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On Rate of Reflection of Sound-Wave of
Long Wave-Length.
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Fumiki Kito*

Fumiko Kito: On Rate of Reflection of Sound-Wave of Long Wave-Length.
-Assuming the wave-length of sound wave (emitted from a point source) to be very
long, the rate of reflection of the wave impinging on solid body (ellipsoid, circular
.cylinder ete.) has been caleculated approximately. It was based on the theory of
impulsive generation of fluid motion, as treated in Hydrodynamies.

(1) A Sound Source is assumed to exist at a point P in space. In front of
that a rigid body is placed. Then the sound-wave emitted from P is reflected by
the rigid body. To estimate the magnitude of reflected wave is one of the interest-
.ing problem in theoretical acoustics. When the wave-length is comparable with
.radius of the body, the estimation becomes much complicated. When the wave-
length is very large, this problem of reflection may approximately be replaced by
the following problem with regard to an incompressible fluid: In an incompressible

* Dr. Eng., Prof. of Keio University.
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fluid a rigid body is placed, and an impulsive pressure is applied at a point P
external to the body, and we inquire the state of flow thus produced impulsively
in this fluid region.

Let the pressure of the fluid be p. When it has very strong magnitude during
a very short interval of time 7, the amount of impulse @ is defined by;

*

m:go pdt
According to Hydrodynamics, the subsequent state of flow thus impulsively
generated from the state of rest has veloeity components «, v, w given by,

umL 00 100 1 0w

p 0x’ p 0y’ p 0z°

The impulse @ must satisfy the Laplace’s equation 42w=0 througout the region
of the fluid. On the free surfac: we must have w=0, while on the boundary
surface made by rigid body immersed in fluid, we must have 0w/dn (normal deriva-
tive)=0. When a point source of impulse is applied in a fluid extending to
infinity in all directions, we may represent it by the expression w,=m/R; when R
is the distance between the central point P of the applied impulse and any point
(2, ¥,2) in fluid.

If a rigid body exists in the fluid, we take additional impulse w,. If we choose
@, in such a manner that along the surface of the rigid body we have 0(w;-+a2,)/0n
=0, and at any point of fluid external to the body we have w, regular and 4%w,=0,
then w=w,+w, will satisfy all the requirements, When we regard «, as arrival
impulsive wave, then @, may be looked upon as reflected impulsive wave.

(3) Plane Boundary It is already known that when the rigid boundary consists
of an infinite plane wall, the solution may be obtained by so cé.lled method of
images as in Electrostatics. For example, for a fluld region bounded by free surface

y=0 and rigid plane wall x=0,

=<

we arrange three Images as

“m3 I \ -m) shown in Fig. 1. In Fig. 2, we
;( S have shown distribution of im-
‘ \\R E R/ pulse @ along the wall at the
4 lane 2=0. If the rigid wall

> R xov  the xigi
-— V— X ) does mnot exist in this case
T__‘_:‘__ :‘T__ ‘“_;‘ 2/ l (images “ 27, “4” being omitted),
—H - Q I the value of & will be half that
—— "Iz ':R_,__P_ \\\\Rz value. Thus the effect of rigid
(-}-@_' 1__ —pr— Y._Sig(.f-m) wall is to double the resultant
_—— = = § value of impulse o, and this
corresponds to the phenomenon

Fig. 1

of total reflection of sound wave

(8)
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If the rigid wall
is made up of some closed curved

due to plane wall.

surface, the rate of reflectiou may be
lower than this case of plane wall.
In what follows we shall make estimate
of this rate of reflection for a few
simple closed surfaces.

(3) Ellipsoidal Rigid Body A
rigid body in form of an ellipsoid with
radius a, b, ¢ and with its ecenter placed
at origin of coordinates as shown in
Fig. 3 is subjected to impulsive pres-
sure which is generated by center of
impulse at a point P (0,0,4) in front
of the ellipsoid. To fix the idea, we
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Fig. 2.

assume that a_>b>c, and also assume that c?)/A* may be neglected in comparison
with unity. Use a system of confocal ellipsoidal coordinates (A, u,») instead of

Fig. 8.

