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Sonar  SOund NAvigation and Ranging

A whale sends out its sounds and songs...

...those sound waves reflect

off a fish swimming toward ) " B
~ 10,000 —100,000H
...and the whale uses those reflected f ~ 9 b Z

sound waves to determine where the
fish is and what direction it is swimming.
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Longitudinal waves are shown at intervals of
I .
< I for one period 7.
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Two particles in the medium,
one wavelength A apart
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Particles oscillate
with amplitude A.

© 2016 Pearson Education, Inc.

The wave advances by
one wavelength A
during each period 7.
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The Speed of Sound*

Medium Speed (m/s)
Gases

Air (0°C) 331
Air (20°C) 343
Helium 965
Hydrogen 1284
Liquids

Water (0°C) 1402
Water (20°C) 1482
Seawater® 1522
Solids

Aluminum 6420
Steel 5941
Granite 6000

At 0°Cand 1 atm pressure, except
where noted.
5At20°C and 3.5% salinity.
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P=c- V—y The Speed of Sound®

Medium Speed (m/s)

B = — e /= VY =vyvP =1.4P (A::[r‘;(\)c) 331
B av - ye —ye=4 Air (20°C) 343

Helium 965
Hydrogen 1284

B = 14P P = 101X105Pa Liquids 7
. 3 Water (0°C) 1402
p =121kg/m Water (20°C) 1482
Seawater® 1522

Solids
Aluminum 6420
Steel 5941
v = 14P ~341 8 m/S Granite 6000
p At 0°Cand 1 atm pressure, except

where noted.
5At20°C and 3.5% salinity.



Some Elastic Properties of Selected Materials of Engineering Interest

Young’s Ultimate Yield
Density p Modulus E Strength S, Strength S,

Material (kg/m3) (10° N/m?) (10° N/m?) (10°N/m?)

Steel” 7860 200 400 250
Aluminum 2710 70 110

Glass 2190 65 500

Concrete® 2320 30 40t

Wood? 525 13 50°

Bone 1900 ob 1700

Polystyrene 1050 3 48

“Structural steel (ASTM-A36). “High strength.
*In compression. Douglas fir.

The Speed of Sound”

Medium Speed (m/s)

Gases

Air (0°C) 331
Air (20°C) 343
Helium 965
Hydrogen 1284
Liquids

Water (0°C) 1402
Water (20°C) 1482
Seawater® 1522
Solids

Aluminum 6420
Steel 5941
Granite 6000

aAt0°Cand 1 atm pressure, except
where noted.
5A120°C and 3.5% salinity.
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Sound Level (Decibel)

I
Iy

B = (10dB) log

Some Sound Levels (dB)

Hearing threshold 0
Rustle of leaves 10
Conversation 60
Rock concert 110
Pain threshold 120

Jet engine 130
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(17-10)

_2(0.263 m)
343 mls

frequency f,,, at which the pulses arrive at the listener is

1
Aty

= 1.533 X 107 3s.

(17-11)

Joor =

1

=1 x 103 — 652 Hz. (Answer)




s =581 + 8 = 5,(cos wf + cos wy).

nometric identity (see Appendix E)
cos a + cos B = 2 cos[3(a — B)] cos[z(a + B)]

o WUV

()

te the resultant displacement as

s =2s,, cos[%(wl — )1} cos[%(wl + w)t].

Time

' = %(wl — ) and o= %(wl + w,),

ite Eq.17-43 as

s(t) = [2s,, cos @'t] cos wt.
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Square Wave: Generated by Harmonics

Newtons
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Frequency Spectrum: Square Wave
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x' =xcosf —ysinf

y' = xsinf + ycos 6

FrEIRE » 7T BRI N E e — R HER
F/'=F.cos0—-Fsnf a,'=acosfd—asml
F,'=Fsin@+ F,cosf a,/'=asmb+a,cost

Mg A8 :
0%s 0%s 0%s 0%s 0%s 0%s

x'?+y'% =x%+y? + b = n +
% % 922 " 9y2 T 922 9x2 " 9y ' 9272

AR - NG (L TS RUER T (YRR AR R -



d%s 0%s 0%s 0°s

+

Ox'2 + aylz 07'2 = ot2




A R % » ) S A LR 9
F=mia == F'2m
ERER TR - I %TM%W“E*KZ

F —m F =m x'= xcosf — ysing,
X ax y a)’ .
y'=xsinf + ycosd

FiT A HY 5 2 oy S LA ERE N Uy e — IRy A
F/'=F.cosf-Fsinf a,'=acos—asmb

L - '__ 5
F,'=Fsind+F,cosf a,'=asmb+a,cost

TR B HF YA FAE AT EHAR (%
=] e e s ] ™ pipcant o epeyed
F.=ma, F,=ma, > F.'=ma' F/'=ma

F=mi = F'=ma
FORER T EE SR PRSI A P e A i S A T 82 |




e AL - VIR E RN

F=ma F'=
TRV EEREAME EME ~ AR - BGREE > Hilrae AT EjEE sk N A&
0%s 0%s 0%s B 0%s d0%s 0%s 0%s 0%s

0x? * dy? * dz2  0t? dx'? * dy'? * 0z'2  at?



