stz 12 o

(Sound)

&9 wfafeq fafu= @ral; SE—ame, afems,
wfear, weial, g, Hfafasm, Wear enfy
1 A gad 2| At S 1 UH Y 2 S
TAR T | HA0 1 Hoed Scq=1 Hidl 2
TS & A ®Y W T SAG—AAE T,
qHTST St o7 fuset eteam | o1y anfres
Soll H AT HIX Yoh T TR Sholl
&0 o IR H FG 21 3k TR 37 Shall
I T S B FHRA © AR T B SEHRT
9T ¢ Fehd B 319 38 hael Tk @ TR
w9 § ®UARd FT Ghd B1 S 39 dqret
o & @t et Sea Bt |1 ey SYa
ot &1 3w feu fo waff sa= =
Hehd 22 A Ica=1 FE o ToIu e el
& {9 ®9 &1 37T fma? 39 1299 ¥ 79
et ff eaf g S Bt § 3R fre
ey H 98 feg ywR wefa el 'R

FHE g0 U8 T S 7
12.1 &7 T 3ATEA

ferareheTa 12.1

T Wi fgqe ofifse it st fadt
9T ] Th W & U8 W AN T T
hiud U

o TY U %M % THY AU

o F AW FE A gI UQ B2 HyuH
@A fgqst &1 Tk ST 1 ST SR
T ol HIRT IR oo STy i oo
o o @ sifey

fad 12.1: %997 @RA 599 @2®] g5 290 279

fereTehea

36 T g G A TH DR e
HI T B TH GW HT GEEd 9 fm
YR ¥ AHRY (T el g AR omT
ST o o Th R T T wEy
3R G T T § ¥ H I § fRE) |
Igel 9 7 Hd gL WA fgqsl &l Th
el ¥ 7% ! w91 Hifvu) ff 7
3T WA TGS &1 T&H 9o § g
o9t Fifee (e 12.1)1

Mau 0 B 2?7 oW A F W™
ferem-famst HIfST 3R SA stereenati o
AR I AT HH HT TIA I

R N B A NS R RS

&1 7 HI T FA gL

12.2

T i a1 Fae & W a6 9+ 9
IRT| oA TR f5s 1 T o &l
o 12.2 ® 39T STHER 9+t &1 Fag 9
TR} YT




319 fo 12.3 H 39T STER FH9aH W@iRe
gt &1 31 sSTew i 9 § gasy

fEn for ST sroens § @@ g 22

T |ferR o | foem-fomet wifs
foF e = e 22

fad 12.2: F9a7 @R 3 H1 TH Y1 T H1
Tag @l T Fd g

ferd 12.3: F7aM @RA Gy #1 31 4o T+ 7
g &

e foRareRamTdl | o9 o ek fehrerd
&2 0 oY et shudE Teq @ fa At
S HT Tohd &7

39 q dfvia fRarRad ¥ g @Rd
g9 | 31 g eaf 3ca= w11 B4 fafi=
aegl H UGN, GE w, TS H, 9Y
Tk Y AT ITR! fEaeRt Al 3o Y TR

3ok ATh-agall oh Hdd B o HRUT I
Bl 1 5 g vl 3T U@ Hl HSHEE ©
Al A Y R eafd YAd €2 A Y S
g o uwel FEfm & s e sae
HTA 8?7 Tk GiY g WS o Do Bl o= o
¥ di" H BEd W T8 U HIal & IR
W S HA T AR A FHeft T e

o &t 38 ST 3R a0 g2 ws o ool
& FEl Sl <fEu)
feraTehenTy 12.3

fafi=r o == 1 gt TR SR ST
=i o iy faem-faast wifse fe
IO FE o fTU &7 o IS 1 -
AT HIA HL B

12.2 &7 R HeROT

B S € T wafd ohod el g8 ot g
S B B w7 A1 g fEd gt et
T Bl €, WA e ¢ 98 o, %d
1 T B Gehdl @1 Gid U I Bl LAt
G ol ek fepel weAm @ gt wEedl 2
e IS o HUT HLdl ® A TE A =R
IR g™ reem o U i ShHM Y <t
gl A HU HUH o W BAR HHAI
g fa wX E TgEd| TeO UEd SHUHH
] oF HYeh H @A alel HisAH oh Ul STIH
Tqfera raeen @ forenfy W ?1 A M
g o HUT W TH o od ol o
oy fhead! w1 ofut faummeen 9
fereenfya &1 wa €1 freread! on w1 foeenfi

g1 T forarhamdl o &0 @ ®W €7 €9 95
H HTAE FA B IR @ 3T wW T
F0 H1 e B @ R g w1 ot 9@
TR-IR TER-JER T LA AL § Feheam

180

T o TYA IR 0T STOHT ol STaeenatf
A 9oy die T #1 weAw o g uien qd
% et et © S qoh o eafq 3mach sl
% el UET Sl &1 wem o et g Sea

famr



T & Ueh WehTIT 168 ohl e il Hehell 27
T foa1 @1 e efifSul s5eh SH1 Rl &l 12 & Toh @iEel ded a1 et Teh e

AT SRl 39 ThR h1e foh S T foioetl o9 WU 39 foeett =i ©ig o fesd o
T ot fR o SR aH IS0 TR o IR IR Tk @S H1 ool Jue 9| GHael 907
1 Teh DI THST S| IHUT o H The I TR i Fe&dl ¥ TR F 36 YR FAIahEy
o IUH! THHIR Tag W hi AR & Th 5/ (i) ¥ 1 a1t JeT &t 907 T 98+

