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Abstract. In this paper, we study general rotational surfaces in E* with pointwise 1-type
Gauss map. We consider general rotational surfaces in E* whose meridian curves lie in
two-dimensional planes. We firstly obtain all general rotational surfaces in E* with proper
pointwise 1-type Gauss map of the first kind. Then we classify minimal rotational surfaces
of E* with proper pointwise 1-type Gauss map of the second kind.
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1. Introduction

In late 1970’s, B.Y.Chen introduced the notion of finite type immersion into a
Euclidean space. Since then many works have been writen in this field (see [5, 6],
etc.). A submanifold M of a Euclidean space E™ is said to be of finite type if its
position vector x can be expressed as a finite sum of eigenvectors of the Laplacian A
of M, that is, x = xg+x1+- - - +x%, where z¢ is a constant map, x1, ..., T, are non-
constant maps such that Az; = Az, N e R, i=1,2,... k. If A1, Ao, ..., \; are all
different, then M is said to be of k-type. In [7], Chen and Piccinni similarly extended
this definition to differentiable maps, in particular, to Gauss maps of submanifolds.
They made a general study on compact submanifolds of Euclidean spaces with finite
type Gauss map, and for hypersurfaces they proved that a compact hypersurface
M of E*t! has 1-type Gauss map if and only if M is a hypersphere in E**!. Also,
many geometers studied submanifolds with finite type Gauss map ([2, 3, 4, 7, 20]
etc.).

If a submanifold M of a Euclidean space has 1-type Gauss map v, then Av =
Av + C) for some A € R and some constant vector C. However, the Laplacian of
the Gauss map of several surfaces such as helicoid, catenoid and right cones in E3,
and also some hypersurfaces take the form

Av = f(r+0C) (1)
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for some smooth function f on M and some constant vector C. A submanifold of
a Euclidean space is said to have pointwise 1-type Gauss map if it satisfies (1). A
submanifold with pointwise 1-type Gauss map is said to be of the first kind if C' is the
zero vector. Otherwise, it is said to be of the second kind. A pointwise 1-type Gauss
map is called proper if the function f defined by (1) is non-constant. A non-proper
pointwise 1-type Gauss map is just usual 1-type Gauss map.

Remark 1. For an n-dimensional plane M in a FEuclidean space, the Gauss map v
is constant and Av = 0. For f = 0 if we write Av = 0 - v, then M has pointwise
1-type Gauss map of the first kind. If we choose C = —v for any nonzero smooth
function f, then (1) holds. In this case, M has pointwise 1-type Gauss map of the
second kind. Therefore we say that an n-dimensional plane M in a Euclidean space
1s a trivial submanifold with pointwise I1-type Gauss map of the first kind or the
second kind.

Surfaces and some hypersurfaces in Euclidean spaces with pointwise 1-type Gauss
map were recently studied in [1, 8, 9, 10, 12, 13, 14, 15, 17].

In [14], the characterizations of surfaces in the Euclidean space E* with point-
wise 1-type Gauss map were given. Also, in [1], simple rotational surfaces in E*
whose meridian curves lie in 3-spaces were considered, and the meridian curve of
the flat rotational surfaces with pointwise 1-type Gauss map of the second kind was
described.

In this paper, we study general rotational surfaces in E* with meridian curves
lying in two-dimensional planes and pointwise 1-type Gauss map. We firstly prove
that there exists no non-planar minimal general rotational surface with pointwise
1-type Gauss map of the first kind. Then we obtain all general rotational surfaces
with proper pointwise 1-type Gauss map of the first kind which includes the results
given in [19]. We also classify minimal general rotational surfaces of E* with proper
pointwise 1-type Gauss map of the second kind.

2. Preliminaries

Let M be an oriented n-dimensional submanifold in an (n+2)-dimensional Euclidean
space E""2. We choose an oriented local orthonormal frame {e1,..., e,42} on M
such that ey, ..., e, are tangent to M and e, 1, e,42 are normal to M. We use the
following convention on the range of indices: 1 <4,j,k,...<n, n+1<r;s,t,... <
n+2.

Let V be the Levi-Civita connection of E"*2 and V the induced connection on
M. Denote by {w!,...,w"*?} the dual frame and by {wa}, A,B = 1,...,n + 2,

the connection forms associated to {ei,...,e,+2}. Then we have
_ n ) n+2 " n+2
Ve = wa (en)ej + Z higer, Ve,es = —Ag(er) + Z wg(ex)er
j=1 r=n+1 r=n+1
and
n+2

D, es = Z w’ (eg)er,

r=n+1
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where D is the normal connection, h;; the coeflicients of the second fundamental
form h, and A, the Weingarten map in the direction e,..

