stz 12

e

(Sound)

B9 wfafe fafe= dial; S—amel, afem,
wfea, weiei, aresi, fafasm, et enfc =t
it Ad €1 a1 Sl 1 T ®Y € S eAR
M H HAU HT Goled Scq= Ll Bl Tl ok
I w9 W T SR e, S S,
THTT Sell AT | fIoet teamn o oy =t
Sl ShT ST H ok &1 ST el TL&T0T
% 9 W T B Sk STTHR Y Sl i A
Tl ST Y TWehd € 3R 7 & STehT former e
THhd 21 3T T o Th T W ®7 H
wOIAd Y Fehd B S& ST qreil aod §
waf SO B 1 R M9 (O Sl el
ST forT fomn waft 3o X Tehd &2 st
3T T oF AU MU e o fhE &9 &
ST fRA? 39 A | g9 WEh fF st
o I Bl © 3R frdt wiem | g% fhy
TR GARd Bhl 8AR &M g USU i

St 2l
12.1 &9 HT IS

22270 ) X ]

o UH Wi fge ofifSu eiR sueRt fand
9T ] Th WS & U W AR X 39
hiqd T

o TH M HM % GHY AR

o TN Y HE A GA U €7 huAM
@R T &1 T ST &I A ATl
Y Tyl HIS IR 9+ g9 ST
ol o5 @ siften)

faa 12.1: %997 @RA 39S @ea! g5 290 29

39 T o A A TF BRI wfiEE
HI TS I Toh GF HI TEEd 9 e
MR W AehZY (Teh ol g2 3R emm
oHfSTEl 4 o T R W T T sy
3R GE 1 FEEd W Hnl i i § TRE) |
Teel ShUH | i U WA 5 *1 Tk
e ¥ 7ig 1 wet Fifee) R &9 &
3T WA fgqs &1 T 91 § 7 &I
et Fifse (e 12.1)1

gy w1 T 2?7 SR i % @iy
feram-foret hifSTT iR gHT srereenati o
R FI AR HH T G hifog|

NNNN

F1 7 I T PG g

127 =75 ) n2

T i a1 fa™ & W d% a9
ARU) FTHE WA f59S 1 T s &l
fost 12.2 # J9IfT STHER Ut &1 g 9
w9 WY



o @ fud 12.3 H 39T SATER A @A
T89S &1 T qSeH 1 9 H gasul

o <fEu for < seEenet | o g 22

o o iR % WY foer-famst i
for T = w22

fad 12.2: &997 @RA G H1 TH Y1 IHT H1
g @l W99 XA gT

J;L SHaE w@ie gy

3
I —

ferT 12.3: F9am @Ra Gy &1 g yod o 5
g &

SRR TeRamehardl | 319 o= fesnd ferTerd
&2 9 oy Tt shuAm owg o for eafd
3T L TFhd o7

IToh ATh-qgall oh Shidd B o HIRUT I
Bl 1 5@ 2 Ul ST U@ ] HSHSM @
Al S MY HIE AT GAd €2 A S W
g fo weEl FEfEE &1 st oy s
FTA 2?7 Th DY gU WS o Do B o9 o
¥ G T Bed W T8 HUAT il € 30
s ST w21 ARG IO weft v Tl

foran @t 38 HIY I T g2 @e o sodl
o HYFl ! <ET
722 270 o) 23

o fafe= am o5 #) gEh SR SR e
=i o iy faem-faust sifse f& wafq
I T oh foTq g7 o I B BE-H
AT FYT L 2

12.2 «afq Rl HouT

B0 WA € T waf oo et g2 gt g
3 B ¢ 3o A1 gared e g e
T Bt €, WA FEa g1 9% 3, 59
I T B GhAl 71 G ¥ S gl e
g ol 7o fRd Jrem @ gie) wgedl @)
S hIE T HUA B § A TE 10 AR
3R fo=ME AeAq & O ! HIEH FT Il
Bl A FU HUEH 9% ¥ TAR HH dh

@ fa w T TEEdl Te9 Ued ShUHM
%] oh ek H @A alel HisAq o Ul STIH

319 & afvla fRameRedl ® 7 w@Re
59 ¥ oTemd g1 e 37 @il 89 fafv=
FEel § HuU R, G N, T8 W, 99
T AN ST et e Iea Y TR

gqfera eraeen o fowenfyd =@ €1 3 o
g % FUN W TF oA oA 21 forEes
oy fTehead U1 19T formmaEen §

fereenfud 81 Sd 81 Fekeerd! ol =1 forenfya

HERRERETEIR: B TG v e
H HIAA FW & IR A ST B T
F7 &1 21 g © R a%g w1 o °
TR-TR $ER-IE TG HEAT T | Areheait

