No. 46.

(English Abstract from the Japanese Original.)

On the Effect of the Wall of a Wind Tunnel upon the Lift
Coefficient of a Model.

Tatudird SAsAk1, Rigakusi,

Member of the Institute.

Introduction.

Assuming the lift coefficient of a model is not changed in the channel, Prandtl has
calculated the variation of the drag coefficient introducing the horse shoe vortices and their
images. In reality lift is changed as well as the drag, but so far as I am aware no correc-
tion factor has been found. Treating the matter as a two-dimensional problem, the correc-
tion factor for the case of N.P.L. type wind tunnel is calculated in part 1 of this paper

and that for the cases of Gottingen and Eiffel's type wind tunnels is calculated in part 2.

Part 1.
() On the lift coefficient of an inclined plate placed between two parallel planes.

Let z=x-+14y, where (z, ¥) are rectangular ccordinates in the plane of motion. The
2-plane is shown in Fig. 1. Let f=¢-+1y, where ¢ is the velocity potential, and ¢ is the
stream function. The jf-plane is shown in Fig. 2.

Transforming the fplane into a rectangle in an s-plane (Fig. 4) we get the relation

$i
F=2T ) — ()] (s—) —log

T

n(s+v\a(u~v)}
(s —v)sip+v)) ~

Transforming the s-plane into a ring region in a Z-plane (Fig. 5) by the relation
Wy
s:m]—l—w;;—;;log Z,

d ]
and putting d’—;=e"9,

the velocity of the general flow being unity, Q can be calculated by Villat's formula

This document is provided by JAXA.




340 Sasak:- Tatudiré.

Teisei. (Corrigenda.)

Hokoku 46 GO ni oite,
159 Peizi 2 Gy6. Zentai no Nagare no Sokudo wa 1 de naku [,
de aru. Sitagatte 169 P. 1 Gyo de 2y = dU. to naru. Soreyueni

—1Q

kono Peizi de d wa mina dU, ni naru. Koko de U, =¢ ¢) de aru.

ok 5 8
Y1 = 4y no tokubetu na Baai dewa U, = e,Il lﬂ/ o-z(w17l>ag(wlfn_l‘>
P P

de aru. Mata —— wa

pb pbUZ

(Rosenhead no Ronbun wo sansyo!)

ni naru. Sitagatte Hyo I wa kawaru.

Tugini 164 Peigi de z wa Ita no mawari wo hitomawari-sitemo
onazi Atai wo toru koto kara eta Dyoken 6, = @3—a wa yry =+ N0
Baai de aru. Ippan no Baai wa M;j+M; =0 de aru. Noti no Keisan

niwa betu ni tukatte inai kara ato no Siki niwa eikyosinai.

Insatu no Ayamari.

190 P. no sanban-meno Siki no naka no x;—p wa ;+vy no Aya"
mari,

o-(2u)
a(s1+v)a(s;—v)

wa

191 P. no sanban-me to goban-me no Siki de

a(2v)

. no Ayamari.
a(s1+v)a(si—v) es—ez
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. 2%
(20 . 0 O
(Z)= ;’rg B(6)1 (‘T:log Z—%o)do
, : :
e Szgr(oy (‘l‘l Z—16) do
2 , >3 i og _’.'C )

with the condition

q

sonm) do— So\r(e) do,

where ¢(0) is the angle which the direction of the flow along the face of the inclined
plate makes with the positive direction of z-axis, expressed as a function of central angle 6
in the Z-plane; and W(8), that of two parallel planes, is zero, as the flow along the planes
is in the positive direction of g-axis.

From the expression for Q thus calculated and that for f, we get the expression for

dz by
dz=¢"df.

Integrating, we get the expression for z, which is expressed in (7).

Superimposing a complex potential function fj=1% 7"log Z and defining the circulation 7
so that the stream rejoins at C, the lower end, we get, adding f and f;, the flow as shown
in Fig. 7.

The force acting on the plate can be calculated by

the path of integration being taken round the plate.

The value forj(%;-i— %

tity, i.e. there is no drag.

)dz is expressed in (8), and as it is real, P is an imaginary quan-

The special cases, in which ¢, ={, and ¢;=0 have also been treated.

(b) Omn the lift coefficient of a Joukowsky’s aerofoil in N.P.L. type wind tunnel.(1

By the relation (7) the ring region composed of circles of radii 7 and q in the Z-plane
is transformed conformally into a doubly connected region in the z-plane, the boundaries of

which are two parallel straight lines and an inclined slit between them.

The next ring region of radii 1 and é in the Z-plane is transformed into the same doubly

(1) A special case has been treated in my previous paper. Proc. of the Phys. Math,
Soc. of Japan, 3rd Ser. Vol. 9, No. I11.
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connected region as the former, but situated in the lower sheet of Riemann surface. So if
we transform the eccentric ring region, with the inner circle of radius ¢ and the outer one
crossing the circle of radius 7 at the point Z:ew", into the z-plane, we get a doubly con-
nected region, the boundaries of which consist of two parallel straight lines and a curve
similar to Joukowsky's profile between them.

The lift is calculated as in the former case, and we have got the result that the lift
depends not only on the value of the strength of circulation, but also on the ratio of the
chord to the distance between the walls, the curvature of the aerofoil, and the angle of

incidence.

Part 2.
Gottingen and Eiffel’'s type wind tunnel.

In these cases the model is hang in a jet of air, so that we must have the boundary
condition that the pressure is constant on the surface of the jet. Villat's formula is not
applicable in its original form in these cases, so that we have to derive a formula for Q(2)
which fulfills the boundary conditions, that on the outer circle of radius 1 in the Z-plane
the real part of Q(Z) takes the value of the angle which the direction of the flow along
the face of the model makes with the positive direction of x-axis, expressed as a function
of central angle 0 in the Z-plane, and that on the inner circle of radius g imaginary part
of Q(Z) vanishes.

For that sake we have to change Villat's formula as follows:

27

Q(Z)—_—%S D(6) 1 [(%log z‘%e)
0 b

wy, 2(03] db

iwy SZ‘}(B):“[ ( % log Z—%ﬂ) l o, 2m3} do,

n2
0

and

o 2

S o(8) dB-—-S (o) do (@)

0 0
and make @(6)=(0), then at the point Z’ where Z is inversed geometrically with modulus
g, Q(Z) takes a value conjugate to Q(Z). This means that the imaginary part of Q(Z)
vanishes on the circle of radius q. It can be proved that the other boundary condition is
at the same time fulfilled. We also see that the condition (@) is fulfilled in making
D{0)="(0).

Hence the formula which we sought is as follows:
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2

)= 20 0 o (2t0g 226 |, 2] (21062 =20) | o, 2t
0

where & () has the same meaning as that in Villat's formula.

On the lift coefficient of an inclined plate.

The flow in this case is shown in Fig. 72. The complex potential function is expressed

in the s-plane as follows:

o(s+v) o(p.—v)
G (s—v)a(p+v)

TR
w =
T

(et —te—] (s—p)—1og j AT s o),

where 7" is the circulation and p, v have the same meanings as those in the former case.

- . dw . '

Frem the condition that d“=0 at s,, (the point in the s-plane which corresponds to the
S

point B) we can determine the circulation 7. Calculating the function Q as in the former

case, we finally get

Jaw_ (=508 x [ogls—sy)—onls —s)lloals-ts) ol )]
) o(s—sy) o(s+s1)

I

where s, is the point in the s-plane which corresponds to the point C. Hence z can be
calculated from the relation z=\e!Qdw, the result of which is given in (b) p. 189. The

constants Cp, C, etc. are given in p. 188.

z takes the same value as we go completely round the plate, so that it must have the
period 2w;. Therefore we get the condition (1I) in p. 189, where x; and z, are the real
parts of g and s, respectively. From the condition (11) and one more condition that
Q(v)=o0, we can determine z; and z,.

