de e
T o Hore € qen eR! = SH A U STenT-3TenT
BT 39 ST o STad! SUNM § Fw HeT AlfAh
T T =T o fog &9 fafire =9 g w3

WM =0

fora 14.8 T8T t T t+At a% fHGT sgfa w7 H71 T4,
el At @Y THT A 1 T Yo qHed ©
T <7 IR TIaRd & S 81 T 7 9 (T
fafe=ra e aren #iE iR f5g) T@q At § 30
Ax THT FT Bl

14.4.1 NG SR WX ITIYRY AT i oA

fordt =i a1 &t =@ fasiv o wROT WeEm o
IO FeAIA el 3R TS O (KA ) BN
it gt 81 =Tet YoM SR ¥ A B9 9 a9l
T HRH W yfaeid w9 @ Geiferd et g1 e e

HAfTa & © fF = 1 faen LTy @1 Ed
A ¥ 2@ e € fop euE T/p d F@ fomn @

=[L'T7]

aa:, 9fs T qen p & ke difaes it @

sz\/z
Y7,

Sl ¢ fomdm fer €, 9 faia favemo g
Fruif e Hoa 72§ | aaa & wenef g H €
M 171 3a: did SR o STIE T ki e

(14.13)

T
v=|—

u

& ST foh =Tt v WeA & O T 3R p (T 9ed
T % HRO qITd SR R AT §) W AT
T 1 gl W wEa: ft T w21 e
FHetetl | 9 TH N o aR B ued el =
g o Toas el 21 < BRI A qN v I a7 H
gt faeis o diq i e 21 wenm o et
fafted =@ den emgfa o faw, T (14.12)
ﬂﬁﬁgﬁmﬁu’r{mm%:

(14.14)

1=2

” (14.15)

> 3GTEYUT 14.3 : 0.72 m &d el € o R
%1 FAHM 5.0x10°kg B | 9% R TR € 60N
®, @ AR W SFIIE A T we g 2

R T o T g&aae 9a S | a1 T 98H H
21 39 g § Stgeea o ek oA s B S
TR F SATH m & IHeh! Tar | 9 faaiea e |
W eI €1 e o Tfaekid FEEl 1 SuE wioh
forelt S M T &t =1 oF forg el g3 ura foman
S Fehell € W I8 et 39 &Ik shi W1 o R
21 o1q: e faia faveioo =1 Swm %311 R ed 98
ST g ¢ o et farfia faweioo @ gened o &
o B bl €1 3 fafy § Wi weiw o feuwien weh
Affy=raan @l €1 Wbl fomn [ML] © @91 T &1 &l
1, AUfd [MLT?| 21 88 g fommeti &l 36 ¥R

Z¢7: AR 1 Ufd Uehish oAaTS &1 SeqH@H

_5.0x10°kg
0.72 m

= 6.9x10° kg m’!
&, T=60N
TR T STIRY T 1 =,

T | 60 N

—= =983 ms! <«
4 V6.9x10°kgm™!

=
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ofifereht

14.4.2 T8 I H oA - @ A o
fenht erqeed T & HieAw o SreEE qT HeR Hh feen
o eyt fearfd o om-di® <o w € | B9 Ted off
@ ook € T eaft q@ 91g o oy sEde-sraedl o
Gfte qun foreri & ®9 § THA HA € | Hied
fapfa o ufdea 1 faRer & el Jomer Joe
A 1 AFA FARYl Ok T T YR
R i €,

B AP
=Tavy (14.16)

el g § qfedd A P e fashid AV/ vV sa=
A 21 B 1 formn @l ® S @ & © SR SI A
o 39 ke (Pa) H o9 {0 B 901 o HIROT o
fore grefiter et o1 g W p ® forgent fam
[ML? € | 1 39 ¥ 3@ Wehd € T U1 B/p |
Iuferd foem ®

ML T,

ML] =[L"T"] (14.17)
q:, afE B ae p € Wik ifaes T € @
v=C % (14.18)

T/ ¢ wF fegw § 59 fadfa favemy g feifa

FE HE T2 21 Fened 3afd § C=1 W B © | o7

ot meam o seed a1 = o fore = 9 €
B

; (14.19)

et o B S g qem o faw, w8 o
UIgela TR 0T Bl © SR eH g i head ageed
fapfd W foaR T &1 STETIHT Bl 21 39 YR
o, UG Jearern sk ‘Fm qunie’ @ fegent fomn
G- JARIT ol 1 fom 21 39 Yool o forg
fardta favavor qeat St 2 SR B gHiR (14.18)
St wefeRtor g it @ o erfeifta feriar C e
2 TS o g Scafd 9 1 W el 21 39 YRR
el 3 B ¥ oTesd T &1 = Frefafed gy
g R I S e

Y
v= LT
p

L=

(14.20)

Tel v ©g o uxed 1 G YR Uish ¥1 HRo
14.1 ¥ fafq= wegai | st &1 9@ geen
™ R

RO 14.1 %o WeAdl § e &l wre

]
g (0C) 331
19 (20°C) 343
feem 965
HESER] 1284
9
5 (0°C) 1402
¥ (20°C) 1482
TR 1522
3
LUGIRIERE] 6420
i (far) 3560
=i 5941
TS 6000
W\r T 54

il o SrEl | eaf ki = T gor | efuen
B (oA < T 2 o wehtor |, Wi =i o o
ST T B 1A ]| THH FWOT TS ¢ 6 wAl o I
1 i 1 qor | ghifed s i e g 21
3Yd: TR A ARl olish o WM AfHeh e 2
TRl (14.19) 2@ | ST 3R ol 1 TG BT e
H G T 31 Bl © | g ST STE ! ST
Heareerdl ot ® gfg el stfren Bt ® 1 7@ wn
2 for ol ot gai & =l 1 e i B ®

ot T o At o =1eT o1 SRl 9 3TEY 7Y
qftehed § T Tahd o fRd) oeet 19 (39 s
10) o faU <@ P, 3TEAA V @0 a9 T o6 9 9y
3 YR oo a1 Sl 8

