W 15 .mmcms

15.1 YfHehT
15.2 ¥ 9o eigesd aat
15.3 WIH TN # fokemed Hay

15.4 TH a1 i A<

15.5 < o AR 1 fagid
15.6 <RI T WA

15.7 faoug

15.8 Sl 999

ICEEUIRREER]
A
Afafted A=

5
-

15.1 fHeht

fuse s1eama | g9 U9 Tyvel & 7fd o 9R 279 oA S Tehieht
e I B A HiE R 36 gHR ok fyvel %1 wge €, 9 39 fee
o 1 BI? ek S| gkl HIETH THT YehR ok TR w1 SR 2
TH YHR o WY H YARY T HIEAH o Al Bl ThH-TR G 9
T € oreeh hrol et U st i1 71 TR 319 1 7 sh geferd
HTl B AR AT Th B hehg i Tondl qrearel o I oA | o 9
firrd, STt o1 go faeqsy & Stan @ | 7e foeiiy fordl we T qe
& Hifra € a1, o T I o SR e 1 iR Guid B 2l
7% 39 3 YR deE H AR shehs R @, @t 19 @18 <@ foh
qTers o g3 ok o1 fag W faeiy Sc=t gan € =@l 9 = faeiy gai
o B9 H diedl W §ET i A T HEr © | W TH Ydid e @ Sl
faeiisr fog @ iat T 9 &t 3R T 2 @1 &1 | AR 279 faegesy g
R FP BR-D Fich o The ¥R ¥ W I, a1 M9 T fF I HR
o THS AT TIH W & FR-A 7w €, W feiisr o oy
fog ¥ R & S sreiq ST faeny o hx @ 0 @ o @@
TEU 98 YT il § foh <ol o1 SoAmE wE gl o WY Wl i 3R
T &Y e, o, Tk il foeiy S 8 S ® | 3 Yok v
T dle €, dl waf gl (AreAm) | eHE R W 2 | W 39 wiehn o
(919) TH 91T | W A6 | Yelifed &1 Bl | arg | 3ca gu faay
T T2 ®9 9 fE@rE 7l <4, TAR HHT STee HISsh %Al g1 &1 8H !
M U E1 TH R & faefdi o gfawy o1 Yed S 5o o ardtesh
ifefeh T 127 T 54 o Yale o {1 €1 W1ead o Teh T o
TR WA d T FW ¢, T FEAW ¢ | 39 3AF § g W &
fawa o srezm 3 |

M g U g @ TR fag a Tl qen faeite o Yo w1 gee
1 H=ROT Bl €| BHN HHE SER-a31 a0 g Hehdl o Feor W et
HT 1 Ak (STaeid) 1 31ef © 9y eaf G Sea AT e Fa0

2019-20



382

sfiferant

3ok T T S HIT & | T BT STEH-YH T
fafi=1 YR 1 ol o WIeAH R Bl 81 SEEl o
S S e e e e e
foha < wehen © T8 forga-whia a@l S &1 S
SR 2 el &1 Gl Hohd o Gg=H § GU=Iqan 7t =07
ekt %9 | I S 2

[t TN ! TEROT o foU WeEy ol SAEvdehdl
T Bt | BH S © R geern 9 frafa @ T e
bl € | THY Hehgl wohTe1 o i T R feord a)i 9
I YT AR I 3Tdfe], S eRiE €9 9
foafa €1 €, @ THT a1 €M €H dF Tgedl |

TRt S e ST H 3= q, L4 qOT, et
S B S A T AT S e
2129 gl IO o HXur & fow HWieEw ) SArevIRdl
Brl 8, A fam mreem o aia T2 &1 wehdi| 31 W=l
HIEAH oF HUNl o <ol oF RO G9el B Ul © al
T ok FereY Tl W TR shtan 21 forgd-wereh 14 axi
Teer f9=1 Yo i ail Biel € Toron fova o 1 wmen
12 ¥ 7= T | for[a-gaehta aum o =R o fag
e 1 BT A9k Te — STehl =l fafd o off
Bl 81 wenrer, e i, X-Toreol weft foga-esia
feptol €)1 fata o @it forga-gaesa o 1 =, c,
T Bl € e 9 2

c=29,97,92,458 m s’! (15.1)

T FehR 1 Tk o R € TS ged o ok M d
ST ST &1 718 %o o Selaeiq, W2, =12, TCAT] qell
0] S8 TThT | Garg &1 A a0 yehfa o saied At
faawor § yehe Bt & foreen fawa o arq srelt et
T 9T | IEfd 3 U HehouAIcHs €9 § Ak a1 foega
SEHT A T o H AR STd €, aeiy e
STIART SMYfTeh TENfiTerT 1 aga Hi got gferai & qran
ST €; TS @ TG FoF W Rl STAN TR
gereelt | feman S @ |

TG 1A § B ohad ek O o ar |, fsreh
Ho0] & ToTU geaiTeHes HILaH STevaeh ©, 31899 4 |

RGO T § & SR el ae Fifecd W a1
HiedaeTeTss goe g g ¢, fF ot o 1fa 1

Safrer foreror Tewer TrEe varest § faen T o |
foRf¥=@m BT (1629-1695), T2 §F T AETH
=J2d B U9 WiGs wifqewfor 2§ s = wifq i
qifereh W HaG € | HAA Y o vl o Srerl 1 ifcreht
N Tt Wicteh 1 Hifaent o qv=g €1 aam w1 difdeht
I THS AT | YA WA B R T AT et
o T AT Gy g1 T | (A S, Fefe
FHATT, a1 oNfE Jereer qreami & S0 E 1) T
oY i AR TH WA I g/ H4 |

o 15.1 7 39T 318N T TR g HATl
%1 FeEel R foaR &I | 9 59eh T X &t &t
%1 FHTIF Giaht B1S 3, A a1 (a9 3 fR a6
T AT B | 9 kA | 0 el § 2 Fehiaeh Wied
TR YEEt HHHT STI Fraen S ofarg 9 faefifid gt
2 | St T S Teell A 9 Gag €, ord: sun
T SrrE Hdied Bl € R 39 YR I8 UihAr I
Tl S @ | 7l ey @ T R 9 g 7 gela
Bl 1 ®, W Yk ShAM 1o e i fefy
o TE-SEY E oY Qe i @dl § | U8 E
TR 3IEX0T o ®4 H {oTd LI W foum &t feafq
o @t fordlt temel W fo=m sifse | et o fafy=
M

Y

fo 15.1 TH-3R & qag FA17E &1 978 | R A &1
THEF =T ST &; 7 67 R R ah Tanka
gt T & 1

fes, UM TRl g7 TH-TW ¥ a2 € | 5
2 Tesal o forelt wep fot @ forelt o o1 Sited ©,
€ AT W I fosd ! ookl o1 & 991 I8 Haeh]
e e e € s P el S e
TaE et oo T R @l WA T

3T, o7 TH 91 H A i o Fexol W foa=m
FA T | S E RIE eaf q arg W iRt T 7,
T U TN HI 9 o B Y & Hi GHifed qer@
foreanfia et @ | 39k HRU Y DR & HI ag h
T §, 6 AT (8p), IRed B € | e, 9 TR
gthel T ARG et g1 €, 37d: A 1 & ifd
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39 feafa # off faefisr o A7HAMEE ¥ YT 9’
IO 2l ST € | T8l 59 Yol H, 5 B ufRerd, mHr
T S Hifte e foreanon & guey € | 4t T
&= 1 Hdifea fran S 2, af SH & o 379] Al
feheteRt THTerd! & o ST o1 9E i € | 36 TN,
it &5 | S e €, 1en 39 e ¥ ‘e’
Sca= BIl 2 Toreh thorered qead! & o ¢ foer Seqm=1
B Sl € | A% hiE & 319 =RI 3R ok el et et
H forferd &1, @ 39 &3 o 9Ri IR o RSl i a1y
39 & ¥ YA ek foer il gHivad & ®1 iR
vehel T € | 39 YN, Filed sfere feerd U &
T W & T SR G F §, ek o arg o faeie
1 GeR0T G & el € |

Sl o off gl o weW ok T W Hewal © |
ToREecita Sl | TXAY] fe@ qEATYE oF HHE STl
STefehl H =Fafeerd eid € | 3, Tdieh WA stere
R[S T T, 319 FRI 3 S TETV §RI TR
el o SHIOT, WEAER H Bl © | Al S AL
i feoR Tad gU forelt wer v i faenfia foan S,
al ik SE YRR S TR HEE o WOl W oo, 39
feorfa & off T ToAEA 91 3O B S0 ® | 3 BH
ST (lattice) oF SEAMST & i fagei #1 wifa
o Tehd € q1 WAl o die HATET ol 7=
Thd B |

379 BH 39 LA oF STTel STIHRT | Al oh fafa=
frenerfos Ui # == W

15.2 U q9T LS

Y S & Tk 20if3rer a1 71 § Hieaw o e ge
T B 1 A AT o Fh TN H1 70 1 @ o wfeeq
et Y € al TS A hi B SR A hed €1 Afg

N\ —— Y

X

ferg 15.2 w9 fordt aif ikt & 91397 (x- 378) #iE Taher
T3 Afaelicr g & at SR 1 i gfeeat
ST TR (y-378) o7 FIT § |

TR TS ok TN i SR oA S wehdl €1 f 15.3
o off Ut 2w feufa yefia &1 T © S shee ga
2 o =9 e FRE g0 S % U R W Sw-AE
1 AN Fad SAed] S Aok Y (hT o1 @ 2

y

/

fera 15.3 1ol SRt & ST3feT Wia &iE sTad (Sraehia)
T ST TR ] T ISR 81 R o &7 5
SR T I FraEYT STaed @ H1 TET 99 &
AT STTH] TrHEE % TIe FierT e 2

T YR § S | 39— f9eiiy 1 9fomm seH wamt

T1AY o T2 AT 1 I ohi TR o TR S i
& a0 1 o< W o Y H S W B

fo 15.2 o fRet it o STfEe T TH T &l
Tf Fed fe@mn T 7 599 S/l 9 T 9R Sw-AE
e oF W% S TRl T B 1 AR TS o STEIY
T § SR I e Tt & af S¥eh W fR a
T W Tee € TS h 3TaHEA & S| 3 I R

STeTsh 14 O Bl & | <1 &1 aifeerfaai o Hieas o areee
U HIEA WreTeEe o 32~ <o Tid & Sefh &g
e a1 379 HEd gl 81 e S | ¥ w1 T
1 T2 o wieed €, o1 T STIIE a3 1 Ush SSIEl
2l

2 fordl a1 W 3 YR 9 foem X 9 71 8H
fordt fAfyea Frar-e101 W 3™ § @ &1 o
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sfiferant

