
~ 
-

~
 

c 
iJ

 
(
~
 

z 
~ 

;(J7 
:J 

~ 
~ -

~
 

c :I 
0 
(I) 

0 c 0 
"": 

C
it 

; 
en 

1:)1'• 
u 

•• 
.s 

u: 
<~ 

e 
Ci 

AJ' !!:. 
'C

J 
e; ~~ 

.... o
i 

9" 
u:. 

9!.i <O
• 

CP 
(~ 

Q
> 

!,E
" 

C
i 

u:. -
05 

e> 
GJ 

liO 
Q

> 

~~'~Hi·~~ 
Oi 

O> 
<O: 

!e' ~
 &

 
'9

 
cg: 

AY 
\?P 

c.o 
-

-
(}; 

Gil 
(ii 

(r::: 
(1:)7 

~
 

<O>J !::e 
E

U
'->

't;D
 

7 
G

&
:J

 
<O: 

(}; 
!Q

i 
(~ 

0:• 
(P

 

"O> 
~
 

<.o 
~
 

"iji 
<.o 

C
:
J
~
G
:
0
5
t
'
l
Y
~
 

EU 
c.o, "0> 

r;o . 05 
~
 

as 
O> 

e:i 
_ .. 

<O: 
~
 

-
(}; 

~
 

G;• 
s:" ~

 (~ 
-

Q
: 

v 
GJ 

~· as 
~ 

<tP se 
as Q> 

Q
i 

01 
@

 
G

 ~
 

<GJ "r;ss 
0

;• 
<.o 

Qi4 e; 
~
 

t')Y
 

<O>J 

~
Q
:
"
"
~
~
·
 

r;s5 
(}; 

((}; 
Q

i' 
iJ

 

~ ~ ~
 

~
 

~
 

~
i
 

·st a. 
(
~
(
g
t
 

\D
 

G1 
l:e 

&·~ 
c.o 

·g (~ 
(~ 

Cj;• 
~· 

(}
 

Q
> 

(
~
 

(~ 
(~ 

('i 

j 
I 

~"lij5 
I 

I 
~
 

rJI 
I 

l 
-

j 
I 

~
 

i 
' 

I 
-

" 

I 
! f~ !~

~
~
 

,.. 
1~

~· 
(S

J" 
CJ 

................... 
) 

.... ai 

I ...... .... .... .. ., ...... ,/"""·. 
\ 

i 
,_

.,A
 

(~I 

~
<
g
 

~
 
~
 

<.o 
(JI 

* 
0 

9
'
~
-
-
G
r
 

<!'.;e 
(9 

\'JI 
EU 

9 
0:::::-

05 
rx

 
as 

((j: 
&:J 

~
 

<.o 
...., 

(jj 
-

((j; 
!::e 

-
Q

i 
(}; 

~
 
~
g
.
 

(9
.!G

l
·(J

 
c; 

0
;• as 

0 
<r;if a 

f
J
a
-
~
~
0
5
~
 

Q
>

U
r-

9
:<

;7
 

Yras 
(}; 

CJ 
Or 

<~ 
G: 

g
c
~
~
 

v 
fg 
~
 

~
!
2
~
~
~
~
·
 

"": 
Ga 

~
 a;· °' 

r,e, 
c
n

c
.o

_
 

-
U

t
"
 

0>1 
-

iJ
 

c;n 
as 

((p
 

G
r 

Q
t-

9
' 

9 
<.o 

C)I 
C

r" 
(~ 

<tP 
C5 

((j: 
(}; 

05 
-

O
i 

_
(p

 
'C

7
 

<.o 
05 

-
<.o 

7 
.._

, 
<.D 

1:)1 

Cs!° 
(6

 
~
 

o; 
<at 

((JI 
:;::;; 

<Gr 
;r

 
...... 

as 
\P

 
<.o 

<.o 

e
>
:
g
:
<
>
J
~
~
a
.
-
·
~
a
s
a
s
~
-
~
 

Q
!
~
u
:
a
s
v
 

~
~
m
~
Q
>
~
:
r
~
~
~
~
~

.,
~
 
~
5
~
1
~
 

~
 

(Cs!° <g 
~
 

G: 
(~ 

<.o 
Q

i 
O

! 
-

•A
 

c
.
o
a
s
~
-

i5 
<.o 

((§
 

<I# 
CP 

~
 

~
 

<O: 
~
 

(~ 
~
 ~ (~ 

as 
c.o 

O
i 

iih 
(ji4 

-
<.o 

Q
i 

~ 
~ 

~ &
 

(~ 
~
 ~ ~Ui 

(~ (~ ~ ~ 
~ ~ <f 
~
 

;f 
<.D 

GJ 
1:)1 

.. 
lij5

 
((j! (i a; (~ 

<.D 
~
 5 (~ 

G
: 

-
°' 

·~ 
~ 

~ 
e: 

($
. 

~ 
OS 

g . ga ~ _ <~ ~
 <~ <~ "Sf_, 

$ 
~ <~ 

'9
 

G1 
G~ 

~ 
9

' 
O

i 
O

fO
l'.::i.1

§
!0

 
( 

~$!)1,,>JvUfov-
<

.o
(
 

7
;J

<
C

P
9

"
 

<.D 
~
 

r.;r <u: 
OS a: 

OS 
((JI 

<0: 
~ 

C
l 

=
r 

G
a 

<
 

iJ
 

@
 

<OS 

~ ~ ~cr~ig ~ ~ ~'!~ ~ ~~ ~ 
.r~·*~~ 

!( 
as 
~ ~ ~ 

G: 
as 

~ 
Ci <~ 

Ci1 
"" ~ ~-

0> 
r;ss 

"" <~ ~ <c; 
• g ~ 

1:)1" ~ ~· <~ ~ 
Q

i ~ 
((]I 

((]I 
((p

 
<g 

@
I 

i: 
()! ~ <(}; ~ 

&' (}: 
CP 

01 
OS 

Gr 
~ 

~ 
<O: 

5 <fl 
.. 

r;ss 
; 

~ 
<Or 

9 
-

~ 
_ 

c~ 
?-a 

Ci 
~ 

~
$
!
)
~
~
~
0
r
A
Y
d
~
~
a
~
o
~
~
~
~
o
a
e
;
~
~
a
 

2 
a. 

as 
a.~ 

G1 
-

~ 
G

:; 
G

 
05 <~ 

O
: 
~
~
~
~
<
a
s
 

9
. ~ ~ 

~
~
-

.. 
D
Q
I
#
~
-
~
~
~
~
 

~
"
"
~
~
~
 

I 
CV (~ 

~ 
(}; 

Ga 
A

7 
05J (crta 

c:i• Q> 
~' 

0 
-

C
(J 

~ 
~ 

G: 
<I# 

(I# 
co 

~ 
as 

CPI 
<

 I 
.. . c:>" or 

-
~. ~

 
1:)1'" ~

 
v 

as 
"" ~ 

ri ~
 

~ 
<

 
J <~ <~ 

-
~ 

coa 
CJ 

Cb 
c:>" 

<O: 
<O: <~ 

614 
c
.
o
~
Q
~
 

v 
oa~ 

-
g
c
~
\
D
c
~
 

AY'AY~ 
as 

;Jr~s tl1111i~~~ ••~iJ 

., _J 



- ~ .., 125 
~ ~~~ ~:i 6_Ql~'<l ~l'IMI (prong)lii 

6)Q6l O'll~Q ~IQIOOQ ~G 'l'Q I ~~§g ~Q 

Q\'iO ~IGll~ Qlij'ii' QQ_GQ Q~ 'ii'QI~ I "'' ~ 
6~Q ? 'ii''~ 62Q~ 'CllliifY'll~'ii_ GQ~I~ '()~ 
2:116Q~I~ I 

b'f'1 (]IQ ~lfl : 9.2 ... 
GQl~'<l "'I~ 'Cill<Cl 6~ <ClG~GI <Clftl '<l21Q 

QQ 00~ "" Q~· 'ii'Q I ~~§g €r~Q GQ@-q 

~~ Ql~I~ "11Q~l~I <Cl~IGQ ~ ~~6Q Q4 
"'6l~ I ~ 9.2 I 

- ·····-·---·-----
! 

--··--·: q'<I 

---- Ii'~ 

~ 9.2 ~9 ~ €r~Q ~ QK111 

~. ~~~ ~~ 6.'Q.~ 

9121(1()Q (j,)"gg ~~g ~~Q QQQ ~l'IMl'i_ 

~ 9.36Q ~OOG 62QIQ~ ~ Y1~6Q ~I~ I 

QQQ Ga2()Q 'i?' 61 6ft'Q~ Q~~ 'i?Q ? '<lflQ 
..... _ -
~ G~~, <al~I~ ~ ~IGQl~I QQ I 

~~Yi E)'i?Q ~~1~6Q £12°8'1 ? 6Ql~'<l ~G 

~WI ~Y'l ·~~ ~ij {i?Q(11QQ § ? 

~ 9.3 ~ g~ QQ'1 

41~1 ~ fl~E)Q ~~ 

'<lQ 0011l:ll~~"'6Q ~6YI ~Q' m ~ 
~l~l'i_ ~IQIG QQ {il'919 ~ij ~~ 'QQ" '<l2 Q?I~ 

~§ ~ij 62Qe I 6"1QQ§ 6Q600 QIQllOO ~eJI : 

~GIQ, Q~IQ Qg~IQ6Q GI~ ~IQ Q?tg ~ij ~ 
~§ ~ij ~1e1-<J I G~I, ~ QGlilQ QIQll~OO 

~91 fl~ Q~ QA.I 21QGQ QIG'{Q ~G ~ 
6"1e!~ ~§ ~ij liilQlel'<l I Q"~l, '<ll~IQ, 'i?l21Q1 

Qg~IQGQ Qlq'l_ q~ {il'91g ~ij QEiQ 6'4~ ~ 
§g~g ~'<l I '<l <r.100 61l:JQE)Q ~Q Q?tg 62q 

~§ ~ij 62Q~ I GQ@-<J ~ 2W§f;Q '<l'i? fl~ 

~~!00 '<1~6<r.l~ (to & fro) 6QQKI_ Q?tg 

'i.21el'<l I m~.~~Y11g~Q <;JQ 6£1~'i?I (vocal 

cord)GQ e!QI QlqQ "'9t~ tP ~ij ~'<l I GQl~'<l 
001 6~QI ft'QIQ Q~QQI GQG~ ~GY'l G~~ ~§ 

~(]IQQ ?~~~~~~fl~ I 

~ liil9 ~IQ Gft'IQ 001 621Q~91 OOQ ~IGfil 

Yi~~ ~IQ ~~GQGQ OOQ ~IG~ ~@ ~'<l I 

6<f.1Q Q9tg Qtq. YJl~~6Q Q!JIQg G~Q 91q6Q 

Q9tg ~ij ljjl()Q, e121Ge1~ ~16YI ~§ ~QeJIQ I 

eQ QOO ~G QOO QlllG £1Qlll:li§ G6Yl 6QE>Q -
QQgl2°, Gl21626Q GIQI ~ OOQ QlllGQ ~~ 

· OOlaQ~ I 
... 