180

Y o qYE IR T STOHT ol STaeenati
T 9o die T ®1 HeAw o T ufhar qd
% Joidt Wl © S qF TR eaf eraeh sl
ek el T Sl |1 WeEm W Al gR Sea

faar



T AT Teh UehIST &6sl ohl S[e il Hehell 27

T fea &1 fesan <fifSu) s5er I Fal 1 e X T @iEel ded a1 S| T TR
AT SHh! 39 YRR He foh SHR! Tk fEioe o9 Ul 39 foe ol ©i" & fesd o
T ol fR & SR IH A0 TR o IR 3R Tk W T Doall due T FHde 9T
1 Th Bl Thel AT TYT o 3H ThE I TME Pl HeFdl ¥ TR 9 39 YR FHushE
o 3T IUFIR a8 FW F 3R 8 Tk ol (feete) @ 3T aret YhTeT i YU W TS
T T o 9T YT T el AR W gl €, S & o 124 ¥ <@ wen
Bl fesd o gt 9w o WY & 9@ HifSe @ Foeeisy 8k aR W Y19 o s Wi e
gU If@U 39H Al § YT oF ¥ed o A9 oh RO o R H ==l whife|

ferT 12.4: 5%/ Qid 9 37 a1 T T Yo s W ARE Sl @1 WElid 9ehr aR % AR 6T &

faeftsy (WIeA9 o U1 AY) WeAw 9 g gel
T B €l

3=9 €@ H &9 I99 ol 2 W &F Bl
qiied () Fed & (o3 12.5)1 I8 wdeq

T T fasiy & S T "emw 9 gl
Tfq Tl & S WEAH oF Ul AeRead! ol
H fq S T 2 €1 3 HO S YRR I

FUAH ] W P AW HI AR MG HL
e SO a5 N 1 R YT I ® dl
T 7 @ 1 &5 S B © o e (R)

T 31 U | ScI= HI &1 WEAH oh ]
@E o 7l 9ed, dferd fasiy o 9 S
2| fordt oo o eafq o G=R0T o GHI S
T & B 2 sEfeT s B W 6 w9 H
ST ST Fehel B1 eaf a0 HILAH o KO i
FHEAd Bl

M o Ul o fou a9y el st
AT eAT €| S hig hUAM o] ST i
3R U I § A ST WEHA I A h
] SRy Haifed il 8 3R 39 YR Teh

&t

Fed & (a3 12.5)1 W9 o°"g +7 Hdl

fad 12.5: F90M %] gl @rem 4 gdied (C) aen
faRe (R) #T 491t 3697 #Xd §T

181




rerfa et SR dis Ash o Tifg et € A 9
¥ giteq 3R fate™ 1 Th 9ol 99 St 2l
e 9 g FEid el 21 e S g«
1 &5 ¢ IR foer =1 <@ @1 &7 21 T
fordt wem o fSU gU oas ® &l Wi
Hem § efud @1 Tt mwmeam o s
AAfersh T eIk e I SR FH T FH
T ! <M1 €1 T FehR eaf o1 G0l S
qfierde oF HeROT oF ®q § 9 <@ S Hehdl €

1. o4t aregg 9 eaf7 grR ST a8y
Y FHMAE d% Hd G 87

12.2.1 &7 Heror o faw wremw wt

JMEYIhar Bl 2

@t Tw I T 8 IR THh R0 ok
fau ferdt mmeem; SR—arg, <, €It g &1
AETIHd Bt 81 e fafa § gt &l =
Tendtl 39 = v g wefRia feam S
Gehll

v T faga 98 iR uw wE #
%S dSR Sifa| foga wiet il seeR |
RIS ST <kl fo 12.6 Rt wifd Teh feiia
T 9 Sifeu) = o o= &l TaM W 3T ITh!
&5 ol G Fehd €1 79 feliq 9 ol =gy S
ISR HT A -G SR Frehert §, =
s il 8 S ® Tl o ved S €
TR yarfed & W 31 F8 99d 9
S SR H 9gd HH 9 ® Wi @ dd
A =g i eaft A wedl @1 Afg
ISR I gAE 9rg e & S oar
B2 91 q9 oft 379 Wl i eafq g wrdn?

182

I .
II— frafa weg

faT 12.6: fAafa 4 <af7 &1 g=Ror 781 & gl
T8 391 & 7T STk T F9T

1. 379 faenerd &1 921, &y &4 3=

Fd 87

3. HMH AT 379 3797 77 & Gre 959
W T §U &1 M AT A9 A 5
39 &7 & g7 qEi?

12.2.2 AT T el @ §
22 ere ) 24

. U Tt fifew) ew fiat & oA
12.7 (a) ¥ 3T STER Eifaw| o7+ i
F1 R Al & Tk dIg @2 3

o 3 N @A 22 AME Y A Ty W
Tt & TR AM-9e a-a) 9
¥Rl o4 3N Wiwd @, a 9
ET?

N

R C R CR CR C
(b)

fers 12.7: it 9 srgeed @



Ifg o9 feds! | T foed o 2, 4
39 @ o fdent @ faga fasy
o Heul i e o FHia - T1fd
FI 2l

39 &5 i w8l fecishl i Srefeai ag-u
A S Hdred (0) SS9 & Wl SEl
Feferdl R & I & foRe™ (R) Fed €
MM W4 € fop forel mmeem o eafy wdiel
e foel o &9 § Heia Bl 1 3T 31
et fciept ¥ fastiy o Hexor qen et
e o faefis i qa T Heahd g1 A adl
I T wEard €1 3 T A A
FHoli o1 fazer s faeiy o Hexor &1 foen &
gUicR Bl B U1 U TE ¥ TR TH q6
A & Hd AfRA STuer fau stewenm W@
IAM-ND o W &1 Ik 3 ThR eAfd
a0l gufig et €, orqua At @ et
B

g g il oh 3T0H B9 ¥ dehe R
F M-ND kT 7 I U1 Tt al
ot efTueh! feciert § T 9= Bl fe@ms <
T T Y HU qT HeROr R H wE T
I TR T o T hi UM o6 cAeferq 31O
fom 7o o FR— 9 H 2| 36 FhR
T T BT ST T Fad 2| 39 TohR ST
W o q § T HeEm o vl S e
efial @ T o TR0 T e o deeq
F §l ST ST 41 o SR H 31 SHh
el heniatl o T S| Yentr ot SR R B
fohg YepTeT o 3ot e o KU A1 39 | Al
Tl o el BRI VRt < AR a2l
12.2.3 &t O ok TfereruT
forelt eat ot ok fefeiaa stfeerero 8 @

