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Abstract
In this paper we study surfaces parameterized by lines of curvature. We obtain a characterization of a class
of surfaces with planar lines of curvature, this characterization depend on certain holomorphic function.
We present a class of surfaces with two family of planar lines of curvature, this class of surfaces includes
the Dupin surfaces. Also, we give explicit examples.
Keywords . Planar lines of curvature, Dupin surfaces, holomorphic functions.

Resumen
En este articulo estudiamos superficies parametrizadas por lineas de curvatura. Obtenemos una caracteri-
zacion de una clase de superficies con lineas de curvatura planas, esta caracterizacion depende de ciertas
funciones holomorfas. Presentamos una clase de superficies con dos familias de lineas de curvatura planas,
esta clase incluye las superficies de Dupin. También damos algunos ejemplos explicitos.
Palabras clave. Lineas de curvatura planas, superficies de Dupin, funciones holomorfas.

1. Introduction. A hypersurface M™ is said to be Dupin if each principal curvature is constant along
its corresponding surface of curvature. The Dupin hypersurface M™ is said to be proper if the number
g of distinct principal curvatures is constant on M ™. Dupin hypersurfaces is a current research topic, we
mention for example [6], [8], [10], [11], [15], [16] when the principal curvatures are all distinct, check that
the curvature lines of a Dupin hypersurface are circles or straight lines, so the lines of curvature are planar
curves.

Classify surfaces with planar curvature lines with a property additional geometry is a traditional and
current research topic, for example according to Nitsche [9], minimal surfaces with planar lines of curvature
in the Euclidian space was discovered by Bonnet and Enneper. In [2], the authors study surfaces with planar
curvature lines and as a result, they stablish some characterization theorems for such surfaces. Moreover,
they give a condition for a surface to be a surface of revolution.

In [7], the authors study surfaces with planar lines of curvature in the framework of Laguerre geometry
and provide explicit representation formulae for these surfaces in terms of a potencial function. As an
application, explicitly integrate all L-minimal surfaces with planar curvature lines. In [3] Leite, determine
the orthogonal systems of cycles (curves of constant geodesic curvature) on the hyperbolic plane, aiming at
the classification of maximal surfaces with planar lines of curvature in the Minkowski space.

Masal’tsev in [5] given a construction of surfaces in a three-dimensional Lobachevskii space H? whose
properties are similar to those of Joachimsthal surfaces in a three-dimensional Euclidean space; i.e., he
gives a description of surfaces in H? having one family of lines of curvature located in totally geodesic
planes containing a common geodesic of H?. The author also proves that in H?, surfaces of constant mean
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curvature without umbilical points having one family of lines of curvature located in totally geodesic planes
are surfaces of revolution (hyperbolic Delanoé surfaces). In [14], the authors given a characterization of
hypersurfaces whose lines of curvature are planar. In [12], the authors study special classes of hypersurfaces
parameterized by lines of curvature with some conditions on the Laplace invariants.

In this paper, using [4] we present surfaces parameterized by lines of curvature. We obtain a char-
acterization of a class of surfaces with planar lines of curvature, this characterization depend on certain
holomorphic function. We present a class of surfaces with two family of planar lines of curvature, this class
of surfaces includes the Dupin surfaces. Also, we give explicit examples.

2. Preliminaries. Let (2 be an open subset of R and u = (u1, ug, -+ ,u,) € Q. Let X : Q C R" —

R™*1 n > 2, be a hypersurface parametrized by lines of curvature, with distinct principal curvatures
ki, 1 <i<nand N :Q C R* — R""! be a unit normal vector field of X. Then

(X, X j) = 6ijgii» 1 <4, <n,
Ni=—-kX;, 2.1
where the subscript ; denotes the derivative with respect to ;. Moreover,
Xij—TiX:—-TLX;=0, 1<i#j<n, (2.2)

- 1<i#j<n, (2.3)

ry =—-
17 kj_kl, = =

where Ffj are the Christoffel symbols.
We now consider the higher-dimensional Laplace invariants of the system of equations (2.2) (see [1])

o— T i
mij = T + T (2.4)
mir = Uy =Tf , k#i,j, 1<k<n.

