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Frenet vectors and alternative moving frame vectors of the curve are used to offer various
characterizations. Besides, ruled surfaces are constructed with the curve and its adjoint
curve, and their properties are examined. In the last section, there are examples of the
curves and surfaces defined in the previous sections.

1. Introduction

In differential geometry, the theory of curves in the 3-dimensional Euclidean space E? is one of the leading fields of study. In
terms of curves, the most interesting curves in recent years are helices and slant helices[1, 2]. However, curves associated
with a given curve are also widely studied. Among these curves, the most studied are Bertrand curve pairs, Mannheim curve
pairs and involute-evolute curve pairs [3, 4]. In addition to the aforementioned pairs of curves, there are associated curves that
have gained a lot of popularity. We can list some of them as the principal normal-direction curve, binormal-direction curve,
principal-donor curve and binormal-donor curve, which were defined by Choi and Kim in 2012 with the help of integral curves
[5]. With the adjoint curves discussed in 2019, a new definition of binormal-direction curves has been introduced. Also in this
study, characterizations of adjoint curves and ruled and tube surfaces associated with adjoint curves were studied [6]. The
W -direction curves in Macit and Diildiil’s paper are another reference for integral curves. Here, the relationships between a
curve and the integral curve of the vector W of this curve are given. The relationships between the curvatures of the associated
curves are explained and the characterizations of the curves are studied [7].

The curves are generally characterized by a moving Frenet frame. However, it may not be possible to obtain characterizations
by using this frame or it is difficult to characterize them in some cases. For this reason, it will be useful to examine the curves
with the help of another moving frame. In 2016, Yayl et al. defined an alternative moving frame on the curve in their study
[8]. The ruled surfaces introduced by Monge is one of the most frequently studied topics in differential geometry. The ruled
surfaces have application areas especially in kinematics, computer-aided geometric design, architecture and many other fields.
Any ruled surface occurs as a result of the continuous movement of a line along a curve. The ruled surfaces have been studied
in differential geometry in different spaces, different dimensions and different frames [9]-[14].

In this study, a new definition is given to the W-direction curve of a curve in an alternative moving frame. This curve, which is
direction curve considered with an alternative moving frame, is defined and characterized as W —adjoint curve in E 3. The
significant relationships are founded between alternative moving frame apparatus and Frenet frame apparatus of curve pairs
occuring. Then, the ruled surfaces associated with these direction curves are studied. The ruled surfaces obtained by different
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variations of the associated curves of the base curve and the direction curve are given. Moreover, Maple software is applied to
model the data in this paper.

2. Preliminaries

In this section, let’s remember the basic concepts in differential geometry:

A curve o is defined by coordinate neighborhood (7, ¢t) in E", where I C R is an open interval and & : [ — E" (t — ot (¢)) is
differentiable function. A curve whose velocity vector at each point is nonzero is called a regular curve. That is, &' (s) # 0 for
Vsel.

Let’s the curve o be given with neighborhood (I, @). If ||@’ (s)|| = 1, for Vs € . « is called a unit speed curve according to
(I, ). In this case, the parameter s € I of the curve is called the arc length parameter.

The orthonormal basis vectors 7, N, B, also known as the Frenet frame or TNB frame, correspond to each point of a unit
speed curve in three-dimensional Euclidean space. Here, T = o is the unit tangent vector field, N = ﬁ is the principal

normal vector field, and B = T x N is the binormal vector field. Furthermore, the Frenet formulas T (s) = k(s)N(s),
N'(s) = —k(s)T(s) +7(5)B(s), and B (s) = —7(s)N(s), where k(s) > 0 and 7(s) are curvature and torsion at the point &(s),
respectively. In terms of the Frenet-Serret apparatus, the Darboux vector w can be expressed as w = 7T + kB. Here, we can
write

K = |[lwl[cos¢,7 = [[w] sin¢,

where ¢ is the angle between B and w. If the unit vector in the direction wis W, W = mT + mB, where |[w|| =vVKk2+12>0

[15].