&t

SIEIN
G IpIE

o T

e T WHE ®9 H 5 12.8(0)
fe@mn = €, s yefiia s ® foh s et
T Tl memm o g et @ o den
Td | oy fEds B g1 et Tafvea o
T IR 1 Tcd ql <6 SHl &1 $oh STEd
M ¥ SR IR A= 0 & oy ufafdd g
21 fa 12.8(a) 92 12.8(b) eRRfd w7 T
Sa g a0 o 4 g9id gt @ dl s
qq < A P IAN-TeE B &

e o &3 € SEl ol YH-urd 37 =
2, 5% 9% o U0 9 ¥ fe@rn w @ e
12.8 (0)] | f3mer Afeerdw gdied o &5 ol
yefdfd Yd 21 39 YR Hdied |98 &9 § S8l
T ql <@ g € e Bid ®1 faer
71 <@ o &7 € ST 1 - B A §
AN 3% U ¥ weffd w@ T = 9%
o 1= 9 9 femmen w0 [ 12,801 e
1 T T ST q W B TG HET Sl S

T AN HreHl (C) 21an < AT ke
(R) o o9 &1 T T el g1 qree
I N o (Weh &R oirer) 9§ Treiq
r°h¢|| STl %| gHhl SI HIAh Hﬁld{ (m)%l

eI TSleh Bt 1 STH
22 HEH 1857 1 B,
ST ga 3R SehT T
il favafoemea # g3l
- S=iH SH. Aeed &
F welew 5l forageehia fagia i wam
BN gt 1| 3= e, feaw, fermms
qenn fafosy o off vfas o faewm &t
el it 38 YehTeT-forgd u«ma sl ot
QS i STt a8 § STeae STgHerRd
AT hil SMGMd o SI A 1 M
3ok IHE § @l T

183




forT 12.8: 97 12.8 (a) 97 12.8 (b) # @@ 741 & fo eaf7 5cd 41 G4 & SaR-=grd & &9 § Gard
gldt 81 9 12.8 (¢) § =Hca a1 519 & SAR-9gd &l WHid &9 4 §ei¥fd far 71 gl

A ¥ T I@ B € fF FE TN
fepal Sleal-Sedl Wfed el g1 A eliferg
a9 fordlt et i de-tdie #= oo W/ §1 e
oA F TH GFe ¥ faadl ar ded § 9%
IMUeh g @il i died sl g 21 8W
S © T W9 eaft et mem o wefa
Bl € o AIeTm b1 e Tt erfreha qen
a9 WA % S a9gadl ¢l S wh
Afushad AF | =JAaH T de IRedT ¥ 3K
TH: AfHTH AH TF M W TH o I
gl 81 Tehih GHF H 39 el &1 el T
s @ H AR wEar B A€ g9 dfa
Thish T9F H 394 U 9 TeRA el guredt

qen fore i &1 W& &I MUAT Rl SHAI

(e 1eR, =) ¥ weffd fean < 2
THT SI AEF €A (hertz, Tl Hz) B

T AT HdieAl a1 & AN faie i &
ot ffvea fog @ o o o 99F &1 @
1 3o Il HEd &1 39 e Fehd & fh
HiezH | T oh Uk §qUl alerd | T
THg waf T 1 3Aed el wEd ¢l 39
73R ¥ Teftd %d &1 SHehT SIHEeh Hehs
() B STaf qen 3Mead el o sre Goel bl
=1 oK oFed fohan ST Hehell ®

1

T
TH YN Th So=d did &l o+ 9 8o

@ B f e fig @ e o §

A T 1 SR A1 BT S| T =

184

Hited qen ferem &1 3tfush S Tt 2

faar



frel oTehw (ImEER) ® aEfed qen
G T @ AT a0 W Gehdr €1 <
sl Tk & W (a) ¥ wert § S8R
BUR HHl q% TH & THT W T g1 <A
& Hdl w1 et T g ue @ wer
Afehe i eafal & Te i € o fg-fa=
F1 U eaf @ S fafa= sifereron o o
2 N T W T AT 2

fordt 3cafsia st &1 egfa =i afass
fhE YRR TYE Fdl €, SH R Fed &
frdl & 1 S foa s 9@ g w,

fdt meem o o feafa & 90 @R
rferenae faeliss o1 o 1 9™ hed &1 39
TR 38R A 9 Trefud foran San 81 S
for o1 12.8(c) o fe@mn o @1 waft & fog
TYHT A S IT Tcd hl HIEh BN &af
T Jaerd 1Al gl Heoid: SHeh STEM H
@ & S B A€ T Rl A W« W
9 7R, @ TH T g3 At g 0 il
B HH Sl I A a0 SO i Bl A
TH AT W IR W A OR O ¥4 Yo eaf
A M A MY TEHRT HROT ol Feohd 8?2