~ £JIQ Qlfl : 9.3 

~6YI 6~00 QtQ&le~ ~I~ § ? ~~ 
QKl'-JOO 9oo6Q 'iGY'l ~IQQQ I 'i6Y1 ~~ 
Ql~eoot~Q ~IYI 6Q'IM '<l~ GIClfll~ 6QQ 

U~ ~G 621Q t,j§ <rJijQ6Q Gl211iil 6~ I ~ 
• c. ... .... 

'<ll{iTYllW <ClQ ~16Ql~I 'ii'Q I 

9.2 ~§Q <alJIQ€1 

(Propagation of Sound) 

~Q ~ ~ ~ij ~'(1 I tJ?i' 600 ooa 
QI Qq Yl~ 6QQ ~BIQG ~'<l, GIQl'i fll~fl 
(medium) 'l_Ql~l'<l . I '<lQ fll~fl ~5~, 009 Qftl 

Q"ll"11Q 621Q£116Q I 6eGGGQ6~ 6"1ll~ ~ Qlq 

fll~Q ~G ~'<l, G<tl6GGQ6Q lil\.'10 ~Q ~~ 



G5 f ~ 
0

;• 
<Gii 

~-
<CS> 

<
 

eu 
-

( 
G5 

(~ 
c;; 

~ 
~
 

C
i 
~
 

G5 
G

: 
O> 

Cl> 
-

Of 
~
 

G5 
'2

 
G5 

Cl> 
Q

;• 
G5 

c;; 
G: 

~
 

Os 
<G5 

ca; 
~
 

OJI 
~
 ~
 

o 
(.0

 
<~ 

<P· ~
 

~
 

a
; 
~ 

~ 
~ 

~ 
~
 
~ 

((p
 
~ 

~
 
~ 

~ 
~ 

(j; 

-
(@

 
I 

' 
c: 

=
' 

-
0 

~,,, 
Q

 
·-

~
C
i
 
~
 

..................... 
o; 
o;y 

~ 
Q

i 
(;>

 
-

°' 
~
 
<~ <~ 

eu 
C
;
>
Q
i
-
~
 

<<:7 <GO 
G

: 
-

r
-

-
G

: 
a> 

..... 
c 

O
>

O
J
 

~
G
:
G
'
O
I
C
i
1
9
-
E
Q
i
 

-
~
C
J
 

!G
 

<G: 
Q

i 
a

; 
Git 

CP 
Q

 
~
 
<~ 

U
: 

cu 
<CP 

~
 

C
. 

~ <~ 
<GO 

ti 
Q

i• ~ 
~ <~., 

G> 
~ <~ 

G
: 

'9' 
C>G:C{i~(ij~i!'j; 

~
~
 
~'9' 

(D
fg

 
V:J 

(ij 
(ij 

U
: 

<
G

O
G

: 
Q

 
CP 

~
 

Q
; 

-<
G

: 
~
 
~
 

(ij 
Q

i' <GO 
~ 

Q
i 

G> 
G

: ~ -~ 
<C;> 

<C;> 
AY 

Q
j 

G
' <~ 

-
a; 

-
u 

1
.p

, 
~
 

I 
<:)7'> 

«
!

, 

g 
~

-!:::. 
·-

-
-

G
: 

~ 
0 

G= 
Q

) 
G5 

G5 
.... 

@
 

cr-

········ 
.... 

!ll!ll!i 
l1ll () 

!ill II I! 
Ii! i 

&
 

(J
) 

Ce? 
Q

? 
'(310 

._
.. 

(
j 

G5 
@

 
(
j 

9
' 

G5 

<O
 

N
 

..-

l.p
 

G
: 

.Q
 
~
 

Q
: 

O
J 
~
 

((j:: 
CJ 

Q
l 

0 
( 

:<
:J

Q
; 

:
:
r
(
.
0
-
~
-
G
>
G
>
o
;
-

(D
'V

 
~ 

Q
i. 

-
~ 

G
: ~ 

Q
; 

G: 
~ 

Q
;• 

Ci 
(.0

 
'9' (~ 

(j; ~ 
a. 

G5 
\.)' 

E
 

Q
 

CP 

:::::::: 
:::: 

:;:::::: 
:::: 

::::: :~: :: :·· :::::::: 

G:>.... 
Q

: 

0
: °' 
~
 
(~ 

O
; 

~
 

w
 

eu 
d 

-
~
 <CP. 

~
'
9
'
(
6
0
7
 

(}; 
~
 

Q
i' 
~
 

G> 
C> 

:<
) 

G:" 
~
 

(
Q

 
~

~ 
~
 

~
 

G
ii 

(j; 
Cl5 

Q
i 

<
P

e
u

a
;a

; 
c
u
;
a
;
u
:
~
 

~
°
'
 

~ 
<GO 

G
' 
~ 
~
 <a> 

CS 
<aa ~ 

EJ 
C> 

~ 
C> 

G> 
~ 

. r.o 
O> 

Q
i 
~
 

-
Q

i 
Q

 
ifj5i 

()') 
5 

o.• 
(Jii 

(Q
i 

(.0
 

c.p 
. -

0 
r
-

V:J 
0 

v
-

(j;; 
-

!:e 
~
 

in
· 

G
:
~
K
:
i
a
)
 

~
 

.............. ······a::: 
a; 

•0
; 

-
9

' 
((p

 
<<:7 

r<
: 

eu 
c 

<GO 
<

* 
V:J 

C
it 

iii 
G> 

<C> 
'9' 

ji5 
c;: 

O
r 

<P 
~
 

(Q
i 

0 
Q

; 
(.0

 
·
-

-
G> 

((p
 

G
' 

':<;I 
(.0

 °' 
<a; 

C> 
CJ 

:!!! 
<<11 

a; <~ 
~
 

ev 
,..,, 

Oi 
,.,, 

~
 

Q
: 

>-e 
Q>-

(Q;~ 
(0

/ 
(p

l 

Q
l <<P 

<GO 
Q

 
G

' 
Q

: 
(p

i. 
(j; 

((p
 

5:e 

Q
C
>
4
~
=
9
~
V
:
J
 

(
j
'-

"
'-

£
>

_
,.. 

C
,p

V
T

 

cg 
G2I 

Q
;4 ~

 <~ 
<G: 

~ 
AY &

 C. &
 _ ~ 

~
 ~ 

<G: 

-
f3I 

((p
 

~
 

'-D
 

G
' 

Oz 
(j; 

°' 
B

it 
~
 

0
;• (~ 

(j; °' 
O> 

<O> 
CJ 

'9' 
eu 

<<:7 
u; 

~
 

(.0
 
~ 

G
: 

~
 

";<Y ~ 
~ 

~ 
.r.o 

~ 
'9' 

a;J °' 
~ 

<a; 
(V

T
 
~
 
~
 

(.0
 

-
(
i
 

C> 
((p

 
{1

! 
((p

 
~
 

C
i 

OJI 
Q

; 

~°'?<(JI 
'9' 

a. 
O

i"O
i ~(Of ~a; 

g 
<C> 

GS 
~
 
~
 
~
 

~
 
~
 
~
 
(~ 

0> 
eu 

G
' 
~
 

O
ti 

V:J 
Q

I v 
eu 

9
' 

Q
; 

c 
V:J 

o; 
~
 

w
 

(.0
 

()l->
 

-
Q

 
G

' 
-

c;: 
(.!) 

(.0
 

a:: 

C> 
>: 

(O
f• 
~
 

Cl5 
9

' 
a; 

a
;' 

C
i 

a; 
(
~
 

O
') 

9
' 

r
-

G
: 

(CJ> 
<

J} 
eP 

((j:: 
. (.0

 
G

' 
.... 

'
-
>
'
~
-
0
:
0
;
 

c;: 
Q

I 
~ 

-
G5 

~
 
~
 

G
ii 

<G: 
~
 
~
 

Cl> 
C

@
 

V:J 
Q

: 
OJ 
~
 

(}; 
G

: 
Q

;4 
1ii 

fili 
~J 

tp
 
~
 

((j:: 
(j, 

'9' 
C

i 
c;: 

c 
~· 

°' 
eu 

~
 

G
' 

G
: 

?l: 
~
 

O> 
C

i 
~
 

(p
i 

(~ 
~
 
~
 

c;: 
~
 

<G
 

G5 
GO 

~
 

Q
; 

-
r
:
 

..0
 

r
-

O> 
G5 

-
~
 

-.... 
~
 

·:;; 
~
 

~
 

G
ii 

G
: 

' 
'9' 

~
 

-
°' -

G
r 

((j:: 
G

' 
9

' 
(.0

 
~
 
~
 

-
°' 

_ 
C

(JI 
~
 

A
Y

 
<G: 

<CS> 
~
 

O> 
<Cl5 

Q
i 

<~, 
<P 

~
 

G
: 

<(JI 
A

Y
 

-
G

' 
Q

; 
~
 

<P 
O

JI ~ 
~ 

~ 
-

-~ 
(.0

 (~ (~ 
~
 ~· 

~ 
6

: 
(j; &

 ~
 ~ '°' 

~1 
@

 
a

; 
~ 

~'W' 
(j; 

('"°. 
r.: 

(;l 
~
 

0: 
u

: ~ Q
 
~
 

G
r 

-
(O

f 
Q

i 
..,.. 

ca; 
-

<
@

 
r-. 

<P 
(.0

 
Q

 
'9' 

~
 

-
G

: 
G5 

~
 

a; 
~· 

-
~
 c. 