The mean curvature vector H and the squared length ||h||? of the second funda-
mental form A are defined, respectively, by

1 2 r
H= Y e, and [P = Y0 B
i 74,7

A submanifold M is said to have parallel mean curvature vector if the mean curvature
vector satisfies DH = 0 identically.
The Codazzi equation of M in E"*2 is given by

r T
ij,k — 'Yjk,i>
n+2 n (2)
;k,i = ’L Z hjk,w 62 Z el hek + wk(ez)hge) .
s=n-+1 =1

Also, from the Ricci equation of M in E"*2, we have

RD(ejvek;eTaes> = <[A€ 7A Z hs - hz] zk) (3>

i=1

where RP is the normal curvature tensor.

Let M be an oriented n-dimensional submanifold of a Euclidean space E™. The
map v : M — G(m — n,m) defined by v(p) = (ent1 Aenia A+ Aep)(p) is called
the Gauss map of M that is a smooth map which carries a point p € M into the
oriented (m — m)-plane in E™ which is obtained from the parallel translation of
the normal space of M at p in E™, where G(m — n,m) denotes the Grassmannian
manifold consisting of all oriented (m — n)-planes through the origin of E™. Since
G(m — n,m) is canonically embedded in A" "E™ = EN, N = ( then the
notion of the type of the Gauss map is naturally defined.

men):

2.1. General rotational surfaces

In [16], Moore introduced general rotational surfaces in the Euclidean space E*. A
rotational surface in E* is a surface left invariant by a rotation in E* which is defined
as a linear transformation of positive determinant preserving distance and leaving
one point fixed.

In [11], Cole studied the general theory of rotations in E*. In E*, two planes
which have no line in common are called completely (or absolutely) perpendicular
to each other. A rotation in general leaves two completely perpendicular planes
invariant not fixed point for point, but only as planes. A rotation which leaves one
of the invariant planes fixed point for point and converts the other invariant plane
to itself is called a simple rotation. In general, every general rotation (also called
double rotation) of E* can be reduced to a succession of two simple rotations whose
fixed planes are completely perpendicular to each other (for details see [11]). By a
suitable isometry of E*, two completely perpendicular planes at a point in E* can
be transformed to completely perpendicular zy- and zw-planes at the origin of E*.
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Let 3(s) = (x(s),y(s), 2(s),w(s)) be a regular smooth curve in E* on an open
interval I in R, and let a and b be some real numbers. Then, considering the
equations of the general rotation given in [11], a general rotational surface M in E4
with the meridian curve ( is given by

X(s,t) = (:E(s) cosat — y(s)sinat, z(s) sinat + y(s) cos at, (4)

z(8) cosbt — w(s) sinbt, z(s) sin bt + w(s) cos bt),

where a and b are the rates of rotation in fixed planes of the rotation, [16]. If a or b
is zero, then a surface M defined by (4) is a simple rotational surface as the rotation
subgroup which produces M is a simple rotation.

Let M be a general rotational surface in E* whose meridians lie in 2-planes. Then
these planes of meridians are perpendicular to the two fixed planes of the rotation
that generates the surface M. If M with planar meridians is parametrized by (4),
then the planes of meridians are perpendicular to the invariant xy- and zw-planes
of the rotation which generates the surface M. Therefore, without loss of generality,
we can choose a meridian curve § of M in the zz-plane as 3(s) = (z(s),0, z(s),0),
and thus a general rotational surface M in E* whose meridians lie in 2-planes is
given by the parametrization

F(s,t) = (z(s) cosat, z(s) sin at, z(s) cos bt, z(s) sin bt) (5)

with the rates of rotation a and b, where s € I C R, t € (0,27). Throughout this
work we suppose that ab # 0. Since (8 is a regular smooth curve, parametrization
(5) is an immersion if and only if a?z2(s) + b%2%(s) > 0 on I.

Moreover, a rotational surface in E* defined by (5) for a = b = 1, 2(s) = u(s) cos s
and z(s) = u(s)sins is also known as a Vranceanu rotational surface [18], where u
is a differentiable function.

From now on, since [ is a plane curve, without loss of generality, we consider 3
of the form (3(s) = (z(s), 2(s)) on some open interval I.

Suppose that s is the arc length parameter of 5. Then, x’z(s) + 2’2(5) =1, and
the curvature function « of 3 is given by s(s) = 2'(s)z"(s) — 2" (s)Z'(s), s € I.

