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1. The curvature of a curve in 7 dimensional Non-Euclidean
space has already been discussed by many professors—G. Kowalewski,!
E. Stransky® and T. Nishiuchi® from different points "of view. And
also Prof. T. Kubota* has treated the problem following the method
given by E. Rath® in Euclidean space. In this paper, I will give the
generalization of Prof. Nishiuchi’s discussion according to the idea of
Meyer® which he applied in the generalization of Serret-Frenet’s formula
in the Euclidean case.

In n Dimentional Space.

2. Let x,, %, %3 eee-e., %, be thc Weirstrass coordinates of

« . . . . I
point in # dimensional space whose measure of curvature is —; and

y2
(zr)=x+ A +15+...... +xl=0
be the equation to the absolute.
Suppose
Z=98), i=¢:(), H=948), e, Fa=0u(?)

1 Wiener Berichte, 120, (1911).

2 Wiener Berichte, 121, (1912).

3 Mem. Coll, Sci, Kyoto, 5. No. 3. (1921).

4 Kubota, in Sendai, Téhokn Math. J., 21. No. 3, 4. (1922).
5,6 Jahresber. D. M. ver,, 19, (1910).
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represent the coordinates of a point on a curve I, where # is a para-
meter and

(LoD + (21D + (Po2)) o veeee + (9uD) =R
Next, we consider any other curve I” defined by the equations

v e
7+-J,~ cos %

a,=¢(f)=x; sin

where » is a function of # and

(m)=o0, (aw)=#

Take a point A[+(#)] on the curve [ and take »+ 1 points P/[a(?)],

P/la(t+ 42)], P/[a(t+24p)],...... , Pl[a(z+474¢)] on the curve I'". Then
the coordinates of a point ,Q(,%) which is on the plane manifold pas-
sing through 741 points (5, 7, P/, ...... , P._") and orthogonol to #
points (5, B/, P/, ...... , BLs) will be
(#x) (xa) ...... (2% x
£ | (ax)  (oa) ...... (ad™%)
r1 e ot gy e
(1) = (e 2x) (@ a)...... (a7t 2) of

N(x2) (wo) ...(xe™) (xx)  (wa) ...(20™1)
M (a2) (aa) ..(0a)  [|(ax)  (o2) (0 ™)

(a."zx) (o;"‘ga).., ((ir—2ur—2) (a'r—1 7) (a'r—la).“(a:r—lar—l)

where

And it is evident that
(r771,77)=0, (":I:p):
() =K, (r=p).

Next, let ,Q(,#) be a point on the plane manifold passing through
r+1 points (£, P/, P/, ...P,_, P) and orthogonal to # points (£, F,,
P/, ..., Pl_), then
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(x2) (20) ..(20%) (xx) (xa) (xa"z) :.ri
Ae=| (@) () .(aa) w tha2) (a)...(a=2ar) i af X
(0712 o). (=) &Y |owx) (@a) ...@a) o
(2) 1

(22) ...(2a™ ) 20| (x2) ..(a@™)

% (ax) ...(aa’*2) (ax) (aa"1)
{Lr—" x) (ar—2ar—2) (ar—lx) ( r—l ar——l)
@) ) m) | @) ) @ | T

+2 - Af + ( r—2x)_“(ar:—2ar—2) (a.r—2ar) 477 |
(a;”“’x)...(a"—la’"z) (a"—la’) (0"x) ..(oru™?)  (a'ar)

The limiting value of _r=r<_ 0,0 % when P[ (¢4 dt)] approaches to
arc PP, Tk

P, shall be called the vtk curvature of the curve I’ at the point P, with
respect to the curve 1", in analogy to Prof. Nishiuchi’s definition.!

But
|| r?a rﬂl ...... 1.777' “‘2
. 21Q7Q__ ! f&arv.l ...... T"?n |
sin = -

(xx) ...(xa"") (xa"‘l) (vx) ...(xa"‘“’) (xa)

(a'r—z 2).. (ar—zar-—Z) (ar—-2 ar—l) ( a:r—Z x) ( ar——2 a=?) ( ar—za )
(ar—l x) vee (ar-—l ar—-Z) ( a?‘—l 7—1 ) ( ar—l x) .. ( ar—-—lar—2) ( ar—-l a )
(#2) (@a)  (2a) (#2) (e (o)
(a"" x)... (a;““"’a"?) ((i’“za’) (d"‘ ). (a.'—“’a'_2) (a."'za')

(@ %) (a7 2) (@) | |(@2) ...(a7a™F) (@)
(3) =

(xx) (xa"'2) (;m"“‘)

( ar—-Z ;L’) ( ar—2 o2 ) ( ar—-z o1 )

r—l x) ( r—-lar—Z) r—l r—l)

+ 6042

1 Loc. cit.
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where

lim @=o.
Az—o.

