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On Rate of Reflection of Sound-Wave of Long Wave-Length 91 

ァイパ{一枚のみに頼っているので各悶聞の絶縁強度は導鰹の四隅で弱黙を形成する。川

相中相山相のそれぞれの庁ッシロを比較するに矢印の隆起は巻悶間短絡に近い異常を明示

する弱黙であり，中相のものは隆起の程度は少いが波形最終部分の上昇が他と比較して小

さいから主絶縁の劣化が他よりも進行しているものと想定された。猶とのを菱電機は溝の関

口lr;i甚だ狭〈線輪を溝忙挿入する際とれを軸方向に押し込む作業とたるから溝部の線輪部

分は機械的損傷を受け易く，旦チヱ{ン巻線のため線輸の端絶縁は現場作業に限定され，従

ってその慮理も亦不充分たるととは菟れ得たいととである。亦との機械のサーヂインピ{

ダンスば他と比較して特に大きかった。

GE祉方法に依る結果を述ペると波頭がオッシロ押入黙に遣するまでの波形の時間的経

過はその務化不明瞭である。それ故波頭到着後の鑓化をしらべるとととした。波形の窪み

に相営する接地事故が検出されたが，とれは前述の衝撃波法と比較して感度は低下し，亦

故障位置を見出すととは不可能である。亦試験同教も原理的に前者よりも多いととは不便

である。

高周波分の検出結果は相別にして，コロナ後生電車~v士山相が最も低く愛生電墜と消失電

墜とは略 t一致する。一般に中性賄側は端子側に比較して常時加墜されている電墜値が低

いから，従って劣化進捗の度合も亦相違し一般に中性賄側はコロナ愛生の度合は少い。本

研究賞施中特に現場試験に際じ，その機舎をあたえて下さった日本護送電株式舎社電力技

術研究所の方々亦は現場係員の御厚意を感謝する弐第である O 亦本研究は昭和 24年度文

部省試験研究費及び 23年度科患研究費の援助を得て行った。

On Rate of Reflection of Sound圃Waveof 
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Fumiki Kitグ

Fumiko Kitδ: 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 (e1lipsoid， circular 

"cylinder etc.) has been calculated approximately. 1t w部 basedon the thωry of 

impulsive generation of fl凶dmotlon， as treated in Hydrodynamics. 

( 1) A Sound Source is assumed to exist at a point P in space. 1n front of 

that a rigid body is placed. Then the sound-wave emitted from P is reflected by 

the rigid body. To邸 timatethe magnitude of reflected wave is one of the interest-

ing problem in theoretical acoustics. ¥Vhen the wave-length is comparable with 

.radius of也ebody， the estimation becomes much complicated. When the wave-

length is very large， this problem of reflection may approxima tely be replaced by 

the following problem with regard to an incompressible fluid: In an incompressible 

* Dr. Eng.， Prof. of Keio University. 
く7) 
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日uida rigid body is placed， and an impulsive pr邸 sureis applied at a point P' 

external to the body， and we inquire the state of fiow thus produced impulsively-

in this fiuid region. 

Let the pressure of the fiuid be p. When it has very strong magnitude during 

a very short interval_of time T， the amount of impulse ωis defined by; 

ω=~:μt 
According to Hydrodynamics， the subsequent state of fiow thus impulsively 

generated from the state of rest has velocity components 'U， V， w given by， 

1 aω 1  aω1  aω 
=77万五一， K737， w=77Bι-

The impulse ωmust satisfy the Laplace's equation L}2ω=0 througout the region 

of the fiuid. On the free surfac9 we must have ω=0， while on the boundary 

surface made by rigid body ~mmersed in fluid， we must have θωlan (normal deriva-

tive) =0. When a point source of impulse is applied in a fiuid extending to 

infinity in all directions， we may represent it by the expression uul=mIR; when R 

is the distance between the central point P of the applied impulse and any point 

(x， y， z) in fiuid. 

If a rigid body exists in the fiuid， we take additional impulse ω2・ Ifwe choose 

ω2 in such a manner that along the surface of the rigid body we have a(ωI十ω2)/an

=0， and at any point of fiuid external to the body we have ω2 regular and L}2ω2=0， 

then ω=ω1十ω2will satisfy all the requirements. When we regard m1 as arrival 

impulsive wave， then uu2 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 called method of 

images as in Elec七:rostatics. For example， for a fiuld region bounded by free surface 

y=O and rigid plane wall x=O， 

we arrange three images as 

shown in Fig. 1. In Fig. 2， we 

have shown distribution of im-

pulse ωalong the wall a t the 

x plane z=0.If the rfgid wall 

doωnot exist in this case 

(imag倒“2ぺ“4"beIng omitted)， 

the value ofωwill be half tha t 

value. Thus the effect of rigid 

wall is to double the resultant 

value of impulse ω， and this 

corresponds to the phenomenon 

of total reflection of sound wave 
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Fig. 1. 
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due to plane wall. If the rigid wall 

is made up of some closed curved 

surface， the ra te of reflec世oumay be 

lower than this cωe of plane wall. 

