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RECTIFYING DEVELOPABLE SURFACE OF TIMELIKE

BIHARMONIC CURVE IN THE LORENTZIAN HEISENBERG GROUP

HEIS3

T. KÖRPINAR1, E. TURHAN1 §

Abstract. In this paper, we study in particular developable surfaces, a special type of
ruled surface in the Lorentzian Heisenberg group Heis3. We find out explicit paramet-
ric equations of rectifying developable of timelike biharmonic curve in the Lorentzian
Heisenberg group Heis3. Additionally, we illustrate three figures of our main theorem.
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1. Introduction

Use of developable surfaces has a long history [4,6,11]. Real developable surfaces have
natural applications in many areas of engineering and manufacturing. For instance, an
aircraft designer uses them to design the airplane wings, and a tinsmith uses them to
connect two tubes of different shapes with planar segments of metal sheets.

A developable surface is a surface that can be (locally) unrolled onto a flat plane without
tearing or stretching it. If a developable surface lies in three-dimensional Euclidean space,
and is complete, then it is necessarily ruled, but the converse is not always true. For
instance, the cylinder and cone are developable, but the general hyperboloid of one sheet
is not. More generally, any developable surface in three-dimensions is part of a complete
ruled surface, and so itself must be locally ruled. There are surfaces embedded in four
dimensions which are however not ruled.

Let (N,h) and (M, g) be Riemannian manifolds. A smooth map ϕ : N −→ M is said
to be biharmonic if it is a critical point of the bienergy functional:

E2 (ϕ) =

∫
N

1

2
|T (ϕ)|2 dvh,

where the section T (ϕ) := tr∇ϕdϕ is the tension field of ϕ [1,2,3,5].
The Euler–Lagrange equation of the bienergy is given by T2(ϕ) = 0. Here the section

T2(ϕ) is defined by

T2(ϕ) = −∆ϕT (ϕ) + trR (T (ϕ), dϕ) dϕ, (1.1)

and called the bitension field of ϕ, [7-14]. Obviously, every harmonic map is biharmonic.
Non-harmonic biharmonic maps are called proper biharmonic maps.
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In this paper, we study in particular developable surfaces, a special type of ruled surface
in the Lorentzian Heisenberg group Heis3. We find out explicit parametric equations of
rectifying developable of biharmonic curve in the Lorentzian Heisenberg group Heis3.

2. The Lorentzian Heisenberg Group Heis3

The Lorentzian Heisenberg group Heis3 can be seen as the space R3 endowed with the
following multiplication:

(x, y, z)(x, y, z) = (x+ x, y + y, z + z − xy + xy).

Heis3 is a three-dimensional, connected, simply connected and 2-step nilpotent Lie
group.

The Lorentz metric g is given by

g = −dx2 + dy2 + (xdy + dz)2.

The Lie algebra of Heis3 has an orthonormal basis

e1 =
∂

∂z
, e2 =

∂

∂y
− x

∂

∂z
, e3 =

∂

∂x
(2.1)

for which we have the Lie products

[e2, e3] =2e1, [e3, e1] = 0, [e2, e1] = 0

with

g(e1, e1) = g(e2, e2) = 1, g(e3, e3) = −1.

Proposition 2.1. (see [15]) For the covariant derivatives of the Levi-Civita connection
of the left-invariant metric g, defined above, the following is true:

∇ =

 0 e3 e2
e3 0 e1
e2 −e1 0

 ,

where the (i, j)-element in the table above equals ∇eiej for our basis

{ek,k = 1, 2, 3} = {e1, e2, e3}.

3. Timelike Biharmonic Curves in the Lorentzian Heisenberg Group Heis3

Let γ : I −→ Heis3 be a timelike curve in the Lorentzian Heisenberg group Heis3

parametrized by arc length. Let {T,N,B} be the Frenet frame fields tangent to the
Lorentzian Heisenberg group Heis3 along γ defined as follows:

T is the unit vector field γ′ tangent to γ, N is the unit vector field in the direction of
∇TT (normal to γ), and B is chosen so that {T,N,B} is a positively oriented orthonormal
basis. Then, we have the following Frenet formulas:

∇TT = κN,

∇TN = κT+ τB, (3.1)

∇TB = −τN,
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where κ is the curvature of γ and τ is its torsion. With respect to the orthonormal basis
{e1, e2, e3} we can write

T = T1e1 + T2e2 + T3e3,

N = N1e1 +N2e2 +N3e3, (3.2)

B = T×N = B1e1 +B2e2 +B3e3.

Lemma 3.1. (see [16]) Let γ : I −→ Heis3 be a non-geodesic timelike curve in the
Lorentzian Heisenberg group Heis3 parametrized by arc length. γ is biharmonic if and
only if

κ = constant ̸= 0,

τ = constant, (3.3)

N1B1 = 0,

κ2 − τ2 = −1 + 4B2
1 .

Theorem 3.2. (see [16]) Let γ : I −→ Heis3 be a non-geodesic timelike biharmonic
curve in the Lorentzian Heisenberg group Heis3 parametrized by arc length. Then the
tangent vector of γ is

T(s) = sinhMe1 + coshM sinh (N s+ C) e2 + coshM cosh (N s+ C) e3, (3.4)

where N = κ−sinh 2M
coshM .

