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   In this artiele it is proposed to draw the streamlines in the domains,

which have the following boundaries
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where the angle tL OAB = 8QO
   Each domain can be transformed into
in Fig, 2 by Schwarz-transformation

   (1) z=-Si(aiz)(1nv,)-g

n

(c)

a half-infinite

      4(b-z)"9clz.

!

plane shown

t-plane

t.oo o 1 a b +oo

Fig. 2.
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   Replaeing z b,v t in the integral (1), one obtains

   '･ 'z:gS:llt`t,dt-gaSgbl`t,dt,

                       'or
                                   t
   (s･) ,z=#.gSg--,--tLi,dt-g,a,,S,b9'",I:`,,de･

Now put

                         '   (4). f(t)==9Sg,!t`,,dt,
  'then

   (s) .Z:=:.1'(t)-b".gf(btwa,i)' '"

By the partial fraction

                            ltt t   (6) i'`tg'=a/I`t".fk`t".g2`i'''''..ftdatu`i'

                                  '
where ' ao' =1) ai-buei'k'tXi) ,...) and asma-ei'k'iX8･)

                              '
tlie integratjon (3) (ra･n be easily performed.

   Byputting ･
                                      2{ti 2=i,
   (7) {p(t)==-log(1-t)+cos-g--Iog(err[iM-t)(e-V-t)

                                          '                          -eos-2--gi---log(etg'`-t)(e-tt{'F'ket)

                          + eos -3- tt- log (etV- t) (e-Sitl}ei p t)

                          -cos 4g77" log(,8'g't-t) (,-8`g-i-t)

                          .t                                   '                                         '                  + ･i sin g iog(ee"2.Mtt.lhtt)---isinL2tt-iog(

                                                '
                  + i sin 3g7r iog(eef6Ltt.-tt)-i pin 4s"' iog(

one ebtains

et9Xi

-t
-t"t

e 9-t
 8.uzyi

e9 -t
t'i
e- 9 -t

)
)･
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   (8) f(t) == g(t)-{p(O),
where

   (9) -q,(o)::4gvrsin-lli---8g:Zilsin2gV'+12g'rsin3g"-16g7rsinh4g7･r,.

                                    -.                                   ecl  ･ If t lies on the boundary line t== e-9+a (a =:real), the integral

   (io) f(a eec7g6 == e.gif'iS,ct i9+"/-,- da.

   Though this integral can be evaluated directly from (7) and (8),

it is not easy to determine the arguments. of the eomplex variables,
                                  ectiiitegTi2Leeretfohg?nitreisSpePcrteixfe,eig,Pie to put ae-g7 instead of t in (6) and to

' Thusfrom(6)
           g.-ecmai
        9a4 e 9

        1. + a9

          == eg'S`((-i)1rm." ,#.i-S{'}jl w ,-/`ipt'l.+ ,ft-i3/""'i'. +e-tttl.

                        '            in,ei;"pt9Li ,e.!l/fi +,g.M,!ti'wu+JLe,.."I9'i.ny.--1

               eLg'-a e--if-a e'79'L-a e-9-ai

and
   (n) f(.e!V')==ettliL`(log.(-ITa)+eos4gTlog(ef!'rua)(e-'-{l'-a)

                   ' ' '""cgs3g'rlog(e8g'i"i-.)(,'"tt{Si-.)

                                      '                              +cos 2gT log(ett{}:'-a)(e-{i{'finv.)

                                          7eci 7eci                              -cos g Iog(e-{}-'-a)(e-T-a)

               -i sin 4g7' iog ( ,e-Leci/,tt"..) +l gin 3gT iog (iltilliit･-. ".)

               -tsm 21s't iog(,eff'tklia.)+zsin g iog(:7:/mltkf.)l+e
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The poles of the funetion
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are distributed on a- eircle
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to infinity, the following

with radius 1 as shown in Fig, 4,

           If the arguments of the poles

       are measured in the direetiou of
       arrovtis, the limiting value of the
       ill'tegral (7), when t = O, reduees to

  at op(O)asshownin(9). Iftvaries
       from O to O' along the real axis,
       the arguments of the vectors be-
       tween the pole and the point t will

       varycontinuouslywitht. Ifttends
terms must have the limiting value 27ri;
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   The poles of the funetion

             a4
            1+ a9

                               9
are distributed on a cirele with
radius 1 as shown in Y"ig. 5.

