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ABSTRACT. In this paper, curves on the dual unit Lorentz sphere were inves-
tigated and made classifications of these. And also some examples related to these
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1. INTRODUCTION

Dual numbers were introduced by William Kingdon Clifford (1845-1879) as a tool
for his geometrical investigations. After him, E. Study used dual numbers and dual
vectors in his research on line geometry and kinematics [1]. He devoted special
attention to the representation of directed lines by dual unit vectors. Recently,
several researchers have been using dual quantities in their investigations concerning
spatial mechanisms and kinematics. There are numerous papers on kinematics and
spatial mechanisms in which dual quantities have been used [2], [3], [4].

The set of directed lines in the Euclidean 3-space R? is one-to-one correspondence
with the points of dual unit sphere at dual space D3 of triples of dual numbers. A
differentiable curve on dual unit sphere S? of D3 corresponds to a ruled surface in
space of lines R?, [1].

If we take the space of Lorentzian lines L2 with signature (+,+, —) instead of
the space of lines R?, E. Study’s mapping can be stated as follows:

The dual time-like and space-like unit vectors of dual hyperbolic and Lorentzian
unit spheres Hg and S? at dual Lorentzian space are one-to-one correspondence
with the directed time-like and space-like lines of the space of Lorentzian lines,
respectively, [5]. According to E.Study’s mapping, the geometry of some curves on
unit sphere in dual Lorentz space gives the geometry of space-like or time-like ruled
surfaces in L3. Therefore, to study the theory of curves on the unit sphere in dual
Lorentz space is more practical than that of ruled surfaces in L3.
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In this study, using E.Study’s mapping, the classification of curves (or these
corresponding ruled surfaces) on the dual unit sphere in LL3-Lorentz space was defined
and some examples related to them were given. In fact, the classification of ruled
surfaces in L3 had been investigated by several researches, [6], [7], [8], [9] But, the
originality of this paper lies in the classification of the curves on the dual unit Lorentz
sphere.

2. PRELIMINARIES

Let L3 be a three-dimensional Lorentz space, that is, the real vector space R? pro-
vided with the inner product

<7, 7>]L = U1V1 + UV2 — U3V3

where 7 = (u1,uz,us), v = (v1,v9,v3) € R3. A vector U = (u1,u2,us) of L3
is said to be space-like if (7,7>L > 0or @ = 0, time-like if <7,7>L < 0 and
light-like or null if (%, @), = 0 and @ # 0. The norm of the vector @ € L3 is
defined by || || = +/](&, @ )|. We also consider the time orientation as follows:
Let € = (0,0,1). A time-like vector U is future-pointing (resp. past-pointing) if
and only if (W, @), < 0 (resp. (&, €)y > 0). And also a vector & = (uy,us, u3)
is time-like and future-pointing if and only if u? +u3 —u3 < 0 and u3 > 0 , in other
words, if and only if \/uf + u3 < uz. The cross product of two vectors U,V el?
is given by
kT4 AL U = (UQ’Ug — VU3, VU3 — U1V3, UV — ulvz) .

Moreover, for the vectors 7, 7, W € L3 the equalities,
<UNV, W >=det (W, 7, D) ,
(AL ) ALw=— (W, )W+ (7, W)

are satisfied, where det denotes the usual determinant in R3. The hyperbolic and
Lorentzian unit spheres are

Hi={@ el’®| (@, @), = -1}

and
St={del?| (a,d) =1}

respectively. There are two components of H3 passing through (0,0,1) and (0,0, —1)
a future pointing hyperbolic sphere and past pointing hyperbolic unit sphere, and
they are denoted by Hgt and HJ~, respectively, [10].
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Let a regular curve @ : [ — L3, I C R, and be @(s) the tangent vector of
a (s), forall s e I. If

i) <a(s) ,&(s)> > 0 then @
ii) <52 (s),a (s)> < 0 then @ is time-like curve,

i) (G (5), 8 (s)) =0, G # I

is space-like curve,

, then & is null curve, [11].

3. DuAL LORENTZ SPACE

We know that a dual number has the form A = a + ea* where a and a* are real
numbers and ¢ stands for the dual unit which is subjected to the rules, [2].

e #0, 0e =e0 =0, le =el =g, e2=0.

The order of two dual numbers A = a + ca* and B = b+ ¢b* is defined as, [6]:

a > b=A>B;a<b=—= A<B; a=banda" >b" = A > B;
a = banda"<b*=—= A< B; a=a" andb=0b"< A=DB.

The set of all dual numbers is a ring and denoted by ID. The set of triples of dual
numbers
DP = {A = (A, Ay, A3) | A1, Ay, As € D}

is a module over the ring D which is called D-Module or dual space. The elements of
D3 are called as dual vectors. A dual vector can be written in the form Z = 7—1—57*,
where E), a* e R3.