Q) W o 9= YR ST el AR W 9gEdr €, S T o 12,4 ® gwifan

2l fesd o gt 9 A e & o w91 faeasy SR SeR W Yl o s ) T
g 3| o Al @ Y™l o Yss o AMH oh $RU oh 9R § ==l shifad|

forT 12.4: Y%/ Gia @ 3 T T FohTT Yo Wefdeh W R Sl &1 9qeiid 9eh §6r W R &1 &

faefisy (W1=A" o U1 EY) HWIEAH ¥ efar gel
i giar 2|

T T foeny & S fre e 9 gl
T LT & IR Hegd o w1 fehead] Hull
o g Se9= T %A 1 A HU TEH THR HI
TG 371 U | Sq= Hd &1 WEAH oh H]
@ AT Tl dgd, df fasiy o 9¢ S
2| fordlt wremm o eaf o G=oT o §HY S
T & g 21 sHfaT saf ol a % ' |
ST ST Eehal B 2819 qUT HIEAH o HUl
e 2l

@ o FeRul o faq a1y el sty
G e €| S hiE hUHM o] AN i
AR F A o T W A
YFRT ST GUIfed H ¢ SR T THR TH

&qfT

=4 <@ K1 G SO Bl 21 TH &
e () #ed & (Fa 12.5)1 98 gifted
SHUAM a5 ¥ AWM *1 IR T wa 2
e A o] W T AR Shu I §
T 1 T 1 & S B © N ferer (R
Fed € (fo 12.5)1 99 a%] w94 &Lt @

ford 12.5: F9aMH a5 fHd ag 9 ded (C) a=n
foRer (R) 1 4t 39T & §T

181




eta o SR WS A @ M B A A
T Hdied 3R fore &1 T Ait 59 St 71
e 9 SR FEid Bl @1 Fited 3=d T
1 & € 3R foer =1 <@ 1 & @1 T
fordt wem o ST g e H &ul Wi
e 9 gatyd 81 foedt wemm ¥ o e
At T AU <@ ! 3 ¥ S FH
T[a ] I 81 TH YR Lol sl H0 Ted]
REdT o a0l & ®9 | i @1 S Gehl Bl

1. ol areqq d eaf7 gry 39— faary
A9 B Gk Hd GGl &7

12.2.1 & HeRuT o fau wrem &t

JMEYIeRAT Bt 21

st T AfF T 8 SR THh GR0 *
faq ferdt mmeem; SA—arg, <1, €It g &t
AEIHA Bt 81 7 fafa ¥ gt Tl =
Tendtl 39 991 9am g7 wRRfa feam sm
bl 2|

WO U faga " iR um " H
aIEE JASIR attere) foega =1t ot Jeek |
ALHTZU| TASIR ol T 12.6 Y wifd T i
T 9 Sifgu) = o o &1 IaM W 3 IThT
&5 1 G Wehd! €1 379 felia 9 ol =Ry e
ISR T I -4 SR FreReR §, S T
@i it @ S T Tl Sod ted S €
fREaR yaifed & W 31 FS 99T 9w
9 SR H 9gd HH 9 ® Wil @ qd
AR =g o eaft gAE wedt @1 Afg
ISR HI gAE ag et ST ar @
B2 91 q9 oft 79w Wt Aty g ud?

182

for 12.6: fiafa & eaft 1 g=Ror &1 8 gaar
T8 391 & 7T STk &1 F9T

Xl &7

3. T AT 39 3797 57 o qreT 9541
W 7Y gY 81 M A9 79 fiF grI
3 &afq H g7 e

12.2.2 &af7 T et @A €

feharaheniq 12.4

. U Tl ofifew) s@ fiat &1 oo
12.7 (a) ¥ 3IMQ SR Wifew| o7 i
FT AR At & Th dg T2 3

. Y W 2Ed B? AfE Y A Ty 9
Tt i AR AW -1 TR-aR 9
¥R 24 3R ©iEd W, 9 &9 @
3@N?

R C R CRUCRC
(b)

ferT 12.7: ficist & egasd @¥r



Ifg oy feetet W T faga @ 7,
319 <@ T fedat @ faga faahy
2 e | % A S T
T 2
3 &5 i SRl skl i Frefeal ag-u
A WA § Edred (0) X SA & W el
Frefem - B W & fover (R) Fed 1 3T
SMd B for fordlt wegm o ety wdteal qen
feReri o &9 | gl el ¢ 31" 31y fome
fgiant # faey o Geror qen fedt meam o
faeiier st gor T Tehd B A ql e a3l
FEA Bl S TN | A o HUll o e
faelisr o GeRoT 1 XN & WHIER BT 21 Hl
T WM § T T % T 81 i i
o form sraeen ¥ SW-9® oM W B
el Gl e ol €
I 319 feciant o6 o709 2191 | Teohs T !
AM-ND yeenT 7 IhY U-o0 feed qe off
39 fetenl o o0 a1 =it femrg < =9
T W HU T GeR0 DI I T FH T A
e T % SR e % o S R
T o HU-AD HTH Fd 8 9 ThN i
TR T Fed ¢ T TR ST T I8
T & e e o w0 S A el w
T o TR kI KW F oo M HA € S
ST T oF 9k H 31Uk SRl 3= hefied o
I H1| foRdl Teme T weR 1 Zhel e W
el 1 Hg W e < el q ST T
T S B TR ot SR T R foRg weRTr
T e AT o HON AT 3Toh 9 A1 T o e
Bl TRt T A qdt el @
12.2.3 &af a¥ o 3rfreraror
foret wafy qen o Frefofea sifera e @

