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POSITION VECTOR OF A DEVELOPABLE ¢-SLANT
RULED SURFACE

ONUR KAYAT AND MEHMET ONDER

ABSTRACT. In this paper, we study the position vector of a devel-
opable g-slant ruled surface in the Euclidean 3-space E® in means
of the Frenet frame of a g-slant ruled surface. First, we determinate
the natural representations for the striction curve and ruling of a
g-slant ruled surface. Then we obtain general parameterization of
a developable g-slant ruled surface with respect to the conical cur-
vature of the surface. Finally, we introduce some examples for the
obtained result.

1. Introduction

One of the most important and fascinating subject of differential ge-
ometry is special curves or special surfaces. Generally, special curves
are such curves whose curvatures satisfy some special conditions. The
well-known of special curves is general helix in the Euclidean 3-space E3.
A general helix is a regular curve whose tangent line makes a constant
angle with a fixed straight line called the axis of the general helix. There-
fore, a general helix can be equivalently defined as one whose tangent
indicatrix is a circle or an arc of a circle on the unit sphere. Moreover,
a general helix is characterized by the property that the function /7
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is constant where k and 7 are curvature and torsion of the curve, re-
spectively [6]. Of course, there exist some other special curves in the
space. Recently, Izumiya and Takeuchi have introduced another special
curve by a similar way of the definition of a helix. They have defined
this new curve as slant helix which is a curve whose principal normal
lines make a constant angle with a fixed direction and they have given
a characterization of slant helix in the Euclidean 3-space E® [8]. Since
the definitions of helix and slant helix are similar, we conclude that the
principal normal indicatrix of a slant helix is a circle or an arc of a circle
on the unit sphere. Slant helices have been studied by some mathemati-
cians and new types of these curves have been introduced. Kula and
Yayli have studied the tangent indicatrix and the binormal indicatrix of
a slant helix and obtained that the spherical images of a slant helix are
helices lying on unit sphere [13]. Later, Kula and et al have introduced
some new results characterizing slant helices in £3 [14]. Moreover, Onder
and et al have defined a new type of slant helix called Bs-slant helix in
Euclidean 4-space E* and given the characterizations of this curve [18].

In the case of surfaces, ruled surface is a type of special surfaces
which is generated by a continuous movement of a line along a curve.
Onder has generalized the theory of general helix and slant helix to ruled
surfaces and called slant ruled surfaces in E® [16]. He has defined the
slant ruled surfaces by the property that the vectors of the Frenet frame
of a ruled surface make constant angles with fixed directions and he has
given characterizations for a ruled surface to be a slant ruled surface.
Also, he has obtained that the striction curves of developable slant ruled
surfaces are helices or slant helices. Later, Onder and Kaya have defined
Darboux slant ruled surfaces in E3 such as the Darboux vector of the
ruled surface makes a constant angle with a fixed direction and they
have given characterizations for a ruled surface to be a Darboux slant
ruled surface [15].

Another different problem of the differential geometry is to determine
a curve or a surface. The determination of parametric representation of
the position vector of an arbitrary space curve or an arbitrary surface is
still an open problem in the Euclidean space E? and in the Minkowski
space E3. It is not easy to solve this problem in general case. However,
this problem has been solved in some special cases only for curves such
as the curve lies on a special plane, or as the curve is a helix i.e., both the
curvature k and the torsion 7 of the curve are non-vanishing constants or
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the curve is a general helix, i.e., the function /7 is constant [1-5,7,9,10].
Of course, the determination of a parametric representation of a surface
is more complicated and difficult since the surface has two parameters.
Moreover, similar to the curves, this determination can be given only
in some special cases. Kaya and Onder investigated the determination
problem for h-slant ruled surfaces which are defined in [16] and gave
parametric representations for developable h-slant ruled surfaces [12].

The aim of this paper is to determine the parametric representation
of a g-slant ruled surface in the Euclidean 3-space E3. For this purpose,
first we give a brief summary of ruled surfaces and slant ruled surfaces in
Section 2. The Section 3 contains the determination of position vector
of a g-slant ruled surface in E3. In the last section, Section 4, some
examples for the obtained results are given.

