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Doval (Inner Outer Parts 2) Defined by 2 Auxiliary circle(green)s
EFHIEE ZFETTE4TE12-10- R (cmBf) : 1:1
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6 . Relation of Extended Curves Chocoid and Tajicoid

Fig.10.
In this fugure. Orthopole and Simson cross-point are on same position.

(1) Extension of Doval using extended Simson theorem-Composition,

Tajicoid is defined using This figures.

—

A f A

PG PEn SO
d 1 p
N // N //

5 jiku One Point of Tajicoid
X
g Ty
//; Moving Circle
\_—/

Another point of Tajicoid

Fig.11. Def. Figure of Tajicoid by HE
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# normalized Doval by outerpart symmetry axis length with Left and Right eccentricity by
H.E TKDL:

with( plots) :

A :=Array(1.9,1.9):
fornfrom1to9 do for mfrom 1to9 doA[n, m] := plot(0, x =-1.1..1.1, axes = none,
scaling = constrained) :od:od:

k:=10:c:=1:formfrom4to9do forn from2 tom—1do K := kf :A[n, m]
:= plot 1 Cos(S)-C
1
2
. (k-m—nz-cos(s) —n~(n2~cos(s)2—2-k-m~cos(s) +k2+m2—n2) j
2 2 '
m-—n
1
2
. (k~m —n2~cos(s) —n~(n2~cos(s)2—2'k~m~cos(s) +k2+m2—n2) )
sin(s) -c- B
m”—n s
K L
=0..2- Pi|,
1
K cos(s)-c
1
2
. (k-m—nz-cos(s) +n-(n?cos(s)? — 2-k-m-cos(s) + kK +m? — n?) j
2 2 '
m-—n
1
2
. (k-m —n?.cos(s) 4 n-(n?-cos(s)? — 2-k-m-cos(s) + K +m? — n?) )
sin(s) -c- 72
m”—n s
K L

=0..2-Pi ||, scaling = constrained, axes = none, caption = typeset("DovaI of EL=",
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evalf (% 1), "ER=", evalf ( m, 1) ) :0d:od;
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[~ display(A[2..4,4.6]); display(A[4..6, 7..91): display(A[7, 7..97):
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i, BEES LAV ERICRER, . ‘ L

Lz BN (R 37, )4k ac br» R Al A{is & v g )
2 21 4%
1. 3 1%, 2
~[r’d6 —([r'd6

S- +8'=243% + 23

2n
Lfententyae
= 23 . EREESAKRDOL S cMMAeRICR S,

2n 2
S =—;— J‘(_Tc_z?{(km“”z cos6)® +n*(n* cos’ @ — 2kmcosd +k*> + m* —n”)
2 (m* —n .

T 2(km—n* cos@)nVn® cos® 6 — 2kmcosd +k* +m* —n*}d0 7 4 7

2% 2
ST +8T = I(——Z—C—Z—)Z{Zn“ cos’ O —4kmn® cos@+k*m* +k*n* + m’n* —n*}d0
2 (m*—n

2 5
= - inz)z [n* szzg — 4kmn? sin 0 + (k*m* + k*n* + m*n*)01Y
_2x(k’m® +k’n* +m’n’)c’
(m2 _n2)2
757 & EEH

FE k=10m=9n=4,C=1 @ Doval & 3 >DEERMN
S:=2*Pi* (k"2*m”2+k/2*n"2+m"2*n"2) *c"2/ (m"2-n"2) "2:
E = subs (k=10,m=9,n=4.c=1,S) = 21992 Pi/4225
BE Xk
1) BFHEZ,;” FHL FOSBROMEN” ; KFHFE,19,1976 4



VVVVVY

\

Doval
27/ 97

# DOVAL CG by x-y STANDARD FORMULA transformed from Bipolar coordinates
(m-R1 +nR2=k-c) by Hirotaka Ebisui

with( plots) :

#:

