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Kivhon Kupyatwy
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Meprexopeva KepaAaiou 15

* XapaKTNPICTIKA KUMATIKAG

* Eidn kupatwyv: Alapnkn kail Eykapoia

* MeTa@opa evEPyEING HE KUMOATO

 MaBnuaTtikn MNMepiypa®n Tng AiIadoong KUMATWY
 H E¢iocwon Tou Kupartog

« Kavovag YrépOeong

* AvakAaon kai Aiadoon

*2UMBOAR, ZTdcIna KUyaTa Kol ZUVTOVIOUOG

2 KEOaOoN Kal AiIaBAaon
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15-1 XapakKTnpioTiKa Aiddoong Kupartog

OAd Ta KUMOATO METOMEPOUV EVEPYEIO.
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‘Eva KUpa SeEKIVAEI NE TNV
TOAAVTWON TS AKPNG MIOG
XopONn¢g Kal d1adideTal €€ aITiOg
TWV OUVANEWYV OUVOXNS TOU
UAIKOU TNG X0pOn¢g

2uvexn kupata (Continuous
waves, CW) dnuioupyouvTal
OTOV £XOUME OUVEXN
TOAAVTWON TNG AKkpns. Edv n
TOAAVTWON €ival APUOVIKA
TOTE N HOPP TOU KUMATOG
gival nUITovoEIdng



15-1 XapakKTnpioTiKa Aiddoong Kupartog
XapakTnEIoTIKAO KupaTtwyv:

* MMAdTog (amplitude), A
* MAKog KUpaTog, A
- ZuxvornTta, f kai Mepiodog, T

 TaxUTnTa KUMATOG, ¢ =
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15-2 TOTtrOoI KUNATWYV: AIOPNAKN KOl

Evkapoia
@N\\W// Q\:}\&q\\\i\n&ﬁ%
N //// 3 ///4/
Jq(\(\m%\\\ 'Vt/l{\[\ U/
~—— Wavelength —
Compression  Expansion

~— Wavelength —

Eykdapoia: H Kivnon Twv cwuaTiOiwy gival KAOETN
oTnv 01EUBuvon 81ad00NG TOU KUMATOG

Alapunkn: H Kivnon Twv cwHaTIOIWV gival KaTA-
MAKOG TNG 01EUBuvoNg 01000 NG TOU KUMATOG.
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15-2 TOTtrOoI KUNATWYV: AIOPNAKN KOl
Eykapoia

Ta NXNTIKAG KUMJATa €ival OIAUAKN:

Drum C . .
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15-2 TUtTOoI KUHATWV: AlapuAkn Kal Eykapoia

H TaxuTnTa VoG eYKAPOIOU KUMATOC €ival :

F; F:: Taon
RV M : pada/unkog

NMaparnpoupe OTI
OTaV N TAON TNG
XopONG MEYOAAWVEI N
TaxuTnTa auéaverai. Fp e
‘O0c0 HIKPOTEPN Eival .
Mdda TnG Xopdng C~d Y
TOOO HEYOAUTEPN N Fr 5
TaXUTNTOA. Vo> .

s




15-2 TOTtrOoI KUNATWYV: AIOPNAKN KOl
Eykapoia

‘Eva kaAwdio xaAkou, puikoug 80.0-m Kai
OlapéTpOU, 2.10-mm TEVTWVETAI METALU
Ouvo TTOAWwvV. 'Eva TTOUAI KGBeTOI OTO NECO
TOU KOAWOIOU «OTEAVOVTAG» TTOAMOUG
KUMATWY TTPOS TOUu OUO TTOAOUG. Ol
TTOAMOI QuTOi avakKAouvTal OTTO TOUG
TTOAOUG Kal @Bdavouv ¢ava oTo TTOUAI o€
0.750 s. Bpeite TNV TAON TOU KOAWOIOU.