   Now measuring the arguments
of the poles in the direction of
arrows, one obtains the limiting
values of the integral (11) when t--. O
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   o :=: e5'X'i(7ri+ 2g7:M sin 4grr -- 6grr sin 3g7' +10gcrT' sin 2g7T" -14g77t sin -lili-] + u,

       '   H     enee
  (i3,) ... ,.g'{2,,.,-iig,rLT ,i. 4,7r + 6,7r ,in 3,7T= -;rO,7r sin 2-g7-r･-+ig'" sin -(li-)･

         '
    t   If a varies from O to O' along the real axis, the arguments of the

veetors between the poles and the point t vary eontinuously with a.
Tlierefore if t tends to infinity,

                            pti               (･i.i.m. iogee-IitE.Lgmi-imaapt2Ti' '

                           t-,
                           e9 ra                .Li.m..' iog ..,                                 ---b 27ri,

                     ' e-9m-.a
   (14)
                           t'i
                           e9 -a                 I.i.m. Iog tt,:,                                 ym- 27ri,
                          e- 9 -a

                           t'i
                 1.i.m.. Ioget9.-,a--pt2,,i,

               ( e-9-#-a
   Now from (11), (13) and (14)

   f(coet-')=:ett:}:'(li-',ne[log(1+.il:)+Ioga+7ri+eos4g7r(log(1--l}cos-tr'

    +ft)+2loga]=cos-t-g7r-(log(1 Zeos3g7'+t,)+2logal+eos2g"r

    (lgg(1- -il eos 5gvr + il,7) +2loga) --eos Zi-[Iog(1--2-cos !g!7-r･ + -:l,i-)

                                           '    +2log al]+2T sin 4g7' -27r sin 3g7r +27r sin 2g7'- -2T sin lli-nt

   - 2,7' s.in `,7r + 6,Vr sin -t--,-T---- iO,7'," sin 2,T + i`,rrr sin -<;-)

    =: e!i{'i!iki.m.. Iogh(1+26oq 4g7,r -2 eos 3gT +2cos J2g-7T-" -2eos -(;)

    '+ i6,'T' si. `,T ap ig7r sin 3,7" + 8,vr sin 2,'r - `,7]' sin -<}l.
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(16)

(.17)

                 Y. Ikeda, S. Kobayasi and T.･Ueki.

                             s   (ls) . 1.+2eos4g7T"---2cosOgT+2eos2grr-2cosllli-

                4･zi 4e:i 3fti' Be;i 2eci 2pti cti' eti"
                     -- L-           == 1+ergL +e 9 ---e"'9L'-e -IF +errif -teZ"+lr-e-{i'-,,e-'+9-

                     9-xi ･           .. ,'9'i.!+e-E.- .. o.

                    a:t                 l+eL{i", .

   Therefbre it follows

     f(.,-3g'L) .. etA:'(l:ltliT sin 4grr --12g7"sin 3g'T' + 8g'i" sin -il'iL---lliZil- sin Jl;)

   1= 2gT sin 4gT --Sill'iL sin 3gT +I!ltlZ!"I" sin 2g7'4 -lli:'I!T sin -f;-+i,(- 2gT eos 4g7r

                          '
     +-2g-1-eos3gT--2-grcos2gT+-il';-eosl}-l;-+9g7'). '

                       '                '
   Inserting(15)one'obtains '

      '
     f(.e"{l') p- 2g7r ,i. 4g7r --..6g7r ,i. 3g7r,+iOg7r sin 2g7r -i4gT sing+nt .

   As
                     X =:O.34906585,

                     '
                  sin g ==o.342o2oo,-

                   '                   . 2.                  SM g ==O.6427724,

                  sin3g7T'=O.8660254, ,

                                '                   ･ 47r                  sm ==O.9848016,
                   ･9 .
                                                     p
   (18) f(ooe'7gi')==-O.553991+nt.

                                              . Ll                                       '                          '                                  )   Nowfromthetheoremof'eomplexintegra- L
tiontheintegralsontheeontourasshowni#o. A3B (;
IiXig,6have the relation Fig, 6･
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   (ig) ･ sg+s.+sg+s,,,-,-s;(,g-,4,,cit)in-o,

                             tt                                    'since t･here js no pole of the function

                           t4
                   ..ttt... t                         1-t9
in the above domain.
   If t lies between O and A, the jntegral is given by formulae (7),

(8) and (9). If t lies on the eontour line OP, the integral is given by

formu]ae (11) and (13). '
   If t lies on the real axis .4nd between B and a, the integral

                     f(t)==S:il{`gt, ,

is composed of three integrals;

   (2o) f(t),.,,S:･.?t-4{t,-+S.¥C`Igt,+Sl-lil:`Igt,.