The Lorentzian inner product of two dual vectors Z = d +ecd* and § =

+ 83}* is defined as
<X’ §>L - <77?>IL te <<7’ ?*>]L + <7*’ 7>JL> '

The norm of a dual vector X =d+ecd*,d =+ 0, is defined by

<77 E)*>]L

&

I

4| =121 +e

The dual vector 4 = @ +ed* is dual unit vector if and only if ||E>||]L =1 and
(@,7@*), =0, ie. HZHL =1 ||d), =1and (7,3 =0.
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A dual vector 4 = @ +ed* is said to be time-like if (@, @)y < 0, space-like if
(d, 7)L >0 or @ =0, and light-like (or null) if (@, 7)]}, =0and @ # 0. The set
of all dual vectors A = @ +e@* such that (@, @)y = 0 is called the dual light-like
(or dual null) cone.

The time orientation can be considered as follows:

A dual time-like vector A = @ + e@* is future pointing (resp. past pointing) if
and only if @ is future pointing (resp. past pointing). Therefore, we call it dual
Lorentzian space the set of all dual time-like, dual space-like and dual light-like (or
null) vectors provided by the structure (D3, (,);) and this space is denoted by D3.
Then we define the dual hyperbolic and Lorentzian unit spheres in Df. They are
defined by

H@:{X:7+57*6D§’\ <X,Z>L:—1, @, 7*61[,,3}

and

S%:{X:ﬁJrsﬁ*e]D)?] <X,Z>L:1, a, 7*61,3}

respectively. There are two components of sphere HOZ. We call the components
of HZ passing through (0,0,1) and (0,0, —1) future pointing dual hyperbolic unit
sphere and past pointing dual hyperbolic unit sphere and denoted by Hg+ and H, g_,
respectively, [5]. With respect to this definition, we can rewrite:

H§+ = {X —d+ecd*e H? | d is a future pointing vector},
HY = {X —d +ed* € H?|d is a past pointing vector}.

As in the case of the space L3, we deine dual Lorentzian cross product of dual
vectors X:E)—l—s?* and ﬁz b +eb* by

- - —
Z/\gzﬁ/\L b +€<7/\L b*—i-ﬁ*/\]l‘ b)

Let i regular dual unit spherical curve be @ I CR— ]D)i)’ ,
U (s) = 12(8) el (s), for all s e I. If

%
i) <1p (s),v (s)> > 0 then ¥ is said to be space-like dual curve,

i) (4
iii) < ¥ (s) 4 (s) >=0, ¥ # 0 and &* # 0, then E/) is said to be dual null curve.

-

%
s), ¢ (s)> < 0 then ¥ is said to be time-like dual curve,

—~

Theorem 1. There is one to one correspondence between directed space-like (or
time-like) lines of R3 and ordered pair of vectors (@, d o) such that (@, d o), = 1

(or <7,E>0>]L = —1) and (d, 70>]L =0, [5].

118



A. Kiiglik — The classification of curves on the dual unit Lorentz sphere.

4. DUAL LORENTZIAN SPHERICAL CURVES

A time-like ruled surface is defined as a surface generated by the motion of straight
time-like line. Similarly, a space-like ruled surface is defined as a surface generated
by the motion of a straight space-like line in L3. Using E. Study’s mapping for
the elements of Lorentzian spaces ID):% and L3, space-like (resp. time-like) ruled
surfaces are represented by a dual space-like (resp. time-like) unit vector X (t) =
2 (t) 4+ e2* (t), t € I C R. Here the vector 7 is direction vector of the line and
the vector 2’* is usually called the moment of the line (with respect to origin O).
According to E. Study’s mapping, there exists a one-to-one correspondence between
the set of all directed lines in L3 -space and the set of all dual unit vectors in
D$ -space. So, a differentiable curve on dual unit sphere in D} corresponds to a
ruled surface in space of lines L3 and this correspondence is one-to-one (figure 1).
Moreover, the drall of the orbit surface of X-dual curve is

(dz, dz*)

Ax = (dz, dx)

And also, a developable trajectory ruled surface is characterized by

Therefore the terms dual Lorentzian unit spherical curve, time-like and space-like
ruled surfaces are synonymous in this study.

Theorem 2. The ruled surface corresponding to differentiable dual curve ? (t) =
z (t) +ex* (t), t € I CR, on the dual unit Lorentz sphere can be given by equation

X (,0) =T (t) AL T (1) + AT (1)

Proof. The proof is made similarly as in R3. Namely, let a subset M C R? be a
regular surface. i.e. provided that for each point p € M there exist a neighborhood
V of p in R? and a map )_(> : U — R3 of an open set U C R? onto V N M such that:

(1) X is differentiable,

(ii) X : U - VN M is a homeomorphism. This means that X has a continuous
inverse Y‘l : VN M — U such that ?_1 is the restriction to VN M of a continuous
map F : W — R?, where W is an open subset of R? that contains V N M,

(iii) each map X.UsMisa regular patch.