In wha t follows we shall make estima te 

of this rate of reflection for a few 

simple closed surfaces. 

( 3) Ellip80idal Rigid Body A 

rigid body in form of an ellipsoid with 

radiusα， b， c and with its center placed 

a t origin of coordina t邸 asshown in 

Fig. 3 is subjected to impulsive pres-

sure which is genera句dby center of 

impulse at a point P (0，0， h) in front 

of the ellipsoid. To fix the idea， we 
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制 sumethatα>b >c， and also a関 umethat c2/h2 may be neglected in comparison 

with unity. Use a system of confωal ellipsoidal coordiriates (λ，μ，γ) instead of 

ち y 

z 

Fig. 3. 
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rectangular coordinat倒...

Then we have 

x2=_1α2+λ)(α2十μ)(αE十γ)
一一一一 一一一一一一一一「(α2_b2)(α2_C2) 

y2ー (b2+λ)(竺±旦)(竺+竺)
一 (α2_ b2)(b2 _ c2) 

Z2ー(c2十λ)(02+μ)(c2+γ)
一一一 (α!! -c2)(b2ーが)

The coordina tes (λ，μ，γ) are 

.related to quadric surface 

-2L+-Y三一+fT-=1
d十{} I b2+{} I c2十。

and the.、surfaceof given 

ellipsoid is represen ted by 

λ=0. As we have 

ωl=rn/R， 

R2=(h-z)2十が十グ

the boundary condi tion a t 

λ=0 becomes 

。ω2__ m r'f hz 1 
ailーヲ亙:fL.l-7J 

Further， taking the appro-

ximate value and writing 

1 1に. 3z， 
w=か-Lム I 万一j
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the above condition reduces to 

81竺ι l'竺 11十~_(3_1竺)1
0λ -2h3 L ... I h ¥ ~ c2 / J 

The problem of . findingω2 may be solved by following the method used in 

problem of translatory rnotion of an ellipsoid through fluid (ref. Lamb， Hydro-

. dynamics; Chap. V， ~ 112). Thus， using twO' harmonics 

where 

oa=¥∞の=¥ー，ゆlJ=zF(λ)

r∞ dλ 
尺λ)=¥. Aln←一一

j入 .::J(c2+λ)

412=(α2+入)(が十λ)(c2十λ)

ω2ニA仇十Bφ.

A and B being arbitrary constants， we deterrnine them 80 as to satisfy the 

boundary condi tion. Then we ob tain 

mαbc jOC dλ mαbc I ~ ~ c2 ¥ Z (:>0 dλ 
ω，一一一一一一¥ 十一一 一(1-3~ト，"'T.1' ¥ 2k3. Jλ 7J-'-h'l. -V.-u h2) -2-K Jλ (c2十λ)L1

where we put for shortness， 
r∞ dλ 

K=αbck=αbc¥ ~ 
jλ (c2十λ)L1

Especially， on the surface λ=0 of the rigid ellipsoid， 

mαbc jOO dλ 2nる /ヘ
ω9一一一一~_V ¥ 十一一一(1-3y.，)~ 

2- 2h3 Jo L1 I h2 ¥.... ~ h2) 2-K 

ωl=竺=~-(1十字R - h ¥... I h / 

¥Ve may also rnake more accurate evaluation， taking into account term8 containing 

Z2，... . 

( 4) Ellipsoid of Revolution In the above 801u tion， let b=c. Then 

K--qb 「α h一一1ー.…

α2_b2 L b 2α~.~ J 

α+'¥-〆l(iぷ戸口弓平言玄『

Mげt[=つつで=
1γ/αa2 一 b2旬 α 一、~αa'l. 一 bが2 

.and values ofω1 and ω2 along the rIgId wall λ=0 becomes; 

ω1=竺 (1十三一}h ¥... I h / 

ω2=-JLM十字一(1-3{~) Q I_f_17-乙h2 .H..L 1 h -V' -U h 2 ) 2= K 

Taking for example the case of α=5b， we have M=4.70， K=0.944， 80 tha t on the 

surface of the body ; 

ω=ωけ ω2=子や.鮒十1吟)
But， if this body did not exist， there would arise an impulse of amount ω。=1'n/h

，at the centβr (the origin). Taking the ratio ω/ωo we have 

( 10) 
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竺 =0.906+1.79_;_ 
ωo n 

It is seen that the impulsive pressureωover the surface of the ellipsoid of revolu--

tion is eccentrically distributed in such a way that it is the maximum at the front 

(z=c)， and minimum at the back (z= -c). 