#

H

# Doval(The Inner ond Outer Oval of Descartes is defined by Followings 4th Order x-y
Algeblic Equation.

2
5 2 2 2 2,2 2, 2 2
#(m*—n®)" y2+(x+L] —[k R ]-cz =
2 2 > 22
m —n (m —n)
B 81 -mn*c ~(x+ n-c J n 4k2~m2-n2-(k2+m2+n2)'c4 .
m* — n’ m* —n’ (mZ_nz)2

#k,m,n: Arbitraly constant with a condition(k > m > n > 0), c : the distance between Fisrt
and Secand focus points) :

1

# Example 1:
m =
n:=~6:
k=10
ci=1":
#:
2 n*-c ’ -m? + K0’ 4 m o ’
implicitplot (mz—nz) : y2—|— (x+ﬁ] —[ > ]'cz] =
mt—n (m? —n?)
_ 8-k2-2m2-n22-c3 ~(x+ 22~c . J n 4k2-m2-n2'(k2—|—m22+n2)-c4 ,x=-20..10,y=
m —n m"— (m? —n?)

-10..10, numpoints = 100000 J;
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# Example 2:
m =
n:=4:
k:=10:
ci=
#:
2 n*c ’ om0’ 4 m o’ ’
implicitplot (mz—nz) . y2+(x+ > 2] —[ > ]-czj =
m* —n (m* —n®)
i 8-k2-2m2-n22-c3 -(X‘i‘ ;212-c _ ] n 4k2-m2-n2-(k2+m22+n2)'c4 x=-20.10,y=
m —n m —n (mz—nz)

-10..10, numpoints = 100000 J;
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SEY, 1, 1, HBVE, r, r3BSVIEL OL
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Minor Axis of the Oval of Descartes and Ovaliod
Ebisui, HIROTAKA

Descartes’ oval is defined as mr;+nry=kc by us-
ing bipolar coordinates. Where, if m=n, it is ellipse.
According to this definition and a number of the
properties, it can be said that the Descartes’ oval is
essential extension of ellipse.

This time, the minor axis of oval that has the
similar properties to those of the minor axis of el-
lipse is found. This minor axis is the segment con-
necting the middle point O of the major axis (the
axis of symmetry) of oval and the point Np on the
oval, which is at the shortest distance from the point
0. The length of this minor axis is expressed by
av 1— erer , where a is a half of the length of the
major axis, and ey, and eg are left and right eccen-
tricities, respectively. As for this minor axis, its
proof and a number of the properties are discussed.

Next, the method of defining ovaloid which is
convex, closed curved surface in space by extending
the oval on plane is found, therefore, it is reported.
This ovaloid has, as the contours of the orthograph-
ic projection from three directions, circle, Descartes’
oval and a fourth order curve like ellipse. Further,
the parametric expression of this ovaloid is derived.
In this way, the new properties of oval are able to
be added, therefore, it is reported.

8 — SERLT 6 A
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T v hDIREHR (D-oval)

Hirotaka EBISUI
Oval Research Center

B 22 TlE, FHADINEHR (D-oval) IZOWT, D-ovalDERE., HE. EHEDL EFTORBELHT UV ELZRET D, SHIT,
D—oval % [E A S OJEIE EEE W THEIELT Chocoid O3 S/ ti#RDO 7 I 7%7x3 . 2L, Maple ¥ 7 R THiLW T3, &