Definition 2.1. A hypersurface M™ is said to be Dupin if each principal curvature is constant along its
corresponding surface of curvature.

The following Proposition obtained in [13] characterizes the hypersurfaces parametrized by planar lines
of curvature.

Proposition 2.1. Forn > 2, let X : Q C R® — R"*1 be a hypersurface parametrized by lines of
curvature, with distinct principal curvatures k;, 1 < i < n.
The lines of curvature c;(u;) = X (uf, ud, -+ ud_j ug,udy - ,ud), 1 <i < nare planar if and only

if
ki L+ kimi; =0, 1<i#j <n. (2.5)

In this paper the inner product (,) : C x C — R is defined by

(f,9) = fig1 + fag2, where f = f1 +ifa, g = g1 +iga,

are holomorphic functions.
In the computation we use the following properties: If f,g : C — C are holomorphic functions of v =
uy + iUQ. Then

<f7g>,1 = <f/ag> + <fag/>7 <f7g>,2 = <Zf/ag> + <f?ig/>’ <fg7h> = <gafh> (26)

The following results were obtained in [4].

Theorem 2.1. An oriented hypersuface M™ in R"t1, n > 2 is an envelope of sphere congruence,
whose other envelope is contained in the hyperplane 11 = {(u1,u2, -+ ,Uny1) € R™ Lt = 0} if,
and only if; exist an orthogonal local parametrization of I, Y : U C R™ — Il and a differentiable function
h:UCR"™ = R, suchthat X : U C R™ — M™", given by

2h(u) |~ h,;
X(u) =Y (u) — é ) D Y- enn| 2.7
j=1 JJ
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is a parametrization of M, with e, 11 = (0,0, ...,0,1), L;; = (Y,;,Y;) 1 <4,j < nand

n (h 4)2
S = J 1. 2.8
Z Ljj i @9
Jj=1
Moreover, the Gauss map is given by
2 [~ hy
N(u) =ept1 + 3 Z L’jj_ Yj—ent1|, (2.9)
j=1 73
and the Weingarten matrix is given by
W =2V (SI —2nV)~ !, (2.10)
where the matrix V = (V;) is given by
1 "~
Vij=1— (ha - Z%m) 1<d,5 <, 2.11)
Z =1

where féﬁ are the Christoffel symbols of the metric L.
The regularity condition of X is given by

P =det (ST — 2hV) # 0. 2.12)

Corollary 2.1. With the conditions of the Theorem 2.3, we have that the first, second and third funda-
mental forms are given by

2
I=1- %((VL)T +VL)+ (if) VLVT, (2.13)
2 4h
II=-—=>-wvnpr+ =ZvLv? 2.14
(VL) + o ; (2.14)
4
II] = §VLVT, (2.15)

where L is the matrix of the metric (L;;) and T denotes the transpose.

Corollary 2.2. Let X : U C R™ — M™ C R"*! be a parametrization of the hypersurface M™ given
by (2.7). Then the following conditions are equivalent
o X is parametrized by lines of curvature,
[ ] ij = Of()l"i 74— j,
o Ni=—kX,
where k;, 1 < i < n, are the principal curvatures of X.

Remark 2.1. From (2.10), the principal curvatures are given by

1<i<n. (2.16)

3. Surfaces with planar lines of curvature. The following result is a consequence of Theorem 2.3,
forn = 2.

Theorem 3.1. Let M? be an oriented surface as in Theorem 2.3, Y (u) = (g(u),0), an orthogonal
local parametrization of 11 = {(u1,uz,u3) € R? : uz3 = 0}, g : U C C — C is a holomorphic function
with |g'| # 0. Then there exist a differentiable function h : U C R? — R, such that M? can be locally

parametrized by
2h (¢'.Vh
X = —— | =,-1 A
(w) = (9.0) - 5 < iR ) (3.1
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where u = (uy,us) € U C R?,