Copyright © 2009 Pearson Education, Inc



APPROACH From Egq. 15-2, the tension is given by F, = wv’. The speed v is
distance divided by the time. The mass per unit length w15 calculated from the
density of copper and the dimensions of the wire,

SOLUTION Each wave pulse travels 40.0m to the pole and back again (= 80.0 m) in
(1750 s. Thus their speed is v = (80.0m)/(0.750s) = 107 m/s. We take (Table 13-1)
the density of copper as 8.90 > 10° kg/m". The volume of copper in the wire is the
cross-sectional area (wr?) times the length £, and the mass of the wire is the volume
times the density: m = p{7r* )£ for a wire of radius » and length £. Then p = m/{ is

po= prrd/l = pmr’ = (890 % 10°kg/m’}7(1.05 % 107 rn]l2 = 0.0308 kg,/m.
Thus, the tension is Fr = pv’ = (0.0308 kg/m)(107 m/s)* = 353 N.
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15-2 TUTtrOoI KUNATWYV: AIONAKN KAl
Eykapoia
H TaxuTnTa TWV OI10UAKN KUMATWY £EAPTATAI

a1ro TNV OUVAUN ETTAVAPOPAS TOU UAIKOU Kal
TNV TTUKVOTNTA TOU «P».

S
|

, /E E uerpo EAaarikornrac
p

>
|

, /é, B uerpo EAQOTIKOTNTAC OYKOU
P
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15-2 TOTtrOoI KUNATWYV: AIOPNAKN KOl
Eykapoia

Echo-location €ivan pia  péEOoOO  TTOU
XPNOIMOTTOIOUV  OpIoHEVA (wa  OTTWG
VUXTEPIOEG @aAaiveg kal OeA@ivia. Ta {wa
OUTA EKTTEMTTOUV NXNTIKA KUMOTO TTOU
avakKAouvTal a1roé OIA@Oopa AVTIKEIMEVA Kl
EMICTPEPOUV KOl aviXveuovTtal atmd Tta (wa
avda. Eav n ouxvoTnNTeEG TWV KUHATWY QUTWV
gival 100,000 Hz. (a) Bpeite Ta KOG KUMATOG
gvog echo-location wave. (b) Eav éEva
avTikeipevo Bpiokeral 100 m amrdé 1o {wo, o€
OO0 XPOVO META TNV EKTTOMTTH) TOU KUMOTOG
QVIXVEUETAI N ETTICTPOVPN;
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APPROACH We first compute the speed of longitudinal (sound) waves in sca
water, using Eq. 15-4 and Tables 12-1 and 13-1. The wavelength is A = v/f.
SOLUTION (a) The speed of longitudinal waves in sea water, which is slightly
more dense than pure water, 18
o E B f 2.0 % 10°N/m?
- Np o V1025 x 100 kg/m’
Then, using Eq. 15-1, we find

, 1.4 % 108 m/s
A= = = { ,‘mﬁ} = 14 mm.
f (1.0 = 10° Hz)

(b) The time required for the round-trip between the animal and the object is
distance 20100 m
[ = —— = |: : ) = (.14 s.
speed 1.4 = 107" m/s
NOTE We shall see later that waves can be used to “resolve™ (or detect) objects
only 1if the wavelength 15 comparable to or smaller than the object. Thus. a
dolphin can resolve objects on the order of a centimeter or larger in size.

= 1.4 % 10° m/s.
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15-2 TUTTOI KUNATWYV: AlIOUNAKN KOl
Eykdapoia

O1 ociopoi TTapAyouV eyKApoIa Kal d1apnKNn KupaTta. Kai
Ta OUO d1adidovTal HEOO ATTO OTEPEA UAIKA OAAG povo
AIAMHKH ptropouv va 01060000V péoa atrd «uypa»,
OI0TI TO UYPA OEV £XOUV DUVAUEIS ETTICTPOPNG KAOETES
otnv O1evBuvon diadoong

ETipaveiaka KUJATA gival KOpaTa TTou O10didovTal KaTd
MAKOG TNG SI1aXWPICTIKAG ETTIPAVEIOG OUO NECWV (TT,X,
aEPa Kal VEPOU)

e Y i

/"\\ - Y —
\\_,’ — e
>

<

Copyright © 2009 Pearson Education, Inc.



