Mannheim Slant Helix in
Lorentz-Minkowski Space

Yusuf YAYLI

Ankara University

17-24 June 2018

Mannheim Slant Helix in Lorentz-Minkowski Space



Vlannheim C Mannheim Slant Ci N urfa nd Mannheim Pair Curves

There are many studies about the associated curves such as
Bertrand curve, Mannheim curve, involute and evolute, etc. If
there is a relationship between the curves « and 5 such that
principal normal lines of « coincide with the binormal lines of S,
then this curves are called Mannheim pair.

lzumiya and Takeuchi [5] have introduced the concept of a slant
helix in Euclidean 3-space. A slant helix in Euclidean space E2
is defined by the property that its principal normal vector field
makes a constant angle with a fixed line u.
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Helical structures are an important work frame in the differential
geometry studies because they can be seen in many forms in
nature, architecture, simulation of kinematic motion or design of
highways, fractals, and mechanic tools. For example: biological
macromolecules, macroscopic organs, protein secondary
structure, magnetic trajectories, microscale using self
organized nanopatrticles or thin films. Some of research in this
field are ([3],[4]).
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In the recent article [11], the authors show that a family of slant

helices are the exact solutions of the shape equations. Hence,
the study of slant helices can help to understand better the
biopolymer chains. In this talk we will metioned the slant
Mannheim curves which satisfied both of characterizations of
slant and Mannheim curves.
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The Lorentz-Minkowski space 1.2 is the real vector space R®
endowed with the standart metric

(,) = ax? + dxZ — ax?

where (xq, X2, X3) are the canonical coordinates of R3.
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Slant Helices in 1.3

Definition

A unit speed curve « is called a slant helix if there exists a
non-zero constant vector field U in R® such that the function
(N(s), U) = cos@ is constant [5].

Then they showed that a curve is a slant helix if and only if the

function

/12 T

w2y el

is constant.
In other words geodesic curvature of spherical indicatrix curve
N is constant.
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Slant Helices in 1.3

Figure: Some slant helices
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Slant Helices in 1.3

Figure: Some slant helices
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Slant Helices in 1.3

Definition

A unit speed curve « is called a slant helix if there exists a
non-zero constant vector field U in L3 such that the function
(N(s), U) is constant [1].

Then the characterizations of the slant helices are given by the
following theorems:
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Slant Helices in 1.3

Theorem

Let o be a unit speed timelike curve in IL3. Then « is a slant
helix if and only if either one the next two functions

Ii',2 T ’ I€2 T
) or

2= 2 oz =2ty )

is constant everywhere.
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Slant Helices in 1.3

Theorem

Let a be a unit speed spacelike curve in LS.
(i) If the normal vector of « is spacelike, then « is a slant helix if
and only if either one the next two functions

2 - 2
(72 — K2)3/2(;), or

is constant everywhere.
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Slant Helices in 1.3

A
(i) If the normal vector of « is timelike, then « is a slant helix if
and only if the function

2

K Ty
(7_2 n H2)3/2 (E) or (3)
is constant.
(iii) Any spacelike curve with lightlike normal vector is a slant
curve.
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Slant Helices in 1.3

Theorem

Let a be a unit speed lightlike curve in 3. Then « is a slant
helix if and only if the torsion is

a
7(s) = W (4)

where a, b and ¢ are constants, bs + ¢ # 0.
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Mannheim Curves in L3

Definition

Let C and C* be space curves in R3. If there exists a
corresponding relationship between the space curves C and C*
such that, at the corresponding points of the curves, the
principal normal lines of C coincides with the binormal lines of
C*, then C is called a Mannheim curve and C* a Mannheim
partner curve of . The pair {C, C*} is said to be a Mannheim
pair (see [8], [10] for more details).
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Mannheim Curves in L3

Figure: Mannheim Pair Curve
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Mannheim Curves in L3

(O
It is just known that a space curve in R3 is a Mannheim curve if
and only if its curvature « and torsion 7 satisfy the relationship

K = A(K® + %)

where )\ is a nonzero constant.
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Mannheim Curves in L3

Theorem

Let « be a non-null curve with Frenet apparatus {T,N, B, x, 7}
in 3-dimensional Lorentz-Minkowski space 3. If « is a
Mannheim curve, then the equation

k(1 —e1d6) —eaA2 =0 (5)

where 1 = (T, T) and e3 = (B, B) is hold [12].
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Mannheim Slant Curves

s
Mannheim Slant Curves in 1.3

(O
In this section we give characterization of the Mannheim curves
which are slant helix in 3. Then we give curvature and torsion
of these type of curves.
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Mannheim Slant Curves

Let « be a unit speed timelike Mannheim curve with non-zero
curvature  and torsion 7 in 3. « is a slant helix if and only if

% = cosh(as + b).