9&l 
G

: 
Q

; 
(~ 

Q: 
C> 

ti 
~
 

9
' 

(p
 
~
 
~
 

5:e 
<C> 

Ci4 
Q

i (~ 
~
 

~
 

G
: 
~
 

u: 
o; 

C> 
a; 

c;: 
~
 

C
i 

u
;' 
~
 

~
 

((j; 
Ci 

Q
;• 

Ci 
~ 

~ 
~<GO 

<'"° 
~
 ~ ~~~ <~ 

O> 
~
~
Q
i
u
:
 

Q
i 

{
)
2
1
~
 
~
.
.
.
,
 

(}; 

........................ 
····················· 
····················· 
rn111m11111m

1111 

lllllllllllllllll1!1l 
~ ~~~~ ~ ~~~ ~ ;~~ ~ ~~ ~~ ~~~ 
...................... 
...................... 

i:nnn~=t:i==:::::: 

>-fill1mi111111111111 · 
>< 

-
--

~
 

Q
: 

~ as 
~
Q
;
 

C;J 

~
 

(Q
: 

-~
 

.... cri 
(~I 

-
(p

 
as 

c: 
~
 

G5 
<CP 

~
 

~
 

cg; 
~
 m

 ~
 
~
 
~

-
~
 

c;. 
Q

; 
>< 

E
 

G5 
u

: 
~

-~
 

'-D
 

-
•0

; 
$e 

G5 
... ~· ~~ 

Q: 
Q: 

CJ 
N

 ~~ 
X

 
C;J 

C;J 
~
 ~
 

rii 
e>

 
0: 

CD 
e;:, 

eu 
<G: 

>-
~
 &' 

<~ 
<G: 

~ 
~ 
~
 

G5 <~ 
ev 

~
(
;
·
~
 

c;: 
(
i 
~
 

-
':<;I 

v 
-

Q
; 
~
 
~
 

<C> 
~
 

e 
((p

 
9

' 
-

(.0
 
~
 

( 
G

i 
@

 (~ 
a; 

C> 
C> 

Q
i 

9
' 

y 
(.0

 
~ 

~ 
~
(
~
 
~ (~ 

~ '° 
GS 

i!P 
C> 

9
' 

-
G5 

(
i
•
Q

 g 
~
 
~
 

Oz 
-

>< 
-

Q
 

'-D
 

v 
c.p 

~
 

-
~
 

-
C> 

a> 
<Cs> 

~
 
<~ 

<~ 
Q: B

 ~
 c~ 

(~1 g. -~
 ~ 

c 
~
 

G
' 

g 
~ 

G
: 

r.o 
.Q

 
eu 

w
 

V:J 
G5 

GS 
a 

C> 
.t: 

@
 C> 

r.o 
aii °' <re18. rn 

~
 

<~ 
g; 

9 
'-D

 
\.)/" 

u: 
. 

Q
; 

<G
r 

C;J 
£ 

~
 

Q
: 

<O: 
O>· 

~
Q
 

"' 
G:i 

cri 

~
 

'-D
 

3 
(~ 
e

l 

&. ~
 

~
 
(~ 

G
' 

G
'" 

~
~
~
C
>
~
~
 

c;: 
a

; 
"(.O

 ~
 &-

~ 
~
 
~
 

G5 
C

i 
eu 

-
-

u: 
<G2I 

f./J 
a; 

Q
; 

c;: 
~ 

a
; 
~
 

<G
il 

(t:;j) 
a; 

u
: 

'-D
 

(p
 

a; 
Q

; 
!:e 

Oz 
Ci 

cg; 
c
_

 
('; 

&-
~
 

CP 
Q

i 
C> 

OJI 
eu 

~
 

(}J ~<6-
~
 

G5 
C> 

(.0
 

Q
: 

C;J '° 
~
 

cg; 
G1 

c;: 
CJ 

Q
I 

C6 
(6

 
~
 

G
7 

<0: 
Q

i 
C(j:: 

ev 
~
 

(;•
<GO 

, 
~G5 

y 
0 

G5 
(j; 

Ci 
Q

; 
'V

 
CP 

r.o 
('; 

9. 
e>J 

a; 
GP 

U
: 

CV' 
vr 

'-D
 

G5 
':<;I 

9
' 

(~ 
01a 

Q
 

e: 
~ 

Y.i 
=

r 
~
 

.G
: 

-
(p

 
v
r
 

~
 

(p
 
~ (~ (~ 

C> 
(~ 

(6
 '° 

(~ 
(j; 

(t:;j) 
<O

t 
•a; 

G
ii 

eu 
Q

; 
CP 

e>J 
<Qr 

-, 

..... 



127 

01~~Q Ql~l~q 2'.Jl!l'"1'ElQ Gi'~Gi'IYl!El~ l!!Ql6J.. '<1£JQ ~~YI i~ £11QQ I ~Q, 6~ 

~~ Q~ ~1 ~§ I ~Q El'.ClQ ~~ El2Qefiii)l6~~Qlq~Qg 00 t.Cl~Q - .. -
2'.J~~Q Qll~QI t3 Qlt:l ~fii' ~'<I I Yll~ QQ~ ElQQ,li?IQ6J_ Qlq ~IQ!~~ I E;~G%~. Qlq ~ 
2'S~Q Gi'~Gi'l~IE)q £lQQQOl6J.. ~6QQ ~12'.JI§ I 2'.Jlt;J_l!!QIEl~~ ~~I (loudness)~ !S1Q 

60~ E;QIQ 2'.J'lil~ElQ Qll'lQI Gi'~~l'<I '<IQ" Qlt:l rnJ ElQIQ 2'.Jl~'iil I El~6Q6~~ 6~g100 Q~tU Qtq 

~~ £ll'<I I 6Qq_ 2'116~ Gi'Q £JIQQI El~ E;Q@'<J iqy 6QIQ~Q, 6Q6~~~ ~Q, 6Qf.'\Q 21@ 

0~~Q ~ oog 00 ~~IElQEI~ El'.ClQ Yll~Q QIQ 001 Q£l6Q QiE;~ 62Qe!E)Q ~ 2'.JIQ ~ 
~6b'YGi' Q'2._E)Q ~~YIQ '.Cll'lQI t3 Qlt:l £lQQGl.Q ~tll~Q q1~ I q~ 0121 ~'i 2'.JIEl~ 2'116~ Qlq 

621Qell'<I I '<IQIQ Yll~Yl Yl~ElQ CJ§ '.ClEIQQQ ~6~ Gi'QIQElQ Gi''tl 62Q m ? 

6~~ QelY I 

9.2.1 ~ 00 ~IOIQ '<l~ fll~fl ~19QI~ : 
(Sound needs ta medium to travel) 

Gt§ '<IGi' ~l~Gi' QQQ' (mechanical 

wave) I -<!QI <.ClEIQQ 6QQl£JIQ '<lGi' ~~m Yll~Yl 

klell : ~, Ql'l, ijQ QQYI~ £JQ Yll~Yl 2'.Jl~YGi' 

QbQ I CJ§ ~gy (vacuum) ElQ QG Gi'Q £:116~ 
_,,. " -

~12 I 2'.Jl<.Cl '<!Gi' £1Q1~16J.. '<121 ~lt'IQI I 

r.::==:H ~%', £JQ£1002 Q"q9 
L-.. -~~\ 

.•.•••...•.. 00 
··--6QQ_~Q 

·····- ···-QE;Q(i?,~(i?, 6Q!ii\ 

Qlq~1QgOO 

L!::::::===- Q2 Q"fi,19 

~ 9.6 E)~glQ £lQ1~1 

6Q~'<l ~, 6~ '<JQ" 6QI~ Qlq6J_fii' 

(air. tight) 6~"1Q ~2'.J I ~~ 9.66Q ~~iQ 
6~~6~6~~Q~QIQOO I 

6~Q ~ 6~~1~'i 6~~1Q ~2661 e.!91 Gi'~ 
QJG~ QIQIOO GIQ '<JG 912'1 ~ £100eJ QQ - . -
'tl"~ Gi'Q I ~G, £100eJ'i Q~tQ Gi'GQ ~-
6~ Qt§Q t3 ~YI Gl21Q ~ q_~ £11QQ I -<!21Q 

~~ Q'~, m 6~ I 6~~1Q rnJ6Q Qlq 

L 

~~: 

1. qYI WYl~Q6Q ~QQ416J.. §£JQ ~§ CJil 
~;~12'.J I 

2. CJ§ QOO'i Gi'IQ§ ~1§6? QQ'1 'I_21~1'<l ? 

3. Y16~ q6Y1 '<IQ" qYIQ c.:11'1 ~ ~~6Q 

2'.Jli I 6<.C1016Q qYI Ql'1 qYt'i §e Gell 

~6Q q6Yl QI' Q 6?eJl'i 41.Q gtQQ ~ ? 

qYIQ QQQ'i 'i~12'.J I 

9.2.2 ~~ G'Q(DT tl~6Qd'I b\Q(DT tl6~ : 

(Sound Wave Is Longitudinal Wave) 

G'fl OIQ Qlfl : 9.4 .. 
~ij'<J <.a6J.. t3 QA.I ~Q' §2'.J I GIQIQ 6Ql~-<l 

~l~'i qYI <.allDl''i ~QQl'i 92'.J '<IQ" q6Y1 §6~ 

2'.J~ ~l~~'i ~Q I 

~iiiiiiiihiiiiliiiiiiiiiiiihiiliii~ 
(a) 

~iii!Oiiiiiijlli!lll'4110H•~ • w• 
_'.' CRCRCRCRC . 

(b) . 

' 

~~ 9. 7 ~Q'6Q ~~6~Y OOQ' 

~~ 9.7(a)EiQ ~009 62QI"" ~~'i 
~IQ I -<JQl£16Q q6Y1 ~Qe.!QI ~GiTQ ~IQ'i qYt 

Ql'1 ~Qe.!QI ~IQ ~l~Gi 6~1Q6Q 6°'1 I q6~ 
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Q'Q 6~ ? 9Qr!Ki' ~rl ~100 QIQE;Q ~ 6Qr116g 6~W Gf~Q fll~ ~Q<SIOO QQQ £16£1 

60Q '<I~ ~IQ, ~'Q QIS4 ~i ? (JQ '<I~ ~g '<ltl~-6Qtl~ 6QIQ 6Qf~ ~Q~ I '<l2 gfi?IQ 

Q£>6Q '<I~ ~ 6W, QIQl6Q6Q ~rl 6~Q 6'1 QIQ6Q ~Q gQg fll~rl ~6Q Q§ QE;Q I ~~ 
~~ ~~ 6oQQI G ~IQQI 6%~ E>QQ ~~ ~ ~~OOf gQg ~1'11-<I I ~ltJ~Q 600 

~ 6'<100 6~Q 00 ~~ I QI' OOQ OO 00"1 Qf;i ~f.{916~9 ~l~~Q ~_,IYll6~ 
~Q'6Q ~ij 6QIQeJ_QI ~ (disturbance)Q 00'1Q Q§Q ~Q Qit' Qfl!OO '1

