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On asymmetry axes of the Oval of Descartes
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Abstract

We define the inner (+) and the outer (—) part of the
Cartesian Oval as mr,+nr: =kc on bipolar coordinates.

We can consider on Minor axis (asymmetry axis) of the
inner part of the Oval, and can define Major axis (asymme-
try axis) of the outer part of the Oval. This major axis is a
segment which connects the middle point O of symmetry
axis and the point Fp on the oval, which is at the longest
distance from the point O. Then, the length of major axis is
ao (1 +e. er)” (where ao is a half of the length of the
symmetry-axis, e., ex are left and right eccentricity of the
Oval, respectively.) And, we can say that Cardioid is the
special case of Cartesian Oval. In this case, e. and e are
equal to 1 and the length of the major axis is ao 2'°.

Moreover, we have found the following Lemma.
[Lemma] Let bi be the length of Minor axis of the inner
part of the Oval, let ai and ao be the half length of
symmetry-axis of the inner and outer part, respectively. Let
bo be the length of the Major axis of the outer part. Then,
the following invariant holds. (bi / ai)’+(bo / a0)’=2
Keywords : Oval / Outer part / Major axis and its length /

Invariant

1. IIU®HIC

TAHN ORI, Kok THY, ToNE
&, Mo MBS L CTORBR IS, X522
Mk e, IR ENHEEZR->Twb, ZOHT, §
MO HYT 2 aZ Lo aimE' LT& 2,
ZOLE, FTANOIPERF VDLW S MO E %
NGRS EZR > TEE LA, L L, AL boOB
AL, x yEBERTIE, 4k Thy, ~EoOMM
WTHY, ZONGE, Ntz dbelzbntLTo
HELHY, FHIZ, ZOHGEIT D BEISH Y3 2 8%
BEERL, TOWHEEEH L, 7, Aok, ¥
MOBEZ, ANVIFAL FEwIITR b, OF5%k
BlCOVWTDH, HTOERLIT- 72, KL, O
eV 4 KIMBONTE LN OW ) Do K S
M 2EtRMNEAERZRWAE LTI ZICHET
%o

2. ADBOER

SO D E R, M 2) ONGHDOERE
FRDOSDTHSEF R 5205, HE, NTBEOAIHEH
LTUTICHRS,

[ BEOEHE
Bl1okHis, MEMEER EMN) »50lEED
WA—E Rl T, €MMCHIHIM] 2vH, 2
T, EM»SOHBEE I, 1MEMBLEONE ZHE,
EMPOREOBBEZ V), COLE, —HrLEMT
TOWMTH 2851, €M (hOob) 125
5o

[(AIBEDERE?2 |

BBHEEETIE, ROATEKIND,

mr, —nr: =kc (k>m>n>0) (1)
SIT, o, r2dd, 2002 M ETE ToORM
T, cid, BUBEOBBETH %o

(A3 BEDOES 3 |

K2DXHIZ [EMOD1IODFFELIC2EMRE &

RAERR W34% 2% Gasssd) Frizeen 13



. ZTO2EM (Fi, F.) 215 EWIFAT 2B,
LEMEEOREZM, M, N, NET5, 22T, HME
MN OMER LIZCON/F.QEAR%MQ%ELs. (D
& Ny 7AOEHELY, OM/F.QTH5.) 2 ¥
2, B, LEF, F.2 0 mls S8, Wbk
Iy, QoruslzRDL L, ThiE, FHILV bOF
RO HE <. ]

[ERIHPER2ELEETH 3 & DA |

E#F:1 LD, FA+AQ=QF,, > T,R+ (n/m)r:=r,

mr, —nr: =mR=kc& %%, R=(kc) m& BiFiZL v,

[EBRIVER2ELEETH 3 Z & DA

2128WTC, F\F,=¢,OF, :OF:=n:m &35,
EEEBk ZHELDOTm+n DL &
ON=OM=kc¢/(m—-n) &BiJ%. §5&, AOMN ig,
TEDEAETHYON/FQE, OM/F.Q XV F,
QL F.NOKEZA LTS EAAQF. D Q2B 54
D IEGRAS, QN TH 5.

£o7T, F2Q:QA = F:N:NA = OF: :OF, =m:n

~.QA=(n'm) F.Q (2)
¥7:F/A=O0ON(m-n)'m = ke/m (3)

14 Journal of Graphic Science of Japan Vol.34 No.2 / Issue no.88 June 2000

P.65

FQ=r, F2Q=1.. .. 4E&55L
FiQ - QA =FABIO?2), 3), 4D
ri— (n/m)r.=ke/m ..mr,—nr.=kc

ST, MODARIZH QA Y, Humkid, HMF,
FlCBHLTHBTHLZEOWONTH D, S HIT,
Mok, MO LM F.F.OREV, V. THO & #
T52ED, L, LYPERF F.LELRZLIHIICH S
ERLHWLNTH A, M, MO, IHEHRONG
BOWHMTH 5.

2T, MOD¥EOM=ke' (m—n) &LBIFHZ L
b, CORSTHIERBILT S, 77V b OB
DI R, BI3DEHIThB, 22T, MOH
LT,

OF, 'OVi=(ecn/(m-n) )/ (kc/(m—-n) ) =n'k=

e<l1

FHICLTOF. OV, =mk=ex< 1 &%, WHH
DG LT, eL, ex DHVIEUT BT 2 LB, 48k
LERTHE, K3DH v apIBdhid, (e.,ex) Thb.

ST, AHEORS V. V. 2 IR OS5 0y s
EFERZEIZT 5., Thid, WO REICHYT 5.

o

lo.8,0.9)

o
@

lo.7,0.9) (0.7,0.8)

o
&
O

(0.6,0.9) |o.6,0.8) {0.6,0.7)

@
O
O
O

10.5,0.9) to.5.08) (0.5,0.7) l0.5,08)

o
O
®,
O

{0A.0.8) 10.4.0.7) t04.0.68) (04,0.8)

O
O
O
O

(0.3,0.7) 10.3,0.8, {03,08) to3,0.4)

K3 HaEOnsLnA



3. RO RE
3-1. APBORBMOER

2 Wi CHIT B O s o 72, £ 2T, AR
WA DR & FABROBMEZ EXT 5. M40 X H I
(ORI DIV T B D KX, Z O xt Bl o ki & 4ok
Lo QZREMIONRDIRVID] LEXT .

