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SOME CHARACTERIZATIONS OF PSEUDO AND PARTIALLY
NULL OSCULATING CURVES IN MINKOWSKI SPACE-TIME
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ABSTRACT. In this paper, we characterize pseudo and partially null osculating
curves of the first and second kind in Minkowski space-time E‘ll in terms of
their curvature functions. We give the necessary and sufficient conditions for
pseudo and partially null curves to be osculating curves. In particular, we
show that there exists a simple relationship between pseudo and partially null
osculating curves and pseudo and partially null normal and rectifying curves.
Finally, we obtain some explicit parameter equations of pseudo and partially
null osculating curves in IE‘ll.

1. INTRODUCTION

In the Euclidean space E3, rectifying curves are defined in [2] as the curves whose
rectifying planes always contain a fixed point. Such curves have many interesting
geometrical properties. For example, there exists a simple relationship between
rectifying curves and centrodes (Darboux vectors), which play some important roles
in mechanics, kinematics as well as in differential geometry. In Minkowski space-
time, rectifying curves are characterized in [7].

Analogously, timelike normal curves in Minkowski 3-space E$ are defined as the
curves whose normal planes always contain a fixed point. Therefore, the position
vector of such curves (with respect to some chosen origin), always lies in its normal
plane ([3]). In particular, timelike normal curves lie in pseudosphere in E3.

In elementary differential geometry, it is well-known that if osculating planes of
the curve « in E? always contain a fixed point, then « is planar curve. The curves
whose osculating planes always contain a fixed point are called osculating curves in
[5].

In Minkowski space-time E{, osculating curves are defined in [6] as the curves
whose the position vector (with respect to some chosen origin) always lies in its
osculating space. If osculating space is orthogonal complement of the second bi-
normal vector field By of the curve a, then « is called osculating curve of the first
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kind. On the other hand, if osculating space is orthogonal complement of the first
binormal vector field By, then « is called osculating curve of the second kind. In Ef,
timelike osculating curves and spacelike osculating curves whose the Frenet frame
contains only non-null vectors are characterized in [6].

In this paper, we characterize pseudo and partially null osculating curves of
the first and second kind in Ef in terms of their curvature functions. We give
the necessary and sufficient conditions for pseudo and partially null curves to be
osculating curves. In particular, we show that there exists a simple relationship
between pseudo and partially null osculating curves and pseudo and partially null
normal and rectifying curves. Finally, we obtain some explicit parameter equations
of pseudo and partially null osculating curves in Ef.

2. PRELIMINARY

The Minkowski space-time E{ is the Euclidean 4-space E* equipped with indef-
inite flat metric given by

g = —dz? + dad + da? + dx?,

where (21, x2, T3, 4) is a rectangular coordinate system of E‘f. Recall that arbitrary
vector v € Ef\{0} can be spacelike if g(v,v) > 0, timelike if g(v,v) < 0 and null
(lightlike) if g(v,v) = 0 and v # 0. In particular, the vector v = 0 is a spacelike.
The norm of a vector v is given by ||v|| = /|g(v,v)|. Two vectors v and w are
said to be orthogonal if g(v,w) = 0. An arbitrary curve a(s) in E} can locally be
spacelike, timelike or null (lightlike), if all its velocity vectors o(s) are respectively
spacelike, timelike or null. A spacelike or a timelike curve «(s) has unit speed, if
g(a’(s),a’(s)) = £1 [8]. A spacelike curve in Ef is called pseudo null or partially
null curve, if respectively its principal normal vector is null or its first binormal
vector is null [1]. A null curve « has unit speed, if g(a’’(s),a”(s)) = £1.

Let {T, N, By, B>} be the moving Frenet frame along a curve « in E{, consisting
of the tangent, the principal normal, the first binormal and the second binormal
vector fields respectively. If o is pseudo null curve, the Frenet formulas are ([1,9]):

T 0 k 0 0 T
N | o 0 koo N

(2.1) By || 0 k& 0 —k||B |
B, ki 0 ks 0 B,

where the first curvature k1(s) = 0, if « is straight line, or k1(s) = 1 in all other
cases. Such curve has two curvatures ks(s) and x3(s) and the following conditions
are satisfied

9(I\T) = g(B1,B1) =1, g(N,N) = g(Bz, B2) =0,

g(T,N) =g(T,B1) = g(T,B2) = g(N, B1) = g(B1,B2) =0, g(N,Bz)=1.