                            '
   By putting A = 1-e, B -- 1+e so that e tends to O, one obtains

            S, ,.2",,,dt rib i;um, S2 "(lin"aetlg)iE,elgigde =- ,,･s.

The integral (20) beeomes

         '   (21) f(tJ --log(t-1)+cos ℃ log(et9'`-t)(e-ag"mot)

                        -cos 2g7,r iog(e4'ifnirt)(e--d{'f`dnt)

                        +eos 3grr log(et9`-t)(e-6uzt`mt)

                                           tt                        -cos 4g7J' log(etgi･-t)(ert"g'i-t)

              +bsm -{;- iog ( ,e-2'i'lll.t,--tt)-tsin 2grr iog (ze-.-tb' ,m-tt)

              +zsin 3gorr iog(,/"6,l'il.',haptt)-zsin 4gVr iog(,etflill -mt-t)

              + 47r sin m:.- 8"r sir) 27r +127'" sin 3T -."167T" sin 47' + ,,･i

                 9 99.9 9 99 9
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                                                '
   If t tends to infinity, f<oo) becomes fyorn (12) and (15)

   (22) f(oo) =-2Tsin:l;+27rsih 2g'T'-27rsin 3g'r+2vrsin 4gT

         + 47r sin HzL- 87' sint 2" rm12'" si,n 3'r -16Tsin 47" +,,i

           9 99                               9 99 9                           9
         .., -14T sln .2Z+107i' sin..2."7i.".- 6T sin 37:" + 2T sin 47r +.,i.

                       9 99              99                                        99                                                  9

   From (17) it folldws '

   (23) f( co) == f( eo e`iS'),

   It is evident froin (19) that

                               ,rc
             lj.÷i[n.o.o SL, :'i!{`g == i.!-. S,-' 90i5St";.gswwgl.,d`e H-.,,

   Henee t>1
                 f(`) = Sk i9'ilil`, +f(coeutg`).

   The value of the integr'al on the boundary has been obtained by

ibrmulae (7), (8) and (9) when t Iies between O and 1, and by t'ormula

(21) when t lies between 1 and oo, and lastly by formulae (11) and
                                     eci(13) when t lies on the boundary line t== ept{;La(a r- real).

   When t is a complex ･variable, the integral can be obtained directly

from (7), (8) and (9).

   Although the value of f(t) can be ealculated by the above formula

exactly, it is very complicated to determine the argument of the
lbO
ygaor

ri'gliinMaY,; aelfrPoer?.riiig in the tbrmula) and it can hardly be obtained

   Therefore it is preferable to calculate the integration graphica･IIy

   (24) (A) f(t)-S:19-t`t,elt t<1,.

   (2s) (B) f(t)==Sk19m/`t,dt+f(oo) t}>1,

                        "iwhere f(oo)==f(ooer9L)=:-O.553991+7ri,

   (26) (c) f(t)-e'ig'`S:2a.`cge..

                                 '

              '

'

N
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   The va]ues of the integral are tabulated by 'l]able I, the second
eolumn contains the value of integrals A aiid B, and the third and

the fourth eolumns contain the 'real and imaginary parts of the value

of the integral e respectively.

   If t is complex and denoted by o'eie, the integral

   (27) f(b==f(o･e`e)==f(o')+9ir5S:1[S5I:,d,e,,,

can be caleulated by expanding the integrand by an infinite series.

  (2s) f(o･eie) --f(oo)+SZ･19-t`t, dt '

      '                     eos14eL1      +go･s(COS5serm1+os 14 +....,+o:gneOS(9gnn++5s)eml+....)

      +igTE( sins5e +rg sin1414e + .... +o,g. sing9.n++s5)e + .., .) ,

if ltl>1
  (2g) f(reie) =f(,･) + ,?, (COS44eml+-.l.i{;m, cosl133env1+.L..

                               ,
      + o.l. cos(9gn7z++42ept1+････)-i r9, (siik4-t+ 71, sin1313e+･･･.

       + 7iln'Siiig(,.9n++4 4) + ....} .

   Some values of integtal obtaine(l by, the graphical integration are

checked by the ones ealculated from t"ormulae (7), (8) and (9) through

tedious caleulation, and found to have an error of a negligibly small

magnitude.
   The loci of real and imaginary parts of the t'unction f(t) -ti-: eonst.

are drawn in PI. I.
   Thus the function f(t) has been obtained. ffrom f(t) the stream-

lines in the domain shown in IF"ig, 1 can be easily drawn.