Applying the Sylvester theorem, we have

i 2 rQrQ: Ar—lAr-{-l ZF’}' QF
(@) Sy AF
where
(x2)  (2w) ...(xad"T) P A
: : : a4, a ..a,
(s) A= :! a; af a,’
(@ x) (@10).. ()| it a1, ot

On the other hand

- / ) @)
w P8/ L el

=‘/sz At + Wit

where

lim W=o.
Af—»0

I

So the #* curvature of the curve I' at the point Z, with

»

respect to the curve I will be

ésin@
V2 o

PP Tk
A’esinlDfl

1

= lim %— lim

R a0 garcP P, Ao

— ,éj/ Ar—-lAr—H

(©) NN
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1
R,

=L
=
Also, if 0 be the angle between two plane manifolds whose ab-

solute poles are .0 and ,Q respectively, then we have

1

R,

im b
Ar—>o A1C PA

From this equation we can also define but I think the former

I
R’
definition is natural.

3. Differentiating ,; with respect to #, we have

(xz)
Dril(@2).

. (;r.a"l)

(3)

( ar——? x) ( ar—2 ar—Z) ar—z

(xa"“’) xi
drvi
dt

—_ £ (a;—z r—-l)

3 3
Ar—l—i Ar?

( ar—l x)

(z2) - (xa"z)
pu— ( a:r—z x) ( ar-—2ar-— ) ar—2
(@ x) (0" 2) ot

.- .(:r.a"_z)

(@52 (@) 65|

(ar—- /’L’) vee (ar—lar—2) a;—l

«‘L’i

- Ar[

€2)

co(20™7)

JC

()

»

r—l r—l) a;

(amx) ...(a"a?)

a'_z)

1'—" —-2) (a""za)

(a1x)... (a’“ o) (@)

(w2)

(xa"

(xx)

( ar*3 x) ( aT—S ar—S) ( ar—3 ar-—l)

(ar22).. (@20 3) (a2 )

(xa'"3) (xa'—l)

) @)

~|@=9)...¢w)| -

( ar—2 x) . (ar—z ar—2)

(ar—2x) ( r—" r——3) (ar——zar—l) ar_—z

(ar-—lx) . (ar— ar—S) (ar—lar——l) a:;-—-l

(#'%) (#'a) ..
@) ()

(ar— x) (ar—la) (ar——-lar-2) ar—l

(x:x)

(Fa?) (x2) ...(@ ™)
(aa"z) : :

(.(,;'

+A,

(a:"zx). (a ~2gr%)

...(:r.a"g) % (z2') (xa) (a0

(a:r—le) (a:r—Za) e (a:r-—Zar- -2)

( 2t 2)...( a— ar2) d»g—l
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(#2) (20 x (xz')  (xa) ...(x:a’—l)

- Ar—l

(a:r-—lx) .. .(a:r-—lar—‘Z) (:11;—1 (a:r—lx/) (0.' -la)' . (a;‘-lar—1)

(@x) () @) m | () (@)

(%) ( 'la)..,(a.r“‘a"z) @ (a;—‘x)...((ir—‘a'—l)

By the Sylvester theorem, we have

A Y3 .
E e el
(ax) (az) ...(aa™%) ') (#d) (e ',

(@) (da) ..(da~?) (#x)  (20) ...(20")
+ A, |(az) (Oia) .,,(a.a'_z) a;

.
. .
.

(ai-—x x)(ai—-la)w(a:r—la ) (ar—‘zx) (0;7—205),,,(0'1"‘2&'—"’) ;’"—2

()

(z27)  (v2) (20) ... (@) (xa) (xd) ...

— | (@) (@) () | () (o) L(ad)

(a'r-—l 2 (a;"' %) (a'r—la)m(a'r—xar—2) ( o axa;-—lal)."(;zr—lar—l) &2-1

where
() () )
N=[(wx) (ag) ..(ax)
(52 @y s
and

=0, 1, 2,..., 2

7=2, 3, .., 2

Hence, we have

drvi — r+1vi . r—1t + LEL___"_CL
a’s ler Rr—l })r Qr ’
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(r=2,3,...,7n) (=0,1, 2,..., #n).