&qfT

CIEIN]

3T

o O

e T h WHF ®9 F o1 12.8(c) H
femn e ®, S yefyia e € o s et
o ford) memm o g wed @ @ o den
<@ | oy gferdd gl g1 fedt e ww
T AT ] T 91 1 <1 81 Sk SEd
I ¥ SW R G g0 o @iy ufEfdd g
21 fa 12.8(a) 92 12.8(b) WeRRfd w1 ® %
Sa &g a0 Hiemg 4 g9id g © o s
U1 < A N SAR-TEE B &

Hite 9% &5 ¢ S8l U1 qE-19 3 S
2, 3% 9% o 90 9 § @ w7 e
12.8 ()] | ToreR eAfieran gdied & &F &l
yefifd Sd 21 39 YR Hdied a8 &9 § S8l
TTed a1 <@ S €1 Stfees Bl @1 feer
1 <9 o & & Wl FU R & 9 7
AR 3= wE ¥ weRid 9 g 3= 9%
o e 9 9 feamn o ® [ 12.8(0)1 R
1 T HT T qA TS F T HE Sl 2

T HANT HUEAl (C) 2AUan < HURTd fokei
(R) o o9 &1 0 T el 81 Tree
I HYROE: 5, (i HeR o) 9§ et
foran <1 ®1 9T SIHEF Hiel (m) 7

A Teie® el 1 S
22 TIERT 1857 1 BHe,
S W g3 SR ST T
afci TquTqajlimq i gl
- I=i S AFmed o
A T T e fagi 9
BN gfte &l 3= e, 2w, s
qern 2fafas o off wfasr # fowm =t
el Tt 384 GehTel-Toggd goe ki
@IS &1 et 918 | 3Teee SE-HerR A
AT Hil AgFd oh SI A% &1 ™
STk FHE H @ T

183




IR
=R L
SR PO

2

s’

kS

"3
LA

.

5o 't.s,.., el

e . '..-.:e .

(Al

A+ HohlX odad

e Hz) T

T HUNT el A1 S HHEN foRer i i

o

g o %E 9wd § fR
T qYui Jed § forn T ' saf @) A
T reaR ¥ fef

Y €| THERT S Heh Uehe (s) €| Mg qen
Ty hi

<

(o

gHehl SI H[FAh ©<dd (hertz,

did

93 9 oA | o 99g I a0
fore &1 etfush SE o B

Ed

<

d onlel oned

TH YR Teh I=d dRed i &4 § gd

<

SHlAd chlel enecdldl
¢
SlAd enlcd

()

n

guied an

v (i @R, =) ¥ wefvfa fear S 2

?{ff_>

9 dn

|

Afershay O W =9 O qF IRerdA H S

gldl 81 o 12.8 (c)  oIca 91 319 & SaR-=gid &I WHT &9 7 g3f3fa fHar 741 21

19 9gddl

gt § e o B § R g se
forafl Sedi-Steel wfed Bt 81 wH eifew

2

ferT 12.8: 17 12.8 (o) @971 12.8 (b) § R@m@n 71 € fo eaf+ 7cq a1 319 o SAR-=gd & &9 § qard

do foRel &1 TEA 1 MUAT R A TEHRI A g @ fop fedt fog @ wwiw @ o
ealf T ot ST A 81 S| 39 |

TH: Afhad AF qh AH W Th eH W oy o T 3
I184

a9 Tt @it i die-die T o1 ®© &1 3

A HI Th Uhs H A 9R Wed § T fpdt Rfoe
IR I &I 1 T w1 TG 1 89 S0 57 ey

& foF @ et foreht wream § Wi ot @ A
HegH 1 T fRet sAfershan qen =Aan 4H

BIdl | Tehish 9T | 39 Srorl ol el HE&

e T 1 g heerdl 81 9fE g9 uid

THhish 999 | 30 99 ¥ TR arel gael

ICEIE]



fordl Reh®l (AEEg]) o amEfed qen
MG TF @ I a9 W1 Hhdr g1 A
wEEl Tk 8 Hemd (o) | werdt © @i
TOR Ml q% Th & GHT W GEadl 21 3Hl
& il &1 eafE T € a9 Ferdt €
Afer S eafTal gq T80 & € 9 fae-fa=
g1 U eat @ WS fafa= sifrereron o swro
2| R T ¥ T SAiee 2

fordll Safsta At &1 eTgfa ol AiaTsh
fFE YR ST FA1 €, SH R Fed 2l
frel &iq 1 o TSl siisar 9 8w,

frdt mem o qga feafa & 9 @R
rferenad faefisy ot o 1 9™ hed &1 39
HUROM: 18 A Y Teftq feran Stran @1 s
o ot 12.8(0) ® fe@man wan 21 waft & fog
THHT A SMF IT T k1 HIEh BN &afd
T Yol AUET JEd1 Hod: ok STEM o
@ w1 AfE T Rl A W« W
e TR, @ TH TH g3 A g M Ffh
T HY el HI A A SO H Bl A
T A W SR 9 9 BR @ 89 Y |
G M| FA MY TEHRT HROT ol Fehd 8?2