g Sat € etfuk Bt & 3T SHeRT R
off s1fersk e 21 3Ht YRR o eafq 1 drRe

et eAf s SO q% =t Ghdl € Fifh
Te faek o 9 G B ScARe @i 9

%Y Bl © SEH! oAghd i wH el @ S
f fo 12,9 & Twifan o 2

fafer= ereRR e sehfa =t a&qu fafy=
Al o WU HUT HA ¢ SR fata=

dRcd &1 A 3= & B

a1
et

A
A A

=7 arRe F1 a7 BT w/T

T
faeqrer

AN AL
AVATATATAVATATR

3= aGRed &1 &7 HT T

farg 12.9: 77 GRe #1 &af7 &1 sgfa 7 ae
3=F AR I e Hl G AfeE
gidt &

fehet o YT At T el S €1 Eid
¥ R TH W THHT AW J Y S &l
%9 B4 wd 21 T 12.10 | §AE g i
Yol A G &9 i T ARl ISRl
T 2

I faety

LA AL A\ e
VAR

ggeafy

1A N N
IRVAVA

ferT 12.10: 93 eaf+ &7 3799 %4 8idl & 991 yael
SHfT T A A gl &

185




e i I UM (timbre) o€ 3TfHI&T00
2 S Y WHM e qe Yool i & eatal
T 3R HE H TR w81 Thd e
1 @ H 2 FEd 81 I gl ok
g | 3= A @R (note) Fed © 3R
T g H gEs Bl 21 IR (noise) HUIMGA
T B wEfe Giid g W gEs el § |

o
1. @ #H -G U frEfafEd &
frifRa @<dr &7 (a) Feferdl, (b) ARe|
2. STHIT @ET foh fre 7 @ 9 eafq
&7 aRed 3w 82(a) fRR (b)) FR
HT §HI
T o fed fog o9 e Hited W
foRe™ g1 Teish 99F H T &I TE U a7
3T e 2l
B WA ©

o B
BRI

X

gl 4 A HT WA T OAE W G TH
e A (7) W el T B e

S|
5=

V=

S v
a”T=?|T."|é?‘2ffx 3T|§ﬁf

ferelt Tremm o forg T ifaes aitfeorfaat
T g4 1 o gt Agfaai o fog e
frem g 2l

30T 12.1 Tordt waft a1 &t swafa
2 kHz 3R STH! T 35 cm Bl T8

1.5 km 0 =eH | foRa1 999 < fi?

186

EIGH
feam gam %,
A, v = 2 kHz = 2000 Hz

AT | A
=35cm=0.35m

WW%,WQ‘TV

LN o
= WA 3Taf

= 0.35m x 2000 Hz = 700 m/s
T ! 1.5 km §U T L § @ a1el
qHY

tHH 1.5 km 9 & T 2.1 s 9T A

o

1. fod saft @@ F aerE, sTafy, sad
FIT qA HEH A AT 87

2. fordl el w7 BT W a9 g
3Gk a7 G H9 FHR Galed 87

3. f#4l iU g€ Areqw 9w £qfd @
&1 sgfa 220 Hz @7 97 440 m/s
81 39 T BT W BT T HIHTTI

4. fFdt @@ @ 450 m g R F37
g7 HIT T7F 500 Hz #1 &af7 gar
81 &id 4 9957 & Ug d% g arel
3 FAFIT GYie § T GHT 3Tae
g2

forelt THish &FFA W THh Hohe H eRA
ol waf il ! LAt i ol ed e
gy g9 - ‘Yeerar’ qun diear’ Ikl
1 TFE o B H STAN B © R g
a1l U & el B Yereran a1 o faw el ot

faar



Horgsiierar 1 w9 @1 Tefa & e g6
o 1 8 TRl ® R oft 7 Th A T
T 7Y Tk Jaa &A1 oh €9 H g Fohd
2 iifer BAR K 9ok T ifurer Gageitel
gl

1. &afF &1 Yaorar dgr digar § 3
qdisul

12.2.4 Tafsr=r wreamt o &9 &t =

fordt wregm | eafq e fAfvea = @ g=fa@
gidt 1 forelt ver@ =1 dfed oF TS w1 At
GhTYT I TG @R 3 F Fo W AR
g It T zEfaT ew Fw fed fem
Hehd © foh vl &1 =61 9T &1 = 9
gd HH g1 & HI T 3T AEAH & O
T el et @ e 3 w=ia Bt @1 e
T GaY H AT Ied wefel B OH@T|
fordt mrey | eafq ot =Tt @1eTH o A9 W
fasflt et B1 o BW S| W i et S
IR S ® el &1 =l %9 el St 2
fordt off meg ¥ a9 sgM W ea &t =
off sl 81 SN0 o fow o ® eafq i
FMATO0 CY 331 ms!'dAT22 C YL 344 m s
21 @O 12.1 § fafa= wreaet o w fowi
a9 W a1 w) = et ogwEn T R (39
TR 6 W@ H1 AETIHd Tl 1)

25 °C WX & &t <1

aTaeem  uared T m/s )
3 Tt 6420
ket 6040
LA 5960
el 5950
BiG! 4700
Fia (firie) 3980
za S (FHs) 1531
el (A1) 1498
ESEIGH 1207
Heomta 1103
giie) BESISH 1284
HIGRES 965
Y 346
SCRISE] 316
TehY SRAFES 213

