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NEW PARTNER CURVES IN THE EUCLIDEAN 3-SPACE E£*

ONUR KAYA and MEHMET ONDER

Abstract. In this paper, first, an alternative frame and alternative cur-
vatures of a space curve are summarized. Later, a new type of special curve
pairs is defined as C'N*-partner curves and characterizations for these curves
are introduced. The distance function between the corresponding points of
reference curve and its partner curve and the angle function between the
vector fields of alternative frame of the curves are obtained by means of
alternative curvatures. Also, some relations between C'N*-partner curves
and some special curves such as helices and slant helices are given. Finally,
some examples are introduced.

1. INTRODUCTION

The space curves for which there exist some relations between Frenet
frames and curvatures of the curves are the most fascinating subject of curve
theory. The most famous types of such curves are Bertrand curves. These
curves have been obtained after a question asked by French mathematician
Saint-Venant in 1845 [13]. The question is that whether upon the ruled sur-
face generated by the principal normals of a curve in the three-dimensional
Euclidean space E3, is there another curve such that the principal normals of
original curve are also its principal normals? The answer of this question was
introduced by Bertrand. He obtained that such a curve exists if and only if
a linear relation with constant coefficients shall exists between the curvature
and torsion of original curve [2]. Later, such curve pairs have been called
Bertrand partner curves or Bertrand curves and these special curves have
been studied by many mathematicians and different characterizations and
applications of these curves have been introduced [1, 3, 6, 7, 10, 11, 12, 17].

Recently, Liu and Wang have introduced a new definition of curve pairs
by originating the notion of Bertrand curve. They have called these new
kind of curve pairs as Mannheim partner curves given by the property that
the principal normal vectors of original curve coincide with the binormal
vectors of second curve [16]. After, Mannheim curves have been studied by
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some mathematicians and new properties of these curves have been obtained
[4, 9, 18].

The goal of this paper is to define a new kind of associated curve pairs
and give characterizations for these curves. For this purpose, we use an
alternative frame on space curves and define a special curve pair by using
this frame. This new curve pair is called C'N*-partner curves. First, the
definition and main characterizations related to distance function and angle
function of C'N*-partner curves are introduced. Later, some relationships
between C'N*-partner curves and some special curves such as helix and slant
helix are obtained. In the last section, some numerical examples are given.

2. PRELIMINARIES

Let a = a(s) be a regular unit speed curve in the Euclidean 3-space E3
and {T, N, B} be the Frenet frame of «(s), where T, N, B are unit tangent
vector field, principal normal vector field and binormal vector field, respec-
tively. Then the Frenet formulae of the curve is given by

T’ 0 w O T
(1) N |=|-k 0 71 N |,
B’ 0 —7 0 B

where k, T are called the curvature and the torsion of the curve, respectively.
From (1), the unit Darboux vector W of a(s) given by the equation

1

(2) w N (7T + kB)

is the angular velocity vector of the curve « [8]. It is obvious from (2) that
the Darboux vector is perpendicular to the principal normal vector field V.
Then, defining a unit vector field C' by the cross product C = W x N makes
it possible to build another orthonormal moving frame along the curve «(s).
This frame is represented by { /N, C, W} and is an alternative frame to curve
rather than the Frenet frame {T', N, B}.

The derivative formulae of the alternative frame is given by

N o 8 01[N
(3) ¢ |=|-8 0 r||c],
w’ 0 —v O W

where = VK2 + 72 and v = ’_62"7; (%)/ [15]. Since the principal normal
vector N is common in both frames, it is possible to form a relationship
between the Frenet frame and alternative frame such as
() {C:—FLT—FTB,

W =7T + kB,
or

(5)

where & = k/ and T = 7/f.

A regular curve « is called a helix if the tangent lines of the curve make
a constant angle with a fixed direction and a helix is characterized by the
property that T is constant [14]. If the principal normal lines of the curve

T = —RC + 7W,
B =7C + RW,
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make a constant angle with a fixed direction, then the curve is called a slant
helix and characterized by the equality

i (£ ) tant

—— = | — ) = constant.