PV=Nk,T (14.21)
TET N T o TS i W@, I, SieesHE i qen
T 9 o1 shfeaq § a9 @ | o7d: fordl goard afed=
&?qu&zn@%ﬁﬁtﬂ%@aﬁaw
B

VAP + PAV=0

37 i =P
AV)V
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3Td: THIHIOT (14.16) | I8 AF Yfaeenfud & |,
B=P

T TR (14.19) ¥ Terelt emeel T o s o

EqlCiGh

v= |[—
o

TG HaY S GAYeW = A Tefid R o, o1a:
T g w1 g off wed ®

> ISTEVUT 14.4 27 o 3 1 STAN hHiteh AMH
9 TS I (STP) W g H =& &l =
1 3MhHeH HIWT | 91 oh 1 Hied 1 FTATH
29.0%10%kg ¥ |

ge7 : BH WA ® T fepell off @ o 1 |t %1 STP
W A 22.4 AR Tl T | 3d: 9 K STP W
el

(14.22)

1 A 91 1§59

Po =
STP W 1 Tl a1 1 AFa

_ 29.0x10 kg
 22.4%10°m®
=1.29 kg m®
forslt wem | waf1 &t = o fw <A o 9o
o TER T4 STP W a1 | afq o a1 &1 frAfafaa
T W B g,

2
1.01x10°N m 2 _{
U kgme | THOMT (1429 <

THERTT (14.23) © W 9 § =97 i = &1
H, 9RO 14.1 ¥ T T w&mT 5/ o 9 | eatq
I 9 % AF 331 ms! H goHl B 15% w9 2l
MfER &Y el Tordt gE2 A% &9 =T Hi W qA
Tl T T Y FTEH =T 7 i dowo o g
e § < H B 16l TR i SEdrdt O, @ g6
g U € foh ST 98 e Wel et ot | ey |
g arn T eaft gero & 99 A § gE- ey
Tat dig T @ g § TR o W ok ferg @ W
TR ST TEH T STEvash 99 I9eisd &l 81 urdil
FeEa®y I8 URadd THard e g 9 TS

(adiabatic)%ﬁ%\' | TG HfeRaeti av'fFlQ?ﬂﬁ-ﬁ ElisiRerd
71 el @] B € (T 11.8 3W)

pV' = feeri®
Y&l A (PV) =0

PyV' AV+ VAP=0
el y &1 faferse wemient &1 U
c,/C, I
TH YR, Y T o foTT S5 ST eareerdl Tolish

Bad=__ = YP

’ (14.24)

A % G H 79 TG I AT WG Fed ¢ |
91 o faw y=7/5, 31q: 319 4fs T9 STP W ag |
w57 FY =1 o ARl o fold THIRIOT (14.24) 1
TN L al eafq =9l 1 HE 331.83 m s WS gl
2, St wifyq =1l 9 O @i ¢ |

14.5 T o FALARIUT a1 Tagia
o i femetl & T A < T T TH T R
IR Y € d 9 g @ (e 14.9) 2 g8 <@ o @
fF R & F AR f W W O A T
Tt ©1 g, e o SRE, W Yo S Al el
Y fo=1 g 21 foe 14.9 SR wd faqdia el el
T T W S Uk TR AT AR T i Feefa gwian
B v T Srfefid g € ufor fareemen geem-gee
e} o HROT forerem] 1 stSmIforde 4 g 21 2
WehR ST a0l %1 STEARquT skt fgia wearm 2
79 fagid o STHER, IF % 39 YohR 07 il 2
A g % o e 21 ot Wi o e St
o FRU foeenfd B ¥ iR e fomem smtees =
FUTHS & Thd €, 42 foweme S fagend =
drerTfordta =i grar 21 fost 14.9 fafa= g o
AHR T e 91 &1 3 (o) W 9w g =
& < : XAl TAGH ok HROT Yk -k Icd TR
Tk TR &I diw ¥ FRed R < T 9o 7+ fog W
Tt foeem = 21

AN o fagia = o ®9 § oI5 FH &
faw, @M wfT y,(x, 8 Ty, (x, § AW o Tt
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e o T €, S 9 q STerT-3TerT T I
ql 39 3199d o Bl A & v fordt &F o uw |y
q@ﬁ%aﬁ?wﬁwﬁﬁﬁ?ﬁgﬁﬁzw ylx, 9
B

ylx, )=y, (x, §+y, (x, 9 (14.25)
t=0s
mf%)‘ 5 (a)
01234 =g
t=1s
t=2s

(c)

t=8s
" -

t=4s
M (r)

R

farT 14.9 99 U9 fqwia fGeemqT arei faadia o 9
T FIAT 7 W]l A (¢) F I el &
SfaeareT | 1 e giar 2

Ife fordt Aem | TH & 401 T st Al
o YUeR-geh a0 Herl 1 AN B ® | refd Ak
Tfeeliet oA o qT BoH T YRR €,

y, =1, (x-vb),

y, =1, (x-vb),

y =1 (x-vb,

a9 wegd | f9efiy 1 Ui T ol 90 Hod 39
YHR S R S €,

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

= ifl (x—vt)
i=1

AR k1 fagid Afdehor & qiEe @
T 2

e & fau, fe aifta e/ & sHfew ™
AT I AT W R R faER wE ) SE )
Flg A o TUH € q1 B0 WA qE@ e o
YA 21 31: 396 qURE ot THE B TR 99 =
oft THF 2| |7 ifSe foF g7er s g9e @ qen
T -1 T HATCHE oI W T A 21 3 T o
AR ohelel AW el H 21 FHIHW (14.2) &
AR & <Al a4 Rl 39 YR oF H €