(8) e _ £ A — 2 + € &

ds P’ ds R, e o’

uste T s _ apils
ds Rﬂ F n+1 Qn+1

(f=0,1, 2, ..., )

These are the generalized Serret-Frenet formula, where

(#'x) (x'a) ...(x'a %) 2}
(x2) (xa) .(za™?) =z
g (a2) (ag) (2™ o
(a." %) (&"201). . .(c.L'_?a'“Z) &2“2
((xx)  (x2) (@) ||(&'2]) (#%) (2'a) ...x/d ) '
(@) (ag) ...(aa™?) (zz") (x2) (20) ... (xa)
S5 T e @) @) e

(a.r-—Q 2) ( a.'_za) e a:r-—2 a2 [( a: -2 (a:r—z ) ( O:L"za) o ;r—2ar—2)

(v2)  (xd) ..(wdY) x
l(a2) (o) . (@rT) @
(a.r—la> (a'r—1a/)_“(a;—|ar-—1) 0'[:-1

©) L= (a:a) ...(aaj“) [ %) (o) .. |
: (@z) (o0) ...(0)

. .

(a:"la)...(a’ :‘la"“) (e %) (ar_‘a)...(;'_lar")

(#'27) (7)) (@'a) (a7 |for) (0d) (aw?)
() () (@) ol |fd) @) (e

(az’)  (o2) () .. )

( a'r—z x/) ( o:t’“? ) ( a:r—2a). .. ( ar——2ar——2) ( a'r._l ) ( a;—l a) . ( a:r—-x ar—-2)

Y
D] =

V' A, DAy
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(aa) ...(aaj“) (z2)  (x2) (7)) ...(20™?)
L e @ @ ey
(a'ar“) e (a'.“a;‘l) (a"_‘x’ ) (a."lx) (a.'—‘a) (@ tar2)

V A A,

©
D

It is easily seen that (,§) will be the coordinates of a point X
which is on the plane manifold passing through »+1 points (£, A,
7/, A.., P,,) and orthogonal to » points (&, A/, A ..., F.Y).
And (,£) be that of a point ,Z which is on the plane manifold passing
through »+1 points (7, 72/, 7/, ..., F._{) and orthogonal to # points
(&, A, ..., P,L).

) Next, let 4» be the difference of the distance between the points
PO, QT(e+ 2] and 2L+, ,OL4(@)], then

Qr [)o,.Z A¢-»o arc Po‘Pl '
COS—— —
Y
rOZ
. B COSs Z I -
7= 0% O
cos &,é-

We shall call ;) ( é ) the »® left (right) curvature of the curve

I" at the point Z(x) with respect to the curve [,
4, Specially, if I'V be a curve traced by a point on the tangent
to the curve [ at the point £, then we have

a;=%,; sin —2— +.p,€x¢’ cos %,
where
dt
=5

And we have
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(z2) (x2') (2™
2 | (Fx) (&) (2T 2,
(x”x) (x7x")...(x"2 ) &5

(xx) e (x:x"l) (xx) . (xx')

(10) =

(-;"‘x). . .(xi'“‘xr_l) (x ") ("’: ")

I _ pu JANSRYANET

(I I) er ArzAl b4

where

(zx) oo(2x?)
N
(i) ()

And the Serret-Frenet formula will be

dr.q'i —_ r+l7772 _— 'r—lvi . =
s R TR (r=1,2,3, ceo,2—1)

(12) A s Dl w-al

as £’ ds R, .’

(=0, 1, 2, «., R).

There are the formula given by Prof. Nishiuchi.!

In Euclidean Space.

5. If we put
K= Ry, =y, Y=y ., Xn=4dp,

:VO:éj}O’ y1=j/1! J/iz.j}Z) veey yn=j/n

and
x,
‘z =$z‘)
Zo
_-J_/7‘ :JZ,,:, (Z’:I, 2, ceey ”)
Yo

1 loc. cit.
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and take the limiting value when —I_ tends to zero, we have

k‘l

1 D, 1D, 4

(13) =l
R, AD}?
where
2
I— R Jo— Hy eeees cAn—H,
= 5 1
ay a . d,
*D't =] cvevcciennee “evasonn Besecssasesa
it gt a1

Gy =% +7 (L — %)
A=(x'z").