Vh|?
5=V 1, (32
9’|
The Gauss map is given by
2 2 (¢'.Vh
N(u) = 1—- = — | =——,0]). 33
W= (0.01-3)+ % (T5500) 33

Moreover, the coefficients of the first, second and third fundamental form of X are given respectively by

4h 2h\ >
a11 = |g/|2 (1 - §V11 + (S) (V121 + V122)> P
ah (2R
a1z = |g/|2V12 <_S + (S) (VH + %2)) s (3.4)

4h 2h\ 2
ass = |g'|? (1 - §V22 + <S> (V5 + V222)> ;

2 4h,
by = |g')? <—V11 + (VA + sz)) 7

S S
2 4h
biz = |g'|*Vi2 (—S + = (Vu+ sz)) , (3.5)
2 4h
b =19/ (- SV + G (VR + 1)),
c —i /2v2 V2 _i I2V (V +V) _i| I‘Q(V2+V2) (36)
1= gzl "(Vih + Vi), ez = 19" Va2 (Vin + Vo), e22 = 519" (Viz + Vi), :
where
1 B gI/ T
Vii = W _h,n - <g”Vh>_ )
1 B ] 1
Viz = iy |haz - <zgl,Vh>} : 3.7)
1 : 1 7
Vag = — h,22+<g,,Vh> :
lg'[? | g ]

Proof: For n = 2, from Theorem 2.3, let Y (u) = (g(u), 0) be a orthogonal locally parametrization of
I = {(uy,us2,u3) € R3: ug = 0}. Thus, we obtain that, L1; = Loy = |¢’|? and by equation (2.8), we get
(3.2). Using (2.7) we obtain (3.1).
Also, from Corollary 2.4 we obtain (3.4), (3.5) and (3.6).
Finally, (3.7) it follows from (2.11) and the fact that
S A R U Y
B =g T T g T e

1<i#j<2 (3.8)
The proof is complete.

The following result provides a characterization of the surfaces parametrized by planar lines of curvature.

Lemma 3.1. Let X : U C R? — M? C R3 be a parametrization of the surface M? by lines of
curvature with two distinct principal curvatures. Then the lines of curvature are planar if, and only if

iikij(kj — 2k;) = Ky jiki(kj — ki), 1 <i#j < 2. (3.9
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Proof: By Proposition 2.2, M? has planar curvature lines if, and only if
ki oLy + kimiy =0, 1 <i# 5 <2
Using (2.3) and (2.4) in the above expression we get that

ki,iki,j — k. |:ki,ji(kj - kz) - ki,j(kj,i - kz,z) + ki,jkj,i

kj — ki (kj — ki)? (kj — k)2 ]’
ki ks j . ki ji(ky — ki) + ki ki,
ki (k; — ko)

Therefore, the last equation is equivalent to (3.9). The proof is complete.

Lemma 3.2. Let Y : U C R? — 11 be a parametrization of the plane 11 = {(uy, ua,u3) : uz = 0}
given by Y (u) = (g(u),0), g : U C C — C a holomorphic function, v = (uy,u3) € Uandh : U — Ra
differentiable function.

If the immersion X : U — R3 given by (3.1) is parametrized by lines of curvature. Then for 1 < i # j <2

25V
g = - 2Viii 310
i kv - 5 G-10)
Wi ;S + 4h i Vis(Vis — Vi)
fy o = Vi Vil Vi = Vjs) 3.11
’ (OhV, — )7 ey
i 8h jViiViii(S — hV;;) + 45V i (2hVi; j — h Vi) + 28V (S — 2R V) (3.12)
i = ) .