(k2 +72)%2 \5

[8]. Then, the characterization of a slant helix according to alternative frame
is given as follows:

K

Remark 2.1. A regular curve o with alternative curvatures 3, - is a slant
heliz if and only if %(s) = constant.

3. CN*-PARTNER CURVES IN E3

The curve pairs for which there exists a relation between the Frenet vec-
tors of the curves are an important study for the characterizations of space
curves. Some examples of such curve pairs are Bertrand partner curves,
Mannheim partner curves and invoule-evolute curves. Two curves having
a common principal normal vector are called Bertrand curves. The clas-
sical characterization for Bertrand curves is that a regular curve o in E3
is a Bertrand curve if and only if ak(s) + b7(s) = 1 holds where x and 7
are curvature and torsion of curve and a, b are constant real numbers [11].
Moreover, Bertrand curves are characterized with constant distance between
the corresponding points of curves and with constant angle between tangent
vector fields of curves [14].

Another type of curve pairs is Mannheim partner curves. Two curves
a and ¥ in E? are called Mannheim partner curves or Mannheim curve
pair if the principal normal vector fields of « coincide with the binormal
vector fields of ¢ at the corresponding points of curves. Mannheim partner
curves have also characterizations similar to Bertrand partner curves. But
they have some difference. For instance, although the angle between unit
tangent vector fields of Bertrand curves is constant, it is not constant for
Mannheim partner curves [9, 16].

In this section, a new type of curve pairs is defined by considering al-
ternative frame and characterizations for these curve pairs are introduced
by means of alternative curvatures. Two functions are considered for these
characterizations such as distance function and angle function. First, we
give the following definition.

Definition 3.1. Let o = a(s) and a* = a*(s*) be two regular space curves
in the Euclidean 3-space E® with Frenet frames {T,N,B}, {T*, N*, B*},
curvatures Kk, k*, torsions T, T*, respectively, and let the alternative mov-
ing frames and alternative curvatures of curves be {N,C,W}, B, v and
{N*,C*,W*}, B*, v*, respectively. The curves o and o* are called CN*-
partner curves or {a, a*} is called a CN*-curve pair if the vector fields C
and N* coincide, i.e., C = N* holds at the corresponding points of the
curves.

By considering Definition 3.1, one can easily write the parametric repre-
sentation of a* as follows

a*(s) = as) + R(s)C(s),
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where R = R(s) is the distance function between corresponding points of
the curves o and o*. Since the vector fields C' and N* are the same, we
are able to give the relationship between the alternative frames of o and o*
such as

(6)

or
{ N = sin 0C* 4 cos OW*,

C* =sinfN + cos W,
W* = cosON — sin W,

(7) W = cos 0C* — sin OW™*.

where 0 = 0(s) is the angle function between vector fields N and W*.

Now, we give some characterizations for C'N*-partner curves. Whenever
we talk about the curves o and o, we will assume that the curves have
frames and curvatures as given in Definition 3.1.

Theorem 3.1. Let {a,a*} be a CN*-curve pair. Then, the distance func-
tion R = R(s) and differential relation between curvatures are given by

R(s) = /08 k(s)ds, /05* V (F*)2 + (7%)%2ds* = /05 \/(? + Ry)? + R23%ds,

respectively.

Proof. By differentiating the parametric representation of o* with respect
to s and using the equations (5) and (7), we obtain the following system:

R — k=0,
(8) _*j;s = —(7 + Ry)cosf + Rfsin0,
T ds* =—(T+ R’y) sinf — Rf3 cos®.
The first equation of system (8) gives R(s) = [, &( ds Slmllarly, from the

second and third equalities of (8) we easﬂy have fo V(R )2ds* =
S5\ + By)? + R2B%ds.

Corrolary 3.1. Let {«,a*} be a CN*-curve pair. Then, a is a helix if and
only if R(s) is a linear function given by R(s) = ks where k = constant.

Proof. Since the curve « is a helix, the harmonic curvature h is constant,
i.e.,, h = (7/k) = constant. Then, for alternative curvature %, we have

1
9) R=l ~ = constant.