6. If we consider the case when # tends to infinity in the formula

above, then

1 DDy
(14) er - AD,«Z

where

(141) D=

ai—:;ui—-yé
And if we take
lim ﬁ:,ai,
Ao 7o
(na)=1,

then we have
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(a:a) (oga’) ---(ao:t"*) %

(a.”“‘a) (t;:"‘a’ ) (a.’_‘a’_“’) &;‘1

(ea) oo =) [ f (o) (00

(13) 0=

(7=%a)...(ar 22| |(@1a)... (@)
(r=1, 2, ..., n+1).

12 = 6y,

(#m)=o0, (a=Fp)
(rapa)zl (a= p)

Now, instead of the curve I”, we consider a straight line g
through the point 7, on the curve I” whose direction cosines are (;%).
If we take 7 consecutive lines g’, ¢, ...... , &" through the points /7,
Py i , P, respectively and let the lines gy, gz, +evvvernenes , Pn be
parallel to the lines g/, g ...... , £ through the point 7,, then the
equation (15) gives the direction. cosines of the line (,«) which is in

the plane manifold possing through the lines g, 2y, 3 ... , Pr-a and
orthogonal to the one passing through the lines g, gy, £y «eee.. s Dreg

And % which is given by the equation (14) shall be called the

7 curwturerof the curve I' at the point P, with respect to the line g.
Let 0 be the angle between the line (,0) and the line which is

in the plane manifold passing g, g, fs, +vevee s Dr-s 2 and orthogonal
to the one passing through g, 2y, fe .--... , Pr—a, then it is evident that
/) I

lim —— =,
Ao arc PP R,
Differentiating ,a; with respect to # we have.

o g
-Dr—l

{Dg-IM+1 - -Drgjv;'—l}

k|

D, r+1
where
(ar) ..(a’?)  q

! (a.r—la) . _('ar~1ar—2) ,}_11-1
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Hence, we have

A w1 r—2%; —
—_— T s =2, 3, ceneen, .
7 =R TR =23 %)
dlaz' ____gai
(17) As R
g s s
das R,
(i=1, 2, ..., n)

These are generalized Brunel' and Landsbergs' formula.
7. From the equations (17), we have

da dao I 1 1
T T Y\ = =K2
(a’s ds) R? + R, 72( )

r

aa a’la)_ L _ 1, prs
(a’s ds ] R 1'1"(—_]{1)’

So we get

I 1 1 _ 1 1 I
3: ,32 R22 ’,31 7,2-.’ 7,12
(I8) i .
1 I I 1 1 I 41 1
2 2 3 F 2 7z = 27
R; ¥; R4 7 Vi1 Vieg 1

I I I 1 I ¢
=y T T+ oeeeins +( I)"'-
Rn2 rﬂ2 Rf»—l T 1’72,_1 7,.12
_ I
—,2
rn+l

1 Math. Ann. 19,
2 Crelle J. 114.
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Putting
I I 1 I I
— = N/ - +oinens + (=1t =,
I 7 1 (=1 2 R,
(f=2,3 creres , #—1)
I I ~/ I 1 a1
= =— -~ — T +(—1)
Pn Panr A \
We have
dai 204
ds r
s _ % 1%
ds P "
(19) *_dsni =ﬂ____2a_15
ds  ps P

---------------------

dns — 1% _ 1%

ds Pn Pret

Borl _ o

as Pn

233

The formulas (18) and (19) are those which were given by Meyer!
who defines K, as the #® curvature of the curve I" with respect to the

line g.

3 Dimensional Space.

8. Let (&%) be a point orthogonal to (#) and on the tangent, (&)
orthogonal to (#) on the principal normal, (§) orthogonal to (x) on

the binormal, then

(z2)=(Y)=(+5)=(2Y)=(B5)=(¥§)=o.