If « is partially null curve, the Frenet formulas read ([1,9]):

A 0 & 0 o0 T
N o | k0 k0 N
(2:2) B, |=| 0o 0 k 0 B |

B, 0 ks 0 —ks || Bo
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where the third curvature k3(s) = 0 for each s. Such curve has two curvatures
k1(s) and ko(s) and lies fully in a lightlike hyperplane of E. In particular, the
following equations hold

9(T,T)=g(N,N) =1, g(B1,B1) = g(Ba, B2) =0,

g(T'N) = g(T', B1) = g(T', B2) = g(N, B1) = g(N, B2) =0, g(B1,Bz) = 1.

Recall that arbitrary curve « in Ef is called osculating curve of the first or second
kind, if its position vector (with respect to some chosen origin) always lies in the
orthogonal complement By or Bi-, respectively ([6]).

If « is pseudo null curve, the orthogonal complement By is a lightlike (de-
generate) hyperplane of Ef, spanned by {T, By, Bo} and Bi is non-degenerate
hyperplane of Ef, spanned by {T, N, By}. Consequently, the position vector of

pseudo null osculating curve of the first and second kind satisfies respectively the
equations

(2.3) a(s) = A(s)T'(s) + p(s)Bi(s) + v(s)Ba(s),

(2.4) a(s) = A(s)T(s) + u(s)N(s) + v(s)Ba(s),

for some differentiable functions A(s), u(s) and v(s) in arclength function s.

If « is partially null osculating curve of the first kind, then its position vector
satisfies the condition g(a(s), B2(s)) = 0. It follows that the position vector of
partially null osculating curve of the first kind is given by

(2.5) a(s) = A(s)T(s) + u(s)N (s),

where A = g(o,T) and p = g(«, N) are arbitrary differentiable functions in arc-
length function s.

Moreover, if « is partially null osculating curve of the second kind, then its
position vector satisfies the equation g(«(s), Bi(s)) = 0. Consequently, the position
vector of partially null osculating curve of the second kind satisfies the relation

(2.6) a(s) = A(s)T(s) + u(s)N(s) + v(s)Bi(s),

where A = g(a,T), u = g(a,N) and v = g(a, By) are arbitrary differentiable
functions in arclenght function s.

3. PARTIALLY NULL OSCULATING CURVES OF THE FIRST KIND IN E‘{

Partially null straight lines are the simplest examples of partially null osculating
curves of the first kind. In the next theorem, we show that every planar partially
null curve in Ef, is partially null osculating curve of the first kind.

Theorem 3.1. Let a be a unit speed partially null curve in E} with the first curva-
ture k1(s) # 0. Then « is osculating curve of the first kind if and only if its second
curvature ka(s) =0 for each s.

Proof. First assume that « is partially null osculating curve of the first kind. Then
its position vector satisfies relation (2.5). Differentiating relation (2.5) with respect
to s and using Frenet equations (2.2), we obtain the system of equations

N(s) = pls)a(s) = 1,
(3.1) 1 (s) + Als)k(s) = 0,
w(s)ka(s) = 0.
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The third equation of (3.1) implies u(s) = 0 or kao(s) = 0. If u(s) = 0, by using
(3.1) we get a contradiction. Hence p(s) # 0 and ka(s) = 0.

Conversely, suppose that the second curvature ko(s) = 0 for each s. By us-
ing the Frenet formulas (2.2), we get o/(s) = T(s), o’'(s) = k1(s)N(s), a'"'(s) =
ki (s)N(s) — k%(s)T'(s). Moreover, all higher order derivatives of v are linear com-
binations of vectors T and N. By using MacLaurin expansion for o given by

2

3
als) = a(0) + o/ (0)s + a"(O)% + 0/"(0)% +.,
we conclude that « lies fully in spacelike 2-plane spanned by {7, N}. Hence its
position vector satisfies relation (2.5), which proves the theorem. O

Theorem 3.2. Let o be a unit speed partially null curve in E} with the first cur-
vature ki(s) # 0. Then « is osculating curve of the first kind if and only if its
position vector is given by

w(s)

3.2 a(s) = — T(s)+ pu(s)N(s),

(32) (5) = ~f ST + (N ()

where p(s) # 0 is arbitrary differentiable function satisfying differential equation
(3.3) ()l (5) — 1 (5K (5) + ()3 (5) + K (5) = 0.

