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Abstract: In this study, the spacelike parallel ruled surfaces with Darboux frame are
introduced in Minkowski 3-space. Then some characteristic properties of the spacelike par-
allel ruled surfaces with Darboux frame such as developability, the striction point and the

distribution parameter are obtained in Minkowski 3-space.
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§1. Introduction

In differential geometry, ruled surface is a special type of surface which can be defined by
choosing a curve and a line along that curve. The ruled surfaces are one of the easiest of
all surfaces to parametrize. That surface was found and investigated by Gaspard Monge who
established the partial differential equation that satisfies all ruled surface. V. Hlavaty [9] also
investigated ruled surfaces which are formed by one parameter set of lines.

A surface and another surface which have constant distance with the reference surface
along its surface normal have a relationship between their parametric representations. Such
surfaces are called parallel surface [8]. By this definition, it is convenient to carry the points of
a surface to the points of another surface. Since the curves are set of points, then the curves
lying fully on a reference surface can be carry to another surface.

Another one of the most important subjects of the differential geometry is the Darboux
frame which is a natural moving frame constructed on a surface. It is the version of the Frenet
frame as applied to surface geometry. A Darboux frame exists on a surface in a Euclidean or
non-Euclidean spaces. It is named after the French mathematician Jean Gaston Darboux, in
the four volume collection of studies published between 1887 and 1896. Since that time, there
have been many important repercussions of Darboux frame, having been examined for example
in [2], [3].
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The Minkowski space Ef is the Euclidean space E® provided with the Lorentzian inner
product

(u, v) = w1v1 + ugv2 — ugLs,

where

u = (ui,uz,uz), v=(v1,v2,v3) € E3.

We say that a vector u in E is spacelike, lightlike or timelike if
(u,u) >0, (u,uy=0or (u,u) <0,

respectively. The norm of the vector « € Ej is defined by

[ull = V/I(u, wl.

G.Y. Senturk and S. Yucel have taken into a consideration about the ruled surface with
Darboux frame in E3 ([4]).

By making use of the paper of Unluturk et al. [10], we describe our general approach to
compute the spacelike parallel ruled surfaces with Darboux frame, and give some theorems for

these kinds of surfaces.

82. Preliminaries

A ruled surface M in R3 is generated by a one-parameter family of straight lines which are
called the rulings. The equation of the ruled surface can be written as

©o(s,v) = a(s) + vX(s),

where () is curve which is called the base curve of the ruled surface and (X) is called the unit
direction vector of the straight line.

An unit direction vector of straight line X is stretched by the system {T,¢}. So it can be
written as

X =Tsin¢ + gcos ¢,

where ¢ is the angle between T and X vectors ([10]).

The striction point on the ruled surface is the foot of the common perpendicular line
successive rulings on the main ruling. The set of the striction points of the ruled surface
generates its striction curve. It is given by ([10])

- <0457X5>
c(s) = a(s) — mX(s).

Theorem 2.1([7]) If successive rulings intersect, the ruled surface is called developable. The
unit tangent vector of the striction curve of a developable ruled surface is the unit vector with

direction X.
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The distribution of the ruled surface is identified by
P — det(aS)X7XS)
T XGX)

Theorem 2.2([7]) The ruled surface is developable if and only if Px =0 .

The ruled surface is said to be a noncylindrical ruled surface provided that ([1])
(Xs, Xs) #0

Theorem 2.3([1]) Let M be a noncylindrical ruled surface and defined by its striction curve.

The Gaussian curvature of M is given by its distribution parameter by

Ko Px
(PZ + 022

Definition 2.1([5]) Let M and M be two surfaces in Euclidean space. The function

f: M — M

(2.1)
P — f(P)=P+rNp

is called the parallelization function between M and M and furthermore M is called parallel

surface to M, where N 1is the unit normal vector field on M and r is a given real number.
Theorem 2.4([5]) Let M and M be two parallel surfaces in Buclidean space and
f: M — M

be the parallelization function. Then for X € x(M)

1. f(X) = X — rS(X)
2. 5" (f.(X)) = S(X)

3. [ preserves principal directions of curvature, that is

K

S"(f+(X))

f*(X)7

:1—7%

where S” is the shape operator on M, and k is a principal curvature of M at P in direction X .

Theorem 2.5([11]) Let Darbouz frame of curve 3 at f(a (to)) = f(P) on M be {T,3,N},
then

T = (1 = 7r,)T — Tng] )

S|l S|+

(1 —=7rkn)g +r7T), - (2.2)

Q|
Il

=
I
=
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Definition 2.2([2]) Let z be a spacelike vector and y be a timelike vector in E3. Then there is an
unique real number 8 > 0 such that (x,y) =|z| |y|sinh 6. This number is called the Lorentzian

timelike angle between the vectors x and y.

Definition 2.3([2]) Let x and y be future pointing (or past pointing) timelike vectors in
E%.Then there is an unique real number 6§ > 0 such that (x,y) =-|z||y| cosh 6. This num-

ber is called the hyperbolic angle between the vectors x and y.