If we, hereafter, take as our parameter on the given curves the

length of arc, then

1 loc. cit.
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Hi=T (vr)=1, (i=0,1,2,3)
ds

and
%izkx,i y
?-/;=-Z—(x; + &2,
$u=p2 | tux a
0t ,
(B X)=F, (YY)=F£, ($5)=#
and
d%: _ Yo %
ds e k£’
dgfi:_ &i _ %
ds p v’
ﬁi:’gf—i) (i=0, 2, 3)
ds T

where p and 7 are the curvature and torsion respectively.
9. If the curve I" be the evolute of the curve I" or the curve
traced by a point on the tangent of the curve £, then

=%,
=%,
=Y,
7= — %4,

>

.Ro——‘—k, R1=p, R2= T, —Iv—=0, _I_zo.

and we have

A e A s
ds R, ds R, R,

A _ i M sl — 2
ds R, R, ds R,

(i=ol I’ 2’ 3)
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which are the formulas given by Bianchi.!
10. Suppose I” be a curve traced by the point (%) which is or-
thogonal to (#) and on the principal normal. We get

ai=?'[i)
=%,
177¢=?'/¢ ’

. TR {3
Y’ p___ T
iy -
SN ) J L
p2 1.2

LI 3
P

T

377£=——_=— N

I I
~/?+?

(=0, 1, 2, 3).

and
_I_=~/ I‘) + I" ,
R, o 7? .
/I _‘_i(L)_L _4_(;)
1 _ ds ds __ p ds\t T ds\p
R, o+t I
ISR
VS SN SRPAS S
Rk A £y
T I
Py Fop (; _d_(;)_;i L)) ’
p ds\r T ds\p
L:O, OI :0, _L::— !
Qo &1 Ce kp~/%+—l?
14 T

1 Lezioni di Geometria Differenziale, p. 457. A. Razzaboni, Le formale del Frenet in
geometria iperbolica e laro applicazioni. (Bologna, Gamberini 1897). Also see Nischiuchi,
loc. cit.
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1 1 1
[ T E?
o N/p%2(p2 * 2-2)+

Os ,étE~/—'2—+%
0 T
& _ 3
Ei=&, £Fi=— i £ = =3,

where

Hence, we have

;(;_ t )= !
rR\Q: BP) kB’

I I I

AR, o R’

I I
+ —=0.
R, O, 'éP

and

Aoy _Fi A _
ds Po ’ s R] ’

Ay _ 1 e

ds R, R O, ’

d 9, =__2ﬂ+£$i——s—ci-.
dS Rz «Ps QS

(f=0,1,2,3)
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11, If I' and I" have the same principal normal, then the equa-
tions of the curve I” will be

. 7 y
a,=x;sin—+ %, cos
& £’

(f=o0,1,2,3),

and the coordinates of a points on the principal normal to I” and or-
thogonal to (&) will be '

57 r . ¥
o =2 COS—;"?’/{ Sm'—k—— »

(izd, 1,2,3).
And we have
(F dey=0
or
Fdr=o
i e
r=const,,

and we can find such quantities 4, g, v that
' Fi=Aa+pait+va,.
Multiplying through «;, §, and adding, we get
(ol @)+’ o')=0,
#et §)+1(a" §)=o.
Eliminating g, »,

(o0 ) (' )
@ $)(" $)

oY
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Hence, we have

E L CE_¢ tan% (C: integration const.)
T g

This is the corresponding relation given by Bertrand in the Eucli-

dean case.
And
PP -
_L:J/_(“_O_‘)_Z‘_J L, L=o
B peosZ TV C
RSN SRR SO ST S
£y & P £ % v
I 1
=0, =0
Qa Ql ’
.7 £ ¥
sSiIn—— ———C08——
I _ % I £ _ I

O & cos~2—1/ (dd)y & cos—;—1/ i+C*

2d
i =% =Y, 2771’27(—0(%—,31

=8 Ei=—%i, £i= %
2C,-—-cos—;—x,-—sin%?[¢ =5}7i .

Hence, we have

| I I

By O Chkcos2— ¢
V4
= I ]:_l_tanL J— _I_.
7 % & p

or
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and the generalized Serret-Frenet formula will be

dils s
as A

b

dlvt :ﬁi’--{—ﬁ s

ds R, A

Do M _ Lo (i=o,1,

ds R Q]
And () will be on the absolute.