Proof. First assume that « is partially null osculating curve of the first kind. Ac-
cording to the proof of theorem 3.1, there holds relation (3.1) where u(s) # 0. From
the second equation of (3.1) we get

W (s)
(3.4) A(s) n(s)’
Substituting (3.4) in (2.5), we obtain that position vector of « is given by (3.2).
Moreover, by using the first and second equation of (3.1), we easily get that function
u(s) satisfies relation (3.3).

Conversely, if position vector of partially null curve « satisfies relation (3.2) we
easily get g(a(s), B2(s)) = 0, which means that « is partially null osculating curve
of the first kind. This completes the proof of theorem. O

Clearly, the solution of differential equation (3.3) depends on the equation of
the first curvature ki(s). By theorem 3.1, every partially null osculating curve «
of the first kind lies fully in spacelike 2-plane of Ef, so it is possible to determine
its parameter equation by knowing the equation of the first curvature k;(s). Up to
isometries of E{, parameter equation of a can be written as

S S 1
a(s) = / T(s)ds+C = / ——(cospeg +singes)dp+ C,
0 o ki(¢)
where e; = (0,1,0,0), e3 = (0,0,1,0), k1(s) = ¢'(s), C € E} is constant vector and
¢(s) is the angle between spacelike vectors T'(s) and es.

Example 3.1. Let us consider partially null curve in E} given by

a(s) = (0,V2ssin(v2s) + cos(v/2s), sin(v2s) — V25 cos(v2s), 0).
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By using Frenet equations (2.2), we find that Frenet vectors and curvatures of «
have the form
T(s) = (0, cos(v/2s),sin(v/2s),0),
N(s) = (0, —sin(v/2s), cos(v/2s), 0),
Bl(s) - (170707 ]-)a
Ba(s) = (=5,0,0,3),
1

kl(s) = E, ]{2(8) = kg(s) =0.

In particular, by using relation (3.3) we obtain u(s) = —v/2s. According to theorem
3.2 the position vector of « can be written as

as) = T(s) — V2sN(s).

The last equation implies g(a(s), B2(s)) = 0, which means that « is partially null
osculating curve of the first kind.

Recall that arbitrary curve a in E{ is called normal curve in [4] (rectifying curve
in [7]), if its position vector with respect to some chosen origin always lies in the
orthogonal complement of the tangential vector field T' (principal normal vector
field N) of the curve. The next theorem gives the simple relation between partially
null osculating curves of the first kind and partially null normal curves.

Theorem 3.3. Fvery partially null osculating curve of the first kind with the first
curvature ki(s) # 0 and zero tangential component g(a,T) is partially null normal
curve and hence a circle.

It is proved in [7] that the only partially null rectifying curves in E{ are partially
null straight lines. Hence the next theorem holds.

Theorem 3.4. Every partially null rectifying curve in Ef is partially null osculating
curve of the first kind.

4. PARTIALLY NULL OSCULATING CURVES OF THE SECOND KIND IN E%

In this section, we characterize partially null osculating curves of the second
kind in E} with the curvature functions k;(s) # 0 and kg(s) # 0 for each s. The
following theorem can be proved in a similar way as theorem 3.2, so we omit its
proof.

Theorem 4.1. Let a be a unit speed partially null curve in E with the curvatures
k1(s) #0 and ko(s) #0. Then « is osculating curve of the second kind if and only
if its position vector is given by

(4.1) a(s) =~ T(9) + u(EN () = [ uls)bals) ds Bi(o),

where p(s) # 0 is arbitrary differentiable function satisfying relation (3.3).

As a consequence, we obtain the next theorem.