The breadth b of the inclined plate is calculated in (c) p. 190, where a is the angle of
down wash, which is calculated from the relation Q(—v)=—a.

The force acting upon the inclined plate is calculated from the relation

e

where the path of integration is to be taken round the plate.

Carrying out the integration we get

£-—g(l——cos a+1sina),

b b
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where d is the diameter of the undisturbed part of the jet. We see from this result that
there is drag as well as the lift. It is certainly unfavourable that the drag other than that

caused by viscosity is induced, which is not the case in N.P.L. type wind tunnel.
Carrying out the numerical calculation for the case in which U;=U, and%—azloo, we

get the result shown in table II (p. 192), where the symbols with suffixes o correspond to
those in the case where d=w. The values of L/L, are plotted against b/d in Tig. 14. In
order to compare these values of L/I,, with those calculated in the case of N.P.L. type

wind tunnel, the latter are also plotted in the same figure.
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Dai 46 Go.

(Showa 3n. (1928) 12 gwatu hakko.)

Hutoé no Kabe ga Mokei no Yoryoku-keist
ni oyobosu Eikyd ni tuite.

Syoin Rigakusi, Sasaki-Tatudiro.

Hasigaki

Hato-zikken de iroirona Hito de nasareta Zikken no Kekkwa ga,
taihen tigatte iru koto wa wareware no okina Nayami de aru. Motiron
Kiki no Nebasa to Nagare ga itiyd de nai koto wa Tigai no oOkina
Gen’in dewa aru ga, Hato no Kabe no Eikyd mo naozarini dekinai.
Nagare ga itiyé de nai koto wa, Hatdo wo kaizensureba yoku naru ga,
Kabe no Eiky6 wa sonoyoniwa yukanai kara, Sysei-keisi wo moto-
meru koto ga hituyd de aru. Prands/® wa Yoryoku-keisi ga Hato no
naka de tigawanai to kateisite, Uma no Kutu no Katati wo sita Udu
to sore no Zo6 to wo tukatte Koryoku-keisi wo keisansita. Zissai niwa
Yoryoku-keisi mo tigau no de aru ga, ima made kore no Sytsei-keist
wa nai yo de aru.

Yoryoku-keisi no Tigai wo kikantekini keisansuru koto wa, taihen
mudukasii kara, koko dewa heimentekino Mondai tosite keisansita.

Konoyoni site keisansita Yoryoku-keisi no Tigai wa, ikubunka
wareware no Nayami wo yawaragete kureru de ar6. Mata, Hikoki no
Heik6é wo siraberu Baai niwa, Syuyoku no simono Nagare wa Biyoku
ni hataraku Tikara ni okina Eikyd ga aru kara, Syuyoku no sugu
simono Nagare wo siraberu koto ga hituyé de aru. Kono Baai niwa

kono Keisan wa, taihen yakudatu to omou.

(1) Prandtl: Gottinger Nachrichten, 1919.
N.P.L.—gata no Baai ni tuite wa Glawert ya Terazawa Kydzyu no Kenkyli ga
aru. Terazawa Kydzyu no Keisan no hé ga seikaku de sono Kekkwa ga kwantan de aru.
Prec. of the Imperial Academy, 1V (1918), No. 4.
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Hiits no Kabe ga Mokei no Yéryoku-keisii ni oyobosu Fikyé 1i tuite. 155

L

Eikoku-sikino Hato no Baai wa Keisan ga kantan de aru kara,

madu kono Baai no Keisan wo suru.

(@) Eikoku-sikino Hiité no nakani Ita ga nanameni okareta Baai.
Kono Baai wo heimentekini kangaeruto, Du 1 ni simesu yoni
nimaino heikona Ita no tyikan ni Ita wo nanameni oita tokino Nagare

ni naru.

B’ 2
\ 'A /

Y
Du 1. 2z-Men.

Kono Baai no hurenzokuna Nagare wa, sudeni sirarete iru ga,
wareware no Baai niwa renzokuna Nagare ga hituyo de atte, Sclwartsz-
Christoffel no Henkwan dewa taihen mudukasiku natte tokenai. Sokode
wareware wa Villat no Hoho? wo tukatte keisansuru.

Ima, z=xz+17y to kaku, koko de (x, y) wa Undo no Heimen ni
okeru Tyokkaku-zahyo de aru. ¢ wo Sokudo-potential to si, ¢ wo Nagare
no Kansa to suru. f=¢+14¢ to sureba, f wa z no Kaisekikansi de aru.

Du 1 ni s6tésuru f no Men wa Du 2 no tori de aru.

// R \\
// \
/ [0) ’ N g7
H \ _B f a7 = B ) H
\ C HC ’
\ " /
\ f /
\\ l: 7 //
\ GG K
%
Du 2. f-Men

(1) Henri Villat: Scientia No. 38.
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156 Sasaki- Tatudivé.

CC'GG' ni Kirime wo irete f-Men wo {-Men no ueno hanbun ni

tugino Kwankei ni yotte henkwansuru:

df 3y i
&) A E—g)

koko de b wa B ni, -b wa B’ ni sotosuru. Hokano mono mo doyo de
aru. Sosite Zyosi M wo, t ga h wo torikosu toki, kyuni tatediku-

hokono Atai ga ¢;+¢, dake kawaru yoni kimeruto,

=it 2/ (P—=) =g
R h?—b? '

to naru.

1
1
t
1
t
t
I
|
!
!
'

0

}‘:{) G" C/ Bl

A

Du 3. #-Men.

Kono ¢-Men no Ryoiki wa, s-Men ni okeru Hen ga 2w, tc Ws to

1
no Kukei ni tugino Kwankei ni yotte, seikaku-tekini (conformaily) hen-

kwansareru
2= fos—es.
c’ B 0 B C
— (O w
/ G_/ "H/ R H G /
Du 4. s—Mep.
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Hiité no Kabe ga Mokei no Yoryoku-keisii 1i oyobosu Eikyé ni tuite. 157

B ni taisite s=p¢, H ni taisite s=v to sureba,

df e Pv _ Ps—op
ds @  fv—@p fos—ov

=L ) () L)+ 69 |

to naru.
Kono Kansit wo sekibunsite, s=# ni oite f=¢ ni naru yoni suruto:

o(s+) a(p—))

:9’}1-}-_9'/__2[ t4-v) —E (u—v —p)—log
i L el R R P o i}

Zyunkwan (circulation) wa nai mono to kateisita kara, f wa 2w, no

Syaki wo motu, sokode tugino Dyodken wo eru:

L) —Clp—) =22, (1)

f wa, s=w, no Tokoro to s=w;+w; no Tokoro to dewa ¢, dake

tigau kara,
U
= +v) - {(u—v) | wg— 279w 2
ot [C ) =L =) w2, @)
to naru.
(1) to (2) to kara
y= ¢ w,
I+ ¢

naru Kwankei ga erareru.
s-Men ni okeru Kukei no Utigawa

wa, Z-Men ni okeru Hankei ga

iTtwg

sorezore 1 to q (=e ® < 1) to no Dédsin-en ni yotte kagirareta Wagata-

ryoiki ni, tugino Kwankei ni yotte, seikaku-tekini henkwansareru.
()
S:a)l+w3—-(.—llogZ.
T

Nanamena Ita no Men wa sotogawano En ni, heikona nimaino Ita

wa utigawano En ni sotosuru.
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B/-. ei(2m:— 0D

D: ¢
H: qe

H: qei(%:—- 85

Sokode Z-Men ni okeru Kaku wo motte arawasuto,

0y
ﬂ-_:(!)a—*‘(l)l(l —%>,
T

V= (01(1 —@)
: T

to naru.