Hence the curvatures are

1 1 1 cosh(as + b)

=———— and 7=~——5—~ "~ 6
: Asinh?(as + b) ! Asinh?(as + b) ®)

where a and b are non-zero constant hold.
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Mannheim Slant Curves

Let a be a unit speed timelike curve in L3. Let a be a slant helix
and its axis be u. Then the equation

(N(s),u) = ¢

is satisfied. By differentiating the equation with respect to s, we

have
k(T(s),u) +1(B(s),u) =0 (7)

Again by differentiating the equation with respect to s, we have

K'(T(s), u) +7'(B(8), u) = c(7° — £°) (8)
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Mannheim Slant Curves

We know that the timelike Mannheim curve satisfied the
k= M12 — )
Hence we get the Eq.(8) as

K (T(S), u) + 7' (B(s), u) = c; (9)

If we consider the Egs.(7) and (9) together,

(TEh) = ~o
Bsh0) = Sz
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_cYy
(T(s),u) = X}7
c1

(B(s),u) = X?

are obtained. Again differentiation of these equations give

o _1}//2—}/}/”
A y/2
1 v"
Lo
/\y/2
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Mannheim Slant Curves

(O
Hence the differential equation

—WE+y'(y?-1)=0

is satisfied. Since y = T = cosh(as + b) is the solution of the
differential equation, the curvatures of the timelike Mannheim
slant curve are

1 1 _ 1 cosh(as + b)

=————— and T=—-——5—— 10
: Asinh?(as + b) ! Asinh?(as + b) 10)
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Mannheim Slant Curves

Proposition

Let («, 8) be a Mannheim pair curve with Frenet apparatus
{T,N,B,r,7}and {T*,N*, B*, x*, 7*} respectively in L. Let a
be a timelike curve and 3 be a spacelike curve with timelike
principal normal vector. « is slant helix if and only if

Atanh o(S)T — Ak = 1 (11)

holds where X is a constant and ¢(s) is a angle between the
vector fields T and N*.
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Mannheim Slant Curves

Let « be a timelike curve and 3 be a spacelike curve with
timelike principal normal vector. Then we can write

T* = sinhp(s)T(S) + cosh p(s)B(S)
N* = cosh ¢(S)T(S) + sinh o(s)B(S)
B = N

Differentiation of B* with respect to arc-length parameter of the
curve (5 gives

ds* " T dsds

Mannheim Slant Helix in Lorentz-Minkowski Space
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Mannheim Slant Curves

From
7" (cosh p(8) T(s) + sinh ¢(8)B(s)) = (£ T(s) + 7B(s)) jg
We get,
T coshp(s) = Ii::;
T sinhp(s) = TC(Z:*
and we have -
— = tanh(s) (12)
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Mannheim Slant Curves

Also,
= (14 As)T + ArB) dsi
= sinh¢(8)T(S) + cosh ¢(s)B(Ss)
and we have 14 s
— = tanh(s) (13)
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Mannheim Slant Curves

Hence,
—Ak + AT tanh p(8) =1

is obtained.
From the Eq.(12) and Eq.(13), we have

M2 — A% =k
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Mannheim Slant Curves

Corollary

Let («, 8) be a Mannheim pair curve with Frenet apparatus
{T,N,B,r,7}and {T*,N*, B*, x*, 7*} respectively in L. Let a
be a timelike curve and 3 be a spacelike curve with timelike
principal normal vector. « is slant helix if and only if

Acosh(as + b)T — Ak =1 (14)

holds where X is a constant and ¢(s) is a angle between the
vector fields T and N*.
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Mannheim Slant Curves