A g 9@ &5 e &= & =9 |
Aferh ISt | Ifd HI 79 SH WeATH
oA W oA g kel Sl g1 i,
SIe-AAN SIS U™ TEafeh =l | =i
g1 @ &9 IR Eia et w1 A 9
Afush a<ft @ TIfd et € o 3 9 | g
T A W Tl T TEE a0 H ooga
Afereh il Bt T 39 WhR HT O A
H Hag 9ggE | qRedd ¥ T 9gd o
R Yol el Soq= Bt © o At 9
FEd | TEafTE IFEE U S 39 et
T4 H 3o wen A S B ? fE oaw
fagfeal o witen =i dig Hadl & IR Tel
o o wor & o erfq wgen geRdt 2l

187




1. 91g, 5T 1 dle ° ° fohg Ay
T eafy gad ds wordt 87

12.3 &7 T Uda

fRel 39 o 59 W THAHL A IH THR
I e & S FIE W i 1% R AR
Y THUHT 99 STl &1 Feh1er 1 it eafT
off fordlt 39 o1 59 1 Gde ¥ A Bl @
AT e o I Tl 1 qer Sl @
forenT S1emam oMy oTuet fu=el shemed |
b ¢ Wedsh Tag W GiY MY eAfiretd qen
wJ4 o SMUAT e i oM qen Weda gH
&1 feon o = 51 HI0T 399 | SR B ©
SR F i faemd wk € qa § gt 21 sl
T o qUEdH o folt 918 AR o 3TeRIEH
*1 STEYIHA Bl & S =R s fRy gy

B g

1272 270 o} 2§
o 12.11 = 9 S T S Ry SR
3T 91 YR T TSl ° T U9 o
Hehd 2
B

7 Ajf ﬁa
| Nl

ferT 12.11: a7 &7 gUadT

188

o URY H das TAE g Ael (A TR
I T o SR |

o %= AR o g fed a9 R Eiked
FIT TH IEY *F G R o I TH
wg! A qen g wEgY H AR W HE
Ft waft g @l Hifer wifs

o T e w1 fRafd w39 YRR gEEfd
Fifse 598 fF syt =€t &t s
IS YRR T Y Y GAE A ol

o TA Ul qen Afeia o W= ok I hi
HIfYQ g ek &9 o TaY i @)

o TR IR F URY HI HeR fuon § e
H HEE q% Sery X <fEw @
g &7

12.3.1 Ufaeafq

ot Sfea Wradsr a5 S et sARG stem
TeTg o fiehe afg e Wik ¥ feeemd =1 areh
ST | SATIh! e THT I det eaft e
T GE <t 1 SRl GAE < el 36 et
1 gfqeats wed €1 gAR Afkqsh o eafT i
TASHT T 0.1 Tk ST Well 1 T2 Hfereatfy
T o fau qa = qen wEfda s o
o9 #H 9 FH 0.1s F THF FaUA T
B wifew) afk &w fedt fRu g am, <9
29 C W =911 ! A 344 m/s AF o af =AM
HI ToRIYE Toh S qo TEdT oF 9=
G S qH 0.1s o TYEI Tgadl AMET
31d: S § TEds g qe S ql 9|
3 H =] g} 0 &1 T ol g0 &H 9 FH
(344 m/s) x 0.1 s = 34.4 m B =&Yl 37q:
e gfqeatd G- o fau staues &l e
a9 =Aqd 0 & 5 T w T A 4
it 3Tl S7Alq 17.2 m ST¥F B AT I8
T 91 o 19 % F 9K S @ Hifen qg
o | e % an o ff gfedq g S 2

faar



e oF JINAR Uedd o RO §H Tk
AAfersh gfaeaf@t «ft g < Tehdt 21 1eal o
TSRS i LAl e Tedeh Yol S aeal
Tl g ¥ IRAR T o Hora®d 3cd—

Bt 21

12.3.2 ST
el 91 Bid H 3= 8 arell et el |

SRR YUEd o RO HIBI G qF o
&l © W9 9% T I8 3o %9 T @ W R
IE IR T 7 US| I8 IRIR T e
FRO tafi-fdy g ®, 3TH Sedr @l
fordt I wad A 92 Bl § AR AIOH
A A B| 3O i W HH o forw
[ 9 i Bdl qo IRl W & Taeses
o o€ o e 21 Ee & uel 1 g
ok A SRR O o STHR W o foha
ST B

IETEIOT 12.2 T T vl @St 9™ o
I drell SSiran @ SR 3Rt wfasaft 5
s % WYEI AR I 71 AR et
aA 346 m s ol ST, A FgH qel
T % A g e e

KIGH
Wﬁaﬁw,v=346ms*l
gfqeatt g o foran T =5
W gRI =l T8 gl

=vxt=346ms!'x5s=1730m
5sH M 7 FgH a1 A b o i

T TU qF | AT T qq A
o o %l = 1730 m/2 = 865 m.

1. @I qfaeafi 3s ww=iq G ot 81 4
S & 9T 342 ms & a &ia 7o
ek Gag o a9 fehal g4 gri?

12.3.3 & oF FgA UNEdT oh SUART

1.