This document is provided by JAXA.
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Af _ -0 (3)

Tugini ——=e

dz

to suru. Zentaino Nagare no Sokudo wa 1 de aru.

Genkai-men ni okeru Sokudo ga, Z-Men ni okeru Tyisin-kaku no
Kansii tosite arawasu koto ga dekiruto, Villar no Kosiki® ni yotte £
wo keisansuru koto ga dekiru.

Sunawati,

2z)="\ o()¢ (Liog 2—20)ds
2 T b

0
. 27
—"—g Vo) (32 log Z—210)dA , (4)
72 T Fia
0
koko de @(0) to ¥ (0) to no aidaniwa tugino Kwankei ga aru:—

g (p(a)da:g ¥ (6) do. (5)

0

Tadasi, @ (f) wa nanamena Ita no Men ni okeru, ¥ () wa heikona
Ita no Men ni okeru Nagare no Hokoé ga sorezore z-diku no seino
Hoko to nasu Kaku de, kono Baai ¥ (f)=o0 de aru.

Ueno Kosiki (5) kara

2 —01

[y | (e [ (oo { 2o
04 03

0 01

Oy +0,—n+20=0.

(1) Mae to onazi, p. 16. 3II.
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160 Sasaki- Tatudiré,
Mata, Kosiki (4) kara

AZ) = WIS v(O)¢ (E;;log Z~%10)d0
0

a((il log Z+ (1101_2(01)
T T

2|
=-—-=|dlo
T (0‘10 Z+ U’(?)
T
( Hog Z— U'ﬁ)oz( —logZ— 0103>
+Z log

2 02(“’11 Z___10> ( Mog Z+¢ '0) ((f)llOgZ-*'glﬂl—ﬂ”l) |
i n T

Kantanni suru tameni kore wo s no Kansi tosite arawaseba,

e ilee TP 20 als—s)als—s) )
o) o g{[a(s—i-,u—l-zwz)] a(s—p)o(s+p—2ws)f’

%
koko de 33__101-}-(03——101,

‘ W,
84=wq+ w3— —04.
T

3) kara
dz=e“dy
Gl B o ywTre(s—s)o(s—s)
s Pv— fPp  a’p a(s+v)a(s—v)
N e2~,,<u+2w2+w,>(§+12)+2n3c;1—w3)+2n1 s(2+9) s . gg. ©)

Wareware wa kono Kansit wo sekibunsinakereba naranai. Sore ga

tameniwa kore wo Kyust ni tenkaisite notini sekibunsureba yoi.

ms(T+3)+ms  a(s—s)a(s—ss)
Flgj=e o5+ )ol5—)

to okeba
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F(s+2w;)=F(s),

F(s+2wy)= eﬂ(é ) I(s)

to naru kara, kono Kansi wa dai-nisyuno Daen-kanst de aru.

Sokode FY(s) wo kantanna Kansi ni wakeru. Sore niwa

N

0 T
0[3—2(01(——}-

) e,

o8 a[ 2wl<g+%>]

5

A(g)=—

naru Kanst wo tukau.

F(s) wa s=v oyocbi s=—v ni oite kantanna Kyoku wo motu, sosite

DG D] oh—sgot—s)_

Res. F(s)=e ()

S=v

_‘2[ nl(%+1§)+’13]“ ) W):C~

Res. F(s)=e o(29)

s=-v
de aru kara,

F(s) = C,A(s—v)+C_,A(s+V)
to naru.

A(s—v) to A(s+) to wa tugino yoni site Kytsd ni tenkai dekiru:

s w T
=z 7=—2 to sureba, s ga O kara w; made kawaruto, u—- wa
1 wy

T
——kara O made kawaru kara,

~%(%) <zm(u;£) <R(T)

naru Dydken wo mitasu yueni,
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s [u— 2L )| g

A(S—V)Z—I— . 2wy 2 72 1 .
2o gl 2P g (24|
. 2w, 2 . T 2
_zn.e’:(“?") - 1
o in(0 4L
l: 4sm( - + 2 )n
+2(=1) ¢
i sy _IHny (0 Ty g s—v 147y 041
smn[zn( o > ) (n + )] q smrizn( ” . )+( . + > )]],
1—2¢?" cos 2(% + %)n—{- q*"
or (%) 1
Als+y)==e — <
wl [ 4Sin(£+i)ﬂ'
T 2
21"

~

e Dl )
I —2g" cos 2(% + %)7;_*, g

Korerano Kansl wo sekibunsureba

i(6+%) s
A(s—v)ds=z2e —
4.cos 0

n+1

+3(—1) ¢

n=1

el Gl e ot )

n[l —2¢** cos 2 (% + I;) T +q4n]
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SA(,H—V) ds=2e
n+1

) s
——4cos¢3
IICHNE

39 e 90 )

'n[ 1 — 2¢?" cos 2(%+%>n + q4“:|

w .
de aru kara, s=w;+ws—=* log Z naru Kwankei wo tukatte, Z de ara-
1T

waseba,

i(6+ T ‘
(469 ds=ic ¢ ‘)l

+§J(—— ISH(l]nZne-iTl(eiﬁ’*‘ q*re %) —Z*"QT(Q—W + g2e™)
- (3 1 . ’
n=1 . on El 1 :
n[l 2q cosz<n+2)7z+qn~

!

_4 on (3((01 + ws— i logZ)

XA ds=1 i(‘”%)l:_~ 1 ( + m—ll Z)
(s—v)ds=1e 1005 d N wa*iﬂ' og

L NIV _iamy

) -+l ZT 0 2n,—i6y__ 7— Twy (p—i5 2n 518
+S(=1) an”e 1(_3 + q*me ™) Za”e 1(e7? + q*e ) ’
n=1 nl1— 2q2'n CcoS 2(£+L>n’+ qd'lb
T 2

to naru.
2= M, 5 A(s—v)ds+ M, g Als+v)ds + Zyosit.
Koko de,

:¢1+¢26- 27 1%(%31-1)(%_1) 5 ‘73[%1(04— 02)] as [%1(03 - 02)]
8 03[%1(01 + 02)] O3 I:%]( 0, ——02>J

M,
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bty (o (i) | B0 ) || bt 1) |
X : 5

My= 152 3[ (0, + Uz)] [,;(01 - 02)]

T
mata 0= —6
2

2z wa nanamena Jta no mawari wo hitomawari-sitemo onazi Atai wo

toru kara, Z-Men de wagatano Ryo6iki wo hitomawari sekibunsita mono
wo O to okeba, ¢#,=0,—n to naru. Mata, maeni eta Kwankei 034 ;= ‘

T—20 wo tukauto, #3=n—0, 0,=—0 to naru.

_htde, e )zn

T Wy

.[ A o e

o]
a[i 0, + 0, ] [ 1(01—62)]

(“’1 + (03~77r log Z)

B !

:1

/

8 l4 cos 0

_inny 11’7\:\1

i Zre 1 (6 +g*me ) —Z e "’l(e"“s+q2”els)]

31 g \
T Zn[l — 2¢®" cos 2(? ;)n—k q4":| I

n=1
0:;"2_,)(;‘5__%) . ‘73[%(024‘04)]03[%(024"03)]

o] (01 02) oo (n—02) |

Q(wl + (03—;%; log Z)

721“101(

)
|

4€0S0
§ 2TV TV
_Z(___ I71)+1q,n (Ul'b Z.ne w, (eié + q‘Zne—-'itS) . Z—ne w, (e—iG_i:q?neuS)] ]
. 2n _(;_ _I‘ 4n
2n[1 2q COSZ(n + 2)7T+q J
+ Zyosil. ()

Kono Zyosi wa katteni totte yoi kara, O ni sitemo yoi
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Tugini nanamena Ita ni hataraku Tikara wo keisansuru.