15-3 Metagpopa Evépyelag pe Koparta

S H Evépyela TTou
- METOPEPETAI ATTO EVA
KUMO gival:

t=wi E = kA = 2mmf*A
Edv utro0écoupe 6TI TO HEOW Eival OPOYEVEG KA
TTUKVOTNTA P TOTE: P
I = S - 2mtvpfr AL

H ‘Evraon (loxucg/smipaveia) evog KUNATOG €ival
OUVETTWG OVAAOYN TWV TETPAYWVWYV TOU TTAATOUG
KOl TNG OUXVOTNTAG
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15-3 MeTagopa Evépyelag pe Kupara

Otav 10 KUMa d1adideTal O€ 3-O100TACEIG KAl OTAV
TO MEOO €iVOIl OMOYEVEG, TO KUNO OVOMAETA
O @AIPIKO.

Mo ceaipIkd KUpATA YIO
AOYOUG YEWMETPIAG ICYUEL:




15-3 Metagpopa Evépyelag pe Koparta

H évraon evog oeiopikou KUpaTtog P 100 km
a1 TNV €oTia givail 1.0 x 10° W/mZ. MNMéon
Ba gival n évraon Tou 400 km atmé Tnv
EOTIA;

APPROACH We assume the wave is spherical, so the intensity decreases as the
square of the distance [rom the source.

SOLUTION Al 400 km the distance is 4 times greater than at 100km, so the
intensity will be (3} = 17 of its value at 100km, or (1.0 x 10°W/m?)/16 =
6.3 X 10° W/m?.

NOTE Using Eq. 15-8b directly gives
I = Lri/rs = (1.0 > 10" W/m?)(100 km)* /(400 km)* = 6.3 x 10" W/m".

Copyright © 2009 Pearson Education, Inc.



15-4 MaOnuaTikin ESicwon KupaTtikng

Edv éva KUpA TTEPIYPAPETAI ATTO TNV
gciowon:

.2
D(x) = AS]I‘I;TJC.

wave at




15-4 MaOnuaTikin ESicwon KupaTtikng

MeTa atrd Xpovo t, To KUpa £XEl O1AVUOEI
AITO0TAON Vi, KOI CUVETTWG:

D(x,t) = Asin[zf (x — 'vt)].

n: D(x,t) = Asin(kx — of),

otTou w = 27f, kzzf. v = Af



15-4 MaOnuaTikin ESicwon KupaTtikng

To apIoTEPO AKPO HIaG XO0PONG TAAAVTEUETAI APHOVIKA
ME ouxvornta f = 250 Hz ka1 TTAdTog 2.6 cm. H Tdon Tng
XopOng eivail 140 N Kal €XEI YPOMMIKA TTUKVOTNTA U =
0.12 kg/m. Zet = 0, TO Eva AKPO TNG XOPONG EXEI
KOATOKOPUE@N METATOTTION 1.6 cm Kal TTEQPTEL. Bpeite (a) 1O
MAKOG KUMATOG TTOU TrapayeTal Kal (b) Tnv e§icwon Tou
KUMOTOG.

3y
- Wave velocity

g eyl

/

Copyright © 2009 Pearson Education, Inc.



| APPROACH We first find the phase velocity of the transverse wave from Eq. 15-2;
then A = »/f. In (b), we need to find the phase ¢ using the initial conditions.

SOLUTION (a) The wave velocity is

F; | 140N
b = 4= = yf——— = 34m/s.
TN T Voizkg/m m/s

v 34 m/s
A = 7 S Ss0Hz 0.14 m or 14 cm.

(b) Let x = 0 at the left-hand end of the cord. The phase of the wave at 1 = 0
is not zero in general as was assumed in Eqgs. 15-9, 10, and 13. The general form
for a wave traveling to the right is

Dix,t) = Asin(kx — wl + o),

Then

where ¢ 15 the phase angle. In our case, the amplitude A = 2.6cem: and at
=10, x =10, we are given D = 1.6 cm. Thus

1.6 = 2.6sind,

so ¢ = sin~'(1.6/2.6) = 38° = 0.66rad. We also have o =27f = 157057
and k = 27/A = 27/0.14m = 45m™~". Hence