TR a1 Aeeeies, 8H, @@ qef
EE oY A 93, G 39 YR S
W © R eafT medt feemett o e fom
e T fae faen # & et 7, S
& o 12.12 & <witan T 2

g

faT 12.12: 9% 814

T A | T el T AN B Gall 9
JiFETHR il 81 98 i 9§ Icq gH
redt eafT T ! dR-9R Wafdd Hich
giqrei AR AWM & e § 9w
@

VU T fafham 93 & s TR
o Y, YEd: TId aA HHEl H,

189




ST B alel s hi g H W
A Bl WeEhg § UM ok TXd Y
¥SH i &, IR-IR TG o HR]
<l & HH sk T © (o 12.13)1

- = \/

"'!ﬂi‘r)) R

M Ve

.\ / \Y .
flizr= -

e 12.13: @Y=y

3. HY2 Bid, e el aen faam gfa
F1 B TR SR ST © e T
e oF UYEld e §id oh 9+t
il o ugw W, S fom fae 12,14 |
Tl T Bl Hf-hoft TR e f-Tg
+ 9 % 6 W@ e s € e
o waf, s@af-9g ¥ Werd & 9vE
TAE ®9 ¥ R A § Tt s (F

12.15)1

T 12. 14: 9T %8 1 dHHR Sd

190

S

A\ 2

\ \
S

forT 12.15: 9 F8lc1 H ITAFT 6T S aren &af7-ug

1. %92 gl %71 =d awFR Fi gl 87

12.4 STHAT R URET

70 gt emgfa 1 waf &t T8 g7 gl
Tl W At @ g w1 URE e
20 Hz 9 20,000 Hz (one Hz = one cycle/s)
T B 19 99 G HH g ok a=d ql
FP Wq S FA 25 kHz I HI AH GH
Gohd 2| -5 Al 1 oy agdl S ©
SR &M Sea-SAgradl o AT &H guRl
B S €1 20 Hz ¥ %4 T i eaf=i ol
A A FEd ¢| IR 79 FAFA LA H
YT U df gH fRd e o Sl i Sl
YRR T U S8 R en e gt vEi ok
Al i G I &1 TR () 5 Hz TR
F1 AgFa HT TEANA A HT ITAN Hh
Teh TfUd Il 1 Bl qe weft erase
st aRER 1 wafEl s i €1 T8 @
T ® R e Wi e ¥ Ted R @ S

faar




g1 by g WeT @ 9 ved e et
# AL A IO HA €, W Hed:
Sigett T WA F A T 20 kHz § TfeH
g F1 LAHAl I TFSA A A qqEAt
Fed T ST, Ieg iR qiuizs e
S Y &1 B U o AN (moths) o
U1 I A U B 71 F W1 TRt
B 3= I=d TG w1 AWl hl A B
g7 GHhd €l SR o IE-Ug 3ed gu
THMEE & aR § S el St @ @) 3|
JhR T ! Uhe WH o 591 U &1 =R o

A A Hlh PO WA Gord &

STEUT WeTaeh for: fS7 AN 1 7 G
A B, S T@ I3 I @ISR Bl &
€ oI W T drell Tk gl g
2| THH TF B9 HEHIHH, Th THRR
9 TR BT €1 WA LA AEGHIHH W
Tedl € df 9% a1 @ i faega Gendl |
TREfG Y I T TRATERER 3 e Sehat
I YA w1 21 A Gehd THR g
wof 1 qUl | gRefad Y Ky s 21 3
25 A T o S T Tafad Bid ©
A AR 1 wa W A Sl 2

1. GE "9 & FHE & oI g
WY FT 87

2. f7= 9 getya srgfadl &1 W #7787
(a) 3TagT i
(b) TrEAT

12.5 WA o STIIANT

TeEtE SeE Mg S qul @1 et
el sl sufeufa ¥ of w fAfded va w
T T Gehdl &1 SEN den fafere o &

&t

¥ et w1 fowga &9 9 Sy fe
Sisi]

o TUAM UA: 3H 9FN I WH HA H

ST 1 St & 5 ok wge R

B §; S—Ffiere el famm een

% USl, SoiaReieh sTaFd omfkl o

TR i WH B BT § IR U

T ael TS oo | W@d ® IR

79 oo o wqeat o 9SS 2

3=d g o HRY, 4d, faehamE qe

Tt o HUT A B A" R

ST €1 39 YR % quidan 9w &l
St 2

o T HT ITAN U o saniehi (fUel)

H T qAq1 3T W T A A ok

fu fan s Gehdl 21 ifcash Seehl

HI I ge-98 WA, o, Tl qe

SRR SYHIUN Rl oM oh Tl ST

H AT ST €1 o7 o sefishl | faeme

TR A g S AR ¥ @k T/ <,

qa A1 I 1 A I A

F0 FI 0 B T @ Ui &

=AF ¥ T (U 1) S E SR

UTYd TN 1 91 A oh foTe, Seg=rehl

1 YA A s 21 Afg efrg-w

Ff W B 7, 9 Teaf q@ wafdd

2 S © S S ST Suferfd s gt
2 (f99 12.16)]
3
Eisfcaicyica
forT 12.16: 707 &g & =0 § {I9gad w9
wrafdd g s &

191




RO et fSen! qUTesd aifeh Bidt €,
TEIHT TAF oh HIVT H TSR WYTH
mge Sl €, sAferT 3| wafd w1 SYanT 39
w1d o fa 2} foven s "

o TEAM TN Rl TEI ok fafe= 9w 9

Tafdd 4 L A T Gt S
ST 1 39 qeheiieh ohl “ gehleheamhl”
(ECG)FE! Sl €|

o TEAM HEEE TH U A E S et

TEN T ST Fleh AHE IR oF
aTafter M 1 fafde W & &
fau & o < S 21 39 qgEs 9
it oF 31T; SH—Tehd, fommeE, v,
TR 37K @1 gfdafae g fohan ST Fehdn
21 7€ GguH I YA I SHEEI,
S forerr den S # werd den fafu=
3 H SEE (PH) I qa1 o H
TRl il B 59 deheieh | weaf
T IER oF Tkl § THT HLAT © a
39 A ¥ YEd 8 St @ Sl
Sk o T | e Bl 81 35k
YT 37 A bl forega Hehdl § gRafad
fean ST ® fSE® fo 59 o &
yfafas o1 fo=n smw) 9 gfafast =i