(14.26)

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

37e AR o fagid w T wH W, [
foeomTe 39 YR =Fa fen S @

(14.28)

yx, t) = asin (kx- ot) + asin (kx- ot + ¢) (14.29)

“[251“[(1“_at)+(2kx_at+¢)}c°sﬂ (14.30)
'QETE'EF} (sin A + sin B) e fFFQ Freroifafa =

guitferd g1 =1 9am fran 21 em:

y (xt)= {Za 005%4 sin (kx - wt+%¢) (14.31)

THIHIT (14.31) 7 SMian € T wfomdt qg «f,
x-3181 T A fewn o TEA I efedi a @
Srht sTafa qen wresd A WA oh T §1 TR
TR FARK ¢/2 T Heaqul o7 TE T R gH
AW T T A o S el ¢ hl B ®

1
A(@)=2acos E¢ (14.32)
AT ¢=0, refq <A T quH FHerr § €,
y (x,t) =2 asin (kx - wt) (14.33)
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roffq RoTHl 9T kT A 2 ¥, A K
Giferd | # SAferehad §1 ¢ = o fo, T o gofa:
T T Y Tl swmens # et & den aRerH o
I T B &0 I Fe T

ylx, =0 (14.34)
Yy y
2at
a..
a
2 \/
$=0 a1
2al
(a)
y y
_’
a \',’\\ SN
0 X X
¢:ﬂrad

(b)

fam 14.10 STeaRI90 % 519 & STgaR 9 S|
q R et § gy W w1 g
a1 GROTHT T T ST FHAR @ T 745
#dl 81 98 HeAR (a) F fora 37 & @ (b)
& faT mi

U (14.33) & a0 w1 GUer AfqHor
Tl 31 39 YR § A A T S 1 Hefiehaor
(14.34) < M 1 fommft safqentor <iar € foes
RO T H I S T A B @1 e 14.10
01 o T AR THTO 1 S & S TRl ok
fagia =1 afom 2l
14.6 TN T Wiaa=
fuse AT # B0 STaReg Hea | T SO i
==l B | O BT © S IS TS Y Al TR
R T WA w @ 2 9 e g8 @ a1 wig
FefE T W & S {1 giqeat w1 ufee g

TfCETET | e T S €1 Atk gfE guid: 38
T 2, sreren o7 o=l @ et g wreami & <
FReS B, A feefa o wfea &1 ot €1 39 feofa o
AT T T he AT Wl &1 Sl € A e W
TR AT § YR 8 S 21 A g aw & fae
renl o qREE W fRE afad g @ gt
T I 2Tuafdd 9T FHEd ¢ A ud ruafda
A o Y o Tl 1 Wle el €, qe
Safad TS WEfdd O e o 9 e @
e S B

o 14.11 et a1 SR o6 ST T8 St
ae ufedian @ wafdd eidt a gitar 21 4fE 7m o R
TR g ol o1 e AU el il & o etdd
T 1 AR € Bl © S SAufad T 1§ W
A | ek el § T A1 180° Tl FHeAldR 3cq— Bl
ST &1 39T R0 71e @ o afiEimn g @ qen aim
R At o R faarg w1 forerd = g =T
HARIY ok fagid o IHER, 98 f Fud 7 &
3Tafad Td WEfid T § 7T heliaX 8 difh g
foreemas 3= 811 ¥ ek g8 <rar H uiEH gfaeay w
aenid 21 39 gROm i g9 At gfte 9 of wrw
R Gehd €| 96 T AR W IEH € Al 98 IR |
T SR el 81 e & AR T o SFER Fer
TR W gRomm o 9 qen faen § fawdia 9a smfia

= 3

3
g
e

faa 14.11 fwdt 38 TREH @ T5 HT Wad
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FHIt ¢ TR qEfid e 3e g § foEeh!
Fell | T H SR B 2
% foe o w9 @ T $ (S @ O 0 e
@ 9eft & S fREl B8 W AT w9 @ T w Th)
ql TEfda Tg T el A A (WH o el 21 A
B1) o'l € S emufad w6 o €1 e qREE W st
oo a9 Y TS o @M 1 QT B 21Sg
IR 1 S0 A Uy w1 ger R

e §, fre T @ o we # R T
IRt O W | 7 el Se= gl @ 99 gal
R G TEdT § I weAid 3= e el 21 39
HUF i TR €9 H T HH o forg, AF efifeg
Mt T 39 YR e S ©

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

T, 8 IR ¥ e o fore, wrafda o i 39
TR Frefd w9 7

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

=-asin (kx + ot) (14.35)
et geft IRE™ § e o fag, wafda @@

F 29 YR FEfid &9 2,
Y. (x, t) =asin (lx + ot) (14.36)

T : g UREH W y =y, +y, =0 |+t Fell W

14.6.1 W ¥ qer g faemd

fred ogum ¥ ' & fR W ofiEifa e =
forem forem | g el ¢ R e # (S A
il W 9ftasg S/ stean 9Rifhd o &1 9y Hiad)
e wreds < a1 At ol W g §1 3SR o
U, fRdt S ° U fon o T s @ T R "
WEfd el 21 T8 Tefdd a0 gad fEen ® T ik
TR ot ¥ wefdq #idt 81 7% wiwan a6 qoh e Wt
2 v 9% = ¥ U erafad! aen Yed 1 o S
AT U ST 9 sheend 21 M 9§ 36 o
T o fou, x-2781 F1 oA G o oA weet fendt
TN qAAT x-3A&T I FHOMCHF oM o T KAl T0H
A o qTeEs STl TWEfdd @ W faEr S ¢
=0 o forg gt (14.2) 3R (14.4) 9