Proposition

Let (o, 5) be a Mannheim pair curve with Frenet apparatus
{T,N,B,x,7} and {T* N*, B*,k*, 7*} respectively in IL3. Let «
be a timelike curve and 3 be a spacelike curve with timelike
principal normal vector. « is a slant helix (/5 is a helix) if and
only if

©(8) = arctanh(cosh(as + b))

where \, a and b are non-zero constants and ¢(s) is the angle
between the vector fields T and N*.
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Mannheim Slant Curves

Proposition

Let («, B) be a timelike Mannheim pair curve with Frenet
apparatus {T,N, B, x,7} and {T*, N*, B*, k*, 7*} respectively in
IL3. Then

Acoth6(s)T — Ak = 1 (15)

where )\ is a constant and 6(s) is angle between the vector
fields T and T*.
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Mannheim Slant Curves

Let o be a curve in I3 with Frenet apparatus {T, N, B, x,7}. «
is a Bertrand curve if and only if

A&+ pr =1 (16)

is satisfied where A and r are constant.
But this relationship between the curvature functions of the
curve is not satisfied for Mannheim curves.
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Mannheim Slant Curves

Proposition
Let (a, 5) be a timelike Mannheim pair curve with Frenet
apparatus {T,N, B, x, 7} and {T*, N*, B*, k*, 7*} respectively in
3. Then

;

@ s a helix (« is a slant helix) if and only if 7% = ~ Xcosh(3)

* 1
and r* = Ac cosh(s)

©Q 0 = arctanh(—\7*)
Q=%
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Mannheim Slant Curves

1) Let a and 3 be timelike curves. Then

T* = coshf(s)T + sinh6(s)B
N* = sinhé(S)T + cosh0(s)B
B = N

From the equation

a8 _.\._dNds
ds- | - ds ds*

we get
E_ tanh 6
-
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Mannheim Slant Curves

Also,

T = coshf(s)T* —sinh§(s)N*
B = —sinh6(s)T* + cosh §(s)N*
N = B*
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Mannheim Slant Curves

a(s) = B() — AN(s) = B(s) — AB*(s)

. as* wnp 0S*
= coshOT* —sinhON*
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Mannheim Slant Curves

Then from the equations

Ci:coshé? and )\T*C;SS:—sinhG
we have
7™ = ——tanh@
_ 1=
o AT
_ 1
"~ \cosh(as+ b)

7_* . . X 1
and from I = ¢ = const. we get x* = ~ XGcosh(s)

Mannheim Slant Helix in Lorentz-Minkowski Space



Mannheim Slant Curves in L3
000000000000 00000000e00000

Mannheim Slant Curves

2) It is obvious from 7* = —1 tanh ¢

rentz-Minkowski Space
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Mannheim Slant Curves

3) Derivation of the equation
(T, T*) = —cosh @

with respect to s* gives

0
(T,k*N*) + </€N§;, T*) = —sinh 0;{9*
k*(—sinhf) = —sinh G(ji
Then we get
., do
" T s
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Mannheim Slant Curves

Corollary

Let («, 5) be a timelike Mannheim pair curve with Frenet
apparatus {T,N, B, s, 7} and {T*, N*, B*, k*, 7*} respectively in
IL3. Then the followings are satisfied

@ «is a helix if and only if 3 is a straight line

©Q «is a helix if and only if # is a constant.
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Mannheim Slant Curves

Let « be a unit speed spacelike Mannheim curve with spacelike
normal vector in 3. « is a slant helix if and only if

% = cosh(as + b).

Hence the curvatures are

1 1 1 cosh(as + b)

=——————— and T=———5—~ 17
8 ! Asinh?(as + b) a7)

_Xsinhz(as + b)

hold.
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Mannheim Slant Curves

Let « be a unit speed spacelike Mannheim curve with timelike
normal vector in 3. « is a slant helix if and only if

% = sinh(as + b).

Hence the curvatures are

1 1 1 sinh(as + b)
k=~——>—— and 7=-—F (18)
A cosh“(as + b) A cosh“(as + b)

hold.

