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1. Introduction

Applications of geometry in many aspects of human life have motivated many mathematicians to find
and develop many new theories of local and general properties of curves and surfaces in geometry.
Many theories in classical differential geometry are extended to non-classical differential geometry, such
as Lorentzian manifold. It started at the beginning of the twentieth century, when Einstein’s theory
opened a door for the use of new geometries. One of the theories in classical differential geometry
which can be extended to Lorentzian space is the theory of involute-evolute of curves. The concept
of involute and evolute of curves in Riemannian manifold was firstly introduced by Huygens in 1973
when he tried to create an accurate clock called isochronous pendulum clock [1]. There are many
books and research articles providing explanations about the involute and evolute of curves both in
Riemannian space and semi-Riemannian space [2-10].

In Lorentz-Minkowski space, a curve can locally be time-like, space-like or null depending on the
casual character of the tangent vector of the curves. For non-null curves (time-like, space-like) it can
easily analogue with the curve in Euclidean space. However, geometry of null curves is different from
that of non-null curves since the arc length vanishes, so that it is not possible to normalize the tangent
vector in the usual way. The theory of null curves in Minkowski space has been studied by many
mathematicians such as Ferrandez, Gimenez and Lucas [11], Inoguchi and Lee [12], and Qian and
Kim [13]. Application of null curves has been studied by Duggal [14] and Mohajan [15].

In this study, we will discuss the theory of evolute curves of null Cartan curves in Minkowski
4-space. In the second part, we focus on the basic concepts of curves in Minkowski 4-space with its
Frenet equations. In the next section, we introduce and give the general formula of evolute curves of
null Cartan curves in Minkowski 4-space. We also provide some theorems and corollaries related to
the casual characteristics of the evolute curves which are derived from the null Cartan curves. In the
last part, an example is given as an application of the theorems in the previous section.
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2. Preliminary

Minkowski space E‘ll is the real vector space R* equipped with the standard indefinite metric (,) defined
as
(z,y) = —w1y1 + T2Yy2 + T3Y3 + TaY4 (1)

for any vectors © = (x1,x2,x3,24) and y = (y1, Y2, y3,y4). In Minkowski space, any vector v # 0 is
said to be time-like if (v,v) < 0, space-like if (v,v) > 0 or v = 0 and null if (v,v) = 0 and v # 0. The
norm of a vector in E3 is defined by ||v|| = /|{v,v)].

Let a : I — E$ be a curve in Minkowski space. Locally, @ can be time-like, space-like or null if
its tangent vector is time-like, space-like or null, respectively. For non-null curves, the arc length s is
defined by s = fg Ve of)|dt. Tf (o, o) = 1 the non-null curve is called the curve parametrized by

the arc length. For null curves, since (o, /) = 0, the pseudo-arc length is defined by s = fot (" " >%dt,
and if (o, ") = 1, then the null curve is parametrized by pseudo-arc length.

Let {T(s), N(s), Bi(s), Ba(s)} be the Frenet frame along the curve a(s) in Ef. T, N, By and By
are the tangent, principal normal, first binormal and second binormal vector fields, respectively. If «
is a pseudo-null unit speed curve i.e., a space-like curve with light-like principal normal vector field
parametrized by arc length s in E7, the Frenet equations of a are given by

T'=kN, N =7B), By=0N-7By, B),=-xT—0B (2)

where x and o denote the curvature and bitorsion of «, respectively. T, N, By and By are mutually
orthogonal vectors satisfying equations

(T,T) = (B1,B1) =1, (N,N)=(Bs2,B)=0, (N,By)=1,

(T.N) = (T, By) = (T, By) = (N, By) = (By, Bs) = 0 ®

The curvature « in (2) has value 0 when « is a straight line and 1 in all other cases [16].
Let v : I — (s) be an arbitrary null Cartan curve in E{. Then, there exists a unique Cartan frame
{T, N, By, By} given by

-2 wN- <1>/’y’ B N 7<7/”’Zm>'y’, By = ig('/ <" xAy")(4)
P P ¢ @ 2¢ P
for any given ¢ = \/(¢”,¢") > 0. The Frenet equations of the null curve = is given by
T"=N, N =-kT-B), B =-kN+kyBs, Bj)=—kT (5)
where 1 1
b= 550" ") + 200" —4(0)), ke =~ det (7,9",97,7%) (6)

Here, k1 and ks are called the first and the second null curvatures of . The Cartan Frame {T', N, By, Ba}
satisfies the equations

(T,T) =(B1,B2) =0, (I,N)=(N,N)=(Bs,Bs) =1,

(T,N) = (T, By) = (B1, N) = (By, By) = (By, N) =0, @)

and
NXTXBlzBQ, NXBQXT:T, NXBl><BQZB1, TXBQXBlzN (8)

(see [17]).