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

Td, LRI o FHEIa oF STTER e qRomH O 39
TR = H A €,

yxt) = ybt)+y,xt

a [sin (kx — ot) + sin (kx + wt)]
quRfaa eefhda aemes

sin (A + B) + sin (A- B) =2 sin A cos B, Eqlevein
ETCRC

Yy (x,t) =2 asin kx cos wt

HETRT (14.37) G THefta aT U qen St
(14.2) 31eraT GHIIOT (14.4) gR Fefud @@ o &=
TR SR W & | FHIRT (14.37) H U8 kx T
ot -7 foaemE ®, 9 T (kx - ot) o G3SH o
w4 H| 39 T I ™M 2asin kx €1 3Fd: 79 701 Y
o, o gk fog W e g @ weg SR o g
3199 THME HIUT A o o1 TEd w1 F Fer
FHIA 21 T o fafT= TRl o qed § HIE FHelld
T e 21 el wf ®v g fafa= faget w fafe=
Ml W T & el | Qe il ¢ aT U T a
¢ 3 3R A <7 SR T L B 3T4: 3% AT a8
wed 2| fordlt ffvem feafa W soe smam fiv=m e
? W S YEe sarn T @ fate feefe W
T e 21 1 foigel T e v e @ S5 Freia
Fed ¢ qon o feigel W eifusran e @ 3% e
whed 21 o 14.12 Toada femest o o sheedt < A
% SN & HoreEd TROTH ST T S

AP TN HT Fo8 Teaqul A5 98 © R
ehT o e w1 weifad q <=t = gt o A,
uftelan fdqsier o wRon, wiaetid g g1 e fme
e A 9 e T H Gehdl © (TR ger
A T e G ) A T e w g
Tl ST 1 Tk =9 et 21 57 gt
1 Sl 1 YA Toem hed €1 31 &0 <A f ®
TREg fRet aifa et o fa yamr= faen o1 faRo
Eaul

(14.37)
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b, \ ., A
. N, 2 4 N 24 ey
A
- ‘ 1 e 1
g ~ i N e -
L N T N T

ferar 14.12 fawia feensii & 77 #3at 3T S7rert ¥l & STERIqu § Scq=T STFE! a’il] e & fof freqst (S fereema
aret fag) &1 feeify @t g@al W syaRafda wdt &

TR (14.37) § frog &1 feaf@ (SE
M I Bl ) |

sin kx=0
A kx = nt, n=0,1,2,3...
e k= 2n/A%, o:

x=n—, n=0,1,2,3... (14.38)

2
Tqeed: ) AN Freusl o e T gl % ik

IH YRR e i Teafqal (ST e Aty B
) ¥ sin ko 1 T SAUHdH BT ©
|sinkx!| =1

1
A kex = (n + S)m. n=0.1,23..

k=2n/\L W1 |
1. A
x=(n+5)5, n=0,1,2,3... (14.39)

9A: T HATT YEFAI A5 d"9 w70
A/2 BT §1 THIHIO (14.38) T STEM HT TR W
ufeg L ofe o did <Rt & foan o) gehd €1 afg

T TR Wx=07" & @ uRwm wfady &
x =07 x=L R 59 g7l x = 0 ufdeel =t T8t §
Tfee Bt B x = L g ufdsiy o forg sevass € fR

TR LR A9 9 TR 9§ getd @
L=n % n=1,2,3... (14.40)

3T: L o 1 SR W Wi aOTSsd Y SToE
T o7 Terdt & fSHeT 99 Fefatead 99 gR e
fran S ®,

2L

=—. n=123. (14.41)

qeTed gt o W B

v=n— =1,2,3 (14.42)
oL’ n=1, 2, o... .

T YHR T TR o o &1 e stgfaat

teren | faen Freffa < forn 21 fRdt Freema =1

=IAH ifaa wnefas gfa i e &t ger faer

1 o oGl Fed €1 I R R 9REg L e ok
5]

aifia St = faw veor S THIRT (14.42) |
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n=17% Gd 8| F&l v HEAH & AL T
MM T 1 =1 €1 n= 2 i e
faen 1 fgda gt wed €1 n=3 &
TEIE FA o e § SR 36 R

(a)
T 3Terel JeH
RUIEIE]

(
ST ot et € | 3 faeneh @ deag A A A
Sl v (n=1,2,..) 51 faifea foem E<><>E (b)
el B N fedita omafa
o 14.13 ¥ 3 R W dfEs A A
A S F vem B gt <o T A A A
7 ST T ¢ fF #E af < @<><>é ©
= faweti o 9 fod) faeon o a9 N N 5 T
T et S W oo fafir faened A A A
F AT T B P faund s A A A A
TEE | SW( B Hehl € SR FH HA d
Yoo 91 FHR 9 St S a9 5 5<><><><>E Seft
frgia ® R ¥ FW @ e A N N N3 R
faen @ e1ferek 3fed € o7 39 o W fek
1§ foF S 1 R g W wigd e A A A A o
T R .
o e W P e w AN R N E N N T e

faensti 1 Teaa I SR T fau g
& Safen TEN T 4o 1 sfera: 5ot § ol A
T H HY Afw H oA Hew T