   No"T
   (s) Z--- f(t)--b"nd-,4 f( bk)

and

                          b-z

                                       tt tt
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            .Y, Ikeda, S. Kobayasi and T. Ueki,

   z==+O,.oratsuehtas -
         t9 ": l,i.M, lbny.: -- l,i'.m, b(1+ebXl),

obtains t'rom (5)

(3o) Z-f(bS-)- b".gf(1+O)--.-oo+Ti- b"g7r'i.

 ' i pt-M MO' tg ,,,, 1.lt..m, ICIit ilSiU:Cll tl,i:m,Sb(lmeblli}1),

(31) zla--f(b-IF)-",f(1-o)--oo+7r･t.
                   blj-

   z.==+oo.. or'atsuchtas ' , '
                                        v
            nb-im1
     t" =`- l]LII} -Z...-, `= iglip(i-g+t)-: ig'.m, (i-e)･

            z, '
(32) Z=-f(1-O)--ilg-f(--b-ts)--bOO･

  .z==-oo OrattgS=Ue:.mt(?S+e)'''

                    e-)O
                                   '      '     '
(33) Z==f(1+O)- bagf(btts)-)co+7ri･

   z=1 or t=oo

(34) . Z--f(oo)- ,"
.-

g-j(oo)=:(i--ii{9)f(oo)

   z==b or t9:=O

(3s) z=-f(o)- b"gf(o)--(1-btil)f(O)ku"O･

Therefore the boundary of the domain ean be drawn as Fig. 7,
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    Ifa=b-g-,theboundary,...e' x' :----
eojneides with the one shown at･J}-

                             2=!+O ..
    If a==1, the boundary ,
coineideswiththeoneshown b 2-+.                                                 'inlllig.1(c). ' - Fig.7.
    In order to draw the stream-

lines begin from Z-- -oo and end in Z== +oo, the streamlines in
z-plane must be drawn whieh begin froge z = O and end in z -- oo/ , or

the streamlines whieh bdgin fromt= bVg- and end'int=1, ' '"

                               Iiior the purpose, observe the

                            function ' ･･
                     :-1)]ane
                               (36) w==logz

                                                      '        ･ ･ Theconformalrepresentationby
･f77mz7?'Jx7' ,i.. ,meansofthisfunetionwillgivetl'}e
                            streamlines which' begin from O and

           Fig･ 8t end in oo and the streamlines are
                            shownin Fig. 8. '' ' '･' 'i

   Again the loci of the ftmetion w -- const. are transformea eon-

formallyintotheplaneeebymeansofthefunet]ion ･.

                          '    (37) 'c--ibi,Z,w--iogiif･
            '     '                                       '                                                  "                                       '                               '                                                       '                                                   '

   Again
plane t by

   Thus

C-plane

                  Fig, 9.

the loci of W -- const. are transformed eonfori[nally into the

 means of the funetion

                4 =: t9

the loci of W =: const, are drawn in Ii" ig, 1,O,

v
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bL{r

   Now at-
width of the

first, the eonstants

parallel boundaries
a
.

IS

and b must be

determined by

determined. ll]he

(39)

   If
against

the

the

(40)

ratio

one

 of

at Z

the

 4
b-g- =

a
 4'b-st

 width of
co is given

a
c
or

the paraliel

by say e,

b- (g

boundary at Z--

 9
)'4- . ,

- oo

The distance between 1 and a is

(41) IZI ..

 f(.) -cf ( ( l)g)

.

   If tihe., ratio of this

a ean be obtained, and

   Put

(4･2)

length

hence
a

b

b-1

gainst the width of tl)e stream is given,

is determined.

2 =B
and

(43)

' then it foIIows

ze == C-1- b-1

W= di+d,x == log C-b

2'

    n
-- log
･tl-B

The loei of

Put

cb =: eonst. and

C-1

X =: eonst.

     .2e+B

are both series of cireles.

e2q} -- k,

'

I
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                                                  2B ,/T,then the Iocus of op--eonst. is a eircle with radius
li)l[l fe+ntbeILibging atr the fiistance B--it/,-i-ll---i-- from the poiiltkun,,i.l o or

   [rhe i2oeus of x=eonst. is aisoa eireie with radius P and

                                                   .centerat4=i+bisi+'i'(-sietx.-2Bcos2"1};).' SMX

   [l]he intersecting points of the two ser,ies of eircles are obtained by

solving the two quadratie equations of circles, or more easily obtained

by drawing the two series of eireles.