A null curve lies on pseudo-sphere in Ef with radius  if and only if ks = :l:% [18]. In addition, a
null curve which has non-zero constant k; and kg in E} are called null helices [14]. Furthermore, a null
Cartan curve in E{ is a Bertrand null curve if and only if k1 is non-zero constant and ks is zero [19].
In Euclidean case, if 8 is an evolute of «, then for a given point P on 8 and the corresponding point
P’ on « the principal normal line of 8 at P is parallel to the tangent line of o at P’ [8].
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3. Evolutes of Null Cartan Curves

Definition 3.1. The curve v*(s) is the evolute of null Cartan curve v(s) if and only if for all s € I C R,
the the tangent line of v*(s) intersects v(s) orthogonally.

Let v(s) be a null Cartan curve parametrized by pseudo-arc length s and +* be its evolute curves.
If * be the point of contact on the evolute to the tangent line which intersects vy at z(s), then z* — x
lies on the tangent line of v* and perpendicular to the tangent vector of . Since «y is a null Cartan
curve, z* — x can be represented as linear combination of the principal normal vector N(s) and the
second binormal vector By(s) of curve «(s). Therefore, it can be written as

z" = x(s) +p(s)(s)N(s) + q(s) Ba(s) (9)
Next, we will find the function p(s) and ¢(s) by considering the causal characters of the curves.

Theorem 3.2. Let v*(s) be the evolute of a null Cartan curve 7(s) parametrized by pseudo-arc length
s. Then,

7(s) =(s) + 7 Bas) (10)
2

PRrROOF. If we take the derivative of equation (9), we have
(v =T + p'N + p(—k1T — By) + ¢ By + q(—koT) )
=(1 —pk1 — qko)T +p'N — pB1 + ¢' By

Since (7*)'(s) is the tangent of v*(s), which is perpendicular to the tangent vector T' of -, v*(s) is
proportional to v*(s) — y(s) = pN + ¢Bs. Therefore, we get

l—phki—qks =0 p'=Xp, p=0, ¢ =X (12)
for some smooth real function A in E‘ll. Consequently, From Equation (12) we have
1
p=0, a=4 (13)
Substituting these value into Equation (9) obtains Equation (10). O

Theorem 3.3. Let v*(s) be the evolute of a null Cartan curve 7(s) parametrized by pseudo-arc length

s. Then, the distance between v*(s) and 7(s) is é

PROOF. From equation (10), we have

7" (s) =(s) = —Ba(s) (14)

Therefore,

I (s) = A(s) | = \/ <k1232<s>, I;BQ<S>> -
O

Theorem 3.4. Let v*(s) be the evolute of a null Cartan curve 7(s) parametrized by pseudo-arc length
s. Then, v*(s) is a space-like curve.

PRrROOF. From Equations (11) and (13) we have

(7" (5)) = =5 B2 (15)

Therefore,

Thus, the proof is completed O
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Theorem 3.5. Let v*(s) be the evolute of a null Cartan curve ~(s) parametrized by pseudo-arc length
s and {T*, N*, B, B5} be the Frenet frame of v*(s). If {T, N, By, Bo} and ky are the Frenet frame
and the non-constant second null curvature of v(s), then

k3 3(k})? — kok) K
T*=—By, N*=22 2L BMTLN, By=-2
» okt CT2 TR

=T, B} = B (16)
2

PROOF. Let s* be the arc length parameter of v*. Therefore, by Equation (15) we have

dv* ds* kb ds* K
: = 2By =T =--2%B
ds* ds k27 ds k2 °
Taking the norm of the Equation above yields % = i:—/%. As a result we get
2
T* = B, (17)
Differentiating (17) towards parameter s yields
dT* ds* k3
= koT N*= 2T 1
ds ds T TR (18)

From (18) we find that N* is a null principal normal vector field since 7" is a null vector. Therefore,
v* is a pseudo-null curve in Ef. Take x = 1 by assuming that v* is a non-straight line.
Taking the derivative of N* towards s* yields,

dN _dN* ds _ <3k§(k§)2 L PR ST UG P I
ds* ds ds* (k)2 kb kb (k5)3 (k)2
As a consequence, we have
dN k3
= 1
151 = (19)
Using Equation (2) we find
dN /\2 "
L 3(KY)? — Kok
B = 4 = 2 2T+ N (20)
T kaks
and
. _ ko
By = %Bl (21)
satisfying Equation (3). O

Theorem 3.5 results in the following corollary.

Corollary 3.6. Let v*(s) be the evolute of a null Cartan curve «y(s) parametrized by pseudo-arc
length s. Then, v*(s) is a pseudo-null curve i.e., a space-like curve with light-like principal normal
vector field.

Theorem 3.7. Let v*(s) be the evolute of a null Cartan curve ~y(s) parametrized by pseudo-arc length
s. If v* is a non-straight line, then the curvature, torsion and bitorsion of v* are given by

k3 1 (3(kh)? — kok!)\?
T T YT TR ( koks, ) ! (22)

PROOF. Since v*(s) is a pseudo-null in Ef and a non-straight line, from Equations (2) and (19), we
have

AN* k3

k=1,
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Differentiating Equation (21) towards parameter s*, we have

dB;  dBi ds (KK —3K2(K)2 K k2 kokl] — 3(k})>2
= = B1+ 4% (—k1N + kB — =k N+ —=5—="—B1+kB
T = s do < s 1+ k‘g( 1N + ko Ba) i 1N+ e 1+ k2B

Therefore, using (2), we find

* B*
g = — <B1’ds2*>

3(k4)? — kakt kokty — 3(kjy)?