169 6~1~ 
. - - ••06Qf.J~ 6'Q" CX>l~l'<J I 

'<lllQQ 00 '<l~ '<10100 621QeJM I ~~ 6'<liil OO"'i U•.: - ".Ir.,· 

~'1Q ~~1fll6g 6(JQ ~l~Q OQQQQ 

~i 6Q6Q 6'121'i_ '<1911~ (C) '<IQ" 6(JQ 

ml~Q ~'1Q 'iG~lr116g ~~ ~QQ (JIQ 

f..1()9, Q12'f'i ~ (R) 'i21(Jl'<I I '<I~ fll~f16Q 

~ '<l'll006Q6~ 6@ ~Q '<I~ '<'I°~ 

G~~~ I~ ~16fl~Q~ 
'<18~ '<lfii\ fll~f16Q ~ '<18100 '<'!iii ~I 

~I 

. 00'1 ~~IQQ 621Qtll6Q I ~~6QQ4 
00'1 G ~~'a 00'1 I 

~OOf 00'16Q Yll006Q e!QI ~6'11Q 
ml ~ '<11100 QQbQ '<lfllQQ QIQE>Q 

6QIQQ ~~' fl~ fll~YIQ 00"11fll6g fll~YIQ 
- · - - ,.p 6~ 'QI~~~ 'QK!"i llK?IOOGl ~~Q g12 I 

~IQ '<I~ ~~IQ 00'1' mJ ~i I '112Kii ~~ 
OOQ' (transverse wave) 'i,Ql(Jl'<I I ~ltJ~Q 

6~Gl"' 6'Q'1' Q§ ~~~916969 ~l~AQ 

~~IYll6~ 00" QOO QQ Qit' ~QF1.Ql6~ 
6~1Q~ ~Q~' 6Q~ G\Q"'i ~~i G\QQ' 

~l~l'<I I ~f6QIQ G'QQ' '<12 6~ G'QQ' ~~ I 
J -

'<l ~Q6Q ~~~ ~fl QtlQ 6~Gf16Q 099 I 

9.2.3 ~§ 6'Q'1Q QaQ : 

(Characteristics of a Sound Wave) 

~g4 QQQ'Ylfg~tJQ ~§ GQGTQ mJ 
6Q600 '1ati ~~ 1 6Q '1ati~~~ 62"11-

• 
• 
• 
• 

~1~61 (frequency) 

~IQlfl (amplitude) 
-~ oog 6~4 (wave length) 

oog 600 (speed of wave) 

(<alge!Q~) 



l 

~ 9.8(c) 6Q ~~ GQliitQ ~IQ, ~~~ 
"6)1'11~ I ~ ~ '<l<il' fll~~Q £1§ ~16QG~ 
()'1Q ~l~~Q ((JIQGI C3 QO ~OQ OQQGfr~ ~'<l, 
OIQI ~~ 9.8 (a) C3 (b)6Q ~~GI 6QIQ~ I -~Iii' 
~fi Qf1Q6Q fll~flQ ~~ ~~ ~l!S~Q ,((Jl'lGI C3 

~ltl '<lQ Q.~9~016.l_ 6«J~ ~l!S~Q ~QGI (()2 

tl~b' ~'<l I ~ 9.8 (c) I 

((J
0

rn~~ ~8~6Q <il'~<il'lf116~ OQQQQ 

~l 6Q!QeJ~@ '<19° ~~ QOO ~~Q 
OIQI~ (hill) Q~~ ~l~I~ I ~ 9.8(c) I -<J2 

< - ... 
QOO U~Q <Ql~ ~ ((JQl~li? ((J"gi~ ~ 

~ 1 -@ (()0~ ml~Q (()~1 '<19" ~o ~~ · 
621QeJ1-<1 1 ~ ~a~Q ~o ~ e11-<1 '<Kl"' 

~~~QQ~iij '~~ 
~ ~~Q QOOKi?I (valley) ~ ~1'11~ I 

9Q 9.B(c) I ~~ QOO ~l°~'i ~~ (crest) 

~ ~ ~~1°4il'iI_ Q~ (trough) ~ I 

~~<ii' ((J00lQ~ (C) QI~ ~Ii? .... ~ . 
~ (R)Q fl~~ ~6Q e!91 ~l'iI_ ~ 
600tl (wave length) 'i_21~1'<l I '<l2~ ~Q, ~ijQ 
Qft~ (/..) ~ ~ ~l'<l I S.I. ~ ~Q 
oog ()QQ~Q '<J(Xil ()2Q~ ?l~ (m) I 

~~Q ~6fl 6£11£\'<l Y!~ ~IQIG ~i I 

'<Iii? ()'<l6<il'G6Q ~6f1 6~6geJQ ~fl~ ~IQIG 

Q~i, Ql21't ~fl't ~Jl~Jlg li?QQIQ ~I~~ 
(frequency) li?2~ I ~~ '<lQ fll~fl6Q QQ 

QQl696{i', fll~flQ 'al'lG'I '<lli? '<l6QI" ~4 '<JQ° 

<a~§~ ~4 fl~6Q 6Ql9Q ~:<1 I ~!tlflQ '<l~ 
W~Q ca1~6'1 caG91" ~Q4~ ca9~~ ~Q4~ 
009Q.Q G~Q ~ caG91" ~Q4 ~XJ4Q GOQ 

~1~91~ '<IQ ca•q4f 6~19~ ~ii~ I '<JQQ 

<i:l~Q6Q fll~f16Q '<I ~li?IOO 6~l~~Q <a·~~~ 

~~ GQ'1Q ~llitQ Ii?~ I '<l21'i ~1Q, ~ijQ· ~Q 
(v) ~IQI QG?l4il QQl~l'<l I f112 '<IOIGQ ~I~~~ 
Q"QI~ 6il£1 ~ijQ f ~IQI ~QI~ <il'Ql~IQi · 

~ 2Vl S.I ~Q~ Ofi'Q6Q ~l~QQ '<Jli?(ft' 6QQi 

(hertz) I ~ Q6~Q H, ~6~ I 
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~~ ~?llii' (()"01~~ QI 9~ fll~flQ 
'<IQ ~~ ~Iii ~g~fl QQQIQ ((JflQ'iI_ OOii1Q 

?!l~I~ (time period) ~l'<I I ~ ~QEiQ 
li?~GQ flltlflQ . gE>614Q ~~QlfllE>~ eJGQ 

qtdE>~I~ ~91'1 6'16'~ ~flQ ~~~ Ql~lft 
~~ QQ'TQ ~IQQQIQ !ii~IXJl-<l I ~IQQ~~ 
(()"6QG <altllQ008 T §'a!'11'<1 IS.I. '<IGXii' ~Q 

'<litlQ '<J~Q 6~i 6~6QG ( s) I 

6~Q~, q(fQg, ~ 

~6~~~Q 
1857 f1Q21 6~1Q1 ~c.a 

22 GIQ~ Qg {;?~~2Q 

QQeJ_6Q I 6c.a QQ~ 
Q~Q~41Q.Q61_ ~ijlQIQ 

H.R.Hertz QQe!E)Q I '<IQ 001al'i{IQI 

6~.~.f11~6~Q,_. ~g ~A.~1.Q gQ'i Ge.a 

gfllOO ~Q I 6(() 600 ~I £Xi?IQe!E)Q 

Glitl 6~1'i Q~·fllgQ 6Q~C'3, 6~Q6g1~, 
6~ '<19' 6~W '<l6G ((Jg~I 2f<aQ 

QQ€11Qi I E>((J ~~ ~16QIQ-9~4Gl, ~QIQ 
(Photoelectric Effect)Q ~ I -@ ~ 

OQQQl '<J00.6Q ~~~~Q 
~IQ e!E)Q I G~ gff11~16Q S.I. '<lQQ 

~6Q ~l~Q '<l~Q ~I~ itlVJ (hertz) 

OOl~Kili I 

~IQQ-QI~ (T) C3 ~I~ (f) OOQQ '<lW 

<Cl?!~ I E>c.a2 c.a?t~ ~6G ~I~ ~lQQI I 

f =~ 
~~ ~Q§l6Q '<I~ ((Jf1.Q6Q 6Q~'<J 

()QGQQI (violion) '<19° ~~1 (flute) QI~~ I 

E><Cl~I~ ~ Qlq ~1006Q Qlfll~ 6QQE>Q ~ 
~ Qjg £Jl~Q '<lQf <Cl006Q WB6Q ffiJ QQ.QQ 

~~ ~l~'i Q~ Q~ Ql6Q I ~~ (()~ c.a·~ QQ~ 
QijQ 62q '<Jilli ~I~ '<1?19 Ql6'01 I £i~ (pitch) 
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QI (;%lQ '<JQ 'Ylii'IQ Q~Qfllg~ mJ~ 6Ql~'<l • ~l.Qlfl Q~~ CJ§ gQg q}ij lii'Q I 6QQQQ ~6YI 

~6~ I 6~QQlil' ~~Iii' 6~1Q6Q ~IQlg lii'6Q, lii''Gl 6QQ ? 

oog ~ ~6; ;~Iii' 'YIQQY ~e)1g, Qlii' CJ§ ~QO~QQ I 

oogQ~ r {\ (\ (\ (\ (\ (\ f\-. 
VVVVVVV\ 

!l<.!Q •~. <lO<i ~°" """ 01<i<> 

~~ 9.9 

~IYIQ YI~~ CJ?i' gQgQ ell~Gl_ 6flQ ~IQ 
QYl~YI (interpret) lii'6Q, QIQlfii 8~ fii21fll'<l I 

Q~Q lii'?tg ~CCJQQ626Q CJ§Q ~I~~ el~lii' 

~ '<lQ" {]~fl~ ~~Iii' ~'<l I~ 9.9 I '<llii' ~~Iii' 
8~, ~~ CJ?i'6Q el~lii' Q"~Ylii' Q·rn~~ (3 QQ~~ 

'<l~ <;Jf1.Q6Q Yll~YlQ '<llii' §Q~ ~Gl. ~Gi~Yi 
lii'QeJI~ I QQ~ ~IG?IQQ ~ Q~ Q~ ~~16Q 

Q~ Q~ ~1~6Q lii'9fQ 621Q Q~ Q~ 'YG?IQ 

{]~ CJ?i' ~ij G?Q~ 1 · 

6£11~'<1 Yll~Y16Q e!QI lii'QG?IQ fll~l~IQ 

QM ~~ 6Ql~Q G?QG?IQ Q6Qllii' QlJIO~ 
GOOQ ~l.QIY'l (amplitude) fil.21£11'<1 I '<l21'i.. 

fil"QI~ 'A' ~~Q ~IQI '{9Q G?Qlfll'<l I 9Q 9.8 

(c) I S.I '<llii'lii' O~G6Q e!l.QIYlQ '<lG?G? ?1£!6l (m) 

~£' I 

CJ§Q CCJWGI QI 61ii'IY1QQI CJ§ QQgQ 

ell.QIY'l Q~6Q ?;'QQ lii'6Q· I CJ§ ~ijG?IQ1 Q¥t_ 

6flQ ~IQI lii'9iG ~:<l, Ql21 Q06Q CJ§ QQ'1Q 

~l.Qlfl ~Q lii'6Q I f16~Q ~6Y1 '<!Iii' 6£'~'i.. 
~16~QQ W~IQ lii'Q, QIQl6Q6Q ~6Y1'<llii'61ii'IY1~ 

CJ?i' 44_Qrn6\Q I lii'IQQ ~6Y1 lii'q ~§ '<IQ" ~ 

Iii'' Q rnli1 '<lOQ 6QQ~ ? Qlii' <;JQQ CJg '<JG? 

Yll~Y16Q ~~Iii' iQgl adY~ QO lii'QQ' lii'IQQ 

'<JQI ~~Iii' ~§ Q"O~ I '<lQIQ W.Qlfl ~~Iii' I CJ§ 
gQg glQIQ Q~~ QIQIQ Q~QQ'l_ 9Yl8fll'<l I 

'<IQ oog QIQIQ Q~~ ~Gl_ Q6Q g1QIQ ~§ (3 

~l.Qlfl lil'?ifll'<l I 9\;! 9.106Q Qlii' CJ§ (3 61ii'IY1{iil 

CJ§ QQ'1Q ~l'lO (shape) ~lfllfil~ I 

Qli'~l~l~~g 

~~ 9.10 

~A.Q QI ~Q69~~Y (timbre) '<IQ" ~Ql~G? 
6~~y QI ~Gl~I (quality), CJ?;'Q e!IQ ~. 
Q~Q fllQl~IQI ~£i QY'll~ QI~ (3 Qfll~ 'Y~I 

Q~~ CJ§ f1~6Q ell6f1 'Y6QQ QIQOI~ I 6flQ 

CJ§ lii'l~'i.. 'CJ101ii'Q (pleasant) Ql6Q QIQIQ 

~Ql~lii' 69~~Y Qlii'fll~Q (rich) 621Qell'<l I 

6£11~'<1 ~I~ ~~CJ~ 6£11~ (tone) 'i..21fll'<l I 

QQ~ ~l~Q ?1~G16Q ~ij 6Qlfile!QI CJ§~ 6~1~ 
(note) fii21£Jl'<l I -<121 lii'I~ a1Q' 'Yim <3 ~~ 

< -~6£1 1 lii'lii'~ ~Q (noise) ~Q~ ~6£1 I Q'11Q 

~~ (3 ~001~ 'Yim 621Qell'<l fllQIQ ~IG,'lii' 
69~~y Qlii'Yll~ 621Qell'<l I 

--



g~ : 

1. ~QQ GIQ~ G QQ~GI CJ§Q 6QQ 'iQ 
{(IQI ~~IQG ~'<I ? 

2. 6£1 1~'<1 QIQQ 24iQ CJ§ G Ql~IQQ CJ§ 

rnJ£l_ QIQIQ {]~ ~t,!Q ~~fug (il'Q I 

'<IQQ l(Jf1Q6Q CJ§ GQIDT ~Q~I~ Q£j_eJQI 

9_6lG'l'i G'IQIQ 6QQ fii21~1'<1 I ~16f1 li?IQ6~ 

6Xl , ~{;) G'QIDT '<IQ ~IQQ.(il'IQ f1~6Q 6~§§ 

9_6lG'I ~Q~fl (ill6Q GIQlfii CJ§ GQIDTQ GQIDT 

6QQ~ '121~1'<1 I 

~16f1 Q.~ 91~~ 600= v = ~QGI 
l(Jf1Q 

A. 
6Gq V=T 

'<l016Q A. 6QQ~ OOQ' 6004 G T 62Q~ 
G'QfulQ ~IQQ.Gl'I~ I ( ~Q~ ~~Q '(1°91~g QI 

QQWQ f1~Q'2_ f1~6Q eJQI ~QQGi OOQ' 6QQ4 

Gl_Q~l'<I) 1. 

1 
6~6Qq_ T = f (f = GQIDTQ ~I~) 

:. v = f).. 

~ellb',, G'Q.-r 69Q = G'Q.-r f.ll~Q· 
x G'Q.-r 6QQ4 

'<lfllg 6QlQGI' 8Q~Q QI ~QCS16Q 6£11~'<1 

~l~~Q CJOO 600, '<1f1~ 00"1 ~I~ 81Q '<lfllin' 

6Q6Q I 

Q~l2Q619.1 

6£11~'<1 Q'CJ£j_ •Q!iil 6'<16QG6Q 3a~ CJ§ 

OOfu"f ~ij 62Q(>J6'81, 6'<1Q CJ§ GQQ'Q ~l~Q 
6~6~ ? 

QGlQ: 

3a£' GW '<JG.' 6'<16Gl'G6Q ~ij El2Qf!!Ql£j_ 

OOgQ ~I~ 3aHz ~6~ I 

Q~l2Q619.2 

6£1@-<J cp OOQ'Q ~IQQ.QI~ a.as 6'<16~ 

Eilt(;Q, '<lQIQ ~I~ 6Q6G ? . 

131 

QQQ : 

00~~. 

GQIDTQ ~IQial.Gl'I~ = T = a.ass 

1 
GQg'Q ~l~G'I = f = T 

~~12Q619.3 

=-1- = 100 = 20Hz 
0.05 5 

'<JG.' 6QQIQ OOIDT 6QQ4 3aa ~£1Q 6Q6Q, 

'<JQIQ ~I~ §!$fo (il'Q I 

GIQQ : 

00~~. 

6QGIQ OOIDTQ 6QQ = v = 3>< 108m/s 

(~~Q~) 

6QGIQ GQIDT ~004 = 3aa m 

~16f1 (iillQ6~. 

v=fA. 

:. f=~= 3 x10
8
m!s 

A. 300m 

= 1as Hz 

QI 1 6f1QIQ'CJ 

~~l~Q619.4 

'<lQ CJ§ ~QQ'Q ~I~ 2kHz '<l~ '<121Q 

GQQ' El004 35cm ~6~ I 1.5 §~ ~QGI ~G~Yl 
liilQQlfii '<lit'lfii 6(ill69 '<1f1Q @IQQ ? 

GIQQ: 

00~~. 

OOIDTQ ~l~G'I = f = 2kHz = 2aaaHz 

GQQ' 6QQ4 = A. = 35cm = a.35m 

~Q~I~ ~QGI = d = 1.Skm = 1 Sbam 

:. v = f A.= 2aaaHz x a.35m = 1aamts 

f16gGl'Q t = 1.Skm ~QGI ~G~fl Gl'QQI 

81Q ~IQ~4Q '<1f1Q I 

d 1500m 
. . t = v = 700m/s = 2.14s ('YIQ) 