   Denote the polar eoordinates of the point (6, ep) in C-plane by o', e

then o'== v/62-Fop2,e==tan-i-ZZ- can be determined. 'By eonformal
representat,ion by means of the6 funetion a =: tg -- pgegig, r and e trans-

form into p and q by the relations respectively;

              o"==epa, eg' =p 'and -g-=q,

Thus lFig. 10 ean be obtained. '
   Now observe point P in Fig. 10. Put Fig.10 on Pl. I', so that
the boundaries of the two figures coincide with each other and read

the position tp of P by the curvillnear eoordinates, shown on Pl.I;

say Xl and IYI. In similar manner, read the curvilinear coordinates
of the point t ,; say Xli and IVIi. If the values of M- a,Xli and

Yi- a, IFIi are marl<ed on Fig. 1, these values correspond to the
    bg
reetangular coordinates of Z of the point P transformed in Z-plane.

   Thus all the intersecting points ean be transformed. If the points

thus transforrned are eonnected by a smooth curve, the streainlines

which begin from -bo and end in +oo can be drawn.
   For example put

           b =15.053,
          b"==1.3517.or !.='=O.7398

               ' bV
                  4   If a=bhg-,a--3,3383.Intheease,thestrearnlinesare
                                shown in ]Pl. IT.
   If .a,p---gb'g-,a-1,1128.:ln,.t.hfiifiseilPli2IEti･eaMliiieSare

   if. ,a=-.-3-b.-gJ･ a=2･2256･ lg.t.h,g,;.ssei,liiR,Ftreamiinesare.
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Table　I．

ε

0．01

0．02

0．03

0。04

α05

0．06

0．07

0．08

Q．09

0．10

0．11

0．12

0．13

0．14

0．15

0ユ6

0．17

0。18

0．19

0．20

0．21

022

023

0．24

025

0．26

0．27

0。28

029

0．30

0。31

0．32

0。33

0，34

0．35

0．36

0．37

0．39

ご　964∫

　　　　　　薦
01一‘9

…芸∫：、鷹，爾 …等∫：、窪1，・・

1

0．00001

0．00002

0．00003

0．GOOO6

0．00007
　　ロ
O．00013

0．00018

0．00025

0．00033

0．00044

0．00057

0．OOO73

0，00092

0．00115

0．00142

0．00175

0．00213

0．00257

0．00309

0．00341

0．00409

α00487

0．00578

0．00676

0．00790

0．00917

0．01060

0．01221

0．01399

0．00001

0．OGGO1

0．00002

0．00002

0．00003

0．00005

0．00006

0．00008

0．00010

0．00013

0，00016

0．00020

0．00025

0，00031

0．00037

0．00045

0．00054

0．00064

0．00076

0．00090

0．00105

0．00ユ23

0．00142

0．00164

0．00189

0．00217

0，00248

i

1

0．00001

0．GOOO1

0；00002

0．00003

0．00005

0．GOOO7

0．00010

0．000｝4

0．00019

G．00026

0．00033

0．00044

0．00057

0．00073

0．00092

Q．00114

0．0014L

O．00173

0．00211

0．00255

0．00305

0．00364

0．00431

0．00508

α00598

0．00697

0．00807

0．00932

0．01072

0．01230

0．01405
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O.39

(}.40

O.41

O.42

O.43

O,44

O.45

O.46

O.47

O.48

O.49

O,50 .

0.51

O.52

O.53

O.54

O.55

O.56 ,
O.57

O.58

OL59

O.60

O.61

O.62

O.63

O.64,

O.65

O.66

O.67

O.68

O.69

O.70

O.71

O.72

O.73

O.74

O.75

O.76

s
t

e

9t4

    dt
1-t9

 O.O1598

 O.O1816

 O.02059

 O.02326

 O.02620

 O.02943

 O.03296

 O.e3683

 O.04104

 O.04563

 O,05062

 O.05604

 O.06191

 O.06826

 O.07513

 O.08252

 O.09050

 O.09909

 O.11012

 e.11823

 O.12886

 O.14025

 O.15227

 O.16549

 O.l7943

 O.19432

 O.21021

 O.22716

 O.24523

 O.26448
 o.2s49g

 O.30682

 o.33eo7

 O.35481

 O.38104

･ O.40918

 O.43903

 O.47082

  4sc
cos -   9
s
t

o

9t4

    dt1+tY

I

l
l

O.O0284

O.O0320

O.O0362

O.O0409

o.o646o

O.O0516

O.O0577

O.O0644

O.O0717

O.O0797

O.O0883

O.O0977

O.OI078

O.Ol188

O.O1306

O.O1435

O.O1571

O.Ol719

O.Ol877

O.02047

O.02229

O.02422

O.02629

O.02851

O.03087

O.03337

O.03603

O.03884

O.04182

O,04498

O.04831

O.05182

O.05552

O.05942

O.06354

O.06787

O.07236

O.07707

･ 4z
sln -   9
s
t

o

9t-i

    dt
1+t9

i

:

1

j
l

j
:

1

1
J

]

l
l
:
I
l

l

i
l

j
]

O,O1608

O.O1817

O.02055

O.02318

O.02608

O.02925

O.03273.

