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Abstract. In the present paper, we consider spacelike translation surfaces in 4-dimensio-
nal Minkowski space. We characterize such surfaces in terms of their Gaussian curvature
and mean curvature functions. We classify flat and minimal spacelike translation sur-
faces in E}.
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1. Introduction

A surface’s geometry consists of some properties like area, distance, angle and
curvature. The most important of these is curvature, which reveals the structural
differences between surfaces. Flat and minimal surfaces with zero Gaussian and zero
mean curvature have major significance in geometry. Especially, a minimal surface
is a surface that locally minimizes its area. In addition to the planes, catenoids
and helicoids, the appearance of minimal surfaces can also be observed in nature:
in the structures that animals build, in various plants and animal anatomies, etc.
In history, some mathematicians such as Riemann, Schwarz, Scherk, Weierstrass
and Enneper made major advances on minimal surfaces (see, [18]). During 1960s,
the pioneering work of Osserman influenced the majority of modern theories of
minimal surfaces in three dimensional spaces [17]. Minimal surfaces have also been
the subject of today’s work (see, [16]).

A special surface: Translation surface which is known as double curved in dif-
ferential geometry are base for roofing structures. The construction and design
of freeform glass roofing structures are generally created with the help of curved
(formed) glass panes or planar triangular glass facets. Especially, double curved sur-
face are made up of quadrilateral, that is four sided, facets. They lead to economic
advantages compared to triangular glass facets. Because of these advantages, trans-
lation surfaces are used to construct free form glass roofing structures [11]. Also,
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due to geometric property of these surfaces, they are used for Teichmiiller theory
in physics (see, [9]).

Translation surfaces can be parameterized locally as ¢(u,v) = (u, v, f(u)+g(v)).
In [4], Baikoussis and Verstraelen (1992) investigated the Gauss map of translation
surfaces with in 3—space. Particularly, in [19], H. Scherk introduced the special
translation surface named Scherk surface which is the only non flat minimal. Then,
these type of surfaces have been studied in Euclidean spaces by many geometers
with different perspectives (see, [1, 2, 7, 20]). Also, in [3], the authors characterized
the translation surfaces in the 3—dimensional Lorentz-Minkowski space.

In the present study, we consider a spacelike translation surface in Minkowski
4-space. We define the surface which locally can be written as a monge patch

P(u,v) = (u,v, fr(u) + g1(v), f2(u) + g2(v)),

for some differentiable functions, f;(u), g;(v), i = 1,2. We characterize such surfaces
in terms of their Gaussian curvature and mean curvature functions and give the
conditions for such surfaces to become flat and minimal.

2. Basic Concepts

The Minkowski 4—space denoted by E{ is the space given by the Lorentzian inner
product
(z,y) = —2oYo + T1y1 + T2y2 + T3Y3.

Let S : ¢ = ¢(u,v) : (u,v) € D ( D C E?) be a spacelike surface in E, then (,)
induces a Riemannian metric on S. Thus, at each point p of a spacelike surface 5,
the following decomposition is available:

4 i
E} =T, S & T,S,
where the restriction of the metric (,) onto the normal space T;-S and T},S have
the signatures (1,1) and (2,0), respectively.

% and V indicate the Levi-Civita connections on E} and S. Suppose X and
Y be vector fields tangent to M and £ be a normal vector ﬁeld The formulas of

Weingarten and Gauss decompose the vector fields V x& and V xY into normal and
tangent components:

Vxé = —AeX + Dxé,
%XY = VxY +hr(X,)Y),

where h, D, and A, are the second fundamental form, the normal connection and
the shape operator, respectively [6].

The mean curvature vector field H of S can be calculated by H = 1757"h i.e. given
alocal orthonormal frame {X, Y} of the tangent bundle, H = 3 ((h (X X)+h(Y,Y)).
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Let S : ¢ = ¢(u,v) : (u,v) € D ( D C E?) be a local parametrization on a
spacelike surface in Ef. The tangent space at an arbitrary point p = ¢(u,v) of S is
T,S = span{du, ¢v}, where (¢, py) > 0, (¢, dy) > 0. The standard indications
E = (busPu) s F = {Pu,Pv), G = {¢hy, p) are used for the coefficients of the first
fundamental form

(2.1) I\ p)=EN 4+2F \u+ Gu?, \,p € IR.

