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®awopevo Doppler
(yia kO pota OAwv Twv eLdwv, OXL LOVO YLt NXNTIKA KU paTa)

Tl cupBaivel 0tav n Nyn | 0 AVLXVEUTAC KivouvTtol

H ouxvotnta mou avtlAapBavetal o aviyveutng/mapatnentnc dev eival (dlol e aUTrV TTOU EKTTEUTEL N
minyn, Otov O QVLXVEUTNC/mapatnpntig Kat n mnyn Bplokovtol og oOXetikr) Kivnon petaly toug. To
dawvopevo auto Aéyetal pawvopevo Doppler.

Av f elval n cuxvoTNTA LE TNV OTIOLOL EKTTEUTIEL N TINYR, KOL f7 N oUXVOTNTO TIOU KATayPAdEL O AVLXVEUTNG,
U €lvOL TO PHETPO TNG TaXUTNTOG TNG TINYAG KOL Up TO LETPO TNG TOXUTNTAG TOU OVLXVEUTH, TOTE
armoSeKVUETAL OTL:

Vivl)

f'=r

VivS

IN'o To TpooHa TOV ERPAVILOVTUL GTOV TAPATAVE® TUTO, 0KOAOVOoVuE TOV KOLOVOO Kavova: Otav 1
Kivnomn tov aviyvevt (tng Tnyng) eivor Tpog tn kotevbvvon g anyngs (tov aviyvevty), T0TE T0 TPOGHUO Tov O
YPNCUYLOTOMNGOVUE o1 ToYOTNTA Ba Tpémel efvan T€T010 oTE va avEdvetor 1) cuyvotnta f. Avtifeta, o0tav
YN (0 aviyvevtic) amopakpvveTol omd Tov aviyvevth (tnv Tnyn), To TPOGNUO TPETEL VoL EIVOIL TETOLO0 DOTE VO
LEUDVETOL 1] GLYVOTNTO TOV AVIYVEVETAL.



Orav o avixveuTn¢ Kai n mnyn gival akKivnTol, ) CuxvoTnTd TTOU KATaypdAa@El O aviXVEUTHC

rauriferal ye Tn ouxvornTa rtng mnyng
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Ta erimedo kopoTikd pétomo (o)
@tavouv Ko (B) Eemepvave Tov
aKwvnto aviyvevty D.

Y€ XpOVo t, Ta KUMATIKA HETWTA (dw Ta Bewpoupe
enineda, yla sukoAia) «Siavuouv» amoéotaon Vit
npo¢ ta O&gfld, omou v n taxvutnta dtadoong tou
KU LOLTOC.

O oplOpOC TWV HNKWV KUUOTOC OE autn TNV
amootaon, E&ivat o apBuoc TwWV  KUMOTIKWV
LETWTIWV Ttou ¢tavouv otov D peca oe xpovo t,
onA. vt/A. O puBbuog pe tov onolo cupPaivel auto,
TIoU €lval akplBwc n ouxvotnta nou Kataypadel o
QVLXVEUTNG, Ba eival
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AnA. (6la pe tTn ocuyxvotnTa TNG TNYNAC.



Kivoupgvogs avixveurig, akivarn MY Ay o aviyveutne D kiveitan mpog tn mnyn, ovtifeto mpog ™
TOYOTINTO TOV KUUOTOUETOTTMV, GE YPOVO t T0 KLUATOUETMTOL
Kivouvtol Tpog to. 0e€ld kotd vt (Omwc ot TPoMnyoLLEVN
otopaveln), aAAd topa kot o D kiveiton mpog to apiotepd
L Kata vpt.
() ‘Etol, péosa 6to ypovo t, n amdcTaon KATA TNV Omoid £YouV
D netakivnOel Ta KOPATOUETOTO GE GYECN LE TN TTNYN Elvan
vt+ vpl.
| i I vt —] O aplOpoOC TWV KUMOTIKWY UETWNWV Ttou ¢tavouv otov D
T ueoa oe xpovo t, Ba eivar (vt+ vpt)/A kalt n avtiotoyn
- I_t ouxvotnta.
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[Tapduota, av to D amopaxpdveTal and 1o S, TOTE 1| GYETIKN
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Kivouuevn Tnyn, akivnTog aviyxveuTtng

‘Ecto 011 0 aviyveutic D eivar akivntog (o¢ mpog tov aépa LEGH GTOV
omoio dtdideTon To KOUN mOV ekmEUTEL 1 mYN). Eoto o611 M wnyn
Kivettal tpog to D pe taydta og.