(2hVi; — S)3

Proof: Since X is parametrized by lines of curvature then the principal curvatures are given by (2.16)
and differentiating this expression with relation to u; and u;, we get respectively

2Vii,i(2hVii — S) — 2V3i(2h,iVii + 2hVii i — S)

ki; = GhV,, — 9)° , (3.13)
2Vii j(2hVi, — S) — 2V (2h ; Vi + 2RV, 5 — S )
kij = oIV, — 9)° . (3.14)
Also, from (3.2)
hi 2 h . 2
g - << J + () +1) |
lg \ i
_ @hihi + 2k 0 50)lg 1P — (05 + 13) 19I5
lg'[* ’
where |g'|% is equal to 2(g”, g') or 2(ig", g').
Thus, using (2.6)
1 (9".9") 2 (9".9") 2
SJ = W (Qhwhu -2 |g/‘2 hl + 2h7jh7ij -2 |g/‘2 h,j
or
1 (ig". 9}, 5 (ig".9")
S’i = 2 (2h’1h’” -2 719 h,i + 2h,jh,ij -2 712 h,j
9| g l9'l
Now, using the fact that V;; = V;; = 0, we have
Si=2Vih;, i=1,2. (3.15)

Substituting (3.15) in the expressions (3.13) and (3.14), we obtain (3.10) and (3.11).
Finally, differentiating (3.11) with relation to u; and using (3.15), we get (3.12). The proof is complete.
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The following result provides a characterization of a class of surfaces parametrized by planar lines of cur-
vature given by (3.1).

Theorem 3.2. Let Y : U C R? — 11 be a parametrization of the plane 11 = {(u1,ua,u3) : uz = 0}
given by Y (u) = (g(u),0), g : U C C — C a holomorphic function, u = (uy,uz) € U, h : U — Ra
differentiable function and the immersion X : U — R3 given by (3.1) is parametrized by lines of curvature
with two distinct principal curvatures.

X has planar lines of curvature if, and only if,

(2Vii = Vii)ViiiViig = Vii(Vis = Vjj)Viiaj, 1 <0 # 5 < 2. (3.16)

Proof: Suppose that V;; ; = 0, it follows from Lemmas 3.2 and 3.3 that X has planar lines of curvature
if, and only if,

—28Viii  —4h i Vii(Vii = Vi) 2V 4V _
(2hVi; — 8)2 (2nVy — §)2 <2hvjj —S  2nV, — s) -
8h ;jViiViii(S — hVj;) — 4SVii ih jVi;  2Vi 2V, 2Vy;
(2nV;; — 8)3 20V — S <2hvjj — 5 2nVy — S> '

Hence,
16Sh,;ViiVii,i(Vii — Vj3)(28Vii — SVj; — 2hV;3Vj5) =
165h,;ViiVii i 2Vii (S — hVj;) = SVi3](Vii = Vi),

which is an equality.
In the case that Vj; ; # 0, from Lemmas 3.2 and 3.3 we get that X has planar lines of curvature if, only if,

28Vii,i(25Viij + 4h; Vii(Vis — Vi) )(4SViy — 25Vj; — 4hV;i Vi) =
45Vii(Vii = Vjj)(8h ;i ViiViii (S — hVj;) + 4SV;i i(2hVii j — h Vi) + 25Viii5(S — 2hVy))
After some calculations we get

85%V;i,iVii,j (2SVii — SVjj — 2hViiVis) = 852 Vii(Via — Vi) (4hVii i Vi j + Viiij (S — 2hVia)).
Hence,

(S = 2hVii)(2Vii — Vjj)ViiiVii g = (S = 2hVii)Vii(Vii — Vj)Vii i,
this equation is equivalent to (3.16). The proof is complete.

Corollary 3.1. Let Y : U C R? — I be a parametrization of the plane 11 = {(u1,uz,us) : ug = 0}
given by Y (u) = (g(u),0), g : U C C — C a holomorphic function, u = (uy,uz) € U, h: U — Ra
differentiable function and the immersion X : U — R? given by (3.1) is parametrized by lines of curvature
with two distinct principal curvatures.

(1) If Vi, =0,1 <1 # j <2 Then X has planar lines of curvature.

(2) If Vi1 = —Vag and Vi; ; =0, 1 < i # j < 2. Then X is a Dupin surface.