[12] Since I (A, p) is positive definite, we set W = VEG — F2. We choose a nor-
mal frame field {&1,&2} such that (£1,&) = —1, (&,&) = 1, and the quadruple
{¢u.bv, &1, &2} is positively oriented in Ef. Then we have the following derivative
formulas:

v¢u¢u = Quu = Fh(bu + F%1¢v - Chfl + 0%1527
(2~2) V¢ru¢v = ¢uv = Fb(bu + F%Q(ﬁv - 61261 + 632527
V% v = Qo= F%Q(ZSU + F§2¢’U - C%zfl + 03252»

where Ffj and cfj, (i,J, k = 1,2) denote Cristoffel symbols and coefficients of second
fundamental form, respectively. Then, these coefficients are given by

ey = (Guuw,&1)s o = (Gun 1), 3y = (buw,&1),
(23) C%l = <¢uua £2> ) C%Z = <¢uv; €2> 5 C%Q = <¢'Uv; €2> .

[13] h represents the second fundamental tensor of the surface S, then

h/((buv(bu) = _0}161 +C%1£27
(24) h(¢ua (rbv) 76%261 + 0?2527
h(pu, du) _0%251 + C§2£2~

The second fundamental tensor can be written as

(25) h’(X’ Y) == <A§1 (X) 7Y> &+ <A£2 (X) 7Y> &o.

[15] The component of H along a given normal connection Ny, denoted by Hy, is
tr(Ag,c
2

called the expansion along &, i.e., Hy = (H, &) = ) and we obtain

G —2c5,F + 5 F

(2.6) = "5 - r?)

With regard to the normal basis the mean curvature vector field H becomes

(2.7) H = —H& + Hy.

The norm of the mean curvature vector

N
H H is called the mean curvature of S. If

mean curvature vector of a surface is zero, then it is called minimal.
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Gaussian curvature of a regular patch ¢(u,v) can be expressed in terms of the
coeflicients of the first and second fundamental forms as

2 2
(2.8) K=_ det(Ag,) +det(Ag,) —Ci1¢35 + c11635 + (ci2)” — (c1)
’ w2 EG — F? '

A surface S is said to be flat if its Gauss curvature vanishes. [5].

3. Spacelike Translation Surface in E}

The translation surface S determined by curves a, 3 : (a,b) — E$ is the patch
(3.1) S+ p(u,v) = a(u) + B(v).

It is the surface formed by moving « parallel to itself in such a way that a point of
the curve moves along 3 [8].

A surface that can be generated from two space curves by translating either one
of them parallel to itself in such a way that each of its points describes a curve that
is a translation of the other curve. For the spacelike surface S, both of the generator
curves a(u), f(v) are spacelike. These curves are defined by the parameterizations

a(u) = (u,O,f(u)),
Blw) = (0,v,9(v)),

where f(u) and g(v) are smooth functions. Thus, the representation of the surface
is

(3.2) d(u,v) = (u,v, f(u) + g(v)).
The natural frame {¢,,, ¢, } is given by
qu = (1707fl(u))7
¢U = (O, 1,9/(11)).
Then it follows that the unit normal vector & is given by
1 !/ /
NS R (f',=g,1).
The curvatures of the surface in Minkowski 3—space are given by
f/lgll
(2492 — 1)

&=

K=—

and
(1 _ f/2) g// + (1 _g/2> f”.

H= 3
2(f12+g/2_ 1)5
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Theorem 3.1. [10] A translation surface parameterized by (3.2) in Minkowski
3—space has constant Gaussian curvature if and only if it is (a part) of a plane or
a generalized cylinder and thus, is a flat surface.

Theorem 3.2. [10] A spacelike translation surface in Minkowski 3—space param-
eterized by (3.2) has mean curvature zero if and only if it is (a part of) either a
spacelike plane or the surface of Scherk of the first kind which is parameterized by

d(u,v) = (u,v, é In

cosh(av)

sinh(au) > with tanhQ(au) + tanh2(av) <1 and a € Ry.

4. Spacelike Translation Surface in E}

Definition 4.1. A surface can be determined by the curves o, 3 : (a,b) — Ef is
the patch

¢ : E? = E}
P(u,v) = a(u)+ B(v).