Tehd &1 TEE B TRl hIel-&101 T a3 i 3epid Het
S| weh o fafy @ ot foeet T fovi R fomm
T € N gH A9 e e ok Rt ffera e
T Shigd L qA 9T o T THR Il hl < |
o 15.4 W argeed aenil o e =T Seredu At
T T feorfa wefefa 1 7 1 o o R fRdlt o T
o T T W U T o 21 e &l T aR 3t
1 AR eeheld 3R TR a8t &1 3R Eied 9 gt

ford 15.4 %27 &1 SF-918 T < arg G =G Felt
T safq a1 39 FT A & | G ag-TdT
& glerT @ G BT X0 & GEIR €, 7d: T
TqH T E |
(3= o) dM foRe (A o) 1 T9] Ieq &
S| afg fReT &t 27T Hi AR ke q4T el i
3R WieH 1 S8 Tad a1 e (S ) 8l Th
SATEeh T AT eI BRI ST U159 1 el oh STf<e a1y
H T M TR T G I8 ST qT H ST |
W a6 € i o W o U fag o g fag
ek TTHHA <Ll & | ST foh 8l oI T e, 9 g e
T Fafkd et 7, e T e 21 S, Rt o
¥ 5t &1 qof ®9 9 4 B ?1 g, fm s q
¥ fasny fq *d & 9 fF gof ®9 9 5@l g6 @R,
o (ST T YUl ®9 | Tfq) qe LAl a1 S Tk AL
U =g =3t a1 faeiis (@ a9 o) 1 arg
¥ GEROT Bl € aTg WieAd gl w9 i e < 2
STIIET R | UM i I T HeRor S fem o6
e eidt & | 37d: T GeR1 o TH WILAH o Yok
g W TqEqul faehfa Bl € 1 o1d: ST U a &
ROl Sheel S8l HIEAHl, SiE S|l § gl Gehal © S
TTEYS Ufaaall 1 IRUTeH Y Teh Sidfch dall § I8
HeRoT TR 8 Wehdl | Tell oF WI-|iy 3 off HdieA

TereRTal o1 WfcdTer o Hehd €, 37 : STReA ATl shl HeROl
Gt g WreAwl § ) S Gehdl © | SN o U,
Wil S8 ezl | STe Td Seed <l YR i A
G &1 Gehdl €, STfen 19 W oheret arqeed Fifsren @il
1 & TR0 WG ® | STl o Y58 W & YN HI WA
BIel & : ohivTeRTca™ (3Teral Uta ame) ot qe o
TET | T5S TR FI a0 FIH] Y aURed F1 SR
et © foent areed e SR 9 erfuss T e
T2 7ok S o1 VT STcl o Y3 TG oF hR0T GeT o
o Il & | e qull shi qTeed o1 e UieR g
HeX ¥ g T et 7 o1 € | A T e few=E
o &9 H T ol FeAEE ael gRI Sl § Sl STt ok
T3 hl U [aH T R WH I FIE HL

T TN | FUI o6 e I3 dh & HiHd T8 Wd
dfceh o1 foraR HIed 3T & 919 defl a% il ©
A~ | HUI-TI(d o6 T b Sifee 1d FHfad gl
2,9 7 ohael ST T Y € dicsh 3! qv= ael
ST off et €1 WHg H Seae a3l STue a3l qen
e a1 HaASH e 2l

ST ® | 8 I 71§ o Wk € Hiem o St
A e et a W we fae-fae e @)

> ISIETUT 15.1 = T A & F© 3360 [

Mg €, Yol feorfq § @1e wargy foh s o i

ST ¢, e © e <Al 1 e @

(a) forel Tell hefea AT o Th X & TH
3R foaeenfya & W 3W AN i fHdt
fasm () =t 7fd |

(b) 3@ ¥ R fordt faferer o suer fed =t
M-8 Hieh faferst o Sa=1 O |

(¢) ST o I3 T Feid! Hietae gR Sed=1 adi |

(d) Tt FurPmE Faes fohed 51/ o | Sca=1
TS a4 |

gct

(a) 31T

(b) egeed

(c) STIEY aeql e

(d) e <

15.3 TITHT aX W Taeemus deer
foret st X o Tfordia faeror o fau, g9 feafa x
T THI 3 % TR For F TRl Bl ¢l o
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&0 W € T R 1 SH &0 T A hi faewor <
T T € S gE v Teafd W e e sd fefa woaem
1 Far o1 7T sh1 fereRoT oft <a1 1 At &1 fendht st
T R (U ue e e 15.3 H g v ) o e
T =Ed € dl Hol e S Seeh i 1 =ifew) gfeen
o foTe 29 forelt STt o W foer &t fore afs wrem
o fordt otoma ot eafd ot x 9 freftd L staad i
e feafa | foxamm &t y 9 fefug e g e
SHEhI W a0 I a9 7 ®9 9§ aftld w §
yx ) =asin (kx—-ot+ ¢) (15.2)
S e o hIiR H IR ¢ 1 deqd © R Em
1 3R I Tl o aeh A W foEr w ®
g
y(x, 1) = A sin (kx— ot) + B cos (kx — ot) (15.3)
qa FHIHT (15.2) TS (15.3) °

a= ‘/m qAql ¢ = tan! (%)
G (15.2) T ST W a0 FHefid i @
g THFA o fog frelt ffvea &, 7m oS t=¢,,
R foeR #l 9@ T (15.2) § S HeH 1 HIiE
(Fox + TeertieR) AT 37d: X 1 TR (TRt ff¥era e
W) xoh e o B I 9 81 6 W, TRt iy
ferfd x = x, W T 3 a0 FEfieRT (15.2) § <01 el
1 HIH Teh Tk ot 21 31: fhet ffvea feufd w
foeeTTe y 99 & Y SEs i w9 4 ufafdd g 2l
arefq, fafi= fefaai w Aem o staga X stad Tifd
F T A T R S ¢ 9 dedl 2, x o 7 o
YTk o B 9 9 Jox—ot + ¢ T AH TR Tl
3T FHIRI (15.2) x - 3181 o g fo9l o STfea
SEEh (3Ted) T FRefud sl 21 59 foradd, we

ylx, t) = asin (kx + ot + ¢) (15.4)

x-3781 ST FOTcHeh TS9N o STfReT fasfiel a¥ o1 frefad

Yyt . feofa x don w9 ¢ o oW o U H

foreem=

a T SR ™M

® ;TR HI HIONT Tgha

k ;IO R T

kx-wt+¢ : JRFIH FHl FO (a+x =0, t=0)

fars 15.5 GHIH (15.2) o 9HF (9@ &1 gk

F4 ¢ | fom 15.5 et (15.2) & fafa= sifqes
TRt o 919 geiar @ foage! g9 ofd aRwifid w3

fo= 15.6 THE SHaUa W die f9= @ o fag
TR (15.2) o Terd <1 21 feredt @ o atfereran
eTceh Terenas ot faig ol 9y shed € e stferhad
SUTcHeh TereeiTo ot feig ol d shed €1 98 <@ & fog
fop hTE T o TG HYA @ BH I W A ohiwd
Tehd B IR TR 3 o =g ol oo o @iy o9 Tifg

fera 15.6 fi=7 T | X-3787 1 &remeh 1390 & s1gfaer
TirRier Hig SEd aT

e 81 Tort o 9 o W (X) © <witn e #) s
TR TH HIeAH o ot fafvea feafa, om ofifs x o1
& d fog W el s/oma &t a0 W fo=R X Fehd
g1 28 Tl W I fag (o) © <wien 0 B o 15.6
o e <9 § TR ge fag W 3 faig (o) wHa &
T S &9 W T HI 21 S, T o T o W
ot fog W feora o1 s1ot e fearfa o wifid: <em
F 21 U8 R o= feufa & %01 & fow off g R
&q 7 +ff 3@ € for S o o o faig (o) s o
T H § Sad W 9w fAfved <O we o 2
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o3 15.6 o 3TciEl oF 3MYR W 379 89 THIEHI
(15.2) =1 fafy= ofe=i =t aftafoa w3

15.3.1 3TIH qAT hell

iRl (15.2) ¥, Ffeh <A1 et T T +1 q21 -1
o o= uRefda e €, e y (0 ®1 JE q e
—a% o9 uRafdd e 81 g9 A€ a 1 e 3T
T A AR BT I B TEl B €| T o HEAF h
fordt oo &1 oae Oy frafq 9 eifureran fomemm
<91l B1 & < o foeTad y eFTeHeR 1 RO €l
Tehell § g a ¥ 1 qhl T T 377974 Fed B

HHIRTOT (15.2) o HI0TH I AR (kx — ot + 9)
1 T T el hed 21 K gu 3@ ook for, fopedt
feafq @ 99 W Fe a1 1 foeudy fauifa s
1 Tqd: x =0T t= 0 R hell ¢ B 37 ¢ i AR
Hell B0 FHE T x- 38 R G fog qen TRk o
1 T8 YehR 10 Tedl & H9a Bl € ok ¢ = 0 | 37dl:
THETT (15.2) B ¢ =0 TH T SATIHA HT hi 29
T eI 2l

15.3.2 AU AT iU a1 G&T

TH el o &) fagali o ot 1 =ad i i qares
FEd ¢ 3R 30 w4 9 <wiid € gl o fog
T GUM shell ol faget bl 3is =1 7d of "ehd €| e
qIeEd 1 wHEmTE IS Sreren Tl o e w2
THRT (15.2) ® ¢ =0 @ W, t= 0 R fazams gm

y(x, 0) = asin kx (15.5)
Ifeh &IV § 277 ¥ TS IREAH W A1 HeAT h1 AE
e w1 ©

2nzw

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

arerfe faigati xaen X+2%”amfa@1m IO B € -

Tl n=1,2.3, ... | GAH forre e &3 gu o w
et Teigedi o e = g n= 1 oF T I ek 81 A
o fean S & St

27 27
ﬂ:— k:_
o 0 7 (15.6)

I FeRuT Feeieh S7eral ShIvHT aO W& Fed ¢ |
THHT SI TEE eaq Ufd Hie 312@T rad m! g1

15.3.3 3TTadhIcel, IV g qem i

o5 15.7 9 Th SHeehig e @ T 2l ae
forelt fafi=rd &1 o 9 1 SRR @Y g9ar @ afesw
ey o U ofaad (fordt ffvea feafa ®) =1 w9
o [ faeergd <wiar 21 gfaen & faw en e
(15.2) § ¢=0 o € 3R @@ (9 S x=0 W)
%1 T W A <A F| a9 gH 9w B @
y(0,t) = asin (i)
= —asin ot

/N,
\/

fera 15.7 <79 @7 < & @ 7ol & at et ffeera fefa
W SRT &7 37999 39H a @ GHT & 919 e
Xl Bl

T o T o1 3TEd Tl SR o foRdl 31ed
SN U quf <o o o e gwa ?1 sreiq
—asin ot = —asin o(t+ 1)
= —asin (ot+ o)
<{feh S o Y 27 10 T RGN il B,

2
ol =2%, o o= T” (15.7)

® T T HT R G Fad T | THT SI A=

Ifeo ufd e A¥dl rad s 81 Fordll @ &1 ergfa
Vv 9 ke Serl w1 HE €1 ew:

T

o
2z

V= (15.8)