Kore ga tameniwa Ita no mawarini zyunkwansuru Nagare wo tuke-
kuwaeru Hituyo ga aru. Kono Zyunkwan no Z-Men ni okeru Huku-
sosu-potential-kansi wa fi=il'log Z de arawasareru. Kono de [I' wa

Zyunkwan no Tuyosa de aru. z-Men ni okeru kono Zyunkwan wo Du
ni arawaseba Du 6 no tori de aru.

S

Du 6.

Zyunkwan I'no Tuyosa wa Nagare ga hutatabi ¢ (Ita no sitaga
wano Hazi) de issyoni naru yoni kimeru. Sokode maeno Nagare to

kumiawaseruto, Du 7 ni simesu yo6ni naru.

= S—
—

Du 7.

w=f+f1

to okeba Ita ni hataraku Tikara wa tugino Siki de keisan dekiru:—

P (dunE,
P= sz(dz) dz;
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tadasi p wa Kki no Mitudo, mata Sekibun no Miti wa Ita no mawa-

rini toru.

C ni oite Nagare ga hutatabi issyoni naru tameniwa, sono Ten de

b_,_o’

dz

sunawati Z-Men dewa Z=¢" de

af  dfi
dZ iz

to naru Hituyo ga aru.

o 220:) 0 [%(01—04)] [“’1(01 +0,)|

| ! .1= (es—er)(es—ez) e

0[%(02 N ,,4)] [ (0, 4)]03[0)1(01+02)]03 “7’;(01_02)]-

Tugini,

dw \? afyV g dfi df\( a1\ 4
A= () @ () =N a)
S dz) dz dz
de atte, hazimeno hutatuno K6 wa O ni natte saigono mono nomi ga
nokoru. Saigono Ko wa Z-Men de arawaseba

. o dZ
!' -~iQ
2 je VA

to naru. Koko de, Sekibun no Miti wa hutatuno Dosin-en no aidano
Dosinen de aru.

Sate,

_(%+%)e—2'ql (s+u+2w2+m1)(%+%)—2'qz (s+u—m3) ) g (S—/l) g (S+ll)
o(s—s4)0o(s—s3)

e =(—1)

de atte, kono Kansi wa dai-nisyu no Daen-kansii de aru kara, mae to

onaziyéni site kantanna Kansi ni wake, sosite Kyls ni tenkai dekiru.
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Sunawati

(5r3) i o) (T g) (- o

ea=(—1)

SGE)an) G el o (st o si—p)

0 . o(s4—83)

+§(~1>"qn

-
4sin(;+%)ﬂ
.sin n[zn( “’1+ g;)-%— (; +%)] g sin n[zn ( 21801-}-2%;)—(% + —;—)]]

1—2¢g?" cos 2 (- )ﬂ—l-q'”‘

"2[’“(“+ )“’3]3 . 0(s3+Mo(s3—p)
o(83—34)

! +Z(—I) -

" [4 sin(% + %) z !
s onlog + )+ (2 3) |~ asinn zl+.%z>—<%+é>]]

[N

1—2¢?*" cos 2(; + —2-)7r + g

o
mata s—-——-wl+wa—~;1r log Z

ni yotte kono Kansu wa Z no Kansi ni naosareru.
Sokode

je Z

wo Z-Men de hutatuno Doésin-en no aidano Dosin-en ni sotte sekibun-
sureba Z! no K6 nomi ga nokotte, atono K6 wa mina O ni naru.

Sosite,
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(40 g 2L g

dz w; cos 0
2o 2(2-1) [(i;r—(ﬁl+ (f‘,)‘la[“ﬁ(f}l__@‘;)]
xle ™M=\ 2/, i 7 |

to naru. Kono Atai wa zituno Ry6 de aru kara,
0 (1 dw\?
P——-—L‘X G0N g
2 ( dz )
wa kyono Ryd de aru. Sunawati, Ita ni hataraku Tikara wa Huyo-

ryoku nomi de aru koto ga wakaru.

Tokubetuna Baai (1.)

J1=¢, no tokiwa, nanamena Ita no Tyfsin ga hutatuno heikona Ita

kara hitosii Kyori ni aru Baai ni naru.

1 I
Y= -—y, /12_(01+(1)3,
2

0,=0,=",

04-:—*5’ 03:71'—5
to naru kara,

Tt

2Dy —i8y—nqwy [OTIN w ngz
z=—"jle VTR . gy ;01 ‘73<—1 a1) N Z o
™ " in sin (51— 3)

W

koko de n wa—e kara+oo made no Kisi no Seisi no subeteno Atai

wo toru.
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Tta no Haba wo b to sureba, 2¢y=d to site,

b—-— ,12<‘”1«‘ (*‘h) SCER A (n—1)0,—¢** cos (n+1)9;
n(1—2¢> cos 20;+q*) ’

tadasi n=1, 8, 5, ... ... ., mata d wa hutatuno heikona Ita no

aidano Kyori de aru.
Mata, ['=—
sitagatte,

81 0y 0. (51
P = 2i0d (ey—es) e 71 (F)

b to P to kara d wo kesite

.—E N
P_ . (ez—ey7 oM "’1(1—87]:)67: <¥ 01) ( Ul)

— = : = ;
b REDHED
kokode Q:Eqn cos (n—1) 8, — ¢* cos (n+1)0;
rn([_qun coS 231+q4n) ’
tadasi n=1, 8, 5, - - - - . - . . 0.

P, ga d=c no Baai ni Ita ni hataraku Tikara to si, %no iroirona

P . . . .
Atai ni tuite == wo keisansuruto, 0;=10° no toki wa tugino yoni naru.

Py

Hyo 1.
b r
7 /d P,
o o 1
o1 0-1271 0-9789
0-15 0-2055 0-9485
0-2 0-2996 0-9068
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Tokubetuna Baai (2.)

¢r1=c0 no Baai. Konotokiwa ippanno Baai kara suguni mitibiki-

dasu koto wa dekinai. z-Men oyobi Jf-Men wa Du 8, Du g ni simesu

yoni naru.

Y

Du 8. 2-Men.

O
e

[ /

H-. GG .y

Du 9. f-Men.

/
13

Be

f wa s-Men no Kukei ni tugino Kwankei ni yotte henkwansareru:—

Y M (Ps—pp).
ds

G’ H G

OO

Du 10. s-Men.
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oo f=MCs+ 821 - s)+ Zyosi.
f wa 2w, no Syuki wo motu kara,

E(s+20y)+ Pp - 20,=C_s,

Pp+=o.
w
Mata s=w, dewa  f=¢1—1i¢s,

s=w +w; dewa  f=¢.

ifo= M0+ Pp - w;;):%[(%wl—-m%)' = —327“[ M,
1

df _ 202 o5 pp)
s 7

d
to naru.
Mata
5.1 2n,(S+R+2wg+wy) S DY yong(s+p-wg)
dz:_(___l)ﬂ z e 1 (9\: 2)
» 205 o(s—ss)o(s—sq) |
T a’sa’p
5.1
2l ~~+“‘)+"I3 s o(e—g.)o(s—
fma R THED ] doalets—sd
S
to okeba,

Fi(s+20)=Fy(s),

27

Fi(s+2w5)=e (?+%)F1(3)

to naru kara, Fi(s) wa dai-nisyuno Daen-kansi de aru. Sosite s=0
de hitotuno nidyana Kyoku ga aru kara, tugino yoni site kantanna

Kans ni wakeru koto ga dekiru. £ wo taihen tiisai Ryo to sureba,
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Py e LG ] o —s)o(h—s,)
a*h

A1 As
A +== 2 2+ renzokuna Kansi.

