
DA\LY A SSAtl\ 

~ ~ ~ ~ E.'1. ~ ~ - ~ -lbf.i<1iR-. ~. ~ -
9fYR;, ll'R~. ~ . ~•~ ~ ~'-911i~ 0.71 9110 I 

~ ~ Jl~tl -rfu WCTl ~ <fil~ ~ Cf-1 '511.~Ri ~~ I 

~ ~-rm. "1?f w. (~ ~ ~ tfR ~ 
tiq•MC◄I --rfu; ~I~ <;?';jqJl~t<l l<l\!I ~ ~ ~ 

~ iaIt,·llb•~I 41~ ~ i:91 I ( l!,l :.Jl t i:9I414 xrfu;'f '1~ 

~'(;~~ ,~~~,~~~~~ 

~I ~~ ~I~~ JltJ ~ ~ ~ ..o'vftc-; 

~~~ ?fTC-11 i~S19fR ~ ~~~ I~ 

-rw ~ "4<1\◄lt<t- "T'lf©'.9fll~ ~ ? ~~ 

~ ~ ~ ~ ~ 45Mfi(¼i l l' Jl~ \?ii~ l?ilTfil 
~ ©'.9fN3", ~~ ~~ ~~ ~ !l<lt"4ffit{J◄ 

~~~,~~~, 

12.1 ~ ~t-9fft" (Production of Sound) 

• 

~/if¥1f/fl/. .................................. l 2 .1 

• 

• 
• 

• 

~~ (tuning fork) Jl~ ~ ~ · 

c~~~~'jfl <Rt 1ffi~ 
'[~-"1G'ff41f 15lG1 ~~ '<3~ ~ I 

~WflSf~~ f 

ffi ~ 'P'--161141115161◄ NC41fto41 .Jl°vl ~ 

~~~~~ ~• ~N,i&l~ lt'GI ~~~ 

~ '5/l&ff t;rl'f ~~ I 

~ ~ -ffl ~ ~ ~ ~ JJ°vl ~ 

'5116! "4◄ vf,(l ~ '(J~ I (i:&l~ ~ JJ~ 

~ ~ ~9f C111~ <Rl 1 ~ JJ~ ~ 
.!JUl ~ I~~ ~ ~ ~ 115161 

qa,c'Gr◄ -iW9iC<i! '9fR <!5f.i mn) 1 ffi ~ ~­
-161 1'1111.S ICG1c◄ c1JC~C<II ~ """PM cRT I 

~'<Iffla,~~~~"ql[~~ 

~ JCi;jJt;;;ii ~ I 

~ 

SoUND 

--- d,¥1~~ 

~ ~ ~ ..o°Gl ~~ 9fRfC<19t'!'<RT 1 

ffi ~ ~ ~'°~~..om 12.2 

~ ~ \:fC<f o1fC~4~ -~ ~~ ~ 

<Rt I 
, <;ffl ~ 12.3 ~ ~ ~ ffi ~ ~ -

I I • Jo1l<l'il\SlG1<f ~ "@l ~ ~ ~ I 
-~~~~~~ , 
, Jl"C,,1~~'1 ~ ~ ~~~ltc1f6'11 

qScff I ---- ffi Qfql"f ~~ 

w:D: 12.2 ~ effif ~Jll'f/cfi/c1 ~ii1~ ~ 91' 
7fl9f1'f~t 



?fRl 
--· 9ff,TT 

w:ff : 12.3 ffi ~ 'Jj<r~l<f>l<f ~ ~ 
~~ffl111~ 

e?J~ l1m¾1?J '@f<f ~t ~ f<ti~~~ ~? 
,t-f?( QRiJ ~ ~ Xf<li<I ~ ~ ~? 

e?J'Cf<I f1~1<1icil?f ~ ~ ~~ -!J~ ~ 
~~ ~ q;f<if¾cc11 ,~1rf.i f~1ts:r~~uffe!, ~'-Fl.~ <f 
~ <ll ~1!3 ~'JIB~ ~ l i '6?fqq Qr.mqi~ll?J'!l 
~ C¢'S.'G1~ ~ f<ii ¢kN{r.~1f ? ~If.I~~~~ 
ffl ~©~?f:i~AA~r,~~~~~~·~ 
~'ill-~~ ~ 1 l.!!f<l~ ~I~~~~~ 
(vocal cord) ~~ ~ '!IB ~ I ~ ~<f>t 
~ f<!i<IJ 11f?.1 ~mCc'f (.~? c-i't--m~ 1':ji:j-t,'j 11(",i 
~ ~ ffl fs"m <f."<fl I~~ ?J'ffl-!l~~ 
-DM ~ ~ ;$7?(<f@i ~~(<lo~ ~~?fil (f:-V., I wf.i ~ 

• ~ tf<l'!<l <lll-il <l~C<lrf<l ~ <!!~'" ~~ 
<TRl1 ~ <1=1'1,..,,l ,J"'~C""''1f<!<f (.<!1'T ;Q~"I -r~"''fp, ?.?i 
~@~?[TI~~ ~ (f~-<f~ ~"l'.~ 
~fFll~ I 

l2.2 "l"ilf<f ~'<i3fflrt (Propagation o f 
Sound) 

~Tfc, ~ •~ ~~ I ~ ?f,f!~ ~1 G%<i -.w.~•"(.'-'! 
~ ~'<fifa'f,f~ ~ m ~ (.<ffCc'l I~ (.'iflijl, G<lc'l <fl (.~ ~ '-4 
?fTT:<I 1-@~~Fl<I ~ ';)l<fJll<I ~"""T.<f Xplf ~f~TCG1 °7j~ 
~ I ffi QRi] ~ -!lvf~ '5l7i Wi?ffV'l '</"""~ m~ <f.•fff<r-~K<f. 
<$f'?f<ftc, <fflfl ~ I <f."flr.~ m <f>'"?l';fR ~ ?f<.l ~ •'I 
ffl a.I'!~ I <fl-~~~~~ '<I<fi1 ~l<fl"W( <:'"fl 
..QGJ C?J~ '51<1 :,;r-u ~PT q-<ft ~~\!i f<I I ~T-1 ;?f-< ~ 
~ ffl'v~ <f.'!lc.U1<1 -.e?J~ <fc'f Wll'i'I ~ I m "<pr.,\!!. 
ffl°<l'iU<i~ <!'i'lttGN3 ~ ~ ~<l'~~ ~ ~91~ Bi 1 

H<!l'Giil'I <f.~ ~191~~ ~~ 21~ ~cmut ~~ 
'5Hl1J'.lrlCci ~ ~~ I Xf7,f ~ <:\1Cj\:5 ;J?i'TI ?t<f~ m<1iV'5 
-Q~ ~rd,t ~ Qf~ r ~~ "~ I ~f<i C ~~~: 
~ DCG'l I Xp-;j<l @~~ m~ ~ <!l<!ft ¥i?.-;,1¢1•1r:~ 

~~ c~~ l!lffl~ ~ ? 7 
fv.1<f ?ftil! <.Q~ ~I~~ l!l~ ~ C<m?ita'it ~~l -.!l~ qi?f W'll'f I ~ ..qG'f ~~ 1t,;,iGR .£lU1 ~ T,r,:i~ '17:~ ~ ~ ~ ~ ?flu ul"IS~ ~ I~ lt'R?fl'I Jl~'rf<l (.clNl<r ~ , I i!TCUl?t'P'f ~ mt~!;{ ~,fft.'Ur~ c'fl~T 11.Q{il-m ~"E -fl~~~ <~ ul~ >ffi."tr'l-:~ ?jrf<iif~l imlt I 12.4 P Ci!"{~~ ~~ ... ~'1iil-l ~ C?f~ <[-'f,cut (<l'% 1r'rr-:rR ~'<1 1 WrT<l C~"1l ~ '1'11~~ "•'-'ft ~ <IT TT5<fl~ ~ ~'RI ilTIB ~ ~,;J~ ~":f,•')" ~~I~ C~<! ,:f&W~'if!W<f@l~~"<f4"~ ffi~ ~~~W.0~~ I r .............. 1ffi:?/Fl<l~t ----
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12.2.2 ~•;fc~C~'!il-J:C'1~J~~ (SOUND WAVES 
ARE LONGITUDINAL WAVES) 

>rSref~l9f1~ -----12,4 
, ~9!~~~~~~~~1~ 

~U1~~<1<11~~~~~ 
~~~112.7~~~ 
fu, '51~ ~>ilR\!> ~I~~ ~ ~ 
~~~~~I 

, f<ri ~? ~ ~~ cffi<! cm~~~ 
>ilii-j}Ja'jHC<fi ~~~Ml ~? 

- <IN ~ ~~~ <fi'a-i't ~ <!lut rnTI ~ 
01f;r<11 C<J ~t,7.l,1 ~?:~'1-R ;i~l~ 
>iiilt~la'1~1Gi1 '?il'lfl-~ cm~ I 

~ ~rn~10;'1~11':;;~~ 
(b) 

~ g I 2. 7 ~IS~ ..a,,_ll,'tfj w<J(f/ 
NC<l'~ '51~~ 9fl<fiMa'lt<l'i -eR DIT91 ~ c>!ll<lt◄ 

i!i!'<P-'1<l'i ,i,~ (Compression) ~ ~ 1'.51~~ 
~ 91~ ~ ~ C~ C>il:C<lt◄(ll ~~<li.l 
(Rarefaction) ~ ~ ~ I ~f1J ~ 1i!MSCG'!f 
C<J x~, ~~ ,j,~ ~ ~i~~i.l◄ xi~~ ~91 
i!i!~ ~ I 1!1~ \!iTffiT fur(!;~ 1.5UCiliflc-1•M ~q3ta,;R ~ 
~~J1l\!I x~ ~~~ ~ ~ 9fl'C◄fl ~U! 

~ ~'i!i<fr"1<Ti ~'NI 1;91~'-I (.clrrPl I Jlr,;l ~ -,nr,~ .Jl>fr-PI 
~ <T>'IIT.<1'17."1 ~fr.'lfTIPr-1 ~WP! mm, f.ficr, }1.Jt-mf1i'1-;srr.<1 
'>1Ri"l1"'71 ~ 1 -!I~ <fi'frr.-wr l!ltf?J?T "P11 '"!:!l•r <17-~i'.·,1 
~(~~ ~; Pl~ f.~ ,jl.JJ ~~FPI ,fr(.?f7.'It· '~',!(­

~, ~ efc'! ~IT.<!I I x~ ~~'i~ ~ -.!l~ ~ f1,~1r0 "!Tl'il 
c.11W l5fPI. ~IT.<1' lCPlf ~ ~'if ~ ~Clf'<TT vf~'il 1 

~~ ~~'if ,[fl!<! ~ ~Pl~ ~NC ~rr.v;, 
~ ~ ~,'il\!i <fi' f!Vm<I ~ ,'iM ,f~fr.f-F'I m-•j\!; ~F-r-1 
,[ffl ~ f.ra ~ ~R<f ,jf"{;~ '6?R-~ <Wt 
~ <fiV!I I 'ifW ~~ G<l,~ <fi'lrr.<Tl<f ~ , ':I ~ 
a'l'it~!C~ ~ f.tgf ~ \!i!MJ_lif<I ,ff?;~ 007,c'{ I C?i'W<T 
~M~ ~~ G<l~'if, ~ ut1a-i,ic<i t<1 ~~ <fi' fl <l'l 
<fi~ ol9f <l'l ~ ,f!i_~ I ~ ~ G<l, "if ~ I 
C~!~ICa'!!<.<fi IS~ C~~>l~~\!l ~~ ~,'il<f f.t<mI 
\!ilf~ ~ 'IM~ ?fFfl I 

12.2.311j15f ~~~(CHARACTERISTICS OF 

A SOUND WAVE) 

~~ ~~~~~'il<f q{;Tf ~ ?ftrl 
• ~~<fi (frequency) 
• • . ~(amplitude)~ 

,.,. ~R5(Speed) 
} 2.8 ( C) ~ ~ '5<T~'if<fi if.IT~ <li~ ~ ~ 