BTVt VItR?
From Theorem 3.1 and (9), we obtain R(s) = ks where £ = constant.
Conversely, if R(s) = ks is a linear function with constant factor &, then
it is clear that h = (7/k) = constant, i.e., v is a helix.

Theorem 3.2. Let {a,a*} be a CN*-curve pair. The distance function R
can be also given by one of the following functions:

ds* L ds*
(10) R—A</<; 7 —i—TCOSQ), R= _B< 7 +Ts1n0)
where 0 is the angle function between vector fields N, W* and A% + B? =
2 2
v+ 6
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Proof. Writing A = Gsinf) —ycosf and B = cosf + ysin @ in the second
and third equalities of system (8), it follows

(11)

Finally, from (11) it is easy to write (10).

R*}% = —7cosf + RA,
7L — —Fsinf — RB.

Theorem 3.3. Let {«o,a*} be a CN*-curve pair. Then, o is a heliz if and
only if the ratio
(T + Ry)sin® + RBcos b

12
(12) (T + Rvy)cosf — RBsiné

15 constant.
Proof. Let {a,a*} be a CN*-curve pair. From the second and third equa-
tions of system (8), we get
(T 4+ Ry)sinf + RB cos b
(T + Ry)cosf — RBsinf’
Since 7* = 7*/f4* and k* = k* /%, from (13) we have % = ;—I Then, from
(12) o* is a helix if and only if
(T 4+ Ry)sin® + RB cosb
(T 4+ Ry)cosf — RBsin6

7—_*
13 — =
(13) .

is constant.

Theorem 3.4. Let {a,a*} be a CN* curve pair. Then, the angle function
and the relation between arc length parameters s and s* are given by

* * *

(14) 0= / vrds*, s = / M cos fds™,
0 o 7
respectively.

Proof. From (7), we have W = cosC* — sin @W*. Differentiating this
equality and using the derivative formulae in (3), we get

ds* ds* ds*

Since {a, a*} is a CN*-curve pair, i.e., C = N*, from (15) we have equalities
(14).
The first equality of (14) gives us the following corollary.

(15) —C ds = (7* — d<9> sinC* — 3* cosON* + <fy* — d@) cos OW*.

Corrolary 3.2. Let {a,a*} be a CN*-curve pair. Then, & is a heliz if
and only if 6 = 0.

Moreover, we should point out that if # = 0, then the frames of curves «
and o coincide, i.e., & and o coincide. So, « is also a helix.

Theorem 3.5. Let {a,a*} be a CN*-curve pair. Then, o is a slant helix
if and only if there exists a constant ¢ which satisfies the following condition:

(16) 0 = /Sc(cos O~ — sin6f3) ds.
0
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Proof. Let a® be a slant helix. Then, from Remark 2.1 we have that

v*/B* = constant = c¢. Differentiating the first equality in (14), it follows
df ds

17 o — .

(17) 7 ds ds*

On the other hand, since we have N* = (|, from the differential of this

equality, we get

d
(18) p* = d; (cos Oy —sindp3).
From (17) and (18), we have
* do
i ds

B* - cos @y — sin 03’
Then we obtained that o* is a slant helix, i.e., v*/3* = constant = ¢ if and
only if § = [; ¢(cosfy —sinfp) ds holds.

Theorem 3.6. Let {a,a*} be a CN*-curve pair and o* be a slant helix.
Then, a is a slant helix if and only if

(19) 3—0 = c(mcosf —sinf) 3,
s
where ¢ and m are constants.

Proof. Let o* be a slant helix. Then, from Theorem 3.5, we have

(20) ? = c(cosfy —sinfp).
s

From (20) we get
v (df/ds)+ c3sinb
(21) B ¢ cos '

Now, let a be a slant helix, i.e., v/ = m = constant. Then, from (21) we
obtain

db
(22) e = c(mcosf — sinf) S.
s
Conversely, let (19) holds. From Theorem 3.5, we have
(23) df/ds = c(cos by — sin 03)

Writing (23) in (22), if follows that v/ = m = constant, i.e., « is a slant
helix.
Theorem 3.7. Let {o,a*} be a CN*-curve pair. Then, o is a heliz if and
only if

RB + Tsin#d
24 -
(24) RA — Tcosf
where A? + B2 = % 4+ 32,

= constant,

Proof. Let a* be a helix. Then, we have 7%/k* = constant. Considering
the system (11), we obtain

T* RB + 7sin0

- “RA+ 7cos0 = constant.
Then it is clear that a* is a helix if and only if (24) holds.
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Theorem 3.8. Let {a, a*} be a CN*-curve pair and o* be a helixz. Then,
« 1s a slant heliz if and only if

RM + gN
RN

where M =mncosf +sinf), N =nsinf — cosf and n is a non-zero constant.

