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A NEW VIEW INTO COMPLEX PLANE CURVES

DoGaN UNAL*, YasiN UNLUTURK

Abstract. In this study, we give some characterizations of complex curves
with isotropic principal normal in the complex plane C2. First, we ob-

tain a differential equation that characterizes the position vector of the

curve and give some results about the Sturmian spirals for complex curves.

Also, we take this curve into consideration as a curve of constant breadth.

Finally, we introduce the notion of involute-evolute curve pair for complex

curves in the complex plane.

1. Introduction

The concept of isotropic curve was first introduced by Poncelet [13]. Then
the notion of complex curve and its moving frame were pioneered in the studies
of Cartan [3]. Subsequently, Blaschke and Semin elaborated the subject in
both the complex plane and space by taking one of the frame vector fields of
a complex curve as an isotropic vector. In particular, we are interested in the
frame fields of complex plane curves with isotropic principal normal given in
their works [2, 15].

In complex space (or plane), a curve is called an isotropic curve if the inner
product of the tangent vector field with itself is zero. The notion of isotropic
curve had been firstly mentioned about two hundred years ago [13], from that
now on, a lot of work has been done on the subject. To give examples from
recent history, some characterizations have been given on isotropic curves in 3-
and 4-dimensional complex spaces [4, 14, 17-20].

Curves have many different fields of study in physics and differential geome-
try. Some studies on position vectors and constant breadth curves in Minkowski
and complex spaces are noteworthy. These studies have also detailed special
curves such as Smarandache curves and circular indicatrices on these spaces
[5, 10]. Also, the studies on Sturmian spirals in the Euclidean and Minkowski
planes have guided our researches [8, 11, 21]. On the other hand, some special
curve pairs such as Bertrand, Mannheim and involute-evolute ones have been

Received July 8, 2024. Accepted March 28, 2025.

2020 Mathematics Subject Classification. 53A04, 53A40, 53C40.

Key words and phrases. Complex plane, complex curves with isotropic principal normal,
Sturmian spirals, position vector, curves of constant breadth, involute-evolute curve pair.

*Corresponding author



A new view into complex plane curves 41

studied for different kinds of frames and in various spaces. The Bertrand and
involute — evolute curve pairs have also been studied for isotropic curves in
complex spaces [12, 17]. We focused on the involute-evolute curve pair and
noticed that these curve pairs have been considered due to the frames such as
Bishop, Frenet, Darboux ones in Euclidean space [1, 7, 9].

The motivation of our study is to find how to characterize the position
vector, curves of constant breadth and involute-evolute curve pair for complex
curves with isotropic principal normal in the complex plane C2. First, we
obtain the position vector of our special plane curve and give the Sturmian
spiral characterization through this vector, and then investigate the complex
curves as curves of constant breadth. Finally, due to the E. Cartan frames of the
isotropic curve and the curve with isotropic principal normal, we characterize
involute-evolute curve pair of these ones.

2. Preliminaries

The complex plane C2 is the set of ordered pairs of complex numbers with

the inner product
(x,y) = 2191 + 22y,

where x = (z1,22) = a+ib € C?, y = (y1,y2) = c+id € C?, and a, b, c,d € R?
2, 15).

Definition 1. A function of a complex variable is said to be analytic if it
is differentiable everywhere in its domain of definition [16].

Let x, be a complex analytic function of a complex variable . Then the
vector function

2
x(t) =Y zp()k,

is called a complex plane curve where t = t; + its, t1,t2€ R, x :UC C —C?,
and the vectors k,, are the standard basis unit vectors of E2.

In this plane, a vector which has a minimal direction is called an isotropic
vector or minimal vector, that is, a vector u is a minimal vector if and only if
(u,u) = 0 [12]. The curves whose distance square between the two points is
equal to zero, are called minimal or isotropic curves. Let s denote pseudo-arc
length, a curve is an isotropic (minimal) curve if and only if ds* = 0 [19).