1
T

*7el 9t rad I BI Yehd & N HAH I hael m! W T BT Hehd & Az, ke, THIE S § FHI ehel Al a0l bl W@
1 o ¥ UM HE W W EH arell mo! SI AR | Hidt S aredt i
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v %I g9 (Hz) ® 919d |
Stda W=l § wed & fRd e & srfRw
Tferefiet TR STeen SR A i weH o e €
e T W HieAw o foRe srada W a Heor i
oo o wwia feRemE g @ | wHieo (15.2)
H forelt erqeed @ o forg foRemae e 39 YR
foren S 2,
s(x, t) = asin (kx - wt + ¢) (15.9)
Tl s(x, ) Fearfd x den w99 ¢ W qemm o Tt
e 1 T FERO 1 faen o fagene @ 1w
(15.9) | q foreeme s 21 o= qeft Ufewli o =t ard
T I SIS T % VR | & | el T € S © TR
foReT e y(x, ) o F R HeM s (x, o) form
2l
> 3STEUT 15.2 : fHEh S & ST T4+t
T 1 e 39 YR e T w,
ylx, t) = 0.005 sin (80.0 x- 3.0 9
Tl Aiferer feerier SI 9@kt § € (0.005 m,
80.0 rad/m dT 3.0 rad/s)l A7 &A1
(a) @M, (b) TR (c) eadHE Td
g 9Rferd HifST | €0 x = 30.0 cm. a2
I t=20s W qCT kI foremaq y ot gRewferd
ifeg |
go7 39 faemod &1 ga ¥ (15.2) ¥ & W
Yy (x, § = asin (kx—- ot
& frafafed 7F 9w e €,
(a) U 1 3EM = 0.005m =5 mm
(b) IV T F& = 80.0 m™! T FHvHA Mg
w=30s"!
e &H R (15.6) o gR1 s A 99l ko
T ey foed ©

x_z_“
Tk

2n
80.0 m™
= 7.85cm
(¢) o9 89 7= fSu U T a9 o H G4 gR T 1
M 6 FW €,

T = 2n/w
2n
T 305
= 2.09s
319 Jfe s v=1/T
=0.48 Hz

T x=30.0 cm A Y t=20 s W e

y = 0.005m sin (80.0x0.3-3.0x20)

0.005m sin (-36 + 12m) = (0.005 m) sin (1.699)
(0.005 m) sin (97°) ~ 5 mm |
15.4 TTH TR &t =ATA

fordt Wt @ &t 9 el w6 o faw g @
= fordlt fog (Torelt e i1 gT0 SAfvafard) R =
i T TR T IR <& € fR I% fog wmg o @y
feh ¥ TTHH LAl 81 9T o 9 w1 fd W e <
gfaurere g 21 fost 15.8 | 3 fafe=r gwa, fron
e A ¢ 1 oY HH S §, T AT T SThR LI
T B WS A U TE AR (X8l I A
f&em) Ax g wora B1 o W, fag (o) gRI g
I THF At H T A x T B SE YRR 9A HY A
Ax/At B Tordt o sme aret foig W ot 29 fag (o)
M Wehd B1 I8 IE AT v W T HAM (AT A
Yo emufiafda =& ®@m) | @ W e fHfvsa s
fiig =1 T 1 feon s @

kx — ot = THadais (15.10)

31d: T8 G ¢SSl €, @t Ffvea e fag w6 fefa
x 39 YR et & foh el Swivish 3R ®1 ora:

kx — wt = k (A x)-o(t + At
q KAx—-wAt=0
Ax, At T 3TTqH AH o T

dx _o_

dt k|

O T H A k F A | Fatd FE T 5 T B &
po2m0_, 2

=== (15.12)

TR (15.12) Tt T @ o fau u =omaes

Hee | IE Sard! © foh Hieaw o foRdt st o U

(15.11)
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9ol Srer el | a1 U s weed o seR g qd
FE 2 M U TR R aifte @ # =
oA o Seeld O (SR o forw Was germE
TS, I S e ) qe gered o (e
frerml o fau I Yo T/ STIETu T,
I eATEerdl T[Tk ) g1 e e 21 wremw e
i e 21 =en g (15.2) T FAfvEa =
o foq mesd @R eregfa w1 Hew @ 21 Ak H,
ST Tl S S e €, WIEHH § Sy qe Seed
i G Hore € qe R! Tl SHI HIEAH § SToRT-STenT
ENM| 36 1A o STadt U9 H S HWeA AfAS
T &t = o foae g9 fafire =9 oa &

Y

A

AX t+At

IS

e w20

fora 15.8 TOT t T t+At aF fFdt srgfa @ H71 T,
el At &Y THT AIeT &1 /T Ued qHed &Y
T <7 97 TIARa g1 ST 81 ¥ 7 v (A
fafs=r er aren #ig 3R fig) T97 At 7 5@
Ax THT AT &

X

15.4.1 A S UX U T i AT

foret =ifsr @ * wa fasi o wRoT WeEm o
IO YA Tt 3R STgeetd O (FeHHH S §N
fuifa gt 21 =Tel 9oH R 9 ™ €9 9 qe
TR FNF § Jfacm 9 § Feifd gt 81 R el
T T o faU Yoamad o S | d99 T 98H S
21 39 g o Sl 01 a5 T g Sl
TR o MM m I ITH! | 9 faafaa 3 W)
W B €1 e o Taekta fEml s v wen
el SR W T &1 =1a o fau Fened 93 o fohan
S Fehdl © W] I8 Scdfd 59 & shi W1 o R
21 31d: B0 e faveio 1 ST S W g9 T8
S 9k ¢ o ket fardia fagetowr @ gened g7 =
W B Fehal 1 3 faf @ ura dew o feenier el
Affy=raar @l 81wt fomn (ML) € @21 T 1 =
1, refd [MLT?] 21 g5 34 fommefl &1 58 waR

2019-20

et Tt W WE &1 GeR0T
frdt T W T

TS 1 GEROT AT LM_/
M ¥ 3@ Fehd
2 9 TE I©
i § 39 Wl
1 gREd g ot
3@ GHd T S
Th A o I
AT ot FR G
21 gHeh 1w skl 1 ¥ 3 cm =1 & T &,
T gl IR P 9N 1 ATl Bl ST T8
T SO e § off Y Hehd © SN gErTee
T o

1 93 cm 9 & odel W fifew) fmdt
FIMR A1 GANTENET o SAHH-9MEA i Al )
T g THIHT SHHT T a0 T §F o F9 9
e <ifeT 31k g fk =61 T ol g6 9 TeIR
FLTH W HE 9N (1§ 5kg) <eehzd| dem o
a9 a3 9 5 HR B FHhdl B Th B
ST IR T o Tk il o 919 39 W SR 9
TER iUl 396 WH W Th T8 =M 5
9 W TR R T STl e 36 g R 9@
ST T BIaT g 3@ Hehd €1 31 STt
T SN YEfdd TE i el 1 Far off Site
Tehd | TS o FHW B ¥ U8l 39 3Hoh 4
A TEdA B4 2@ Wehd ©| T wigers (feam
HET) H HeEd | Y TS 5N T A6R 9 e
AR HT U Tk T § AT FHI A4 HL Fhd
T ol R =9% 9 &1 UM HT HHd B
TR AT FHROT (15.14) B T AE 9
Al

e € el wita o o uael efifersh dg o
e W off Bl 1 qET AR o9 e € b dqq
T ShTE XAHM HH B o HRI 9 W TS H
o7 HIST T T $Hh o i gl § Ikl Aok
B B1 T W T BT AT HH TH o HRO
TW @1 S Hehdl € AR @ 7o gl
AR Hieh B S 2
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HAfSa w0 2 foF e 1 famn (LT w8l ew
A W 3@ Hehd & T oUW T/uH @ o @

[MLT ]
[ML™]
IQ:, A T qeN p & WiEier ifqes TivmEr €

U= C\/Z (15.13)
U

SEl ¢ fauee fers €, 8 fafa fagewo gr
fuifia s Hod & 7 | areaa § g g7 § ¢ #
A 11 ;@i S A STIE O 1 =

_ [L2T72]

v= |- (15.14)
U

e Y fom =t v /e o O T 3R p (T S8l
Tl o HRU Al SR T SATHCIeOT §) W a @i
aeres = s W wEa: f 71 e 71
Femetl B oMY UH M % aR H ueh fSeeR! =
g § s el €1 T BRI A Tl v I qT i
gt faensr o did W feR wear 21 wew o ot
faftea =@ qen emgfa & fau, wdieor (15.12)
s 1 el e 2

ﬂ:

<|c

(15.15)

> 3QIEYUT 15.3 :0.72 m A fFd Liet = R 1
FIM 5.0x10-°kg ¢ | 4% dR T TE 60NT,
Al qR W ST T I A 2

Zo7: AR 1 Ufd Tehish @aTe ol SSTAM

_ 5.0x10°kg
0.72 m

= 6.9x10° kg m'!
TE, T=60N
TR TR STIYE TN i =1,

T | 60 N
V=== = —=93ms! <
4 \6.9x10°kg m

15.4.2 3T T &t oA - AT H =
forelt aTgeed au § Wiz o StEeE qu WeRl Wi e
¥ oot fearfa & om-di® <eF w € | B9 Ued o
<@ ook € fon eafe a1y o oY S-S o
Gfted qen foreml & ®9 H THA el B | Gied
forfa o ufdaa &1 faRT W arelt g oreE
AR 1 SAFA Gl O @ S T YR
TRt Y €,

B=—% (15.16)

&l <@ | gad" A P 3 fassfd AV/vSa=
I B B &1 o 9@l € S < %1 € SR SI 9
T 30 Uhd (Pa) § =99 % ol 901 & HIU
e, TR ST U1 S e p ¥ forEeR o
[ML?] & | €9 3Tl § <@ %ehd € o6 TR B/p
ﬁaﬁfw%:

ML T?]
IML®]

Ia:, A B e p & Wi difaes uivwEi €

v= C\/% (15.18)

T C TF FeRiE T M ol favemw g e

FHE 9 T8l B g9 IAfd ¥ C=1 9w Bl § | 37

foreht mrezm o ereed qu i e o forg = g €
B

= .= 15.19
v 0 ( )

et S ©g w9 W9 weM % fau, o8 °
UIgelle TER 0T €l € SR e B whi shael SReA
fospfa 9T foaR 3 1 SMEvFhdal Bl &1 39 Tl
¥, WrEfiTer Y oish ‘AT unies’ © foreeht fem
I -JAREIT ol 1 fom €1 39 Wi & forg
faeiar fargetoor veel Siam ? @K g5 T (15.18)
St FefsRTor Wi e @ o erfeifa feemis ¢ g
2 e 7 g Saafd @ 1 9 g €1 39 R
et S/ B o orgesd o &1 = frefafaa dey
SN R 1 Sl B

Y

=, |= 15.20
v P ( )

[’ T7] (15.17)
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sfiferant

Tel Y ©g & Sl 1 I YAl olih € | gRof
15.1 ¥ fafy= wegdi o wafqn &t = e
T 2

WRUMT 15.1 %o "reEl | ey @t e

o
a9 (0C) 331
a1 (20°C) 343
fe=y 965
HESSR] 1284
g
S (0°C) 1402
I (20°C) 1482
TR 1522
3
Tqfafem 6420
iR (die) 3560
= 5941
TR 6000
FeohTEss T 54

Soli qen I | eaf =t T i ger | st
21 oM ¢ fop S o vl H, Wil = o o
STeEd TR Y = 81 39 SR € © T el o I
1 TGl w1 o ® Fdifeq s i wicd e 1
3Td: TR A YRl ol & HH s B 2
TR (15.19) G | 3@ 31 el o1 6 Y o
H SHHM T 3T Bl € | TR S STl TR
eI skl | gfg el eafern gl 8 | JE R
2 for S/l @R gal § el &1 g T B © |

ot T o eaf o =1e1 1 SAeher B9 Yl |
qfhed § ¢ Tad ¢l ford) oreel 9 (}@ eeam
11) o foTu q@ P, 3T@@ V @ @9 T o -9 Hay
TH YN o Tl STl e