9>

rectangular coordinates..

Then we have
g2 (@)@ +p)a?+-v)
(& —F)a*—c?)

2 (PP )02+ v)
VST @ -)
. (+A)(+ p) e+ 7)

(@ =)~ )

The coordinates (A, u, ) are

related to quadric surface

2 ¥ 2
@0 "0 T Ere L
and the surface of given

ellipsoild is represented by
A=0. As we have
&, =m/R,
R2=(h-z)"’+x'~’+y2
the boundary condition at
A=0 becomes

0w, m hz

=]
Further, taking the appro-
ximate value and writing

11 3z
=7 [



94 BT ARB RS B, S 28 B o

the above condition reduces to

%&;&2 2 117 € 3"i ]

The problem of finding w, may be solved by following the method wused in
problem of translatory motion of an ellipsoid through fluid (ref. Lamb, Hydro-
»dynamlcb, Chap. V, §112). Thus, using two harmonics

= dA
¢-’l_ N d > ¢b"‘ZF(A)

where
dA
F)= $A (21

A2=(a24+A)(h2+A)(e2+1)

@y=A¢a+ Bs.
A and B being arbitrary constants, we determine them so as to satisfy the
.boundary condition. Then we obtain

_ mabe (*dX | mabe o G 2 © dA
©e= "y 5,\ T (18 )5t S NV
where we put for shortness,
= . © dA
K—ab?k—abCSA (Cz—l‘—l)j
Especially, on the surface 1=0 of the rigid ellipzoid,
mabe °°d7L K
== T O T (1-850) 5 T

o= (05])
We may also make more accurate evaluation, taking into account terms containing
22,
(4) Ellipsoid of Revolution In the above solution, let b=c. Then

@b _ra_h
K= (5 M)
a a++/at—b?
v at—b? a—+/a%—b?
.and values of w, and w, along the rigid wall A=0 becomes;

=7

—ge g (1285 9l

‘Taking for example the case of a=5b, we have M=4.70, K=0.944, so that on the
surface of the body ;

o=

=0+ 6= Zi (0.906-+1.79 %)

But, if this body did not exist, there would arise an impulse of amount e =m/h
at the center (the origin). Taking the ratio w/w, we have

10>
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(Y] 2
@, =0.906+ 1.797

It is seen that the impulsive pressure w over the surface of the ellipsoid of revolu--
tion is eccentrically distributed in such a way that it is the maximum at the front
(2=c), and minimum at the back (z=—c).
(5) Shperical Wall This case can be solved rigorously by aid of spherical
harmonijes. Corresponding to impressed impulse of
=T =T g( =) () P (eos 6)
where r?=x2+y?42* and cos f=x/r, we have

mS An
02]2—72‘”;0 WPﬂ (COS 0)

n W AT
A'ﬂ_(_) n+1 hr

So that we have on the surface of the spherical wall r=a;

a?n+l

@W=06;+ G,

= 52 () e

(6) Infinitely long Circular Cylinder
Let an infinitely long circular cylinder of
radius a be placed as shown in Fig. 4, in
front of which, at a distance of OP=D a
point source of impulse is impressed. Using,
for 1/R, an expression devised by Dougall,

é’%
! ]

this impressed impulse may be expressed in 2z
the following form; ‘:___a i D —
.= |
1= R ‘ -~

= i{rﬁ f :cos A OOOKM(AD)IM(AT)COS mf Jar

where we use cylindrical coordinates (r, 6, 2).
This expression holds only for the case of
D>r, and the sign of summation 3! must’be

understood to mean sum for m=1,283,-.,
together with the half value for m=0. The
corresponding expression for «, is assumed
to be

Fig. 4.