51z, D-oval D H O L SDILIETH 5 Tajicoid IZOWTh, FOERFIEE VT 7 2xRT, KEIC,

bS5,

D-oval DFREEIZ DUV T

Keywords: D-oval , 3£££ 5%, chocoid, Tajicoid, Maple, Photron Rapid cad

1L IIT®HIz

bivbiud, PARRIZITZR CANH D7, 2 EEAMRITR
CATIHR, 22T, Fxld D-oval ZIFARONIN
Bt —HZ L b D EER LET, O —7 (56
53) ITFIZIMERCTH D0, HDHNNINTT, Ziu
D-oval 234 /3—/L & UCTRHIIL CTWZBRE T, 1Ty
HBANRO A —7IEFITIHTHD LV ) DI TiEdh v FH
Poe TDEMHTEHEL < 10D & & ZFHUTN T (Fig.l).
vertex DORIERAE RIEAZROT-OIfENVET) , Fox it
D-oval DEFED HWNINEXERRDZ < DFEAE BT
TENTEET, TNHD 2HITFBINE & TT,
ZOBBITENONEANT, TLTEETHDL VD
Z T, EnEMfoT, Fxld Doval ZEFRTHD
ENTEET, LnL, E612%<L D D-oval OF%
W7 L CWET, AElE. Fix i, D-oval DIfZEENT
WA, HaE, RBUCELL, 26O TZZT
BT HZ LI LET,

Fig.1 oMtz i™a D-oval
2. D-oval DESE L EHE
2.1 E&1
T, 2200 EZOHLARIET D 1 DO THEA 5
ZFET, TLT, HTREMSET LM EORZREFERD D
HoHLERORET, TN T2 O0EMELNE T,
Z LT, ZORZRBBDONET,
AT, HULOEY 2N H—RRT 5 & & ZDRA
Y ME 2OD0MOREINELWZRLIE Ellipse 73

(Fig.2) BT, £ LT, FLLRWRLIE, JI#’
MNHBLLET, 2 TIOIEHNT Ellipse O L
REMHIND Z LN TEET,

b LFex DNIEHECZ ORI A BT 272 5 1 O845C
2R HINBLOND, £ LT, ENOITHEE L, FN5
S EMEET, Thbb TEOBULNEI—T

(D-oval) (Fig3) 2MFoHiLET,

Fig. 2 Ellipse (2 DDEEHIELWHEZES)

Fig3D-oval (2 DDYEMBELRDME/HES)
2. 2 2 MEEOMUPLEESETHREY . D-oval
BRI Z &,

2 M & ZOFEIFLE B D A TRROR R ERD D, 2D
L X 2o0MJE B SHDOAZEASD Z LN TEET,
8 A RDHINBENM, A ED 2%fDSEEIRL, Z 1L
T, WIZ, 2XDREFEAT, £ L T2 ODOMEREL
FT, FAOIFERLLET, EORPUIIBNT A ODE
REBEDLNET, X4BM) ZL T, TS, —
[F#Ed 5 & X, FNHD 2975, D-oval. DN AHE
TFET, RV AR ET, RS S L EET
WX ZRRF LET, ZOREE, Sk 1 i2h v £,
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Fig4 . Zo0#BIMIZ X 5 D-oval
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2.3 D-oval DFEH
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k 3OS Z R 6 HO A,
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F72..5i,Ai, So,Ao (%, D-oval D4 >OHEMDFETH S,
- Fp

e
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3.1 Chocoid
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3.2 Tajicoid
% 1 0= ICGG T Tajicoid DUWVTHRE L7, = Z T,
ZOEFIFANDK E Tajicoid DT 7 &R, .

An extensional property of Simson lines which define the oval

(ne Point of Tajicoid

4

Fig.9 EZX L Tajicoid (INSIDE VIEW)
Z ZC Tajicoid /3T A—% X1, x2x3x4X5 &>
Ta T hERT,
># tajicoid-nol.5-2.5+2004-3-11 by H.E:

.\\\ ."-..-_-___ -

> #x=0-kitenn,shouten x1,x2,x3,x4,x5

>#(X1,Y1) to (X2,Y2) wo tooru Line he (0,0) yori kudasita
suisen no asi (XP,YP):

> restart:

>with(plots):

XP2=(Y1*X2-X1*Y2)*(Y1-Y2)/ ((X1-X2)"2+(Y1-Y2)"2):
YP:=(X1*Y2-Y1*X2) *(X1-X2)/ ((X1-X2)"2+(Y1-Y2)"2)
> gx12:=subs(X1=x1,Y1l=y1,X2=x2,Y2=y2 ,XP):

> qyl2:=subs(X1=x1,Y1l=yl,X2=x2,Y2=y2,YP):