ST

=0a(ss)o(ss) + [~U’(83) 7 (s4)—0(s3) 0" (s4) +2 {771 (g + %) +773} 0(83)0(84)] h

mata

de aru kara,

Ap=0s30s4,

A1:A2{ —{s3—Lss+ 2 [71 (% +§) +773]} )

F1(8)=083os4[{ 683—C84+2[’71( +~)+03]}A(S)-A’(S)];
kokode

A(s) =f7)’fe"(“%)[ ! +E(—I) e

4 sin +—>

i ]

/-\

N

1—2¢? cos 2 (L; + ?) T4 g
a=220 2)[ —1)"¢"n

fow[zn%‘—;f—v—(5+é—>J—q%cosn[zn@r:w%ﬂ}.

N

1—2¢%" cosz(%—{—%)n—}-q‘m
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Yueni

s 1 § 1
2=(—1)" *e oy (netegten) (T4g) 2o wn) 20y osy0s
7 a2

x [( Css+Csi—2 [771(%+%) +77g }SA(s)derA(S)J

to naru. Ima SA(s)ds oyobi A(s) wo Z no Kansi to site arawaseba,

P
- 17T

4cos 0

nZn(ei5+ ane—i6)__Z—n(e—i6 + q2nei5)’

+S5'(—1 n+1
;( )" n(1+2¢2" cos 20+ ¢**)

_m (6*35‘){_ 1
A= (016 4coso

© Z'n(ei5 + q2ne-—i5) + Z—'n(e—i5 + q2nei5)]
—1 n+lyn .
+LZ=1( ya 1+ 2¢%" cos 20+ ¢

Yoéryoku wa ippanno Baai to onaziyoni nari, tada I’ ga tigau nomi

de aru. Xono Baai niwa
r=—22(ps,— Pp)™!
s T

de aru.

(b) Fikokusikino H#ité no nakani Joukowsky no Hane ga okareia

Baai..

Maeni dasita Kwankei (6) ni yotte Z-Men ni okeru Hankei ga
sorezore 1 to g to no Dosin-en no aidano Wagata-ryoiki wa, z-Men ni
okeru hutatuno heikona Sen to sorera -no aidani aru nanamena Kirime

kara naru nidyQni tunagatta Ryo6iki ni seikaku-tekini henkwansareru.
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. 3 I ..
Z-Men ni okeru Hankei ga sorezore 1 to ~q-to kara naru Dasinen

no aidano Wagata-ryoiki wa, z-Men dewa Riemann-Men no Sitagawa
no Men (leaf) ni oite mae to onazi Ryoiki ni henkwansareru, Sore de
aru kara, Z-Men de Utigawa no En ga Hankei ga ¢ de, Sotogawa no
En ga Z=¢" ni oite Hankei 7 no En to maziwaru yéna dosin de nai
Wagata-ryoiki wo (6) no Kwankei de z-Men ni henkwansuru to, huta-
tuno heikona Tyokusen to sorera no aidani joxukowsky no Hane ni nita
Genkai no aru Ryoiki ni naru.

Joukowsky no Hane no Baai ni oitemo, f~-Men wa maeno Baai to
onazi de Du 2 no toéri de aru ga, tada ¢y, ¢, no kawarini ¢, ¢, to
sureba yoi. Mata s-Men wa w;, w3 no kawarini £;, #; naru betuno
Sytki wo moti, g, v no kawarini g4, v; to sureba yoi. Sore de aru
kara, f no Siki matawa gy, v;, ¢3, ¢y, £;, 25 nado no Kwankeisiki wa

mae to onaziyoni naru. Sunawati-

_ st o) —(ttr—v) N s g2 —loe 28 o (e — 1)
F=2 Rt =) (s —log ZEEATA,

c<m+»1)—c<ﬂ1—u1)=2f}’;”1,
b d

W . _ .
m—,[a/ﬁ*’”ﬂ €l Vl)] Q—2Hy,,

12

2y
s+
Sokode :s-Men ni okeru kono Kukei wo ueni nobeta ddsin de nai
Wagata-rydiki ni henkwansuru tameniwa, tugino yoni sureba yoi:

7 —bet*

— =541y,
Z—ae* 7

s=ig+h—‘—_Q—llog
1T

mata

Z=X+1Y
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9 |
2 |

Du 11. Z-Men.

to okeba

£t pan-1 (b—a)(Xsin a+ Y cos a)
=n—— an ’
7 (X—bcosa)(X—a cosa)+(Y+bsina)(Y+a sina)

g1 (X—bcosa)?+ (Y +bsin a)?
7 g+27r Og(X—a,cosa)2+(Y+asina)2’

to naru.
. 2, 0 s .
7=0 ga X2+ Y?=¢? no En ni 7= ga Z=¢" s ni oite Hankei 1 no

En ni maziwaru En ni naru yoni Zyosu @, b wo kimeru to

_Ing
e lei’ ®*=ab,
a
2nQq
a b+ 1—2bcos(b—a)_ o, _ 1
b a?+1— 2qcos(f,— a) &

to naru.
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£=v, ga Z=qe": ni,

§=-—y; ga Z=qe'®* % ni sotdsuru yoni sureba,
2
v;—h=—=1
s

tan-' - (b—a)(—q cos 0 sin a+q cos asin f,)
) (g cos 0;—b cos a)(g cos l,—a cos @) + (g sin 0,—b sin «)(q sin y—q sin «
q

L (b—a)q sin (0,—a)

=_Tltgp-1

T @2—qla +Db) cos (0—a) +ab’

~y1~h—:—'glta1n‘1 —(b—a)gsin (0:+2) )
T ¢®>—q(a +b) cos (0:+a)+ab

. [ta“"‘ _ (b—a) gsin (0—a)

= on ¢*—qf{a+b) cos (0,—a) +ab
—tan-! —(b—a) gsin (0,+a) ]
¢2—q(a+b) cos (0,+a)+ab |’
h:'gl[tan—-Lw (b—a) g sin (0,—a) fan-! —(b—a) gsin (0,+ ) ]
2zl ¢*—qla+b) cos (0,—a)+ab ¢*—qla+b) cos (O2+ o) +ab
Mata Zyunkwan wa Z-Men dewa
J‘;:'ilwlog%

de arawasareru. ['no Tuyosa wo kimeru niwa maeno Baai to doyoni

Z=¢" de

ar  dfi_,
dz dzZ

ni naru yoni sureba yoi.

i0 P .
Z=¢"* ni sotosuru s no Atai wo s, to sureba,

So=h—-‘gl tan~! (b—a) sin (0,—0)

+ 0
s ab— (@+b) cos (f3—a) + 1 ’

de aru kara,
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r-4()

s=38)
de [".wa kimaru.

Joukowsky no Hane ni hataraku Tikara wa, f+fi=w to sureba

__tef(d
=[S0

de keisan dekiru. Koko de Sekibun no Miti wa Jowkowsky no Hane
no mawarini toru.
dw\ 2 df de df df
B0 go= [ () et | (25) a2 [ % Aogy,
S ( dz) (dz) dz dz
Hazimeno hutatuno Ko wa O de aru koto wa sugu wakaru. Saigo-
no K6 no Sekibun wo okonau tameniwa, z-Men ni okeru yorimo, Z-Men
ni okeru ho ga benri de aru kara, Sekibun-hug6é no naka wo Z no
Kanst ni naosu.

dfdfs g, _df . dfs dZ
bds ¥z 4z @ P

df dfi_1%( 1 1 )2(d_f> ez
Az d7Z 7 \Z—be® Z—ae®) \ds/ T i B e

mata (6) kara

dZ CZAZ[ s(2+3) 28 o (s+v) a(s—v)
= dZ= 2% e .
dz wl M, 0(s—85)0(s—84) Js=w1+w3-21 105 2

de aru; koko de

g titde. #v o 1(00%)
i fov—gopn  oPu

© IR} 0
O R
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Kono Kansii wa Hankei ¢ no En no ue dewa zituno Si de aru
kara, dosin de nai Wagata-ry6iki wo ¢ no Ritu (modulus) de sakasimani
sita Ryoiki no nakani kaiseki-tekini entyosuru koto ga dekiru. Sosite,
kikagaku-tekini sakasimani sita Ten dewa, motono Ten no kyoyakuna

Atai wo motu.