w2=47m§:cos Az[ 3

"=

 K.(AD)C.(L)K.(Ar) cos mf |dA

where C,(1) are unknown functions. Thig is justified by the fact that terms of
the form
cos AzK..(Ar) cos m6

11
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are harmonics. The boundary condition 8w/0r=0 for r=a, w=w,+ w, are satisfied
by putting

C.A)=—L/(Aa)/K.{Aa)
“Thus the value of w=w,+®, at any point has been obtained. Especially the value
of w, around the meridian section 2=0 of eylindrical surface r=a, which we call

-Gmy becomes as follows i—-
2m
Q= [A0+A, cos 0+ A, cos 260+ ]

where f=D/a and

_ (" K(BE)
w59 0

_ KB  d&

A=tf g SR @ e
(m=1,2---). The Author, not knowing suitable method of caleulating A4,, 4, ete.,
has estimated them by numerical integration. Values obtained are tabulated in

‘Table 1.
Table 1.

p=2 B=3 B=4

A, 0-93 0.58 0.48

A4, 0.84 0.36 0-20
As 0.30 0.08 0.04
Az 0.13 0.03 0.01
Ay 0.04 0.01 0.002

If the cylinder does not exist, the
valve of w at the origin 0 would
be w,=m/D. The ratio n=0.n/w,
represents the degree of reflection

of impulsive pressure by presence
of cylindrical rigid wall. In Fig.
5, some distribution curves of the
ratio » around the meridian section
of the cylindrical wall surface are
shown, which were calculated by

14 = /R, 2| 3 means of the above formula.

Fig. 6. (8) Summing up; the Rela-
-tion between the curvature of rigid wall and the Rate of Reflection It was
stated at the beginning that, when there exist a plane wall extending to infinity,
the value of impulsive pressure at the wall is doubled. Considering a eonvex closed
surface, it is shown in Differential Geometry that at any point on it, there exist
two radii of curvature R, and R, The two extreme cases R,/R,=1 (Spherical

12>
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-surface) and R,/R,=0 (Cylindrical surface) has been treated in the above., Hence
we could draw curves shown in Fig. 6. From the curves it is seen that the values
k of the rate of reflection of impulsive pressure are considerably close to each
.other. The case of other rigid walls (for example, R,/R,=2) will all lie between
the two curves shown, and we may easily imagine to what extent the rate of
reflection is affected by the curvature and distance of wall from the point source
«of impulse.

On Vibration of Drum-Type Diaphragm in Water
' Received Jan. 20, 1949
Fumiki Kito*

Fumiki Kito: On Vibration of Drum-type Diaphragm in Water When a
.Diaphragm of drum-type vibrates in a fluid, it emits sound waves in all directions.
In this paper, confining ourselves to a case in which the wave length is very long
in comparison with the radius of the drum, the so-called virtual mass of -the
-diaphragm has been estimated theoretically. _

Section 1. Introduction The Author has shown in a recent paper (Several
"Examples of generation and prevention of vibration due to vortex-streets in Naval
Engineering, Mise. Notes of In-
.stitution of Naval Engineers, Japan,

No. 277, 1949) that it may be of
.some use to take up the problem (0.)
.of vibration of drum-type dia-

phragm as shown in Fig. 1, which
vibrates in the water. In this i
report, some results of calculation ( b) /’ﬂ}"hmﬂm
made by the Author on this respect =T T v

are given. Thus, the Author has ! Th
.shown a rough estimate on the | l

effect of phase difference of l D l

vibration of two sides of drum

-upon wave propagation and virtual Fig. 1. Drum-type Vibrator

mass of surrounding water. In our case, the wave length of pressure wave being
very large in comparison with the diameter of the drum, the equation of pressure
p may be taken approximately to be 4*p=0, that is, the Laplace’s Equation. ¢
being the amplitude of the pressure p, we have p=¢ cos wt, and ¢ must also be a
.solution of Laplace’s equation, viz., 4%¢=0. The instantaneous value of the kinettic

* Dr. Eng., Prof. of Keio University.
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