e Sat € aiferk Bl @ 3R SHepT dre

SIS Bid § ke o Iveq saft @@ thet

oft s1frer BT 21 34t YR T/ afi w1 d

STt &1 ©d ¥ R 9 W ST AW qql

%Y eIl © SEh! Agha ot A BT B S
o ot 12.9 & <wian o @)

fafa=r R qen emeRfa 1 s fafi=
Fafl & Wy wE HE 2 AR fafa=

aRed #1 At 3a Lt B

Gyl
faaryg

LN -
T\

Gl
faegia

AN A AN e
AVAVAVAVAVATATA

forg 12.9: 74 aR@ #1437 &1 sgia H9 ao
3=q AR &1 & &1 STgrd sAferw
grdt &

geetdl <A1 €1 %H BId ST B ek eafd
Afesh O TF 9 Fohdl € FifF T8 A
o © Hag 8l fo 12.10 § 9 safa
Yol AT g &af i a0 M faar yfeid i
T g

i fasig

LA A A\
VAR

TTeEf

o fasy

FAWAWAY
IRVAYA

ferg 12.10: 53 eaf+ &1 FE %4 &l & qel g9
eFfT T ST A gl &

185




& i I UM (timbre) S8 AHI&T0T
2 S BH WHM qcd qel Yeerdl i &l et
o R T H WEEd Il B Thel e
W1 A i S HEd & e gradl o
%01 ¥ I waf i TN (note) HE & 3R
Wﬂqﬁﬁ@?ﬁ%l IR (noise) HUTHA
& g Safh Sid g H gEs g @

o
1. @7 #1 FHHA-G O frEfiaa w
faifa T &2 (a) Feerd, (b) TR
2. ST7HT @ET foh fre °F 4 g eaf
&7 aRed 3w 82(a) fIRR (b) #R
T &I
W o et fog S9 wk Tded @
foRe™ g1 Uenish @9F H T &I TS U WA
AT HEA! B
B WA @

g B
RLEE)

A X

A 1

T T

el T w TR T TT W W TH
e hrel (1) | well T gl |1 or:

1

Sl v=Av
aﬂ:a@ﬁ%ﬁx ?HTQ'F?T

ol wresm o forg wam wifaes aRfefaal
T egf1 &1 9 Wt egfaal o forw e
feer e

30T 12.1 fRefl saft @ &1 smgfq
2 kHz 3R SHH! TR 35 cm B T8

1.5 km S Jo | foha ¥8a ohll?

186

Bl
feam gam ®,
Y, v= 2 kHz = 2000 Hz
AT A
=35cm=0.35m
FEASIEG %, T AT v
- qreed xﬂ@ﬁ‘[
v=AvV

= 0.35m x 2000 Hz =700 m/s
T 1 1.5 km S T A H T a1l
HHY

.4 _15x1000m _15
1%

- =—s=21s
700 m s 7

S 1.5 km 99 & H 2.1 s 0T 0|

o

1. gl e & F R, S, e
FIT qg SFE q F A 87

2. TBdl eafq @ T @ a9 Agha
39 97 G %9 YHR qaryd 87

3. f#4l fau gu areqm 9 & eafd @
&1 STgRT 220 Hz 91 a7 440 m/s
81 39 T BT RIS FT T HiGT

4. fodt safEd @ 450 m 58 W &3
g7 HIT T 500 Hz FT &af7 G
81 T @ 997 & UrY a% Gg= aret
g FEFIT Gaie ° forar GHT STareT
gm?

el THIT FAFA | Th HHhe H o
aell waf ol bl A i digal sed dl
Iy g9 w-Fd ‘oo’ qn diear’ Ikl
1 T o ®Y H ST I T R I
e W & TE B Wererdn et o fea el et

ICEIE]



Gorgeiierar &1 @9 21 Fafa 3§ et qwe
o 1 & "Rl © TR off g9 T H W
1 3UeT AfE Jael A o €9 H I ohd
2 i TOR &M THes foru sifus Gagmeia
2

1. &af7 &1 Yaoiar aen digar § R
ATl

12.2.4 Tafia= wreamt § eafw st =

fordll mrem o s T fAfv=a =@ 9 99
gidl ®1 forel qer@ a1 dfed o TSI 1 et
YRS ki IHG @R 34 o F8 N 9]
g It 21 zHfaw 79 aw frskd e
Hehd © T wal 1 =1e Y191 1 =1el 9
9gd FH €1 9 F) =G ST HieAH o o
et et 7 ey 3 g=fa o 21 e
T g9y i AU I=d wereAl H Hr@T|
fordt mezm | eafq 1 =Te qeAg o q19 W
et et 81 59 BH 319§ TE srereer i
AR S € ql wa 1 =l HH Bl Sl g
fordt off ATe ® QM9 SgM W A @i 9
off Igdt ¥1 IS0 o faw ag o eaft
il 0°C W 331 m s dAUT22°C W 344 m s!
21w Rl 12,1 § fafe= wegal § we fasiy
A W eA HT A Hl g w@ gl (W
T AE T H1 ERIHal Tei 1)

ket 6040
=i 5960
el 5950
RG] 4700
Ha (fFe) 3980
EC S (FHE) 1531
EERE ) 1498
SR 1207
et 1103
T FESIE R 1284
HIGRE 965
I 346
SRS 316
ToH SRAFES 213

e ga: S HE U et @l = 9@
A IS T A FA 2 q9 I e
IA ¥ eI g3 HEl Sl 2l M,
Sie-argAM 31 9 : qUEeh = ¥ Feld
g v & 3Rk H A S ue §
Aferh Ioft @ A et € A 3 g F Fed
A I FA B T Jel qm o g
Aferek ot Il €1 39 Yo hi Teelt Rl
Y a5 IgEE ¥ gRend ¥ T 9gd a9
AR Yael e a1 Bt ® 59 e 9w
FEd B | Teafh aEH 9 S 39 st
T4 A Tad wen H St e @ fh g
fagfwal o ool &I die gdl @ SR =&l
% for g &1 ot afd og=n dewdt 2