Fp(Q)

X4 K@ (SR#H) OEH

3-2. A BORMOMUEE FNEH

HLorAEAS, mri—nr.=kc TEHRIh TV L X,
4B DEHIT, AFEZE x i, ZodiizENO
0,0), ot torizQ (X, Y) £9%. ZLQF.F.
=0¢93%%, OF =nc’(m-n) XV, REEHEZM
WT

X*+Y*=r’+(nc/(m—n))*

-2r;(nc/(m—n)) cos(n—0) (5)
$72, AQF/F.IBWVWT, REEML D,
ri=r’+c*—2r.ccos 0 (6)

(1), 6), KLY, r.,, 0 ZHETEHL

0Q*=X’+Y’=-mn(ri~ke (m-n))*+ (k’ +mn)c’ (m-n)*

oQix, EX2%, rid2%kX&L Y, ri=ke (m—n)
DL &, RAME/(k*+mn) ¢ (m-n)?) 2+ 5. =
hix, BIHOMN O D OM = ao = ke/(m—n) & e, ex
EHOTEEE, bo =ao/(1+eed) E%%. EI5
T, ao=kc/(m-n) 1, AoHOEH#SX mr —nr.=
ke lZBVWTri=r:0& &Dr,=ke/(m-n) & —HT
5.

@I, [BEBRON GO K WL R & irss &
29%.) &, EAF, F.20%H8ICh2WEH L
OxL GERFP EIEER) &, WNEEoO .0 %SRS T
b5, ZOREE, bo =ao/(1 +e.en) TH5.]

3-3. HABOHEHOME
CZTiE, DOIERONTHOFEEOMNEY & FEkD

P.66

HHIZOWT, ZOMEEROAZHGET 5. &8, §i
WAL L2, AR, FNBEMTH 5.

#HE (1] WERONGBEONERZ, #EE F) 2B
F2IEMOBEMEICH D, K5 - 1%, —~HOMED
EROERIEY, K5 - 21%, AEREOMEEERTH
5.

] (2] AAREEoma GEr) 13, OB LD
BTz, 2%, BROER3ICX ERBEE,
B6DLHThab, bbb, HMHRLLEF F2AEET
cosO=m'k D TH 5. B, HEATOHEHKIL, 3
KR Tdls, GEIE, HE©SH.

\_

5—1 SABDEF

6 HARDIER

BIERRR 4534% 25 GEssss) vmizeen 1D



Fp

7 EUCARBDI I

R (3] M70XHIT, sSobad, ZoNEMBIMNE
SEHBIM O 2 DO O R OZEFIHFET %,

R (4] WERBOSEGT LRI, R70X512, 4
RoREE F5RRIE, BI3IENETED.

3-4. BAROABBELTOALI L FOHERE

ANTAA R, LS 0EEE LTaShTY
5. ZORXiE, WD L HIT, MEEDOR M, WHfit L
5&, r=ao(l —cosh) (7)
THINS.

LIAHT, FANDIRO I3 H DR EEE IR
i3,

r=c{km—n’cos 6+n+(n’cos’6 — 2 km cos 6+k’ +m?
—n%)}/(m*-n?). . . (8)

ZZT, ao = ke/(m—n) THY, n'k=e, m'k=ex
Z1LISESTREET 5 L,

r={1-(n'k)*cos 0+ (n'k) ¥(((n'k) cos®)’—2(m
k) cos 0+ 1 +(m'k)*—(n'k)*)} ke (m=n) -1
((m/k) + (n'k))

Y, ok, (MRC—HT 5.

8T, ao=ke/(m—n), e.,ex> 1D & X, 3-21f
BT DA o R o & X1,

bo =aov/(1 +eLex) =2 ao L% 5.

2F 0, WOEONERHBII OV 2 103, Sh4EEB Y
DIEEIRBDTHS.

ZhiE, MTBITFS0=n/20L %, r=a0TK 38
DESNZAHNTF A F OB DOH RiH 5 DHEEH R D
RUREHYV2 a0 SR BT LZFEHRL TV S,

CDEH, NBoRBOR X, ee=1, e=1
DEROLE, RATLHHBORSO/2HETHE S
LZEKRLTVS.

16 Journal of Graphic Science of Japan Vol.34 No.2 / Issue no.88 June 2000

P.67

8 HINTAA FDOIESH

4. BIHBROASTBEOEH (NEH) EH9H
ORE (S R#) ORE

TAN O, 2HiOEHR]l THRINDLE,
FIN & AT L& & DN E & Ab ks, i 5.
2F), EF2TWE, mritor.=kc &), tDOFH
ZHO200XTEREINDZ LIRS,

COWIBEN B ORI, DaETICBT D ERB
[MEED22DM 0, MO @HHELTEZOAT
WahEE, ZOWEMREHMIZE.] TBITAMI -1
DL /KT D, 2F ), NFBEONENELTO
MOt oNEMNELTOMODHE L E, £
D 2 OOMPHLA, Fi, F.TH5BH. 22T, M O0wid,
MOul&mEhas, €O, Fi, F.LHOLIIEHKS %
BHL, Fi, F.LMHOuCER3ZHEALTD, W, 4
SGHEMREONG, 72, M9, WOBOWNEN (W
AEBIM) LAV B oSN (S REEBIM) v T
Wb, ZO420MOEIE, WNHBOmNE L Kol
tR, SborBeosih (S Frll) & RE (MHRED) o B&
X0, WOIHIZRD 42TH 5.

aim=bi, ai, ao,aom=bo
b,

ZZT, (bi/ai)?=1 —evLex

(bo/ao)*=1 +eLer & D

[E# | (bi/ai)*+ (bo/ao)*=2
AT S, 72751, 0<bi<ai,ao<bo<+2 ao.

i, “EHIMBTH DIWERONE T 221, S
T54 20N EEICET LA THY, N, #ELFRE
WANRTRX = I EHEATEL, ZOBLELLRVTH
Vb OREREEERICIEOHETH LS. Thig, o
Kz, FHV OISO NN DAFAERBH O FHR W
AEREV) ZENTE S,

Hpoe cANg v,

—-——



X9 —1

2 & 2 5RAR (M)

M9—2 (%)

)

9—3 (AHANARISEVRE)