12.5.1 HHER

HMR (SONAR) ¥1& SOund Navigation And
Ranging@ T Bl GHER T T 'ﬂﬁﬁ g
Sod i@ o feerm Tl =61 <@, fem den =«
o9+ o fau waeaf @@ 1 syan fomen S
21 GHN o % L 27 AR | T Ui
q TH HgFF B € SR 3 Rt A=
Serst | fos 12.17 &1 wifad e s 2l

faa 12.17: 997 )1 9f9q &1 T8 a1 G99 N0
TRV B T TEAA

Yt gty a6 S den Uit e 2
3 90 9 § wordl € qen 995 9 | fis 9

e X yeiifa foran simar @ = frew
W qfga X T S @1 39 den

SHTA oh TYEN] WEhdd Bl GYFeh gN
TR HT A S B | HGEF qeA W

1 STCIHFAIITHT hed B STeSHHIIT]
T TN T T H T KT A= de
3Gk S e de 39kt gfg @
sifafaaetl &1 ud o § fEn
S @1

o  TEAM HT ITAR TR I Bl TR Hl

fagd Hehdl § ok a1 € okt 3o &9 9
S T Al Sl ©1 STl | ealf i = qen
AT oF Y9l qe ARURY o THT Sfava
I AG Heh 39 9 &l U T T0A T 7
gl @ foed waft @ wafda g 81 Am
I qeaft Gehd oF YT qe SATTURT

S FUN B dred o fog o foam s
TR T A F AR F A % WY R
IEETCRIC IS

192

U A ¢ ® qem Gt oA H et @i
I v B 99 Tde § fis w1 gh 2 g

2d=vxt



SWier fafer & wfqeater-9ag wed 2|
AR 1 deh-ieh a1 ITANT THS i @S A
FE qA T@ o A Feerd =g, =,
rgfe, few St (et 9%, g9 gU e
e &l At 9 hid o fau fowan
S 21

S/ fF e 9l fen T ®, =mRS
T YHRR H T S hl WisH o g
Ied 9T qUEA qUi Seafsid shial @ qel
QA o I ST SgE LAl 81 TERg
BRI 3 =9 AR oF UUEA TR STal
I I T EId SRt IHMEE o S dh

wged © (Foa 12.18)1 37 wrafda & )

I 12.3 Teh S Qs ScHfsid
FA € S G5 qd ¥ Wafdd gl
3.42 s % Y GGfad &1 S 21 A
5 5 | 90Ea & 9@ 1531 m/s
B, @ 9% qd ¥ e & fhad 3h
BIM?

YO T AT ok o M T
t=3.42s.

s 9 H WAt S =
v=1531 m/s

T g =elt T <l = 2d

SRl d - "R T e

2d = & Hl WA GHA

= 1531 m/s x 3.42 s = 5236 m
d=5236 m /2 =2618 m

37d: SRS ¥ 9% 9 i 4 2618 m
M 2.62 km €|

1. T YAgsd GHR g Scdfsid Hidt
g, S wHt & R TE @Sl g g
SHIFT 1.02 s & W= A19G Al
gl gl @R uHt F s &t are
1531m/s€?,6?a§77ﬁ§ﬁ3ﬁ
FHIT

e | TGS ! Ul Herdl € o el
FHe FE W 2 AN I® fFE THER F 2
giCaiest Hoforal @ 3R o gdeM 9 |

F1 @1 § e w1 ST R

I
7 .

ferT 12.18: 597" )1 weAl Seqfstad gl &
qur sty 91 &1l R wEfdd
grdl &

12.6 ATFE hUT ohl TI=MAT

B0 Y A0 7?2 oF Uk Afadesl gfe o
%M (1) FEd €, F TeEd ¥ g1 U €
IE FA0 AEfad g ag H BH A @
afterd=il st fagd Sehdl o a<erar @ S g
dfreh 9 20 gu afeas q% wged €1 A
% ®H GN YA hi Ulhd oF U o IR H
T TRl == wA

193




Fof e iR W T delt fareet 2idt 7 59 *of ues

T I %ol qeE foeelt wed € W& weAw %

T Hdted i 128 q Ugud € df el o aet

> T SR M oTedl 9 ¢ Sl & S I8 ol

k( | o mﬁmﬁaﬁiw%wﬁww
o Ugad W HU 92§ Al Hi AR (A HIdl

N 21 39 YR U Y€ U Hidl &1 HEA ol

L e ¥ forermm = sfgal (e, e qen sere

| o (f=t@)] 51 oAl 1 S TA1 o@1 <t B | AeA
e S 01 &g UM | e ot 39 19 9iadHl i
o Alaer Ul qh Fua T d1 2| A

%l § ®Ulad (Cochlea) G @ HREHl
1 foga dehal o aRafda s f&an sman 819

Tl FH ‘H UYoad’ Feddl ¢ AE TR Hokdl 1 gl dfAeRT g1 ATk
qfider ¥ A & THOA Hd © THd O eI S @ 3R ik T sy & w9
e 01 AfethT | ToRdl B1 &0 Afetht & H AR Fdl €l