PV= Nk,T (15.21)
TET N T H ST R W@, I, Aeesm R e
T 9 1 ohfeed § a9 @ | 37a: forel goardt aftedH
éwfz—f\%qanﬁwuazn@gﬁﬁmﬁr@aaﬁum
g

VAP + PAV =0

d: IHIRIOT (15.16) § I8 HH 9faeenfyd & |,
B=P
1A TR (15.19) o fondlt areet T o ergesd aqa
1 =T,
P

L= ,— 15.22
0 ( )

39 HaY i FegeH e o T@fya fRa o, sTa:
T8 e H1 G o FEd €

> 3GTEYUT 15.4 =27 o G 1 STAN hitch Th
9 T TE (STP) W 9 H =& & =
%1 3T HITIT | I o 1 T hl FATH
29.0x 10° kg © |

Ze7 : B WA € T femelt off 719 o 1 Hiel @1 STP
T A 22.4 R Bl | 37d: 91 1 STP W
Hefcel

1 9 a1g 1 FFHE

Py =
STP W 1 Hid a1y 1 TaA

29.0x10°kg
22.4x10°m®
=1.29 kgm
et e © e w6t = o fau = o 9
o STHR TH STP W a1g | afd o o &1 fefarad
A W e g,

V2
1.01x10°N m ™2 0
T kgme | MY (15.29) <

HHIROT (15.23) W U< a1g | &7 &1 =re 1
HH, 9RO 15.1 ® T T¢ =T g U arg ¥ et
%! =l o HF 331 m s H1 geT B 15% %W B
AR &AY Hel Tordt gE2 afE &0 =T Hi @ ga
Tl T T R FTGH =2 7 e Goxo1 & 994
weAd | T g arel IRadA Sl SHardt /e, @ g
e U ® o SRt 9% shou wel Tl o | e A
78 Far o safq g=ror o 999 Ay | SE-uikadd
Tal g T 9 B9 © R e yaTe % forw arg o
T ST TG T YT 999 SUsH 81 21 Jra
FAEEY 9% GRedd GHdadt @l B a9 Terd
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(adiabatic) %ﬁ% | TGl Hfshanati a‘?m?ﬂﬁﬁ ElisiRere
e Wi @] B © (WE 12.8 3)

pV' = feeiis
FUA A (PV) =0

PYyV'AV+ V'AP=0
el y @ w1 < faferse weAen w1 erqud
c,/C, B |
T YRR, ST 79 o T 5T ST Feareere Tk

=’YP

ad:

7%
3 9 H & i 9 [FHE (15.19)],

’ P
v= 1= (15.24)
p

I % T | 39 HYfE H ACTH HINE Fed ¢ |
a1 o fou y=7/5, 31 314 A g4 STP W 919 ¥
A HT AT o STFhe o foT THRT (15.24) 1
AN I @ &afT ST e O 331.3 m s W Bl
2, S mifyd =l § oo @i © |

15.5 TN o TLARIIUT T faegia
e oo feemsti & T et S aRT T Tk g8
R Y Bl 7 g (e 15.9) 2 98 <@ S €
& IR FW &F R ff R WS YA Afed T
@ 81 g, e o SRE, R/ Yo S qT T
Y fo=1 g 21 oo 15.9 e we fawia e ot
T T TG F TH T HT AR T 1 fefa gt
B S T Aot Bid € o aRomH fereeme germ-gersh
T o HIOT ool 1 SIS A S 21 39
TR SIS a0l 1 STEARNIYUT T THgla Heelrdl 2|
7 THgid oF STER, Toish TS 36 Wb TE HLdl @
A TR T T T ¥ o ’ieAm ok sregd <
o HROT foenfud B € SR iR fawemm vAe @
SRUTCH 1 Hehd ©, " Tokeus g1 fagemeH
arsmfurdte =i et 1 fom 15.9 fafe=r woai @ e
AR 1 SATA@ ST 1 3@ () W a9 ge o
M T : S TS o HROT Yeh-YUeh Sca faema
TH T F IF ¥ FReE = W € 9 7w foy W
el farem = @1

AR o Fagid i TR ®9 § 9 HH &
faw, a9 ST y,(x, 0 320 y, (x, O AemH & foeht

e o e €, S A aX STer-3TenT T hid!
q 39 31eFd o Bl AfS g O fRd & § T W™
gl § SR srfqefyd et € @t e farerm  y(x, o
g

yx 9=y xt)+y,x 9 (15.25)

farT 15.9 o wd faudia faeergT arei fawia e 4
THT FAT §F TS A () T S TS 3
Hfaeare d = fawerg giar g

gfe frdt wem | wh g e 1 stean sifuk
o YUeR-geh a1 Herl 1 AN B B | el A
Tfaefier T o 9 el 39 YHN ®,

y, =1, (x-vt),

y, =1, (x-vb),

y,=f, (x-vb,

qa wegq | &1 k1 909 HE 9o 99 Had 39
YHR Ed R S €,
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y=f, (x-v) +f,(x-v) +............ +f (x-vt)

=Zfi(x—vt) (15.26)
i=1

NI kT Tagid Afqwor &t 9REeTr
T 2

e o o, frdt aifta e o erfew e
AT S S WIH a0 R TR w1 <A
I G o THH B qU IO T G e A
TOME B 37 $9oh quresd ot wHH €1 Skl T =
ot g9 BRI H= Sl foF 5o e wHE © ad
T X318 o AT o § T i 21 3 9w o
IR ohaedl ARTUE el § T FHIHIO (15.2)
SFTER T I T Bl TH YR I kW ®

y, (x, § = asin (kx - o (15.27)
Xy, (x O = asin (kx— ot + ) (15.28)

Ad NI & fagid & T FEH W, T2
eI =9 YR =eq ot Sl ©

Y (x, ) =asin (kx- ot + asin (kx— ot+ ¢) (15.29)

a{m{(m—axw(m—awq ﬂ

9 COSE (15.30)

qﬁ@ﬁ(glnA+51nB)a;mﬁaﬁmﬁﬁa;W
T 1 AN TR €1 e

y (xt)= {Za cos%([)} sin (kx - wt+%¢) (15.31)

THIROT (15.31) I8 <M © fo wfomedt @ o,
X-318 1 YRS TR § THA HL Sed X @
SRt smrgfa qen aeed <Hf A o qEE g1 TR
TR FARR /2 Tl Hedqol q24 98 ¢ fF THH
M <A Tk AN o | el ¢ T He @

A(P)=2a cos%¢ (15.32)

I ¢= 0, i AT TG TGHA el § €,

Yy (xt) =2 asin (kx- ot) (15.33)

arfq aRomed T R @M 2a B, A h
Gontferd AT H etfurehad €1 =7 o forw, S @@l gofa:
Tk T ¥ faadia sanet | g € qen aRondt @t w5
A G T 0T A A

y =0 (15.34)

y 2l
AVAGTAY /\*/\
i BY

(b)

fa7 15.10 STARITY & 14519 & ST9aR GaF S
T IS a3 Sgrd @ F R
T GROITHT T T STIH FAR @ TR 745
Al &1 T8 AR (a) F 7T 7 & @ (b)
& fag 1

YHIRTOT (15.33) I AN T TS SAfTRTT
STl 1 39 YRLOT § AT ST IS W &1 eeRion
(15.34) < a0 1 faameh safaewo <oiar 2 s
RO T | HT ST 1 S g g1 fE 15.10
ST o 37 S FehTON b1 ST © S ST o
figia =1 aiom 21

15.6 T R TTEc

TU=d STIaT ¥ B0 STIRas Teasl | U HeRoT &
== H1 | B © S IS wE Y a e
TR BT FEA S € 2 Ffg aREE 98 @ 9 W
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e T WeEtdd g St €1 wiaeaty i uiee 5
UfE § A 7 3R ¢ AfE i gl g
Tl §, @reren = Tl < fa=1 g ezl & o
Ay B, @ feufa o wifeat e Sl 81 59 feorfq o
If T hT pe AT WEfid &1 Sl & A Fw
TR T § URfhd @ S 21 A R iE a1 e
et o1 aftEm ) et safad g @ @ aretEd
AT 1 STUafcd T HEd & Sufad Td sTvefad adi
el o YA o Tl 1 Ule wd ®, adl
3fad TE wafdd a@ qeds o 9 e
e Sl B

o 15.11 forsdt @fa S/ o6 STfeer 7794 Sl
e ufelEn 9 wafdd g a <iar @1 A qe o
RETH GRS T 1 STEIT el Bl © dl et
TT H1 SRR &I I & S SAufaq 0% A T W
RFd & 3Hh Hell § T AT 180° T FHaAldR Scq— &
STl 21 3EeRT HROT e § fop IRt 9 @ qen wfieie
R gt &l W fasy w1 faeamm g s =few
eARIel & fagia o @R, 98 adt Hud ? S«
3mqfad e wEfdd W B 7T herial gl i afomdt
foreelTA 3= 21 I8 ek 36 SOR H UREm gidey W
i 21 39 9ROTH 1 B9 Mgk gfe ¥ off 9w
FT THT & T T TR W T € A 98 TR W
I SR I B =2 o dral F1om o ST7aR Far

wd

%

T

faar 15.11 %9 3¢ 9REAT G W3 AT Wad

TR W afomm § TEE qen foon o fowda sa mifua
Al 21 IROTHEEY qUEfdd T S gl @ e
Fell § T S Bl 2
% foe guf ®9 & Wed € (S T S Uw U sed
T &t ® W foRet B8 W T w9 9 T T )
ql A fdd T i el qA ST (A o el B A
B) @l S eufad w6 o €1 He aiE i W sty
fomenT™ 79 Y% T ok A B A YA TN T
UfCE HT AW AR WY B gen 9 T

e ¥, fre T o e A R Tg
REE § e | 7 el S Bl @ 9 el
IREET | TEd § g wellal S el el 81 39
HYF I TOT 9 H e hid o T, IF oy
Mt a0 i 36 YR e wd B

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

T, 8 IRET  WadA o foe, wEfdd @ & g9
TR Frefid # 2,

y x, t) = asin (kx + ot + 1)
= -a sin (kx + wt) (15.35)
el gt R @ R % fer, TR AT
&1 39 TER FrEfrd w3 E,
Yy, [x, t) =asin (kx + ot) (15.36)

T 98 URHH Wy =y, +y, =0 Wft well
W

15.6.1 T I 9T =T faemd

fsa 79 ¥ g9 T i W uREifia e ™
o fore | g T R et (3
T foll W e 2 srean afifiq owrg 1 ey
o) Ty qwerda < =1 s e W g 2l
3 o fou, fedt =/ # s foom # e
FH T T R W quafdd gt 21 g8 wetdd
T TE e & T ek T fR 9 wEfda et
21 78 YiHd 99 q Fordt Wl @ 5" %k Sf |
T euftad! @@ Yed T e S U o e
AWM 0 e 21 M w9 | 39 e HH
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& oI, x-781 Tl oI TS § T8 st fret awm
qAT x—-3787 1 FEOMHD TSN | T AT GHH 2
e aeEd el quEia a W feER HifST 9= 0 %
fore wefieRor (15.2) 37 (15.4) 9

