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1. Introduction

In differential geometry, the theory of curves is one of the main study areas. The theory of curves
is generally studied with the well-known Frenet frame. Many geometric properties of differentiable
curves can be defined with the help of this frame. In addition, the determination of the characterization
of some special curves can be achieved by the curvatures of the Frenet frame. Among these special
curves, various types of helices, including general helices, circular helices, and slant helices, are the
curves that attract the most attention from researchers. A general helix (formerly called cylindrical
helix) is defined by the property that all tangent vectors along the curve make a constant angle with
a fixed direction. A necessary and sufficient condition for a curve to be a general helix is that the
ratio of torsion to curvature is a constant [1]. There are numerous uses for general helices in different
branches of science, such as biology, fractal geometry, computer-aided geometric design, engineering,
and architecture [2-5]. After a long time since the concept of general helix hs been introduced, a new
curve called slant helix has been defined with a similar idea. A slant helix is a curve whose principal

normal vectors make a constant angle with a fixed straight line, which is the axis of the slant helix [6].
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constant, where x and 7 are curvature and torsion functions of the curve, respectively [6].

A necessary and sufficient condition for a curve to be a slant helix is that the ratio

According to the fundamental theorem for curves, given two continuous functions of one parameter,
a space curve can be determined uniquely up to rigid motion for which the two functions are its
curvature and torsion [7]. The problem of determining the position vector of this curve is known as
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solving natural or intrinsic equations [1]. Although the problem has a solution for an arbitrary curve
in Galilean space, it remains an open problem for Euclidean and Minkowski spaces [8,9]. For the
problem of determining the position vector of a general helix, a method depending on solving a vector
differential equations constructed with the help of the Frenet frame has been proposed in [10]. Using
this method, the parametric representation of the position vector of a general helix with the known
curvature and torsion functions has been found. Then, a similar method has been used to determine
a slant helix’s position vector in [11]. After that, similar techniques have been applied for determining
position vectors of some special curves with the help of various moving frames, such as the Frenet
frame, the type-2 Bishop frame, the Darboux frame, and the alternative moving frame, in various
spaces, Euclidean space, Minkowski space, and Galilean space [9,12-19].

In this paper, we propose an alternative method to the existing methods in the literature to determine
the position vector of a slant helix. We first rewrite the derivative formulae of the alternative moving
frame to obtain a simpler differential equation. Then, we construct a vector differential equation in
terms of the principal normal vector with the help of the new derivative formulae of the alternative
moving frame. By solving this vector differential equation, we find the principal normal vector of
the slant helix and thus determine the position vector of the curve. Finally, applying the proposed
method, we obtain parametric representations of some examples of slant helices for chosen curvature
and torsion functions.

2. Preliminaries

Let o = a(s) be a unit speed Frenet curve in E2, that is, (o/(s),a/(s)) = 1 and a”(s) # 0. The Frenet
frame along the curve a consists of three mutually orthonormal vectors defined by
1

T(s)=d'(s), N(s)= WT,(S), and B(s) = T(s) x N(s) (1)

where T'(s), N(s), and B(s) are called tangent vector, principal normal vector, and binormal vector,
respectively. The derivative formulae of the Frenet frame also known as Frenet formulae can be
provided as follows:

T'(s) 0 k(s) 0 T(s)
N'(s) | =| =k(s) 0 7(s) | | N(s) (2)
B'(s) 0 —7(s) 0 B(s)

where x and 7 are called curvature and torsion functions of the curve «, respectively. These functions,

also called Frenet curvatures, are defined by
K(s)=[T'(s)| and 7(s) = —(B'(s),N(s))

In Euclidean 3-space, apart from the Frenet frame, many moving frames has been defined to study
the differential geometric properties of curves. One of them is the alternative moving frame. The
alternative moving frame consists of three mutually orthonormal vectors. These vectors are the unit
principal normal vector N (s), also included in the Frenet frame, the unit vector C(s) defined by
C(s) = H%jﬁ’ and the unit vector W (s) defined by W (s) = N(s) x C(s), also normalized instanta-
neous rotation vector of the Frenet frame [20,21]. The derivative formulae of the alternative moving
frame are as follows [20]:

N'(s)

C'(s) | =| —fls) 0  g(s) C(s) 3)
W'(s) 0 —g(s) O W (s)
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where the functions

f=Vr24r? (4)

I{,2 \'
) ®

are called the first and the second alternative curvatures of the curve «, respectively. From Equalities

and

4 and 5, we have the followings [22]:

w(s) = f(s)cos [ gts)as) (6)
and

#(s) = f(s)sin ( / g(s)ds) (7)

The alternative curvatures play a major role in the characterizations of curves. The following theorem
supports this idea.