~~~~~~~~~~~~132 '~ : '<lYIQ ~Q fJ'?$ ~G? ~Q 1 -<J~6l ~Em 91QQ 

1. ~§ G'QQ'Q ~QQ' 6QQq, GQQ' <!:Jl~Q, 6'1 cp ~lbQIGi'016.l ~ ~ 6QQE>Q 00 "16Q I 

~IOIYI C3 <!:llQiil'ii'I~ "IQI~ ~Ql'11'<1 ? '(]Gi' Yll~Y16Q CJ§Q QGQ 600, 6ClQ Yll~OO ~~ 
2. ~ 6QQq, ~l~Q C3 6~ Y1~6Q f.IQI Q£16Q §Q°Q Q6Q I ~§Q 600 YI~ Yil~OO 
<Cl~ 6Q~ I Gl£1Y1121 Q£16Q §QQ~l~ I Y!l~YIQ G'l£1Y11'll 

3. '<l'ii' ~§ 00'1Q ~I~ 220Hz '<19" '<121Q ~6Q ~00 600 969 I Q9126'61 q62._£1 91q6Q 

69Q '<l'ii' Yll~Y16Q 440m/s 62E>Q, GIQIQ tJOO 600 ooc GIOOl216Q 331 m/s 62Ql696Q 
~ 6~~ ~Q Gi'Q I 22oc Ql£1Y11216Q '<121 glQ 344m/s 621QeJl'<l I 

4. ~§ Q~016J. 450 ~9Q CILQ6Q 6~16QIQ '(JQ ~fl (25°C} Gl£1Y11216Q tJ§Q 6~ Q~ 
~Q Qll9 500Hz <!:!l~Q CJ§ 61QQ'~ Q~ Y!l~Y16Q 6Gi'661 61121 ~IQ611- 9.16Q 

4J..q~~ I G'IQl62E>Q ~ ~~Q Cl0£119~ ~1'11Qi I ( -<J21~ ij_~ll 'iX,)91 OOGi'IQ ~I~) I 

<C'JOO Qll9CJlg GI~ m6Q 6Gi'6G' 6~ ? <alQ"1 9.1 

6Ql~'(J ~ '<IQ Y11~6Q QQ Q6J.f.!91 . QQ~ Yll~Yl6Q 25oc Gl001~16Q ~~ 6~ 
Cl006Q GIQI Yl~Q f.!QI ~§ 6'<JQ Y11~Y16Q 00 
Gi'6Q I fll~OO EiQl~'<I 9q ~IQ£1Ei~ 00'1 
Q§Q ~QR QQGQ ~ 6~~fi 6~Q ' .... .... 
~~ g6' 6<a6~GQ 6~~ ~~ ~§ ~ 
QGQ ~~Q OOfll"~ G<a~ 9qGQ ~ ~~ 
(intensity) ~l~l'<J I ~16Bfl1Gg ClY!GQ ClY!EiQ 

~~ gQWI (loudness} '<1Q0 c.J§Q 611~6'1~ 
(intensity}~~~ Gi'Q ~IQ Q6J_ I fll2 
6ClY116g '<lfllg ~ I tJ§ g~I Qlg Q£16Q 

€X2..~I c.JOO gQIOO '<IQ Y11£1Q QIQGQ ~~ 
QQl'11QeJl'<I I 6£11~'<1 ~~Q gWGll Q~ Q~ 
6~1QK;r QI~ £11Q ~QQI ~QQI 6QIQ£116Q I ~ 
~00 G1~611 '<lY!lg 621Qf.!6Q fl~ ~lflQ Qlg 

6~ ~~~~~(louder) QIQE)Q 

i_0016Q I 

gfd : 
~~I (3 ~ Gl~I ~6Q £11~ 
~I 

9.2.4 ~~ fll~fl6Q ~§Q 6~ : 
(Speed of Sound in different Media) 

~§ 6Ql~'<I fll~f16Q '<IQ ~fl 69Q6Q 

<a~IOO ~'<I I ~6Y1 QIQ~ 6'1 ~IQG~ ~IQl~6Q 
~ (3 ~~ '<JQ '<lflQ6Q ~i 62Qf.!6Q fl~ 

~Yi q_6fl ~IQl~6Q ~ ~~ 6~ (3 ~i 

. fll~OO fll~OO ~~ 

~'i"il ~lfl G~(m/s) 

QIQ6~16~ 1284 

2QQfl 965 

QlllC(J 91q 346 

~~6~ 316 

<Cl'\a'Q 91Q~Q_~IQ9 213 

Cl@ 9" 1531 

£100 ~ 1498 
QQ~ 

QeJI~ 1207 

rn1~ 1103 

'<l~Qq 6420 

§E)~ 6040 

QOO i'l 5960 

'J.~I 5950 

~Q9 (brass) 4700 

Ql9. ( {itG-. QI~) 3980 

g\l) : 

<()1001~ ~~I~ Q§ ~2, 9I~ ~ ~ 
6'"2 Yll~fl ~~ '<lQ ~fi g1gfll~l6Q 6QQ 

Yll~Y16Q ~§ ~~Q 69QE)Q '<19° 6~f.!6Q 
C(J~~ ~ 69Q6Q ~Q ? 