If the generating curves a(u) and B(v) are space curves has the parameterizations

a(u) = (u’oafl(u)7f2(u))7
B(’U) = (03U7gl(v)792(v))7

then this surface is still called translation surface in E{. Thus, the translation surface
is defined by the patch

(4.1) ¢(u,v) = (u, v, fr(u) + 91(v), fa(u) + g2(v))-

Let the surface S be spacelike, then both of the generator curves a(u), 5(v) are
spacelike. The first partial derivatives of ¢(u,v) are given by

(4.2) Oy = (1’O>f£(u)’fé(u))7

¢ = (0,1,9,(v), ga(0)).

Hence, the coefficients of the first fundamental form of the surface as we can
find

E = (fudu) =1+ (f1)* + (f2)%
<¢ua¢v> = fllgll + f;nga
(Busdo) = 1+ (97)2 + (92)%,

(4.3)

Q
I
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where (, ) is Lorentzian inner product in E}. Since the first fundamental form
is positive definite, we set W = v EG — F2.

The second partial derivatives of ¢(u,v) are expressed as

Gun = (O’ 0, f{/(u)v él(u))v
(44) ¢uv = (0, 07 O, 0)7
¢vv = (070’9/1/(1))79/2/(,0)).

It follows that chosen normal frame field {£1, &2}

1

(4.5) & = W(fi(ux—g;(v),1,o>,
1 ’ ! ’ !
& = W(Afl(u)_Bf2(u)7Bgl(v)_AQZ(U)a_B7A)a

where

= 1-(f)*+(9)?
—fifa+ 9192,
1—(f3)% + (g3)%,
AC — B2,

T Qw
\

and by the use of (4.4) and (4.5), the functions cfj, (i,4,k = 1,2) are given by

C%l = h 0%2 S
VIA| VIA|
C%z = C%z =0,
Af” _ Bf//
4.6 = 2=t
( ) 11 \/@
2 _ Ag —Bg
22 AD

Using Gram-Schmidt orthonormalization method for the spacelike vector fields
¢, and ¢,,, we get orthonormal tangent vectors

X = ﬂ’
F
<¢U_E¢u>~

(4.7) Yy =

SISES
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By the use of (2.3), (2.4), (2.5) and (4.7), the shape operator matrices can be written
as

1 f/l —fl F
(48) A§1 = /1/ " w
EIA| | =L F g9 E°+{F?
W W2
. 1" _ Af”*Bf” F
| AR - By, e
& = " y Agy —Bg, |E*+(Afy —Bf{)F?
E.\/|AD| | -(Afy-Bf/"F ( 92 91) 2 1
VIAD] | ~(asi—pri) -

Theorem 4.1. Let S be a spacelike translation surface in Ef. Then Gaussian
curvature of S is given by

7

FLaiC— (Fgs + 91 f2)B+ fogo A
A K= .
(4.9) 2D

Proof. By the use of the equations (2.8) and (4.6), we get the result. O

Theorem 4.2. Let S be a spacelike translation surface parameterized by (4.1).
Then S is a flat surface if and only if it is (a part) of a plane or a generalized
cylinder given by

(4.10) d(u,v) = (u,0, fi(u) + a1, f2(u) + az) +v(0,1,b1, b2)
or
(4.11) d(u,v) = (0,v,91(v) + c1,92(v) + c2) +u(1,0,dy, da),

where a; b;, ¢;,d; (i =1,2) are real constants.

Proof. Let S be a spacelike translation surface parameterized by (4.1). If the Gaus-
sian curvature of the surface is zero, then we get f/ =0, g, =0, 0r f/' =0,0r g/ =0
(i = 1,2). For the first case we obtain a plane. For the second and third case, we
get generalized cylinders with the parameterizations (4.10) and (4.11), respectively.
This completes the proof. [

Theorem 4.3. Let S be a spacelike translation surface with the parametrization
(4.1) in E. Then the mean curvature vector field is given by

HG+g E,  G(fA-f B)+E(g,A-g, B)
2¢/|A|W?2 2v/ADW?2

Proof. By the use of the equations (2.6), (2.7) and (4.6), we obtain the desired
result. [

(4.12) H= &+ &.
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Proposition 4.1. Let S be a spacelike translation surface with the parametrization
(4.1) in E. Then S is a minimal surface if and only if

(4.13) = T— i=1,2
where ¢;, (i = 1,2) are real constants.