0.03653

O.04066

O.04517

O.05008

O.05540

O.06115

O.06737

O.07405

O.08140

O.08912-

O.09749

O.10647

O.11610

O.12640

O.l3736

O.14907

O.16168

O.17509

O.18927

O.20432

O.22029

O.23718

O.25･ 508

O.27395

O.29389

O.31489

O.33698

O,36037

O.38490

O.41Q40

O.43708

ts
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t

O.77

O.78

O.79

O.80

O.81

O.82

O.83

O.84

O.85

O,86

O.87

O.88

O.89

O.90

O.91

O,92

O.93

O.94

O.95

O.96

O.97

O.98

O.99

1.00

1.01

1.02

1.03

l.04

l..05

1.06

1.07

1.08

1,09

1.10

1,11

l.12

st
o

9t4

    dt
1-tY

 O.50470

 O.54084

 O.55948

 O.62060

 O.66469

 O.71192

 O.76263

 O,81683

 O.87101

 O.93905

 1.00828

 1.08384

 1.16678

 1.25844

 l.36058

 1.47559

 1.6e686

 1.75933

 1.94073

 2.16417

 2.t15463

 2.87046

 3.61998

  ee
,ec' 3.6203!

 2.87101

 2.45536

 2:16481

 1.94156

 1.76028

 1.60753

 1.47589

 1,36041

 l.25769

 1.16532

 1.08I54

cos
4n

9
st
o

9ti

    dt
1+t9

O.08198

O.08720

O.09262

O.09816

O.10389

O.10986

O.l1601

O.12238

O.l2894

O.13565

O.14253

O.14957

O.l5676

O.16409

C}.17154

O.17909

O.18674

O.19446

O.20224

O.21007

O.2t792

O.22578

O,23363

O.24146

O.24926

O.25699
O.26'466

O.27225

O.27973

O.28711

O.29439

O.30154

O.30856

O.31545

O.32219

O,32878

  4sc
sin '
   9
st
o

 9t･i
rm clt1-i-t9

O.46493

O.49451

O,52527

O.55668

O.58919

O.62303

O.65790

O.69404

O.73124

O.76930

O.80834

O.84827

O.88904

O.93059

O.97283

1.01568

l.05905

1.10286

1.14699

l.19137

1.23589

1.28048

l.32501

1.36941

1.41360

l.45748

1.50097

1.54401 ･

1.58645

1,62829

1.66955

1.71012

1,74995

1.78900

1,82722..

1.86462

  t'
ee s
  oo

9t･i

    (lt
1-tt)

-O.55399

i



t

1.13

l.14

1.i5

1.16

1.l7

1.18

1.19

1.20

1.21

1.22

1.23-

1.24

1.25

1.26

1.27

1.28

1.29

1.30

1.31

1.32

L33
1.34

1.35

1.36

1.37

L38
1.39

1.40

l.41

1.42

].43

1.44

1.45

1.46

1.47

l.48

1.49

1.50
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g
.

t

oe

 9t;

1-tg
clt-O,55399

   4sc
eos im
   9

si  9ti
    dt1+t9

'

L
L
L
F
F

I
I

I

i
i
]

 1.00499

 O.93463

 O.86957

 O.80915

 O,75291

 O.70039

 O.65116

 O.60489

 O.56128

 O.52009

 -O,48115

 O.44428

 O.40931

 O.37607

 O.34445

 O.31435
      .
 0.28564

 O.26823

 O.23206

 O.20702

 O.18306

 O.l6013

 O.13816

 O.11708

 O.09686

 O.07745

 O.05878

 O.04084

 O.02359

 O.O0699

- O.O0897

-O.e2436

-O.03920

- O.05349

- O.06727

-O.08056

-O.09341

--= O.10579

O.33522

O.34151

O.34764

O.35361

O.35943

O,36508

O.37057

O.3759!