5. &9V
CHETICHTEZLLHIC, FHV ORI,
NaBAH Y, ZoOFNHETH L ARMIOVT, 3
WD &S ahkA RERAD, BhoTE &5, 7
VDI L VD 4 Kl [mr, £nr, =ke & x y W&
BICETE [m®(x*+y®) +n’{(x—c)*+y’}—k’c?]*=4
m’n*{(x—c)*+y*}(x* +y*) ] &, WHBLEAGEHD
D, TOMBMDOFAERED, EEERD /S5 % -7 k,
m,nc k>m>n>0) OFEICELST, o E X
IZ2oWnWT,
(PasEW/AIxi#Fe) '+ (SR8 5 0iFne) 2 =1/2
L), HRBNOGRMAZLMEZ LD 25

P.68

WA

&5, WEEENAREOEEIZOWT, 200K
HiE, M2ERT 205, NN &AM
#HM, 2%, 2o0#BIMD SRR, ER (E%)
T&2%, NotioWNEN (WEWzZ EEe35H0) &
Wbl BHREZ FEET 1) @2 o0H8)
ML ERE ERT 5 HEEEVO»%E, hrd
W, WO ONE %W LEXEHSH. Zhik,
FHCiZ vy, 4 KRR E L COIRTERE A #7272 191
AR TH 5.

BE Xk

[1] BT HMH#  Basic & CAD I X B HPIEH O & fif 2.
19974 RS ORIT) “ralisam 0, (1997).

(2] BVHEF: FH0L oL EE S X O,
X%#0F%E, 68, p. 3-p. 8, (1995).

[3] BFHEE: FH1L OBRBROMEICHT 5 E8—
Z DR F R —. K%, 49, p. 13, (1990) .

(4] BFHEZE . FHV FOIREOHEN. ¥R,
19, (1976).

(5] BTHEZ: FH LV FOREROGHMICEHT 2 &
B, X%EF%E, 70, p. 13-p. 15, (1995).

(6] @v 2oy F:h—7. AT3TERE, (1964).

(7] BPHEFE FH LV IOEED -, =g, K%
F%E, 12, p. 39-p. 40, (1973).

@19995F 9 A16 A =1+

AUTV VBED
Bk IEHWBBT % EARNFHM SE
BUE R, SRR mARZES
WXE (FHNV OISO —EOMZE)
w4, CAD, Maple V (2 BB

¥ E-mail hirotaka.ebisui@nifty.ne.jp ¥

34 dovadet A@ mevie ¢ (n.ne p

R B35 2% GE%sss) vmizeen 17



P.69

SRTERR DA & i © % ¥ 72 ) dis 4 Rl i

Inversion-4th order surface bulged the composition of the oval

EFH1E# (Hirotaka EBISUI)
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Abstract: Recently, according to the advancement of
functional graphic software programs, we can draw beautiful
graphics with mathematical structure. This paper reports 4th
order sufaces those are constructed bulging segments on a
plane with the circle. When we use a plane-composition of
the oval to bulge segments, the surfaces are named as
Pseudotorus, Self-crossing surface, and Double closed surface.
These surfaces are 4th order surface and have a center of
inversion. We show the graphics of them defined by
parametric equations. These graphics will make clear their
structures and help the research of 4th order surface, I hope.
Keywords: 3D-Geometry : Segment-Bulged Surface/
4th order surface/ Pseudotorus/ Self-crossing
surface/ Double closed surface/ Inversion.

1. FC®IC

HEOERIIEV, LorL, TOEMOELIZ, 22

20<HVOBKT T 7 4 v JDBFLEZE>THW
595, ZoHT, REEARBESE#HINZDE,
Dupin®¥ A7 74T HRPADTTIERNIES I D,
EOEBHED—DIZ.” F14 7 74T L%, 5xbh
EEIZPLERDL, 5Exbhiz 2 DORICET 8B
DEAMETHS” (Chandru. etc, 1989), Z DO HiE L,
ARMETHD, £L T, TORITL,
(x*+y?*+z*~m*+b? ?=4 (ax—cm) >+
4biy?

(x*+y?+2z2—m?—b? ?=4 (ax—cm) %+
4b2z*

Thb,

ST, ZOMROELHHEIX., Y127 T74T Li3&E
W, FEEEICSH 587 EATERICS LEREZDOT
Hb, ZTITRRDINEEE S X, LY. 4Kl
HIZRDD, BREIEBN, YA 7TF74T7 L3, BAo1-
BTHY, Zhit, SEHORE LOXZHBELI-OM®S,

ST, Zodmix, REFLERF->TWS, F0—>
. BUF—F2THY, bH—oik, HORZHET
Ho, SHIT, IIEEENDT 2 2 EAMEBE CHD, =
NS OhiE O EATEHREE & £ OBENERZROE &
ARABIOHED 1 2% Z Z ThRRB, ENKkhimo
MEATRT, A7 T4 T0EHL AEERE 52
D ARMEDOREREZF-RITLORNERS A, FEmi
WHHAR T o 2 IR H & ZRNCHLE L 7= 3 > diEmk D
MERBEL ZDOCGEWRDS TV &,



2. ROAL< OHHME

1RFZEARE L. FELEE2EDLIEE] LI, 24,
P, Qb5 ROPQOFTRZFL, PQORE%®
BERLTAIAREZFEEICEEICSLTT, BB EHH»T
LECHRDIEOREIZ. HOHETHS, M1DOK
I, TH LTHRIHEERS S DAMELED Z
LizT 3, Ao, BIREKBEESNE—EBDORID
BRAPoB/LNDSL bAHMEIX. P—F7ATHY.,
7. PQOHENF T, PQORIVBAEDR, PQ%
ERLTIREAHKD,

M1 #55< oAHHE

P.70

3. PEREHBB LRSI OB

T 2T, AIEOR5 P QEIEAROREOHIES
BFEET D, TORD, PEROERI LD D,
FEMZPLE L7 SpiiE. 1 REEBE S OEREDt
N—ERHERE L TERTES, LML, 22T 2
EMRLYVEEMEROANADEEERT IHEE X
5, TORDRNIZ, BIRLEBRIEED, TOBXIZX
v, ERHEEEERT D,