2. Ruled Surfaces in the Euclidean 3-space

In this section, we give a brief summary of the geometry of ruled
surfaces and g¢-slant ruled surfaces in F3.

A ruled surface S is a special surface generated by a continuous mov-
ing of a line along a curve E(u) and has the parametrization

(1) 7w, v) = k(u) + vq(u)

where the curve k = /;(u) is called base curve or generating curve of the
surface and ¢ = q(u) is a unit direction vector of an oriented line in E®
whose various positions are called rulings. The distribution parameter
of S is the function d = d(u) which is defined by

k. 4.4
(2) d=—
(7, )
where k = 2—5, cf: g—z. If ’E,cj,c]’ = 0, then the normal vectors do not

change along a ruling, i.e., the tangent planes are identical at all points
of the same ruling. Such a ruling is called a torsal ruling. If ’E, cj,c]’ #0,

then the tangent planes of the surface S are distinct at all points of same
ruling. Such rulings are called non-torsal [11].
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DEFINITION 2.1. [11] A ruled surface whose all rulings are torsal
is called a developable ruled surface. The remaining ruled surfaces are
called skew ruled surfaces.

From (2), it is clear that a ruled surface is developable if and only if
at all its points the distribution parameter is zero.

Let m be unit normal vector of a ruled surface S given by the parametriza-
tion (1). Then we have

(3) . 7, X 7, (E—l— U(T) X q
m = =

|7 x 7| N e . 5o\ 2
<k+vcj,k+vcf> _ <k§>

If v infinitely decreases, then along a ruling v = w4, the unit normal m
approaches a limiting direction. This direction is called the asymptotic
normal (or central tangent) direction and from (3) defined by

L gx§
a= lim m(uy,v) = 7.
v—Fo0
|
The point at which the unit normal of S is perpendicular to @ is called
the striction point (or central point) C' and the set of striction points of
all rulings is called striction curve of the surface.
The vector h defined by h = @ x ¢ is called central normal vector.

Then the orthonormal system {C i q, fz, FL} is called Frenet frame of the

ruled surface S where C'is the central point and ¢, 71, a are the unit vec-
tors of ruling, the central normal vector and the central tangent vector,
respectively.

The set of all bound vectors ¢(u) at the origin O constitutes a cone
which is called directing cone of the ruled surface S. The end points of
unit vectors ¢(u) trace a spherical curve k1 on the unit sphere S% and
this curve is called spherical image of ruled surface S, whose arc length
is denoted by s;. A ruled surface and its directing cone have the same

Frenet frame {cf, i_i, 6} and the derivative formulae of this frame with

respect to the arc length s; are given as follows

dqj/dsl 0 1 0][q
(4) dhjds,| = |-1 0 &| |h
da/ds, 0 —x 0] |@
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where k(s1) = ||dd/dsq]|| is called the conical curvature of the directing
cone (For details [11]).

Let now chose the base curve as the striction curve. Then the parametriza-
tion of ruled surface S is given by

() (s,0) = c(s) +vqls), lqs)ll =1,

where s is the arc length parameter of striction curve. If S is a devel-
opable ruled surface then the tangent vectors of striction curve coincide
with the rulings, i.e., < = ¢ Then, for the tangent vector of the striction

ds
curve we have

dé ,
(6) e f(s1)q(s1)
where £ = g and f(s1) = j—; [11].

DEFINITION 2.2. [16] Let S be a ruled surface in E® given by the
parametrization

(s, v) = dls) +vqls),  [lqs)] =1,
where ¢(s) is striction curve of S and s is arc length parameter of ¢(s).

Let the Frenet frame of S be {cf, E, 6}. Then S is called a g-slant ruled

surface if the ruling makes a constant angle 6 with a fixed non-zero unit
direction % in the space E3, i.e.,

(7) (q, W) = cosf = constant; 0 # g

THEOREM 2.1. [17] Let S be a regular ruled surface in E* with Frenet
frame {cf, E, 6} and conical curvature Kk # 0. Then S is a g-slant ruled

surface if and only if the function k is constant.