A complex curve is a smooth mapping x :UC C —C? from an open interval
I onto C2. The coordinate representation of  is denoted as x = (21(s), x2(s))

and also the vector
dx _ (dwy dwa)
ds \ds'ds ) %

is called the tangent vector field of the curve x = x(s), and bg is the normal
vector field of the curve [2, 15]. In the rest of the paper, we shall consider
the complex curves with the isotropic normal vector field. So, we have the
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derivative formula with two dimensional version of E. Cartan frame {bq,ba}
as follows;

by| [0 1] |by
2 =10 5] )
where p = p(s) is the pseudo curvature of the complex curve x = x(s). Here,

(b1,b1) =1, (ba,ba) =0, (by,bz)=0. In the complex plane, we have two
cases for the vector product as follows;

by A ba= — iba,
ba A by=iby.

The basic idea, in the cross product of one real vector with an isotropic vector
results an isotropic one. Therefore, shortly we present this product mentioned
above as by = iby A bg [2, 15].

Definition 2. The Sturmian spirals are planar curves whose pseudo cur-
vature functions p(s) satisfy the relations

(2) p(s) =7, r=v/|{als),a(s))],

where r € RT is the distance from the origin and o is a positive real constant
in Euclidean plane E? [8,11].

3. Position vector of a complex plane curve with isotropic princi-
pal normal in C?

Let o = «(s) be a unit speed complex curve with isotropic principal normal
in the complex plane C2. Then the position vector of this curve with respect
to the frame given by the Eq. (1) can be written as follows;

(3) a = a(s) = A(s)ba(s) + u(s)ba(s),

where A\, u are the arbitrary functions of s. By using the Eq. (1) in differenti-
ation of the Eq. (3), we obtain

(4) {X (s)—1=0,

() + u(s)p(s) + A(s) = 0.
The solution of the system given in Eq. (4) gives the differential equation
(5) 1 (s)+ p(s)u(s) =c—s .

This equation characterizes the curve x = x(s) with isotropic principal normal
due to p. Solving the Eq. (5) presents

(6) p=eJrds [elrds(c— s)ds.

Then, this result can be enclosed as follows;
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Theorem 1. Let o = a(s) be a unit speed complex curve with isotropic
principal normal in the complex plane C2. The position vector of the curve
a = «afs) is given by following equation

(7) a(s) = sby + e~/ pds i el Pi5(c — 5)dsbg,

where p(s) is the pseudo curvature function.

Using the Eq. (7), we characterize the Sturmian spirals for complex curves
in the complex space by using the Eq. (2) and the following corollary can be
given:

Corollary 1: Let o = «(s) be a complex curve with isotropic principal
normal in the complex plane. The condition for the curve «(s) to be a Sturmian
spiral is

(8) a(s) = sby — 25ba, acR.

Proof. Substituting the Eq. (7) into the Eq. (2), we have
r=s,

and
s.p = 0 = const.

In this case, we have p = 0 or p = ¢, a€ R. It is not possible p = 0, because

of the Eq. (2) and o > 0. Then, substituting the equation p = ¢ into the Eq.
(7) gives us the Eq. (8), straightforwardly.

4. Complex plane curves of constant breadth

Let a = a(s) and o™ = a*(s) be simple closed curves with isotropic principal
normal in the complex plane C2. These curves will be denoted by C' and C*.
At every point p on the curve, the isotropic normal plane meets the curve at
a single point ¢ (opposite point of p ) other than p. In the class I' as in [6],
we consider curves with parallel tangents by and bj in opposite directions at
opposite points a and o* of the curve.