~~~ll"l~-T~XPlf ~~~T.r.'f ~ ~ ~ 
ol~ ~ ~ ™ ~ <l'iV!I I ~<.<fi1Ci.lt ™ ~ 
~~~~"61~~~,jl"{;~~~~~ 
<filT ~ ~~I~~~~ ~'<13W ~~ ~ 
~o1~~<1~ 12.8 (a)~ 12.8 (b) 
~~~I 

~'11Ma-itctS '1_91 c~ ~~i:iC<:11~ ~ ;i~~ ~'<Pc'f 

(compression)~ 12.8 (c)~~ ~ IS~ 

~~~~ffl ,~ ~~~~;i~~ 
1'.51~~ ~ ffl I~~~~ '!ii~~~ 

"6191 'i,C{lff;~ ~ ~ ~ 1 '5lti.l~N5 161_11:ii:li.l 1'.51~~ D19f 
~.~<fi~~~ ~~1~ 12.8 (c) ~~ 
~~~~ 1'.51QTT~ Rm~~ ~ffl I 16<1~'i"R 
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A !bl 

··· ····· ······· · ... ~ 

W-!! : 12.8. (a) 

~ --+ 
(c) 

~ (h) ~~~¥/<ff. fRW ~ "519ff ~<tiffel-tir,9/ ~~ ~I (c) '11~ 

~ ~~ ~ ~ ~ ~q,t~., ~ r$~9fif I 

,~~ "ri<1 (crest)~ C-o~~<fS ~(trough)~ 1 

J 2. 8 ( C) ~ ~ ~ ~ 151'3_JJ•f-J<!Dj~~ ~ 

~ .tl-;JdJ•fiJ<f. '!)r[ \S<lr /<I ~~<I ~ ~ ~'i'f Ctf'<TT ~ I 

Jj"f<WJ~~ ~ ~-;i ITTJ<i' 1, Gc~r.<1 (m '5TI~ ~ 

(Lambda) ~ r ~ 100 ..!15" ~..!l<f.<f.~'c=r~ , 

164 

~~~~<!JUI~~ w.'u ~ "I5"ffi' ~ 

~<l'i, ~ CUTc'! ~I~ ..!J<f-<Tl ~ ~l<f ~ 

C'f.l<f ~ ~ CUfc'I <ICl!:ill?fl<I <P'?f'11~<1'i ~'<! I ~ ~ 

C<I, C<TR5m"'f<WlTI~~~~~ ~"1l<!m 

~ ..!IUI ~~; ..!!UT ..,.ffe,::: .JFl'<: .rm ~ ~ I 
~~~?f<fl~~?/F<l<1i'.i<1~~ 

~~~~~<!lUl~~r:f~ ,~~ 

~ ~'1 ~ ~ ,ft ~IJffl ~ ~-;pi ~~~ 

~ I zjif '511m ~ ..!l<f.<l'i ~ ~<!) -!.!RlJ!'i~ ffl C<lTi'!! 

