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ABSTRACT. In this article, generating curves of translation surfaces are paired
with some special curve pairs. With the results obtained from these pairings,
the developable and minimal translation surfaces are characterized. In ad-
dition, the surface curvatures of the translation surface are obtained. For a
better understanding of the results, examples are given and their drawings are
made with the help of Mathematica.

1. INTRODUCTION

The main purpose of differential geometry is to understand and characterize
the mathematical properties of any geometric object defined in space. The most
important of these objects are curves and surfaces. Researchers working on this
subject often have to characterize the curve and the surface in a certain way in order
to understand it. One of the most important ways to characterize the curve is to
use Frenet vectors. For example, Bertrand pairs of curves were characterized by J.
Bertrand in 1850 as curves whose reciprocal normal vectors are linearly dependent
[1]. Similarly, the Mannheim curve pairs were characterized by the normal vector
of one of the curves and the binormal vector of the other as linearly dependent
by A. Mannheim in 1878 [2]. In addition, the involute-evolute curve pairs are
characterized as curve pairs whose mutual tangent vectors are perpendicular [3].

The study of surfaces is one of the most captivating subjects in the field of
differential geometry. Consequently, researchers have extensively investigated vari-
ous types of surfaces [4H6]. Much like curves, researchers endeavor to characterize

2020 Mathematics Subject Classification. 53A04, 53A05.

Keywords. Translation surface, Bertrand partner curve, Mannheim partner curve, involute-
evolute curves.

1 8 ahas@ksu.edu.tr-Corresponding author; @ 0000-0003-0658-9365;

2 © beyhanyilmaz@ksu.edu.tr; @ 0000-0002-5091-3487

(©2024 Ankara University
Communications Faculty of Sciences University of Ankara Series A1 Mathematics and Statistics

165



166 A. HAS, B. YILMAZ

surfaces. Moreover, another significant aspect that piques researchers’ interest is
whether a surface is developable or minimal [7,8]. One of the interesting surfaces in
Euclidean space is the translation surface produced by the two curves. The general
form of translation surface is the surface that can be generated from two arbitrary
space curves by translating either 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. A generalized
type of translation surface parameterized by

x(u,v) = x(u) +y(v) (1)
where x : I C R — E3andy : J C R — E? are arbitrary generating curves
of x according to the parameters v and v (may be the arc-length parameters),
respectively. Let {tx, nx, bx} be the Frenet frame field of x with curvature xx and
torsion 7x. Also, let {ty,ny, by} be the Frenet frame field of y with curvature xy
and torsion Ty. A translation surface has the property that the translations of a
parametric curve u = ¢ by y(v) remain in y (similarly for the parametric curves
v = ¢) |9+11]. Translation surfaces are the basic modeling surfaces commonly used
in computer aided geometric design and geometric modeling [12]. Also, translation
surfaces are common in descriptive geometry and architecture because they can be
easily modeled [13}{14]. Many studies are carried out on translation surfaces so far:
L. Verstraelen et al. have studied minimal translation surfaces in n-dimensional
Euclidean spaces [15]. H. Liu has studied Gaussian curvature and mean curvature
of translation surfaces in 3-dimensional space [16]. D. W. Yoon has studied the
differential geometric properties of translation surfaces by applying the Laplace
operator to the Gauss transform [17]. Additionally, numerous studies have been
conducted on translation surfaces [18422].

In this study, generating curves of translation surfaces are associated with some
special curve pairs. The article investigates the conditions necessary for these trans-
lation surfaces to be both developable and minimal surface, while also characterizing
the conditions that make this possible.

2. PRELIMINARIES

In this section, for parametrized curves and surface elements some basics defini-
tions and theorems are given.

A regular naturally parametrization of class C*, with k > 1 of a curve in R? is
a vector function x : I C R — E3, s — x(s) = (x1(s),%2(s),x3(s)) defined on an
interval I which satisfies x is of class C* and x/(s) # 0 for all s € I. A curve x
is continuously differentiable if x'(s) exists for all s € I and the derivative x'(s) is
a continuous function; thinking dynamically, the vector x'(s) is the velocity of the
curve at time s. We call x(s) naturally parametrized curve if x;(s) (i =1,2,3) is of
class C* and ||x/(s)|| = 1, for each s € T [23].
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Let x(s) be biregular, that is, x'(s) x x"(s) # 0, for each s € I. We consider a
trihedron {t(s),n(s),b(s)} along x(s), so-called Frenet frame, where |23]

6(s) = x'(s), n(s) = L bs) = t(s) x n(s)
7 It (s)1I” '
The curvature k, a non-negative scalar field, is defined by setting x(s) = ||t'(s)]|
and torsion is defined by setting 7(s) = (n’(s), b(s)). If the naturally parametrized

curve x has unit speed and strictly positive curvature, then the following equations
hold [23]

t/ 0 k O] [t
n|l=|-« 0 7| |n
b’ 0 -7 0| |b

where k # 0 for the Frenet frame to be defined.