A simple closed curve of constant breadth with an isotropic principal nor-
mal having parallel tangents in opposite directions at opposite points can be
represented by the following equation with respect to the frame given by the
Eq. (1):

©)) a* = o+ by + dba,

where v(s) and §(s) are the arbitrary functions of s, and a and o* are opposite
points of curves. Here, the distance vector between the opposite points of C'
and C* is defined as follows;

(10) d=a" —a.
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If we differentiate the Eq. (9) and substitute the derivative formulas given by
the Eq. (1), we reach

(11) by = (14 42) by + (v +pd + %) ba,

It is known that, the tangents by and bj are parallel to each other in opposite
directions at the opposite points o and a* of the curve from the definition of
curve of constant breadth. Then, there is the relation

(12) bi = by,
and also using the Eq. (12) in the Eq. (11), we get
d ds*
o 1=
(13)
B+ pd+y=0.

Let 6 be the angle between the tangent vector by at the point «(s) of an oval
and a fixed direction, then it can be written
(14) %:w:%, and % :w*:p%.

Thus, the Eq. (13) takes the following form:
—@ =Wt w=f0),

(15)

% +0=—yw.
Here, if we take the integration of both side of the Eq. (15); with respect to
0, it is obtained that

(16) y=—[(w"+w)dd=—[ f(0)dd.
(

Substituting the Eq. (16) into the Eq. (15)3, we have the following differential
equation according to §

(17) 8 +6=—w/ f6)de.
Then, from the solution of the Eq. (17), we find
(18) §=—e 0 [ [we’ [ f(0)db] db.

Therefore, substituting the Eqs. (16) and (18) into the Eq. (9) give the equation
characterizing the curves of constant breadth.

Theorem 2. The position vector of a simple closed complex plane curve of
constant breadth with an isotropic principal normal having parallel tangents
in opposite directions at opposite points is expressed as follows;

(19) ot =a—[(L+1)doby—e 0 (L4 1)do [ < by,

where 6 is the angle between the tangent vector by at the point a(s) of an oval
and a fixed direction, p* and p are pseudo curvatures of the curves o* and «,
respectively.
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On the other hand, if the distance function between the opposite points of
C* and C is constant, then it can be written that
(20) la* — a|| = v2 = const.
Differentiating the Eq. (20) gives

d
From the Eq. (21), we obtain
(22) y=0 or ~vy=const

In this case, considering the Eq. (15);, we reach the following equation:

(23) pr=—p.

Thus the Eq. (23) shows the pseudo curvatures belonging to the curves o* and
« which are parallel in the opposite directions. Therefore, substituting the Eq.
(23) into the Eq. (19), we can reach the following result:

(24) a* = a.
Hence, the following corollary is given:

Corollary 2. Let @ = a(s) and a* = «a*(s) be simple closed curves with
isotropic principal normal denoted by C' and C* in the complex plane C2. If
the distance function between the opposite points a and o of the curve C' and

C* are constant, the position vectors of the curves coincide for every point on
the curves.

5. Involute-evolute curve pair of complex curves in C?

Definition 3. Let a and « be two regular complex curves in the complex
plane C2. If the tangent vector of the complex curve « at the point a(s) passes
through the tangent vector of the curve & at the point a(s) and the following
condition holds

(25) (bib1) =0,
the complex curve « is called the involute of the curve « and also the curve «

is called the evolute of the curve a.. Here, the sets of the vector fields {Bl, Bz}

and {b, ba} represent the complex curves & and «, respectively. In the further
of the study, s and s are pseudo-arclength parameters of the complex curves «
and «, respectively [7]. Then, the following corollary can be given:

Corollary 3. Let a be the involute complex curve of the complex curve
with isotropic principal normal « and the sets of vector fields {bl, bz} and
{b1, b2} represent the curves @ and «, respectively. There exists the following
relation between these curve pair:

(26) a(s) = a(s) + &(s)ba(s),
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where £(s) is an arbitrary function of s.

Corollary 4. Let a be the involute complex curve of the curve with
isotropic principal normal « and the sets of vector fields {51, BQ} and {by,bs}
represent the curves a and «, respectively. If the evolute « is a complex curve
with isotropic principal normal, then the involute a has to be an isotropic curve
lying in the complex 3-space since by (8) = ba(s). Then, the E. Cartan frame
of the curve a is given as follows;

by [o —i 0] [bs
(27) by| =|ip 0 i| |ba],
by 0 —ip 0] |bsg
where, i = —1 and p(s) is the pseudo curvature of the curve & [2, 15, 19].