D = (0.026m)sin[(45m™)x — (1570s)r + 0.66]
which we can write more simply as
D = 0.026sin(45x — 15370¢ + 0.66),

and we specify clearly that [2 and x are in meters and [ in seconds.
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15-5 H e€iocwon Tou Kupartog

OQswpoUpE THAMA XOpPONG TTOU BPICKETAI UTTO

TAo v

ATTo TOV 2° VOMO TOU NeUTWVO YPAPOUNE

2F, = ma,
. . 9*D
Fysinf, — Frsinf, = (uAx)—:

ot?
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15-5 H e€iocwon Tou Kupartog

YTTo0ETOVTOGC MIKPEG YWVIES KOl OTO Oplo  AX

— 0, Bpiokoupe (HE KGummoon apIOuUNTIKA)
oTI:

#D 19D

ox’ Vv’ ot?

AuTtn gival Kal n €§icwon TOU NOVOOIACTATOU
KUpatog. Eival pia ypauuikn O1a@opIikn
gCicwon OeuTépou BaBuoU wg TTPOGS TOV XPOVO
Kal TV geTarommion. O1 AUceig givai
NUITOVOEIOEIC CUVAPTNOEIG.



15-6 O Kavovaocg YmrepBeong

YmépOeon: H yerardétmmion o€

OTTOIOONTTOTE ONMEIO /\Jl(x, )
TTPOKUTTTEI ATTO TO X
S10VUCHATIKO d0poioua OAWV \\/

TWV KUNATWYV TTOU dIEPXOVTAI
a1rd TO OUYKEKPIYEVO onpeio |/ 1\ 27

o€ KABE XPOVIKH OTIYHA. o
Oswpnua Fourier: Kade gl ) A~
ouUvOeTO TTEPIOBIKO KU L L T A W

MTTOPEI VO YPAPTEI WG TO
a0poICHA NUHITOVOEIOWYV
KUMATWY (OCUVAPTROEWV)

’ ” Sum of all three
O1a(POPWYV CUXVOTATWYV

X
TTAATWYV KAl PACEWV. \/
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D(x, 1) =D(x, t) + Dy(x, t) + D3(x, 1)




15-6 O Kavovaocg YmrepBeong

2et=0, Tpia kKUpaTa D; = A rm

cos kx, D, = -1/;A cos 3kx, kai o

D, = /A cos 5kx, 6tTou A = 05
1.0 m ka1 k=10 mt. KavTre O-OX
YPOAQIKN TTAPACTOON TWV 5

v
/

X

TPIWV KUMATWYV ATTO X =- | o
04 m ”éxpl +O4 m. (Tq -04 -0.2 0.0 0.2 0.4
TPIO AUTA KUMATA €ival Ol Y m
TPEIG TTPWTOI 6pOI TNG \AS
avamrtuéng Fourier yia éva  °°
«TETPAYWVO KUHA.”) 0.0
—0.5 k :
~1.0 A N x(m)
-04 -0.2 0.0 0:2 0.4
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y (m)

y (m)
L4 1.0 1
05 D; \/ \v
' 2 0.5
' h
0.0
/ /\ 0.0
ol Y |
0.5 > o
-1.0 x(m) % / V)
04 -02 00 02 04 -1.0 x(m)

04 -02 00 02 04

y (m)
RESPONSE The first wave, D;, has amplitude of 1.0m and wavelength
A=2m/k = (2x/10)m = 0.628m. The second wave, [, has amplitude of
(.33 m and wavelength A = 27/3k = (2%/30) m = 0209 m. The third wave, D;,
has amplitude of 0.20m and wavelength A = 2#/5k = (2#/50)m = 0.126 m.
Each wave is plotled in Fig. 15-17a. The sum of the three waves 15 shown in
Fig. 15-17b. The sum begins to resemble a “square wave,” shown in blue in Fig, 15-17h.
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15-7 AvakAaon Kol Aiadoon

i sl i OT1av Eva AVTIKEIMEVO
— @PTACEI OTNV AKPN TOU

G /7| uéoou (TS Xopdnc), To

Va KUMO avaKAATOI KOI TO

i KOO ETTICTPEPEI PE iD10

e TTAATOG (TTPOCNMO).