(5) Shperical Wall This c羽 ecan be solved rigorously by aid of spherical 

harmonIcs. Corresponding to impressed impulse of 

ω1=去=1iji(一)n( ~ ) n Pn (ωs 8) 

where r・2=X2十グ十Z2and cos 8=x/γ， we have 

ω叫2

NI 苫目， n空叩+1

An=(一)n」 L 竺一一
n十1 h叫

80 that we have on the surface of the spherical wall γ=α; 

ω=ω1+ω2 

m ∞叫2n+1/ a ¥四=72L(一)元司一(τ)九 (ωs8) 

( 6) Infinitely long Circular CyIinder 

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， 

this impressed impulse may be expressed in 

the following form; 

m 
ω1=百

=引~COSlz[足。ι(切)ι(λγ)ωsm8Jdλ
where we use cylindrical coordinates (γ，8， z). 

This expression holds only for the case of 

D>γ， and the sign of summation ~ must be 

understood to mean sum for m=l， 2， 3，・，

together with the half value for mニ o.The 

corresponding expre3sion for ω2 is assumed 

to be 

ω2=21j;ωzL~ρλD)G.m(Æ)ι(lr) cos例。Jdλ

Fig. 4. 

where C"，(λ) are unknown functions. This is justified by the fact that terms of 

the form 

cosλzKム(λγ)cosm8

く11)
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are harmonics. The boundary condi tion f)ω/fJγ=0 for γ=α，ω=ω1+ω2 are sa tisfied 

by putting 

Cm{λ)= -I，，/(λα}/Krn(λα) 

Thus the value of ω=ωz十ω2at any point has been obtained. Espeeially the value 

'Ufω， around世lemeridian seetion 2=0 of cylindrical surface γ=α， which we call 

mω岬， becomes as follows:一

ωF32[Ao+AzeosM2ω8+ ..-J 
where β=D/αand 

=\∞孟(竺~dt;
j。ξK1(ζ)

I K，ω(β&) d& 
A'fI/.=4¥ J K，瓦，川，

.(1悦7η1，=1，2...). The Author， not knowing suitable method of calculating Ao， At etc.， 

has estimated them by numerical integration. Values obtained are tabulated in 

'Table 1. 

Fig. 5. 
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Table 1. 

。=2 s=3 。=4

Ao 0.93 0.58 0.43 

Al 0.84 0.36 0.20 

A2 0.30 0.08 0.04 

A3 0.13 0.03 0.01 

A4 0.04 0.01 0.002 

If the cylinder do邸 notexist， the 

valve of ωa  t the origin 0 would 

be ω。=m/D.The ratio η=ω間 /wo

represents the degree of reftection 

of impulsive pressure by pr邸 ence

of cylindrical rigid wall. In Fig. 

5， some distribution curves of the 
ratio ηaround the meridian seetion 

of the cylindrical wall surface are 

shown， which were calcula ted by 

means of the above formula. 

( 8) Summing up; the Rela・

tion between the curvature of rigid wall and the Rate of Rellection It was 

，stated at the beginning that， when there exist a plane wall extending to infinity， 

the value of impulsive pr倒 sureat the wall is doubled. Considering a convex closed 

surface， it is shown in Different:ial Geometry that at any point on it， there exist 

two radii of curvature R1 and R2・ Thetwo extreme cases R1/R2=1 (Spherical 

( 12) 
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'surface) and R1/R2=O (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 valu邸

k of the ra te of reflection of impu1sive pressure are considerably close to each 

other. The case of other rigid walls (for example， R1/R2=2) will all lie between 

the two curv回 shown，and we may easily imagine to what extent the raぬ of

reflection is atfected by the curvature and distance of. wall from the point .source 

"，of impulse. 

On Vibration of Drum-Type Diaphragm in Water 
Received J an. 20， 1949 

Fumiki Kiぬ*

Fumiki Kitδ: On Vibration of Drum-type Diaphragm in Water When a 

Diaphragm of drum-type vibra句sin a fluid， it emits sound wav倒 inall directions. 

In this paper， confining ourselves句 acase in which the wave length is very long 

in comparison with the radius of the drum， the so-called virtual ma部 ofthe 

diaphragm has been倒 timated 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， Misc. Notes of In-

stitution of Naval Engineers， Japan， 

No. 277， 1949) that it may be of 

some use to take up the problem {α) 
of vibration of drum白 type dia-

phragm as shown in Fig. 1， which 

vibra七es in the water. In this 

report， some results of calculatioJ】

made by the Author on this respect 

are given. Thus， the Author has 

ιshown a rough estimate on the 

etfect of phase ditference of 

vibration of two sides of drum 

upon wave propagation and virtual 

D 

Fig. 1. Drum-type Vibrator 

mωS 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 pr偲 sure

p may be taken approximately 句 beL12p=0， that is， the Laplace's Equation. ゅ

being the amplitude of the pressure p， we have p=件cosωt，and φmust also be a 

wsolution of Laplace's equa世on，viz.， L1勺=0. The instantanωus value of the kine七tic

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