_.,~ii'~ ? 

E>~I§~ ~q (Sonic boom): 

6~61~ ~Q QOO 600 ~oo 60001~ 

~~9 6QGQ, ~Q 6CJ2 600'L ~OQ6CJI§~. 
6~Q 'LQl'11-.Q I 6~, Qfllg, Q~QQ ~Q 

~IQ 2'.16~ C.lf!Q6Q ~OQ 6C.ll~, 6006Q 

00 ~e11§ I 6"1t;i~ ~§ ~ijQIQl Q~ CJOO 
6QQOI~ ~~Q 6QQ6Q QGQ6Q -<121 Qlq6Q 

ca'( 00'7 (shock wave) ~ij Q6Q I -<J2 'CJQ, 

00'1 CJQ_26Q ~~ ~~ bl2eJl'<l I '<l2 ~ 

ca~~ Qlq ~IOQ OQQQ.g ~~16Q -QQ 

ca'( 00'1 '<I~ ~~IQ Gl~ '<IQ" Q~ ~Q ~ij 

~Q, '112l'L 6CJI§~ 'iY\ 'L21'11'<l I '{OQ 

6cal~. 6~, 9fll~ ~ij 62Qf.!QI '<12 CJQ, 

00'16Q '16eJ~ ~~ ~~ e121 QI~ ~I§ ~G 

~~ ~ 6~16Q QI 61iillOIQl~Q ~Q~G 
00 liilQal6Q I 

9.3 ~§Q~oo~ 
(Reflection of Sound) 

6£119'<1 QOO 6~ 6Ql9-<J Ql~6Q ~I 

~IQ 6eOO 60Q~l6'<1, 6CJ200 CJ§ <i?OO QI 

~ ~6Q QICJIOIQ 60Q~l6C.l . I ~16QIQ OQ 

~ oo m G ~ ~41161. ~§ow ~-<I -<IQ" 

~Yl ~~ ~~QI ~16QIQQ ~§g~ §a~ 
Yl~eJl'<l I CJOO ~§g~ <af!Q6Q, 

• ~I~ GQIQ G ~00~ GQIQ £1QfiQ 

~~~fll~ I 

• ~1£100 ~??, ~OOQG' ~?? G ~1£1~ 
9~6Q ~'961 ~QQF1. '<IQ c;Jfl6'~6Q 

~~QQ~ I 

~ QQ'1Q ~£HQ~~ ~Q 
~ ~Q 621'1al6Q Yll~ 0121Q ~lliillQ ~ 6~1 

~I 

L 

fiYI OIQ Qlfl : 9.5 

~ 9.11 ~~ ~00~ 

9~ 9.116Q ~000 GitQIQ~ 6£119'<1 

6fll91 QIQ9 ~IQ liilQ ~ OIQ£1. ~O QQ I 

'<JQ ~ OIQqQ 600ii ~~Q QA.I 62QI ~IOO'IQ I 

'<IQ Q~~Q 6~ 6~ ~ 6~ QOGQ 

OIQQ ~ ~ ~16Q ~ I 6Ql9'<1 6~ 
~I 6Q@'<I OIQQQ 6~1QI fJ..2 Ol~Q Qta '<l9" 

~ OIQQ fJ..2 Ol~Q Q~ Q41Q 9Q. ~ ~Q 
(61 I ~Q €JIQq9'j_ §6Q Q.1!JIQ.11 ~ '<JOO 
~Q'S' (QQ)6Q oo 6'3a6l§ ~6fl 0121Q a2 
€Jl~Q Q41Q ~Q V.1~ .QIQ6Q (Q €JIQQ I ~ 

OIQQ. Ql69 CJ~ ~IOOo 62QI G ~lQ OIQ£l 

~169 ~§g~ 62QI I QQ.fll~ QQQ OIQ£],Q 

~00 ~ 6QQ ~~ 6Ql61 (3 ~ 6QIQ 

fll{'.i 6Qll\I I '<lfll~ 006Q Q '61 CJ~~ ~ ? 

926Q Ql2161€J~ f.!QI OIQ£1.'L 'l_Qf!. QQ6Q 

<Cllfll~ QOQ'L QOll!J -<JQ" Q' 61 62"11 Q~~ QQ I 

9.3.1 ~6'~§ : (Echo) 

01219 01~6Q ~ Q~ ~Gl'IWI Ol~Q ~ 

~~ 6Ql61~ ~9~ ~Q Qgq9 i~Q 
02'.JI 621Q ~6fl QI" fllQGQ §A.1 6\i?IQ_6Q ~IQ 
Q6Q, ~6fl 6<a2 CJ~ qQ §~ '<JOO OGQ ·4!~ 

OIQQ, '1121<ii. ~GCJ~ <ii.21el-<J I ~~ 4i_Q91Q 

~Ql~G (sensation) ~lf1 OO~Q 0. 16'<16~ 
Okl~ Q62 I 6'<1Q <af!Q fl~6Q '1Q ~ 

~ ~lf1 liill~Q o26a, 6069 ~ ~ gg~ 
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2. 
135 

b'lgQ~l()g ~I~ ~QlQ QG'6Q ~QI ~G',O~Q 

Qk)g Qi \:!.'- -~~Q Rl lE:l tJ~~.~ q~ lii'l~Qlt:JI~ 

6~6e1 16Q.I~ (stethoscope) QYQQIQ 

lii'Q~ I 'QQ 6~6al6~1~ g~l '1G'6Q 

~lii'I~ ~~ 6~1'i[ ~1~ t.J~ Q'i QIQGQ 

gigQ~ lii'lg()Q ~6~ I ~2 9.13 I 

3. <CJICJIOOG'8 ~QI Iii'~, ~6~ ~ W 

Q6~1~Q ~l\Xi Q~ (curved) l!Jl'ZGQ 

lii'Ql~:llQaJ'<! I ~Q 9.14 I 

'<121 6£11£1. c.,j§ ~§g~g 621Q Qfi\Q ca~ 

'alg()Q ~Qil£ll6Q .J ~6~ <aY1Q6Q ~G'I 

'11~6Q Q91Q ~~~6~ ~9619 ~llii'IQQ ~ 

c.,j§ ~G091ii' Q'd11£11QeJI~ I ~00~ ~~Q 

6Sfl~6Q Qgl ~~I 621Q lii'26Q GI~ ~ 

Qtiq~ ~oo~ 6£11~ c..i§ ~ ~~ 
~Q OO£J ~21Q 6'2llGI~ WGQ cas100 

621QaJ~ I~ 9.15 I 

·-·······-·· · . . 

_.,_ 
9ytGlllii'~Q ~IGI~ lii'l21ii' Q~Q~ 

lii'Qll(]IQeJI~ ? 

9.4 ~9'1Q ~1"6l ~QI~ ( ~Q~Q ~Wll) 

(Frequency Range of Hearing) 

YI~ 20Hz 6J.20kHz ~l~Q <alYll 006Q 

e!91 ~§ GQQ'<ii 6~ (Q~l6Q ! ~Q ~I~~ 
cam1 Y1~6Q 6~Q~ ~~ 61(]1~ ~~ G'Qg'fil_ '2JIQY 

~§ GQlDf (audible sound wave) fil..211(]1-Q I 

20kHz6J. l!l~Q 91 20Hz6J. Qyt ~l~~Q ~§ GQQ' 
~ 

<Cll~IQQ YI~~ QI~ (Qll(]l-Q ~IQ I ( 1 kHz = 
1,000Hz) I tlll ~ Qq ~IY116~ W 61ii'E>~ 
tJt l(]eJI : '1'1Q QQlllQ 2skHz tie~~ ~l~Q 

~§ GQ{il'l_ (QtJIQQ I QQ'a ~~lii' . 6~Q ~IQI! 

W~Q Q~ <a1Y11 20kHz6J. ~Iii'~ ~16<a I 

~ 00'1'Q ~~ 20Hz6J. Qq 62€1i1, G~ 
Q~~l6Qll§~ (infrasonic) ~§ fil..21~1~ ~ 21G1, 

Q~I G G~ ~~ 6~~ ~IQ1Y116~ 20Hz6J. lii'yt 
'(' - - - -~eJIG, ~16'<11~ ~l~Q ~ 00'1 ~~ {iilOO I 
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Q~IQfJIQ ~~~~bl Gl\llGQ t:l2E'11'<1 I 

x:r96Q rn\i' ~~G 6QIQt:ll6Qg1 I 

3. ~QOO Q QQ~ ~NlQ C'.Jln'fu1()~1~ QQgQ 

~~~~IQ G~Q ~~~~~'fl. GtalQ 
~IGl'<l I '<JQ D'G\i'I C~ G'lgbWllGg ~"\Ji 
Gi'OO I '<l~ ~IQ ~~ Ml Qlllll~Q 
" QE:Q IQl~(3~1Q" ( echocard1ography) 

~Kl I 

4. C'.JQ~l~IQ~ <qJRQ ~ '1~ l(]IQI <CJIQl£ll16Q 

C'.JI~ ~Q1~1Q C'.JIQ~Q C'.JQ' ~QI!~ .Gil!! QQ 
(scanning) 6<illflgl;;'Q 0'6£11 Q66ll9g 

QQlrn~IGQ I ~eJGQ C'.J{,i\r;116<al00, OOQ' 

QY~ ~:.q I 6QIQ1Q QQQ, QQ_~~. 

QQG\i'Q.<a '<JQ" ~ QQlf100 G-001Q ~9 

~ ~1GQ 6~'<l I '<IQ W 6~ 
gigoo1£~ 6£11£1~~C3600 ~16Q 

6Ql£11Q Ml QQ~ I -.rJO Ml . £i~~ 

2J~~IGQl6t;;'l~16 (ultrasonography) 

~l'<l I 

5. C'.Jlii ~ll(JIQrll OQQ' <a1Ql'1~6bl Q{f~6Q ~ij 

621Q~QI 6li'l\i' Gli'l\i' OOQli!_ 6li'I£' 6li'l\i' 

Qtqlf)Q QI§ Q2JIGl'<I I .q2 Ql~I<;?}_~ t:l6Q 

~£) ~~ ~~·llil_ Ql<i!•IQOIG<a · I 6£11£11 ~ 

OeJQ <Cl'<lQ%J.. i;-_i_g rn'<I I 

9.5.1 6<Cllt;:;%l (SONAR) : 

SONAR Q 001 Q"QIQI \ilK1 C~IQ~ Sound 
(,. 