Mannheim Slant Helix in Lorentz-Minkowski Space



Mannheim Slant Curves in L3 urfe Mannheim Pair C
0000000000000000000000000e

Mannheim Slant Curves

Theorem

Let « be a Cartan framed null curve in L3. « is a Mannheim
slant helix if and only if

- =
" rzar 1o

for non-zero constant ¢; and ¢,. The torsion of the curve « is a
constant. (see details [9])
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Ruled Surfaces and Mannheim Pair Curves
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Mannheim Slant Curves and Ruled Surfaces

)
In this section we will give the relationship between the
Mannheim slant curve « and striction line of the ruled surface
which is defined by

(s, u) = as) + uN(s).
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Proposition

Let o be a timelike Mannheim slant helix in I.3. The striction
line of the ruled surface

o(s,u) = a(s) + uN(s)

is the Mannheim partner of curve o where N is the normal
vector field of the curve «.
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Ruled Surfaces and Mannheim Pair Curves

Let o be a timelike Mannheim slant helix in I.3. The striction
line of the ruled surface

o(s,u) = a(s) + uN(s)

is given by
(T,N')

g = a_<N’,N’>N
_ (T,kT+7B)
N (kT +7B,kT +71B)

K
= N
04-1-7_2711{2
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Ruled Surfaces and Mannheim Pair Curves

Since the curve « satisfy the relation x = (72 — x?), the curve
B is obtained as
B=a+ AN

which means that the striction line of the ruled surface is
Mannheim partner curve of a.
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Ruled Surfaces and Mannheim Pair Curves

Theorem

Let o(s, u) = a(s) + uN(s) be a ruled surface. Let a be a
timelike Mannheim curve in L3 and let 8 = « + AN be a curve
on the surface . Then the followings are hold (a) 5 is a
striction line of the surface

(b) 5 is a geodesic curve on the surface

(c) a is a slant helix iff 5 is a helix

(d) a is a clad helix iff 3 is a slant helix.
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Ruled Surfaces and Mannheim Pair Curves

(a) Let p(s, u) = a(s) + uN(s) be a ruled surface. Let a be a
timelike Mannheim curve in L3. Then 3 = o + AN is a striction
line of the surface from the above proposition.

) Let {T N B} be the Frenet frame and
{N,C = ”N,”, W = N x C} be adopted frame of the curve «
where W is the Darboux vector field of the Frenet frame. Then
we have the Frenet frame of the curve g is as follows

pr = W
Bn = —C
Be = N
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Ruled Surfaces and Mannheim Pair Curves

The normal vector field of the surface along the curve 3 is C.
Also,

,8// — )\C

Hence the curve S is geodesic on the surface.
(c) If « is a slant helix, then

(N,u) = constant
(Bg,uy = constant

Then S is a helix.
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Ruled Surfaces and Mannheim Pair Curves

(d) If « is a clad helix, then

(C,uy = constant
(Bn,Uu) = constant

Then S is a slant helix.
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Ruled Surfaces and Mannheim Pair Curves

Proposition

Let a be a timelike Mannheim slant helix in 3. Drall of the
ruled surface
o(s,u) = a(s) + uN(s)

is Py = — .
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Ruled Surfaces and Mannheim Pair Curves

Let a be a timelike Mannheim slant helix in 3. Drall of the

surface is
_ det(T,N, N B T

Px = <N’, N'> T2 g2

Also, we know that

_ _1&
Tz AT
_1)\(7'2 — K?)

A T
2,2

T

Then it completes the proof.
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Ruled Surfaces and Mannheim Pair Curves

Proposition
Let « be a spacelike slant helix with spacelike or timelike
normal vector in IL3. The striction line of the ruled surface

(s, u) = a(s) + uN(s)

is the Mannheim partner of curve o where N is the normal
vector field of the curve «.
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Thanks

Thank you for your attention

Mannheim Slant Helix in Lorentz-Minkowski Space



	Giris
	Giris

	Slant Helices and Mannheim Curves
	Slant Helices in L3
	Mannheim Curves in L3

	Mannheim Slant Curves in L3
	Mannheim Slant Curves

	Ruled Surfaces and Mannheim Pair Curves
	Ruled Surfaces and Mannheim Pair Curves
	Kaynaklar
	Thanks