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

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

Td, STARIU o TIGIq o FTTIR U< qROmTH T 39
YHR e F S T,

ybt) =y bt)+y, (x 0
= a/|sin (kx - ot) + sin (kx + ot)]

guRfea Frepoifda aames

sin (A + B) +sin (A- B) =2 sin A cos B, HT ST
FEH W

Yy (1) =2 asin kx cos ot (15.37)

gt (15.37) gF1 Frefd a6 Yo qen g
(15.2) 312l THIH (15.4) gR1 F&fd @@ = o=

TEEAYUl M W & 3| FHRI (15.37) § U8 Jox T
ot ITAT-3TeAT ToRmF €, 7 6 (lox - o) & F4SE %
9 H| 39 T 1 AW 2a sin kx B 31: 36 @ Y
¥, S1am Yol fag W 9= g € W S R geis
31T AN HI0T A\ o I AGd wA S e
FA ¢ T % Al sEFel & S § w8 Hel|
T e 21 =yl wu 9 fafa= fagel w fafa=
AEM W T & el | e Hidl ¢ aT U Tl
oS 3 3R 7 T AR T B B I TR AT
whed 8| Torelt Tfvem feufa W e smam fHivea g
? W S Yeel sarn W @ fafae feefas woemem
T 2 21 5 feigedl R et v i € 3 e
#hed € e f5 fogell W sifershan il @ 3% wwe
whed 81 Tt 15.12 faoda fgneti o wo st < i
o AR o Heery GROTHT I T S B

ST T 1 ol WEwqul el gg ® R
5T ok SreT 1 GeTfard X SeAT A gt o w9,
ot wfaeer o R, giaatad g €1 e fand
wes g @ e @l F Gehdl & (THHT qor

fers 15.12 fogdia feomsit & 7o #3dl g1 s7ad ael o STEARIqU © 3= STYIHT a¥| 24 § foh et (S e

ard fag) &1 Reefa g4t gwal w eraRkafda wEdt 8
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STl T T F FY) A T8 e FT gt
Tenifaeh SgiEl 1 T Tq=ad il €1 37 Sgfaa
1 SleT o1 JETH faem hed €1 ot B9 g i W
g fedt @i S o fore wamr= faun 1 fufo
FH

T (15.37) 9 fregg & feafeai (ST
I I e ?) o

sin kx=0
HAAq kx = nn, n=0,1,2,3...
9fF k= 271/A%, ¥:

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

w:ﬁmﬁmﬁ%aﬁaﬁ{ﬁgﬁ?ﬁél

I YRR e w1 fefad (ST am stfean e
?) ¥ sin Joc S AF AwdT BT ©
| sin kx| =1

TS STt o WA g
%)
v_nﬁ, n=1,2,3... (15.42)

T YHR T (6 o oM Hi w@nefaes egiaar
Steran g foen feiita =2 fomn €1 et frem =)
JAqH GHTfad w@rerae Tgha w1 e &1 ga faer
I g9 TOIgHd HEd &1 qH TRl W qReg L e o
af@ = % fag v=ﬁ S T (15.42) H
n=1% S 8| F&T p HILAH o ALI0N T S a0
%1 =T €1 n=2 1 e faun 1 fgd orgta wed
gl n=3 o qETed qar o Bl © AR SE YRR
el Tt B € | 37 faened @ Heg g b
v (n=1,2,..) g1 fafga f&ar smar 21

foa 15.13 9 I i W uRag aifa el o
W B [ogtaE quite W € |

o T 1 ~ (@)
3 \kx—(n+5)7r, n=0,1,2,3... T STeE G
Jo=2m/) T W A R LI
1 A
xX= (n+5)5, n=0,1,2,3... é<><>é (b)
(15.39) N 5 aomd

T HANA TR o da wi gh A

A/2 B B HEI (15.38) T ST A

T ol R uRerg L oo o afid el ©
S O A A L

x=09A o dq gRgm ufady i A
x=0dM x=L R 56 g x=0

wiaey o Teel W e B ¥ x=L A A A A (d)
fre e & fem s & et K > > > g
L A9 B e @ e A A NTa NTRTNTR
L=n§, n=1,2,3... A A A A A
(15.40) é<><><><><>é trTaaﬁ(e)
aFd: L e el Wi AN NN TTNR

TR H ST a6 99 GERdl B

N1 M frefafea 99y g 9« A A

ERIESIGIS ®
. 7 NS NSNS NSNS, ECIRIMIEIR]
A== n=1.2.3. a7 15.13 39 a9 ® 9Rag aif@ <% 7 3o F1 999 B
(15.41) NEEE]
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T AEYTF &l © Toh T ard e 2 fereme
o o fordt faun ¥ oo w1 gmEm=aa e Sl @
o fafa= faensti o1 sreaRTon g 21 o faurd
Afereh eretar © S 81 Hehdl € 3R b 8 eerdl
Q| fodr o amEfed S8 9w 99 39 fagla W e
g A W@ faen gud faen @ sifss Sufvd @ o7 39
a1 R Fef e & for <l ot o foig W wiha fopan
T R

o1 &9 fodt t8 e o Al i faened o1
e il TS Tk Taw o @ i s o g
21 I STl W 9l vl i ot AfcTehT I o1 Hietd
T T 1 Toh SSEA0T B| 91 HieH | S Rl B
el F o Fres g © den gol fel R 9es e @)
frrede o <@ o qftedd sAfuehad Bid @ St fagem
AW () T T TE fawia g fR SR
TR e ¥, AaH <@ IRed B € e feremg a6
A AfUHaH B €1 Sl o Hueh orel T W
x=0 o W froug gfaey (T 15.38) &1 w@d:
Tafte gt 21 9 a0 fo0 x = L 989 &1 df gt
(15.39) ¥ =8 gRom feheran € o

-
L= 2 )7
Tenfard wneed frefafad wey o wfdafuag gri

_ 2L
M lejz)e n=0.1.2.3. (15.43)

n=0,1,2,3..

frm &1 g faund wnfas emgfeal 39 YR
= & S B s

1\ v
v=(n +EJE’ n=0,1,2,3...(15.44)

{aﬁmn=o$@m%aﬁ?%ﬁélm
3=a eMafal gat emafa =t fawm omafr siefq

5] 15 .
SE’ SE aﬁ%ﬁ?ﬁ% |

o 15.14 T f W gol q21 g i | a8
IR e & vod w: fom qongfaat et 21 2t
W G IgY o T yeksh R TR S el €1 39 W
T T € fo <A foll W e oy wiem |

(a) (b) (©

XX

Tt

(D) (e) ()

N
.

gt
fa7 15.14 T R @ @a a1 TR R | a5 &t
Tg-HieT 1 F FAE femd] dhae faog
ferend g &
ol Se i ® (3@ e 15.15) 1 S dfvld
T, SRt U arg Hiem § woiifed e (TR 14)
IGH B Ghd §| A Sl S e i wnHifeh
Mg o SR et ® o e H e Scd 2 2

frdt = &t IR ¥ geargee IRES JERR
forcett, SSreTond, It i frcett o Sl S FEmE=
faeneti w1 fraftor 39 oftdimn oid o g feman wman @
fr foacett =1 oRfy | feog &8 off fog w1 &
@l 3@ fm & Fu & g faumed #it
ARl 1 STehe 3tfush Sifed 1 § | 39 Toe |

IOCOOCKX
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3v 5v
Vg =— , Vg =— ETLS
>< >O< s =40 5T 4L qen g4t M o
kSR G I L=30cm @ v=300m s! & U, T R

ERRRIE ieft ot

fere 15.15 fonddt get 99 4 STFmEt R | 9gelt 9]
TongfaEr gt T 8

T famreti ® @0 S wiwferd g @ | R ot sue

srafifea et o=@l 2 |

> ISTEYUT 15.5 M 1 9 Gl fRddl a9 &t
S 30.0 cm ® | 1.1 kHz 39 o @id g1
TH Y HI HHA-G oG foen i SgAE gh
Sfoa foran s @ 2 afK 59 o9 o T A
a8 Y fon e @ o= 7w R of s ' g
IR G Tohd € 2 ag ® =@ & =
330m s’ ® |

Zel: Gl WEY o U &l el o fgumd e
15.15 ¥ @i 7 ¥ | el gt % emgf,

LV _ D

=g oL (gem TrEd)

Tel LOEY 1 e ® | noff qomgta w1 e
Vo=or (n=1,2, 3.) (TN EW)
2L
T8l L=30.0 cm, v=330m s

nx330 ms}

mTT5X03 m

T g & 1.1 kHz 3T 1 91, SR 51 v,
sMgfa Aefq fgda Tomgta i S3fsa am |

379 A U159 <Rl Uk T % € T THIHIOT (15.40)
T I8 gRomg fishaar € fF 5@ Y %1 go eTgf,

=550n s !

1] 1] .
n=—=gr (T 8 W §g )
T UEY § ohadl faum T i qongfaat € faeme

et ¥

T S UIgY AT G A 275 Hz € 901 9 1 g
=qel T o TETE Bl SR 8 TTafd e o S
o1 Heifaa foen 727 2, o7d: 36 9id oF 1Y Uy & T
a0 9% T W i AR A% T8l | <

15.7 Tawd

fereqe qenl o SAfaeRtol ¥ S U Uik e B
S T Gfeehe g (R sKeR ) areht &
e waf a0 T B WA G S § d g6 wuE
gt (A1 wfre ergfaal &1 sfted) g 2@ @
T e B SR off GE a1 71 7H eaft w7 foar &
R4 T2 I TG GAE 3@ @ St engfa |
fTehe gl o it o SUeR Bl g1 Hiitdel 34
TR o1 ST {9 AT o GHERT | i Bl o
T T i 9 T G Hd Ed € S % ek
QIR FE A R oI GAE T 2

39 1 &) T fae=m o fau, g9 S o
WWWQ@%%&WWWW
o ed € qen giaen o forg feafd &1 x= 0 @M |
IR (15.2) § Fell 1 T qqfd 71 (¢ = 1/2
Tk qUT o feTT) qem sReR 3T o T g W erdl
g

S, = acos ot qUl s, = acos o,t (15.45)

Tl W T Tl y o TF W s 1 ST A @
ifeh &9 e 7 foh I fogero i o1d # @
g e ifse fom e ol § o, i€l @€t R
AR o f9gId o6 ATAR, URomH fazem= 1 g4
TH YR o Hd B :

s=s,+s,=alcos ot +cos o,

cos A + cos B o YuRfad i geafien
T ST HH W
(@ -a)t (@ +a)t

=2 15.46
S acos 5 cos 5 ( )

) + w,

qﬁngb=a)1;wz qq @y = fored @

Gl (15.46) ! 39 GHR for@ g © :
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sfiferant

: a5 5 4 udha firenm o
IHIME T8 wof 1 99g © foFe oK 9
THeHM R, IRA I FHd o TeT ©WR-H,
Y, =, A, A W S B R g e
o U 3TH SIS fehT 7T TeeR o] W,
e 3R w9 o SR W R 5 2

Hifta w1 A9 Aol § sier s "
3w AR F % s ww S el
TR-FUM eI 3 &, A 40T 2 ToT-GIre
gt 3 T A K1, T8 T€ WA T S A9 A
TR A S I &1 HeedoR Wit & &9 g
e @ gl ok 2l

JIdEE A € foh Heedo | queeE
el o I gRT TIqe Iarest § SHar T &

Joeearo® ofsx qen SRy 9Rd § 99 g
TR A (S8 T (f o), wEER
IR fRST=IRe & WiR) ® o wiid-w TR