Proof: (1) It follows from Theorem 3.4.
(2) Differentiating with relation a u; and us we have

Vitg = —Vag1 =0, Vago = —V112=0.

Using these expressions in (3.10), we get that k; ; = 0. Therefore, X is a Dupin surface. The proof is
complete.

Corollary 3.2. A surface M? as in Theorem 3.1 parametrized by lines of curvature with
h(u) = |z1|(fi(u1) + fa(uz)) and g(u) = zyu + 29, 21,22 € C, 21 # 0, 3.17)

has planar lines of curvature.
Proof: From (3.17) and (3.7) we get

A
_ 3

|21]

Vi Li=1,2. (3.18)
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Consequently, V;; ; = 0, 1 < i # j < 2 and from Corollary 3.5, M? has planar lines of curvature. The
proof is complete.

Remark 3.1. From Corollary 3.6, we obtain that:
If g(u) = wand h is given by (3.17) with f1(u1) = ciu? +couy +c3, fa(ug) = dyu3 +daus +ds, ¢;,d; €
R. Then the surface M? is a Dupin surface, see figures 4 and 5.

Example 1 Considering g(u) = u+1, h(u1, us) = cosusg in Corollary 3.6, we obtain a surface parametrized
by lines of curvature planar (see Fig. 1).
Here

Vi1 =0, Vos = —cosus.

Figure 3.1: Surface with planar lines of curvature

Example 2 Considering g(u) = (1+i)u+ 144, h(u1, u2) = V2 (1h5u$ + t55uf + cosuz) in Corollary
3.6, we obtain a surface parametrized by lines of curvature planar (see Fig. 2).
Here,

3\/5 \/i COS Us

Vin = Jo0 ™ + g0 V22 =

22__\/5

Figure 3.2: Surface with planar lines of curvature
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Example 3 Considering g(u) = (1 +i)u + 1 + 4, h(u1, uz) = v/2(sin u; + cosug) in Corollary 3.6,
we obtain a surface parametrized by lines of curvature planar (see Fig. 3).
Here,

sin uq COS U9

Viin=— , Voo =

V2

Figure 3.3: Surface with planar lines of curvature

Example 4 Considering g(u) = u, h(ui,us) = u3 + uz + 2 in Corollary 3.6, we obtain a surface
parametrized by lines of curvature planar (see Fig. 4).
Here,

V11 =0, Voo = 2.

Figure 3.4: Dupin surface
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Example 5 Considering g(u) = u, h(ui,uz) = —u? + u; + uz + 2 in Corollary 3.6, we obtain a
surface parametrized by lines of curvature planar (see Fig. 5).

Here, Vii = -2, Voo = 0.

Figure 3.5: Dupin surface

Example 6 Considering g(u) = (1 +i)u, h(uy,u2) = v/2(2u? + cosuz) in Corollary 3.6, we obtain
a surface parametrized by lines of curvature planar (see Fig. 6).

COS Us

Here, Vit =2V2, Vap = — :
V2

Figure 3.6: Surface with planar lines of curvature

Example 7 Considering g(u) = (1 — i)u 4+ 2 — i, h(u1,us) = v/2(e™* + sinusy) in Corollary 3.6, we
obtain a surface parametrized by lines of curvature planar (see Fig. 7).

U1 3
e Sin uo
Here, Vii=—7, Voo = — .

S
S

Figure 3.7: Surface with planar lines of curvature
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4. Conclusions. From the results obtained in this paper we can make the following conclusions:

We study surfaces parameterized by lines of curvature and obtain a characterization of a class of surfaces
with planar lines of curvature in terms of the principal curvatures and a certain holomorphic function.
Also, we present a class of surfaces with two family of planar lines of curvature, this class of surfaces
includes the Dupin surfaces. Finally, the theory is illustrated with some explicit examples. It would be
interesting to study surfaces parameterized by planar lines of curvature with some geometric properties
such as embeddededness, completeness. In this sense, future work is being carried out.
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