~~~ ~ \5-[~'(l-i<f ,f~~ 'ij'f.11 ffl<J 9ITT:<f1 ~ ~ 

"'PW '5<!~~ ~ ~-.:; 9fll1 I~ 'TI~l<f~ (@ '51'(~ nu) 

v C<! ~ <f.<ff ~ I~ ..!16 ~ ~<f.<l'i ~rfu (~, Hz) I 

11Uf '51-3_-s•fil,q, >1~~ <rr '!>i~~c--i ~~ ~-£1Ul 

15/N>JJ•-J ~ IFf@l ~ \5<1~-Sl<f 9l<ITT! <l'iTc'I (Time 

Period) ~ I '5r,,IJ~ '5TITTI <f.'<! ?ffC"<fl r:<l m~ ~ 

<!Jut ~r:( ~ ~ ~ ~ }1',;rnq, "'PW ~~'iR 

ffl <l'iTc'I C<ff7;c"f I ~ 'T' C<! RVf"'f <f.<ff ~ I ~ <!l~ ~~ 

..!l<f.<l'i ~ (Second) I <!S-"'~irff~<f. ~ ·-,~(Jl~<IIWl<I ~ 

~~ 



l 
\'-- I 

T 

J]'.f,l ~ 15!(,f. l,!Jt,f --,rt~~~ >f~'i~ 

r•::J •~.;r l~ 9f!r<I 1-~~lll~~Q/j~c'fflJ.'I~ 

,;Qllim! ~"'! ~ ~ ~ ~ <1Sl~ ~ I @~Sf 

~'i'l ~'i1~~~~~"8-~~ 

~ l~~ey,Tilrf<lflj_tt~,;f~'i'tl~~Cf~~ 

~ ~. ,~Rs:rnrt~m ~fiifBlSf)[~ I~ (pitch) 
~ l,!J~ -.!JM~ 6IMWJ,qs ~ I 

~ l!~ ~~~~~~ 
~ ~ ~ ~ 1 @~~ ~ fil~IC~ ~~ ~~ 
~ ~<f)'(j ~~I~~~~ l5jr,; ~'(3 ~ ~ 
~12.9~~~,~~~'f~l◄~ 
~ .!lff ~A~~ -.!l~ ~ l?il'f~ Sf~~ 
,;~~ ~ ',b.j_lS-Q~ 9{R ~1JTTJ I 

~ ~ i5l'R- ~ ~ ~ 
~~~ ~ c<m'f'i'I c<m'f'i't ~.,~, .. 1Cf<lf ©~9111' 
~ I 

~ : I 2. 9. ~ 15/p01-, 'llffl ~~ ~ 
~ ~ 15/pe,-, ~ ~~ ~' 

,,~ 11r-r.1 lfr.lf P1~ 111 tfJ-PI •~m:•lf~ ,rr.-frUj .rr-rr. 
~ ~'iPI ~Pl l<J~ I I 2. 8 ( c) ~ f;ff'J'i11 ~ ~Pl! 
Sfftfl<I'~ A ~f'tfV'IT.<I ~ 1 ~ 1 •r~ 0fS'JRi ~ 'II 61'>1-f 

~l~~~I 
~ ~ (loudness) <fl <.<111•161~1 (softness) 

~: ~ ~ ffl1 A~~ I~~~~~ P,~0, 
ffl ~ ~ ~ mm'i'I <ISf.i <ffi l!lm ~<Al~~ 

'6~ I CU¥J ~'tfiRi af~ ~ ~ ~<ff~ 
1lfl$f l,!J~ ~~ 9fTll ~ l!Sl'@I ~ ~ ~ ~ 
(f◄m<I) ~ ~'<f I CU¥'~~ "51N~ ~ l!Sl'@I ~ 
<ff \Sli,;◄ 1lfl$f .,Qijf ~All , m -is'<f ?11Mc:i1c~ '( ~i!~ 1lfl$f l!Slf~ 
~Sf~~ 'PffC<{<'lSACf~l!Sif~~ ~~I 
~~~'i'l~~~@~~Dlf.ro~f.rnM<?W1l@~~ 

~ ~ ~ ~'i'I afr.'i'I ~ ~ ~~ ~ ~ 
91ml 12.10~ ~~~tw~~~ 
~~'i'l~Clf~~I 

~:12.10. ~~~</S11~~ 

~~rot 

~ ~c:t <fl qqf.ft<lfii~ ~ ~ -.!Jut olRWl<fi 
~ ~ 1,!Jt<fi ~ ~ \51311!>1◄ "i_ijt ~ ~ 
"fl~ ~ <fiC◄l,gUJ I ~<Qaf! lrf<lf -.!l~ ~Cf ~ ~ 
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c~ 

I.~ 

~affeif.hJ1~1 6420 
~ 6040 
~ 5960 
~ 5950 
f?\~ 4700 
<!$ (~ ) 3980 

?ff.TT (~ ) 1531 
9ft-11 (~ ) 1498 
~ 1207 
fil~ 1103 

~~ 1284 
~ 965 

~ 346 
'61f1iC1S1ii 3 16 

~ iSl'S:-ol<Jl~iS 21 3 

1. ~9/r-fti!Jlf</i~~~'1/1~ 
<!J<fi f,ifi;'H ~/fl0/X, "fSff JJ,{f5 i!l(/~t,'t,ct, 

~ ? 