2y
e

= 7l

Otav Eva KUJO TTPOCKPOUOElI O £EVa ENTTO0I0, AVAKAATAI
OAAG PJE AVTIOTPOPO TTAATOG (aVTIOETO TTPOCGNMO).
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15-7 AvakAaon kai Aiaddoon

Light Heavy
section / X section

Transmitted
pulse
~— N\
D:::EX/:E:IEL llllllllll
Reflected
pulse

Otav éva KUPO oUVaAVTHOEl EVO TTUKVOTEPO
MECO, TOTE EvA TUAMA TOU KUMOTOG O1adidETAI KA
TMAMA avakAdTal. Eav n Taxutnta oto
TTUKVOTEPO MECO €ival MIKPOTEPN, TOTE TO MNKOG
KUMOTOG €ival HIKPOTEPO.
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15-7 AvakAaon Kol Aiadoon

KUpgaTta TTOAAATTAWY d100TACEWY ATTEIKOVICOVTA
ME METWTTA KUMOTOG, ONA. ETTIQAVEIEG OTTOU OAX
TO KUMJATO £XOUV TNV I010 @ACT).

Ray rpauMEG KABETES OTA
METWTTA ovopAadovTal
OKTIVEG Kal dnAwvouv
TNV KaTeubuvon
0166001 TOU KUHMATOG.

- Ray

Sluoq oACN\
SlIIO.IJI QABA
]

Ray
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15-7 AvakAaon Kol Aiadoon

Kavovag avakAaong: H ywviag TrpoTTrTwoews gival
ion M€ TNV YWVia avakAaong

Incident
ray

Reflected

!
!
!
: ray
!
!




15-8 ZupufoAn
2UHQWVA ME TOV KavOova utrEpBeong: H petarotrion o€

OTTOIOONTTOTE ONMEIO TTPOKUTITEI ATTO TO OIOVUOMATIKO
a0poIoua OAWV TWV KUMATWYV TTOU OIEPpXOVTAI ATTO TO

OUYKEKPIMEVO ONMEIO O& KAOE XPOVIKA OTIYHN.

(a) KataoTperrtikil cougBoAn and (b) Evioyxutikn ZuufoAn

—_—

i -
e N~ | N

Y
Time
Pulses overlap

precisely
(for an instant)

—_— g e
Puleri efglir Iflé)art, “V /Xm A A::

g—
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15-8 ZupufoAn

O1 Ypa@IKEG TTOPAOCTACEIG OEIXVOUV
afpoiouparta SUo KUNATWYV. (a) EViIoYXUTIKO
afpoiopa. (b) KataoTpeTrTIKO aOpoioua Kal
(C) MEPIKWG KATACTPETTTIKO GOpoIoHa

AN\ _N AN\ AN\
¢ N N N N & N 7 W\
ANV ANVA I\ _/ N\_/N\_ /N
\J \V v V V V AR VIR

AIA NN _ LAaAA

IVAVAR N, IR
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15-9 2rdoipya KopaTta, ZUVTOVIOHOG

A
Antinode
. Node’

20 y/;:f/‘;{':;' Il\l\wt:%ﬁ}}
f ?Qx;\“i::, _ ;f/"/'(/j/‘l
! e
A

Antinode
Node ]
=~ ,/(;rrr:r:,}i\ 4/:/‘/;3//’: } ﬁr\*‘k:—;ﬁ
& </ \\'\\&5; - T\i
\h\ > }7 Q\\\(\ //>}‘
A
Node Antinode
P P o~
4 % & S

& € \\\/ N/ \if
4 AN A N\ 3
‘ \Q\\\Q“:r:}& f/ \\}Qtd;i// / \tl:lzp‘i//‘;;]
Y
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21aciua Kopara
onuIouUpyouvTal OTAV T
AKpa TNGS X0PpONG ival
otafepd. 2TnVv
TEPITITWON AUTA TA MOV
KUMOTO TTOU
ETITPETTOVTAI EiVAI AUTA
TTOU dnuIoUpyouv
KOMBOUG OTIGC AKPES Kl
o€ O1APOopPa ONMUEIN KATA
MNKOG TNG Xopong.