3.1 BEROER (FEE)

[¥EE%] AEMAZECGE LRI, —FHE2RNET5
2ODAEEDDIILICEV—BHICERTE S, K2
ZBWT, 2ARFL012, 012 H2bDELTER
bR CWaLE$5, 20 2@OMEEPLE, Fi, Faol
T3, Fi, F. 289, EVIKFHTREREZ. 11, 12
EtB, 11, 140 0w ORAEZENTH. My,
M.’ ; N1, N’ 2 LHO:0DOREEZZNTH., M.,
M.’ ; N., N. ¢33, MO1:D¥FEO M,
O:1:N:1D 2ERCENENFEITR, F., F12BIE
MF.P, FA.POXKRZPLTH, H20—HMEmMHL
2B (@ DX, Piki2d, FERIZ, 20 (b)
DQERDB, ZDLE, P, QiX. 1., 12, F,,
F.ZE&EFLIE—EE&ET 5 L. PERONSE L S5
BE#L,

M2 2MXYERLIERL TOMEIM




3.2 ERMB RO OMER 1

HE [1]

Ry Z7AOERLY, My, P, NLIHRTHY, M.,
N, QbR TH D,

HR (2]

EMMN: EM:” N.ii, RPTEXRT S, 2ERDL,
2 (¢+B8) =180° &Y a+B=90"
EHRM:N.:M,” N, b QTHERT 5,
R [3]

3RF., P, Qix. #£RTHB,
Y. 0::N1/02:N;, :
&MHEXY, O1:Ni/F1P, O1N//F1Q
SFiP/F.1Q wWxIZ, Fa., P, Qif. ##
F#IZ3R Fi, P, Q HiERTH 3,

F2EE% 0 X

P, QOSSBEMERM< 2 & DA

R2iZB8BNT, F1PL1.OKEEALTHE,
FiA//O:1:N.: XV, MO..0¥R—FLY, F.AIL,
—EICRD, DED. AL, 1::BF . 2HLIC—EET
L. EM (FOLF., ¥BF.A) &2#, ZZT,
F:N::N,A=F;0,::0::Fi=m: n&%5%&,
XAF:PAIZBWT, EHSPN.X, LF.PADT
LM, WX, PF.: PA=F:N,: N;A=F,
0Oi2:0:2F1i=m:n
WiZ, PF.: PA=m: n—&XY., PiX. €8 (F.
s F1A) ERF D00 EMOKR—ERATHD, =
D&E, J=F,A=F,P+PA=F,P+(wm)F,P
Wiz, B4 (F., F.) B& (F1P=r,, F.P=
r2) © r:+ (n/m) r.=J JIIEXK
mritnr.:=m]
IV P, FANIOSEBEISHS,
QIZOWVWTHRBKIZLCmr:i—nr.=m]

3. 4 FRBBBROMR?2

ST, K3i%. M2ZEHMRF F. 2l o680
NHEBBSE-bDOTHD, 2FY, ERF.PQLE
MF.PQI, EMF.F.IlBLTHHTHS, /-,
X 3EFIED 5 >OMITONT, FEAZITY,

R [4]
4KF,, P, P’, F.ii, A—HALHZ, #HE
b, M2 E3DOPLPOMBMELY LF,PF,.=

P.71

/ZM;0::N:=4M,’ 0::N,” =ZLF.,P’ F.
LF,PF,=4ZF.P’ F. toT, BAADE

BrIyvE—MHEALEIZHS,

%R/ [5]

LEOHELY, P, P’ b 2KF., F:2RALA

ELY, . J— Lk (EFIH, 1996) LV 3BV
T, BHMPP’ 1. BSEAF3%ES,
R [6]

45F., Q, Q, F:3, A—ARALH 3,
ZF.1QF:=/4F:QF:=4M:0::N.=24M.’ Oa;
N, =ZF.:Q’ F.

ZF.1QF.=4F:Q’ F.&v, HAAOERL
VE—MHAEELIZH B,

R [7]

[5] LABICERQQ 1. BSEAF . 285,
R [8]
3KQ, F., P’ X, #£$8Th3,

H2izsnwT, F.sMPLThdZ L &Y,
0:1M2//0::M,” & XD 01 M//F2Q, O::M:" //
F.P’ .. F:Q/F.P’ .. Q, F., P’ %, ##&
| [9]

MAKQPP’ Q ., FA—MELZHS,
[8] DHEL, Q; Q. P’ ; P’ MF.F.itH
THIRBMELY . LQF.F.=4P’ F,F; ---@
(4] OERE XY, RENBFPF.F. P’ IZ251T
DA%YE%X LF.PP’ =4ZP’ F,Fs Q@
[6] OEE XY
£QQ’ F1=ZQF:F:--@
OO ZF,PP’ =4QQ’ F,
MAKQP P’ Q° ORXHAOTN 18 0° 272D,
HAFIE, A—EALCH S,
R [10]
WAKP’ F.F:Q’ iX. A—AALIHS
(91 &Y. 4£QQ P’ =ZP’ PF,
[4] XY 4P’ PF.=4ZP’ F.F;

ZQQ’ P’ =/P’ F,F,

Wwxiz, MAKQ’ P’ F.F.ik, A—AALICHS,
HR [(11] WARP F.QF. i F—HALCH
By

P, PORBMELY LF.F:P’ =ZPF:F,
#HH® [10] &9 LF:FsP’ =4F.Q’ P’

#E [6] XV LF.Q F.=/ZF.QF.

Q. Fo, P’ XV LF.F.P’ =ZF.,QP’

&T. 3, 1, 3. 4%T, P, Q. P’, Q’. P,



Q. P, Q. F1, F2, F3nitBREtMBEELA
REB, FNICEY . H3DOERSROBMERRRINT B,

P.72

FThbb, P, P’. Q. Q. A—HALKHY,
Q. Fi, P’, F:lX, AI—HALIZHBZ L THB,

K3 IEREOREBOIED ETBHE
4. BEROBELIVIRET SRIEDSHHE

3fikv. M3nX57%, P, Q, P, Q°, F.,
F., F:O*MALREEORTH LB D LMEYZ
2%,

4. 1 B—HESF.Z2EIDEBELORSP’ Q »5
TR&ET Hm
F.2FREREL. BBEF. P’ Q" OLOBRIP Q" @
EILMBIZBALT, AP, Q X K40 X5ITHE
B (ri, 6), (r.’, 0) LLTEXZIERED
RThd, TLT, B—ERLEIBHRLOBSP’ Q
* (FEPQ) XY HRDHER., KO L ICRD,
mritnr:=kc-@ IEBROEER
r22=c?*+r:’—~2r1:c cos 0@ RUEEOO%
WTEE ., r. BEBHS QXF1R (CP))
E. FRANLEOHRRCETOHEBF 1 Ci.
KDEIIERED, OXVYn?r.2= (kc—mr.) 2
ZORIZOD 1 *EZRALT, 1.1l OVWTEHET B
(m?*—n?) r;*~2c (km—n?cos ) r.+
(k?=n?) c*=0---0Q
@D2o0fr ., . X, 2RHFHBROM LB OB
FEy, mEBCBEALT
F1C= (r.:+r1.) /2