Let M be a general rotational surface in E* defined by (5). We consider the
following orthonormal moving frame field {ej,es, es,e4} on M such that e;,es are

tangent to M, and es, e are normal to M:

0 1 0 (6)
€1 = —, 3= —F—————,
YT 0s ? a?x? + 1222 0t
e3 = (=2’ cosat,—2z' sinat, x’ cosbt, ' sinbt), (7)
1
eq4 = (—bzsinat, bz cos at, ax sin bt, —ax cos bt). (8)

va2x? + 222

By a direct computation we have components of the second fundamental form and
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the connection forms as

a’zz’ — b%za!

3 _ 3 _ 3 _

hiy = Kk, hyy = @272 + b252 hi, =0, 9)
4 ab(zx’ —x2') 4 4

h12 - a2x2? + b2,2 ’ h’ll - h22 - 07 (10)

a’rx’ + b%z2'
a222 + b2,2
ab(za’ + z2")
0272 + 222

(11)

(12)

wi(er) =0, wi(ez) =

wi(el) =0, wi(eQ) =

Thus, the shape operators of M are of the form

_ (M 0 _( 0 hiy
Ag—( 0 h‘;’2> and A4—(h%2 Nk (13)

from which we obtain the mean curvature vector and the normal curvature of M as
follows:

1
H = §(hi’1 + hiy)es, (14)
RD(eh €2;€3,€4) = h%z(hgz — hiy). (15)
On the other hand, from Codazzi equation (2) we have

e1(h3y) = wy(e2) (h3y — k) + hiywi(e2), (16)
e1(hiy) = 2wy (e2)hy — wwi(ez). (17)

Remark 2. If the meridian curve 8 of M is a line z = cox passing through the
origin, and the rates of rotation a and b hold a®> = b2, then the rotational surface
M is given by F(x,t) = (xcost,xsint, cox cost,ecorsint), x>0, e =a/b=+1. It
can be easily shown that M is an open part of a plane in E*.

3. General rotational surfaces with pointwise 1-type Gauss
map of the first kind

In this section, we obtain all general rotational surfaces defined by (5) with pointwise
1-type Gauss map of the first kind.

The Laplacian of the Gauss map v for an n-dimensional submanifold M in the
Euclidean space E"2 was given by

Lemma 1 (See [14]). Let M be an n-dimensional submanifold of Euclidean space
E"*+2. Then, the Laplacian of the Gauss map v = €,41 A €n4o is given by

Av =||h|*v + 2 Z RP(ej,ex; ent1,enia)ej Aex
i<k
(18)
+ nZwﬁié ej)e; NH +V(trA,41) Aepta — V(trdp2) A enya,
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where ||h||? is the squared length of the second fundamental form, RP the normal
curvature tensor, and V(trA,) the gradient of trA,.

In [14], the following results were given for the characterization of surfaces in E*
with pointwise 1-type Gauss map of the first kind.

Theorem 1 (See [14]). An oriented minimal surface M in the Euclidean space E*
has pointwise 1-type Gauss map of the first kind if and only if M has flat normal
bundle.

Theorem 2 (See [14]). An oriented non-minimal surface M in the Euclidean space
E* has pointwise 1-type Gauss map of the first kind if and only if M has parallel
mean curvature vector in E*.

We will classify rotational surfaces in E* with pointwise 1-type Gauss map of the
first kind by using the above theorems.

Theorem 3. Let M be a general rotational surface in E* defined by (5) for the rates
of rotation a and b. Then, M is minimal, and its normal bundle is flat if and only
if M is an open part of a plane.

Proof. Let M be a general rotational surface given by (5). Then, we have an
orthonormal moving frame {e1,e2,e3,e4} on M in E* given by (6)-(8), and the
shape operators As and A4 are given by (13). If M is minimal, and its normal
bundle is flat, then (14) and (15) imply, respectively,

K+ h’gQ = 07 (19)
hil2(hgz - K) =0, (20)

as h3; = K, where r is the curvature of the meridian curve of M. By using these
equations we get hi,kx = 0 which implies either x = 0 or hi, = 0.

Case 1. k = 0. Then the meridian curve of M is a line. We may put
xz(s) =x15+ w2, 2(s) =218+ 29 (21)

for some constants x1, xa, 21, z2 with 23 +2? = 1. From (19) we also have h3, = 0.
By using the second equation in (9) and (21) we obtain

(a® — b?)z1215 + (2021 — V211 29)

h3, = =0
22 a?(x15 + x2)% + b%(218 + 22)?
which yields
(a® = bH)x 21 = 0, (22)
a’raz1 — b2x120 = 0. (23)

Equation (22) implies either a? —b% = 0 or w12; = 0. If 2; = 0, then z; = +1. Also
from (23) we get 9 = 0. Thus, z = 0, and M is an open part of the zzx4-plane
because of (5). By a similar argument, if z; = 0, then M is an open part of the
T1To-plane.
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Now, assume that x1z; # 0 and a? — b?> = 0. Then, (23) implies 7921 = 7122
from which and (21) we get 1z = z12, i.e., line (21) is passing through the origin.
In view of Remark 2, M is an open part of a plane.