4. Rectifying Developable of Timelike Biharmonic Curve in the
Lorentzian Heisenberg Group Heis3

Ruled surfaces are swept out by the motion of a straight line in a space. More formally,
the image of the map Ω(γ,δ) : I × R → Heis3 defined by

Ω(γ,δ) (s, u) = γ (s) + uδ (s) , s ∈ I, u ∈ R

is called a ruled surface in Heis3 where γ : I → Heis3, δ : I → Heis3\ {0} are smooth
mappings and I is an open interval.

We call γ the base curve and δ the director curve. The straight lines u → γ (s) + uδ (s)
are called rulings.

Definition 4.1. A smooth surface Ω(γ,δ) is called a developable surface in Heis3 if its
Gaussian curvature K vanishes everywhere on the surface.

We define a modified Darboux vector as

D̃ (s) = −
(τ
κ

)
γ′ (s)−B (s) . (4.1)

Definition 4.2. The rectifying developable of γ in Heis3 is

Ω(γ,D̃) (s, u) = γ (s) + uD̃ (s) . (4.2)

The rectifying developable of the curve γ is the envelope of the family of rectifying
planes at γ(s), where the rectifying plane at γ(s) is defined to be the plane generated by
the tangent vector γ′(s) and the binormal vector B(s).
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Theorem 4.3. γ : I −→ Heis3 be a non-geodesic timelike biharmonic curve in Lorentzian
Heisenberg group Heis3 parametrized by arc length. Then, the equation of rectifying de-
velopable of γis given by

Ω(γ,D̃) (s, u) = (4.3)

[(sinhM+
1

N
cosh2M)s− 1

4N 2
cosh2M sinh 2 (N s+ C)− A1

N
cosh (N s+ C)

+A3 + (
1

N
coshM sinh (N s+ C) +A1)(

1

N
coshM cosh (N s+ C) +A2)

+u[−τ

κ
sinhM− 1

κ
cosh2M(N + 2 sinhM)]]e1 + [

1

N
coshM cosh (N s+ C) +A2

+u coshM sinh (N s+ C) [−τ

κ
+

1

κ
(N + 2 sinhM) sinhM]]e2

+[
1

N
coshM sinh (N s+ C) +A1

+u coshM cosh (N s+ C) [−τ

κ
+

1

κ
(N + 2 sinhM sinhM]]e3,

where A1, A2, A3 are constants of integration, M is constant angle and N = κ−sinh 2M
coshM .

Proof. Using (2.1) in (3.4), we obtain

T = (coshM cosh (N s+ C) , coshM sinh (N s+ C) , sinhM (4.4)

− 1

N
cosh2M sinh2 (N s+ C)−A1 coshM sinh (N s+ C)),

where A1 is constant of integration.
On the other hand, using Frenet formulas (3.1) and (4.4), we have

N=
1

κ
coshM(N + 2 sinhM)[cosh (N s+ C) e2 + sinh (N s+ C) e3].

Also, using (4.4) and Lemma 3.1, we obtain

B =
1

κ
coshM(N + 2 sinhM)[coshMe1 (4.5)

− sinhM sinh (N s+ C) e2 − sinhM cosh (N s+ C) e3].

Therefore, the modified Darboux vector of γ is

D̃ (s) = [−τ

κ
sinhM− 1

κ
cosh2M(N + 2 sinhM)]e1 (4.6)

+ coshM sinh (N s+ C) [−τ

κ
+

1

κ
(N + 2 sinhM) sinhM]e2

+coshM cosh (N s+ C) [−τ

κ
+

1

κ
(N + 2 sinhM) sinhM]e3.
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On the other hand, using (4.4) the position vector of γ is

γ (s) = [(sinhM+
1

N
cosh2M)s− 1

4N 2
cosh2M sinh 2 (N s+ C)

−A1

N
cosh2 (N s+ C) +A3 + (

1

N
coshM sinh (N s+ C)

+A1)(
1

N
coshM cosh (N s+ C) +A2)]e1 (4.7)

+[
1

N
coshM cosh (N s+ C) +A2]e2

+[
1

N
coshM sinh (N s+ C) +A1]e3,

where A1, A2, A3 is constant of integration.
So, substituting (4.6) and (4.7) in (4.2), we have (4.3), which completes the proof.