Theorem 4.2. Let o(s) be a unit speed partially null curve in EY with the curva-
tures k1(s) # 0 and ka(s) # 0. If o is osculating curve of the second kind, then the
following statements hold:
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(i) the tangential and principal normal component of the position vector are
respectively given by
1'(s)

(0(s), T(s) = 15

where p is arbitrary differentiable function satisfying (3.3).
(i) the tangential and second binormal component of the position vector are
respectively given by

'(s
ol T(9) =~ g(a(s): Ba9) = — [ uls) bate) s,
where p is arbitrary differentiable function satisfying (3.3).

(iii) the tangential component of the position vector and the distance function
p(s) = |la(s)|| are respectively given by

W) a0 12)
a(s), T(s)) = — , s) = +p(s),
ola(s). 7)) = 155 20 =l 4 ()
where p is arbitrary differentiable function satisfying (3.3).
Conversely, if a(s) is unit speed partially null curve in E} with the curvatures
k1(s) # 0, ka(s) # 0 and one of the statements (i), (i) or (iii) holds, then a(s) is
osculating curve of the second kind.

Proof. Let us first assume that « is partially null osculating curve of the second
kind. By using relation (4.1), we easily obtain that statements (i),(ii) and (iii) hold.

Conversely, suppose that statement (i) holds. By taking the derivative of the
relation g(o, N) = p with respect to s and using (2.2), we get g(a, B1) = 0,
which means that « is osculating curve of the second kind. If statement (ii) holds,
differentiating the equation g(«,By) = — [ pksds two times with respect to s
and using (2.2), we find g(«o, B;) = 0. Hence « is osculating curve of the second
kind. Finally, if statement (iii) holds, then g(«a, a) = g(a, T)? + p?. By taking the
derivative of the last equation two times with respect to s and using (2.2), we get
g(a, By) = 0, which completes the proof of the theorem. O

The following theorem gives the simple relation between partially null osculating
curves of the second kind and partially null normal curves.

Theorem 4.3. Every partially null osculating curve of the second kind in E} with
tangential component of the position vector g(a,T) = 0 is partially null normal
curve.

Example 4.1. Let us consider partially null helix with null axes
1 1
a(s) = (s, s, — cos(cs), —sin(cs)), c€RY.
c c

we find that Frenet vectors and curvatures of « are given by
T(s) = (1,1, —sin(cs), cos(cs)),
N(s) = (0,0, —cos(cs), —sin(cs)),
Bi(s) = (c,¢,0,0),
1 1 . 1
Bs(s) = (_E’ 0, - sin(cs), - cos(cs)),
ki(s) =¢, ko(s)=1, ks(s)=0, ceR:.
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It can be easily verified that g(a(s), Bi(s)) = 0, so « is partially null osculating

curve of the second kind. Moreover, by using theorem 4.1 we find p(s) = —1/c.
Then relation (4.1) imply that the position vector of o can be written as
1

a(s) = —-N(s) + ZBl(s).

Example 4.2. Let us consider partially null curve given by

1 1
B(s) = (e, e, = cos(cs), —sin(es)), c€RY.
c c

We obtain that Frenet frame of 8 has the form

T(s) = (e®,e®, —sin(cs), cos(cs)),

N(s) = E(es, e®, —ccos(cs), —csin(cs)),

1 2
Bi(s) = ——(1,1,0,0),
c
Bsy(s) = (—f S —f TR - eis(cos(cs) + csin(es))
2 B 2c 2(1+¢2)’ 2¢  2(1+4¢2)1+c? ’
m(sin(cs) — ccos(cs))),

while the curvature functions are given by
ki(s) =c, ko(s)=¢e® k3(s)=0, ceR{.

It can be easily checked that g(5(s), B1(s)) = 0, which means that 3 is partially
null osculating curve of the second kind. In particular, according to theorem 4.1
the position vector of 8 can be written as

B(s) = —%N(s) + 6—;31(5), ceRY.

5. PSEUDO NULL OSCULATING CURVES OF THE FIRST KIND IN Eil

Let o : I — Ef be pseudo null osculating curve of the first kind, with curvatures
k1(s) =1, ka(s) # 0 and k3(s), where the third curvature can be equal to zero or
different from zero. Since the position vector of « satisfies relation (2.3), differen-
tiating relation (2.3) with respect to s and by applying (2.1) we obtain the system
of equations

/0~ mona(s) =0
v(s) — u(s s)=1V,
(5.1) A(s) + p(s kgz(S) =0,

We may distinguish two cases: (A) k3(s) =0 and (B) k3(s) # 0.