Theorem 2.1. [20] Let a be a curve in E? with alternative curvatures f and g. The curve a is a
slant helix if and only if the function

(8)

S
f

is a constant.
3. Determination of the Position Vector of a Slant Helix

In this section, the problem of determining a slant helix’s position vector is solved using a method
based on the alternative moving frame. To achieve this, we first rewrite the derivative formulae of the
alternative moving frame with a new parameter. Then, we construct a vector differential equation in
terms of the principal normal vector by using these new formulae. By solving this vector differential
equation, we obtain the position vector of the slant helix in parametric form. Before constructing
the vector differential equation, it will be more useful to use new derivative formulae obtained by the
parameter transformation § = [ f(s)ds instead of the derivative formulae given in Equality 3 where
f(s) is the first alternative curvature. According to this new parameter 6, the derivative formulae of
the alternative moving frame become the following form [19]:

N'(0) 0o 1 0 N(9)
co) =] -1 o 0| co (9)
W' (60) 0 —o() 0 W (6)

such that o(0) = %.

Theorem 3.1. Let @ = «a(s) be a unit speed slant helix and o = «(f) be another parametric
representation of this curve where § = [ f(s)ds. The principal normal vector N (6) satisfies the
following vector differential equation

N"®)+ (1 +c*)N'() =0 (10)

PROOF.
From the second equation of Equality 9, the vector W (6) can be written as

1

W(0) = o5 (C'16) + N(©) (11)
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Differentiating the first equation of Equality 9,

N"(0) = C'(0) (12)
Substituting Equality 12 into Equality 11,
1
= —— (N" N 1
W(0) = oo (N'(0) + N(0)) (13)
By differentiating Equality 13 and by using the first and third equations of Equality 9,
1 /
(0(9) (N"(0) + N(e))) +o(O)N'(6) = 0 (14)

According to Theorem 2.1, o(0) is a constant. Thus, Equality 14 becomes Equality 10 which completes
the proof. [

Equality 10 is a third-order vector differential equation with constant coefficients. The principal
normal vector IN can be found by solving this equation. The following theorem provides a solution
for the problem of determining the position vector of a slant helix given the curvature and torsion

functions.

Theorem 3.2. Let x(s) > 0 and 7(s) be two differentiable functions on an interval /. On this
interval, the position vector a(s) = (a1(s), aa(s),as(s)) of a slant helix for which s, k(s) and 7(s)
become the arc-length, the curvature and the torsion, respectively, can be determined up to rigid
motions in Euclidean 3-space as follows:

ai(s) = ﬁ/ (/f(s) cos (J/f(s)ds> cos (m/f(s)ds) ds) ds
as(s) = \/lfr?/ (/f(s) cos (cr/f(s)ds) sin (W/f(s)ds) ds) ds (15)

as(s) = \/1::?/</f(s) cos (a/f(s)ds>ds> ds

where o = % and f and g are the alternative curvatures defined in Equalities 4 and 5, respectively.

PROOF.
Let a = a(s) be a unit speed slant helix in E? and a = a(f) be another parametrization of the
same where 0 = [ f(s)ds. We can write the principal normal vector IN(6) of the curve () with the
standard basis of E3 as N () = Ny(6)e; + N2(0)ea + N3(6)esz. We can choose the axis of the slant
helix to be parallel to es without losing generality. Note that selections of different axes will produce
the same slant helix up to rigid motion in Euclidean 3-space. Since the vector IN(f) makes a constant
angle with the axis, then

(N(6), e5) = Ny(6) = n (16)

where n is a constant real number. It is clear that N3(0) = n satisfies Equality 10. Additionally, since
N(#) is a unit vector,
NE) + N2(0)=1—n? (17)

From the general solution of Equality 17, the components N1 and Ny can be written as
Ni(0) = V1 —mn2cos(t(f)) and Ny(f) =1 — n2sin(t(6))

where ¢ is a function of §. The components N1 and Na should satisfy Equality 10. Substituting Ny (6)
and N3 (6) into Equality 10, we obtain the following equalities:

(3t't") cost + (—(t’)3 + "+ (1+ (0)2)75’) sint =0 (18)
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(3¢t} sint — (= (¢')° +2" + (1 + (0)2)t') cost = 0 (19)

From Equalities 18 and 19, we have the following equalities:

3t =0 (20)
= () + 1+t =0 (21)

From Equality 20,
t(0) =10+ c2 (22)

where ¢; and ¢ are constants. If we change the parameter ¢ — t + co, then
t(0) = 10 (23)
Substituting Equality 23 into Equality 21,
(=i’ +1+0%) =0 (24)

Solving Equality 24,

¢ =+V1+0? (25)
Substituting Equality 25 into Equality 23, the function ¢(6) can be obtained as
t=+vV1+020
Therefore, the vector N (6) can be found as follows:
N(0) = (V1 =1 cos (V1 +0%0), V1~ n?sin (V1+0%) ,n) (26)

Moreover, the constant n in Equality 26 can be written in terms of ¢. Differentiating Equality 16 and

using the first equation of Equality 9,

(C(0),e3) =0 (27)
Differentiating Equality 27 and using the second equation of Equality 9,
n
wi(e =—
(W(0), es) =
Since the axis of the slant helix is a unit vector,
n=d—— (28)