=c (km—n®*cos ) / (m*—n?)
rir:’ = (k*—n?) c¢?/ (m*—n?
FIR=|r:—r1. |/2

= (F1C 1.1 ) ek

T T, oo H#EiL, BooRLn, FLC (R
K26 F 1 COERE) T, ¥EC 1 ROAFELDRIEH,
b BER F1
x=F1Ccos 6§ —F1Rcos t cos 6

y=F1Rsint

z=F1Csin @ —F1Rcos t sin 0

X, FIC.F1RZERORXEES &, x. v.
zWB, t& 0 DENEERFRTHHZLEERT D,
Maple VT (x, v, z) 2RFT5&. 50X
25, U+ —F A TH B,

M4 BRIEOEIERS



P.73

Ih#, Maple VT (x, v, z) ZERFRTH L,
TOEITRD, Zhid, BEREZHE TH D,
RIBOZEDKRFERLT-H, HEO—HEZEKRLE
ZRRIT TS,

Fl

X5 #EE—7 2

4. 2 B_ESF.2EBHELORSQP’ M5
&9 5|

RQ, P’ i3, EEHX, 60X 5ITEE DR
EORTHD, 4. 1EFEKIZLT
F:P i mri+nr=kc
ri?=c?®+r.*~2r:ccos 6 £h
r.ZHEELT k>m>n>0 &9
(m®*—n?) r.*~2 (m?cos 8 —kn) cr.+

(m?2—k?2) c?=

ZDOEDREEP’ .t O
F:Qi¥ mr.—nr:=kec
ri’=c?®*+r.?2—2ra.ccos 6’ &b

r1%#EELT 6’ =n—6, k>m>n>0 XV
(m*—n?) r.*—2 (—m®cos 6 +kn) cr.+
(m*—k?) c?= 4.
ZDEDEEQTr.T LT B,
Q. P’ o FECIZBALTF 2 CiZ,
F2C=|Qr.*—P’ r.*| /2 P’
= (—m2cos 6+kn) ¢/ (m*—n?)
QP’ /2=F2RiIZBEL T,
F2R= (Qr:*+P’ r.") /2
=c¢ ((—m?®cos 8 +kn) ?
— [(mEf—m*) {(@mr—k%)) e
/ (m*—n?) ,
WXIZF., Q. P’ ZX3K0M0HihmiX,
x=F2Ccos 0 —F2Rcos t cos 6
vy=F2Rsin t
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# FUKURAMI kyokumen(2000-7-14) :
#mr1tnr2=kc

#Rishinritu ER EL yori Oval wo egaku
with(plottools):

#mput[l] and henkan
=7:m:=4:n:=3:¢:=10:

a0:=k*c/(m-n);

#a k¥c/(m+n);
#oo:=2*m*n*c/(m"2-n"2);

#er:=m/k; el=n/k;

#input[2] and henkan

a

>

>

>

>

>

>#

>#

>

>

>

>

> 20:=200 :ai:=50 :00:=100:

> c:=2%oo*ao*ai/(ao*ao-ai*ai);

> er=o0o/(ao-ai);

> el:=oo/(ao+ai);

> # input[3] and henkan_

> #er:=9/10: el:=6/10: c=10:

> #oo:=2*xerxel*c/(erker—el¥el);

> #ao:=c/(er-el);

> #ai=c/(er+el);

> ric:=(er-el"2%cos(s))*c/(er"2-el"2):
> rir=sqrt(ric™2-(1-el"2)*(c"2)/(er"2-el"2)):
> xt:=r1c*cos(s)-rirkxcos(t)*cos(s):
> yt:=rirksin(t):

> zt:=ric*sin(s)-rirkcos(t)ksin(s):

> plot3d([xt,yt,zt],t=0..2%Pi,s=0..2%Pi);
> ct:=plot3d([~(xt—(1-el"2)*c/(er"2~€!"2)),yt,zt] t=0..2%Pi s=0..1.5*Pi):
> r2c:=(el-er 2kcos(s))*c/(er"2-el"2):
> r2ri=sqrt(r2c™2-(er"2-1"2)x(c"2)/(er" 2-el"2)):

> xsi=r2c¥cos(s)-r2rkcos(t)*cos(s):

> ys:=r2r¥sin(t):

> zs:=r2c*sin(s)-r2rkcos(t)*sin(s):

> plot3d([xs,ys,zs],t=0.8%Pi..2%Pi,s=0..2%Pi);

> plot3d([xs.ys,zs];t=0..24Pi,s=0..1.2%Pi);

> cs:=plot3d([-(xs—(1"2-er"2)kc/(er"2-el"2)).ys,25].t=0..1.2%Pi,s=0..1.2%Pi):
> ¢3:=(172-el"2)kc/(er"2-el"2):

> r3c:=(cos(s)-erxel)*c3/(1°2-el"2):

> r3r=sqrt(r3c"2-(1"2-er"2)%(c372)/(1"2-€l"2)):

> ss:=arccos((sqrt((172-er"2)%(172-el"2))+erxel)):

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

xn:=r3c*cos(s)-r3rkcos(t)*cos(s):

yn:=r3rksin(t):

zn:=r3c*sin(s)-r3rkcos(t)*sin(s):
cgn:=plot3d([xn,yn,zn] t=0..2%Pi,s=-ss..s5):
c3:=(172-el"2)*c/(er" 2-el"2):
r3cg:=(1"2%cos(s)+erkel*c3/(1°2~el"2):
r3rg:=sart(r3cg 2-(1"2-er” 2)%(c3°2)/(1"2~el"2)):
ssg:=arccos((sqrt((172-er"2)*(1"2-el"2))-er*el)/1°2):
xg=r3cg*cos(s)-r3rgxcos(t)*cos(s):

yg:=r3rgksin(t):

zg:=r3cg*sin(s)-r3rgxcos(t)*sin(s):
cg:=plot3d([xg.yg.zgl t=0..2%Pi,s=-ssg..ssg):
cgwl:=plot3d([xg,yg,zg],t=0.5%Pi..2%Pi s=-ssg..ssg):
cgw2:=plot3d([xg,yg,zg] t=0.5%Pi.2%Pi,s=-ssg..0.T*ssg):
plots[display3d]([cgn));

plots[display3d]({cgl);

plots[display3d]([cgn,cew2));
plots[display3d]([cgn,cgw1]);
plots[display3d](lcs,ct.cgn,cgw2]);
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Multiple, Multi—polar Curve extended from the Oval using the infinity chain of orthopole