> gx23:=subs(X1=x2,Y1=y2,X2=x3,Y2=y3,XP):

> qy23:=subs(X1=x2,Y1=y2,X2=x3,Y2=y3,YP):

> gx34:=subs(X1=x3,Y1=y3,X2=x4,Y2=y4 ,XP):
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> qy34:=subs(X1=x3,Y1=y3,X2=x4,Y2=y4,YP):

> qx45:=subs(X1=x4,Y1=y4 ,X2=x5,Y2=y5,XP):

> qy45:=subs(X1=x4,Y1=y4,X2=x5,Y2=y5,YP):

>

> rx12:=subs(X1=gx12,Y1l=qyl2,X2=0x23,Y2=qy23,XP):
> ryl2:=subs(X1=gx12,Y1=qy12,X2=qx23,Y2=qy23,YP):
> rx23:=subs(X1=gx23, Y1=qy23,X2=0x34,Y2=qy34 ,XP):
> ry23:=subs(X1=gx23,Y1=qy23,X2=0x34,Y2=qy34,YP):
> rx34:=subs(X1=0x34, Y1=qy34 ,X2=qx45 , Y2=qy45 , XP) :
> ry34:=subs(X1=gx34,Y1=qy34,X2=0x45, Y2=qy45,YP):
>

> sx12:=subs(X1=rx12, Y1=ry12 ,X2=rx23,Y2=ry23,XP) :
> syl12:=subs(X1=rx12,Y1=ry12,X2=rx23,Y2=ry23,YP):
> sx23:=subs(X1=rx23,Y1=ry23,X2=rx34,Y2=ry34 ,XP) :
> sy23:=subs(X1=rx23,Y1=ry23,X2=rx34,Y2=ry34,YP):
># (X1,Y1) to (X2,Y2) wo tooru Line he (XS,0) yori kudasita
suisen no asi (XP,YP):!

S1=(=XI*X2+XIN2+Y 1N2-Y1*Y2+XS* (X2-X1) )/ ((X1-X2)"2+(Y1-Y
2)"2):

> XPz=s*(X2-X1)+XL1:

> YP:=s*(Y2-Y1)+Y1:

>

> gx21:=subs(X1=x1,Y1l=yl,X2=x2,Y2=y2 ,XP):

> qy21l:=subs(X1=x1,Y1l=yl,X2=x2,Y2=y2,YP):

> gx32:=subs(X1=x2,Y1=y2,X2=x3,Y2=y3,XP):

> qy32:=subs(X1=x2,Y1=y2,X2=x3,Y2=y3,YP):

> gx43:=subs(X1=x3, Y1=y3,X2=x4,Y2=y4 ,XP) :

> qy43:=subs(X1=x3,Y1=y3,X2=x4,Y2=y4,YP):

> gx54:=subs(X1=x4,Y1=y4 ,X2=x5,Y2=y5,XP):

> qy54:=subs(X1=x4,Y1=y4 ,X2=x5,Y2=y5,YP):

>

> rx21:=subs(X1=gx21,Y1l=qy21,X2=0x32,Y2=qy32,XP):
> ry21:=subs(X1=gx21, Y1=qy21,X2=x32,Y2=qy32, YP) :
> rx32:=subs(X1=gx32,Y1=qy32,X2=0x43,Y2=qy43,XP):
> ry32:=subs(X1=qx32, Y1=qy32,X2=0x43, Y2=qy43,YP) :
> rx43:=subs(X1=gx43,Y1=qy43,X2=0qx54,Y2=qy54 ,XP) :
> ry43:=subs(X1=gx43,Y1=qy43,X2=0x54,Y2=qy54,YP):
>

> sx21:=subs(X1=rx21,Y1l=ry21,X2=rx32,Y2=ry32,XP):
> sy21:=subs(X1=rx21,Y1l=ry21,X2=rx32,Y2=ry32,YP):
> sx32:=subs(X1=rx32, Y1=ry32 ,X2=rx43,Y2=ry43,XP) :
> sy32:=subs(X1=rx32,Y1=ry32,X2=rx43,Y2=ry43,YP):
>