~m ~ct (Sonic boom) : c<r.rr..r1-.!JG1 ~ 
:!:i·Ri " [7',Pl :!:i,f~~0 7jff ;pr, ~ ·rn ~ 'Qf!"'nf¼--r. 
(Supersonic) !i,~<1 "~ <Pfl <Jf.'l (.<f.P!l ~ 1 ~ 
(li;ft. r,m; w-rr-i "?jf!FDl ~~ ~ rtITT !'i<Ri7?! r.lf~ 
<f.7?11 Xf'w!@~'l .!!GT~ "14f~f.<fi ~ tf<fi ~'~ 'ifR; <f.~ 

~<1f%21<1r-51 ~ ~'iPI (Shock wave) ;fti~ 1zrcrr® 
~~,;~ ~IZ. ?fW.WPY xrfu; ~ I~~~ 
'!71~,;r, ~ 0f1?-!i <mJ""-16'l?f<1 ~ ~ <'IIV'l 

-!JUI~ icf"if<! ~ <WI, ~rl<l5 ''¥ffi rrr:o;r;Mct '' 

(Sonic boom) r.<lTVl'l 1 ~rrn f<rnrc.:i ~ <f.<'11 

~ V'l~'ifr.<1l<R5 <fif-6 ~ <Tim ?f<ff(<fi ~rr, ~ 
'5lylf.i<flM •.f.f~ ~q.:i ~ ?f<1~ <fl~ "'~ ~ I 

12.3 llf<5f"' 2!K§lj5a"jil (Reflection of Sound) 

~<V-il!!UIC<lm~~l~~~~Wfil!l~ 

~-e (.'if~~ \!l<lc-t "J~ ~~~~I (.~ 

\fC<Y "'PIT'e C'ifll,1 ~; ~ ~ Z!Ri<l'i;,\!l ~; ~ 

~fe<fi '61i'if<1 C!l~ ?fW~ '.'::lk,<rr.f, 1<1 ~t<IPI~ 

-T!R or,c, 1 x~ '61i?f"Vl ~f<i' :1Ri<t-r.1,M ~ "'I lfU~ '51I~ 

~ ~ -!.l~r.1'lf<1 ~ ~ ~ C<f.1' 1 ~~?ffi <fi"C<l 

~ ~ l!lc.<f.~/;l >i:.J\!lr.1{.\!l QJ'fC<fi I~ ~~'if<! ~N:l•Mrl<I 

<ffC<1 iSli!;<I ~ ~ '61Qf<11 ~ Zlf0<1~¢<1 ~ I 

~ c-Jt"Pf:..~······-····--·-·--·--·-U-5 
• 12.11 ~ ()f~ ffl ~ ~ ~i!;1 CFfRTl I 

C'!Jl•l!Cc'JIC<fl Dl'u C?f9ft<I ~ ffl ~i!;1 ~ 
~ ffl "r.1'<1 ?ff<11 I ~ ()f~ ffl ~\$1 

~I <flQIB JITil"c'j ~ r.ffi'if<I I 
,.. C<l<l 1!!~ ~~ ~rf9f\5 c't¥J -£1~ ~i!;1 '@l 
~ 0'ITTTT I 

.. ~ -!Jijf<{ (."W-'!J ~ <f.1'1~ ~ 'lCf'lf ~~ 
~<All 

,._ ~i!;1 ~ '51~~,M Jfl"c'j-~ ffl ~ ~ 
\51i!;~ ~~ <ITTP(1 "<fi<l"l I 

- l!l~ll ~~ ~ ~M~.-l C<f.1'1<1 ~~ Cr.11m 

~~~~~I 
._ C>fl~J\!!<1 ~~rmt ~ ~ ~ -a~ lff ~1 
~ ~ '<lW ~ "<fi<l1 I 
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~"fl l <.~ 

l . ~~t.1/Jff(a) rhm~(b) ~ 

~lf;~f 

l ~~~~ . ..of~~ 

,.,.~ ~ tfJpw, C<f!i, 

~ !,.~ '1~91 ~ "'~~ ~ <;:;1_~<1-i<I lfC<f 

~~'SR WIJ. .JJ'Gll ~ Jl~ ~ 1!51N5Jli~ ~ ~ I 

~rf.l ~ C1J 

:!1•R'i, V = ~/~ 

}. 
=-

T 
~ml!, }. ~ ~ ~~-sr, ~ ~'l'f ONJ I l ~~ . ..!!UI 

9fcm1 ~ (TJ Vf"'f ~~~ GIK!>JJ•:.i CRT~ I~. 

U=AV 

<II. V = VA 

~~tr,. !f-Rl = ~~'I'/ ~ X ~ ~<II 

?t~ l111:ffl1..!1~ ..!I~ c~ ~ "117:~ 

~ ~~~ ~ H<~. !fro Jl~ I 

~Cf 12.1 Xf>W ~~'I'/ ..!llif.l·~~ 2 kHz~ 

~~'I'/ C'NJ 35 cm I I .5 km ~ 1!51N5Jfi~ ~ 

l~r-:T~c:r'<I'? 

"Sf7:rtlfti1 : 

~~ 
<t:~~-,s v = 2 kHz= 2000 Hz 

vf~'l'f Of'i1J A = 35 cm= 0.35 m 

~ ~ C<1 ~~'SR a-.~ 

l??f~r,rr'firl<11ffW d = 1.5 km ~ -r:f..,.-11.'i! 0!1<11 ~ 

t = ~ = J.Sx 1000m = .!_:55 = 21 5 
v 1ooms-• 7 

,~ I 5 km ~ ~~-!t;.1 -r.f,r-r,;-,, •r.-.. ~ , ~1r.. 

,11-=-•··•· . -. · ~ •• ,·,r 

~2.f SI 

~r'trtt~ ~ l I . "l'1f Wtf~'fff "i!:<r~1/ ~- ~ { <If, ~ 
~ iflTl131ff/fffff~(-7Tfir-.11 

., "f'i ;:ff~'fff ~(<If ~ ~ ~'ff ~ ti, 

~,M-f!J,~~~~~, 

J. ~ff~ 'Slfllf'S/ ..ot~ -r1ff ~~~~ &~ 

440 m s·' ~~~220 Hz 1~ 

~ ~1'/ 'tfftlr f.ieftl ~ I 

./. &e.'ff ~ 450 111 ~ '$9(fi#J * 
.JJY (i{ :JR eRS 1 fl .Gt~ -11._filfr<II 

500 H: 1 (;e,")'f,f 1'ffT fi;'f(~ '3i'l.Jr~ 

>f\C<Pl~l~_,_, $-f ~ ~ ~ f 

~ ~';?; ..!1<!'><11-,Sf~ ~:.~"'Ir,'! ?f~ ~ C<TfiTI Vf<Sf ~ 

~'f<ll-1~ ~ ~'5'f<l !!FfflT (.<Jl '::•'1 , ~rf.T (.<t>Ri~lf<lt "!lf<ffll" 

l!ilf<f' '*-:-l"><f"lf ~ ;fla'l-;fci~·.~; ~ ffll CWf'C Pl~~ 

"11Tf~ ~ r ~ ~~ ~ fi) .!:J.ill"'R!BM ~ ~"' r 

~ ~~~ ..!IT.<15 ?fl<l"i i-1@1 ¥f<IM ..!16Ff. ~~ 

~ ~ (.~ ~<Tl G,f,l(.'i;r-!>7.<11 iST\$~ ~~ I 

~ 1. ¥{fl~~~ ~9{fe/.,JJ ti,, 

, 
12.2.4 ~11f~~Jfo~ (SPEED OF SOUND 

IN DIFFERENT MEDIA) 

V = ~ ~'l'f ~ X ~~cf$ 

v= VA 
= 0.35 m x 2000 Hz= 700 ms·' 

~tf,-R ~ llf<$f ~ Bo~ '}f{13ffl ~I~ 

c~ ~ ~ 14~>i:.i{I~ ~ ~~~ 

lITTI I 
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0'I 

~ g I l. 11. >lf<lj7f .:!:fNIJid-f-1 

12.3.1 ~(ECHO) 

151rfil@~ tlM•/1<:iA ?j°0 ~ -G~ '51J:i lf;i<1>1 <fl~ \G~ 

~~<fl~ 6l?fFI ~~?j ~~..!)~ 

~ ~ 0-TT ?fl'G I~ ~-Tl..!)~~~~~ I 

~ l!~ ~ '11Ul l<flSf,q 151-J_'i!M 0. I S 'ffi ~ ~ I 

~ ~~ ~~ ~m ~ Xf<$f l5lf<lo tiRiqf;Ji,!i ~ 

~ ~ ~ <llVl'G 0. 1 s ~'<l' ~, ..!jUJ tJ'1ro 

~l\!l, ~ 22°C '\!j~~ ~NJ~ 344 mis~ 'if'IJ 

~ ~. C\!lm 0. I s 'l?5 ~ t!Ni<l!.11<1>e @~ ~~ ~~ 

~q,i!JN,~<1 ~ ~ ~<l'>l'lM~~~ I 

'?ii~~ @~9lfu ~ ~ :::JM;J>¢irl<1> ~ c'if ~ ~ 
~Tre •14ft'GIC-d 151R5j);;i ~ ~~ ii.~ ~G ~-, 

344 mis x 0. I s = 34.4 m I ~ ~ ~~ 1!1~ 

~'cc,~ @~"Ff ~ ~fG<lWt-<l ~ ~. '11~ ~ 

151Wl 151~~ 17.2 m ~ a-rrf'i1G I <ITTpf ~ ~ ~'cc'f <fl~ 

~ ~ ~'<7 I <:1l<1 l<ll~<t- <fl 9flg 9flg ~M~i:'frl<l <r~ 

~~ .!l<t-TI~ ~rTl <Tm I~ ~f0<J5a-J<i<t-~ C<TC-l 

i5"R7<f, l1Tfu ~ ~'?ffv'! Xf'$f<l' <l'Pf~ ~NJ<fa"jrf<l ~ 

~ ~~ ~l1{1-lF! ~~ ?fl-6' 

12.3.2 ~'R (REVE RBE RATION) 

\Sli;<f C~~ .!iGI~ ~ ~1 '14fC<H<1 C~'i~ 

~ ~ ~Ni¾'~I!> ~ ~ ~ ~ ~ 

~?frnl 9f<ITTl ~ <t-1~ ~ ~I -f$M ~ 

~ 9J?lg ~ g ~Ni¾'a-J<il<P \51'fJ'R ~ C'ffifl ~ I 
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~Cf 12.2~~'9~~·~~ 

619fF'~~5 s ~~~~~~ 
~ ,~•1-sr◄Uf•R5 346 m s- 1

, ~~ 

9f<TTffli:'fllUl'<f~~? 

~~= 

firm~ 
~ ~N5, v = 346 ms-1 

~~ o~"T~ ~. t = 5 sec. 

ffl 151RJ.g,~ ~ ~ = V X t = 346 ms•I X 5 S. 

= 1730 m 

5 s ~ -14ft1:il<A 1/1i~'9Fl"1 ~ lt"a1ll~◄ ~~~ 
151RJ.g,~ ~ af~ ~ I 

~ ll1-i~rl ~ ltciltiil◄ 11li!JR~ 

= 1730m = 865m 
2 

1. 16f<Sr .!l'u?f ~~,r;, 3 ., ~ \!, 3 ;:/f 'ff~ ! 

~~ 9f-e ~ &~~ 'I!TSR 1[-rf 

~ r fi;m ~ -~ F-R- 3./_, 111, 

12.3.3 ~ 9P': 9ft• ejN,qic'j-l◄ ~0:4~1 ◄ , {USES OF 

MULTIPLE REFLECTION OF SOUND) 

1 . ~H<lef<fl <rl ClJ'iffq'.l° (megaphone), ~ . ~ 
(Trumpet)~~~~~~ 