187




1. ag, 5T a1 &g 5 forg A
T eafy gad e Tordt 87

12.3 &7 T Uda

fordt 3G A T9 ¥ THARL G IH YR
I Aedl & S FIE W hi 1% fmdt AR
Y THUHT TE AT 1 Th 1 difa eat
ff forell 319 o1 59 %1 Hde ¥ WEfdd 8t 2
qol YEdd & 341 Frdl 1 uer st @
fSmenT 21eaq 3y STt fuselt Samst o X
o | Wedish g W e MY el qe
w3 oh A B ki TSR qen wadd g
&1 faem o o= a9 v 9E § SR B ©
AR I i feend sk &) a1 § el g1 et
TN o TUEd o folt 918 SR o STeRIEH
1 STEIHAl Bl @ S =R uifest TRy gy

g W TR
feRetTeReTa 12.5

fo 12.11 &1 Aifd & T 99 UEY
AT o9 =9 TR FT WEEd 9 g
Y o Hehd B

Y i FaTE gAT g AfE (A W
HI TR o TR |

| L

ferT 12.11: a7 &7 7T

188

o TR IER & g9 fRE A9 W At
FHIfSIT| T Y o Gol TR o 99 Th
St WET qo I e w1 AR G wLT
F1 e g wt Hiferr Fwifew)

o IA IrEdl w1 feufq w1 39 yeR S
wifve f5ad fe eowl =€t &1 wafq
3T YRR T2 T F AR A o

o T Ul qen Afcs % Wi ok HION i
iy qen 3k o9 o Fad @l @)

o TR AR F URY Hi Fear e o et
W SEE q% sony iR ey @
g 82
(39 forarramd ® =St oh T W forelt
FA O W W A& ®iF H STAM
oo ST " B1)

12.3.1 Ufasatq

fepelt Sfea wrads a5 S fhdt SARG stem
TeTe & fehe af e SR 9 fecend = arel
ST dl 3TT9h! e THT I det &aft fe
¥ G I B| ST GAE < Al 36 et
%! gfaeat sed &1 TR afess o st &t
GG TR 0.1 Tk ST et 81 e et
Y o folu 9o =t qen wEfda st o o=
FH W FH 0.1s H T FaTA AT B
=ifew) afg 79 fordt KT 5T M, S 22°Cc W
%rﬁrﬁw:),zmm/smﬁaﬁwﬁﬁ
ST Tk S a1 Ted o Y= omad
Sl TF 0.1s o UYHEN Tgal @IEUl S7d:
A ¥ e 9aqg dh S al arqd T |
e 5 T &1 & FA 30 HH § 6T (344
m/s)x0.1s=34.4mﬁ EIT%'QI HAd:
giqeatt G- o fou staues &1 s | 9
=" U eAf g 99 1 T el g0 Y A
T Ufq 17.2 m 31999 B =1feW) I8 g 91
o 19 oh WY S8 S © itk aiq o |y
(9 o ot | off Yo B San 2| et ok

ICEIE]




IR’ IadT oF HRU B4 Uk 9 3fuem
Hiaeatt ff GE  Tehdl €1 a5El & TSTeRe
FT A FE Weadsh ISt 99 kel qen fy

T IRER TEdT & FoEEd 3o et el

12.3.2 3TN

et o2 2fat ® 3= g At st el 9
TRAN. YU oF RO HIHI THI Tk oA
Wt & 59 T % g% T w9 T 8 W R
I8 IR T 7 TS| I8 IRAR T foreen
HROT et -Feler B €, SR0H wgdn 2
forelt 991 o o1 =€ Bl § AT STOH
I TSI | STOM shi HH i o forg
AT e i Bl 9 IEN W LAl sTasiven
st oS o e 21 Ee & a1 g
Toh eaf STagies Tl o MR W ot fepan
S 21

IETEIOT 12.2 T ATA fhet @St 9g™ o
TG el Sed ® IR SHeT wfasafd
2 s % TTA IR < 1 AR At
A 346 m s @ SN, A G qe
T % A R g

B:

e ! e, v = 346 m s™!
gfqeatt g ¥ foran T e t=2 s

st gr =elt T gl
=uvxt=346ms'x2s=692m
2 s ¥ &AM o FgT a° U ok o i

T S0 T HI| A T A A
o o9 o =692 m/2 =342 m.

1. & Ffqeafi3 s 9varq G ot 81 4%
eqf7 P 917 342 m s\ & @ T a°r
ek Gag o aid feRal g4 8Fi?

12.3.3 €& o FgA UEAT o SUART

1.