Navigation And Ranging i 6Cl101Q ~Q '1~ '1121 

C(llQl.GllGQ 9'il• mJGb1 ei"•i1 (i)~Q Q~'aG, ~o~. 
CQ (3 6~ ~l~~-<l I '<IQIQ Qid%i'IQQI tJ{i' 

137 
~gg9gQ 6~~~ {i)Qfl Qt:J6Q orl~6QQQ 
6'<.JlglQ6Q C'.J{,i\~16<ill~Q. OOQ' ~~Q S('<I I 

6QlglQ QGQ ~l'(l Gi'CQ ZJl<Cl '<I Q~Q6Q 
'Ui' 1a~;'I I t;i;.Jl ~ 11 l \.)C\'.l f-: Ql -.' -<l C'l~'.'J~~Q 
(transmitter) '<JQ0 6£11~"<1 G>G~lli'.\i'Q (ditector) 

ell'<! I {) •I Q~ Q~ <til~\ill\,;•O {,•{;;ti (power boat) 

<Cl~'(llQ~ ~ii lil'IQl~'GQ 'ri1thl C\illf.1al~ . I 

' J 
II . ti ' . • 

'• "ot;.'(li ~~ 

(;<;~ 

~l'n~'Q 

~1gQ{J006.l. i1~~191 ~11t~16~1§Q, o~ 

t.lli'('<l (pulse) t.llGl QQQGl t:lOlfJM I 6GQ ~«! 