Theorem 4.4. Let γ : I −→ Heis3 be a non-geodesic timelike biharmonic curve
in Lorentzian Heisenberg group Heis3 parametrized by arc length. Then, the parametric
equations for rectifying developable of γ are

x(γ,D̃) (s, u) = [
1

N
coshM sinh (N s+ C) + u coshM cosh (N s+ C) [−τ

κ

+
1

κ
(N + 2 sinhM) sinhM]] +A1,

y(γ,D̃) (s, u) = [
1

N
coshM cosh (N s+ C) + u coshM sinh (N s+ C) [−τ

κ

+
1

κ
(N + 2 sinhM) sinhM]] +A2, (4.8)

z(γ,D̃) (s, u) = [(sinhM+
1

N
cosh2M)s− 1

4N 2
cosh2M sinh 2 (N s+ C)

−A1

N
cosh2 (N s+ C) +A3 + (

1

N
coshM sinh (N s+ C)

+A1)(
1

N
coshM cosh (N s+ C) +A2) + u[−τ

κ
sinhM

−1

κ
cosh2M(N + 2 sinhM)]][1− [

1

N
coshM cosh (N s+ C)

+u coshM sinh (N s+ C) [−τ

κ
+

1

κ
(N + 2 sinhM) sinhM+A2]]],

where A1, A2, A3 are constants of integration, M is constant angle and N = κ−sinh 2M
coshM .

Proof. Substituting equation (2.1) to (4.3), we have (4.8). Thus, the proof is com-
pleted.

Hence, the obtained parametric equations are illustrated in Fig. 1, 2, 3:
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Figure 3.

Corollary 4.4. γ : I −→ Heis3 be a non-geodesic timelike biharmonic curve in
Lorentzian Heisenberg group Heis3 parametrized by arc length. Then, the modified Dar-
boux vector of γ in terms of {e1, e2, e3} is given by

D̃ (s) = [−τ

κ
sinhM− 1

κ
cosh2M(N + 2 sinhM)]e1

+coshM sinh (N s+ C) [−τ

κ
+

1

κ
(N + 2 sinhM) sinhM]e2

+coshM cosh (N s+ C) [−τ

κ
+

1

κ
(N + 2 sinhM) sinhM]e3.
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where M is constant angle and N = κ−sinh 2M
coshM .

Proof. From (2.1) and (4.5), we obtain above system, which completes the proof.

Acknowledgements. The authors thank to the referee for useful suggestions and
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References

[1] Caddeo, R., Oniciuc, C. and Piu, P., (2004), Explicit formulas for non-geodesic biharmonic curves of
the Heisenberg group, Rend. Sem. Mat. Univ. Politec. Torino 62 (3), 265-277.

[2] Caddeo, R. and Montaldo, S., (2001), Biharmonic submanifolds of S3, Internat. J. Math. 12(8), 867-
876.

[3] Caddeo, R. and Montaldo, S. and Oniciuc, C., Biharmonic submanifolds ofSn, Israel J. Math., to
appear.

[4] do Carmo, M., (1976), Differential Geometry of Curves and Surfaces, Prentice Hall, New Jersey.
[5] Chen, B. Y., (1991), Some open problems and conjectures on submanifolds of finite type, Soochow J.

Math., 17, 169-188.
[6] Cleave, J.P., (1980), The Form of the Tangent-Developable at Points of Zero Torsion on Space Curves,

Math. Proc. Camb. Phil. Soc.
[7] Eells, J. and Lemaire, L., (1978), A report on harmonic maps, Bull. London Math. Soc., 10, 1-68.
[8] Eells, J. and Sampson, J. H., (1964), Harmonic mappings of Riemannian manifolds, Amer. J. Math.,

86, 109-160.
[9] Hasanis, T. and Vlachos, T., (1995), Hypersurfaces in E4 with harmonic mean curvature vector field,

Math. Nachr., 172, 145-169.
[10] Jiang, G. Y., (1986), 2-harmonic isometric immersions between Riemannian manifolds, Chinese Ann.

Math. Ser. A, 7(2), 130-144.
[11] Kruppa, E., (1957), Analytische und konstruktive differential geometrie, Springer-Verlag, Vienna.
[12] Lamm, T., (2005), Biharmonic map heat flow into manifolds of nonpositive curvature, Calc. Var., 22,

421-445.
[13] Loubeau, E. and Oniciuc, C., (2007), On the biharmonic and harmonic indices of the Hopf map,

Transactions of the American Mathematical Society, 359 (11), 5239-5256.
[14] O’Neill, B., (1983), Semi-Riemannian Geometry, Academic Press, New York.
[15] Rahmani, S., (1992), Metriqus de Lorentz sur les groupes de Lie unimodulaires, de dimension trois,

Journal of Geometry and Physics, 9, 295-302.
[16] Turhan, E. and Körpınar, T., (2010), On Characterization Of Timelike Horizontal Biharmonic Curves

In The Lorentzian Heisenberg Group Heis3, Zeitschrift für Naturforschung A- A Journal of Physical
Sciences, 65a, 641-648.

Talat Körpınar was born in 1981 in Sivas (Turkey) and received her M.Sc.
(2008) from Fırat University. He is currently doing his Ph.D research under
supervision of Dr. E. Turhan at the Department of Mathematics in Fırat
University. His main research are Riemannian manifolds, semi- Riemannian
manifolds, Lorentzian geometry, curve and surface theory , Lie algebras.



108 TWMS J. APP. ENG. MATH. V.2, N.1, 2012

Essin Turhan was born in 1967 in Erzurum (Turkey). She received her
M.Sc. (1993) and Ph.D(1997) from Fırat University. Her main research are
Riemannian manifolds, semi- Riemannian manifolds, Lorentzian geometry,
curve and surface theory, Lie algebras.