In Euclidean 3-space, the alternative moving frame along the curve ¢ is given by {N,C,N x C = W }. Here, the unit principal
/

normal vector, the derivative of the principal normal vector, and the Darboux vector, respectively, are N, C = m and

W= %. The following equations produce the derivative vectors of these vectors:
K241

/

C (s) = —f(s)N(s) +g(s)W(s),
W' (s) = —g(s)C(s),
where
r=rfi+(5)
and

T /
= (E)

are the first and second curvature of the curve ¢ (s) with respect to alternative moving frame, respectively [8].
A curve is called a general helix or cylindrical helix if its tangent makes a constant angle with a fixed line in space. A curve is
a general helix if and only if the ratio of curvature to torsion is constant [15].

Definition 2.1. Let « be a unit speed curve in E3 with non-zero torsion and the Frenet frame of & be {Ty,Ny,Bo}. The
adjoint curve of o is defined as [6]

B (s) = /S:Ba (s)ds.

Theorem 2.2. If a is a curve with arc length parameter s, then the arc length parameter of adjoint curve of & is also s [6].

Theorem 2.3. Let o be a curve with arc length s and B be the adjoint curve of . If the Frenet vectors of o and B are
{T4,No,Bo} and {Tﬁ,Nﬁ,BB } the curvature and torsion are Ky, T and Kp, Tp respectively, then the following relations
hold [6]:

Tg = Bq
Ng = —Nq
Bg =Ty
and
KB = Ta

’L'ﬁ = Kg-
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Corollary 2.4. If a is a general helix parametrized by arc length parameter s, then the adjoint curve B of o is a general helix.

Definition 2.5. Let o be a Frenet curve in E* and W be the unit Darboux vector field of ot. We call an integral curve of W (s)
the W-direction curve of @. Namely, if B (s) is the W-direction curve of o, then

W(s) =B'(s),

where W = \}% [7].

Theorem 2.6. Let o be a Frenet curve in E3 with the curvature k and the torsion T, and B be W-direction curve of o. If o is
not a general helix, then the curvature Kg and the torsion tg of B are given by [7]

| — 7k
R B

73 =V K2+ 12

Theorem 2.7. Let B be the W-direction curve of a nonplanar curve o. Then  is a general helix if and only if B is a straight
line [7].

Definition 2.8. A ruled surface in E* may therefore be represented in the form
@ (o,d): IxE—E> (s,v) = @(a,d)(s,v) = a(s) +vd (s)

such that o : 1 — E3,d : I — E3\ {0} are differentiable transformations. Here, o is called base curve and d is called the
director curve [16].

The distribution parameter of a ruled surface parameterized by
o(s,v) =a(s)+vX(s),
where « is the base curve and X is the director curve, is the function Dy defined by
_ det(a’,X,X’)
ST
A developable ruled surface is characterized by Dy = 0 [15].

Definition 2.9. Let o(s) be a curve with arc length in E* and {N,C,W?} be the alternative moving frame of . The C—ruled
surface can be given by the following parameterization as [17]

@ (s,v) = a(s)+vC(s),
and the W —ruled surface can be given by the following parameterization as [18]
o (s,v) =0 (s)+vW (s).

3. W—adjoint curve

Let o be a unit speed curve in E3 with non-zero torsion and the alternative moving frame of o be {Ny,Cq,Wy}. The
W —adjoint curve of & can be write as

B(s):/s:Wa(s)dx G.1)

_ Ngls) _ %a($)Tu(s)+%a(s)Ba(s) -
where Cq (s) = Vol Wea(s) = N We know that {Ty, Ny, By } is Frenet frame of & and k, T are curvature

and torsion of ¢, respectively. The derivative vectors of {Ng,Cq, Wy } can also be given as:

Niy(s) = fa(s)Col (s)

Cy (5) = —fa(s)Na(s) + 8a(s)Wu(s),

!

We(s) = —8a(s)Ca (s) (3.2)

where

ga(s) = Ka(s)” (;"‘(s)) . (3.3)
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Theorem 3.1. If o is a curve with arc length parameter s, then the arc length parameter of W —adjoint curve of o is also s.

Proof. By differentiating both sides of (3.1), we have

d
B(s) = Wals).