E?# Tﬁi Hirotaka Ebisui

EE
FiH 2 400k L 200 EAUC I, B3 2oH D, S51C, 4

7B D E K L AR O b (ERGESL) ofhkE#
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b GEER) %R, KIS, DATHE L7z, BRSICE 2901
MOERELBNR, 51T, ~HMLS NS X 29084
DWEEE 2D, ZLT, TOEZOREZ, HESh-E
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Abstract

In this paper, an extension of the Oval is shown using general-
ized Orthopole. This extended curve has a structure on the defini-
tion. And according to the structure, we may say that the curve
has Multiplicity and Multi—foci. First, We will show the defini-
tion of the Oval using Orthopole and its three foci, and next, we
will show the infinity chain of Orthopole, and more show Multi—
polar structure and the definition of Multiple Multi-polar Curve .
At last, we show their CGs which are ploted by Maple V.
Keywords: Oval / Orthopole / Multi—polar / Focus point / Multiple

Curve
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About the Oval (Doval)

Hirotaka EBI SUI
Oval Research Center

ABSTRACT: In this paper, we mention about the oval and it's new name (Doval). First, we explain the reason of
naming the Ova as Doval. Next, we explain it's Definitions and Some properties and theorems, those are old and new
results. And more, we describe the confocal curve of Extended Doval (chocoid), this Extended curves are defined using
Orthopole theorem and they are drawn by Maple Soft. At Last, moreover we show the figure of one Extended Doval curves
(Taicoid). We append unsolved prablems of Doval. We must appreciate Rapid CAD and Maple devel opers.

Keywords. the Doval , confocal, chocoid, Tajicoid,Geometry, M aple, Photron Rapid cad

1.INTRODUCTION

We are familiar with closed curves. But, we are not o familiar
with double closed curves. Here, we define the Dova as two
closad curves. Inner curve (part) is dways Ovd or convex. Thisis
the reason that Dovd is cdled as Ovd. But Outer curve is not
aways convex. Its condition is ex+e <1, then it's convex (Fig.1).
We use a curvature of vertex to proof the problem.” We can find
many  methods of definition or draw-theorem of Dova. About
two of them should be memorized. This reason is that they are
elementa and essentid.  And, we can define Dovd, but, more
over, we must sudy the properties of Dova. This time, we
mention some composition, structure, expression, and theorem on
Doval.

These concepts have dready been dudied but, we want to
summarize here about them.

Fig.1 Doval( both convex)

2. D¢dfinitionsand Theorems of Doval

2.1 Definitionl.

Wefix two dircles, and one parald line that passes through the
two centers. And, we set two cross points on the pardld line and
dternative dircle, and connect the cross point and aternative center.
Then two radius are made and its cross point gppears. This point

draws while the parald line make on turn on a center, where two
circle Sze are same, then Ellipse appearg(Fg.2) and not same, then
Ova gppears. So this Ovd can be cdled as pure extension of
Ellipse. If we ingpect precisaly that compostion, then in later case,
two cross points gppear, and they draw inner and outer part,
namely double closed curves ( Doval)(Fig.3) can be drawn.?

Fig.2 Ellipse(using 2 cirdes)

Fig.3 Doval(usng 2 circles)

22 Def—theoremof Doval usngtwocirdes

Wefix two cirdes ( Oneinclude the other one), and can find two
dmilar points of them. And, we can draw one parald lines those
pass through the two similar points. Then, we can obtain 8 cross
points among two cirdes and one parald lines. Now, we chose 2
par points among 4 points in aove 8 points, and, next, we
connect the two pair points and determine two lines. Thenthey are
orthogona, and make one cross point. In Above situation, four
Cross points gppear. (See Fig. 4) .And two of them draw inner part
of Dovd., the remainder draw outer part, when one pardld lines



meke one turn on two sSmilar points . In this Stuation, Figure
keeps same compositions. This proof isdone.?

Fig4. Doval defined by two auxiliary circles

(4 surrounding compostions of Pappustheorem help thisproof)

2.3 Theoremsof Doval

2.3.1 Theorem of 3 fuci
(1) 6cirdes method of finding 3 foci.

One center line of one circde, we draw 3 tangent cirdes, and
combine 2cirdes and draw tangent circle of two, then, more 2
circles gppear. Then, totaly, there are 5circlesin given onecirde
In Fg5, center cirde and contour circle give Def theorem of
Dovd in section 2.2.  Moreover, other two pairs of circle define
dmilar compostionsof the same Dovad

Fig5. Threefod defined by 6cirdes
232 Theoremof 4axesonDovd.
Ellipse has minor axis. And 10 years ago, we found minor axis of
the ovdl like Ellipse. And after, we find 4 axes of Dovdl.
[Theorem] Si,Ai,So,Ao satidfy following I nvariant equation

3]+

whichisfreefrom definition-circles size,

where S isthe length of symmetry inner mgjor axis.
Al isthelength of asymmetry inner minor axis.
So, Ao areouter casesas same asinner part.

We musgt pay attention that minor and mgjor are reverse on inner
and outer partsof Dovdl. S, Ai, So, Ao are4 radii of tangent circle
of Dovdl.
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Fig.6 Reationsof 4 AxesSo, Ao, S, Ai

24. Adandard formof Doval equation.

Dovad isdefined by bipolar coordinates equation.
mr, £nr, =kc

This bipolar equetion can be transformed to a standard eguation
by x-y coordinates

222 4 X2 (K°m? +k*n? +mPn®)c® , _ 8k’mPn’c® +4k2m2n2(k2+m2+n2)c“
(m -n ) {y - 2 2\2 7 - 2 2 2 22
(m*-n?) m'—-n (m*-n?)
2
n-c
X=X+———
m--n

25. Other somepropertiesof Doval

In this section, we mention some properties or
theorems without proofs.