12, If the principal normal of the curve I’
the curve I”, we have

. 7 v
o, =x; sin— -+ 2 ,cos——
Y k

(7=0,1, 2,3)

and let (¥) be the coordinates of the points on the
orthogonal to («), then

$i=x cos%——%[i sin-% ,

and we have

2,3)

be the binormal of

binormal of I and

(a’ 3:;)=0,
(a" §;)=o0.
Hence we get
r=const.,
2 2
( ,é2 +iz——I)sinLcosr—=—k—(sin2L—cos*L)
P T £ £ I & £/
And
1y
& Ecos 2
k
Y cosisinl[(sini—f—cosl>—d—(L + £ i(—I->cosi:l
o k& £ p kRlds\t T ds\t Y
R, . 7 k 7
sin——— —-Ccos—

0 k
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-I_.=_L’ —_=_"_tan , =0, —=0
P, Y P k ] P, A
I I I 1 VT ow
—=0, —=0, =_——tan—— /(' &)
QO ’ Ql 2o # :é
I '
O T/ (¢ &)
Hence, we have
tanL
L
O O kT
é2cos2Li R, .—32_0

and the generalized Serret-Frenet formula will be

Zipp o e
s B’

ds R, P’

Bl s oL
dj Rz -Rl Q2

Ay M ofs

(l’s Rg Q‘s '
(t=o0,1,2,3)

13. Suppose I” be a curve traced by the points (§) which is or-
thogonal to {(#) and on the binormal, then

=5,

SRS N .

RI T ! Rg p ’
_.Lz ! > — =0, L:O, _I_=O
bk A B, 5

1 1 I I
___=o’ .__=O, .

o) o3 o &
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o= %, =54, =%
== L= (Z.:O, I, 2, 3)

And the generalized Serret-Frenet formula will be

Ay _ o
ds £,
dip _ o I o
ds R’ ds R, R
dps . _ s _ s
ds R, O,

(7=0,1, 2, 3).

14. If the binormal of the curve I’ be the principal normal to the
“curve I and let (%) be the coordinates of the point on the binormal
of the curve I” and orthogonal to (), then

. 7 7
a;=xz;sin—+ §,cos—— ,
k Y]

Y2 7 . 7
Y=z, cos—k—— §,-sm*k—'

(i=o0,1, 2, 3)
and

(EZJ da)=o0
we get

r=const.

More over we can find such quantities 4, g, v that
Yi=da+pa/+va)

Multiplying through a/, %/; and adding, we have
o' o)+ (o a'y=0, |

H 8)+5(e" ) =0

or
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(al /a) (al a//)

(o ) (¢ &)
1. €.
Ltan2L+/éi(—I-)tanL+ F_—o.
/2 k ds\ t & et
and

7?; %cos—"— % * E
=1 o Tan? Lo
P, £ P, V4 £ 2,
tanL
k

- —— . =const. -——=const
'Rl 2 1
and
difls _ &
ds P’
Al ey S
das R1 101 ’
4 . M oL
dS R1 Q2
where

ko
=X =5 277i=_17(-y£——a7'_5‘

05¢=%i; 1Ei= — %,

L=, (i=0,1,2,3).
And (g) will be on the absolute.
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15. If the binormal of the curve I be that of the curve I, and
let (§) be the coordinates of a points on the binormal to I” and or-
thogonal to (¢), then ‘

.7 7
0,=x; sin—+ $;cos ,
Y] Y

§i=xicos% —%,sin

Y
=L tadda
0,
(i=o0,1, 2, 3),

and
(a’ 3?):((1’/ %=O.

Hence, we have

r=const.
I 1
2 2

In this case, it is evident that the binormals will generate a ruled
surface with vanisching Gaussian curvature.

And

A o r_r

R, % cos—. § R L

I i I I r I 1
_ —=-—tan—, --—=0, —=0
£k "k # A 5
L= L=o rT=lip¥r, L_1
o oA Q. 4 Q £k

N 7
M=%, sin—— %, cos~,é— R

V4

. 7 v
1= & sin— -+, cos——,
2% 7 Y Z

1 Coolidge. Non-Euclidean Geometry.
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lvz=3"t’
1’1_ - %t;

. r r
£i=§;sin—— —x; cos—
% k

» .
of = x,co8 . $sin

%

(/=0,1,2,3)

So the generalized formula will be

dqs . o5e o

s B

A s i 4 1$i
as R P
2’7;‘ s 1% ZCi

o= 000 e 2P

ds R, R O,

a3y —_ i o
ds R, O

(=0, 1, 2,3)

In conclusion, the author wishes to express his sincere thanks to
Prof. Nischiuchi for his kind guidance and valuable remarks and also
to Asst. Prof. T. Matsumoto for his kind remarks.