Ima

_(af  dfs dZ,, (df  dfs dZ .
de A dedZ de dZ dz z,

c>lq| e<|lg|

koko de hazimeno Ko no Sekibun-miti wa motono Ryd6iki ni, atono Ko
no Sekibun-miti wa sakasimani sita Ryoiki ni okeru todita Kyokusen

de aru.

X1, Y1 wo zituno Si to sureba
I=(X1+1:Y1)—(X1—"LY1)=2’LY1

. . i0 - _z - .
to naru. Sikaruni, I wa gqe'* oyobi qe* ni okeru Residua no Wa de

aru kara kore wo keisansi

i
. = (Bt ig+vy)

@y e*(b—ae™
w;+wy—— log in =Y,
17T 2 (h4ig+vy)

1

I—e

T
. —(h+ig-v
N ©, e (b—ae% %
oyobi w,+ wg——1log
17

E(h-fig—vl)
I—e*)

naru Dyoken wo ireruto
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. (h+zg+v1) H(h+zg+vl)
2, —
I=—"Mmrole ~ia(b—ae )( et )
Wy (b a,)ze (h+'Lg+Vl)
__Q{r (£+l) +7 \y
e LT 2 sy a(2v) e (v—y) oyt H)o(—v+14)
a(v—s3)o(v—sy) (o2v))
) Th+ 1 DO ITh 4 dg ~vy)
+e —w(b G,B %1 v )(I—'egl e
Ih 4 dg —vy)
(b—a)2e™
ol n( 141
LG e st
o(—v—83)0(—v—sy) a(2vy)

de aru. Sunawati, Kéryoku wa O de aru koto ga wakaru.

Sore de aru kara, Tikara wa Yoryoku nomi ni naru. Kore wo

af dfs dZ
dZ" dZ dz

no ga itiban Benri de aru.

keisansuru tameniwa, .dZ wo Z mo Kyush ni tenkaisuru

Sate,
E(s+vy)—C(s—v1) =Ca(s+v1—25) —La(s—r1—29)

de aru; mata s+y;—8; to s—y—%&; to no kyono Bubun wa, s ga O
kara £5 madeno aidano Atai wo toru tokiwa, O to—&; to no aidano

Atai wo toru kara, tugino yona Tenkai-siki ga erareru:®

E(s+v)—C (s—vy)

_ 2H1J1+ 272 Q" {sm u(s—’r v —82:) — Sm—(s—*Vr—Qa)}

(21 ann 11— !21
mata
Ll +v) —C (1 —v1)— 2B
02,

(1) J. Tannery et J. Molk: Eléments de la theory des Fonctions elliptiques. Tome
IV p. 101 (2).
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de aru kara,

b. h n T8 . . 7
df:—4u3+“v @ g feos T&c sS4 g n 172 sin 278 |
ds T oai—Q, 2, g 2, Q, 90,

¢3+<’)4/~J sin 77 [1+ 6 QZn s s @]
T A4 Q li— ¢ an 82, o2,
af
ds’ s=ig+ IL—: & log £~ b"“
Z-ae*
_n'ng inah

_‘9;’3%—(/{4%«51-“_%772)1 1— 2" “1<Z~aei°‘>”
v 9 | 1— Q2| Z —be™*

nmwg  inwh

Q Q, Z__ bgiot)n}
-+ —
¢ (Z —qer

_?1@+w amg znnh
G J—ae*\" @ Z—be™\")
R =
1° Z—be™ Z—ae*) ||
Tugini
[7"( ) 1'3] o(s -}—v)o'(s——u)
1s) =e S L
o(s—s3)0(s—s,)
to sureba

2(s +20)=yx(s),
1(s+ 205) = e_gi(MT)X(S)

to nari, y(s) wa dai-nisyuno Daen-kansi de aru kara, hutatuno kan-
tanna Kans ni wakeru koto ga dekiru. Keisan wa mae to onazi de

aru kara, ryakusite
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@dz = 7:72.3 * Z
dz O+ ¢)  (er—es)(e2—e)

03[%(01-%02)]0'3[2)77—1(01—"02)] (2 «)(1 nz?

- e
w
awy O'[ 2 *lﬂz]
T

—‘anw‘(%—;
[, “ 5)—
X l oy [?(02~5) + "’1] O3 [ - (62+0) (01]6
oc Z'n e 15+ Znezé e'mﬁ_}. ZnZ n ezs_{_ 2np- 18 e—'m'5
9 5 (= ( g e”) q (e +g*re™™)
2€0s0  a=1 1—2¢%" cos 2( ~~)7r+q4”
a5 0:—) || 0 +9)]
bis T
) m ,ind( ,—1i6 2n 40 o2n 77— nf ,id 2n ,~i8Y) , —ind
X[ I“+zZe (e ®+¢ e)+qZ(e + g2~ %)e 1
2C0S80 ==t 1—2¢2" cos 2( ~>7T+q“” ]

Konoyoni site ctig %Jg ZZ dZ no kaku Bubun no Tenkai-siki wo

eta kara, ikko dutu sekibunsureba yoi. Sekibun no Miti wa Hankei ¢
no En to kore to dosin de nai En tono aida no todida Kyokusen de

aru. Sono Kekkwa wa taihen hukuzatu de aru.

Tokubetuna Baai ¢;=¢, no tokiwa,

01:02:3)

s ) ’
w, w, o —anwlﬁ M 17:' @,
o3 ;(02*5)—{-(01 a3 ;(02-{-0)——(01 e =¢ G300 ;51 ,

]

el n L} ey
[wl @,+ 5)] a3 [‘01(02— 5)] =e o “03(0102 (%131)

ay oy (L-81)(1.81-3 _
-’11"1(‘2 7:’)(1 L) ) Iny 1,,,:(1
e —

=e ,
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0
a3y

mata =e3—e

2
gew,

de aru kara,
T dﬂ)z
_ F 2 S(dz dz

., 732 w(1-23) (31(,))0(51(0)1“ ,
=Py cof Do) oy S1ey) T (@—b
II"O d ( 62_‘63) wt_l:, e ) T 1 3 T 1 ( )

i 71}_7’_ 2 i ( “W@__ )
f1+Q? n ™1 : [a sin <5~)1 a>+q sin| 20, 0. a
B l1 — @2 2y (a—0b)*L 7 1—2¢2cos 20;+¢*

. (7h . h
o) () oo

—— sin _+3a+26)
1—2g? cos 20;+ ¢* 7 2 !

+b%q(3b*—8ab + 6a?) sin (%h— 30—20;) + ... ]
1

I+Q4_27TV1.§-[' . gﬂ'_h,—__ —5 3 s 2_71-@—— __B
+‘:(—9251n __-Ql—— a 4bSlﬂ( 2, 32—2 1) + 2008 sin ( 2, 5a— 41 1)

+1 +Q° sin 371 . b_(g[(s b-—a) sin (53%]-%—361— 261\)

1—Q° 2, L
. [37h 5
+5b(7b—30) sin (35 —sa—adi) + ...
1
1+Q8 . 4y B . (4mh
+ —y sin ?11 . a;[ (6b—2a) sin (72; 3 251)
+2b(3a2—21ab + 28b?%) sin (@—sa—461) ... ]
2, :
1
+.ooa... &

to naru.
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Kono Kekkwa kara miruto, Yoryoku wa tanni /' no Atai nomi de
naku, ¢, a, 0, oyobi @ ni kwankeisuru. Sunawati, Hane no Gen to
hutatuno heikona Kabe no aidano Kyori to no Hi, Hane no Kyokuritu

oyobi Sydkaku ni kwankeisuru koto ga wakaru.