Here, if we take the norm of both sides and we use ||Wy(s)|| = 1, we obtain ||’ (s)|| = 1. This means that 8 is a unit speed
curve and

Tg(s) = Wu(s), (3.4)
where 7 (s) is unit tangent vector of 3. O

Theorem 3.2. Let o be a curve with arc length s and B be the W —adjoint curve of o. If the alternative moving frame
vectors of o and 3 are {Ny,Cq, Wy } and {NB,Cﬁ ,Wg } curvatures according to the alternative moving frame of o and 3 are
{fo,8a} and { I8 gﬁ} respectively, then the following relations hold:

Ng = —Cq, (3.5
W, N,
WB:fa ajgoc 20:’ (3.6)
vV Ja® + 8a
and
No — gaW,
Cﬁ _ Ja a2 Sa 205. (3.7)
vV Joa®+ &a
Proof. If we take derivative both sides of (3.4) and divide by their norms, we get
Wl
Ny(s) = o)
[We(s)]]
Considering (3.2), we have (3.5). We know that we can write
7313 + kg B
Wy = LB PP (3.8)

Now let’s write Wg in terms of alternative moving frame apparatus of @. In that case from (3.4), (3.5) and the equation
Bﬁ = Tﬁ XNﬁ, we obtain Bﬁ =Wy X (—Ca) and

Bg =Nq. (3.9)
If we take derivative both sides of (3.4) and we use (3.2), we obtain Tl; = —goCq. In last equation, if we take the norm of both
sides, we get HTI; H = g¢. This means that

Kg = 8a- (3.10)

If we take derivative both sides of (3.9) and we use Frenet and alternative moving frame formulae, we have
—13Ng = faCa-
From (3.5), we get
78 = fa- (3.11)

Hence, if we use (3.4), (3.9), (3.10) and (3.11) in (3.8), we obtain (3.6).
On the other hand, it is known that

_ 7KBT3 +TﬁBﬁ'

If we use (3.4), (3.9), (3.10) and (3.11) in (3.12), we get (3.7). O]

Cs (3.12)
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Theorem 3.3. The relationships between alternative moving frame curvatures { fo, 80 } and { /s> gﬁ} with respect to o and B
are

fg =V fa*+8d> (3.13)

and
2 I
g = 8 (fa) . (3.14)
(80)* + (fa)* \8a
Proof. The relationships between the curvatures with respect to Frenet frame and alternative moving frame of the unit speed
curve f are
— [x2 472
= Kg + 75, (3.15)
K2 T, '
8p = ! ( Ki ) ‘ (3.16)
(K[; )2 + (Tﬁ )2 B
If we use (3.10), (3.11) in the equations (3.15) and (3.16), we easily get (3.13) and (3.14). O]

Theorem 3.4. Let o be a nonplanar curve with arc length s in E3. a is a helix if and only if go = 0, where gq is second
curvature with respect to alternative moving frame of Q.

Proof. Ttis known that if « is helix, %‘; = ¢ (¢ = constant). Here, if we take derivative of both sides we have

o\
<°‘> —0.
Ko

Considering (3.3), we write go = 0.

2 !/
Conversely, if g, = 0, from (3.3) we get % (fc—"‘) = 0. Since « is a nonplanar curve, k¥ # 0 and 7 # 0. Then we
Ka Ty a
can say ,T(—Z = ¢ (¢ = constant). Thus, ¢ is a helix. O

Theorem 3.5. Let & be a curve with arc length s in E* and B be W-adjoint curve of o. B is helix if and only if the ratio g—z is
constant.

Proof. 1f B is helix, Z—’; = ¢. From (3.10) ve (3.11), we obtain

f—a =c. (3.17)
Sa
Conversely, given by (3.17). From (3.10) and (3.11), we have E—i = ¢. Hence, B is a helix. This completes the proof. O

4. Ruled surfaces associated with W —adjoint curve

4.1. Ruled surface with base curve ¢ and director curve 3

We examine ruled surface created by a curve and W —adjoint curve of this curve under this heading. Let o be a curve with arc
length s and B be W —adjoint curve of a. The ruled surface with the base curve @ and the director curve 3 can be defined by

9 (s,v) = a(s) +vB (s). (4.1)

Theorem 4.1. Let o be a curve with arc length s and B be W —adjoint curve of a. Given by {Tﬁ,Nﬁ,Bﬁ} is the Frenet frame
of B and {Ny,Cqy, W} is alternative moving frame of . Distribution parameter of the ruled surface given by (4.1) is

