5.7 Velocuty of Propagatlon of Plane
Longltudmal Waves in an Elastlc Fluld

We shall derive here an expressxon for the veloc1ty of plane longitudinal
waves propagating in an elastlc ﬁllld medlum on the basis of the following

assumptions :
(i) The medlum is homogeneous a,nd 1sotroplc

(ii) Dissipative forces Ol‘lglnatmg fl'Om Vlscoalty and thermal conductlon
are absent e -

(iii) The effect of grav:ty is neghglble, 80 that in ethbnum the pressure
and the deumty are the same everywhere in the medium.

- (iv) The stram produced by t-he anE
Hookeblaw holds AN mA _.th?_l_nedIUm‘ is so small that
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- to as the excess pressure. When the layer suﬂ"erb a ra.refa,ctmn pis "e"**the

. r) | .‘.. . ' 5 g B B
- We consider a cylinder of the fluid of cross sectxonul area a, t.hc ﬂ}{l'a ()f‘
the cylinder coinciding w

Ay and By be

~(Fig. 5.3). Suppose that 2+ and z + 6z be the equilibrium positions. of the +

. planes Al and By with respect to an arbitrarily chosen origin, 8z being much
smaller than the

ith the direction of pmpugatmn of the wave.’ Let w
two closely spaced transverse plane sections of, the’ cvlmdm e

wavelength A of the propagating wave. The particles on’ @

the planes Ay and By are displaced due to the excess pressure produced by

~* the progressive longitudinal wave. On the clapse of a short time interval 8¢ -
~ (which is much smaller than the period T of the wave), let the particles o '
the plane A; be displaced parallel to the cylinder axis by £ to Aa, where -

£ « dx. The (orrospomlmg displacement of the pm‘tl(:l("b on B; m tunc ot

is By By, where BBy = € + §¢ = ¢ + —€61.
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Fig. 5.3 A fluid cylinder with transverse plane sections

The displacements of the particles change the volume of the fluid lmmccn’
the planes. The initial volume Vy of the fluid between A and Byis

Vo = adr. _ . . | 7 (517)
The final volume of the fluid between As and Bg is <)

0€
ox

Vi = a(bz + 66) = a (5L 3 _61_) ot (5;13) : o

So, the increase in volume is 0V = Vy — W = ugié.z The ratio of tht’
increase in volume 8V to the initial voluine Vo is deﬁned to be the dzlatatwn
or the volume strain A. Thus . g

i -’._\':'

When a layer of a fluid is complessed bv a dxsturbance the pr essurc, in frhig,
the lay(,r increases from the equilibrium value Py by an amgum P refery Wi

5 For sound waves, p is known as the sound pressure Orithe aCOu«.t:c pﬂ,‘,mm
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The mass of the fluid between tlw planes 11 and ?Bl ‘:‘; t'l‘f' saTle as
that between the planes Ay and By.o This mass: is m,m‘:‘. l\\‘tm ( P0 1\\ the
equilibrinm fluid (lmmt} Tie ncoustic pressure difference '(‘ ey ”\ A1 and
A3 is negligible since € < §x, Therelore, we can tnke the v::;t(;% prossure at,
either A, or Ay to be p, and that at either By or By as p+ ghda. These two
pressures act on the fuid \]ﬂh ,l;B; in apposite dncn.mm (T‘tg.. 0.3), and
produce two effects |

{a) Equal anit opposite excess pressures p develop a stress on the fluid

oo X A W £ ‘ON o )

between Ay and By, The stress p, if compressional, produces the volun

strain ..!i.,. By Hooke's law the bulk modulus K is defined to be the ratio
between the volume stress to the mlmm* strain ¢
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or, p==~K 3:_ | (5.20)

{b) The resultant force (131-61 exerted on the fluid between By and A,
m the direction from Bj to Ao, produces by Newton’s second law of motion.

an acceleration 3—5 of the ﬁlud Smce force = mass x acw]uatmn we have

dp 9% . )
‘*-(!'(,-)—d.'r = ([)005.1.‘) ,dt,,, : (5.21)
the negative sign accounting for the ftu

't that the mllmlmwed fm ce is in the
negative .r‘dlrectxon Equation (5 21) simplifies to

?_I: =, 0% |
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Subbtlllltlllg for p fmm Eq (5 20) mto Eq (o 22), we obtmn
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compurmg Eq (d 23) mth Eq (?5 8), we

wave ( -quntion fur plane v Wa ﬁ"d th“f E hﬂ-tlshm tlw

ves
the w:we velucxty fm‘ { bemg

dlffe entm],

e

Scanne d with CamScanner



L Chser U@Ug r‘m

P AT T TR S e L e
: L i e ; .

Th m(?o of the mz/rem 7 do,m
l&?m f0  Lhe dndtial ciamd‘&t P c&érw '50

S,
eordgmsation , 8. Jhuy 4 - 75 or, 5,0 P

“PU%O

’ /f Va and VV be the inidiad 4?20/ frrm,( l/o/amw;-v_u

Zﬁ ﬁMd MWSﬁw%w ?@mw KMQPVP%,/ﬂm&iM:

TR e
IR e

wa obmn,f (149 (!+4) i
T e [’,‘~/5'f4 "/L

"1?".‘_ . JT/ 5 ? ’f; PAML: ST RS -j“-;’ \

nnnnnnnnnnnnnnnnnnnnn