IL.
Gottingen oyodi Eiffel no Kata no Hiité no Baai.

Kono Baai niwa hukidasu Nagare no nakani Mokei ga atte, Hito
no Kabe ga naku, sonokawarini Nagare no Sotogawa dewa Kiatu ga
ittei de aru kara, maeno Baai no yoni V#laz no Kosiki wo sonomama

tukau wake niwa yukanai.

Villat no Kosiki wo

2

JJ(Z):?Y‘{I.S ¢(0)c[($llogz—%0) }wl, zwg] do
0

772 T

27

_&S T(0) ¢, [(ﬁl log Z— %ﬁ) | oy 2wa] dg
0

772 1T

2

oyobi S: D(6)d0= j

2

“we)an (@)

0

to kakikae, @(f)= ¥(f) to okeba Z wo q no Modulus de kikagaku tekini

gyakunisita Ten qz. ni oitewa .Q(;%) wa 2 (Z) to kyoyakuna Atai
wo motu. Soreyueri/i Z=qe® naru E?Ill no ue dewa £ (Z) no kyono
Bubun wa O de aru, sunawati hukidasu Nagare no Sotogawa no Men
dewa Hayasa ga ittei de aru. Mata @(0)=¥(f) to oku koto ni yotte

Dyoken (a) wa mitasareru.

This document is provided by JAXA.




134 Sasaki-Tatudivo.
Sunawati,

27

Q(Z):'%{;le @ (0) {C[(%logz—%lﬁ) )wl, 2(03]
0

— s [(ﬂl log Z—%lo) ) W, 2“’3]} do

T

to oite, Mokei no Hyomen no Nagare ga z-Diku no seino Hoko to
nasu Kaku wo Z-Men de Hankei 1 no Ensyd no ue de Tylsinkaku no
Kwansit @(f) tosite arawaseba, Hankei ¢ no Ensyt wa Nagare no Soto-

gawa no Men ni sotosi, sikamo Hayasa ga itteini naru.

Ita wo Nagarve no Hoko ni nanameni oita Baai,

Kono Baai no Nagare wa Du 12 ni simesu tori de aru.

Du 12. z-Men.

Ita no Sitagawa no Hazi B de Nagare ga issyoni naru yoni Zyun-
kwan wo sadameru. Sore de aru kara, Hukuso-Fozential-Kansi wa mae
no Mondai no Zyunkwan no nai Baai no f~Kansl to Zyunkwan ni yoru

Kansit fi=4I"log Z to wo kuwaeta mono de aru.
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Sunawati s-Men dewa

a{s+v)a(t—»)|

_ 1t el V) — (t— ) Vs—ri) — log 28
PP ) = L) Jom) —og [

fi= L (S—(Ul* (03)
w;

to naru, kodo de g, v, I" wa maeno Baai to onazi Imi wo motu.

w=f+f1 wa motomeru Hukuso-FPotential-Kansu de aru.

Yueni

@:%Jr‘/’z R [?s_——f(Of_*_ nl’

dS T !F)u_ ‘0/1 ’(bs— J{)V wy

8y wo B ni sotosuru Ten to sureba, s; de dw =0 de aru kara,

ds

Al atdy PV Ps—on
N s Py —Pp fPs,— v

de I’ ga sadamaru. Kono I' no Atai wo tukauto %wa tugino yoni

kakikaerareru.

dw_ __dh+ds a(2v) . a(s+s)o(s—s1)

ds T o(s;+Y)o(s;—Y)  a(s+V)a(s—Y)
Yueni %’Uwa s=—8;+2w; demo O ni naru. Kono Ten wa A ni soto
suru.

Tugini £ (Z) wo keisansuru.
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Z-Men ni citewa
A wa 70D pj

B wa ¢ ni

0

C wa €'"* ni sdtésuru.

Du 13. Z-Men.

ﬂ@=~ik—£+®bﬂ~ﬂ

T 2

I [(f?} log Z —%02>lw1, 2(03]03 [(w—ﬂl log Z + (%’01—— 2(ol> w,, 2(03]
+ 7 log ’ v

T
> w;, 2(:)3]

@K%bg —10,)

wy, 2(03J o [(% log Z+ (%161—2(01

Mata

w
—Llog Z=w,+ w;—s
L7

w
—10,=w,+ w3—s,
7

de aru kara, s-Men dewa

y@=~%ﬂ_§+ﬂmg—n

n nlogo [(s—s2)| @y, 2005] G3[(s+ 8, —203) | 0y, 2(,,3]] '

03[ (s—s2) | @y, 2w5) 0 {5+ 81~ 20ws) |y, 23]
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eiQ(s):ei(‘ > +‘5) o [(s—s2) | @y, 205] 05 [ (s +8,—23) | @y, 2ws]
o3[ (s—s2) |y, 2w3] 0 [(s+s1—2w;) |y, 2]

_ (-Zed) T [02(s—s5)—a(s—82)] [02(s + 51) —a3(s +351) ]
es—ez o(s—sz) o (s+51)

Mata z-Men de Nagare no Kamino mugenni t6i Tokoro dewa z-Diku
no seino Hokod ni ittisi, simono mugenni téi Tokoro dewa z-Diku no

seino Hoko to—a no Kaku wo nasu mono to sureba,

%5=e—m de aru kara,
s=v ni oitewa £ (s)=0,
s=—v ni oitewa £ (s)=—a.
S$1=u1+ Wz, Sp =X+ W3 to sureba,

o o1(a—2)ay (14 v) — (e1—e3) o (we—v)o (@1 + v)
log [ 03(932—”)‘73(901 +v)

Y e z_fixz~u)o(x1+v)+0(x2~l’)"1(901+}_’) T 5\ =

7V e1—es ou(g— D)ol £9) ]—m( . +0) o (9)
oyobi

log [ol(xz + V)01 (11— ) — (e1—e3)a(wa V) o (41— )

o302+ V)os(x1—v)

. — ol(xz—i-u)a(xr-v)+a(x2+v)ol(x1—~u)' (T SN\ iy
i e —es IR ]+’L( 5 + ) ga. (10)

01(a—)01(2, 4 ) —(e1—e) o (@a—2) (@1 +) — oS (l__a)
ay(we—v)oa(x1 1Y) 2

1/ e1—es3

oy(ma—Y)o(@1+Y) +o@e—v)o(mtY) (i _5)
a3(w—)03(w1+Y) 2 '

a1(x2+v) 7@t —Y) — (ey— ex) ooz + Y)olX1—Y) _ o (ﬁ_a_a>
a3(we+v)os(w,—v) 2

g latrtes =) el Do) __in (% o)
0'3(%2"*"1’)‘73(991—”) 2
to naru.
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Tugini z no Keisan wo suru,

dz=e*dw
ity ei(_?m) a(2v) o
T o(s1+V)o(s;—y) es—ep

o(s—s) [0'2(8 S2)—3(s — Sz)][02(8+81)—03(8+81)]

o(s+9)o(s—) o=s2)
Ima

_ o) | ols—s)aslsts) +axls—s)als+5)
Fi(s)= o(s+v)o(s—v) o(s—s2) ’

_ 0(s—s1) _ 9x(s—82)05(s+81) +O3(s—s)0a(s+ s1)
= S ot 532

to sureba, Fi(s) wa 2w, 205 no Sytki wo motu Daen-kansti de aru.