25.1. Right and Left Eccentricity determines a
shape of the Oval (Doval). One Doval has( ER,EL) for
inner part and (ER, EL) for outer part.

2.5.2. The end point of Minor Axis is not the Vertex
of the Oval. This means that the end point have a
special Differential Geometry meaning.

2.5.3. Perpendicular Bisectors of Asymmetry Axes
pass through the 3rd focus point. This theorem applies
a definition of the third focus point-position.

2.5.4. We can not approximate All of EGGs Shape by
the Ovals. Dr G.F.NAGY in Hungary and | find this
result. Namely, bird eggs form are more variety than
Dovals.

2.5.5. Confocal Dovals exsist. More precisely, we can
say that Dovals have any two of three foci as confocal
points, and 3foci as confocal points.

3. EXTENDED CURVESOF DOVAL



So for, we condder about own properties of Dovd. But, we can

extend Doval to hyper curveswith same Sructure
3.1 Chocoid

This curve Chocoid is one extension of Dova with more than 3
foci.. To define this curve, we use following compostion. In
Fig.7 .we define extended Orthopole Q using fixed points O, F1,
F2, F3, F4, F5, F6 on line g, and fixed perpendicular lines, hl, h2,
h3, 4, h5, h6, and moving cirde OT.  When T movesfrom poairt
F3 toinfinity positiononlineg, Q draw one part of chocoid.

Chocoid Uas

0 20 40 60 &0 100 120 140 160 180
407

307

Fg.8. confocd chocoids ( lowwer is precise view of upper
figure)
3.2 Téjicoid
In lagt ICGG we report about Tgicoid. In this paper, we show
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that figure and some Tqicoids with different parameters, namely
different foci.

An extensional property of Sinson lines uhich define the oval

i ]
L 4

Fig9 Def figureand Two kindsof Tgicoid (INSIDE VIEW)
We show aprogram of tgjicoid with Parameter x1, x2,x3,x4,x5.
># tajicoid-nol. 5 2. 5+2004-3-11 by HE

> #x=0- ki t enn, shout en x1, x2, x3, x4, X5

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

>restart:

>w th(plots):

XP: =(Y1* X2- X1*Y2) * (Y1- Y2) [ (( X1- X2) "2+( Y1- Y2)"2) :
YP: =( XL1* Y2- Y1* X2) * ( X1- X2) / (( X1- X2) A2+( Y1- Y2) 72) :
>(x12: =subs(X1=x1, Y1=y1, X2=x2, Y2=y2, XP) :

>qyl2: =subs(X1=x1, Y1=y1, X2=x2, Y2=y2, YP):

> (x23: =subs( X1=x2, Y1=y2, X2=x3, Y2=y3, XP) :

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

> (x34: =subs(X1=x3, Y1=y3, X2=x4, Y2=y4, XP):

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

> (x45: =subs( X1=x4, Y1=y4, X2=x5, Y2=y5, XP):

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

>



>rx12: =subs( X1=0x12, Y1=qy12, X2=0x23, Y2=qy23, XP) :

>ryl2: =subs(X1=0x12, Y1=qy12, X2=qx23, Y2=qy23, YP):

>1 x23: =subs( X1=0x23, Y1=qy23, X2=0x34, Y2=qy34, XP) :

>r1y23: =subs( X1=0x23, Y1=qy23, X2=qx34, Y2=qy34, YP) :

> x34: =subs( X1=0x34, Y1=qy34, X2=qx45, Y2=qy45, XP) :

>r1y34: =subs( X1=0gx34, Y1=qy34, X2=0x45, Y2=qy45, YP) :

>

>sx12: =subs( X1=rx12, Y1=ry12, X2=rx23, Y2=ry23, XP) :

>sy12: =subs( X1=rx12, Y1=ry12, X2=rx23, Y2=ry23, YP):

>sx23: =subs( X1=r x23, Y1=ry23, X2=r x34, Y2=ry34, XP) :

>sy23: =subs( X1=r x23, Y1=ry23, X2=r x34, Y2=ry34, YP) :

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

S1 =( - XL* X2+X1A2+Y1A2- Y1* Y24 XS+ (X2- X1) ) / (( X1- X2) A2+( Y1- Y
2)"2):

> XP: =s* ( X2- X1) +X1:

> YP: =s* (Y2- Y1) +Y1L:

>

>(gx21: =subs( X1=x1, Y1=y1, X2=x2, Y2=y2, XP) :

>qy21: =subs( X1=x1, Yl=y1, X2=x2, Y2=y2, YP):

> (x32: =subs( X1=x2, Y1=y2, X2=x3, Y2=y3, XP) :

>(Qqy32: =subs( X1=x2, Y1=y2, X2=x3, Y2=y3, YP):

> (x43: =subs( X1=x3, Y1=y3, X2=x4, Y2=y4, XP) :

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

> (x54: =subs( X1=x4, Y1l=y4, X2=x5, Y2=y5, XP):

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

>

>rx21: =subs( X1=gx21, Y1=qy21, X2=qx32, Y2=qy32, XP) :

>ry21: =subs(X1=gx21, Yl=qy21, X2=qx32, Y2=qy32, YP):

> x32: =subs( X1=0gx32, Y1=qy32, X2=0x43, Y2=qy43, XP) :

>ry32: =subs( X1=0gx32, Y1=qy32, X2=0qx43, Y2=qy43, YP):

>1 x43: =subs( X1=0x43, Y1=qy43, X2=0gx54, Y2=qy54, XP) :

>ry43: =subs( X1=0x43, Y1=qy43, X2=0gx54, Y2=qy54, YP) :

>

>sx21: =subs( X1=rx21, Y1=ry21, X2=rx32, Y2=ry32, XP) :

>sy21: =subs( X1=r x21, Yl=ry21, X2=r x32, Y2=ry32, YP) :

>sx32: =subs( X1=r x32, Y1=ry32, X2=r x43, Y2=ry43, XP) :

>sy32: =subs( X1=r x32, Y1=ry32, X2=r x43, Y2=ry43, YP) :

>

># (sx12,sy12)-(sx23,sy23)=line kouten(XK YK)

(sx21, sy21) - (sx32,sy32)=l i ne:

>

XK =- ((sx12*sy23-sy12*sx23) * ( sx21- sx32) - (sx21*sy32- sx32
*sy21) *(sx12- sx23) )/ ((syl2-sy23) *(sx21-sx32) - (sy21-sy32
) *(sx12-sx23)):