Remark 1. The involute curve of a curve with isotropic principal normal
has an isotropic tangent vector. This leads to the conclusion that the involute
curve lies in complex 3-space [2, 15].

In this case, we can give the following theorems for involute-evolute curve
pair:

Theorem 3. Let a be the involute isotropic curve of the curve « in the
complex space C3. The distance between the complex curves & and « is as
follows;

(28) d(a(s) — a(s)) = |c — s,
where c is constant.

Proof. Differentiating both sides of the Eq. (26) with respect to s, and
using the Eqs. (1) and (27), we reach

b () 2 = (dflfj) i 1) b (5) + £(5)ba(5).

From the condition of the involute-evolute curve pair <Bl,b1> = 0. Taking the
inner product of both sides by by gives

—=4+1=0
ds+

whose solution is

(29) &(s) =c—s,

where ¢ is a constant. In this case, the Eq. (26) can be written as follows;

(30) a(3) - als) = (¢ — $)ba(s).

Taking the norm of the Eq. (30) completes the proof.
Theorem 4. Let a be the involute isotropic curve in the complex space
C3. @ is always a point in complex space C? for the curve a.
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Proof. Differentiating the Eq. (30) two times with respect to s, and using
the Egs. (1) and (27), we get

Ry =\ 2 =~ 3
(31) —iby (3) (£)” + b1 (5) 45 = [(c — s)p — 1] ba(s).
Taking the norm of the last equation gives
(32) 95 — 0,

and § is a constant. Multiplying the both side of the Eq. (31) with the vector
b1, we have
(33) p=.
From the Eqgs. (32) and (33), it is seen that the involute isotropic curve & is
a point in the complex 3-space while the evolute « is a curve with isotropic
principal normal lying in the complex plane.

On the other hand, from the definition of the involute - evolute curve pair,
we know that

(34) by (3) = ba(s).

If we differentiate the Eq. (34), then we reach the following equation:
(35) —iby (3) & = p(s)ba(s).

Taking the norm of the Eq. (35), we get again

(36) =0

and 5 is a constant. Multiplying the both side of the Eq. (35) with the vector
b1, we have

(37) p=0.

From the Egs. (36) and (37), it can be seen that the involute isotropic curve
« is a point in the complex 3-space while the evolute curve « is a straight line
with isotropic principal normal lying in the complex plane.

It is clear that when the evolute « is a curve or a straight line in the complex
plane C2, the involute & is always a point in complex space C3. Then the proof
is completed.

6. Conclusion

In this research, the complex curves with the isotropic principal normal vec-
tor fields have been investigated in the complex plane C2. Firstly, the position
vectors of these curves have been characterized due to the corresponding frame.
We have analyzed the complex curves as the Sturmian spirals in the complex
plane. Secondly, we have examined complex planar curves with an isotropic
principal normal vector to be curve of constant breadth in the complex plane.
Finally, the notion of the involute-evolute curve pair has been considered for
complex curves (the involute-evolute curve pair corresponds to the isotropic
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curve, and the curve with isotropic principal normal, respectively) in the com-
plex plane C?. Based upon on the distance function between these curve pair,
a certain result about the pseudo-arclength parameter of involute curve has
been reached in the complex plane.

Acknowledgements The authors would like to thank anonymous referees
who contributed to the improvement of study by their valuable comments.

Author contributions DU made calculations and wrote the manuscript
and YU offered the subject and supervised the manuscript. All authors re-
searched the literature, contributed to the main results and reviewed the man-
uscript.

Funding Not applicable.

Data availability Not applicable.

Declarations

Conflict of interest The authors declare no conflicts of interest.

Ethical approval Not applicable.