Let x and y be naturally parametrized curves in E? with parameter u and v, re-
spectively. Let {tx(u), nx(u), bx(w), kx(u), Tx(w)} and {ty (v), ny(v), by (v), Ky (v), Ty (v)}
be Frenet elements of x and y, respectively. Some special curve pairs is studied by
S. Yuce and A. Sabuncuoglu and the following results are given [24,25|.

Let’s assume that (x,y) curve pair is Bertrand curve pair. In this sitation, since
the normal vectors of the x and y have the same direction, they are written as

tx(u) = cosbty(v) —sinfby(v), (2)
n.(u) = ny(v), 3)
bx(u) = sinfty(v)+ cos by (v) (4)
and
kx(u) = Ky(v)cosl+ 7y (v)sind, (5)
Tx(u) = —ry(v)sind+ 1, (v)cosb, (6)

where 6 is the constant angle between the mutually tangent vectors.

Let’s assume that (x,y) curve pair is Mannheim curve pair. Since the normal
vector of the x and binormal vector of the curve y have the same direction, they
are written as

tx(u) = cosfty(v)+sinfny(v), (7)
n.(u) = by(v), (8)
bx(u) = —sinfty(v) + cosbny(v) )
and
Ex(u) = Ty(v) sin@j—z, (10)
Tx(u) = —Ty(v) COSHZ—Z, (11)

where 6 is the constant angle between the mutually tangent vectors.
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Let’s assume that (x,y) curve pair be involute-evolute partner curve. Since
the mutual tangent vectors of the x and y curves are perpendicular, the following
equations are available

tx(u) = mny(v), (12)
ng(u) = cosfty(v)+sinbby(v), (13)
byi(u) = —sinbty(v)+ cosbby(v) (14)

where 6 is the constant angle between tyx and ny, and

\/Ke + T2
- (15)
(c = s)ky
Let M be a regular surface in R? parameterized by x(u,v). Some basic concepts

of M surface is studied by M.P. Do Cormo and these concepts are given below [3].
The standart unit normal vector field n on surface M can be defined by

Fx(u) =

Xu X Xo
n= -4 =¥, (16)
[Xu X Xl
Also, the first and second fundamental forms of the surface M are as follows
I = Edu® + 2Fdudv + Gdv?,
I = edu® + 2fdudv + gdv?,
where the F, F and G components are called the coefficients of the first fundemental
form of the surface, and the e, f and g components are called the coefficients of the

second fundemental form, respectively. The following equations are given for the
first and second fundamental form coefficients of the surface

E=(XwXu) F=XuXo)s G=XuXo) (17)
and

=Ny f=Nuwm) 9= Xpm)- (18)
On the other hand, the Gaussian curvature K and the mean curvature H of the
surface M are as follows

eg—f?
K= EG — F? (19)
and Eg+ Ge —2Ff
_tyg €
H= 2(EG — F?) (20)

Theorem 1. Let M be a regular surface in R3. If the Gaussian curvature of the
surface M is zero, the surface is called the developable surface [20] .

Theorem 2. Let M be a reqular surface in R3. If the mean curvature of the surface
M is zero, the surface is called the minimal surface [26].
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3. TRANSLATION SURFACES CREATED WITH CURVE PAIRS

Translation surfaces are formed by the sum of the two curves, from Eq. ,
translation surface is as follows

x(u,v) = x(u) +y(v) (21)
where x and y are generating curves. If the partial derivatives of the translation
surface given above are taken according to v and v, we have

Xu = tx, (22)
X'u = t}” (23)
qu = RxNx, (24)
Xov = “ynyv (25)
= it (26)
Xuv - dv x-
The unit normal of the translation surface from Egs. , and 7 we get
tx X t
n= # (27)
[ X ty ||

The coefficients of the first and second fundamental forms of the translation surface

are obtained from Egs. , and Eqgs. —, as
E

= (XwXua) =1, (28)
F = <Xua Xv> = <tx7ty>’ (29)
G = (XoXo) =1 (30)
and
Rx
e = <qu7n> = m<nXatx X ty>’ (31)
1 d
= =y, by X ty), 32
f <Xuv7n> ||tx % ty” <dU X y> ( )
= ) = ———(n, ty X ty). 33
g <Xv'u Il> ||tx X ty” <n)’7 X y> ( )