># (sx12,sy12)-(sx23,sy23)=line kouten(XK,YK)
(sx21,sy21)-(sx32,sy32)=line:
XK:=—((sx12*sy23-sy12*sx23)*(sx21-sx32) - (sx21*sy32-sx32
*sy21)*(sx12-sx23))/ ((syl2-sy23)*(sx21-sx32)-(sy21-sy32
)*(sx12-sx23)):
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YK:=((sy12-sy23)*(sx21*sy32-sx32*sy21) - (sy21-sy32)*(sx1
2*sy23-sx23*sy12))/ ((syl2-sy23)*(sx21-sx32)-(sy21-sy32)
*(sx12-sx23)):

>J:=0:

> colorpared:=[black, red,blue,green]:

>for il from -1 to 1 by 2 do

for i2 from -1 to 1 by 2 do

for i3 from -1 to 1 by 2 do

for i4 from -1 to 1 by 2 do

for i5 from -1 to 1 by 2 do j:=j+1:
XD:=subs(XS=t,x1=1.5,yl=i1*sqrt(1.5*t-1.5"2) ,x2=2.5,y2=
i2*sqrt(2.5%t-2.5"2) ,x3=3,y3=i3*sqrt(3*t-3"2) , x4=4, y4=i
4*sqre(4*t-472) ,x5=5,y5=i5*sqrt(6*t-5"2) , XK) :
YD:=subs(XS=t,x1=1.5,yl=i1*sqrt(1.5*t-1.5"2) ,x2=2.5,y2=
i2*sqrt(2.5%t-2.5"2) ,x3=3,y3=i3*sqrt(3*t-3"2) , x4=4, y4=i
4*sqre(4*t-472) ,x5=5,y5=i5*sqrt(5*t-5"2) , YK) :
TLil:=plot([ XD,YD,t=5..infinity],view=[-15..15,-15_.15
71.numpoints=100,color=colorpared[ (14+3)+(15+3)/2-2]):
od;od;od;od;od;

>display ({seq(T[3]1,J=1--32)});# by H.E:

4. L3
Z ZClE, D-oval & EDYLFRIZOVWTRANTE 7, £ 0.
Tajicoid & Chocoid (X, Z 2 TRLEBDO LY ELIZEED
HEHO L OITIEESND, LU, Ziud, BiIED PC Tl
CPU DAE— RRLAEY —DHlFIT, 2720 EELYY, Lo
L. ZNThH, b LIBESNIZ2 BbBED DB, 550
51259, iz, D-oval ORMERRTEE . =HIF5H 2
el he O
1. D-oval DILFRIZINT, BELRIZ, LD X HI127257%
2. D-oval D@L & 13T ThH 5732
FEMIZHRW T, x=a*cos(s), y=b*sin(s)
DA,
5. &R

IZBIT5s Th

1 IEFIHEE | “DIEAROBELR & MMIAR” 1999 4EH
AP S TR
2. BT HHEZE ; “Two Kinds (Chocoid, Tajicoid) of Curves
Extended From The Oval” , Proc. of 10" ICGG, 2002, Kyiv,
Ukraine
3. IE7-JHEEE ; “An Extension to Fourth Order Surfaces By
The Oval With 3 Inversion Points” , Proc. of 8" ICGG, 1998,
Austin, Texas,USA.
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About Oval (Doval)
Hirotaka Ebisui
Oval Research Center

IWAKUNI near HIROSHIMA

Confocal Doval Three  focus points
46 5 Doval Trade Mark (Er=0.9,E.=0.6)
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1. Introduction

Fig. 1. Composition of Tangent on Ellipse Fig.2. Oval extended from El

lipse

N

2

iz

{ A
\w 0

\( N ,"/Ii

& 7
oA

)