~~~ f.wif;~ -l4◄lt<15 ~ -!l':15 ~ " 

"1!~':15"1~112. 12~~~~1 

<fl~ ~3PI~~ ~ -!I~ ~ ~~"11f llf~t ~ 
~~ ~~~ ~: 90: ~R!iqa-,c~ ~ ~t~ 
151'f~~©~~'Pf"1 ~~~~~' 



2. ~Qf~91M~~'-'1'5.1*~=~'1'~ 
~ ~'(3~~ °©'.91Jf 1Sfllf ~~ ~ ~~ ~ 

~ttffl'-"11~112.]3p~~ 

{!&QI~~~~ ~'-~ 1Sfllf ~= ~= 
!:!R!l(Jlc,il◄ <.~~ 'fffis'-~ <!St~~ I 

~: 12.13. ch~ 

3. "lltt'R~ ~~~ >i~C'!~◄ C~~ (concert 

hall), ~~ C~~ ( conference hall) 

~ ~ ~ ll_~'l> <1Jfil1M◄ ~ ~ 12.14 

~ ~IB--fllf C~~~~~ ~ 

~f(.lff .n~ 
""'l"l°'r.a'f 1Trf ?f~ I ~r~I 11~ . 
\o'I' -, • . ~, ~ TJff'.\!i 
cfJli ~~ (sound board)~9FT · 

~f.l ~ ?I~~ ~ -P5f ~ ~';f ~ ~ 
~ 'fl~ >J_tlll\51(.<I rmf9M ?f~ (W-11 I 2. I 5) 

R : 12. I 4. ,,,.,,,'(if.• '~ 1/ff 

,- .. -. -. -. --. 