Mata
Fo(s+20;)=Fy(s),
Fio(s+ 2wg) = — Fy(s)
de aru kara, F%(s) wa dai-ni-syuno Daen-kanst de aru. Sorede aru kara,
Fi(s), Fa(s) wa tugino yoni kantanna Kanstt ni wakeru koto ga dekiru,.
Sunawati,
Fi(s)=Co+ CiL(s+v) + Col (s—») 4 Cal (s—s2)
Fy(s)=Bré10(s+v) + Bof1o(s—v) + BsEro(s—s0),

koko de 510(8)—(1%8)) de aru. Mata

Ci=Res Fys)=—"E11) | oalsstV)salsr—) 43 so-+2) 7s(51—)
sy a(2v) d(sp+v)

a(s1—>) . Oa(s2—>)a5(s: + +v) + 03(se—) 33(s1 +v)
Co= Res 1(s) =
Fils)= o(2) o(s5—)
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— __ i) g :
Cr=Res == b et 229 o],

B,=Res Fy(s)= _a(s1 ) | ga(set2)as(s;—v) + g5(sa+ V) aa(s;— ) ’

s==v O'(ZJ) 0(82+/)
By= Res Fis)= a(s1—) . Fa(S2—2)3(81+Y) + ap(sy—1)0a(s: + y)
o 0(7/) (](32—— p)
Bs;=Res Fy(s)=Cs,

S:SQ
Co=—Cyl(s1+v)— Col(s1—v) — CsC(s1—82)-

¢ (_“M) D1+ a(2v) o1

z Py
7 a(s;+v)a(s;—v) es—ez

X {Cos+ Cylog o(s+v) + Cz log a(s—v) + Cs log a(s—sy)
—B log[éao(s + ) —Ea(s+ v)] — B, log [530(8—1«‘)—520(3—1))]
~ By log[ tuls—s)—Eafs—s2) ]|, (10)

koko de E() G‘Z(S)) de aru.

2z wa Ita wo hitomawarisitemo onazi Atai wo motu koto ga hituyo

de aru kara, 2w; no Syitki wo motu Hituyd ga aru. Sunawati
Co20;+ 27y[vC1—vCe—3:Cs]+ in(B1+ B2+ Bs) =0
Kore no kyono Bubun wa
—2nw3(Cy+ Co)—27,03C3+ 47 B3 =0
2075— 2703+ 4T =0

Kore wa tuneni hitosii. Mata zituno Bubun wa

Cl[Ca(x +v)— /1(x1+/)]+Cg[C3(x1_p) 71(1317 )J

vy Wy

+0 tlor—ey 102 T, 4 B, (1)

1
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Sunawati

1 w;

+ [cos (%—5—(1) —cos (% — 5) ] [C (1 —22) *71-@5202)]

wy

T s . T
— —0) — —— 00— 12
2(ul[sm (2 ) - (2 a):\ ( )
naru Dyoken ga hituyo de aru.

Soreyueni (9) oyobi (11) kara x; oyobi z; wo kimeru koto ga

dekiru. Zissaino Keisan niwa (9), (10) wo tugino yoni kakinaosi

l—(‘i.‘. tan—11/el edd(xz )+tan~11/el_—e3a(xl+y):
2 7y (x2—v) ay(xy+v)
oyobi
T _b—a+ ‘can‘ll/el—63 7 (22 —) + tan*‘]/el~e3 9 (x—) =o,
2 o3(x2—v) o1z —v)

korerano Siki to (12) to kara x;, 22 oyobi « wo motomeru ho ga kantan

de aru.

Ita no Haba wo b to sureba, b wajcdz no Zettaiti de aru kara,
B

b :¢1+¢2{(x1—-962) [cos (%—~5—a) Ealx; +v) —cos (—Z——- 5) L@y —v)

T

+(cos (:;‘h 6) ——cos (% —5—0-) > C(ﬁh*xz)]

3 (1 +) TS a3 (21 —v)
—COS log 231 + cos (_—— 0) log =2v2t 77
© ( > gUS(x2+V) 2 ggg(x2—~b’)
T Sl — TS r1—%2 T1— %2
+2[cos(; 0 (1) cos(2 o)]logaz( > )03( . )
— sin (l— 0 _a) [tan*”/e‘— e o +y) ~11/61 639 (w2t l*)J
2 ay(x;+v) o1(xz+v)

+ sin (Z——— 3) [tan‘ﬂ/a~—e3 7 (% —y)~tall_11£@_o(@:ﬂ]] - (o)

oy{x1—v) o1(xa—v)
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Tugini Ita ni hataraku Tikara wo keisansuru. P de kono Tikara

wo arawaseba

Sekibun no Miti wa Ita wo hitomawarisuru. Sate

dwn 2 § »

=) dz= e “dw.
j ( dz )

Kono Sekibnn wo s-Men de okonau tokiniwa, kattena Ten s kara s+ 2w,

. w . . - .y
made y=0 oyobi y= —;’ no hutatuno Sen wo yokogiranai yona Miti wo

tote sekibunsureba yoi.

Sunawati

je"igdw=¢l+¢2 . a(2v) ei (%—5)
7 o(s;+v)a(s;—v)

x [ Cozy+ 27, Cy—Co—5,Cs)—i7 (By+ Bo+ By) |

koko de maeni eta
Co2wy+ 27(vCy~—vCo—8,Cs) +i7(By+ Bz + Bs) =0

naru Dyoken wo tukauto,

, h , i %—6
s‘e—ide____zin_.S!l'*'(;zJ 0'(2)) e ( )
T alsit)a(si—)
x (B;+ Bz+ Bs)
/] /
:2iﬁw(l~cos u+1qsin a).
T

P=p(¢1+ ) (1—cos a+1 sina).
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Nagare no kamino Hoko de mugenni to6i Tokoro no Nagare no

Haba wo d to sureba, ¢;+¢,=d (lHayasa wa 1 de aru) de aru kara

P_d

So=-" %X (1—cosa+qsina).

pb b

Sunawati, kono Baai niwa Ita ni hataraku Tikara no Hoko wa Nagare

1 sing
1—cos«

basa ni yoru Teiké no hokani konoyona Teiké ga hairu koto wa tasi-

to tan~ no Kaku wo nasi, Yoryoku to Koryoku to ni naru. Ne-

kani hurieki de aru.

Saryotekini Keisan wo okonatte maeni keisansita N.P.L. gatano

Hato no Baai to hikakusureba tugino yo de aru.

. . w «w w
¢1=¢5 naru Baai niwa, u=31, /1:—-55—%-(03 de aru. ?~5:IOO to

sureba tugino Kekkwa wo eru. Koko de L, wa mugenni hiroi Nagare

no Baai ni okeru Yoryoku L wo arawasu.

Hyo II.
Ty Lo
q 2o S @ b/d LiL, D/L
o —50° 40° o° o 1 o
0-02 —49°37/ 40°22/ 3// 1°28/197/ 0-0510 0-G241 0-0128
0-05 —49° 5/ 40°48/49// 3°17/4577 0-1277 0-8255 0-0287
o1 -48°20/ 41°22/57// 5932/ 2// 0-2601 0-6796 0-0483
0-15 —47%42/ 41°46/597/ 7° 5/16// 0-4253 0-5318 0-0619

Maeni keisansita N.P.LL.—gata no Baai no L/L,; to kono Baai no
mono to wo Du ni arawasite hikakusite miruto, Du 14 no tori de aru.
Kore ni yotte miruto, N.P.L.—gatano Hato ni yotte eta Zikken no

Kekkwa no ho ga Zissai ni tikai Atai wo ataeru koto ga wakaru.
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L}Lo 1-0
0-9
0-8
0-7
0-6
0-5
0-4

0-3

I

N,'I,Z L. T/
Gd‘yt‘
'n
en = -
'L%Aa .
Tfet T~_
T~
{
0-1 o2 0-3 04 b/d
Du 14.

Owarini Tamaru Kyozyu oyobi Terazawa Kyozyu ni iroiro ytiekina

Gotyilkoku wo uketa koto wo hukaku kansyasuru.

(Haté no Kabe no Eiky6 ni tuite Nisii-Udi ga zikkentyd de aru.)
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