F T A R fde B @ qen g

(®
K KA s

T 1 T I 7| I K S N

AR T T B S frede W T T 9Red forg 14.13 341 G0 W 9Ras aifid S)E o Sior &1 999 o:

St 2R § STefen o = ()

2l 1 3 Torodid ol T W Sef weds g €, =aw
T e Bid © Al ToreenT o1 e AR Bl
21 Sl % Hueh ael f &1 x = 0 o1 T e wfe
(TRl 14.38) i T Tt el €1 Afg gaw faw
x=L Y B q@ g (14.39) ¥ Ig URomy
frererar € o

_(,Hl)i
L= 2)2°
Huifad quTesd fefafad o9 9§ gfaarad anft

2L
(we1ja)e n=0,1,2,3..

frepm &1 " faund o sl 9 TR
I H S T

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

(14.43)

oIt

1\ v
v=(n+§j£, n=0,1,2,3...(14.44)

ot faen n=oéﬁaﬁm%aﬁza€ﬁ 2l o=
a0 Sl gol egia i T TomgfhEl steiq
v 13 .
SE’ 5& g et € |
o 14.14 T f W get den g R W ag
19 hier o Ve ©: e ongfE <va 81 < R
W Gl IgY o fo gk R W weE el 81 39 YR
a5 T ¥ fF G o W oge o wiew d
ol S B § (3W o 14.15) 1 SR affa
frepTail, SR TS ATy wiem § WoNfEd <o (ST 13)
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(@ (b) (©

X X

Tt

(d) (e) ®

IOCOXXX

LGl 1)
foa 14.14T% R @ ga a1 R R W e fFg
TY-HIcTH hHt Fe FAE (el Heet faym
ferend e &1
I B Thd B A el g e w1 wnteh
AR % SRR et § dl e 8 31 Sea el B

fordt a w1 IRfy @ Seargds uRes AR
foreett, 3TeToned, 9e & focedt o SuAl i TEER
faunsti =1 frafeor g9 ofiedin ord & gr fean s @
o foacett =t uftfy | fem #E o fag @ =
w38 e o &ud &t g fawnst @b
A 1 ke e Sfeet w1 8 | 39 geen §
3 famiet | av Heror wiwferd g © | e of go
s=afifed et o=@l 2 |

><

et STeTET WAT U
WAXAXA
T Tt e —

ferg 14.15 f#4T get 9T o STt & | g 9R
gt e g 8 1

> 3GTEYUT 14.5 =M U 9 go fordl 9w @i
€ 30.0 cm ® | 1.1 kHz 9 & G 510
TH Y 1 HiA-H g foen AR 5
SafSm foran St € 2 9fE 39 Wiy o o fR 6
a8 X fegan w1 @ = gH 5 oft 5 e gn
MR G Thd € 2 9g W @ H o=

330m s @ |

Ze7: g TEW o U H1 Ueell o faumd fe
14.15 ¥ guiieft 7 € | veelt qomgfa w1 ey,
v v

VFZ—g (gem T1Ea)
el L ared 1 o & | n ol gt w1 et

Va=o2 (n=1,2,3
n=5p (n=1,2,3.) (G ET)

T® L=30.0cm, v=330ms"!

nx330 ms!

"= T5%03 m

T 7 & 1.1 kHz 319 &1 T4, 3= 51 v,
s erefq fadta Tomefa =1 STfSa &am |

379 A% Y 1 Teh 40 i & 70 THIRT (14.40)
T g8 oRom fishear ® 7 3@ Ry 1 99 emgf,

=550n s}

v v

n=-=0r (T& R | a7 uEY)
M U § had faud e &t qongtaar & faemme
et T
3v 5v

Vo = — =
s=4L "5 4Law§ﬁwaﬁ%ﬂ|

L=30cm @ v=300m s! & foau, w R
Y < U159 H1 Het Mg 275 Hz © A1 Gid w1 219
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=gl U o degEdt §1 < T Tongf U1y & Shd
ot Gorrfer foren =Y @, o7d: 9 9id o WY UEY A Th
o =% e W HE SR GAE TR W <

14.7 faws

foreqe T o Al @ S Uk ek Ui €|
S T Gfehe g (WG TWeR Rl aelt |
e waf a0 T B WA GAE ot © o 8 WA
g (S wi=Tehe gl =1 eied) g @ €
W T P IR oft GIE a1 ¥ 7 eafy 5 foa |
-+ e IR Fed AR <@ 7 fEet emafa
Gfiehe Tgfal o i o SR Bl €1 Hiitas 39
IREREAT 1 STANT Y9 ST oh HHERO § Hid 21 d
T T I T o GEERSE Hd @d € 6 qoh Ik
QU T Rl g fors G 7 <

3G T 1 R foeem o fow, g9 S e
awaﬁﬂﬂaa@ﬁlﬁmlqdmzﬁamﬁwﬁmm
TR e & qen gfaen o forg feafd &1 x= 0 91
A (14.2) H Fell &1 Th ggfad 71 (¢ = 7/2
YA a1 o folq) o s’ g o W gy
Bl 2

S, =acos ot Tl s, = acos o,t (14.45)
&l W B Ydleh y o TIM W s 1 SYAN fRA €
ifen A oTeeA 7 foh Sy foereq 1 o R @
g A <hfse R < sTafial § o, oiEl @€t R
TR o Tagid o TaR, Rt fowema #i g9
TH YN o % ©

s=s+s,=alcos @t +cos m,l)

cos A + cos B & HuRifaa Ferivfidts weafien
T ST FH W

(0 - )t
COSs

(0 + @)t
2

s =2acos (14.406)