3.1. Let x and y Bertrand partner curves. Let the curves x and y, which are
the generating curves of the translation surface parameterized by Eq. , be the
Bertrand partner curve. In this case, from Eq. and the unit normal of the
translation surface is

cosfty —sinfby) x t
n= Y Y Y —_n (34)
~ |[(cos Bty —sinfby) x ty|

Since the principal normal vector fields of Bertrand curve pairs are linearly depen-
dent, at the same time n = —ny.
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The coefficients of the first fundamental form from Eq. and Eqgs. (28)-(30),
are obtained as

E = <XU’X1,L> = ]‘)
F = (Xu»Xy) = ((cosbty —sinbby),ty) = cosb,
G = Xoxo) =1

The coefficients of the second fundamental form from Egs. , and Egs. _
, are as follows

e = <I€xnx, 7nx> = —Kx,
f = {((kycos@+ Tysinf)ny, —ny) = —kx,
g = <K,yny, —ny> = _’iy~

The Gaussian and mean curvatures of translation surfaces, whose generating curves
are Bertrand partner curves from Egs. (19)) and (20]), are calculated as

_ €9 — f2 _ KX(KY B Kx) (35)
EG — F? sin” 0
and Eg+Ge — 2F 2 cos 6
oo g+Ge—2Ff  —kx— Ky +2cos Fix (36)

2(EG — F?2) 2sin% 0

Theorem 3. Let x(u,v) = x(u) +y(v) be a translation surface where x andy are
generating curve. For translation surfaces, whose generating curves are Bertrand
partner curves to be developable surfaces the necessary and sufficient condition is
that this y is heliz.

Proof. Considering that rkyx # 0, from Egs. , and Theorem [1} it becomes

kx = Ky
and
Ky cosf + Ty sinf = kKy.
So, we get
Ty _ 1—cosf
Ky sin 6
Since 6 is a constant angle, ;—y =constant. So generating curve y is helix. O
Yy

Theorem 4. Let x(u,v) = x(u) + y(v) be a translation surface where x and 'y
are generating curves. Suppose that the generating curves are a pair of Bertrand
curves. The necessary and sufficient condition for the surface x to be a minimal
surface is that the curve X is a heliz.
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Proof. From Eqs. and (6)), we can easily see that
Ky = kx(v) cosf — 7x(v) sin 6. (37)
Using Egs. , and Theorem [2| the following equation can be given

Kx — COSOKkyx = Ty sIn 6

and
Tx 1—cosd
Kx sin 0
Since ¢ is a constant angle, ~* =constant. So generating curve x is helix. O
X

Example 1. Let x : I C R — E? be naturally parametrized curve in R® parame-

terized by
x(u) = | cos 2 sin— ﬁu
B 577575 '

The naturally parametrized curve y which is the Bertrand partner curve of the x
curve is as follows

24 v 24 . v V24
y(v)=|=—=cos—,—sin—-,—uv | .
25 5 25 5 5

The translation surface generating by the x and 'y Bertrand partner curves is pa-
rameterized as follows

u 24 v ,ou 24w
x(u,v) = cosf—i——cosf,smf—i——smg,

\/ﬂJr\/ﬂ
5 25 P My T a5 vl

—u

5 5
In Fig. , we present the graph of the above translation surface and its generating
Bertrand partner curves x andy.

FIGURE 1. Translation surface and its generating curves x(Red)
and y(Blue) for Bertrand partner curve.
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3.2. Let x and y Mannheim partner curves. Let the curves x and y, which
are the generating curves of the translation surface parameterized by Eq. , be
the Mannheim partner curves. In this case, from Eq. and , the unit normal
of the translation surface is

(cosfty +sinfny) X ty,

ne [|(cos Oty + sinfny) X ty || = by (38)

Since the principal normal vector and binormal vector fields of Mannheim curve

pairs are linearly dependent, at the same time n = —ny. The coefficients of the
first fundamental form from Eq. and Egs. —, are as follow

E = <X’U.7 X’LL> = 1,

F = (XusXo) = ((cosbty +sinfny), t,) = cosb,

G = <X'u’ Xv> = 1

The coefficients of the second fundamental form from Egs. @, and Eqs. (31))-
, are obtained as

e = </€xnxa *nx> = —kx,
[ = (—kysinbty + ky cosfny + 7y sin by, —by) = —7y sin 6,
g = (kyny,by)=0.

If we calculate the Gaussian and mean curvatures of translation surfaces, whose

generating curves are Mannheim partner curves, from Egs. and , we have
2

eq —

- _ g (39)

K:
EG — F? y

and
_ Eg+Ge—-2Ff —kx+ Tysin20

H= —
2(EG — F?) 25sin” 0

(40)

Theorem 5. Let x(u,v) = x(u) +y(v) be a translation surface where x andy are
generating curve. For translation surfaces, whose generating curves are Mannheim
partner curves to be developable surfaces, the necessary sufficient condition is that
the curve y is a planar curve.