(25)

= constant,

Proof. Since a* is a helix, for a non-zero constant n, we can write 7%/k* =
1/n = constant. From the system (11) (or from Theorem 3.7) we get
(26) v _ —R(ncosf +sind) + (—nsinf + cosd) 5
g R (nsinf — cosf) ’
Writing M = ncosf +sinf, N = nsinf — cosf in (26), it follows
7
(27) T _M_
B RN

Finally, from (27) and Remark 2.1, we have that « is a slant helix if and
only if the function in (27) is constant.

Theorem 3.9. Let {a,a*} be a CN*-curve pair and curvature centers of
the curves at arbitrary points o and o be m and m*, respectively. Then the
distance function dym+ is not constant and given by

(28) Ay = \/ P2 + (R + p*)?,

where p and p* are curvature radius of curves a and o, respectively.
Proof. Let the curvature centers of a and a* be

(29) m = a(s) + p(s)N(s),m* = a*(s) + p*(s)N*(s),

respectively. Since {a,a*} is a CN*-curve pair, we have C' = N*. Then
from Definition 3.1 and from (29), we can write

(30) m* =a+ (R+p")C,

and we obtain that dy,,« = |[m —m*|| = 1/p? + (R + p*)? is not constant.

Let now consider the Mannheim theorem given for Bertrand curves. The
theorem says that if @ and a* are Bertrand curves with curvature centers
m and m*, respectively, then the ratio,

la*ml]  [lorm]|

(31) em
laem || fjeern*|

is constant. If we compute this ratio for C N*-curve pairs, from (29) and
(30) we obtain the equalities

(32)  lla'mll = R*+p%, |lam| =p, lla*m*|| = p*, |lam®|| =R+ p".
Then, we have
lom fle*m*|| _ (R + p*)(R+ p¥)
o]~ [am*|| pp*

= constant.

So, the following theorem is obtained:

Theorem 3.10. Mannheim theorem is not valid for C N*-curve pairs.
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4. EXAMPLES

In this section, we give some examples for the results obtained in Section
3.

Example 1. (Heliz) Let oy be a heliz curve given by the parametrization

a(s) = <cos\2,sin\;§,\%> .

From Theorem 3.1, the distance function is obtained as R(s) = gs. Then,
the CN*-partner curve of of oy is obtained as

“(s) < s " s . s . s s s
ai(8) = | cos — + —=sIn —,sln — — — CoS —,
! V2 V2 V2T V2 V2 V2

and Figure 1 shows the graphs of partner curves.

)

Figure 1. C N*-partner curves a; (Blue) and of (Red).

Example 2. (Slant Heliz) Let the slant heliz oo be given by the parame-
trization

o) =~ (oos (3) + geos (). 3o (3) + goin (). vBeos (3)).

which is generated by a circle [5]. The distance function is obtained as
R(s) = 2sin (%s) Then, the CN*-partner curve o of ag is given by the
parametrization

1
as(s) = (gcos; <2COS2§— ) , —30 sin® g, — 30052) .

Figure 2 shows the graph of the partner curves.
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3
e

A7 16

Figure 2. CN*-partner curves oz (Blue) and o5 (Red).
Example 3. (Circle) Let a3 be a circle given by the parametrization
as3(s) = (coss,sin s, 0) .

Then, the distance function is obtained as R(s) = s and CN*-partner curve
of the circle is

a3(s) = (coss+ ssins, sins —scoss, 0).

Figure 3 shows the graphs of the partner curves.

Figure 3. CN*-partner curves asz (Blue) and o (Red).
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