(A) ks(s) = 0.
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In this case, the system of equations (5.1) becomes

A(s) =0,
(S) = 07

(5.2) 5(3) ey
w(s)=0

Substituting relation (5.2) in relation (2.3), it follows that the position vector of «
satisfies the equation

(5.3) a(s) = —Ba(s).
In this way, the following theorem is obtained.

Theorem 5.1. Let o be pseudo null curve lying fully in B} with curvatures ky(s) =
1, ka(s) # 0 and ks(s) = 0. If a is osculating curve of the first kind then the
following statements hold:

(i) the tangential component g(a, T') of the position vector is zero;

(i) the principal normal component of the position vector is given by g(a, N) =
~1;

(i) the first binormal component g(«, B1) of the position vector is zero;

(iv) a lies in a lightcone.

Conversely, if a is pseudo null curve lying fully in E$ with curvatures ki(s) = 1,
ka(s) # 0, ks(s) = 0 and one of statements (i), (i), (iii) or (iv) holds, then « is
osculating curve of the first kind.

Theorem 5.1 can be proved in a similar way as theorem 4.2. Hence we omit its
proof.

Example 5.1. Let us consider pseudo null curve with the equation

1 1 1
T cosh(y/cs), e sinh(v/cs), T sin(v/cs), o cos(ves)), ceRS.

We obtain that Frenet vectors of o have the form

—_

a(s) = (

T(s) = (% sinh(v/cs), % cosh(y/cs), % cos(v/cs), % sin(v/cs)),
N(s) = (\g cosh(v/cs), ; sinh(v/cs), ‘\2 sin(y/es), i; 0s(V/2s)),
Bi(s) = (Lsinh(ﬁs) cosh(y/cs) L
\/51 L V2
By(s) = (fﬁ cosh(y/cs VT sinh(v/cs), —

In particular, the curvature functions are given by

D

ki(s) =1, ka(s)=c, ks(s)=0, ceR{.

It can be easily verified that g(a(s), B2(s)) = 0, which means that « is pseudo null
osculating curve of the first kind.

(B) k3(s) # 0.
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In this case, the system of equations (5.1) becomes
(14 k3())/ (5) + ks (s)k5(s)u(s) + ks(s) =0,
A(s) = —ks(s)u(s),
5.4
>4 V/(5) = kals)p(s).
v(s) = p'(s)/ks(s).
The first equation in the system of equations (5.4) is linear differential equation
whose general solution is given by
1 k3 (S)
(5.5) (s) = (c—
V14 E3(s) V1+Ei(s)

By using relations (5.4) and (5.5), we obtain the following theorems.

ds), ceR.

Theorem 5.2. Let o be pseudo null curve lying fully in B} with curvatures kq(s) =
1, ka(s) # 0 and ks(s) # 0. If « is osculating curve of the first kind, then the
following statements hold:

(i) the tangential component of the position vector is given by

gla(s),T(s)) = k3 (s) ks (s)

TR0 ) TR

(ii) the principal normal component of the position vector is given by

g(a(s), N(s) = ——— Fs(s) B3(8) 49 ek

- T e

CLHKE(s) (14 K2(s))
(iii) the first binormal component of the position vector is given by
1 k3 (s)

g9(a(s), Bi(s)) = ==~ | ———5=

V1+Ei(s) V14 E3(s)

Conversely, if a is pseudo null curve lying fully in B} with curvatures kyi(s) = 1,

ka(s) # 0, ks(s) # 0 and one of statements (i), (ii) or (iii) holds, then « is
osculating curve of the first kind.

ds), céeR;

ds), ceR.