V1+ 02

Substituting Equality 28 into Equality 26, the principal normal vector N (6) of the slant helix can be

written in terms of the parameter 6 as

N(§) = \/117 (cos (\/ 1+ 029) , £sin <\/ 1+ 029) ,ia)

or in terms of the arc-length parameter s as

N(s) = \/dﬁ <cos <m/f(s)ds),isin (\/m/f(s)d,s) ,:I:U) (29)

Moreover, from Equalities 1 and 2, the curve o can be written as

a(s) = / (/ R(S)N(s)ds)ds

By using Equality 4 and the parameter transformation 6 = [ f(s)ds,

o(0) = / f(10) ( / cos (ae)N(e)de)de
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If the curve « is written again in terms of the arc length parameter s,

ofs) = / ( / £(s) cos <a / f(s)ds)N(s)ds) ds (30)

By choosing the positive sign in Equality 29 and substituting it into Equality 30, the position vector
a(s) = (a1(s), az(s), as(s)) of the slant helix can be found as

ay(s) = ﬁ/ (/f(s) cos (o/f(s)ds) cos (m/f(s)ds) ds) ds
as(s) = ﬁ/ (/f(s) cos (U/f(S)dS) sin (W/f(s)ds) ds) ds (31)

as(s) = \/#/(/f(s) cos (J/f(s)ds)ds> ds

Given the curvature and torsion functions, the functions f, g, and ¢ can be determined using Equalities

4 and 5 and Theorem 2.1. Substituting f and o into Equality 31, the position vector of the slant helix
can be obtained. [

4. Illustrative Examples

In this section, we obtain parametric representations of some examples of slant helices for chosen some

special curvature and torsion functions.

Example 4.1. If k = cos(s) and 7 = sin(s), then f =1, g = 1, and 0 = 1 from Equalities 4, 5, and
8. From Equality 15, the position vector a(s) of the slant helix can be found as

a(s) = (—%ﬂ cos(v/2s) cos(s) — 2sin(v/2s) sin(s), —%ﬂ sin(v/2s) cos(s) + 2 cos(v/2s) sin(s), —@ cos(s))

Figure 1. Slant helix with x = cos(s) and 7 = sin(s)

1 _ s
(145237 and 7 = (14s2)372

and ¢ = 1. Using Equality 15, the

Example 4.2. Let curvature and torsion functions be given as k =

respectively. From Equalities 4, 5, and 8, f = H%’ g = H%’
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position vector of the slant helix can be obtained in the parametric representation as

af (f\/1+82008< 2 arctan(s ) \/1+s2sm< 2 arctan(s ) \[\/1—1— )

?

= © =
rirr[r[]]]rll!!

rll!i

0,80

5
ERRATEY

-0.45

08

. . . _ 1 _
Figure 2. Slant helix with k = a7 and 7 = 7(1+ e
Example 4.3. Let curvature and torsion functions be given as k = % and 7 = Sir;(\}/;), res-

pectively. The functions f, g, and o can be found as f = 2%/5, g = 2%/5, and o = 1, respectively.
Using Equality 15, the position vector a(s) of the slant helix can be expressed in the parametric

representation as

als) = <—§ cos (\/273> sin (1/s) + sin <\ﬁ) cos(v/s),— V2 gin <\/273> sin (1/s) — cos (f) cos (\f) ¥2 sin (f))

||T||||c|:||||T||||T||||T|||1iu

-50
-10

30

Figure 3. Slant helix with x =
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5. Conclusion

In this paper, we give a method for the determination of the position vector of a slant helix. This
method basically includes two important steps. The first step is constructing a vector differential
equation in terms of the principal normal vector of the curve with the help of the alternative moving
frame. The second step is determining the position vector of the slant helix by solving the equation in
the first step. Thanks to this method, the problem of determining the position vector of a curve given
the curvature and torsion functions is solved for a slant helix case. As an application of the method,
some examples of slant helices in parametric form are obtained for given special curvature and torsion
functions. It is thought that the obtained examples of slant helices will contribute to the variety of
examples of slant helices in the literature.

The problem of determining the position vector of a slant helix, solved in this paper, is also discussed in
[11] and [19]. In [11], a method based on solving a vector differential equation in terms of the principal
normal vector constructed with the help of Frenet formulae is presented. Since the characterization of
a slant helix cannot be used directly in this vector differential equation, this method for determining
the position vector of a slant helix involves much more complicated mathematical operations than the
method in the present paper. In [19], the authors give a method based on the alternative moving frame
to solve the same problem. Unlike the method in the present paper, the vector differential equation
is constructed in terms of the vector C' of the alternative moving frame in the method given in [19].
Moreover, this method has been developed to determine a slant helix’s position vector in Minkowski
3-space, not Euclidean 3-space. The necessity of finding all the vectors of the alternative moving frame
to determine the position vector of the slant helix is an important disadvantage of this method. In
light of all these comparisons, it is hoped that the method in the present paper will be an important
alternative to the methods in the literature for the problem of determining the position vector of a

slant helix.
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