<91 ot €1 fafmeear @ ok i o et off s
¥ 3 T 1 S|
s=[2 acos a)bt] cos ot (15.47)

A o, - 0, << 0, 0,; 0,>> o, 2, d9 g
(15.47) ¥ frshtd Feheran &, afomdt @1 sfea i
IR o, ¥ e F T T THHT AW T

1l 3R T © 91 TR U U5 STed ol o geReo o
B &1 5@ H cos @, t H WA + 1 G —1 Tl &
I Stferehad gl 81 TR vl o, afonmd @ a5
o ® I 2 0, = 0, - 0, ¥ SIR-TGE B T FE
o=2nv fo=g vbeatﬁ@WWW%,

v, =V -V (15.48)

beat 1 2

11 Hz @9 9 Hz % R 3gfa a0l § 39 foeg
1 uftere foa 15,16 Tifan 1 qRomHt o< 61 e
2Hz 1 Tgfa W faedg ggifar 2

VAN AAANANAAN
NIRRT

(a)

PEANAAAAA N AN

N AVATATATATAVAVAYATE

(b)

fera 15.16 (a) 11 Hz 3gfa &1 qungha @i &7 e
(b) 9 Hz 37mgfa &t qungfa @7 &1 sfera
(c) T (a) T&T (b) FHT FEIRTT G 3G~
2 Hz g 71 faeqs gifar 21

b ISTEYUT 15.6 < T9ari &1 SIET A 91 B T
T ‘o’ TR oS e W o el SR e
% SR 5 Hz A9 o forede 3eq=1 & &I ¢ |
TH B & @@ ¥ F gfg W W fawg &t
g SRl 3 Hz @ Sl € | A A i e
427 Hz %, @ B &1 9ot T9fd A1 Hifer |

Ze7 : S H e 9. W IHH! HUA 1 I 5

ST ® 1Ak S0 B 9o S (v,) A ST S (v,
¥ sk €, 7@ v, | oR 95 39 W faewi 1 smafa
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Je =g, Wy fawug-smgfa o fiv@Ee o
T | e w freed fer @ fF v, < v, | G
v,— Vv, = 5Hz, T v, = 427 Hz, 3d: S0 B &1 9

G v, = 422 Hz <

15.8 S U

e BN ek Sied w1 ewE € foh o9 wiE €@
It g2 AT IeEl FHY R W 7, 36 G 5
A (21 3gfa) | sl et St € | ST e | el
Tfq o frE eaft-dia o e S| ®, 99 g
el waf1 &1 R Wi % andfas a9
Atk Tdid eia1 81 3Heh Taodia S/a h1s Yereh waf-Hid
T gl S ], d Uferd aRe eaf-Tid % ardfae
R %W B ® | 39 TG Ga gl e
SR UWE Hed § | A o difdewfag Sied
FoRfe= SR = 9ayeM 99 1842 . H 39 U9E &l
wEdifed &R | 9 1845 © Frele ¥ A Sl T gqehT
W TherT TR | SR YHE T ai-uiEe €,
TE Sherel B qU W E AR TR e, dfcew g8 geft
foregq eashia M W St SN B € | e, g TRl
had e T W F R S8 |

7 o fafr= aRfarfae o smgfa o aRada &1
fargeroor w3 ¢ (1) Yerk feer & wg Wia Wi
(2) Yt TIfaeiier @ Wg i feer ®, e (3) Yersh aen
i T Tfiter € | Yeteh qel WieAH ok st wriet Tifd
T 31T 7 B o wR uRkfefaEr (1) 9 (2) T TR
Y for= & | sifaeRTer 90T 1 Gl o fow meay
frergTehdl Bt ©; Te o, forga gaepta axnii &1 =eon
o faQ Ay &t stavgeRar 981 el | afg & Ay
T2, d@ 27 g uRfafaal § 9% 5 6 FiE SuE Rl
B o HRU, 9% YHe TfaSfial B A¥El W,
iR foreme THH B @ |

15.8.1 §id Tfaviier; Dersk feer

3 it faom & weler ® g9 =g ufturet s o € TR
UeTeh W G &t 31T O AT ¢ 379 89 Th |
S W foam & € S v, o | AREE € SR Ve T
T8 %H | fer 7 fogd weam off feor 31 7 ofifse
for g e, forgent aream o arver faum erereen frafq
Yereh g WTd T IO G @@ e T, R,
1 9l v® | B A B R Yot o U Tk GqEe

G UTEY W A Rl IEa

S9 go UEY HoSer
g o I, =9 @
I FE TR THH TE
R W ugwa €, s
S e
fehTer @ safere ==t <
TSt ¥ iRt argavee™
T o SE @ Sl 2
IRUTEEY 39 e &
WS oM arell $ 9 off sTex et S 2
Y H 39 I W T 3@, Y H, 3HE W Hi
&% 91 hl = diwdl 21 39 FHH I H T8
&5 S 1 3R el 2

TROMHA: i i SR =Tl g1 3od I hl
TR, = @ o oY TE H R HFW I SN
eIl €1 B ed © T < w0 gd T 9
TEfdd Bl © dl SEeh! el § 180° Wl W
37 S 81 Sigh S8 et A qrey § sty
T 1 S SH THH 1 IO 2

o & o 39, fR 59 =9 @ %1 9
g, o f | ugwa €, o o g 8 s iR
T ThUeRT oY oo feen o arow fedt 21 =@l
B hEd ¢ T <@ X fae forel seliak @
gfRafdd it 2|

L +v.T,

<—>
LT,

o 15.17 form &1 feifa 7 O W @S Jei% & T v, =9re
g et #iE &id a3 S, W & aT-Rrer
Ieafa #ar & | 76t @i O, v,T, T4 7o &
gvarq fag S, @ 30 RI-RrER 3
A |
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sfiferant

(detector) %Gﬁqug‘aﬁarémw—ﬁr@w
(crest)ﬁﬁ'ﬁﬁT% IWt=OqTW@Hf\E|§SIW
rafeerd (3@ o 15.17) , i ok aa1- o scafsa
FXA T | T8 HHA ((= 0) R Gid Yersh ¥ LTH WR |
g - FeTER Uereh o I WA ¢ = (L/v) R TR |
T (=T, T Wid Y&k 1 3R v T, T =7t ol € 3R
fog s, W wEa < © fomant Yark ¥ Tl (L+v,T) B
g S, W T Th IR () TI-Fer Ife
F T | AT O TR YaE TH THA f, W
e B,
t,=T

2 0

L L+ vT)
1
TG 0T, T Hd (n+1) A - Forer 3cafsia e
T S Yerek A% o 99 ¢, W wEET | S9 T TR
S H TR B,

L T
t, =nT , LrnnTo)

n+l 0
3d: 99 3TaUA

(L + nwT,) L
v v

{nT0 +

H Yersh 1 GG n -TIER fFar € qe Jerek q
1 e T+ f{U SgaR Renre e @

+
T= {nTo » LT 10To) £}/n
1) 1]

v. T,
=T, + s°0
0 5]
US

=Ty 1+7 (15.49)

I (15.49) 1 &H g o Ta § ot for@ Tehd

g 19f% v, 9% afa & S W T Y A % fm

H eF W At 7 ] 9o v Yk gl @ S Wi ok

Tfasiiel g9 W ®, 9 Sfera e,

Vv =Vo (1+”—SJ_1 (15.50)
5]

FfE T = 0 T o H Wi 1 =l v_H HA HH

%a’rﬁwm&”ﬁ@mﬁtwaﬂﬁﬁqw,

TR0 (15.50) 1 Giehed: 20 YHR @ g4 &,

v=vo(l—%sj (15.51)
I Hid Y&k T S 3 @Il A v, F (-v)

Y yfaeenfyd 0 W EF U9 © :

v=vo[l+%sj (15.52)

3Fd: S H1E el Wi fRe Yereh 9T S @
T 39 feafd &1 gan o 59 9% fod W o, Yae
TeNTehd W ST A9l &1 ST9 Wi SUh! SR <ol
2 78 a0l i g fusk Aaa 2

15.8.2 UeTeh TTaviter; Hia ferw

e 39 fearfa o, St Yafeh Hid 1 AR v, =1 @ TEE
B, qen grd forrg H &, S oz & sJea— &
o fou 9 X @71 9 A1 &1 31 | §H Tiaeid Yaieh
o 739 % o sl S | 3 fader e T qen Yarn
A v, ¥ THIG 3T T q T o HHY S F =
v, + 02 | el ufifeafa § St &0 stommEn T o s
1 39 uRfeerfd § o ST9H W ew 7€ U § R ued
T IR qeN (n+1) & T TR o Yarw %k TgAH
o oY T AW TH YR e kel S Hehall €,
nueTy

the1-4 = nTo_U+ v
o

31d:, Y&k g YT T 940 HT 3Td i

T=To[1— 2o ]
Uy +U

-1
=T, [1+ ”—Oj
1]

g o T W W 3H YR e Y Hehd ©,

12
v= vo[l+7°j (15.53)
Vo o
afg " 1 AE FH T, T SR o e o

BT, =8 YeTeh TITd SR 31ere Hid , SFifeh THIeR Lol (15.53)
el gf=ihe ey (15.51) §OF © |
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15.8.3 EId 94T YTk T a9t &
379 B STl Y1e o feTT, Wid a2 Yaieh g1 okl Tfasiiet

TR SATIeh F5ieh Fd il | T8l i aE 89 J&Th
o Gid +t fen &1 e feen wE) 9 s fos
15.18 &1 wifd Wi q F&fh HA: v, T v, o §
Tfefiet €, 71 W9 ¢= 0 R Y&i O, T 91 &id S, (0)
1 9% AR €1 WieAH o Griel ReR Th Uk <@l @
o B 3 v, ST v TR 371 1t T, 1 7T Seafom
HA Bl t=0 W & Fd TEe w R s
FIA F IH T YEH O, HI WA S, WU LT |
379 Sffeh Y&k TRt €, SHfET qT 1 Yareh o Ta

V,—> L, —>
0O, 10, S 1S,

I I

I I

I I

| |

I I

I I

I I

I I

I I

| |

| |

I I

I I

I 1

I I

I |

I I
<—>! —
VT, : LT, :

| |

o7 15.18 v, 51 g TiEH Jeie v, =el 9 TiEr gl
T t= 0 R 3 &1 sTafeefaat wHe1: O, ao
S, & 574 @iq saf7 (et aream & arder 3
v &) P TEE RIT-RTER AT FA &1 TH
&rerd wh1ed @ a5 (t=T,) ) 9&7 v, T, 30 T
O, R o1 9id v, T, T FeTah S, T T St
8, 5 Fiq ST aT- R Ieafda w8

A (v +v,) § | I e TI-TER Yarh W HEA
t, =L/(v+v,) R EHA € | 99 ¢ =T, T Y&k a0
a3 8 e @ fefaEl wEe: 0, e S, W
TEd W § | Uk qen Eid o S 1 T gh,
0,S, =L+ (v,-v)/T,] & | S, W &d T TT- TR
IR T I B | I8 TR Jareh 7 T t, W
g & TS 39 YR ek TR S Wehel €,

t,=T,+ [L - (US— UO]TO]/(U + vo)