Theorem 5.3. Let o be pseudo null curve lying fully in B} with curvatures ky(s) =
1, ka(s) # 0 and ks(s) # 0. Then « is congruent to osculating curve of the first kind
if and only if the curvature functions ko(s) and ks(s) satisfy differential equation

/ _ 1 _ / k3(s) 27.1)2
—3ks(s)kZ(s) + k5 (s)(1 + k3(s))], ceR.
Proof. First assume that « is congruent to osculating curve of the first kind. By
using theorem 5.2 and the third equation of the system of equations (5.4), we obtain
that curvatures ko(s) and k3(s) satisfy relation (5.6).
Conversely, assume that curvature functions ka(s) and k3 (s) satisfy relation (5.6).
Let us consider the vector X (s) € E} given by

n k3 (s) o k3(s)
V14 E3(s) V1+Ei(s)

- L k3(5) sV By(s)

1+/2(s)  J VI+k()
. L Ke
L+E3(s)  (14K2(s))2

(5.6)

X(s) = afs) ds)T(s)

k‘g(s)

) 1+ E(s)

ds)Ba(s), ceR.




10 KAZIM ILARSLAN AND EMILIJA NESOVIC

By using relations (2.1) and (5.6), we find X’(s) = 0. Consequently, X(s) is a
constant vector in E}, which means that « is congruent to osculating curve of the
first kind. This proves the theorem. ([l

6. PSEUDO NULL OSCULATING CURVES OF THE SECOND KIND IN E}

Let a be pseudo null osculating curve of the second kind in E{, with curvatures
k1(s) =1, ka(s) # 0 and ks(s), where k3(s) can be equal to zero or different from
zero (as in the section 5). By taking the derivative of relation (2.4) with respect to
s and applying (2.1), we obtain the system of equations

N(s)—v(s) =1,
As) + ' (s) =0,

(o1 H(ka(s) — v(s)ks(s) =0,
V'(s) =0.
We may distinguish two cases: (A) k3(s) =0 and (B) ks(s) # 0.
(A) ks(s) = 0.

In this case, the system of equations (6.1) read
(s)
p(s)
v(s) =
V'(s) =0.

Substituting relation (6.2) in relation (2.4), we find that position vector of pseudo
null osculating curve « of the second kind satisfies the relation

a(s) = —Ba(s),

which is equivalent to relation (5.3). In this way, the following theorem is obtained.

>

0,
0,
(6.2) L

Theorem 6.1. Every pseudo null osculating curve of the second kind with curva-
tures k1(s) =1, ka(s) # 0 and k3(s) = 0 is pseudo null osculating curve of the first
kind and vice versa.

Corollary 6.1. Fvery pseudo null osculating curve of the first or second kind with
curvatures ki(s) =1, ka(s) # 0 and ks(s) = 0 is pseudo null normal curve.

(B) ks(s) # 0.

In this case, the last equation of the system of equations (6.1) implies v(s) € R.

If v(s) = 0, by using (6.1) we obtain a contradiction. Hence v(s) = ¢y € Ry. In
particular, substituting v(s) = ¢g in (6.1) we find
A(s) = —co(ks(s)/ka(s))’,
(6 3) IJ’(S) = Cok?’(s)/kz(s)’
‘ v(s) = co,
)\/(5)760:1, Co ER().
Next, we may distinguish two cases:
(B.1) k3(s)/k2(s) = constant; (B.2) k3(s)/kz(s) # constant.
(B.].) k‘3(8)/k2(8) =c; € Ry.
Then relation (6.3) implies that the position vector can be written as
(6.4) a(s) = —c1N(s) — Ba(s), c1 €R,.

In particular, the following theorem holds.
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Theorem 6.2. Let afs) be unit speed pseudo null curve in E] with curvatures
k1(s) = 1, ka(s) # 0, ks(s) # 0 and zero tangential component g(a,T) of the
position vector. Then « is congruent to osculating curve of the second kind if and
only if the ratio of its third and second curvature is a constant function

(65) k3($)/kﬁ2(8) =cy, C1€E Ro.

Proof. First assume that « is congruent to osculating curve of the second kind.
Since g(o,T) = 0, by using the first equation of relation (6.3), we obtain that
relation (6.5) holds.

Conversely, assume that the third and second curvature satisfy relation (6.5).
Let us consider the vector X € E{ given by

X(s) =a(s) +c1N(s) + Ba(s), c1 €Ry.

By taking the derivative of the last relation with respect to s and using (2.1),
we find X’(s) = 0. Therefore, X(s) is a constant vector, which means that « is
congruent to osculating curve of the second kind. O

By using relation (6.3), we obtain the following relationship between pseudo null
osculating curves of the second kind and pseudo null normal curves.