T 10 -5 0 5 10 15

Fig. 3. Chocoid extended from Doval
Fig. 4. Tajicoid extended from the Oval
Tangent line is a perpendicular bisector 1in Fig.1
We extend bisector(1:1) to (n:m), then Oval is obtained.
When ratio is (n:m), then DOVAL (theOval) is also defined
by mR1=EnR2=k c,
But Chocoid and Tajicoid have not yet a simple equation. It can be onl
y defined by Maple Program which is made by Definition—Composition of

Chocoid and Tajicoid respectively.
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2 . Definition of Doval

W e call inner and outer part of Oval as DOVAL

[nner and Quter Part of the Oval =Doval
«i'vixoyo-m:n OUTER PART

Mmri+*nrs=Kkc

Fig.4. Definition of Doval using Ratio and Director Circle

Radius of Director circle = kc/m,

a)
NS

Fig.5 Doval innnerpart defined by two director circles
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2’ DOVAL DEFINITION

Two Auxiliary Circles Two Director Circles

Fig. 6 Doval defined by Two Auxiliary Circles
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3. Distance between Main Points of Doval
mC
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*We ashume Doval is defined by mrl = nr2=kc
*021,F1,012,F2 harmonic range of Points
*0O0 : Middle Point between two CENTERS OF auxiliary Circles
Center of equivalent Circles)
*¥Pairs of these four 00, F1,F2,F3 on a line define Doval.
Main result of this figure is OO0F1=n"2/(m"2-n"2)
O0F2=m"2/(m"-n"2)
O0F3=k"2/(m"2-n"2)
Raius of three equivalent Circle
El=mn/(m 2 —n 2),

E2=kn/(m 2-n"2), E3=km/(m 2-n 2)
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4. PROPOSITION
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Fig.7. Green lines are tangent of Doval.

Red lines are normal lines of Doval
----STANDARD FORM OF Doval Equation--
mri = nr.=kc i1s transformed to followings

k’m? +k*n® + m®n?

(mZ_nZ)Z{y2+X2_( (mz_nz)z )CZ}Z
8k°m?n°c’ 4k*m*n®(k* + m* +n°)c*
= X+ 2 2v2
me—n (M —=n°)
2
X =X+ heo

m —n by HE
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5. Infinity Chain Theorem

We use following theorem in order to define Chocoid and Tajicoid.

Step 1

Extengd/Qrt_hoplloe\
r L

¢ VING N
[ANA) Q; Q,
Step 2 (Chain 4) Step 2(Chain 4)

/|
KFive 1ines form/f

Step 3 (Chain 5) Step 3 (chain 5)
Fig.8. Orthopole Chain Fig.9. Simson Chain by H.E
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6 . Relation of Extended Curves Chocoid and Tajicoid

Fig.10.
In this fugure. Orthopole and Simson cross-point are on same position.

(1) Extension of Doval using extended Simson theorem-Composition,

Tajicoid is defined using This figures.

—

A f A

PG PEn SO
d 1 p
N // N //

5 jiku One Point of Tajicoid
X
g Ty
//; Moving Circle
\_—/

Another point of Tajicoid

Fig.11. Def. Figure of Tajicoid by HE
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-15 _

FIG.12. Tajicoid NT7 A—%—1, 2, 3, 4, 5

(2) Extension of Doval using extended Orthopole theorem-Composition,

Dy
Oo\ F1E F2 7‘5

FIG.13. DEF Figure Of Chocoid

Parameter x1 =1, x2 =2, x3 =3, x4 =5, xb = 150/23, x6 = 165/19

Fig.14. Chocoid with 6foci by H.E
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7 . Confocal Tajicoid

AN

Parameter O»=—1, —2., —3. —4. — 95,
Fl1~Fb= 1. 5, 2, 3, 4, 5
We can draw confocal Tajicoid
because Tajocoid have 5 foci.
Fig.1 5. Confocal Tajicoid
By H.E
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8 . Conclusion