O.38110

O.38613

O.39101

O.39574

o.4oo3,q)

O.40478

O.40908

CL41325

O.41732

O.42120

O.42499

O.42866

O,43213

O.43563

O.43895

O.44216

O.44527

O,44826

O.45116

e.46398

O.45671

O.45935

O.46190

O.46437

O.46677

O,46908

O.47133

O 47350

O.47561

O.4'7765

 , 4n
Slll "''
   9
s
t

o

 9t4
    dt1+t9

I
I
I･

I

i
i
l
l

l

:
i
I
E
E
E
E
i

I

I

I
i

L
j
j
l
1

j

j
g
l

L
I
i

l

I

I

I

I

I
i

I
t

L
I
i

i
!

i

i

:
1
1
1

I

i

I

i
I

I
i

l
i

i

i

i

l
j
1

j

I
I
I
i
･l

l

l
I

l

I

11.90114

1.93679

].97157

2.00544

2.03840

2.07045

2.10162

2.131S9

2.16130'

2.18986

2.21754

2.24438

2.27039

2,29560

2.32002

2.34366

2.36666

2.38876

2.41022

2.43104

2.45075

2,47057

2.48939

2:bV0762

2.52524

2,54222

2.55867

2.57465

2.59011'

2.60508

2.61957

2,63358

2,6dth716

2,66031

2,67303

2.68535

2.69730

2.70886
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　　　Table　l．一（伽伽・θの

ご

玉．51

1．52

1．53

1．54

1．δ5

1．56

］．57

1．58

L59

1．60

1．61

1．62

1，63

L64
1．65

1．66

1．67

1．68

1．69

L70

1．71

1．72

1．73

1．74

1．75

1．76

1．77

1．78

1．79

1．80

1．81、

L82

1．83

】．84

1．85

1．86

11．87

1．層W8

ご　9が∫．．、一斗＋・・5・399
…努ll．、鶏、・・

一〇．11776

－0．12932

－0．14048

－0．16027

－0．16170

－0．17179

－0．18155

－0．19100

－0．20014

－0．20900

－0．2i757

－0．22179

一一 Z．23393

－0．24175

－0．24929

－0．25662

－0．26372

－0．27061

－0．27730

－0．28379

－0．29009

－0．29621

－0．30214

－0．30791

－0．31351

－0．31895

－0．32423

－0．32937

－0．33437

－0．33922

－0．34394

－0．348δ4

－0．35300

－0．35735

－0．36157

－0．36569

－0．36969

－0．37359

0．47962

〔）．48153

0．48339

0．48518

0．48692

0．48853

0．49025
｛．

j．49183

0．49338

0．49489

0．49641

0．49775

0．49912

0．50044

0．50172

0，50297

0．50418

0．50535

0．50649

⑪．50760

0．50867

0．50972

0．51074

‘）．51172

く〕．51268

0．51361

0．51452

0．51540

0．51626

0．51710

α51791

α51870

0．51947

0．52022

（．），52095

0．52165

〔〕．52234

（），52302

…考∫：、踏…

1

　2．72006

　2．73091

　2．74143

　2．75161．

　2．76148

　2，77061．

　2，78033

　2．78932

　2．79811

　2．80668

　2．81529

　2．82286

　2．83063

　2．83814

　2．84540

　2．85247

　2．85933

　2．86599

　2．87246

　2．87873

　2．88484

　2．89076

　2．89652

　2．90212

　2．90756

　2。91284

，　2．91799

　2．92300

　2．92786

　2．93260

　2．93722

　2．94170

　2．94606

　2．95030

　2．95443

　2．95845

　2．96236

　2．96617

／
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t

1.89

l.90

l.91

l.92

1.93

1.94

1.95

1.96

1.97

1.98

1.99

2.00

L.Ol

2.02

2.03

2.04

2.05

2.06

2.07

2.08

2,Q9

2.10

2.11

2.I2

2.13

2,14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24

2.25

2.26

s
t

co

 9t;
------ cZt-O.55399 1-t9

I

l

i
l

l

i
I

l

I
i

l
I

I

-O.37738

-O.38108

-O.38468

- O.38818

-- O.39160

-O.39492

-O.39816

-O.40132

-O.40440

-O.40740

-O.41033

-O.41318

-O.41597

-O.41868

-O.4.2133

-O.42391

-O.42643

-- O.42889

-O.43129

-O.43364

- O.43601

- O.43816

-O.44034

-O.44L,47

-O.44455

-O.44658

-O.44856

-O.45050

-O.45240

- O.45425

-O.45606

-0.45783

- O.45956

-O.46042

-O.46291

-O.46452

-O.46610

 O.46766

E

ces `l'}S
t'

e

9t4

    dt1-1-t9

l

O.52367

O.52431

O.52493

O.52553

O.52612

O.52670

O.52726

O.52780

O.52833

O.52885

O.52936

O.52985

O.53o33

O.53080

O.53126

O.5317.l.