- o + @ .
?Tr?‘{%ﬂwb=wl2w2 T @y =——— fod T

G (14.46) 1 30 TR for@ Thd © ¢

s=[2 acos o, t] cos ot (14.47)
A o, - 0, << 0, 0 0,>> o, ?, q9 W
(14.47) 9 Frehd Fererar €, giomt @ iea shiofe
IR, | e HIA T TG THHT A T
I R T @ 91 TR U g S O % g
H B 21 S it cos @, t HT AT + 1 3T —1 Bl
@ ST siferehed il 1 e visl o, URomH o whi

ERilksRic e &)
ERINRCIREE SRl
FFER qEH H
AT B, Afehe, 3
wY, @Wd wiha
TR B el 3
F Bl | AT
% TeeaToR HiGT
4 wha foren o

b et Pt
Ihift UH ol 1 g € el o 9
THSHM T, AT T G oh Fol -4,
X, T, W@, O, R, ], S B © 1S e
o YA 3TH SEHTE fohT T UeoR i TeTeerl,
T 3R W9 o SR W R e )

it =l s = SR o Ster ST "
3. et doh § 2 s wwW W wef
TR-FUM T H ¢, T Joft & T0T- e
1S FT A Y 3O HW § IR Awd
STt T T A 1, I T W T S AT
R ATl 3 Y | HoedoR Hi o w9 gfd
@ 9t & 2

e A § o SeedroR Hie ques
el oF VST GRT WIaE YIaest § aer Y 9

JeeaoR. AT qun IfU 9Ra H a9 &%
TR A (S8 e (A fo) , werpEd
R BT o Hi) § T Wia-%e SAR
o1 %t 2 fafered ¥ ol fEm 3 fRet o wm
¥ F Tl 9 Sl

o % o 2 0, = 0, - 0, ¥ SAR-GE B T 5
w=2ny fog v, 30 TER R FW €,
v V.-V (14.48)

beat 1 "2

11 Hz T2 9 Hz & ¥ Tgfa T 9 3cq forenig
1 aftsre foet 14,16 S1fan 21 Rt &t 1 e1am
2Hz &1 egfa W faeg geriar 21
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PIANAAAAAAAAD

L VVVTTTTTVT @

> ISTEYOT 14.6 < Toari &1 i@l A 921 B T
e o1’ TR Sl T © qe W W el 3T e
% RO 5 Hz S o foeqs Se= it W 2 |

@) T B & @@ H %9 gfg FH W fawg w1

g TRt 3 Hz @ Wl € | 9% A 1 g

110|E/\/\/\/\/\/\AA/\ 427 Hz®, @ B &1 g1 319 I KIS |

\/\/\/\/\/\/\/ © ZeT : SR H T9 9gH W IHH! ShuA hi AGM TG
(b) St ® 1 Ak S B 1 A afd (v,) A &1 ST

g v, = 422 Hz
(c)
for7 14.16 (a) 11 Hz 3gf7 &1 Tongha &7 &7 @
(b) 9 Hz 37Tgfd &1 Tumgfa @ &1 @
(c) WM (a) T (b) T STARIIT T IT+
2 Hz 37/gfa 1 faweqs seifar &1
et

OISR CORID S

iy @l Foareaeh weAHi ° fowHE @ ekl & 9ol 9 Jed & T o fEEi g Gt g § o
gy avl 4 qal el € fSH WieAm o U1 qul GeRO Y K9 o deeq <o w2 |
Fgeed a4 qO et € o W o w1 R Wl w1 fewn % SfEw oM %W
FTH T g A Bl ? S WeAd o Tk fog o g fig aoh T ket €
e -9 § FERa SAes a1 w1 T 39 YRR oFe fRal S 2

Y (x, t) = asin (kx- ot + ¢)
TE a T HT AW, k HIVIE T G, o FUMF TGN, (lx — ot + ¢) Fell, 91 ¢ FHeAl-Fadish T2
YR Fell 0T 7 |
et Tt o 1 qoRed A, S8 fRel T8 9 %ArE faget o e w1 g o SweR ERt ® S e
& W FEE Fel H B § | STy @ o fau w3 wEvh e steer yedel o 9 % g &
% IR B R
Rt T ok SfEdenler T i S HHA §NI URWIA fohean S € e wiea™ 1 i ofeEd 19l Uh
o gl HIA B | T A H BN AN o § T YRR G e @

T_271:
@

. Tt @ =1 el v I 1/T o &9 § qRefyd fran ST @ den ot 9 s gt o frefatea

e e ®

Rationalised 2023-24

(v) ¥ oIfu 2, 7@ v, ¥ R ofg a9 W faei #
sMgfd agft =ifeq, W fowg-smgfa ¥ fivee %
T | e 7' Ty fweam € fF v, <, 1 TR
v,— v, = 5Hz, T v, = 427 Hz, 31@: S B &1 A
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9.

10.

11.

12.

13.

14.