1. >t~~ >t~M?l ii/ (.~%,<f )J~ <!:!Fr~ 

RW~ P 

1 2 . 4 ~ 9fRJR (Range of Hearing) 

~~~(audible range) ~!PIR ?ITTI 20 ~~ 
~20,000~(1 ~== • ~/C6.)19fl6~~-a,~-
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CTJ<l~ ~~ ~R ~~ Ql7..I ff-7?125 k l lz( I kHz = IO00 

H z) ~~ -:.;r.-1, <l~ '{;o-f i,rf¼.c, isw ~r~<TRT 21R?; 

~ ~"lffiffi<f ~~~ .. ~ ~ ?fm 1 20 Hz '!17.<t- <fi.1 

~~ " ~ l;!;j<p<lf~ ~f.i (in fra sonic sound) <II 

~f'lf ( infrasound) C<ffi::'l l<J~~rf.i~, Pli ~mCc'l ~ 
?Z?.i;-Jlf.~r.\!.i-1 C'!ll~ r.in-rrf'<I<! ?fl-r;f<! ~ ~~ ~-Tr<! 

~~ ~~ ~ " Plf'(:J " f.U:fflC~7.\!i•l I 2fffi 5 Hz 

91-;fu~ ~ ~<l'Rf ~~ ~ ~~'iff<f ~ C<Tf5lfC<Tf'if 

<fTt~ r R>f.1~1 ~ '51~ :;d'5Jc~, ~f>lf @~?f?! <f."l<I, ~R 

;i:,fl?lSi ~ C<I '{lf.1<11 "'-'!<I ~.,I ~1~-£~ l?;pl/~ ~ <11<'11 ~ <Im I 

'{, f.1<11 •• ,.,j~ ~ ~~~'if<!~ ~ '1,t<f ~ ~ ~<fi<I 

1.'51'<r"f"l'f<! ~ ~ . f.1f<i71J{} t- ~ <1'5? ~<11 ~ <m ~ I 
20 kH z <I ~~ ~ ~<1><1 ~ ~'5"1f P-1 <11 ~ 
(ultrasonic sound) <11 -.!4 R."f"'1 (ultrasound) C<IT7:ff' r 

'5~, <I~~ P'r'm1 '-!.lR.• f'lf ~™ I FIV'f<f ~ 
S'iff .!!r1~ ~ ~ U.<l'f•l"'flr.'f ~"l ~ ~,;f ~ fr.<11 1 ~~ 5~ 

~@l;o~~ ~-~ ~r-:f~·e~~'Tfl 

~~?fTT!~f<j:;W<f.'l<l~?f<ft~?f"C<I I .Q~'<.: 

'-!.lR>• j<ij ~ ~ (.~ C~ I 

~Cf~~ (hearing aid) : -m~R:<T~ ~-Tl 

~ '1~~21VJ~~ I ~"l~<r.ii~~ 

~ .!!~l:l ~if.l<t-&H<ts >i:q~ 1 ~ '<! -QUA~~ 

~'1~m~~~~4"C<f l ~Li-1'Xf>:T~~~ 

C<l'l)N><f. "'l~C<f.\!l(i;'j <}i'?f'Rlq <f."C<t I ~ f¾-m (am­

plifier) 'l";ff<rf <Q~ r.<l 'iJ~ <11 ~Kc~A f¾f~ <11<11 ~ 1 

~ C<l'j)M J-J ~C<11~C<ll<l .!Kf'1~~~ 

C~'1 <f.<11 B I ~ ~~ C<l'l)fG<t- jj~C<ll\!Jl<ll<t 

1'f<JW'f <fi?fffi<!' ffl <t-1~ ?(ITT m I ~ ~ 

~~~~~ , 
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.,,,~~ ~ '1f!'Pf ~ 9/Wfif Rr? 
(a) ~ i!'ilffi (b) ~-f'IM ~ 
~ ~(i/Rf ~ fiis? 

-

lZ.5 ~R,•P5R ~~ (Applications of 
Ultrasound) 

~f'lf ~ @1it5 '<fi"' 0?/rm~ " Pli I ~ ~~ 
~1R,•~ ~ ?fl'4T,<I 'i~ <Tlffi ?ff"r.<I I ~Pli ~ ': 

~ ~r,~.,, 
~~~~~~~"·"~I 

.. f?;l<'Pi6~ '!ii~ ;:rffl, -:.J.;_l;!j ~~ ;)>, . ·~ ·~~ 
~&t<ll!if.r<fi@~R ~~ "'17.<f ~ i;f.r; r,.,rt~ 

~[<I~~ ~Pli ~ ~._ 
'"'II ~~ 

~ ~ uJ~ I ~ f<I .!JUT ~ ~ 
<!~rt ~ ~[<I,~ ~B"?Jcf ~ ~Pli ~~ 
<11<rt ~ r °&NJ <TS·•-.-,r,m~ <f-f~ <1.fci--1% 
~C¢J~¥ll "'f"f'lq{~~~~~°¾ 

~ ~ ~ r .!l~ ~ <ffll<lf<f ~"1.cfR 

~~' 
• ~ ~ <JSW ~ ~ t:f<lf (.~ ~ 
~ <RI ~ I ~ ~IN<f i fC<( ~f<f.f<T ~f~ ~ 

"'f"l~ C<'li83IH<ll ~~ ~ ~ '?:/\~ 

~ ~ r ~ , ~ <J?6l<I \!,j~~l'>f<T <fro ~ 

~JRl7.<!M ~ ?f<fl 'f'IJ.Tr-T ~ ~ ~ 
'>fl~ ~ ffl ~ I ~ ~'G-~ ~ 

151RJ•Pli (.!i<!'"f <TS<fT ~ 151W·~ ~~~ 
,i~~ (detector) 101 C?flr.ffilf ~ 1 ~ 

<J?~f<f ~~'51'it<f ~ ~ Wf~~-6 ~ 
~Rl<JS~\!i ffl I 2. I 6 ~ Of~A Wf ~ ~ 
wi~~ @~ f.lcrn ~, 

f.pr~'ifR5 

~<!~l 

~ : 12.16. -~ ¥~'R ~{f/'/&Y,'(}i ~ 9fl1 
I •_,, , 'I 



l!il'fif.,I ~~'ij "'~ "1~'1 ~ ~~~ -fl~ ~ 
~~ (rllm~ ~'1 ffi ~ ~~~ "511~ ~'cil 
~ ~ ft 9iQI ~ ~~~ ~ 9fPI 
t~~ ~ ~)1~~~., 

• "!ilRi-11Rt4 ~~'Sf.1S ?(i'.M~◄ AA1! 151~•'"' 9r◄tt 
?JR!iqfa,I!) 4!:41~?(;'.~◄ ~~~~I -!l,~ $!!~ ~~( echocardiography) 
~I 

• ~ ~~ (ultrasound scanner) ~ 
i51Ri•11Rt4 ~~'ij ~ <ffi ~ ~ 
~'IR 151~'/R ~ ~ ~ I fm'."4 

-!1~ ~~ lbll\SJ~ii 151~'51 ~ ~ 
(liver), ~ (gall bladder), ~Ill 
(uterus), 'fiJ (kidney) ~ ~ ~ 

~ 9ffc◄l I~~ fm'.'ft<IS C({t~ 151~'51 

~ ~~'>11%. (1!t.{ ~ ~ ~ 'PflQI(( 
(stones) ~ ~ 151~~ ~ (tumour) ~ 
c~ ~ 1 l!ll: ~ 151N>•11N4 ~~'51 

~ ~~ (tissue) ~ "I~ 

~ ~ ~~ ~ ~<l~if 'clt1 ~ 
"Mt ?INJ(JIM\!i ~ I ~ ~ l!ll: ~~~ 
C~'i_1Ri4 ~~C4\!itiil ~~ <ffl 151~'51({ -fl<Tilf~ 
~~~~I~~~~ 
?t&>f.ha.<11◄ ~ (monitor) ~ ~ 
~~~(film) ~'Pfl ~ 'Caanl: ~I~ 
Yf'liif!>tUt4> 151Nl"l4t C"f~ ~ (ultrasonogra­

phy) ~1--sr~t<l't_l\!i ~ ~~ ~~~ 
~ 151f.h1fi1\!i ~ filcfu ~ m-e -fll: 
~~<Rt ~I 

• ~~~~~'~QI({~~~~ 
~'6 151&>~ ~ ~ ~ I ~ 'Pflffl 
~~ ~ ~ gf~ -aaanl: ~ I 

12.5.1 ~ (SONAR) 
- - ... - • i J. 

~ •t<1t~•t1M<fl ~~cfu~~'Jf~ 1l:<◄l~•(S6und 
Navigation And Ranging ~•14fC~I◄ <1~~ ~ 

c'f~r.'l~·sonar~Qfflt~I~~~~ 

~~. N-i~!io~ Rcfu~~-~~ ~~ 
ffl? ~ l!IUI C?l◄4 ,m (transmitter)~ JIUT ~ 
~ (detector)~; ..£Jl: ~ ell(3 ~:~ fi 12.17 
fu"w 01~ J;f7.<l '-'IT."i!Rn ~ I 

llY-i 

' .... -.... -..... --

~ 12.l 7: C~ ~ ~ C~'Pffl~ 1511<1-~ 

~"'~~~ 

C!l<fc1S~~ffl~~-s1t~?ff1~151'Mi C!f<''1~ I 

l!ll: ~~~ ~ ~ "'~ ~ l5IPlo >i~a\!iM\!i 
~ ~ ?tN>~M\!i ~~ ~'51T<li ~~ ~ 

91« I~~~~ \?ilNl"11M<l'l ~~~ Z<l'J)NAI 
""f~~~ffl I~~~ ~"f~C<l'l~C<lFil◄ 

cl'CQft. ~'I 'FPm ~ 1 ~"flM ~Nl 151Ro 151W'l"M 

C?t◄Cf ~ "f~~ ~ ~ ~ ~ ~~ ~ 
?tR!¥M\!> ~ ~ ~ frlcfu ~ 'Jf!R I ~ ~4. 

'51f!>"N◄ C!t◄'I ~ "f~~'R ~ ~ ~ = t l5lr◄$t 
"flffl ~ lef<IM ;Ei.~ V I ~ ~ ~~ 151MJ!•ll <fi<l1 

~ ~ 2d::: v x t . 

~~ 9fi;riNlCGl<fl ~~ ~91 (echo-ranging)~ 

~ ~ I~~ ~1511◄- >i-l_.!:i\!>M◄ ~. ~~; 
fil~l~'9i (submarine), ~ia-11-.:iro (Iceberg),~ 8ITTft 