0.53214

O.53257

O.53298

O.53339

O.53378

O.53417

O.53455

O.53492

O.53528

O.53563

O.53597

O.5363I

O.53663

O.53696

O.53727

O.53758

O.53788

O.53817

O.53846

O.53874

O.53901

O.53928

. 4sc
sln ----･

   9
s
t

o

9t4

    dt
1-l-t"

I

i
I

l
I
I

I
1

2.96988

2.97350

2.97702

2,98045

2.98380

2.98704

2.99022

2.99330

2.99632

2.99926

3.00213

3.00492

3.00765

3.0!032

3.01291

3.01545

3.01792

3.02034

3.02269

3.02499

3.02724

3.02944

3.03157

3.03367

3.03571

3.03771

3.03965

3.04156

3.04343

3.04524

3.04702

3.04877

3.05047

3.05213

3.05375

3.05535

3.05690

-3,05842

'
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t

2.27

2.28

2.29

2,30

2.31

2.32

2.33

2.34

2.35

2,36

2.37

2.38

2.39

2.40

2.41

2.42

2.43

2.44

2.45

2.46

2.47

2.48

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.5.6

2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

s
t

oo

 "gti

'1 - tg" dt-O,553gg

I
I
l
I
E

I
I
I
l

l
I

-O.46916

-O.47064

-O.47209

-O.47351

-O.47490

-O.47625

-O.47758

-O.47888

-O.48015

-O.48230

-O.48261

-O.48381

- O.48497

- O.48612

-- O.48723

-O.48833

-O.48941

-O.49046

- O.49I49

-O.49250

-O.49349

- O.49446

- O.49546

-O.49635

- O.49726

--- O.49816

-O.49904

-O.49990

- O.50074

-O.50157

-O.50238

-O.50318

-O.50396

-O.50472

- O.50547

-O.50621

-O:50693

-O.50764

   4･rt
eos ---
   9
s

I

t

e

9tii

    dt
1+t9

L

I

I･
I

i
l

1

I

I
l
l
l

O.53954

O.t53980

O.54005

O.54030

O.54054

O.54077

O.54100

O.54123

O.54145

O.54166

O.54188

O.54208

O.54229

O.54248

O.54268

O.54287

O.54305

O.54324

O.54342

O.54359

O.54376

u.54393

O.54410.

0.54426

O.54442

O.54457

O.54473

O.54488

O.54502

O.54517

O.54531

O.54544

O.54558

O.54571

O.54584

O.54597

O.54610

O.54622

sin-
4x

9
s
t

o

9t4

    dt
1 -F t9

s
i
it

I

I
l
I
l
l
1

I
I
l

I

l

I

i

i
1
]･

l
ti

[
I

I

i
i

i
I

1
l

I
l

l

i
I

l
I

I
I

i
i
i
i

l

3.05991.

3.06136

3.06279

3.06418

3.06554･

3.06688

3.06818

3.06946

3.07071

3.07193

3.07313

3.07430

3.07546

3.07658

3.07767

3.07875

3.07981

3.08085

3.08187

3.08286

3.08384

,o,.08479

3.08573

3.08664.

3.08754

3.08843

3.08929

3.09014

3.09097

3.09178

3.09258

3.09337

3.09413

3.09489

3.09562

3.09635

3.09706

3.09776
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t

2.65

2.66

2.67

2.68

2.69

2.70

2.71

2.72

2.73

2.74

2.75

2.76

2.77

2.78

2.79

'2.80

2.81

2.82

2.83

s
t

oo

9t4

1-t9
dt-O.55399

-O.50834

-O.50902

-O.50969

-O.51035

-O.5110C)

-- O.51163

-O.51225

-O.51286

-O.51345

-O.51405

-O.51463

-O.51520

-O.51575

-O.51630

-O.51684

-O.51746

-O.51788
 J-O.51839

-O.51889

cos
fl'ssi 9t4

    dt
1+t9

l
I

I
I
i

1

:

j

I

I

i

l

I

O.54634

O.54646

O.54658

O.54669

O.54680

O.54691

O.54702

O.54712

O.54723

O,54733

O.54743

O.54753

O.54763

O.64772

O,54781

O.54791

O.54800

O.54808

O.54817

. 4rt
sln -   9
st
o

9t4

    dt1+t9

3.09844

3.09912

3.09978

3.10042

3,101e6

3.10168

3.10229

3.I0289

3.10348

3.10406

3.I0464

3.10519

3.10574

3.10628

3.10680

3.10732

3.10784

3,10834

3.10883

e
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