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Some properties and computational constructions

of the Cartesian ovals by XY plotter

Hirotaka Ebisui

The Cartesian ovals are simply defined with bipolar
coordinates. However it is difficult to draw them by hand-
writing. In this paper, therefore, we have constructed a
computational drawing system by means of XY plotter that
works with PC 8001mkII. And then, the ovals will show some
particular properties. First, the ovals change gradually
with left and right eccentricities. Second, the set of the
intersections of three circles forms the oval. Third, when
the eccentricities change continuously without changing the
director circle and the foci, the ovals fill between the
ellipse and the director circle. Forth, there can be shown
two kinds of evolutes of the ovals. The one is drawn as an
evelope of the straight lines, and the other with paramatric
equations. In this way, these properties of the oval can be

shown for the first time by using computational drawing system.
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Erata or Correction

@ p.1 Right column
. ,

P depicts on oval — P depicts an oval
@ p.2 Left column
(however, S,S,=c ... — (where , S$:S:=¢c ...
@ p.3 Left column

0[nc/(mtn), 0] —  0(nc/(mtn), 0)
@ p. 4 Left column
1.We fixed four arbit.. — We fix 35. arbit..
4.We fixed point U — We fix point U
6.We determined a plane — We determine a plane
® p. 4 Right column
0, as the origin — S, as the origin
® p. 4 Right column
ceeeuo... ZPSiS = ..., ZPSsS:
-0 =9
@ p.5 Left column !

(mn-k*cos 9)c 2(mn-k*cos €)c

rat+ rg —fact I'y
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Some Properties and a Geometrical Composition on
the Ovals of Descartes
Hirotaka EBISUI
In this paper we present three matters. First we
show that the cross sections of two circular cones,
which are the spatial curve of the ovals of Descartes,
can be defined by three dimensional parametric for-
mula. These formula were derived so that we can
easily obtain the perspective drawings of the spatial
curve with computer graphics. Secondly, we present
that the ovals can be defined by orthopoles that
satisfy some conditions. This defintion indicates the
geometrical composition of the ovals, and we present
its proof. Finally, we describe the method to draw
the normal line of the ovals and also give its proof.
Thus additional new properties on the ovals are

shown.
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Minor Axis of the Oval of Descartes and Ovaliod
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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 e;, 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.
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On the N1 of the outter part of Descartes' Oval defined by both eccentricities
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Abstract: In this paper, we mention about the arbitrariness of
some definitions of Descartes’ Oval. And we calculate the
distances among some main points ‘of the oval using literal
constants. These distances are important to draw the oval
using functional graphic soft. Next we consider-on the [
using the radiuses of curvature on the Vertexes, and we obtain
the outter part of the oval is [U] if exte>1, and & if exte
=<1 where ex, e are right eccentricity and left ecbcntn'city
respectively.

Keywords : M/ oval/ right or left eccentricity /
intersection of circular cones/ arbitrary constant
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L > #Rishinritu ER EL yori Oval wo egaku

L > with(plottools):

L > #input[1] and henkan

L > k=7:m=4:n:=3:¢:=10:

L > ao:=k*c/(m~-n):

L > ai=k¥c/(m+n);

L > 00:=2%m*n*c/(m"2-n"2);

L > er=m/k; el:=n/k:

L > #input[2] and henkan

[ > #a0:=200 :ai:=80 :00:=60:

L> #c:=2%o0%ao*ai/(aokao—ai*ai):

L > #er=oo/(ao-ai);

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

> # input[3] and henkan

> #er:=9/10: el:=6/10: ¢:=10-

> #oo:ZZ*er*el*c/(er*er—el*el);

> #ao:=c/(er—el);

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

># mritnr2zke —— Origin First Forcus Point

>rl in:=c*(er—(el*2)*cos(s)—el*((el"Z)*(cos(s)“Z)
—2*er*cos(s)+1+er“2—e|"2)“(1/2))/(er“2—e|‘2):

>rl out:=c*(er—(eIA2)*cos(s)+el*((ela2)*(cos(s)"2)
—2*er*cos(s)+1+erh2—ela2)n(1/2))/(erA2—e|‘2):

> # —kr2+mr3=%nR23 [R23=c(k“2—m“2)/(m"2—nA2)]

> # £nr3+kr1=mR13 [R1 3=c(k'2—n“2)/(m'2—n"2)]

> R23:=c*(1-er"2)/(er"2-el"2):

> R13:=c*(1-el"2)/(er"2-el"2):

> #circle([center],radius):

> hojoen12:=circIe([el*c/(eHeI),O],c/(eHeI)):

> hojoen21:=circIe([—eI*c/(er—el),O],c/(er—el)):

> hojoen23:=circle([er*R23/(1+er)+c,0],el*R23/(1+er)):

> hojoen32:=circle([—er*R23/(1~er)+c,0],el*R23/(1—er)):

> hojoenl3::circle([eI*R13/(1+e|),0],er*R13/(1+e|)):

> hojoen3l:=circ|e([—el*R13/(1—el),O],er*R]S/(I—eI)):

> hI::Iine([—eI*c/(er—el)—c/(er—el),O],[R13,0]):

> F1:=point([0,0],color=blue):

> F2:=point([c,0],color=blue):

> F3:=point([R13,0],color=blue):

> ovalin:=plot([r1 in¥cos(s),rlin¥sin(s),s=0..2*Pi]):

> ovalout::plot([ﬂout*cos(s),r1out*sin(s),sZO..2*Pi]):

> plots[display]([F1 .F2,F3,hl,hojoen12 hojoen21 ,hojoen23,
hojoen32,hojoen13,hojoen31,ovalin,ovalout]);

>
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