3. Position Vectors of Developable g-Slant Ruled Surfaces

In this section, we give characterizations for the position vectors of
slant ruled surfaces. First, we give the following theorem:

THEOREM 3.1. Let S be a developable g-slant ruled surface, {cf, h,a

and k # 0 be the Frenet frame and the conical curvature of the surface
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S, respectively. Then, the position vector of the striction curve of S with
respect to the arc length parameter sy is given by:

cs1) = <KZ(81) + Z”E:ﬂ) q(s1) — 2'(51)};(81) + 2(s1)d(s1)
where

(8)
2(s1) = ¢ cos (\/msl) + ¢y sin (msl>

+7%%?[(/g%(¢r:z&)(/f@ﬂmgd&)gn@@:z%g

_ (/ sin <\/1+731> (/ f(Sl)dsl) d"’”l) €os <\/1+731)}

and ¢y, co are arbitrary constants, f(s1) = j_:l_

Proof. Since the Frenet frame {(j, fz, (i} is linearly independent, the
position vector of striction curve can be given by

(9) ds1) = 2(s1)@(51) + y(s1)h(s1) + 2(s1)d(s1)

where x(s1), y(s1) and z(s;) are differentiable functions of s;. Since S
is a developable ruled surface, from (6) we have

(10) 5(81) = f(51)q(s1)

where c(s;) = dcé/ds,. By differentiating (9) with respect to s; and
using equality (10), we obtain the following system,

;L‘I—y—f:0’
(11) x4y —zr =0,
yk + 2 = 0.

From the third equation of the system (11), we get

Z/

(12) y=-Z

By taking the derivative of (12) and substituting the obtained result in
the second equation of the system (11) it follows

(13) T =zKk+ (%/),
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If we write the equations (12) and (13) in the first equation of the system
(11), we obtain the following differential equation

» or (2)) s

Since S is a g-slant ruled surface, we have that x = constant. Therefore,
equation (14) becomes

(15) '+ (1+ k%) 2 =kf
and by integrating (3) we obtain
(16) 74 (1+K%) 2= /fdsl.

The general solution of (16) is

2(s1) = ¢ cos (\/msl) + ¢y 8in (m81>

+ ﬁ K / cos (VI+ 7)) ( / f(sl)dsl> dsl) sin (VI+ s, )

= ([ (Vi) ([ sas ) ds ) cos (Vi s,

On the other hand, if we substitute (12) and (13) in (9) we get

(A7) dls) = (msl) + Z"f”) Zs0) — 20500 & 2(s1)d(s1)

K

which is desired. H
From Theorem 3.1, we have the following corollaries:

COROLLARY 3.2. Let S be a developable g-slant ruled surface with
Frenet frame {(j, fz, EL} and conical curvature k # 0. Then the parametriza-
tion of the surface S is given by

(18) 7(s1,v) = (m(sl) + @ + v) q(s1) —

where z(s1) is defined by (8).

(1)

K

h(s1) + z(s1)d(s1)

COROLLARY 3.3. If z(s1) = constant, then the position vector of the
surface lies on the plane spanned by the vectors ¢ and a.
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Proof. From Theorem 3.1 we have

19)  aton) = (wston) + ) o) - S ) 4 s(o0yaton)

K
Let z(s1) be constant. Then, by taking z = m = constant, (19) becomes
c(s1) =m(kq(s1) + d(sy1)) .

Therefore, the parametrization of the surface becomes
7(s1,v) = (mk +v) g(s1) + ma(s1)
which means that the position vector of the surface S lies on the plane
spanned by the vectors ¢ and a. O
LEMMA 3.4. Let S be a regular ruled surface with Frenet frame
{(T, h, 6} and conical curvature function k # 0. Then, the ruling of
S satisfies the following third order differential equation:

(20) k(" — K7 +r(1+K°) 7 —KT=0.