T 12.19: 979 &9 & 9997 977

$4

waf fafi= aeqefl & hud % % HRUT S Bl 2l

A fhdt geareass Arem | eresd T % ®9 ¥ gafa et 2l
st mem o wAn Gaiel qen foteHi & ®9 H i@ et 2
2 GO H, qreqq oh U1 AT @l 9ed, shad faefiy g gaikd
g 2

et frafa § wafa =&t & gedi

T & SAfushad AH ¥ <Aq9 WH R qA: eifiedd AE W
TRedd ¥ T e I OEA R

98 a9 g0 9 W fRd 7| &1 s A1 @ oTed €9 H
AT A HI TGN Ll 2, i w1 A (1) Feard 2l

T G HIsAH o O oF Tsh 9l Qo H AU T wEE
3Ted A (T) Fed e

194 faar




THish G99 § B oI Sl Sl Fdd G& hi A (v) Hed
. 1

g 7

wof T AT (v), STET (v) 91 aUesd (\) § WY ©, v= Av
w1 1 = J&Id: HARd 8 aiel AEAH i Yehfd 9ol ad W
faedt &t 21

YA ok T oh 2 o SIENR, e o Y el i fae qen
T 8 i TR, Wades 9dag W Tid T Afved ° THE i
T ® IR A I Tk € 9 ¥ = R

e giqeat g o fou ga =af qen wafda e o o= w8
Y HH 0.1 s 1 THF 3Tq0e a9 BAT =AUl

fordl MR o eafi-fey IRER el o SRl B § 3R 34
IO Fed &

e oF YUl Y dRe, Yeerdl el TUMl; Ed q ok ol
g fruifid B 2

Yeerdl edf 1 el o faw s @ wiRe sefean 2

fhelt Thish S W Ush Uohe H TeRA dTell =it el ol =
1 e wgd B

AFel o taf w1 geEd i STedl w1 SfEd WE 20 Hz 9
20 kHz T% €|

FAA oF TWH W HY AGFaAl i a1 i ‘erEse’ st qen
Al o W 9 Afees Mg w1 el ol Tt wed
qUes o fafehear qen Weifite & | e ST B

GHAR &1 ekl h1 STAN TR i TEUE Ad H qe1 S ok

a1 o o faru fean siar 2

T

1. @& # ¢ 3 TE hd Sca= el @72

2. TH o &1 W ¥ aviF ifve fe w1 o &a & e a9
H Hied don foRer o9 S B9 B

3. foE w@m 9 92 <l s "ehar © fo el g=wor o fow
TeACHE HIEAH i SEvaehdl Bidl 2l

s 195




196

10.

11.

12.
13.

14.

15.
16.
17.

18.
19.

ta N 1 Wehia SRt @ 8?2

T 1 HiA-T1 Afeteror e o el W W 93 enveh firm
1 S TeAFH H S9! FeEal Sl 872

dfgd o) =He qel T WY-HY A BId &1 Afer wHen i@
T % D Yohe UYEI oA GAE <t B TG A BT B2

fereht =afer o1 stiea e W™ 20 Hz W 20 kHz €1 37 31 eTgfaat
o fog waft @ w1 s 9| i ag o st w9
344 m S‘lFﬁﬁFQI

T oiereh ferdt Tefafam gy o 1 Rl W ? 1w oo 1Y &
Tk f R Teer W e el €1 TR R R fed st a9
qen UIafEm 9 B S aTell eaf alm g fau T 5w
CREINISICECAIE 1

frell eaf &ia 1 e 100 Hz €1 T fie o =€ fhat sR
FHIT HET?

1 ea YA o S| Ol w1 Ter it © TSRt TR geRTe
w1 70 HA €2 T T SR

5 T Tk Wi fRdl Iedes Tag o T W W 39k g 959
waf a1 1 glaeats g <t 21 AfE Gia qon weds gag w1 @
feer ® ot frg T wfaeafs eifusr witw 9o < - @) fo@ f=
qugE At =812 (i) o9 7 arome w9 202

wJf7 I o WEdA o 1 e 3T fafau)

500 Hex St fRdl HHMR 1 9el § Teh Tk HiMR o 3TUR T
feerd weh U o drene o fiREn S @1 ae o 3@ fiRA b et
T W HA AR M2 (g = 10 m s2 U1 T\H &HI =M@
=340 m s!)

TF A 339 m st R A § T S| AR 3R qereE
1.5 cm &, df T &1 g ferat a2 == 3 w7 |ii?
IO F 8?7 38 HY F9 fma <1 Gehar 7?2

a1 1 Felordl @ = SAfHYE B2 78 o sen! W R et 22
THRE 3191 TR Ushed o fau weaft &1 ST fve gaR
Tl B2 9UH HIFST

&gl WH H ok fauw weaf w1 ST kg i €2
HAR 1 wiEfafe gem ST 19U HifS




20. Teh Ygss T ol Tsh WMR Jferd, Teha ATl © IR Seh! wlereafq
5 s T TeU LT g1 A% Tgst W 9% 1 T 3625 m @
e Sl T i TUMET IS

21. fHd u1g o =oAfeh W IS 1 I @ o6 fole qRreaf a1 S9=m
g e Siar @ avi wifsu)

29. AT 1 HH T YR @ war 82 fog=m s

197