Proof. Let S be a spacelike translation surface with the parametrization (4.1). If S
is minimal, then the mean curvature vector field is zero, namely the components of

—
H are zero. From the equation (4.12), we get the result. O
Theorem 4.4. Let S be a spacelike translation surface in B} with the parametriza-

tion (4.1). Then S is a minimal surface if and only if either S is a plane or the
functions f;(u), gi(v) are defined by

filu) = c%chc% (ln (cos du) - bu) +kiu, d>0 =12
or fi(u) = —C%(:Ticg <ln (Cosh \d|u) + bu) +kiu, d<0 i=1,2
and

Ci .
gi(v) = 7(:% e (ln (COS \/c?v) + b'v) + lov, 1=1,2

where d' positive and b,V ,c;,d, k;,l; are real constants.

Proof. Let S be a translation surface in Ef which satisfies the equation (4.13). Then
B fi'(u) _ gi (v)
L+ (@) + (f5w)* 1+ (95(w)” + (g5(w)”

We know that the variables w and v are independent. Hence, left and right side of
the equation must be constant. Thus, we have

= C;.

(4.14) i) = =i (<14 (F@)® + (f)?)
gv) = e (1+(6hw)° + (ghw)).

Suppose ¢; = 0, i = 1,2, then we obtain f;(u) = a;u 4+ b; and g;(v) = ;v + d;. As
a result of this, M is a plane in Minkowski 4—space. Furthermore, we assume that
c1 # 0, by dividing the equations (4.14) by the same equations for i = 1, we get

Fw) ) e
T~ i) o

i=1,2.
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Therefore
flw) = Sfw),
Cc1
Ci
g;/(’U) = 79/1/(1})7
C1
and then
(4.15) fw) = SR+ k
1
Cs
gi(v) = —g(v)+1
C1

where k; and [; are real constants for ¢ = 1,2 with k; = [; = 0. Consider the
equations (3.2) for i =1

Tw) = = (<14 (@) + (fw)°).
gv) = e (1+ 6w + (ghw)?)

and substitute (4.15) into these equations. We have

2+ c2
Tw) = —= o 2 ()" = 2cakaff — 1 (k3 — 1),
c? +c2
gi(v) = 10712 (91)° + 2c2lag) + &1 (5+1).
Then taking
f{(u) = D gi(v):qv a:Ma b:CQkQa
C1
¢ = cl(kgfl), b = calo, c':cl(ngrl),
we obtain the differential equations
d,
LTZ = —(ap®+20p+o0),
d
d—z = (ag® +2bq+¢),

or we can write

d 1

ﬁ _ —a{(ap+b)2+acsz},
d 1

diq = = {(aq—i—b’)z—i—ac'—b&].
v a

Put d = ac — b and d’ = ac’ — b'?, then
d = & (k%—l)—c%,
d = c(3+1)+a,
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where d is constant and d’ is positive constant. Assume both of them are positive,
we get

B —b—V/dtan (\/ZZU)

_ /

p = l(u) a )

Y 4V tan (V')
¢ = gi(v)= :

a
If d is negative, then

—b+ +/|d| tanh ( |d|u)

p=fi(u) = :

a

Using these result and equality (4.15), the other functions are

) =~y (Vtan (Vau) +b) + kou, d>0,

R
gy(v) = % (ﬁtan (\/c?@) — b') + v, d' >0,
]+ ¢

" Fou) = %263 (\/Etanh( |d|u) - b) + Eou, d < 0.

1

Consequently, we have all the solutions

filu) = c%chcg <ln (cos du) - bu) + kiu, d>0
or ..
filu) = 213 (ln (cosh |d|u) + bu) + kiu, d<0
and o
9i(v) = ——5—— (ln (cosﬁv) + b’v) +lv, d >0
]+ ¢35
fori=1,2 O

Example 4.1. The surface given by the parametrization
(4.16)  ¢(u,v) = (u,v, —3u + 2v — In (cosh 2u cos 3v) , —2u + v — 2 In(cosh 2u cos 3v)

is minimal in Minkowski 4—space.
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F1G. 4.1: 3D model obtained by the projection of Spacelike Minimal Surface (4.16)
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