In this Section | mainly speak about the Extended Curves.
For extension of Doval, We use Extended Orthopole-Treorem
And Extended Simson lines.
Doval has Many properties as writing in ICGG proceeding.
But, It is not easy for short time to explain their proof.
So, here, | intended to show raff sketch how to extend Doval to
Extended Curves Tajicoid and Chocoid.
Many Doval propositions exist. And we can feel very fun to find
new theorem of Doval.
In the future, we want to find out some applications of Doval.
It might be an application in Mathematics or physics.
Here is Unsolved Probrem of Doval
(1) To find extended conjugate diameter of ellipse.
(2) To find Eccentric angle of Doval like Eliipse 3) .
(3) To extend Tajicoid and Chocoid to get Infinity chain of Curves
Anyway, at least, we believe that our research contribute to Curve

theorem , to Geometry, and to CG.
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;> # Doval + FUKURAMI kyokumen by H.E 2011-5-23:
| > with(plots):

| > m:=7:
| > n:=4:
| > k:=10:
| > c:=11:
> er:=m/k;
-
! er=15 1)
> el:=n/k;
eli= = )
S

:> # taishoujiku no nagasa rishinnritu kakunin:
> so0:=k*c/(m-n);
110

i SO = T (3)
> si:=k*c/(m+n);
L si:=10 4)
> 00:=2*m*n*c/(m”"2-n"2);
. 56
I 00 := 3 (5)
> er:=00/(s0-si);
-1
! er:= 10 (6)
> el:=00/(so+si);
-2
I el:= = (7
1
2
_c (k-m —n?.cos(s) +n-(n%cos(s)® —2-k-m-cos(s) + k? + m? —n?) ) _
>rlo = > > ;
m°—n
rlo:= ? — % cos(s) + % \/ 16 cos(s)2 — 140 cos(s) + 133 (8)
i 1
2
. C (k-m — nz-cos(s) -n- (nz-cos(s)2 — 2-k-m-cos(s) + K +m’ — nz) ] ,
> rli == 5 > :
m°—n
rli:= % — 1—3? cos(s) — % \/ 16 cos(s)2 — 140 cos(s) + 133 9)

[~ plot( {[rlo-cos(s), rlo-sin(s),s=0..2-x], [rli-cos(s), rli-sin(s),s=0..2-n]}, scaling
= constrained);
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| > rlc:=(k*m-n”2*cos(s))*c/(m”2-n"2):
> rlr:=sqrt(ric"2-(k"2-n"2)*(c"2)/(m”"2-n"2)):
| > xt:=rlc*cos(s)-rlr*cos(t)*cos(s):
| > yt:=rlr*sin(t):
| > zt:=rlc*sin(s)-rlr*cos(t)*sin(s):
> plot3d([xt,yt,zt],t=0..2*Pi,s=0..2*Pi);




Doval
54 /97

| > ct:=plot3d([-(xt-(k"2-n"2)*c/(m”2-n"2)),yt,zt],t=0..2*Pi,s=0..1.5*Pi):
| > r2c:=(k*n-m”2*cos(s))*c/(m”™2-n"2):
| > r2r:=sqrt(r2c"2-(m"2-k"2)*(c"2)/((m”"2-n"2)):
| > Xs:=r2c*cos(s)-r2r*cos(t)*cos(s):
[ > ys:=r2r*sin(t):
| > zs:=r2c*sin(s)-r2r*cos(t)*sin(s):
> plot3d([xs,ys,zs],t=0.8*Pi..2*Pi,s=0..2*Pi);
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=> plot3d([xs,ys,zs],t=0..2*Pi,s=0..1.2*Pi);

:> cs:=plot3d([-(xs-(k”"2-m~2)*c/(m”2-n"2)),ys,zs],t=0..1.2*Pi,s=0..1.2*Pi):
| > c3:=(k"2-n"2)*c/(m”2-n"2):
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| > r3c:=(k"2*cos(s)-m*n)*c3/(k"2-n"2):
| > r3r:=sqrt(r3c"2-(k"2-m”"2)*(c372)/(k"2-n"2)):
| > ss:=arccos((sqrt((k"2-m”2)*(k"2-n"2))+m*n)/k"2):

| > xn:=r3c*cos(s)-r3r*cos(t)*cos(s):