We denote by {T,n,b} the moving Frenet frame along the unit speed curve a(s) in the

Minkowski space E}, the following Frenet formulae are given

T 0 Kg kn T
d
|l T ek 0 74 n |, (2.3)
b kn T4 O b

in [6], where (T\T)=1, (n,n) =c==+1, (bb) = —1 .
If the surface M is a spacelike surface, then the curve a(s) lying on surface M is a spacelike

curve. So, the relations between the frames can be given as follows ([6]):

T 1 0 0 T
g | =] 0 cosh@ sinh@ n |, (2.4)
N 0 sinh@ coshé b

where {T, g, N} is Darboux frame.

Besides, the derivative formulae of the Darboux frame of «(s) is given by ([6])

T 0 Ky kn T

d

—l o =] 0 5n||a] (2.5)
N kn T 0 N

where (T,T) = (g,9) = 1 and (N,N) =—1 .

Theorem 2.6([2]) Let a(s) be non-unit speed curve on surface M in E3. The Darbouz frame of
curve a(s) where ||/ (s)|| = v, is {T,g,N}. Geodesic, normal curvatures and geodesic torsion

of this curve-surface pair which are denoted by kg, Ky, T4 respectively are defined as follows:

1
'k‘./g = ﬁ <a”7.g>7
1
Rn = ﬁ<a”7N>7 . (2 6)
1
Tg = - <vag>
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83. On the Spacelike Parallel Ruled Surfaces with Darboux Frame

A spacelike parallel ruled surface can be given as in the following parametrization:

?(s,7) =a(s) + X (s), (3.1)

where the curve @(s) is lying on $(s,7) is a spacelike curve.

Darboux frame is obtained by rotating Frenet frame around T as far as § = 6(s) while the
hyperbolic angle 6 is between the timelike unit vector b and the timelike normal vector field N

of B(s,D).

By Definitions 2.2 and 2.3, the spacelike unit vector g and the timelike vector N are written,
in terms of 6, as:
G = Tcoshf+ bsinh6,

_ _ _ (3.2)
N = mnsinh6+ bcoshé.

From the expression (3.2), the spacelike unit vector 7 and timelike unit binormal vector b
are obtained
= gcoshf — Nsinh@,

- _ (3.3)
= —gsinhf + N coshé.

o 3

Taking into the expressions (3.2) and (3.3), Darboux derivative formulae of the spacelike

parallel ruled surface can be found as

; T 0 Ky Fn T
s g |=| Ry 0 T4 g |- (3.4)
N Fn g N
where
Ry = Rcoshf, K, = —Fsinhf and 7, =7 + 7. (3.5)

Differentiating the expression (3.3) and using the matrix representation (3.4), we have the

Frenet derivative formulae of the spacelike parallel ruled surface as:

—

T = 7n,
n = —®T +7D, (3.6)
Vo= T

Theorem 3.1 Let M be a spacelike parallel ruled surface and Darbouz frame of curve 3 be
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{T,9.N} at f(a(ty)) = f(P) on M, then we have

_ 1

T = - (1 +rk,)T + r7yg],

_ 1

g = =0 +rea)g+rmT], (37)
N = N.

Proof From Theorem 2.4 and the matrix representation (2.5), tangent vector of (foa) =3

of the curve at f(a (to)) on the spacelike parallel ruled surface M is

— 1
g o= T = e in)
| (3.8)
= - (1 +7r6,)T + 1r749],
where the norm of 3 is
181 = /U +rma)? 4127 = 0. (3.9)

Same as, we find g. And also there is the equation N = N between normal vectors of surfaces
M and M. |

Theorem 3.2 Let a be a regular curve on the surface M. Then the geodesic curvature, the

normal curvature and the geodesic torsion of the curve (foa) =3 are respectively;

Ry = —% + ;—3 [((1+ Thn )T, + rrgkn)]

= 1 2, .2

Fn = [fn + (K2 +72)] (3.10)
= _ Tg

Tg = ’()_27

at the point f(a (to)) on the spacelike parallel ruled surface M.

Proof Because (3 spacelike curve is a non-unit speed curve, we use the Theorems 2.6, 2.4

and the equation (3.8), hence the following equation is obtained

ﬁ//Z(TIi;I—T‘Ting)T—I—(Iig(1+Tlin)+7‘7';])g+(l<&n(1+T‘I€n)+T‘T§)N (3.11)

Using the expressions (2.6), (3.7) and (3.11), we find Ry, Rp, T4 for spacelike parallel ruled
surface M. a

Theorem 3.3 Let Frenet frame of the curve (f oa) =3 be {T,ﬁ,l;} at f(a(tg)) = f(P) on
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the surface M, then Frenet frame of the spacelike parallel ruled surface is as follows:

T= % (1 +7Rn)T +1r749] (8:12)
= % [-(r7gFg) T +(1+1%n g +(vFn) N]

v (En) - (EQ)
b _ (0207 ) -2 (147 )R )g-(07R, )N

v3 (En)2 - (E9)2

Proof 1f we use the equations (3.8) and (3.11), the following equation is obtained
BAB = (1TgRnv?) T- ((14+7Fn)REnv?) g-(Rgv®)N. (3.13)
The norm of the equation (3.13) is
18" AR = v*/(En)? = (Rq)?. (3.14)

By the equations (3.13) and (3.14), we obtain the expression (3.12). O

Let ¢ be the angle between direction vector X and tangent vector T at @ € B(s, ). If we

choose the direction vector X, then we get
X =T cosp+Gsin g, (3.15)
where | X|| = 1.