Proof. Tt is easily seen from Eq. and Theorem 1| that 7y, = 0. This means that
the curve y is a planar curve. O

Theorem 6. Let x(u,v) = x(u) +y(v) be a translation surface where x and'y are
generating curve. For translation surfaces, whose generating curves are Mannheim
partner curves to be minimal surfaces, the necessary sufficient condition is that the
curve y is a planar curve or v = ciu+ ca, c1,c2 € R.

Proof. From Egs. , and Theorem [2 the following equation can be given

dv
Tysin20 = 7y sin—

du
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and p
v
2 50 =7, —.
Ty COS S I

Here 7, = 0 is an obvious solution. So y is a planar curve. Let Ty # 0 then, we get

20089/du=/dv.

If 2cosf = ¢1,c1 € R is selected here, we obtain
v=cu+cy, c1,co €R.
O

Example 2. Let x : I C R — E? be arbitrary parametrized curve in R® parame-
terized by

8 8 . 4
x(u) = [ = cosu, - sinu, —u | .
) 5 5

The arbitrary parametrized curve y which is the Mannheim partner curve of the
curve X is as follows

4
y(v) = (—i(sinv—i—cosv), g(sinv—i—cosu)7 51)) .

The translation surface generating by the x and y Mannheim partner curves is
parameterized as follows
(u, ) 8 8 (sinv+ ) 8 . n 8 (sinw+ ) 4 . 4
u,v) = | —cosu — —(sinv + cosv), = sinu + —(sinv + cosv), —u+ -v | .
A 5 5 '5 5 5" "5

In Fig. (@, we present the graph of the above translation surface and its generating
Mannheim partner curves X andy.

3.3. Let x and y involute-evolute partner curves. Let the curves x and y,
which are the generating curves of the translation surface parameterized by Eq.
, be the involute-evolute partner curves. So, from Eq. and , the unit
normal of the translation surface is

n= Xt o (41)

[ny x ty]

The coefficients of the first fundamental form from Eq. and Egs. —,
are as follows

E = (XuXu) =1,
F = <Xu7Xv> = <nyvty> = 07
G = (XuXy) =1

If we calculate the coefficients of the second fundamental form from Eqs. (12)),(13)),(15)
and Eqgs. —, we can easily see that

e = (kxhx,—by)= —kxsind,
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‘)

Lo

1 o 1

FIGURE 2. Translation surface and its generating curves x(Red)
and y(Blue) for Mannhiem partner curve.

[ = (—kyty + 7yby, —by) = -7y,
g = (kyny,by)=0.

The Gaussian and mean curvatures of translation surfaces, whose generating curves
are involute-evolute partner curves are obtained from Eqgs. (19) and (20)), as follows

eg — f* 2
K= _ 42
EG-F2 ¥ 42)
and Eg+ Ge —2Ff in g
g+ Ge — —Kx Sin
H = = . 4
2EG — F?) 2 (43)
Theorem 7. Let x(u,v) = x(u) + y(v) be translation surface where x and y

are generating curves. Suppose that the generating curves are the involute-evolute
partner curves. The necessary and sufficient condition for the surface x to be
developable surface is that the curve y is a planar curve.

Proof. 1t is easily seen from Eq. and Theoremthat Ty = 0. This means that
the curve y is a planar curve. (I

Theorem 8. Let x(u,v) = x(u) + y(v) be translation surface where x and y
are generating curves. Suppose that the generating curves are the involute-evolute
partner curves. In this case, the translation surface x cannot be a minimal surface.
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Proof. Since kx # 0, considering Eq. (43), it is seen that H # 0. Therefore, such
translation surfaces cannot be minimal. O

Example 3. Let x : I C R — E? be arbitrary parametrized curve in R® parame-
terized by

8 8 . 4
x(u) = [ = cosu, - sinu, —u | .
5) 5 )

The arbitrary parametrized curve y involute partner curve of the x curve is as
follows

5 ) 5 ) 5 5 )

The translation surface generating by the x and y involute-evolute partner curves
is parameterized as follows
8

2 . 2 . 3 . 2 2 3
y(v) = | =cosv— —sinv+ —vsinv, - sinv + - cosv — —vcosv, v | .

8

— (8 8 2 2, sinv. 8si 8 i 2 2 4 3
X(um)—( cosu + ¢ cosv sinv + fvsinv smu—|—551nv—|—5005v25vcosv,5u+5v).

5 5 5 5
In Fig. (@, we present the graph of the above translation surface and its generating
involute-evolute partner curves X andy.

FIGURE 3. Translation surface and its generating curves x(Red)
and y(Blue) for involute-evolute partner curves.
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