T n T, W, BT (n+ 1) - Forex 3efea w2 3ar
T S WG ¢, R Uk W e ¢ 5 39 YRR e
T T,

ther = NT, + [L— 1 (U + DYT)] /(U + V)

Id: W A, (¢, , - 0)

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

T Yareh n aT-Rrer fiFdn & o Yareh a1 STrederTa
T & & 59 39 g9y g0 e fwan 5 =

T - TO(HMJ
v+ U,

- To[ DFYs J (15.54)
v+ U,

3Tgfcd o6 9&1 § Yo gRI UfaTa eTgfd o1 39 YR e
FGFA T,

vy | V1Yo
ol D+ v, (15.55)

S 5 et Tl T e 2F R e &
Teh Hige i 981 §1 W o o8 Yeret % g g
I T G Y At g ?1 9% @ engfa gat?
T G 3R etk ST €1 SHE a7 =l @ § 314 Mg
T 1S 3 TET ST SR AT =t Wrehfereh sgta g
S G S T @1 2| AR 3o 1 TRl o e @sl
IS YeTsh UTehfdeh STgfa © siferek sTgfd e &am sa
TS SUHT AT el € 3R HH A e HLm e
el SHE R @)

2 § o 509 etk § Wid &1 f9n & A
faem et 81 sufe af% Yersh Wi kT I W @I R Al
v, 1 A HFICE © Sk A1 98 [a S | g S @
B @ v, B A HOEF T I SR A S Faw O
YR W@ E A v, B AR GEEF § S AR TR
O &1 3R 31 @1 2 v, F TH FHUMES 1 Fid g1
IS eat |eft fegmedi o oA Lt |1 39 wat
S T Yersh hT SR A © SUH! € I Tgfad e
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TR YA oF STIEART
T fauel i gl o, SR Y9 oh ROl S ol S T IUAN, WA, Sty o,
Tt 9 faferer &5 & fyoel o1 o Ao o fow fohen Smar @1 SEeRT ST Yo g8 Siten
o fau ot et @ fop g e fadm @ stfuss wfg | @ @ e s @

A g w1 eat a1 fogd e a1 Tfeae fuve w5t iR 9N S ?1 Sl BvH
R, fuve gR1 WEfdd @ @ FHeh TART AP FG HT S 1T A SAGRE Hh1 AR SR
Tereermom et 2

BATE SISl W IYAMI o AN oh fow, ¥ H 913 9l o 9= o fau 39 fafy &1 s9am
feren St B1 @il AifdeRifag Rl o1 oFT WA o fIT gEeRT START i €

ST AN 25T TEAl SR YRR & fafe= o § T YA 1 7599 & o U SqehT STAM
T T FET o TUEE T H1 SN B € AR WH FeeR W H AR el S €1 qaeat
T oA o IR qowl el & SN T © e Weiad 8l Sl § 9l T i T IR g5d o
T % WA & o ¥ TR IS F S, T g % e e o w1 e 9

TEfdd TN | S e S @S9 geRIeRIT ST el S 2l

21 = SR yIF feofaal o Yaer o e et &
T (v + vy Bl 71

> 3GTEYUT 15.7 : hls Tohe 200 m s 1A |
fepedl wtear &1 IR e © 1 TR o Tw e
1000 Hz S o1 0T ScafSa idl & | 39 =i
FT FT AN AT R TEA HT Yfaeafi o w9 §
AMqY Tehe 1 AR A 8 a1 € | (a), e
5 SYfaa a1 &1 TEfd, a1 (b)), Tere g1
e wfatt 51 sTgh TR o T |

Ze7 : (a) 39 99 | Yereh feer € qen ©id Uetsh
3R 200 m s ' = @ el €, it g8 o, eaf
a7 (= 330 ms) % WY AT € d: TH T8I
THIHT (15.50) 1 SYFIT 4T 1 fof Tf-iehe Tt
(15.51) =TI 78l SFifer G feer @1e 1 3 =t W@
T v, % TIM R (~v) Tiaeenfad HET) 58 TR THiemw
(15.50) §

-1
1%
v = vo[l——sj
1%

200 ms!)
330 ms™

= 1000 Hz x (1—

= 2540 Hz
(b) el T8 We ¥ 79 @1ed §ia ¢ (i 7 gfqeaf
T HIq 8) q0 Johe T GYAF 79 Th GY=FH 72l
Yereh (TR 78 T f F@R) 7 1 91@: 0, =0T
v, T UM A 71 379 T (&) GRS eafT
1 g v S foh @18 g0 eraeg eTgfa € | 78l &w
HId 1 et S v, 1 STHN TET T Hehl | 37z Yohe
T T2 wgEE g REE # W e

v+U
V= v 0
v

200 ms'+ 330m s!
300m s

= 2540 Hz X (

=4080 Hz
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11.

403

HRTIT

7k @ seaeash el ¥ fomdE @ "ehdl € 9o 3 = & vfa o el gr ofmtnd e id €
aggee il 4 A% Bt § o WeAm oh HU 9O GeRUl 1 fen % oo e w €
sgeed @ 3 A B 2 O W o v a el & R % Sefew qeM & § |
FHt @R € T el @ S HieAn o U fog 9 g fag 9% T et €
oI x-Taen o HERa SHesh a0 1 (R 3 YR o fehal Sl 2-

Y (x t) = a sin (lkx- ot + ¢)
T&T a T HT AEM, ko HIVE T T, 0 IO TGN, (kox— ot + ¢) Fell, TN ¢ Fell- i 12T
RS Fell R R |
fopell gl @ 1 weEd A, Su Tl U8 S HAnE fageti o st i g oh SeR B oW femed
&0 T THE hell § B ¢ | STITH T o T g% X A fedel steren weuRi o ot T g o
% IR e |
frel 91 o SaderT T 1 39 HHI g uRwid fean St © foed wiemw %1 8 stedd U U
e qul I © | T8 AT I HIUN G o W TH FHR Herd el ©

2

®
fopelt o 1 Smghy v Bl 1/T & &9 | uRwifyd feran Stran & qen gt o shivig smgt o Frefotad
ey B €

T

forelt it St W SgFET R HT =eT 39 S o Ui W fwia et € | Ak ford o A e TR
A SR 1 Wah SoHEE S @ A SH S W STIE qll i W,

T
V= [—

U
eafy a7 seed A o et € S S, ol qen e W e T geRdt © | AR fRe wem @ s
YA Uk B 4 S p € dl S® AW W oAl al i we

B
v=_[|—
Yo,
g H B H IFeEd qll HI =
Y
v= [—
Yo,
fordt 1@ o, fF B =P, @@: @i %1 =
oo [P
Yo,

7l y @ 1 Q) fafere oS w1 S (y= C,/C). p W F HAE Ao P W H @ E

12. S < =1 3ifes a0 fre Hieam § U Wy T R ©, 99 HIsAH o TRl sTedd w1 faver goie

2019-20



404

13.

14.

15.

T ToReTo] 1 SSFIOTAE A B © | IH aUh o STEIRITY @7 f4gid Fed © |

y:ifi (x —vt)

i=1
Th & S W T FI I AR T ARV ok f9g7q o STIER her e fRaw gr safaawon
1 IRER R el © | A% GHM AW a qel 9EF g diefl W whell § hell-Edish ¢ % 3
ol q q Tk € fRen W iaHe ® Sk sAfaehl 1 gRUTH Tk Ushel a0 gt & forgent egha off
Ik WHM et ®

y(x,t)={2a cos%¢}sin(kx- ot +% ¢j

Ifg ¢ = 0 @1l 27 1 YUlieh O & A a0 TheH WHH Hell § Bl € a1 SAshol Fa g §; A
¢ =n e nifeTm & fomm PN @ d W e fauda weret o g € qun sAfaeno feeh
B e

forelt st o 1 TRl g UREE steen ST fR TR e Hell-SohHul o W19 el €, Wy e gelt
REm W FE e o fRet shen-ufedd o e © |

fipet sTafa @ % faw
y, (x, §) = a sin (kx- o)
3g Ui ¥ wafda @0 & fag
y, (x, t) = - asin (kx + ot)
Yefl afEm § waEfda @@ o faw
y, (x, ) = asin (kx + of)

forqdia feemed o wfoeia < Geg Ul & AfGHT ¥ ST @6 SO B © | 91 i W afEg arfra
T T 3O ST 9 F T YRR e fRA Sl @

Yy (x, ) = [2 a sin k] cos ot

Y TN T Tk AT Te ® R T g fowere w1 ffved sraftfiat iR fredg wed € den
SAferchem foeenm 1 fafeed srfeafaal 5= Tog Fed &, e © | < AT FTode) steram <1 shAmTd Jeust

o ote w g E R
L @ & afa el S gl foll W ufeg @, frefafad gl @ w e wd © o

5]
V=n— n=1,2,3....
2L

Tl v T HT S W TEA HI A | T GaY W W gl i 9 e o kU St <o i
Jar= faurd wed @ | feam ergfa @ <o @ faen gor faer sieen gem qonghi wedrd © 1 n=2
1 o faen i Gdlg qorgfy wed €, 3R $& YR %A a5 S € |

L @ 1 g oft forgent weh fow o den sow faw gon @1, 99 ag-wiem, Frefafea s @ s
H ?

V_(ml)i
2 oL n=0,1, 2, 3....
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IR Hew g Frefid SgfeEl 1 92 39 YR o e o SieH 1 FEEg e B € | 39 Hay gr
n=0 % fo o frem smfa U ¥, S 3 SR o Fr h ge o stven wem e @ €

16. 3 fdl @ e L & &t aifid S oterel T fR @ 9] a0 R R W e etern g R W
o ag-hier 57 fraa emafal § o % € 3= o fael &1 game faud #ed € 1 o 9 v
aMefa @ 1 IR gl B R |

17. 993 q@ 3o91 810 € W9 9gd A SR FT A ST v a9 v, H T TH W wgaq w1 S §) faee
g 38 YR oA 1 S €,

vbeat = vl ~ v2

18. TeAY o el AT G (S) 1al Yersh O AU I 1 A o HRO fomddt T w1 9ferd smafa o afteds
B SR FUE hEedl ¢l s % fore I st 1 eaft Wi w1 el v, % i § e feRen S @

1 U+,
U+ Uy

& v WA W A FY A, v, WEH % e Ue w1 A 9o v, WEA o | oS A
21 3@ A H ST Hd WHA, OS I fEen H A7 wrenss AR fauda fgen # o fow s

_--__
[L]

T & &0 W GYH Hedl o S HaNd
feigatl o o= =1 O
H=Rol Tadis k [L'] m’! =2—:
T = v [LT] m s V= DA
fereds gt Vooar [T] o' T fiehe il =t steamifua au
HT Al w1 TR
fa=mmoia fau

1. o et Aregm # G g7 i M @l R | ved 9rg # At a9 = et | ved W s e
U T I o o1 i T GiAferd eidt @ | et qw o a1 1wl 1 wdiied qen faver afmfa
Rl

2. T H TH WA W TR TN q% Fell wAiaRa e € 7 7R g |

3. Tt =it @ o, Megm o fehead et W o StE TR (YE 9§ 31d qoh) TARY Fal oh
T oh RO Sl TN B © |

4. STIFE AW 1 GERUI Sheet ST WIeAW W T Hehdl © TSH STUEYU YeATE UMk @, Sereoned
39 | eed N 1 STFA WAl Ulh sl SAEvIshdl Bl ®, 3fd: A a¢l |l weAmi-g,
%A a1 T F Gua el § |