> yn:=r3r*sin(t):

| > zn:=r3c*sin(s)-r3r*cos(t)*sin(s):

| > cgn:=plot3d([xn,yn,zn],t=0..2*Pi,s=-ss..ss):

| > ¢3:=(k"2-n"2)*c/(m"2-n"2):

| > r3cg:=(k”2*cos(s)+m*n)*c3/(k"2-n"2):

| > r3r:=sqrt(r3cg”"2-(k"2-m”"2)*(c3”2)/(k"2-n"2)):

| > ssg:=evalf(arccos((sqrt((k”2-m”2)*(k”2-n"2))-m*n)/k”"2),20):

[ > Xg:=r3cg*cos(s)-r3r*cos(t)*cos(s):

| > yg:=r3r*sin(t):

| > zg:=r3cg*sin(s)-r3r*cos(t)*sin(s):

| > cg:=plot3d([xg,y9,z9],t=0..2*Pi,s=-ssg..557):

| > cgw:=plot3d([xg,yg,zg],t=0..0.8*2*Pi,s=-35g..550):

[ > plots[display3d]({cgn,cgw});

| > m:=85:
| > n:=58:
| > k:=100:
| > c:=11:
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1
2
c-(k-m—nz-cos(s) +n-(n?-cos(s)? — 2-k-m-cos(s) +k*> +m* —n?) ) _

>rlo:=
m’ — n’
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._ 8500 3364 58 2 _
I rlo:= 351 351 cos(s) + 351 \/ 3364 cos(s)” — 17000 cos(s) + 13861 (10)
1
2
. c (k-m —n2.cos(s) -n-(n?-cos(s)® — 2-k-m-cos(s) + k? + m> — n?) ] ,
> rli = > > X
m”—n
.._ 8500 3364 _ 58 2 _
rli = 351 351 cos(9) 351 \/ 3364 cos(s) 17000 cos(s) + 13861 (12)

B plot( {[rlo-cos(s), rlo-sin(s),s=0..2-x], [rli-cos(s), rli-sin(s),s=0..2-n]}, scaling
= constrained);

30

20

10

T T T T T T T T T
-60 -50 -40 -30 -20 -10 \Q

i)

_10_

_20_

-30 -+

_40_




Doval
58 / 97

B8 HELA DY
ZOWEIE, BB RELORGO, BHERELFEN TS AREE L H
Do LML, BRAMTCTOBNEAEIE, Thbb, EBITH
FCOHBDOHETH D
HHEREEAOFEH OBEL A O EBRK AN TH Y . Doval HFFEA. &M O#
FROAEBIEN S HFE LTeD LTV D,
—IEOHELA EFRDZAOEZKIHT, KbENWTH DM, FREEAT
T2, TP L DFERREZ A — 7 I LTV %,
farms, ZZRFHwREAOOEZ I T, B LA HE- TS,

Doval D EFRXNHIR VK-> TIT LD B,



Doval

Doval F—F&E(1IEMA L 1ERIZK D)
EFH1EZE http:/aitoyume.de-blog.jp/

f i

Doval First DEF b
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Doval EZF&(EMIZ L B)
EFH1EZ  http://aitoyume.de-blog.jp/

f
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Doval HE=F&H(1##HBIMA&EL2ER)
EFH1EZE http:/aitoyume.de-blog.jp/

Doval Third DEF by H.E
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Doval 54 &% (2#BIAICK %)
EFH1EZE http:/aitoyume.de-blog.jp/

Doval/Forth DEF by H.E
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Doval WAH %ﬁ,@ 2011-6-24
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Doval BEDAHEE
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Doval EDLAHRE

EFH1EE http://aitoyume.de-blog.jp/

BAOKTMAR
@ik b 7\




Doval

67 /97

2011-6-24

Doval V\? T

Xb*cos ) cos (H)-t#cos (2A)
V= b*cos s1n(H) ~t*sin(2H)
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Collinear NOTE no. 9
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