2TOUG KOMBOUG TO TTAATOG
TOU KUMOTOG gival
MHAEN.



15-9 2rdoipya KopaTta, ZUVTOVIOHOG

S
I e —
— .
— e,
et e
— —— l
— — )
— e,
I .
= S = — I
‘_:

B ¢ N Fundamental or first harmonic, f

, " i >l ¢ 1,
O1 ouxXVOTNTEC TWV 1 g (

O Tdo | IJ WV KU lJ q’TwV First overtone or second harmonic, f, = 2
OVvOoHuAalovTal OUXVOTNTEG W N, i * e= 214
OUVTOVIOMOU | APMOVIKEG |

J Second overtone or third harmonic, f3 = 3f)
OUXVOTNTEC.

e

H xapnAotTepn cuyxvorTnta
ovopacetal OepeAIONG
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15-9 2rdoipya KopaTta, ZUVTOVIOHOG

Ta MAKN KAl Ol CUXVOTNTEG TWV CTACINWY KUMATWV
givai:

24
A, = ; n=1273,-">
n
Kal
fn = L nf,, n = 1,23,-".



15-9 2rdoipya KopaTta, ZUVTOVIOHOG

H xopdn €vog riavou €xel unkog 1.10 m
Kal gada 9.00 g. (a) NMoéon Taon arraiTeital
WOTE N xopdn va doveital HE OePeAIWON
ouxvornta 131 Hz; (b) NMoleg ivai ol
OUXVOTNTEC TWV TTPWTWYV TECTAPWYV
OPMOVIKWV;



- - . . FS

APPROACH To determine the tension, we need to find the wave speed using
Eq.15-1 (v = Af). and then use Eq. 15-2, solving 1t for F7.

SOLUTION (a) The wavelength of the fundamental is A= 2f = 2.20m
(Eq. 15-17a with n = 1). The speed of the wave on the string 15 v = Af =
(220m)(131s7') = 288 m/s. Then we have (Eq. 15-2)

.om . (9.1".11]::{ 10 kg

F — = — — —
' e [ v 1.10m

(h) The frequencies of the second, third, and [ourth harmonics are two, three, and
[our times the fundamental [requency: 262, 393, and 524 Hez, respectively.

NOTE The speed of the wave on the string is not the same as the speed of the
sound wave that the prano string produces in the air (as we shall see in Chapter 16).

)(233 m/s)? = 679N,
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15-9 2rdoipya KopaTta, ZUVTOVIOHOG

AUo KUpOTa TTOU TAEIOEUOUV ME
aVvTIOETEG POPEG MIOG XOPONG ME
oT100ep6 onueio oto X =0
TTEPIYPAPOVTAI ATTO TIG
ouvapTnoeig D, = (0.20 m)sin(2.0x
— 4.0t) kau D, = (0.20m)sin(2.0x +
4.0t)

(6TTOU X gival oe m, t O S),
TTOAPAYOVTOS OTACIMA KUMATO.
Bpeite (a) TnV ouvApTnon ToU
OTACINOU KUMATOG, (b) TO HEyIoTO
TTAGTOG OTO oNnMEio X =0.45 m, (C)
TTOU BPIioKETAI TO AAAO OTOBEPO
onpeio Tng Xopdng (x > 0), (d) ot
TTIO ONMEIO EXOUME TO HEYIOTO
TTAGTOG

Copyright © 2009 Pearson Education, Inc.

e x

=157 m

——<————

{=3.14m

— <

€ = (nm/2.0) m=n(1.57 m)




APPROACH We use the principle of superposition to add the two waves. The
given waves have the form we used to obtain Eq. 15-18, which we thus can use,
SOLUTION (a) The two waves are of the form D = Asin(kx £ wf), so

k= 20m™" and w = 4.0s7".
These combine to form a standing wave of the form of Eq. 15-18:

D = 2Asinkxcoswl = (040m)sin{2.0x) cos(4.0r),

where x is in meters and t in seconds.
(b)) At x = 0.45m,

D = (040m)sin(0.90) cos(4.0t) = (0.31 m) cos(4.0¢).