References

[1] F. Almaz and M. Alyamag Kiilahgi, Involute-evolute D-curves in Minkowski 3-space E3,
Bol. Soc. Parana. Mat., 39 (2021), no. 1, 147-156.
[2] W. Blaschke, Vorlesungen tber Differentialgeometrie I - Elementare Differential Ge-
ometrie, Springer, Berlin, 1924.
[3] E. Cartan, Sur la geometrie pseudo-conforme des hypersurfaces de l’espace de deuz
variables complezes, Annali di Matematica Pura ed Applicata, 11 (1933), 17-90.
[4] S.S. Chern and J. G. Wolfson, Minimal Surfaces by Moving Frames, The Johns Hopkins
University Press, 105 (1983), 59-83.
[5] M. Ergiit, S. Yilmaz and Y. Unliitiirk, Isotropic Smarandache Curves in the Complex
4-Space, Honam Math. J., 40 (2018), no. 1, 47-59.
[6] M. Fujivara, On space curves of constant breadth, Tohoku Math. J., 5 (1914), 180-184.
[7] H. H. Hacisalihoglu, Dijfferential Geometry, Ankara University Press, Ankara, 1960.
[8] K. Ilarslan, A. Ugum and I. M. Mladenov, Sturmian Spirals in Lorentz-Minkowski Plane,
J. Geom. Symmetry Phys., 37 (2015), 25-42.
[9] P. Li and D. Pei, Evolutes and focal surfaces of (1,k)-type curves with respect to Bishop
frame in Euclidean 3-space, Math. Methods Appl. Sci., 45 (2022), no. 3, 12147—12157.
[10] A. Magden, S. Yilmaz and Y. Unliitiirk, Characterizations of special time-like curves in
Lorentzian plane 1.2, Int. J. Geom. Methods Mod. Phys., 14 (2017), no. 10, pp. 1750140.
[11] I. M. Mladenov, M. T. Hadzhilazova, P. A. Djondjorov and V. M. Vassilev, On the
Generalized Sturmian Spirals, C. R. Acad. Bulg. Sci., 64 (2011), no.5, 633-640.
[12] U. Pekmen, On Minimal Space Curves in the Sense of Bertrand Curves, Univ. Beograd
Publ. Elektrotehn. Fak. Ser. Mat., 10 (1999), 3-8.
[13] J. V. Poncelet, Traité des Propriétés Projectives des Figures, Gauthier-Villars, Paris,
1865.
[14] J. Qian and Y. H. Kim, Some Isotropic Curves and Representation in Complex Space
C3, Bull. Korean Math. Soc., 52 (2015), no.3, 963-975.
[15] F. Semin, Differential Geometry I (Curves), Istanbul University Press, Istanbul, 1983.
[16] D. O. Tall, Functions of a complex variable, Routledge - Kegan Paul, London, 1977.
[17] S. Yimaz, Contributions to Differential Geometry of Isotropic Curves in the Complex
Plane, J. Math. Anal. Appl., 374 (2011), no.2, 673-680.



A new view into complex plane curves 49

[18] S. Yilmaz, U. Z. Saver and M. Akbiyik, Some Isotropic Curves and Representation in
Complex Space C3, International J. Math. Combin., 3 (2018), 11-24.

[19] S. Yilmaz and M. Turgut, Some characterizations of isotropic curves in the Euclidean
space, Int. J. Comput. Math. Sci., 2 (2008), no. 2, 107-109.

[20] S. Yilmaz and Y. Unliitiirk, Contributions to Differential Geometry of Isotropic Curves
in the Complex Plane C3 - II, J. Math. Anal. Appl., 440 (2016), no. 2, 561-577.

[21] C. Zwikker, The Advanced Geometry of Plane Curves and Their Applications, Dover,
New York, 1963.

Dogan Unal

Department of Software Engineering, Kirklareli University,
39100, Kirklareli, Tiirkiye.

E-mail: doganunal@klu.edu.tr

Yasin Unliitiirk

Department of Mathematics, Kirklareli University,
39100, Kirklareli, Tiirkiye.

E-mail: yasinunluturk@klu.edu.tr