Proof. From the Frenet formulae (4) we have ¢ = h. By differentiat-
ing the last equation and using the Frenet formulae we obtain

1) i (@40

By taking the derivative of (21) and using the Frenet formulae again we
get
k(" — K7 +k(1+K%) 7 —KT=0.
which is desired. ]
COROLLARY 3.5. Let S be a developable ruled surface with Frenet
frame {(j, fz, FL} and conical curvature k # 0. Then, the striction curve
of S satisfies the following fourth order differential equation:

(Fiog) = (o) e (725) - (505) o

Proof. From Lemma 3.4 we have that for a regular ruled surface

(22) (" — K7 +k(1+K%)7 —KT=0.

is satisfied. On the other hand, since S is a developable ruled surface
from (10) we have

(23) (s1) = f(s1)ql(s1)-
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By substituting (23) in (22) we obtain

() - () o (58) - () -
]

THEOREM 3.6. Let S be a developable g-slant ruled surface with
Frenet frame {(j, ﬁ, 6} and conical curvature k # 0. Then, the position
vector of the striction curve of S is given by:

ats0) = g ([ os (VT 1) s,

/sin (\/1 +/§231> f(sl)dsl,/{/f(sl)d&)
Proof. Since S is a developable g-slant ruled surface, from (6) and

Theorem 2.1 we haved (s1) = f(s1)q(s1) and k = constant, respectively.
Then, the equation (20) becomes

(25) 7"+ (1+r*) 7 =0.
The ruling can be given by:

(24)

(26) 7= q1€1 + q2€2 + q3€3

where €}, €, €3 are the base vectors of R?. Since S is a ¢-slant ruled sur-
face, the ruling makes a constant angle with a fixed direction. Without
loss of generality, we can take the fixed straight line as e3. Therefore,
we get

(27) g3 = (q, €3) = cosf = n = constant

where 6 is the constant angle between the unit vectors ¢, e;. By using
(27) and that ¢'is a unit vector, we obtain

(28) @G +q=1—n*=sin’0
The general solution of (28) is given by
(29) g1 = sinfcos (t(s1)), go = sinfsin ((s1))

where ¢ = t(s1) is an arbitrary function of s;. Then from (29) and (26)
we have

G =sinfcos (t(s1)) €; + sin@sin (t(s1)) € + cos fes.
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Since s; is the arc length parameter of the spherical curve El(sl) drawn
by ¢, from last equality we have that ¢’ sin € = 1, which gives us

1
t(s1) = g +c

in6

where c¢ is a real constant. Thanks to parameter change t — t + ¢, we
obtain

1
(30) t(s1) = AL

On the other hand the components of the vector ¢ satisfy (25). Therefore,
by considering (29) and (26) in (25), we get the following system,

[t — (")> + (1 + w2) '] sint + (3t"t') cost = 0,

— [t = ()’ + (1 + k) t'] cost + (3t"') sint = 0,

which can be reduced to
"t =0,
(31) " "3 2\ 4 __
" =)y +(1+r5)t=0.
Since ¢ is not constant, then the general solution of the first equation of
system (31) can be given by:
(32) f}(Sl) = d181 + dg

where d; and dy are arbitrary constants. Thanks to parameter change
t — t+ ds, (32) becomes

(33) t(s1) = dyis1.
If we substitute (33) in the second equation of the system (31), we obtain
(34) d1 = v1+l‘€2.

By using (33), (34) and (30) we obtain that sinf = —=—. Then the

parametrization of ruling ¢ is obtained as follows

q(s1) = \/ﬁ (cos (msl) ,sin <m51) ,/»;) .

Since S is developable, from (6) we have that

is1) = ﬁ (/ cos (VI+ 251 ) f(s1)dsy

/sin (\/msl) f(sl)dsl,m/f(sl)dsl)
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Theorem 3.6 gives us the following corollary:

COROLLARY 3.7. Let S be a developable g-slant ruled surface with
Frenet frame {(j, fz, EL} and conical curvature k # 0. Then, the parametriza-

tion of the surface S is given by
(35)

(s1,v) = \/117 (/ fogdsy —|—vg,/fhd51 + vh, (/ fdsy +v) H)
where g(s1) = cos (V1 + k2s1) and h(s1) = sin (V1 + k2s1).