WhH o1 ARSEiR, 8H, T a0

JEATE 9 o1 I3, G4 39 YN ST
S © fop waf gl fegmsti o ey famm
eheret weh ey feem o € St €, S
fo fa=r 12.12 ® <wifan ™0 21

o

farTr 12.12: 9EiA 84

T I § Tk el Sl 3TN T Gell AR
YR il 71 98 Eid § S gH
et eaf T sl IR-9R wafdd ek
grareti W M i fem # 9w
I

R T fafehedt 95 © S IR
o Y, T&IA: 3T a1 el H, Io9

189




B orelt a1 Bt G | e B
Wity § UM o BIFT H1
HSHA i LA, TR-IR G h R
Sl o I dh Tt € (e 12.13)1

forT 12.13: By

. T Td, e Fal aon e gta
F B4 ThTHR FE ST & fored o
TR oF 99 YA gial o 9 9
o ugw Wi, S fe fe 12,14 #
<1 T 1 -9 e LA
w1 H9 & W W@ G o 2 o
o a1, eaf-9g ¥ Wedd o 99
A w9 ° Qe § % W (o
12.15)1

forg 12.14: 99T F87 F7T THFHR 59

190

.
P
\\ :
L]
:

W

w7 w1 wa

v

%

v

\
forT 12.15: 9€ #eia d IYFNT fhT 7 arer af7-vg

1. %42 87 %1 &d aFFR I gidl 87

12.4 STl T URER

TR 9t sgfa &1 eaf=l &l 8l g dohdl
T H ea @ goFal 1 GRE T
20 Hz 9 20,000 Hz (one Hz = one cycle/s) deh
B 21U IY W FH A & T q FS
Sq 9 P 25 kHz T 1 AT T Hehd 2
i-saf oAferal 1 A ddl Sl € Seh
FM I=a-Agaal o foe &9 guet g S
g1 20 Hz ¥ W Mg 1 el i a9
w1 Fgd 81 A eF STage st %I g7 U
ql &9 fhelt ieteh o Sl i ST YhR A
o S TR TH fret weet d@i o sl Wl
g U € WA (Te1) 5 Hz deh 1 g
1 ST & 1 ITAN hich Heh TATId
FHA 21 7 a1 B1eft STagey e qRER i
e S Hd 1 98 <@l T ® R
g bYW Teel TR 8 W §1 kT g

ICEIE]




TET a9 W Uga T ogfd & sags
i S HLd €, S THad: g A
M & @ Bl 20 kHz © 3ifus egfa
sl & Weed et a1 WAt wed 2
STATth, SRS 3R Gidigs St S qaeat
ST Y &1 B U o AN (moths)
U1 I3 3T G B &1 3 AN Twee!
TN I 3Td A i el hl A hl
G Tehd €1 3% T E-TH S Y THES
& 9 H SR foer S @ SR 39 TR
@I H UHS 9H ¥ S U 2w R

A I Hieh P T Terd Bl

ST WETeh fer: IS AT hl 6¥ GE
A, S TH AN HI SAEYIRAT el 2l
TE o W weH arel T soeRie i
21 399 T BIE-Hl HEHHH, Teh TRAHER
9 TR B €1 W9 e HREHIhHE W
Tedl € df 9 waft @ o faega Gepdl |
IREfid T 31 B 1 TRAHrER 37 foea Genal
F YA FR <A1 T A Tohd THHR gN
e 1 N § gREfdd s KU S| g1 3
25 0 T o S T 3afad st ©
A Al HI LA G GAE < B

1. GE §99 & &Ml & g g
WY FT &7

2. = 4 gatya srafl &1 wE #7187
(@) S7FgT &1
(b) TUEEMH

12.5 TRTeATT oF ST

A S g W adl B st
e st sUReUfd H of e fAfv=a vy w
T T Hehdl 81 ST qen Tafere o &9

&qfT

H et &1 fowga €9 9 IwEm fan
ST 21
o UM YHF: 3 TN Hl WE HE H
ST 1 St B 5 de uge e
Bl ®; SO—dfieterR Teft, fomw TR
o USl, Soideieh sTaFd STl o
TES F WE FE A T I AE
FHE Gl 7 faeE ° wd € 3R
79 foeram o woeaf @SS St 2
3=d Tgd o R, 4Yd, faehamg aen
TG ok U AT IR A" R
ST €1 38 YHR 9% quiaa 9w @l
St 21
o TN T YA o1q ok satehi (foet)
T T qA1 ST I T Gl A o6
feru foran < GeRdl 21 wfcaeh Eeeh]
F U IE-9S oA, e, Al qen
AR SYHTON bl s o ferg ST
H A1 ST @1 o7 ok setiehl | faemme
TR 1 fox S aeR ¥ f@iE =& <,
I A1 g I AT I TSIl
FH HL 4 S| TEEN G W ok
AT @ Ta (U ) S € SR
YT W BT I O o T S
1 YA A s 1 9fE efrgr-w
off Q9 g1 €, @ weat @ aetda

B S 2 S S T suteafa i <widt
g (o 12.16)1
=
Clsfeaieaic
ferd 12.16: 703 o1 & i ° J9geRd T 9
wrafid & St &

191




YR et fSHen! quesd fier eIt €,
U M F FHIUT § S GYIH ah
TET W T, THE W LA 1 S o
1d o fou 7= fowan < gehan

o TEAM T hl TSI ok fafa= 9w 9

TEfad 4 & 1T 1 Gidtad o
ST 1 9 Tehiteh bl “ gehieRTrEamE "
(ECG)TEl Sl 2|

. TEAM HYTE Th TE I € S At

TN &1 SYAN Hleh HME IR &
arafes o7 1 wfafds g & &
fau & o o S 21 39 qgEsh 9
it ok 31T; SH—gepd, fommer, T9ivE,
TR anfg <1 wfafss e foran < depan
21 7% TYTeh I IR 1 STEARIAIT,
<8 e qen 2 A werdt den fafu=
3 H eEE (TPM) N qa1 o H
FEAl Il 1 39 deheith W G
T TR o Sl § THA HIAl @ ae
39 T § WEkdd 8 S @ Sl
S o Sl YEd gidl 1 $Heh
YT S O okl foregld Hehdi | URatdd
fpan ST ® fS@ fv 59 & &
yfafss o1 fo=n Sw) s wfafast