5. € T agfd F fFE W oed T a@ § @ F 1 W 99 e §, wig fRe fig
ﬁaawmwaﬁwﬁfwﬁﬁ%lwmamﬁ%@ﬁﬁmamwmﬁwﬁaﬁwﬁ
A Bl € W ST W e g
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6. fodr wream o form =1 feorfa ot deres o @maer S9 wWiegq o fordt A a1 &1 = (v) e
HIEAH o FARY ql 31 ON (S gerdH Te) R R et @ 1 9 wati-wid & A W fasi
& A |

7. AW ok WU v, 9 ¥ Tiaeia HE Gae & fo gore w9 § @@ d A9 o 9 i el € qen
EEEEIN] viv()%ﬁf%l

15.1

15.2

15.3

15.4

15.5

15.6

15.7

15.8

15.9

ARYE
2.50 kg 49 %1 20 cm @l d1fd SR W 200 N & o1 a6 € | (% 39 S & T f & Srgedt
e fear s @ 3o faey fhay wma § g R 9@ wgem 2
300 m S WHR o vt o fREn 7 geer HAR % SHR W S dleld o g d 2R § | A |y
o e 1 =16l 340 m s ® dl TR o TohTH ki waf HHR o I W R fiRE & ferat X AR gAE
M ? (g=9.8m s?)
12.0 m &« Wil & a1 1 579 2.10 kg ® | R § o feher1 1 =fee aifsh 39 a) W ferelt arqweer
T HT =91 20 °C W I 9 § =9 & = (343 m s1) & SR @ |

el H ST Fleh T HiSC fF ag | A o= =i

(@) T@ R AR 7 wed,

(b) 9 o @Y TG S €, 9

(c) Edl & @Y &g St ¢ ?

A T W © o ek T i W @@ wer y = f (x, §) 5N feua i et © R e xoden ¢
W x- vt AN x + vt A y = f(x+ o) FASH F TS T TG | FA 3G Fiaew o g 7 2
F= U T y o T el 1 U0 ek U€ waigy foh g fRet W aw o frefuq e g e
(@) (x-vt)?

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

(¢) 1/(x+ vt
T JHEg a1 ¥ 1000 k Hz 9fd &1 wsed wafy scafeld i @ | afE 7 waf sl & g8 ¥ Thudt
?, @ (a) WEda &t qo (b) IRAMHA e i GO A HIGT | 91g a1 el § At w1 wIel HEsl:
340 m s 41 1486 m s © |
ot sroqdrel ® Sasl § TgEU k1 Uq O o foIU qUger ShR T 9A fRA ST 1 39 Sas §
st § weed fhat € e e ft w1 Wl 1.7 kms! @ ? TR 1 WeeM g 4.2 MHz € |
fordl S W AR TIURA O AT H U

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

g fopen wmar @ 1 =Wl x qen y WIAWR W oqen ¢ Yehe ® ® | x 1 ocAs faen od 9 <l ®

(a) o1 I8 WIH q01 € NUel S 2 A% g W o’ # Al 39Ukl Wil qen HeRon i faen @ € 2
(b) T @M ql g @ ?

(c) S o UHY THHI ARFTh Heal F 8 2

(d) 3@ @1 ¥ § ward Ry o die i Een g @ v 2
W9 15.8 W affid @ o felg x =0 cm, 2 cm @1 4 cm o ToIq foeemeT (y) 3R 993 (1) o = %
Tl iU | 37 UThT k1 STTepfa a1 € 2 W, i s1e/en el § @ fohe weqedl o g i o
St T wk fog @ g@ fag w fa= @2
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15.10 W omgfd @@

15.11

15.12

15.13

15.14

15.15

15.16

15.17

Yy (x, 1) =2.0 cos 2n (10 t - 0.0080 x + 0.35)

e x @yl m ® a0 ¢kl s § foran 7 B, o fow 9 < <o fageti o die shetiar feran @ foroh
EiERC i

(a) 4m

(b) 0.5m

(c) 7»3/%

(d) T

Tl R W e fedt @i S W ST ge foReree Wi 39 YR oI feher T @
ylx, §) = 0.06 sin (%ﬂ’f) cos (120 & )

S xqem y ol ma (i s | forn 7@ 2 | sed SR %1 oo 1.5 m ® fSEent wefd 3.0 x 102 kg

? | Frefafad w1 s i

(a) 98 Ho W 90 e Ty o § 9 R el s © 2

(b) THeT = faada fegnati § oA T < W o AR & ®Y H FW U GoH T F AR,
safd dem =re T HIT |

(c) S ¥ T ¥ T |

(i)¥ed 15.11 ¥ affid St WM T o foau sare f6 #=0 Sl & 9@t &g 99@ (a) smafd, (b) e,

(C) 3™ | Hud Hd € 2 AW IW Hl W HIT |

(ii)w% f ¥ 0.375 m R o fag =1 smEm foha 2 2

T foreh g TR (STURY NUel ITREA) o feRered Wi U S Al x @l ¢ oh el fXu T

& | 7g JaEy fh 38 @ S (i) T G B, (i) AT G B (1) T G R off w0 w1 A e

H T

(a) y=2cos (3x sin 10t

b) y=2x—vt

(¢) y=3sin (5x- 0.5t + 4 cos (5x- 0.51)

(d) y=cos xsin t+ cos 2xsin 2t

T gg I o ofg dia dX IO gt fau § 45 Hz ogfd § 94 il € | 3@ AR 1 GoAHM

3.5 x 102 kg q2 @ S99 59 4.0 X 102 kg m™' T | (a) IR W Y O 1 o6t F1 7, qq
(b) aR ® T foRe © 2

T R W gell 3 g R W 9amEE fied @it 1 m a6t Jfaewn, 7 faa esmafa & 9@ (340
Hz &afa =1 @i f59s) & @, v/ Al § 9 Hiad 25.5 cm J96l 79.3 cm 4l € q6 AR
Tl € | FENTSIeN o 9 W o W €Al i =lel i SAehel HITST | HR-YHE i T0F HH Fehd € |
100 cm @&t €id-sg oo e fag W ufag 2 | 30 or<sd %91 &1 g1 o1gfa 2.53 kHz ® | @i
o el = e 2

20 cm @@ % UEY % Th AU S% 2 | 430 Hz 9 & 9id g1 3@ 989 1 sE-d qorgfa faen
IR NI ST 1 St ® 2 g 39 Wiz & <A R el @ dl off 9 g% Uid 39 Uy o w1l SR
UM ? o | wafd w1 = 340 m s @ |
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15.18

15.19

15.20

15.21

15.22

15.23

15.24

15.25

faar &1 < Sifal A den B Tk @ ‘M’ wWR ST @ E qen ot Sgh g o %Rur 6 Hz 3T %
foredg Sea Y @ B | S A 1 aE % SeM W faeg it g seek 3 Hz ® Sl € 1 Ak A W
ot g 324 Hz @ @ B &1 engfa =1 @ 2
T HIY b (e )

(a) Trelt el o & fogenme fede <@ wo6g Biar @ @R foreeres weqe g feds g ¢

(b) eff@ 7 eF W ot TR erediehl &1 ¢, &, gHfa qon R gifyed & od € |

(c) amafed don foar & i w1 gl T g W o T I U S W § 9 R od €
(d) 39 e qe SITEA T YRR 1 G 1 WO HY Hehd € wieh TG W eheel eeed adi

& Huid e wehdt 2, ae

(e) URETt wem § e o WHY TIE 1 KA faHd B Sl 2 |
e WY o 9@ fae W EEt %iE @met wid ag § 400 Hz g w1 € et 2 | (i) W
TR @ Y& o fau @ &t gfa = g S Imel (a) 10 m s 96 ¥ wiTHH Hi IR Tfashiea
2,71 (b) 10 m s 917 ¥ e ¥ S W@ ? 2 (1) A & yheon | eaft it =t a0 € 2 9 9y
Y &9 1 9 340 m s AT |
WA 7€ § @El hig el wid ag § 400 Hz 3gfd st €@t o @ 2 1 aft 10 m s =1 9 a1
Y WY 1 IR GG T84 ol € | WM o wiChH W e TRl Yerh o forg waf sl g, aesd
qq W 1 B 2 0 ue fefd dea: s feufd & wmey @ e 91g wiiq @ den Yee 10 m s 9
Y 1€ ®1 R g W B 2 w9 H &t # Gl 340 m s o Fehd © |

Mfafiaa T

fopedl St W I FIE oG @ 38 YRR oI ki TS ©

y(x, ) =7.5sin (0.0050 x+ 12 t + nt/4)
(@) x=1cmdN t=1s R fFH fog &1 foemm qon e *1 =a 90 ST | 31 I8 =6 a1 Ge1o
1 A o U T 2
(b) St o 3 feigati w1 sraftefa T ity fSer eryee foeemes qen =re Sat €1 € fat x= 1 cm
W feord foig &1 @99 t=2s, 5 A 11 s WE |
g o1 Fs Giftd w05 (Iereeond Het w1 fua’) meem § 99 S @ | (a) 991 39 S H1 wis HvEd
(i) @gfa, (i) TORE, (i) TEROT HT A ? 2 (b) IR WL W1 TR U 20 ke € rerfq A gw
20 s o UYEN UhS % $ A ok foIC ot €, @ Wi gRI Sed= TR 1 g (1/20) Hz 319&1 0.05
Hz®?
8.0 x 103 kg m! s FoamM s &1 fendlt wiall St o1 U T 256 Hz 319t o faga =ifora w@fies
fgust 9 g1 2 | S 1 guu fau et fer Rt o S ToRar gan Rl qon o dore 9 <ur @
W 90 kg o SIE wieeh € | el oren o | oo Sl w1 Sraifyd Y o @ e s 5@
Y et T 1 @ T B € | t= 0 WS % ard fR (fgyst Al f) x = 0 W rgyey fowem
A ® (y=0) T 98 y I S K0 ok A Thasiie € | W % SEE 5.0 cm ® | SF W 3d
TT 1 U H el STIIE fowed y 1 x e toh %o o &9 | faf@u |
frdt Tgst @ oteEg wiE ‘WAR' ™ 40.0 kHz g W WHeE Ll @1 RS I-UAgsst
360 km h'! =Id ¥ 36 WFR & iR T et 81 wgsh O wefda s w5 ergth s 82 S § s w
= 1450 m s T |
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15.26 9T Yeal o 9fiel a0 Sea hed § | el ok farodia, ges eruee (S) qen Sreed (P) S YRR i A
w1 IR F Gl B 1 S AN KT RS WSl TR 4.0 km s, 91 P AW 1 giaed = e
8.0 km s € | HE YhHy-o@l el Ty H1 P a1 S N hl e & € | W@l P wgedt S
T R qer H 4 e wed e @ | U8 WG gU o a0l e Y@ § e il 2 98 i ity R
qhY Hfed € ol TE T g F R

15.27 & 99MEs fHd T § wewen g WA A SO H gU 3¢ W ¢ | WA Wy SEEs gr
Scafsld TIsed et 1 g 40 kHz ® | el €ear 1 iR dien g giagl ARd 999 IEIEE 1 w
w1 #1 = ®1 0.03 T ® | THRE N GA T aR § WEfdd st i egha @ @ 2
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