Differentiating (3.15) and using (3.4), we find

= (¢ +F,) sin T+ (¢ +7,) cos ¢+ (Fy, cos p+74 sin §)N. (3.16)

Holding ¥ =constant, we obtain the curve on the spacelike parallel ruled surface whose

vector field as follows:

=

T+5X

— — — _ - (3.17)
(1-0(¢p +FRy) sin ¢T+(¢p +F,4) cos ¢pg+ (R, cos p+T 4 sin @) N

Substituting the expression (2.6) into (3.5), we have

(1 % (-kg+r((rkn+1)7,) +03¢ )sm¢)
kgt ((Thn+1)7y) +030 )(Iin—l-’l“(lii—‘rf(?)—l-vzal) cosa) g

v
+ ((
% ((kn+r(r2+72)) cos p+7g sin g) N
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The distribution parameter of the spacelike parallel ruled surface is defined by

y R sin ¢ (%, cos 5—th sin 5)_ ' (3.18)
(¢ +Ry)? — (Rp cos p+T4sing)?

By the expression (3.10), we obtain ﬁy for spacelike parallel ruled surface as follows:

—v*sin ¢ ((kn+r(k2+72)) cos g+74 sin @)
(—hgtr((rhn+1)7y) +036 )2 402 ((kn+r(K2+72)) cos g+7, sin @)

y -

PR

Theorem 3.4 The spacelike parallel ruled surface with Darboux frame is developable surface
if and only if
sin ¢ (R, cos ¢ + 74 sin @) = 0. (3.19)

Proof Supposing that the spacelike parallel ruled surface with Darboux frame is devel-
opable surface, then ﬁy = 0. In this case, let us study the following subcases related to the
equation (3.19) vanishing:

(1) If sing =0, then from (3.15), we obtain X=Tcosd. So T =T. It means that
tangent plane is constant along the main ruling on the spacelike parallel ruled surface.

(2) If (R, cos ¢ + T, sing) = 0, then from the equation (3.17), it is seen that the tangent
plane and the normal vector of spacelike parallel ruled surface with Darboux frame are orthog-
onal vectors. Therefore the spacelike parallel ruled surface with Darboux frame is developable

surface.

Conversely, if
sin ¢(R, cos ¢ + T4 sin ¢) = 0,

then from (3.18), P = 0.
The striction curve of the spacelike parallel ruled surface with Darboux frame is calculated
as follows:
sin 5(5/ +Ry) X
(8 +Fy)? + (Fn oS + Ty sin )2

Using the expression (3.10), we find ¢(s) for the spacelike parallel ruled surface as:

N — —o? sinE(fnngr((rnnJr1)7'9)’+'u3$/) X 2
C(S)—OA(S (—ﬁg+r((rﬁyl+l)79)’+v3a,)2—v2((ml+r(n%+‘rg2)) cos ¢+ :sima)2 (3 0)

O
Theorem 3.5 Let M be a spacelike parallel ruled surface with Darbouz frame as in (3.1). Then

the shortest distance between the rulings of M along the orthogonal trajectories is the distance

measured equaled to the value:

—v? sin (=g +r((rrn+1)74) +03") (3.21)

v= (—kg+r((rkn +1)Tg)’+1)3$/)271)2 ((nn +r(kZ +72)) cos p+7y sing)2 ’
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Proof From (3.17), we have

S
2 1

J(m)= / (1-29(3 +7,) sinG477(3 +7,) 172 (R cos 47y sin37) s, (322)
s1
where s1 < s9.
Differentiating the expression (3.22) according to the parameter T which gives the minimal
value of J(7), we get
sin 5(5/ + Ryg)
(8 +Fg)? + (Fn cos g+ Ty sin §)?

U=

(3.23)
Using the expression (3.10) in (3.23), the parameter T turns into the equation (3.21). O

Theorem 3.6 Let M be a spacelike parallel ruled surface with Darbouz frame as in (3.1), the
absolute value of Gauss curvature K of the spacelike parallel ruled surface M along a ruling

takes the maximum value at the striction point on that ruling.

Proof Calculating Gauss curvature of the spacelike parallel ruled surface with Darboux
frame, we get

K(S 5): (Ry, cos $+?g sin 5)2 sin? ¢ (3 24)
7 (1-20(8' +7,) sin g+02 (& +7y)2+T2 (R, cos p+7 sin §)2 —cos? §) " '

Differentiating the equation (3.24) with respect to ¥, we have

sina(g + Eg)
(@ +Fg)? + (Fncosg + 7, sin )2

v =

Therefore, the absolute value of Gauss curvature K of the spacelike parallel ruled surface

M along a ruling takes the maximum value at the striction point on that ruling. |
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