Therefore, a ruled surface M in R3 is a regular surface that has a parametrization
?:U%Moftheform

QX (o) =3 {t)+07 (1) 2)
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where @ and 7 are curves in R3 with @ never 0. The curve @ is called the directrix
or base curve of the ruled surface, and 7 is called the director curve. The rulings
of the ruled surface are the straight lines v — @ (t) + v (t) (Figure 1), [12].

Figure 1:

Since T* (t) = @ (t) AL Z (t), we may solve @ (t) as
) =7 )AL T )+ u (b)
here /i is a real scalar. Hence Eq. (2) becomes
X (A= ()AL T (1) FAT (1), (v+p = N).

If we assume X (t)=2 (t)+e@*(t), t € I C R a dual curve on unit sphere in D3
, the following assumptions can be made. First of all, we consider that Y space-like
curve or time-like curve. In this case, we can give eight different kinds of ruled
surface corresponding to X (t)="7 (t)+ex*(t), t € I CR, as follows:

14 (t) is space-like dual curve or time-like dual curve, then the ruled surface 2

corresponding to unit dual curve ? (t) is said to be of type Q4 or type _, respec-
tively. Also, the ruled surface of type 24 can be divided into three types. In this
case, if

i) <;,a'?*> > 0 then 2 is said to be of type Q! ,
ii) <§c’, f*> =0 then Q is said to be of type Q2 ,
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iii) <5c’, f*> < 0 then € is said to be of type Qi
For the ruled surface of type Q_, if
i) <:E’,a§'*> > 0 then 2 is said to be of type Q! ,
ii) <a§', f*> = 0 then Q is said to be of type Q2.
iii) <;E’, 5:'*> < 0 then € is said to be of type Q3
In other words, if <f,? =0 and <f, :f:’*> > 0 or <:E',:E’*> < 0 then € is said to
be of type Q*. Finally, if X (
is called a null scroll.

Note that the ruled surfaces Q%r and Q2 become developable surfaces.
By using Theorem 2 and above definitions, we can give the following examples.

t) is light-like (or null) curve then the ruled surface

5. SOME EXAMPLES

Example 5.1 The dual spherical curve in D} defined by

?(s) = (ssins,scoss, \/32+1> +e (\/32+1sins,\/s2+1coss,s)

is a ruled surface of type €24 in IL3. For this surface, if s > 0 then 2 is a ruled surface
of type Q}F (Figure 2) and if s < 0 then Q is a ruled surface of type Qi (Figure 3).

Figure 2:
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Figure 3:

Example 5.2 The unit dual spherical curve in D? defined by
1
X (5) = (Vo1 1,5,v3s) 42 (V4 Ls— 1, v3s ), s #0

is a ruled surface of type Q! in L? (Figure 4).
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Figure 4:
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Example 5.3 The unit dual spherical curve in ]D)‘rf defined by
X (s) =(s,1,s) +e(—s,0,—s)

is a null scroll (Figure 5).

Figure 5:

Example 5.4 The unit dual spherical curve in D} defined by
% (s) = (s, V2s2+1, \/53) +e (\/58,0, s) ,

is a ruled surface of type Q2 (Figure 6).
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Figure 6:

123



A. Kiiglik — The classification of curves on the dual unit Lorentz sphere.

Example 5.5 For a smooth function ¢ (s), the dual spherical curve in D$ defined
by
X (s) = (sins, coss,0) +¢(0,0,¢(s))

is a ruled surface of type Q2 (Figure 7).

Figure 7:

Example 5.6 For a smooth function ¢ (s), the unit dual spherical curve in D3
defined by

X (s) = (sinh s, 0,cosh s) + (0, (s),0)
is a ruled surface of type Q2 in L3 (Figure 8).

Figure 8:
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Example 5.7 For a smooth function 7y (s), the unit dual spherical curve in sz
defined by
X (s) = (0,coshs,sinh s) + ¢ (y(s),0,0)

is a ruled surface of type Q2 in L? (Figure 9).

Figure 9:
Example 5.8 The unit dual spherical curve in D3 defined by
X (5) = (s,1,5) +£(0, 5%, 5)

is a ruled surface of type Q* (Figure 10).

Figure 10:
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Example 5.9 The unit dual spherical curve in D‘i’ defined by
? (s)=(s,1,8) +¢ (3,52,0)

is a ruled surface type of Q* (Figure 11).

Figure 11:
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