Av T (=1/f) etvan o ypodvog ueta&d e ekmoumnc omotovdnmote {evyovg
and odoykd kvpatonakéto W, ko W,, péca oto ypovo T, to Wy
Kiveltal kot anoctacn ol evo n anyn petaxwveitor kotd vgT. Me 1o
TEPOG TOL YPoviKoL dtactotog T, exnéunetal To Kopatopgtmno W, .

X1t xatevBuvon oty omoia Kwveiton 1 Iy, N andotaon petacv Wi kot
W,, mov givol to unkog KOUATOG A" TV KOUATOV TOL d1001d0vVTaL GE OUTY)
™ KatevBuvon, etvar (T —ogT).

H cuyvoémta mov Ba aviyvevset o D Ba givar :
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Av 1 myn Kveiton Tpog v avtifetn dievbvvon, tote, e TopOUO10
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Hopaosiypa:

Bats navigate and search out prey by emitting, and then
detecting reflections of, ultrasonic waves, which are
sound waves with frequencies greater than can be heard
by a human. Suppose a bat emits ultrasound at fre-
quency fp, = 82.52 kHz while flying with velocity
¥, = (9.00 m/s)i as it chases a moth that flies with veloc-
ity v,, = (8.00 m/s)i. What frequency f,,; does the moth
detect? What frequency f;; does the bat detect in the
returning echo from the moth? o

Detection by moth: The general Doppler equation is
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(17-56)
S Vg

Here. the detected frequency f’ that we want to find is the
frequency f,,; detected by the moth. On the right side of
the equation, the emitted frequency f is the bat’s emission
frequency f,, = 8252 kHz, the speed of sound 1is
v = 343 m/s. the speed v, of the detector is the moth’s speed
vm = 8.00 m/s, and the speed vs of the source is the bat’s
speed v, = 9.00 m/s.

We have the speed of the bat in the denominator of Eq.
17-56. The bat moves toward the moth, which tends to in-
crease the detected frequency. Because the speed is in the
denominator, we choose the minus sign to meet that ten-
dency (the denominator becomes smaller).

With these substitutions and decisions, we have

P

fmd _ﬁ?e T
(82.52 kHz) 343 m/s — 8.00 m/s

= = 7

343 m/s — 9.00 m/s
= 82.767 kHz = 82.8 kHz.

Detection of echo by bat: In the echo back to the bat. the
moth acts as a source of sound. emitting at the frequency f,,;
we just calculated. So now the moth is the source (moving
away) and the bat is the detector (moving foward). The rea-
soning steps are shown in Table 17-3. To find the frequency
f»a detected by the bat. we write Eq. 17-36 as

(Answer)

v+ v
Joa = .ﬁﬂdi‘
vt v
343 m/s + 9.00 m/s

343 m/s + 8.00 m/s
= 83.00 kHz = 83.0 kHz.

Some moths evade bats by “jamming” the detection system
with ultrasonic clicks.

= (82.767 kHz)

(Answer)



17.9: Supersonic Speeds, Shock Waves
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Fig. 17-22 (a) A source of sound S moves at speed v equal to the speed of sound and thus
as fast as the wavefronts it generates. (b) A source S moves at speed v faster than the speed of
sound and thus faster than the wavefronts. When the source was at position S, it generated
wavefront W,, and at position §; it generated W All the spherical wavefronts expand at the
speed of sound v and bunch along the surface of a cone called the Mach cone, forming a shock

wave. The surface of the cone has half-angle # and is tangent to all the wavefronts.

. vl i
sinf=—=— (Mach cone angle).
Vel Vg

The ratio v¢/v is called the Mach number.