12.5.1 QAR

HMR (SONAR) Y& SOund Navigation And
Ranging@W%lW@wW%W
St o feera foet =1 gft, fwm den =ma wraq
& foru queafy q@l o1 S foRan s @)
HHAR o8 1 Hdl 87 GHR | Tk 9fts qen
Teh HgeH Bl 7 3R 39 fRdt T o s
H fo 12.17 1 Sifq e S 2

Ny Eleie i
|||ll_'...'=
- HE T

forg 12.17: 999 517 999 &1 T8 a1 9g9F N
B FT T qEAT

s qeatT a6 S aen Ufd e B
34 @ v | werdt € aun 9% aa | fUe 9

Aot W w=idia feran sman € =1 fhew
W Hfgd T o S @1 59 dehie
i SR Hed ¢ | STEEITRT
T I e A H U T S qen
3Gk S QO el 9hT gfg
sifafiaaetl &1 Td o § fEn
Eici

o TUEAM T ITAN TR Hi SIS JoI hl
IRIF HUN A died o fag of feman o
Gehell B1 3 1 1% | o & T ael
freret W 2

192

THTA oh UYEN WEhid gl §gEe §N
TR FR A S T HGTR WA A T
o Tl § SR 21§ fore Sfd w9 §
T FR oA St B S | eaf ) =re aen
A oh YU U1 AFHUR o HHI e
I A ek 39 U &1 gh 1 70 AT S0
Fehdt & Toe® wafy o wetdd g2 81 9
ST qeaf dehd oh YuuT e SATIUE0 i
GO AU ¢ ¥ qel WS oA | eafd i
oA v Bl 99 gag 9 Uz w1 @ 2 cqenh

2d=vxt



IR fafy 1 yfaeaftre-we w8d 2
MR 1 deh-ih o1 IUANT HHSR i & A
FH qA A F AR feord =g, wfea,
g, fen Siet (et ath) | gd gy SR
A & THHR W i o fau fan
S 21

SEn o qee qui fepen e 2, wHRS
T SR H 3704 9ieH il WieH o fau
Id T YUEA qUT Searsid shial § qel
e % YT ST ST Ll 81 TIRg
BRI 39 399 AR o edf Tog STad
1 Hiel ¥ A kY THEE o Ml aeh

wgad © (fod 12.18)1 37 wafifa Tl

IIMEIT 12.3 TH S WA IeHfsid
FA € S TS qd ¥ WEfdd gl
3.42 s o YT HGfad HT St 21 A
95 5id ¥ qUEE & = 1531 m/s
B, @ 99 qa 9 e & fhad gh
gt

Y07 q W= o e o wE
t=3.42s.

5 9@ | QU & =
v=1531 m/s

T g =el T 3l = 2d

el d - T 1 T

2d = &M &I =A x I

= 1531 m/s x 3.42 s = 5236 m

d=5236m /2 = 2618 m

37d: SRS ¥ 9% a9 i U 2618 m
I 2.62 km ®|

1. T YgsH GHR &% Seqfeia #al &,
S gl @ ST TEk @Sl gl d
ZHIFT 1.02 s o 9= 199 Al
g1 Fk @R uAt d eafy &1 wer
1531 m/s &, @ Jg@ & 4 F1d
FHIT

Fehfd © TGRS ! Ul Herdl € o STy =
FZ w8l R 7 IR T® FFE FHER @1 2
iedissl gafaal of R d Herer 9 wieM
I @i § T 1 ST R 2

ferT 12.18: TR §R1 WreA4 Seqfold gt @
qur Tty I HI gRI wafdd
gidt &

12.6 AEE RUT ol GI=HAT

T Y G4 €7 TH T Afadedt g fom
%M (1) Hed €, 1 FeEal 9 T U 2
Ig gavia sgfadl g1 9 § B 9 30«
qfterd=l i foga epdl o a<erar @ S gEr
dfsrert W eid gu ufrsh qe Yged €1 | oh
& §RI G4 i Ufhal oh T8 oF 9 H BH
Tel ==t

193




o e W TF Ydell fereelt Bt & 59 0f e =n

i Ui qeg fooel wed B Sd Hiegq o gited

e %0l U8 I TEUd © d fereell o Al @

[\ > s R M 9Tl <M o ST € 3R I8 ol 128
K - F 5 F AR T $1 T R, e
) TEer R U U2g X HI AR T FHLT 2

N e e 39 YR HU T8 T HLal ¢ 7 w0 |

\_WW foemm i =fsal (T, FeiE qen aoas

| Ll (W)]E.maﬁﬁwwﬁ%’lﬁw
[ S — %01 &g M 9 e ot 39 <@ giEdHl i
o AMaer Ul qF Huid o ol 81 AR