~~~~'BR~~.~~~I 

~'1 -12.3 ~ -!l~ C!R'1 <fi<lt "!il~"ttf'4f4 

~~~ >i~a\!iM\!i ~fu><JSM\!i ~ 3.42 s., f~ 
~ ~ ~ ?fFfa'I I "fl'IR<'I ~ '51Rl~ ~•~ 
1531 mis~.~~~ >i-l.B~M<'l iz_~ ~? 

mt~ 
C?!◄'I ~ "I~~ ~ ~. t = 3 .42 s 

"flffl ~ ~~ ~fui. v = 1531 m/s 
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- -

lol~~ '5/MJJ•ll ~ 'l~ . = 2 x >!JJ,.B\!lM◄ 'I~ 

= 2d 

~ ~llfl ~ .,,17.<f ~ Plf ~ -~1., 1 

l2.6 ~~ ~«:A ~ (Structure of 
11 '\;!5 d ~~ >!.i[.!tl!lfi!<t ~ I 

2d = ~ B,~ x ~ 

= 1531 m/S X 3.42 S 

= 5236 m 

Human Ear) 

.~~ @f?~ ~ .>j~'fiaorlolt'if~'f.1 

o-c;Tll~~a!IMJ~~5l9r◄f~~~ 
'f~.fi9ffW'<IIR ~~er~ (audito'"" n 

d = 5236 m/2 = 2618 m. 

lolQ/y~ 1Sil~li9i'4 'Pr◄fl >i~.B\!iM<I ~ 26 18 m ~ 2.62 km 

' • J ervei 

J. i.,, ~.:, JJ 'f/1,,l P/W ,:J<f! ~ ~ 

( 10 11111 />11l ,eJ ..o'tlr ~ g ~ ffl'J,f .JJ~ 

, .,,,, "'~ 1 o ] , '.! ~u ~~, 1,fo 't~ 

91"./ra W('frif !J,,~ J 5 3 I 111 1 ~ - ', -aY 

ma-t11,m ~~ ~ , 

~ ~-.s <RT ~ Cl1 ql'ifillil 1o1~•11f4'4 

~~~ ~er ~ ~ ~ !:l~<.Jc-H ~ c~ ~ 

~ ~ lolifi41◄\!i ffi VC"I ~ ~ ~ <$­

ct:1JIHCql1 !:lf?3q11-,s c11 ~ ~ !l~<.JM\!l ~ 12.18 

~ ~~ ~ ~ ,ql'f~ ~~I !l~<.JM\!l 

~ ~'SR ~ ~ ,ql'!frtCJJ !l~41i4◄ ~ ~ 

·~ ~ 9fml ~ ~ RcflR ~ ~ 

--'-----~.,r. ---------
R - I 2. I 8. qfirtll fitw ff/ WN"fllf ffff ~ 

~~""" d@•fitil 't( ~~, 
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------ --ar;<f~~ 
- - --~ - ---~ 
---~ 

'a()~Rlf¼ 

___._~ti'./»(~~~= :;;hmu . 

<11'1'~9flli~ 
~ 

L----~-!l<l'I~ 

-l~clf&111-1~ 

$.Jr -/2.19. ~ ~If 'lfltff 

11.'f~~ j~,ql'f~a!Rl'l~~~ 

<RI~~ / 
,ql'f '1◄ ~ lo!~ .iqsc(9fffer (pinna) ~ I l ctl'fll'R 

~ 'f~~~ I 'f~~ -14fC,ql◄ a!R!Cf ~ 'f­
~ I ;!!f<l"f. ~ ~ ~ ~ -1l~ ~I~ 

q1c(~ 'Pflff (tympanic membrane) ,q'l ~'!1lllfll 

(eardrum) ~ 1 llltO'll◄ ~15,q;j <15l•tail"f61~ ~ .. ~ 

9flfR•~'5l9R~~~,ql'f•tail'fd1<15 fis'54tai at'II 
~lll~--. ~lii °"PfXf ~ <1Sl'lail'fd1 ~-e~ 

~ I ~ ,ql'f•tail"fo'I~ ~ ~ ~ I -1ll: ~ 
11-rJql~ ~ N>H\5161 ~ (~. ~ lolRi ffflti) 
(hammer, anvil and stirrup) C,qS,q'f (3~Cf '1~~ 11'R 

9Rf .'1~'5l9R '9jM,q~q5-1ti'Jql~ lo!$~,~ 

~ I ~~ ~~ "1~:qc.t;iq1 <IS~ (cochlea) 

i,q•j)Nlcll ~ ~C<!S\§~o, ◄1~ ~ r a!Rl'l ~ (auditory 

nerve) ~11,'q'1)1'\!)cl5'1<C4"C,ql◄ ~~ ~'l~~ 

~~1Sf<Sf ~~~"'1C~~1◄ ~ I 



C 1I (.\!) ~ tta, t tcfi 

• 
• 
• 

• 

• 
• 

• 

• 

• 
• 

• 

• 

• 

• 

• 
• 
• 
• 

f<i; 

f-1Ase1t 

~~~~--~~~?ffu~ , 

~ lT!~ ~ Xf"llf .:.l•ft'.'t'<lJ ~ ~'if<! "11?!'5 ~~ ~ I 

lT!~ '51 .. r.n•fiicfl ,,~~ ~ ~r~~-1 ~?f 1<f>'f ,i~ ~ , 

~ 'l~ ~ ~ ~ 1'1~ ii~~. lll~ <Ti' IWl"Pf WZ ~~ 

~I 

~ ~ 'l(pf;'R ~ I 

lTl'U1R ~ . ~~ ~ ~ ?f<l1 ~ ~ ~ ~ f~ ~~ ~~ 

~~ ~m ~ijl ~ ~'1 ~ ~ ~ ~ I 

~ '51-!JJifiiq. ;j~ ~ lf'vl '51rJ_JJifiJql '-'1.~~•l<l ~ ~ \?J<l'~'i1 M . A 

~I 

111~ ~ ~ 51~ ~ijl ~ ~'1 ~~ ~~~ ~ ~ ~ ffl 

~.T~, 1 
~ <1l~ ~ ,,~. ~cf'~ '11~~ ~ tq1, {v) ~ . V = T 

~ Bo~ v, ~~" v~ \!i<f~'i1 ~ 11. <1 ~ ~ v= v11. '1~<11<1<.~tv-{ 