Dy = ——“— (B.B), (4.2)

where [ is position vector of the curve B.
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Proof. If we calculate distribution parameter of the ruled surface given by (4.1), we have

det (%, ,’2—’3)
Dy = —dﬁ 3 .
|

From (3.4), we get
_ det(Ty, B, Wq)

¢ 2
175
Taly + Ko B
Dy = det T, B, Telat Kaba
VKG+ T3
Dy = ——%det(Ty, B, Te) + —— 2 det (To. B, Ba)
¢ \/m oM ta \/m o, MHsPo
Since det(Ty f,Tq) = 0, we can write
Ka
Dy = ——"— det(To, B, Ba)

Using determinant and mixed product properties, we have
Ko

If we substitute the equation (3.9) in (4.3), we have (4.2). O]

Dy = (B.Va). 43)

Corollary 4.2. The ruled surface given by (4.1) is developable if and only if the position vector B and the binormal vector of
B are orthogonal. In this case Dy = 0.

Proof. The ruled surface is developable if and only if Dy = 0. Then, let us consider the equation (4.2). Since Ky # 0,
(B,Bg) = 0. Then, surface given by (4.1) is developable. O

4.2. Ruled surface with base curve 3 and director curve o

Let o be a curve with arc length s and § be W —adjoint curve of a. The ruled surface with the base curve 3 and the director
curve o can be defined by

v (s,v) =B (s) +vals). (4.4)

Theorem 4.3. Let o be a curve with arc length s and 3 be W —adjoint curve of a. Given by {Tﬁ ,Ng ,BB} is the Frenet frame
of B and {Ny,Cy, Wy } is alternative moving frame of a. Distribution parameter of the ruled surface given by (4.4) is

Ka

DW: — <a,Na>,

where Q is position vector of the curve «.

Corollary 4.4. The ruled surface given by (4.4) is developable if and only if the position vector & and the normal vector of o
are orthogonal.

5. Applications

Example 5.1. Let us consider the curve o(s) with arc length s in E* given by

1 1 1 1 2V2
=(—— 4s) — = 2s), — sin(4 —sin(2s), ———
ofs)=( B cos(4s) 3cos( s), B sin(4s) + 3)sm( s), 3 cos(s))
(see Figure 5.1 and Figure 5.3). W —adjoint curve of o is
1 1 22
B(s) = (—§ sin(3s), §cos(3s), —T\Fs)

(see Figure 5.2 and Figure 5.3).
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0.3 0.2 1

Figure 5.1: The curve a(s)

N7 an

Figure 5.2: W —Adjoint curve of o(s)

Figure 5.3: The curves a(s) and (s)
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Example 5.2. Let’s exemplify the ruled surfaces associated with the o« and W —adjoint curve of o that we took in Example
5.1. First, let’s write the ruled surface with base curve is o and director curve is W —adjoint curve of o

1 1 1 1 2V2 1 1 2v2
= (———=cos(4s) — = 2s), — sin(4 —sin(2s), ——— ——si — e —
O (s5,v) = ( B cos(4s) 3 cos(2s), B sin(4s) + 3 sin(2s), 3 cos(s)) + v( 5 sin(3s), 5 cos(3s), 3 s)
(see Figure 5.4). On the other hand, the ruled surface with the base curve W and the director curve Q. is
1 1 2v2 1 1 1 1 2v2
o (s,v) = (—5 sin(3s), 5 cos(3s), —;ls) + v(—ﬁ cos(4s) — 3 cos(2s), - sin(4s) + 3 sin(2s), —T\[ cos(s))

(see Figure 5.5).

Figure 5.5: ¢ (s,v) = B (s) +va(s)

6. Conclusion

In this study, the curve 3 is defined as the W-adjoint curve of the curve o with respect to alternative moving frame. The
relationships are established between the alternative moving frame vectors of the curves o and . In addition, connections
between the curvatures defined in the alternative moving frame are constructed. The results relating to the helix curve are
collected at this point. The ruled surfaces created with the curves o and 3 are obtained.It is found under which conditions the
acquired ruled surfaces may be developable. In the last section, it is reinforced with examples.
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