The maximum amplitude at this point is D = (.31 m and occurs when cos(4.0f) = 1.
(¢) These waves make a standing wave pattern, so both ends of the string must be
nodes. Nodes occur every half wavelength, which for our string is

A 1 2 ™

- = —— = — = 1.5 .
5 > I 1“111 1.57Tm

[f the string includes only one loop, its length is £ = 1.57 m. But without more
information, it could be twice as long, £ = 3.14 m, or any integral number times
1.57 m, and still provide a standing wave pattern, Fig. 15-27.

()} The nodes occur at x = 0, x = 1.57m, and, if the string is longer than
£=157m, at x=314m, 471m, and so on. The maximum amplitude

(antinode) is 0.40 m [from part (b) above] and occurs midway between the nodes.
For £ = 1.57 m, there is only one antinode. at x = 0.79 m.
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15-10 AiaBAaon

OT1av €éva KUpO ocuvavTioEl Jia O10XWPEICTIKN
ETTIPAVEIO OUO HEOWYV ME OIAPOPETIKN TTUKVOTNTA,
TOTE N KATEUBUVON 01000 NG TOU KUMATOG OAAGCE]
OUM@WVO JE TN OXEON:

sin 6, v,

Sil] 91 (%]
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15-10 A1aBAaon

H KOKKIVN YpauMA OEiXVEl TNV METABOAR OTOV
TTEPVAME ATTO HEOW ME XOMNAN TOXUTNTA O£ NHEOCW ME
MEYOAUTEPN TOXUTNTA. H TpOXIA €ival AVTIOTPETTTN
OTOV GKOAOUBOUME TNV QVTIOCTPOPN TTOPEIOQ.




15-10 A1aBAaon

‘Eva oglopIKO KUMO P TTEpVAEl AaTTO YEWAOYIKO
TETPWMHA ME TAXUTNTA 6.5 KM/S o€ TTETPWHO ME
Taxutnta 8.0 km/s. Edv n ywvia TTpocTTTWONG OTN
O1aXWPICTIKN emmiQavela gival 30°, TToon €ivail n
Yywvia d1a6Aaong;

APPROACH We apply the law of refraction, Eq. 15-19, sinf,/sin @, = /v,
SOLUTION Since sin 30° = 0.50, Eq. 15-19 vields

(B.0m/s)
(6.5m/s)
So 6, = sin”'(0.62) = 38°,
NOTE Be careful with angles of incidence and refraction. As we discussed in
Section 15-7 (Fig. 15-21). these angles are between the wave front and the
boundary line, or—equivalently—between the ray (direction of wave motion)
and the line perpendicular to the boundary. Inspect Fig. 15-30b carefully.

sinfl, = (0.50) = 0.62.
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15-11 MNepiBAaon

OTav Eva KUpa
OUVOVTNOEI EVa
OVTIKEIMEVO OTNV TpoOXIA
TOU, TO KUMO TO
«TTPOCTTEPVAEIR
Q@VOVTAG MIO «KOKIA»
TTioOW ATTO TO AVTIKEIMEVO.
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15-11 MNepiBAaon

O BaBuoc¢ TrEPIOAaONC eCapTaTAl ATTO TO NEYEOOC
TOU EUTTOdOIOU (AVTIKEINEVOU) OE OXEON ME TO
MAKOG KUMaTOG. Eav Ta avTtikeipevo gival NMOAY
MIKPOTEPO a1ré 1o uikog KupgaTtog 1o KUupa AEN
EMNIPEAZETAI (a). Oco mrepioooTepo TAncialouyv
Ol OIOOTACEIG TOU OVTIKEIMEVOU OTO MAKOG
KUMOTOC TOOO TTEPICOOTEPN TTEPIBAOON EXOUNE,
ONnA. TTapATNPOUHE «OIEicOUON» TOU KUMATOG
Tiow a1od 10 dVTIK£I|J£VO (TrepIOX N «OKIAG»)
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blades of grass waves passing log waves passing log
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