~~~, 

~ Bo~ !.f~: Pf 'l~ ~ llt~ ~ ~ ~ {3~ ~ 

~, 
~ !.ff;hqa,.i◄ "lJ! ~ '51'1~ '5l'r◄$e 2iN5(JSM\!l ~ N'l ~ ~~ ~ 

!.f~a,a,.i ~"ITC~~ '51fs'1"ll<l c,~ ~ ~ ~'1 {s~9f?f ~ ~ 

11)~ ~~ ~"(.<)\~ 'lll\!i'i\!i Q/fCql I 

~ ~ ~~ ~m ~ ~ ~ 2iN>(JSM\!i ~ 1lliSf◄l ~ 151~<i1tc, 

~ 0.1 s ~'i?I ~, 

c~~ ~ ~ ~ ffi ~ ~'1 ~-a, ~ ~ 2if\!> (Jic,rl ~ 

~~~~I 

~ ~. ~ ~ ~'1<1 \:f(."1 ~ \!i<f~'i1<1 ~ 9f<ft ~'111 ~ ~ , 

~ ~ ~ ~ ~'1<1 ~ >i~lMC~ ~'1 ~ ~ ~ ~ ~ I 

"'!fl C .. Jlqc,◄ ~ ~ ~ \!i ~ ~ ~ •1fu.c<11 ~ ~ c◄mc, I 

,n~ct ~ ~ ~ ~CR ~ . 20 Hz - 20 kHz ~~~ 

9f F4>i◄◄ ~ ~111<1"-li I 
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1 . "f'I' ~ ~~ ~ mci ~ @~ ?ffl <r.<r1 ~ ? 

2. "P'-f<f @«.~ (.:~ ~ \'Jr1l~<I .. I ~ i!,[&.17JI ~ @~?(ff ~ ~ ~ 

'ffi~~I 

J. "f'-M 'il1E i7J•l<l .,.~ -TJ<JJ-l<f 7!lcma.'7hJ\!,I ~f.i <1><fl ~ <!lUT &7.?f~ ~, 

4 . l<f7-f i!?1~~ -:..1•J'clf~ ~ ~'if ~ ~ ~ ~? 

5. ~ r.<ml ~~ <l':::\!l<l ~'ij'\!i ~ ~ ~ ,.~ ~ ~ ~ 

~ ~ ~ ~ ~ ?fP{J? 

6. M~F.il ~ (J,0ffi ~~~'if~ ~I ~ ~ ~ ~ 

C<t-~7.6l4'•t:-TJil<Y ~ ~ ~;jj <Tm, ~? 

7. <TJfui ~~ ~ ~ ~ 20 Hz - 20 kHz <r ~-t<I~ 1 <!l~ ~ 

~~'51 <f."' 0?i'7I~ ,;re~ l<f'-1 ~ ~')f<l <I~ W<tif 9f<f. v1~'5'f ~ ~? ~ 

,.~ :!:f,~ 344 mis ~ <f<fl, 

8. -.!lc;Jf;Jf.im;i<1 1rn-~~ ~ ~ ~ ~ ~ 1 <!l~ fiM-&m ~™ ~ 

~ , .,.~ ~ ~ <!l-.'J!))fiim)J<I ~ c'if ~ ~ -eR ?fl'6~ "f'Sff ~ 

""Q<J ?fRi ,g F.i em ' 
9. ~ ~~,r JlW! ~~<f. I 00 Hz I~ ~ ~ Ri:.i1.-tG1 ~ ~'f' ~? 

10. (.?Jl"?J,"i •IIH 6='fl Zljl!,<.'tj-l<I '[N.ef~ ~ :.JT7.,lr,!? <l'Jl~ <1S<Jl I 

11. T!<f <ffl <!l~ "~ ~K!i<fWil!I ffl7Fi ~~ ~ ~ I <f<JT ~.e<JS. ,.f"4M @~~ 

~ 211-!,•PF.14'· ?flM ~ 't_<l-t/ Jl"C<fi i!l'~ I l!IIC\!lft<l'i ~ ~ <!lm ~~ 
~ ~ fii<m-1 ? 

I 2. ""f:1 \!1<1~'il<I Zlf-!-•fr.-H<I ~ <1M~IM<t- mfil'if ~~ I 

I 3. 500 m ·~~ ~ <!lGT<f '"li<l<I ?f<JJ lira, <!JG'I ??WI ?jl'f7.'t~ ~ ?J.~ ft 

~~~I~ ?f<fl<I ""f:1Wl ey~U.61<1 -.'fl,(~~~~ C9f~ c!R! 

r.r~ll ~ g= I O mis~~ ""~ B,RJ =340 mis. 

1-t "f~ ~ ~'if ~u, 339 ms·' E<fir.<1 ~~IV-1'-!- ~ 1 <ffeT ~f'-1 ~ ~'>! (.Wiij 1.5 

cm, r.>-!-W ~~"@T<i ~ ~<r. fw.rr-i? ~ ~f<fJ ~<fr.-1? 

I .5 . !-T-]<1' fi1 <r.r:; ~ ~ ~~ l<f. Cif.l.•1?.¢ <t:.J1<1 "ffPI? 

16. ""/7'-M Z@'-!-1 7f.rt- e<rfVf!? f<r. f<r. <r.rr<f.<l (:<>17i" :;- ~7b. 
- ,~ ~ .( f• f ~<1•1 ff•~l !" 



17. ~ tf~ <1~ '.?il~f'lrl ~ FIi trot~? 
l 8. ~ (dl&lll9) ~ 'o!N,•N-1 ~ ~ m ~? 
19. ~ ~f!; ~ !ftlrl-St cffl-.rrl <Rt I 

20. fiit~.ai,~,19!~ ~~ s.TR ~ ,.!Jtfl. ~~ (!Pl'! ~f<I 5 s f~ !.1~-t1f.1 ~ , 
C~ I f-1\i'&i1~Jl8i~ ~ ~ ~ 3625 m ~~ ~ ~ ?f,f! f.i,rn 
~1 1 

21 . ~rs; ~ ~ ~ ,"31 11)~ WR~ ~ ~ (.9fCa'{~1 -~ <ffi"ITT 
<RI I 

22. ~ ~~ ~ ~ <ffi~ <Rt I 