Ul | HUMad (Cochlea) BRI I TREdHl
o1 farga endl o gRafda =< fan s 81 &

TRl HH ‘F0 Toord’ Feod B ge o[ Gehdl il g0 dfeR g Afesh qh
RSN § €Al i ThiS Hial 1 THHA et Aol fan Sar @ 3 Aiqsh gt et o w5y
o1 AAfershl W TSRl B1 He01 Afereht oF R W oA i @l

forT 12.19: 9179 &9 & g9 97T

et fafiq=1 ogenl & shu & o SR S Bl @

et feord Soamensh wiem o Sresd @ o w9 W Euia el 2
e Wi | AN deal aen foer & w9 ¥ H9id gt 2|
2 FeRo §, HILAH o U AW 181 9gd, had faaiy g §arid
g T

wfq frafa & i@ T2 = gedll

M o AfUHdH IH Y FFAd9 HH 3R YH: Afyhdd OH
TRedd ¥ T e U B T

8 <Aad 30 59 W forslt wremm &1 s @ A1 @ STt €9 |
T HH 1 RGN il €, e Bl e (1) et 2

T G H1E9H oh B o Toh HY9l Sod | folg ¢ §9 ol STed
FTA (T) Hed 2l

194 famr




THiF 99 H BH A el 1 ol 9= & AgHd (v) Fed
%’V=%.

eafT 1 O (v), AT (v) 9 s () W HWed B, v = Av

A S I J&I: Fdd gH dicl J1e99 i Yhid qo1 ard W™

e Bt 2

A o YN o oY o SR, &9t o SATYaA B i e qen
T B 1 T2, Tads Tag W Ei™ T 1fad @ 9aE i
T € 3R A d wh g aa § e e

e yfaea g9 o fau qa et qen wafda st & = w4
T HHO.1 s h AT AGA 3T69F B A8

el 99TR ¥ saf-fay aRaR 90edal o SR el § 3R 39
FTOM HEd &

e o NFYARTOT S qRed, Yeieral ael T[OMl; | ql o O
g faifia = 2

Yol edf w1 e o fore sl w1 e erfen B
frdl Tl &ha ¥ Th Hohe H oA alell & il &l &
%1 o wEd B

el § edd @l geaal @l STgfaAl Wi Sied WE 20 Hz ©
20 kHz % 2|

FAA o W § HA Tgradl &1 e Hi ‘qaged’ e qu
Sl o TUE Y Afush g i LataEl i queat’ wed 2
et o fafecar qen gEifies &5 o e SuEm

MR &1 Tk 1 STAN THR H1 TedE A1d a5 o
A1 & o foe T ST 2l

T

1. & %1 © 3R 98 h¥ I Bl B2

2. TH o &1 W™ ¥ v HifwC foh a1 o &d o e a9
¥ Hdied den foe™ &9 3= B 7

3. g g 9 9= <wifen S Gehdl ® 6 wafy g=or o faw wh
ToATCHE HIEAH 1 SAEYaehdl Bl &l

eFqfT 195




196

10.

11.

12.
13.

14.

15.
16.
17.

18.
19.

et N ) gpfa et = @2

e 1 hiA-T1 ATTAer fre 3 el HW o3 enues i
1 A YgdFH | SURT Gl Hidl 272

dafed o) =H qe TS Y- A B & Afer = i@
3 % FP Yohg UTEN TS GAE It B UET T B €2
fepeft eafert o1 3iiEd 559 TE 20 Hz ® 20 kHz €1 39 1 eTgfaat
o fog eaft W w1 s | i ag o et e o
344ms‘1?ﬁﬁl'QI

T ek fordt Teqfafam gy o 31 faRl W &1 T oot UeY o+
T R W TR ¥ T L 81 S R W feord steies d 91y
qen TEFAMEH ¥ Bl SH arelt & @M §) faw e 99 &
U 1A RIS

frdl eaf &id 1 3™ 100 Hz 81 Th foe o =€ fha aR
HYA FHIT?

I Lo YEd o S Ml 1 Ure et @ et TR geRm
w1 T0 w2 T FEm w5 AR

A 1 Teh Ad fRHl eieh Hag oh HEA W | 39 g I8
waf a1 1 glaeaft g <t 1 Al Gia qon weds gag w1 @
feer ® ot fg f7 wfaeafs eifus witwr o < - ) 59 A
e Aty 81?2 (i) 9 9 aamm %49 =02

wJf TN & TEdA o 3 SATEee 39am fafa)

500 HeX St TRl HIMR 1 =el 9 T Ieel MR o SR T
feerd weh T o drere | fREn S @1 9 o g9eh fiRA w1 eaf
T W FHd AR IM? (g = 10 m s2 TA &a4 & =0
=340 m s!)

T e T 339 m st G W Tl ¢ A gEeh! quieE
1.5 cm B, @ a1 &1 Mgha frat g7 # J o= gi?
FTOF 1 B2 38 A %9 fopan S gehar @72

e oY Wererar § 1 A 82 98 R srenl 1 el st 22
TR 3701 TR Iohed o Tt weatt &1 ST fohd JaR
Il 27 9UH HifST

TR T WH HE o T G 1 STAN hd H &7
AR 6t wEfafy aen SUFE &1 9 Sifsa




20. T TG R T TH GAR AR, T S ¥ iR S ety
5 s IYEId U Ll 81 AR TAgss ¥ 9% 1 30 3625 m @
& 1 =Tl @1 TN SHifeq|

21. TRet ¥ o =i o W 1 940 @H K faQ weaf w1 I
&9 feran man @ avf sifsy

29. WA 1 HH fHT YR & Hwar &2 faa=m sifm)

197