Proof. Let S be a developable g-slant ruled surface. From Theorem
3.6 we have

q(s1) = 1;2 (cos (V1+k?s1),sin (VI + K2s1), k),
(36) (s1) = == ([ cos (V1 + K2s1) f(s1)ds1,
[ sin (\/1 + /{251) f(s1)dsq, /{ff(sl)dsl) )

Since the parameterization of the surface S is given by

1+k2

(37) 7(s1,0) = c(s1) + vq(s1)

by substituting (36) in (3) we obtain

(38)

7(s1,v) = ! [/ f(s1) cos (\/ 1+ /@251> dsy + v cos (\/1 + /1251) ,
V14 K2

/f(sl) sin (\/1 + /i251) ds; + vsin <\/1 + li281) ,
/{/f(sl)dsl +v/{] :
If we take g(s;1) = cos (V1 + k2s;) and h(s1) = sin (V1 + k%s1) in (38),

we get

7(s1,v) = \/ﬁ </ fgdsy —|—vg,/fhd51 + vh, </ fdsy +v) H)
U
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COROLLARY 3.8. Let S be a developable g-slant ruled surface with
Frenet frame {(j, 71, FL} and conical curvature k # 0. Then, the parametriza-

tion of the surface S according to the arc length s of striction curve is
given by:

. 1
T(S,U)—ﬁ </gds+vg,/hds+vh,(s+m+v)/§>

where m Is a constant.

Proof. Since f = %‘i, from (35) we have the desired equation imme-
diately. O

4. Examples

In this section we consider some special chosen of conical curvature
k and function f(s;) and obtain some examples of developable g-slant
ruled surfaces by considering equality (35).

ExAMPLE 4.1. Let consider the ruled surface S with conical curvature
x = /3 and function f = 2. The parametrization of developable g-slant
ruled surface S with axis €3 is obtained as follows

1 1 1 1
7(s1,v) = (5 sin (2s1) + ¢ + v cos (2s1), —5 Cos (2s1) + o+ v sin (2s1) ,

1
\/531 +c3+ §U\/§>

where c1, co, c3 are integration constants. The shape of surface S is given
in Fig. 1.

EXAMPLE 4.2. If we take x = 2v/2 and f = 3, the parametrization
of developable ¢-slant ruled surface S with axis €3 is obtained as follows

1 1 1 1
7(s1,v) = <§ sin (3s1) + dy + v cos (3s1), —3 cos (3s1) + da + 3Y sin (3s1) ,

2v2
2\/581 + d3 + T\/_U>

where di, ds, d3 are integration constants. Then the shape of obtained
surface is given in Fig. 2.
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ExXAMPLE 4.3. If we take the conical curvature x = 1 and function
f(s1) = s?. Then the parametrization of developable g-slant ruled sur-
face S with axis €3 is obtained as follows

1 1 1
7(s1,v) = <§s% sin (\/531) ~3 sin (\/551) + 5\/551 coS (\/551) +my
1
+ év\/ﬁ Cos (\/551) ,

1 1 1
— 53% cos (\/551> + 5 cos (\/551) + 5\/551 sin <\/§51>

1
+ mq + 51}\/5 sin (\/551) ,
1 3 1
6\/531 +ms + év\/é

where mq, mo, m3 are integration constants and the shape of surface is
given in Fig. 3.

EXAMPLE 4.4. Let now consider the ruled surface S with conical
curvature k = 2 and function f(s;) = e°'. The parametrization of
developable ¢-slant ruled surface S with axis €3 is obtained as follows

1 1 5
7(s1,v) = <%\/Sesl cos <\/581) + 6681 sin <\/gsl> +n, + %v cos (\/gsl> ,

1 1 5
— 6681 cos (\/531) + %\/5681 sin (\/551> + ng + %v sin <\/531> ,
2 2
g\/gesl + ns + g\/gv)

where nq,n9,n3 are integration constants and the shape of surface is
given in Fig. 4.
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FIGURE 1 FIGURE 2

FiGURE 3 FIiGURE 4
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