T W R =T v=%=%=lv

et @iftd S W TRy @ T T 9 e o o @ fFwifa i § 1 Al et < § @ T @
9 SR H1 Faw SEEH S A 9 SR W STy T i u,

T
v=/—
u

Ay aX e ik qal B 8 S S, o qen e T e whdl © | Af% feRe em w1 e
YAl Uik B Tl S p € Al S WieAH | At a3l i =

B
v= |—
p
oig H B W IS ql HI =
Y
v=|—
P
foret 8 ¥, SFF B =P, om: wAfT F T
oy i
P

7l y T A fafere S F1 S (v= C,/C), p T F A T P TE H TE B

S < A A qul TRl WiemH W Uk WY THA Il ©, q HIEHH o fhEl Sed i faeeue qdieh
T o ToReToe) 1 SISFIOTE AN Bl © | SH 9UN o STEARITY @ f4Sid #Ed © |

Y= f; x—vt)
i=1
T & SR W T B I AR T STEARTY & fHSIq o STUR Heherd 21efal fREs gr safaenor
1 e R w1 A GEE A a 991 9HM Mg diell 9g el H shel-tadie ¢ % 3w
Tt X A T R F AaEE € Seh SAfieh %1 URUTH Tk Tehdl X eidl @ frEeh! et off
Ik THA B R

y(x,t)z[Za cos%(ﬁ}sin(kx - o +% ¢J

IfF ¢ =0 U 2 1 YOk O B A TG THIH A henl § B F qn sAfwO gO e € Ak
¢=n e nifed & e N @ A O uwhed fawia wensii § eidt € den safaeo faereh
R

forelt w1 TRl gg ke e S fR W ek Hell-Sohuvl % WY B €, W e et
TREH R F8 GWEdd fo e wen-uRed o e 2 |

foet smufaa @@ & fog
y, (x, ) = asin (kx - ot)
3¢ i ¥ wEfdd @ o fag
Y (x, § = - asin (kx + ot)
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15.

16.

17.

et e | wWEfdd @ o fag
y, (x 1) = asin (kx + ot)

forada fegmeti # Tfwfial @ TeEm U o SAMTRT § ST 9 S Bt 2 | a1 A W 9Res art
T T IO ST qON 39 UHR e TR S @

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

AP G B TH AT TE 7 Toh T g foeenad w1 ffvea srafeofal foR s wed € qen
Aferchem foemmm &1 fifvaq srafeufaal 7= 7908 ed €, 21t § | < o feusl steren <1 shAnT geet
o o9 &1 g0 B @ |

L @i 1 dmt@ S S <H A W) aRes @, eEfdfad st 9 % e €

v
V=n—— n=1,2,3....
2L

el v T H S W TE H WA T | TH H9Y Y WA gl bl U B o HUA el e i
garE fourd wed © | e ogfa @ <iom it faen ger faer el gUm qonghd e ® 1 n =2
1 e e w1 fgdla qonght wed §, $iR 36 YR %H Sl S € |

L o 1 g el fSrgent w9 5% 9o o) 9 gon @1, S8 ag-whiew, fefated st @ s
H

v—(n+1)v
2 oL n=0,1,2, 3.

SR Geiv g1 Frefid gl %1 U2 39 WhR o e o SioH i FEE faud g € | 36 Gy g
n=0 % fau o< f=ag smafa %L 7, S 39 YR & @ 1 gt foen steren vem qomg el €
A R W uReg L oerE w1 @ifa SR steen Tk R W 9% qen R fR W e st < fa W
o ag-hiet {59 o sl @ w7 #d € 3% g Faml &1 g faurd ed ® 1 e 9 v
sgfa e =1 oA 3gfa Bt @ |

foreq T 391 B © S 9gd W S BT A G v, T v, FT WA TF HeF wYrad F Sl €1 o
A 39 FER T H S T,

Voeat = V1~ Vo

1 (L] @‘eﬁmmwaﬂ%ﬁm
foigeti & = =1 i
a1 s I [L1] m! k=2—:
T = v [LT1] m s v="0v\
ferede ammefa Voeat (T s <1 ke sTgfel it sterifud aem

F1 gl &1 Fw
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faemoie fau

1. & Tt memm § qe 5o 1 i T € ) ue o ® et w0 @ e el | ved ¥ uw s
T SH M T 91 1 T Wit g € | et o § a1g k1 el o1 Hited qen foter wffer
g 2

2. W1 H Th WM Y W WM qh Sl HidRd el € 7 R geA

3. foeht =i 1 o, Weam & fehedn et Rl o o9 SR (IF 9 T d6) TR g9l &
A o FHRO S T Bl 2

4. ST T HT WUl Al S WA § gl Wehdl € TS STUSUU WeATEAl UNh B, SReIne
S | oeed W R SAIA YA Vs 1 EvAhdl el 7, of: A a weft mremmi-cE,
T9 qe 79 ¥ H9d e 2l

5. € T agfa @ fRet Wt s W atn § @t Hi w1 sem wHE g €, Wy e fie e
7 qoa W ST et o= gt ® 1 Tt stomre aw | faneht fafved e o wedt o w1 et
TAM Tt € Wy ST eram fae g €

6. fordt meam o foum w1 frafd amet e o wde 9 wem | fRE it w0 # e (0) e
AW o GeAreY qel 3T I (S SormE ) W TR vt ® 1 e eaf-dia o o Wi
TE R

14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

T
2.50 kg SoT9M 1 20 cm W&t @i SR T 200 N <t 1 @16 & | (% 36 SR o Tk o w1 STge
ekt fean ST @ soa ey fRa wwa A g @ @k wgem 2
300 m S HHR & I ° FRE T ger #ER % U’ W S qide o I @ 2R € 1 A a9y
¥ waf 1 =6t 340 m s ® o TR o TohTA o ea AR o I W geer fiRE o fhd < a8 g
TM? (g=9.8m s?
12.0 m o« e o qR 1 §98M 2.10 kg & | R § o1 feha 1 S1feq difsh S9 qR TR fehell srqgee
T &t A€ 20 °C W P a1 § AT w91 (343 m s!) F TR 7|