(A2 TR N N4 222 ) gy B
< k2k/2 + IV, 1V + kgké 1+ Kobo
1 (3(K)? —kakg\®

Tk kok) !

Theorem 3.7 results in some corollaries as follow:
Corollary 3.8. If (s) lies on pseudo-sphere in Ef with radius r, y(s) has no evolute curve.
Corollary 3.9. Let «(s) be a planar null Cartan curve. Then, there is no evolute of (s).
Corollary 3.10. If y(s) is a Bertrand null curve, v(s) has no evolute curve.

The proof of corollaries 3.8, 3.9, and 3.10 is clear since ko is a constant, which implies the tangent
vectors of v* vanish everywhere.

4. Example

In this section, an example of the evolute of the null Cartan curves is provided as an application of
the theorems in the previous section.

Example 4.1. Let v: I — E? be a null Cartan curve parametrized by pseudo-arc length s and given
as

( 1 (32""\2/é 3_3\2/6> 1 <32+26 32_3‘\2@)
7(5): + ) - 9
VR 2+ 3 2o ) VA \2 2 2 off
252 V2 V2 o (V2

2cos | —Ins | +—sin| —Ins ,
9 2 2 2
26” 2sin ﬁ Ins | — ﬁ cos ﬁ Ins
9v/14 2 2 2

By direct calculation using (4), we find
V14 82+¥ 32_¥ V14 52+¥ 52_¥ sv'14 V2 sv14 . V2

T= + , — , cos| —1Ins |, sin| —Ins ,
28 S S 28 s S 14 2 14 2

E

252 252

(\@cos (?lns) + 2sin (?Ms))) ,

252 252

V14 . (V2 V2
~ o (ﬁsm <2lns> — 2cos <2ln8>> ;

((2 +3V6)s2 (2 3\/6)52—3’?)
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By = (—?;gg ((6+ V6> + (5 Vo)s* %), 35*6/: ((5+V6)s* % — (5 - VB)s* %)

Q\f (13\/§COS (?1113) + 2sin (?1113)) ’Q\QZ (13\/§sin (?Ms) — 2cos (?lns))) ,

B2 = (_ \ﬁ <—$2+¥ _52—¥> _ \/? (—82—"—% +82_¥>, 3\/7 <\/§ >’

Y
9852 ' 982 14 ns

2
3 oS (ﬂ In s> )
14 2

By using (6), we find

6 3
k1 =—=, ko = \C
s 2s

Substituting k2 and Bz into (9), we find the evolute curve of 7 as

*( ) ( /14 <S2+3\2£ s 737\/6 > n V21 ( 2_"_% 2_@) V14 (82+3\2/6 9_:
v (s) = s -5

24_%4_2_% 126 728

V21 214 2 2 2
+—— (32"’3\2/6—{—5 _¥>,8 2 cos £lns +£sin £lns
126 63 2 2 2
2T (V2 sS4 [ (V2 V2 V2
+ sin | —Ins |, 2sin | —1Ins| — —cos| —Ins
7 2 63 2 2 2
V2

s2V/T |
— 7 COS 7 ns

By using Equation (16), we get the Frenet frame of v*(s) as follows:

. V7 82—1-# _ 52_37\/6 V7 82—1-# + 82—3\2/5 3v/21 sin (gln s) 3v/21 cos (@ In s)
=1 52 ' 28 52 ’ 14 " 14 ’
2 . 2
. sVI14 [ 5, 36 o 3y sv/14 01 3Y8 5 3Y6 s3v/14 cos <§1ns> s3v/14 sin <%lns)
v (S ot ), S () |
112 112 96 56
e (V136 - P 36+ 4) | VI [(3V6 —4)s2t Y PRCIGE: 4)s2= 250
7 168 52 52 ' 56 52 52 ’
7 2 2 2 2
—£ 2v/2 cos £lns + sin £lns ,£ —2v/2sin £lns + cos £hrls ,
14 2 2 14 2
14
; - (g (6 V08 15— vB)47) Y (5 4 VB2 — (5 VB )
25°/7 V2 V2
139 (13\/§COS (21n s) + 2sin (21ns ,
252 2 2
VT 13v/2sin £lms — 2cos £1ns ,
189 2 2
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Finally, by using Equation (20), we get

813 3
k=1, 7':—73284, a:2x/§+8—2

5. Conclusion

Based on the definitions, theorems, and an example in the previous section, we find that the evolute
of the null Cartan curve in Minkowski 4-space is a pseudo-null curve - i.e., a space-like curve with
light-like principal normal vector field. Furthermore, there is no evolute of null Cartan helices, null
Bertrand curves, and null curves lying on the pseudo-sphere in IE‘ll.
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