Theorem 6.3. Every pseudo null osculating curve of the second kind in E with
curvatures ki1(s) = 1, ka(s) # 0, ks(s) # 0 and k3(s)/ka(s) = constant is pseudo
null normal curve.

Example 6.1. Let us consider pseudo null curve with the equation

3 1 1. .
a(s) = \/TT)(§ cosh(3s), g sinh(3s), sin(s), — cos(s)).

The Frenet frame of « is given by

3 1. 1 .
T(s) = @(3 sinh(3s), 3 cosh(3s), cos(s), sin(s)),
N(s) = ﬁ(cosh(3s), sinh(3s), — sin(s), cos(s)),
1 . .
Bi(s) = \/T70(3 sinh(3s), 3 cosh(3s), — cos(s), — sin(s)),
) . .
By(s) = ﬁ(_ cosh(3s), —sinh(3s), —sin(s), cos(s)).
The curvatures of o read
kl(s) = ].7 kg(s) = 37 kg(S) %

Since k3(s)/ka(s) = 4/9, relation (6.4) implies that the position vector satisfies the
equation

als) = ng(s) — Bs(s).

By using the last equation, it can be easily verified that g(a(s),T(s)) = 0. Accord-
ing to theorem 6.2, « is pseudo null osculating curve of the second kind.

(B.2) k3(s)/ka(s) # constant.
Then relation (6.3) implies that the position vector of the curve « is given by
a(s) = —co(ks(s)/k2(5))'T(s) + co(ks(s)/k2(s))N(s) + coBa(s), co € Ro.
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In this case, we obtain the last theorem which can be proved in a similar way as
theorem 6.2.

Theorem 6.4. Let a(s) be unit speed pseudo null curve in E} with curvatures
k1(s) =1, ka(s) # 0, k3(s) # 0 and non-zero tangential component g(a,T) of the
position vector. Then « is congruent to osculating curve of the second kind if and
only if its third and second curvature satisfy the relation

ks(s)/ka(s) = as® 4+ bs + ¢,

where a,b,c € R and a,b not both equal to zero.

8

9

REFERENCES

Bonnor, W. B.,; Curves with null normals in Minkowski space-time. A random walk in rela-
tivity and cosmology, Wiley Easten Limitid, 33-47 (1985).

Chen, B. Y., When does the position vector of a space curve always lie in its rectifying
plane?, Amer. Math. Monthly, 110, 147-152 (2003).

Uarslan, K. and Nesovi¢, E.,Timelike and null normal curves in Minkowski space IE?, Indian
J. pure appl. Math. , 35(7), 881-888 (2004).

Ilarslan, K. and Negovi¢, E., Spacelike and timelike normal curves in Minkowski space-time,
Publ. Inst. Math. Belgrade , 85(99), 111-118 (2009).

Uarslan7 K. and Nesovié¢, E., Some characterizations of osculating curves in the euclidean
spaces, Demonstratio Mathematica, XLI(4), 931-939 (2008).

Ilarslan, K. and Nesovi¢, E., The first kind and the second kind osculating curves in Minkowski
space-time, Compt. rend. Acad. bulg. Sci., 62(6), 677-686 (2009).

Harslan, K. and Nesovié¢, E., Some charactherizations of null, pseudo null and partially null
rectifying curves in Minkowski space-time, Taiwanese J. Math., 12(5), 1035-1044 (2008).

O’Neill, B., Semi-Riemannian geometry with applications to relativity, Academic Press, New
York, (1983).

Walrave, J., Curves and surfaces in Minkowski space, Doctoral thesis, K. U. Leuven, Fac. of
Science, Leuven, (1995).

DEPARTMENT OF MATHEMATICS, FACULTY OF SCIENCES AND ARTS, KIRIKKALE UNIVERSITY ,

71450-KirRIKKALE, TURKEY

E-mail address: kilarslan@yahoo.com

UNIVERSITY OF KRAGUJEVAC, FACULTY OF SCIENCE, KRAGUJEVAC- SERBIA
E-mail address: emines@ptt.rs