Eoel F ST Fh TR HiGE R 9y # wt s uw

(a) T@@ R AR T e,

(b) A9 % WY TG S 7, q«ql

(c) #Sdl o WY °E ST T 2

A IE i © R ww fam § i Wi w wer y = f(x, ) g fRelyd s s @ e xoqen ¢
I x - vt AT x + vt FA y = f (x + vi) TASE § The B 18T | 91 THeRT U™ o ¥ © ?
Fe KU T y o GF Held 1 T ik g8 a2 {6 o8 R Wit @ wi e # g 2
(a) (x- vt

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

(@ 1/(x+ vy
g JHEg a1 § 1000 k Hz g 1 wised o scafsia &l 2 | 9% 7 eaf sl & Y8 ¥ Tohadt
2, (a) WEldd @t don (b) TR w9 F e Fd FIGT | o1y den S et S A wEe:
340 ms! 91 1486 m s’ ¢ |
ot e § Skl § S0 1 A O % folt Tiged ShR 1 WA fRA ST € 1S9 Sk
s § e fhat @ fEW e # Wet 1.7 km s € 2 SRR i gEIeF g 4.2 MHz ® |
fordl St W HE TR UG T HT FuiE

y(x, ) =3.0sin (36 t + 0.018 x + 1/4)
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14.9

14.10

14.11

14.12

14.13

14.14

BN o Sman ® 1wl x den y S W den ¢ Wehe W ® | x W1 oA fen o) 9 w0 ©
(a) =1 TE WH q01 & 1961 AT ? AfE T8 WHT o ¥ o HRT wiel a1 HeROT ki 9 4 2 2
(b) TEHT A q SAgf A R ?

(c) S < THA TUH IARF9H Hell 1 € ?
(d) 38 @1 § | wArE e % de # gHAan g F e 2
W]4.8ﬁaﬁ1ﬁﬁ'{;"{aﬁmx =Ocm,20mﬁw4cm?}7mw(y]ﬁw(t)aﬁaﬁiw
AT HITTT | ST T o1 SATR{d a0 € 2 STFM, SMegta 1o wenl § ¥ fohe veqe & w @ |
Srert fa w fog @ g fog W fee 22
T qoTgha a
y(x, t)=2.0 cos 2n (10 t - 0.0080 x + 0.35)
e x @1y m § 9o t i s H foran w ®, % fou o4 S <ot foige & | swera fora @ s
R R
(a) 4m
(b) 0.5m
(c) A/2
31

(d) 7

T R W oReg R @i SR W ST foRemTe Wl 3§ WehR oFed TRl T ©
ylx, ) = 0.06 sin (%nx) cos (120 1)

s x @yl m A ¢ s W forn wn ? 1 Ted S & e 1.5 m ® ekt wefd 3.0 x 102 kg

2 | FrefafEd &1 sw A
(a) T8 e WIH T S1eEn AgH W § o Ry frefia s € 2
(b) TRt s faudia fagnadl ® T T & ql o AR % w9 § I g T a0 Hi quresd,

3Mgfa den =Te | HIT |
(c) =& # T T HIT |

()99 14.11 & aff@ S W @1 o fau Faee fF =1 ) & 9ft foag ¥um (a) s, (b) e,
(c) @M ¥ S99 H ¢ ? 3 I HI L HIST |

(ii)w TR ¥ 0.375 m R & fog &1 @m fomamm € 2
e TR gy W (STTRY el ores) o foaweru & i e ol x e ¢ % e R Tg
& | 7 Ja1Ey foh S0 W A (i) WH G4 R, (i) SO G B, (i) T @ ferelt off a b A et
Exai

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

(b) y=2x-vt

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

(d) y=-cos xsin t+ cos 2x sin 2t
T g8 IH & o= Al a8 o ge faen § 45 Hz omgfd @ FU9 F@ R T AR H1 FoAUH

3.5 x 102 kg q21 s $oA0M e 4.0 X 102 kg m! ® | (a) AR W SFIFE 91 1 =1 1 8, a1
(b) R § o femer © 2
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14.15 T fR W Gell o1 T M R FJammm s @it 1 m o6t e, 7 fraa omafa o @9 (340
Hz 39fa o1 @i fgq) o wer, S Afess & a9 e 25.5 cm 3196l 79.3 cm dl & 9 3R
Sl & | FHANTENET % A9 W g W e H1 el P AR HIT | HR-FAE hI 0 HH Hhd B |

14.16 100 cm o« Eiel-8g o194 7eg fig W oRieg 8 | 390k <] w0l %1 9o o9 2.53 kHz ® | &
o eaft w1 = R 2

14.17 20 cm ©eTE o Y 1 Th G0 &% 2 | 430 Hz G o 90 gR 36 929 1 HHE-9 o faen
TR BN SIS 1 W € 2 AR 39 UEY o S fR gl ©f @ off 0 g did 39 U89 o Wil ST
HAM? o § wat &1 = 340 m s ¢ |

14.18 IR &1 3 SifE A @1 B T @19 ‘M’ @R o W@ € 91 A<-w Sgd g9 % % 6 Hz g &
foreig Seg=1 X T E | S A H qE 9 T W e 1 g geht 3 Hz W@ S € | g A Y
ool g 324 Hz ® @ B &1 ogfa 01 2 2

14.19 T HIGU & (3feen hd)

(a) fordt eaft @ o forerms freug @ woog @i € iR fomemm weqg <@ fedg @i 2

(b) 3@ 7 eF W i SIGE ekl w1 h, fRen, yHd qon emehR ghfveE X e €

(c) amafer den THAR o X 1 g TAF B9 R o w9 SH W S Wl W 9T T od €

(d) 39 oA qon ST Tl YRR HT G4l hI UHU R Gehd & wefh TG B eheel e qdl
& wuid e "ehdl €, qen

(e) URETt wWeAm § TWeROl o WHA T HI NP fopd € W 2 |
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