<Cl@ ~ml6Q 001 <ilQ2 ~Q ~ b1Q(!_JQI g1Q1\i?, 

£11\?I~ QI ~~ (i)~~ll~ ~IQI Q1cuq1q 6QGQ 

Q6X:T~G ·6\i'IQ 6a~)~JICQ I '<IQ QGO~Q 

~\l;\~IG{.]1~(. q(;·~Jg (~'f)i;,"'(~ QIQlfl~l:Q ~O 

~"! I ~~;£'Cl ~6~~9. ~ ~, «16~ 
(signal) 6Q ~ G6Q '11~·1Q %~~1 'ln'£llfll-.Q I 

C.j§£l C\}:M,l 0 if.~ ~00 HU6Q ~I ~'(lQ 

~I~ 't', <Cl@ ~Q ~6~1~ G"o!Q'Q 6QQ 

'v' (3 611QlgOl6,l \!GQ~lii'Q ~QOI 'd' 6QGQ, 

~Qr;11<CJIQ~ OOQ' 6f1Ki1 2d ~I ('J~ ~'QeJl-.Q I 

:. 2d = v )( t 

~fll d v I ,, 

--Q£• ~Q Q%'\}lbl (n\.,l ) , ..• '• KJ1.;~1 ~~" QQ~I 

~"'t<;l~ ~ 1'i!_nl'1-ii._10 \Jl"n1\l~-..ul\,j ~~·IO I \.l\-,l'l-1'1 lii'QI 

fJIQi'.JM I '<I~' t:l'<.i''\..'lli_ 1olC 1n1I Cvltli" (echo 

ranging) £1~ 'l_Q~l'<l I '<l2 £l~IQI Q@ 



.GIQeJl '<l I -<JQ 8ti'§~ Q6Gl'I 6611§1° _(echo 

1 ;:_ ·• "' 111 .J : ·c.c::' ~· ":..~-\:l ! -<l I -<JQ 8~§~1611 «'IQ~ 

~ ~¢JEiQ ~~ 61Qe/QI 6'1Ql6', 'c11QI~, Q~' Q~ 

~QI~~. Q61(1 ~5J QQ41Q Qijfll'W~ Qt:J§§ (3 

~~~ 06~ 6«J~l'W~ ~6101 g~fo fii'Q~'<l I '<JQ 

£1~6Q «'IQ~ ~ QQ161G'I 91~ g'tfo, Gl'Q~'<l I 

QQl~Gl : 9.6 

6£11~-<l ~IQl6'6.l_ Qij_t;£Q ~fl41 WG'~ 

ZJQ.IQ:l'<JIQcg G'611Dr OOIQQI I OOIQQIQ 3 6«16Gl'~ 

8661 G'IQIQ ~§CJg §E>b'Gl',£1bl ~1611 ~QlQ 6~1 I 

'3@ ~Q ~~~IQIQ~Q 600 1530m/s 6QE>Q, 

«'IQ~ G'QQ QQlQG'I 6Q6G' ~caQ Gl'Q I 

QQQ: 

00 2'.J~, 

~§CJg t:lQ2lQIQ QYIQ = t = 3 6Q6'1'~ 

ZJ~ii(_~IQIQ~Q 6QQ = v = 1530 mis 
~§Bl~ ~QG'I = 2 x Q@6'~Q QQlQQI (d) 

:. 2d = v x t = 1530m/s x 3s = 4590m 

4590m · 
::::;> d -= -

2 
- = 2295m = 2.295km. 

g~: 

-<!<ii' ~~16'1Ql6'6Q e!QI 6Ql'WIQ6J_ Q@~ 

0~6Q ~QQe!QI OIQI~ ZJI~~ ~Q.~16'<11~'1', 
oog og_'d £101Q6Q QIQI OIQl~Q ~~ ~IQ 

1.6 6'<16~ £:16Q 6Ql'WIQQ Q6~~~Q 01~~ 

6(1QZJl6<Cl I Q@Q QQ1QQI 1120m 626Q, 

<l@ ~Q ZJ~~l6'<ll~, ~~Q 600 6'1'6Q ? 

QIQ__~· (bat) QIQQ W&Ci?IQ6Q QQ 

~£:116Q '<JQ" OIQIQ ~IQll Q0 'Q]Q Ci?6Q I '<l21 6'<1 

~ G1'00166l 1 QIW QIGbQ Q~l6%{ftl ~~ 

QIQ6Q el't~l6Ql§Q, QQg ~~fo '1'6Q (3 QIQIQ 

~CJ~ 'Q]Q61 G?Q OIQ ~8£11~6Q l!/QI ~Yll'W~ 
6'1Q016Q I ~ 9.18 I QI~ Q~ QIQ~ (high 

- - '< -pitch) <:'.1~~16'<"ll'n'Q, £1~'<101'W'i_ 'WQQ ~ 6~Q61 

lii'6Q fll21 ~§~ ~IQI ~§g9g 621Q Ql~9 
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~~ 9.18 Ql~~Q ~Q.~l«JIQ~ 6~Q6l (3 ~WI 

lii'l'W 81~ 6(1QZJl6Q I ~§g§Q ZJlij\~l6'<"ll~, 
OQIDTQ Q~616J. QI~~ ~§Q~<ii' QI ~§~{ftl(ii'Q 
QO~§, ZJIGiO (3 ~~§ 6'1Q016Q I 6Gq g6' ~IQll 
81~~61 6'<1 ZJ~IQ Ql06Q Q'WI Q~l6Q 02i.1'11'<l I 

~IG;;~ QOIQ6Q QI~ ~6QIQ ~e!QI '<l2 6~~{ftl 
2 6'<"ll'WIQ6Q ~6QIQ 621Q~ I 

., 
9.6 ~I~ G~Q QO~ 

(Structure of Human Ear) 
- - < W6Y1 Gl'OQ ~q ? <ii''tl QIQl'146Q ~16Y1 

~q I <:'.11'<1, '<JQ ~Q QOO (3 <ii'I~ OOQ6Q '<l016Q 
-- - '< -<ii'~ 6'161QI I QIQll ~~'ii O'WI (pinna) 'il.21~1-Q I 

., -
'<JQI 9~80l~Q ~'W'il. ~261 '1'6Q ~121 <ii'l'WQ 

~~I~ (auditory canal) Ql~6QQ ~OO'ii fll'<l I 
'1'41 '1b'6Q '<JGl' ~ (3 £1Q{ftll ~~ eJl'<l·, Gl21~ 
<ii'4i£1~2 (ear drum) QI ~?tl§<ii', ~~ 'il.21~1-<J I 

.--------001 

r-----QIOO 
r-----~l~Q, 

~ 
~'"'---~6!. c;,i1q 

-~'Uliil(1 ~~~ 

'------J l__J L_J 

QIQ'l~ ~ ~~~ 
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CJ§ QQ{DTQ ~I~ (f) ~21~1'<1 I ( f = ~) ~Q ~~ GQGQGQG9 ~~ QtJGQ ~~ 

~10 ~IQ tll'<J, GQSJ. (iiltij"tl£'Q QtlQJG QQGQ • QQ{DT 6QQ4, ~1~6l C3 GQQ Y1~6Q ~QI 
~(iii QIQI~ 91~1GQ I '<lQl~I ~tlW ~OOIQ Q0tJ~ 6QQI - v=fJ. 
2'.JIQtl~ 6QIQ Q9iQ Si_'<l I '<lQ Qptg 91~ (iil«Q6Q v 
e!QI §Ggl~ QI~ ~e.JI : Ql91Q, ~l~~Q (3 ijQq §F1.I f == -

i.. 
~IQI Q~~~Q GQIQeJl'<l I 91~ ~ '<JQ ~ltlQ 

§F1.I 
v 

< i.. ==-
~~ 008~ (inner ear) GI_ OOl'<l I 6QOIGQ f 

~~(iii (cochlea) e.Jl'<l, ~IQI 91tlQ tJQ~~Gi • CJ§Q GQQ QIQI Q81QQ 62Qf,!QI Yll~YlQ 
6~ ~glQ~6Q ~ (iilE)Q 1-<JQG~ ~<ii:§ C3 QltlY1121 Q£16Q gQQ Q6Q I ... 
~gg1Q~ ~§ ~1q (auditory nerve) ' Ql£'6QQ Q~ Q~ YJl~YJ6Q ~gQ 6Q£1 ~HiilQI 

OO~lii ~I'<! '<IQO Yl~~ '<JQl!ii Q1~41(iilQ CJ§ QIQGQ 6QIQeJl'<I I 

~tll6Q I • CJg ~§~~ §Qf1~~'1' 6QQI : 

~16f1 ~·~ i;~E)Q ? 
·~ 

(i) CJOO ~oo~ QY!fl6Q ~1~gg 6'1'161 

• QQ~ Q'iQ Ql'fgE)~ CJ§ ~ij ~'<l ~ 6'1'161 Qro QYi1g 6~Qe.il'<I i 

• CJ§ '<IQ ~lQ Yl~Y16Q ~'i6QQ4 QQIDT (ii) · ~IOOQ CJ§,~~ '<IQO ~I~ 
QIQE>QQO~Q I ~qg6Q ~lt]Qg Q~E)Q ~~Q ~Q(i)ft . 

• '<JQ Y11~91GQ CJ§ ~Yll~QGQ Q0tJl~g C3 '<!(iii QYlQ{lilE)Q ~~lg QQ~ I 

QQ9g ~ijQQ £1G'1'6Q I • ~9 CJ§ (3 . ~§~§g CJ§ f1~6Q QflQ 

• CJg Q81Q61 696~ f11~91Q (i)'Q(iill911Gg 949CJlg ~§ 'i?q6Q 0.1s G26Q ~OCJ~ 

GQ9~ §~ 'QlgGQ GQl§Q ~~~ · Yll~ V.J~ ~611~1'<1 I 

- - ~ - -'Slgl~QQ ~~ · g12 I G(i)'W CJg ~g • CJOO QG~~ 'i?J.61~'\(iil 6QQI- QIQQ, gQ~I 
'Slgl~QQ ~'<I C3 QIQI Y11~91GQ £10 '1'GQ. I C3 ~611~'1' 6Q~~4 I '<121 CJ~ OQQ'Q cifi 

~ _Q£16Q {;'QQ~1~ I '<JQ ~Glfllg~ ~IQI • tJ§ ~gy fll~Y16Q g§(i)'Q £ll6Q g12 I 

• ~~~Iii' Q"tll~ QI@~~~ 
6£1@-<i tJ§!ii ~IQ 6£1@'<1 CJgGJ. ~QQI 691Q 

91~1 
91~ Q~ ~.Q rnJ6Q f.!QI ~QQl!ii QQg 

6~Q4 (/.) !ii21~1'<l I • CJ~ Q~I~ ~QQft· OOGQ '<IGXii' G~2~9 

• f11~916Q OOQ' £10 (il'G.)_f.!91 QHQGQ 911~91Q 
91~6W ~§ GQG(i)'IQGQ ~§~91 Gi'G.)_~QI 
tJ§ ~§Q tlQ91161!ii tJ§Q Ql~OI QQ~ I 

'<llii'<iil lii'QQI GQl~'<I eJQ ~~ G~I~ QQQl!ii 

G~§§ QflO §'<!, QIQIQ QQ{DTQ ~IQ6l'1'1~ • ~661 QICJIQQ 911gQQ CJ{;' ~QG! ~l~~ilQ 
.... . 

tlQQQ 20Hz 6J. 20kHz ~6£' I (T) lil.21~1'<1 I 

• CJ§Q ~WQI, 'ii'lg6Q CJ~ ~Q61Q Ql~QIQ • tJ§ £10 '1'6.)_f.!91 911~916Q 6£1@'<1 QQ'ii'I 
'<!~ Q~fll'i~G I Q911g Q1~QIQ CJ§ ~~ 

'<JW Q91Q6Q G~GQeJQ G~l§G ~~- QIQI~ 



• 

Qq ~1·; 1.n l~'GQ ~QQI <".JQQI CJ~ Q~I 

~ij ~~16Q I 

~ 00\;TQ <'.JI~ 20Hz~ Qq 6Q6Q OIQI~ 
~16QI~ '<l\l'° 20kHz~ ~~'ii' 6Q6Q 

0~~~16QI~ QI ~IQIQG ~1£11'<1 I 

140 

• 6QlglQ O~~ QYQQIQ '1'Q Q~ QQ1001 

Y101£JIQ (]16Q --~Q" Q~ ~Q ~ QQe!QI 

rn~%', Q00%i'I, Q~ QQO ~~ · (3 

~~19;ii'l9Q ~~§ ~Q '1'Qlfll~l6Q I 

e ~Q~IQIQ~~ £1Q~I Q&alW 8 Q6~1Q6Q 

QQq 6~~6Q \)60.IQ 'ii'Qlfll'<l I 

1. cp Gi'IQI~ ~Qlfll'<I '<l\l'° -QQI QOQ ~ij ~'<I ? 

2. ~6Q QG04Gi' Q~6Q Q2'.JlfllQ~QI £11Q6£11~ Q91Qlj Q61Q mJ~ 6'1', Q61Q QI~ 6Q~ 

3. 

4. 

5 

6. 

7. 

(a) tJQ g6~1g 6{ii'Q rn~~6Q ~16¢1 Q§ (ii)QrnQQ g1Q' ? 

(i) '1'Qg (Ii) 00~ (iii) Q41Q (iv) ~~ 

(b) Q~ 6W~-

(i) 6Q6Gi'G (ii) 6Q6Gi'G·1 (iii) ?i~ (iv) ?i~1 

( c) Qij_~ QQ1001 ~Q Gi'QQI~ 6Gi'Q fl':i QljQ~ ~'<I ? 

(i) 6~1g1Q (ii) 6Q~IQ (iii) ?i~Q 6~Q (iv) '<IYll~ rnJ~ 6'1'00 ~E>Q 1 

Cd) 6W Y11~Y1E>Q CJ~ 6'0'£1 QQlr.JGi' ? 

(i) '1'00 (it) OQ9 (iii) Q41Q (iv) '<IYllg'i? Yl~~ E>'1'Q'°£1 ~E>2. I 

~~l '<l"' QQ m6Q Qlq Yll~~()Q Q0rn~g (3 QQ~g QOQ ~ij. ~'<!, ~IYll~Q. ~ Yll~Yl()Q . 

~el I 

~g <a~IOO OIQ -QGi' Yll~Yl ~1~4'1' - '<1'1' QQ~ OQ1~1 ~IQI '<IQ1'1_ ~~I~ I 
- ~- -~ 'l' 

C,jri' OOQ~ 'i?IQQ ?.J~6 QQ4 OQg GiQlfll'<I ? 

'<1'1> ~~IQ Q6Q ~~~QI '2,Yl .. ~~'ii" ~IQI~ ~'ii" QO~§ '2,E>Yl CJgQ ()Gl'Q £J_Q()fll£J. 9l~OIQ ? 

QQl1n.., Q~~C' '1'%1€.1 0~1u I 

(a) '<l<rl (1',l '-1.C(,1 (.·~~.;,,1 n ~.l~XJ~ ~ij. 6~~6Q Yl~ QeJ6Y1 Q~~{;i· 6~'~11£11-<J -<J\l'° Q.IQIQ ~~ 
Qm.J.OCQ Q~:,'Q\? </i<.ll~l'<l I 

(b) QI~ <'.l~IQ Q1~G1o1 GIQIQ GQIQ CJQ911ii Q~m ~'<I ? 

• 



, . , . 
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8. ~1~100 ~~~Q CJ~ OQQQ 20Hz ~ 20kHz I '<lQ ~ ~l~Q CJ~ 00'1Q oog 600q 6"'6G 

~Q lii'Q I (v = 344m/s) . 

9. q_~ 5f.1 Ql'1 6£1@'<1 '<lliJ.~~QYl ~Q QQQ 01~6Q ~ilij I QE>Q <al'il 6£11~-<I 000 ~IQI 
'<l'l_mi'Qyt ~'l, ~IQIQ lii'QI I ~~ «JIQ Ol~li!_ ~~ QQg 91q6Q -<19" '<l\i,l~~Q~6Q 0211QI 
<Cl~QQ ~~OIQ 61ii'6Q ? 

10. '<IQ ~§ Q~Q GOO ~1~6l 100Hz 6Q6Q, '<lQI '<IQ ~~6Q 6'ii'6G eJQ ~Q 629, ? 

11 . ~16Qllii' 'YGO~ §QY1, ~§ 'YGOW tllQ iyq~ § ? -<JQlli!_ ~I~ I 

12. '<IQ~ Q¥t,~ ~§ 6~6Q6QGQ 'YGO~ ~'<l, 'YG~~ ~ij ~-<I 1 oo cy§o~ ~~ '<19" ~~ ~ijQ 
Q~ rn.J6Q ~QI QY11g Q6Q, QIQ16Q6Q '<!Iii' Q6lq ~Q q_6Y1 cy§~§ ~Q\JIQ9 ~ ? 

13. ~§ 'YGO~ ~~ Ql!QQIQQ 'Y6QIQ 6Q~ I 

14. 6£1@-<J 6Gl~Q1 Iii_~ QIQ 500m Q~ -<IQ £'1~1Q t'.J~ I -<JQ £'1~1Q ~~~ 6£11~-<l OOQ 60~1Q 
OIQli!_ 'cltQO~I I OGJQQ tllQ6Q £:1~91Q ~Q 6QE>Q <(JYJQ £16Q ~Ql~9 ? (g = 1 Om/s2 -<19" 
v = 340m/s) 

15. '<lli? ~~ oog 334m/s 6006Q 00 lii'6Q I '<IQIQ oog 6°00q 1.5cm 6Q6Q, 00'1Q ~I~ 
~ ~ ,.:;-

6"'6Q 6~ ? '<lQI ~Ql~9 Iii' g1Q I 

16. cy§g19 QIQl'l_ 'l_Ql~l'<l ? '<lQlli!_ ~00 ~ QQIQ1'1 OIQ9 ? 

17. ~Q 91~QI QIQlli!_ QQij ? ..Q216'iX56W QIQQ QO()Q OOQ QGQ ? 

18. Q6QQ,6'Q'!I~ f!OOIGlii \JQ~IQ ~916Q ~Q.~IQIQG Q£1Q Q~QQ ~'<l ? 

19. 6Q~IOO Ql~4QQ1~1 '<l9" 06QIQlii ~'8.lt'.J I 

20. '<JQ ~l~IQl~Q ~91 6Qlgl~IQI -<IQ Q~~IQ OOIQQI -<19" Gl21Q 'YGCJ~ 5 6c;;J6~ OGQ 

@8QI I f!Q ~~l~IQl"'°lbl. Q¥t,Q ~QI 3625m ~-<I, GIQl6Q6Q ~Q ~§ QOOQ 600 ~ 
liX>I I J 

21 . '<lQ ~100 ~6Q ~91 ~§Iii §gQ t'.JQ_~l<(JIQG OOG6Q ~~Q QQl~IQOIQQ ? 

22. YI~ Q~Q '<llii' g1~1~g ~Q ~~g lii'Q I 

23. ~16~ Ql~IQI QOQ (tfl, GIQllii ~'8.lt'.J I 

24. ~IQl~6Q ~91 -<JQ ~C(llglQ6l_ t'.JQ_'Q'!IQIQG 00'1 <(Jij_,.00 §~600'l_ OOIQ q~ 'YGO~ OO~lii ~ 
QQ91 mJ6Q el91 Q"lQQ Ql!Q~lg 2.1 6C<l6QG I C<l@Q ~lQOI 1400m 62E;Q, ~~ gQgQ 

600 61ii'6G ? 

••• 
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