YK =((syl2-sy23) *(sx21*sy32- sx32*sy21) - (sy21- sy32) *(sx1
2*sy23-sx23*sy12) )/ ((syl2- sy23) *(sx21- sx32) - (sy21- sy32)
*(sx12-sx23)):
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>j:=0:

>col orpar ed: =[ bl ack, red, bl ue, green] :

>for il from-1to 1 by 2 do

for i2 from-1to 1 by 2 do

for i3 from-1to 1 by 2 do

for i4 from-1to 1 by 2 do

for i5 from-1to 1 by 2 do j:=j+1:

XD =subs( XS=t, x1=1. 5, y1=i 1*sqrt (1. 5*t- 1. 52), x2=2. 5, y2=
i 2*sqrt(2.5*%t-2.5"2),x3=3, y3=i 3*sqrt (3*t-3"2), x4=4, y4=i
4*sqrt (4*t-472), x5=5, y5=i 5*sqrt (5*t-5"2), XK) :

YD =subs( XS=t, x1=1. 5, y1=i 1*sqrt (1. 5*t- 1. 52), x2=2. 5, y2=
i 2*sqrt (2.5%t-2.5%2), x3=3, y3=i 3*sqrt (3*t-3"2) , x4=4, y4=i
4*sqrt (4*t-472), x5=5, y5=i 5*sqrt (5*t-5"2), YK):
T[j]l:=plot([ XD, YD t=5..infinity],views(-15..15,-15..15
], nunpoi nt s=100, col or =col or par ed[ (i 4+3) +(i 5+3)/2-2]):
od; od; od; od; od;

>display ({seq(T[j],j=1..32)});# by HE

4. CONCLUSON

So far, we mention about Dova and its extendgons. Tgicoid,
and chocoid can be extended to higher chained curves. But, now,
recent PC must need more ability in CPU speed and memory and
Maeple Soft Technique. If it can be done, Higher chained Tgjicoid
and choooid can show moreinteresting forms.

Wehavealot of unsolved questionsabout Dovd.  For Example
1. How do more than two eccentricity exit in extended Dova?
2. What isthe eccentric angle of Dova?

Ellipse is defined using x=a* cog(s), y=b*sin(s). In this formula,
siscdled asthe eccentric angle.
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About Oval Doval
Hirotaka Ebisui

Oval Research Center

IWAKUNI near HIROSHIMA

Confocal Doval Three  focus points
Doval Trade Mark (Er=0.9,EL=0.6)
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Introduction

Fig.3.Chocoid extended from Doval Fig. . Tajicoid exten ed from the Oval
Tangent line is a perpendicular bisector in 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+nR2=

But Chocoid and Tajicoid have not yet a simple equation. It can be only
defined by Maple Program which is made by Definition-Composition of

Chocoid and Tajicoid respectively. H.E
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Definition of Doval

call inner and outer part of Oval as DOVAL

Imner and Quter Part of the Oval
xs:yi-xo3o-m:n OUTER PART

[+

Radius of Director circle = kc/m,
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2" Definition of Doval

Tio Auxtliary Circle & val  Director circle

Radius of Auxiliary Circle =kc/(m+n), kc/(m-n)



P.114

Distance between Main Points of Doval

- L. -
mic o,
= ik Vaim m*C

&

m! -t

AcC -
L m=r -

SR s3I ETeotnAe

Table 1
*We ashume Doval is defined by mriZ=nrz=kc

*021,F1,012,F2 :  harmonic range of Points

*Qo Middle Point between two cenTERs oF auxiliary

Circles or named Center of equivalent Circles

*Pairs of these four Oo,F1,F2,F3 on a line define Doval.

Main result of this figure is OoF1=n"2/(m”"2-n"2)
OoF2=m"2/(m”"-n"2)
OoF3=k”"2/(m"2-n"2)

Raius of three equivalent Circle

El= n/( n"2), E2=kn/(m”"2-n"2), E3=km/(m”"2-n"2) BY H.E
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PROPOSITION

/’\

— T
HOUSETSUKOTEN"

Fig.8 Green lines are tangent of Doval.
Red lines are normal lines of Doval
----STANDARD FORM OF Doval Equation--

mrizxnr=kc Is transformed to followings

k’m? +k?n% + m?n?

m2 —n2)2fy2 + X2 _ 0212
8k°m?n°c’ 4k*m*n®(k® + m* +n®)c*
= A+ 2 2v2
me—n (M —n°)
2
X =X+ ne

m? —n? H.E
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Infinity Chain Theorem

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

Ort'Q@pOle

Triangle
\

Step 1

Q% Qs Qz
Step (Chain 4)

AM Flve Ilnes form a

H/ | V ; /lb !b«

/ ‘ ‘ym-— ," 'lem__

Step 3 (Chain 5) Step 3 (chain 5)
Fig.9. Orthopole Chain Fig.10. Simson Chain by H.E
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Relation of Extended Curves Chocoid and Tajicoid

Fig.11.
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.
Program is in the proceeding.

1 ]
5 jiku One Point of Tajicoid

%x ~ 10
. £
] Moving Circle \\:jfj

Another point of Tajicoid

Fig.12. Def. Figure of Tajicoid H.E
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FI1G.13. Tajicoid
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(2) Extension of Doval using extended Orthopole theorem-Composition

0"

Q.

-

TR2 7}t F4 beF5 | F6
\\_/
&/

FIG.14. DEF Figure Of Chocoid

Parameter x1 =1, x2 =2, x3 =3, x4 =5, x5 =150/23, x6 = 165/19

Fig.15. Chocoid with 6foci

by H.E
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Confocal Tajicoid

N
7 N N ﬁiﬁ:—;.:-sg;;:_,_:.ii.. &
=< Z277)

Parameter Qo=
1 Fb5=
We can draw confocal Tajicoid
because Tajocoid have 5 foci.
Fig.16. Confocal Tajicoid
By H.E
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Conclusion

Today | 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 proceeding.
But, It is not easy for short time to explain their proof.

So, Today, | 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) To solve the motion of Oval (Doval) or Ovaloid.

(4) To extend Tajicoid and Chocoid to get Infinity chain of Curves

Anyway, at least, we believe that our research contribute to

Curve theorem and to Geometry and CG.

Thanks a lot for your attentions. By H.E