Case 2. hj, = 0. From the first equation in (10) we have xz’ — 2’2 = 0, i.e.,
z = cox, where ¢g is a constant. Hence, 3 is an open part of a line passing through
the origin. Therefore M is an open part of a plane because of Remark 2.

The converse of the proof is trivial. O
From Theorem 1 and Theorem 3 we state

Theorem 4. There exists no non-planar minimal general rotational surface in E*
defined by (5) with pointwise 1-type Gauss map of the first kind.

In [20], Yoon studied flat Vranceanu rotational surfaces in E* with pointwise 1-
type Gauss map of the first kind. He proved that a flat Vranceanu rotational surface
M in E* has pointwise 1-type Gauss map of the first kind if and only if M is a
Clifford torus in E?*, that is, the product of two plane circles with the same radius.

Now we investigate non-minimal general rotational surfaces in E* with parallel
mean curvature vector to obtain surfaces in E* with proper pointwise 1-type Gauss
map of the first kind. For this reason we prove

Theorem 5. A non-minimal general rotational surface M in E* defined by (5) has
parallel mean curvature vector if and only if it is an open part of the surface defined

by

F(s,t)= (ro cos(%) cos at, rg COS(%) sin at, rg sin(%) cosbt, ro sin(%) sin bt) (24)

which is minimal in S3(rg) C E*.

Proof. Let M be a non-minimal general rotational surface in E* defined by (5). Let
{e1, €2, e3,e4} be an orthonormal moving frame on M in E* given by (6)-(8). From
(13) we have H = %(h}; + h3,)e;. Suppose that the mean curvature vector H is
parallel, i.e., DH = 0. By considering (12), we obtain that

3 ab(h3; + h3y)(xa’ + z2')

=0.
2(a2z? + b222) “

D, H =

Since M is non-minimal, this equation yields za’ + 2z’ = 0, i.e., 2% + 22 = 72, where
ro is a positive real number. Hence, the meridian curve (3 is an open part of a circle
which is parametrized by
s s
xz(s) =rgcos —, z(s) =rgsin —.
To To
Therefore, M is an open part of the surface given by (24).
The converse follows from a direct calculation. O

By Theorem 2 and Theorem 5 we have
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Corollary 1. A non-minimal general rotational surface M in E* defined by (5) has
pointwise 1-type Gauss map of the first kind if and only if it is an open part of the
surface given by (24).

By computation we have
a’b? )
a? cos? =+ b2 sin’ %)2

2
[R]]* = tr(As)” + tr(Ag)* = = (1 +
r2 (

for the rotational surface (24).
By combining the results obtained in this section we state a classification theo-
rem:

Theorem 6. Let M be a general rotational surface in E* defined by (5). Then M
has pointwise 1-type Gauss map of the first kind if and only if M is an open part
of a plane or a surface given by (24). Moreover, the Gauss map v = e3 A eq of the
rotational surface (24) satisfies (1) for the function

2b2

r=a(+ : )
ra (CLQCOSQ%—FbQSiHQ )2 '

Corollary 2. The only general rotational surface M in E* defined by (5) with proper
pointwise 1-type Gauss map of the first kind is the surface given by (24) for a® # b>.

In particular, if the rates of rotation @ and b in (5) meet a®> = b%, then the
rotational surface (24) is a Clifford torus in E* which has (global) 1-type Gauss map
of the first kind studied in [19, 20].

4. Minimal general rotational surfaces with pointwise 1-type
Gauss map of the second kind

In [16], Moore proved that a general rotational surface M defined by (5) fora =b =1
is minimal if and only if its meridian curve is an open part of the hyperbola

c1(2% —2%) + 222 + ¢ = 0, (25)

where ¢; and ¢y are some real numbers. A direct calculation shows that this result
still holds if a? = b2.

In [14], a characterization of minimal surfaces in E* with pointwise 1-type Gauss
map of the second kind was given as follows:

Theorem 7 (Sece [14]). A non-planar minimal oriented surface M in the Euclidean
space BE* has pointwise 1-type Gauss map of the second kind if and only if, with
respect to some suitable local orthonormal frame {e1,ea,es,eq} on M, the shape
operators of M are given by

_(r 0 _(0ep
A3—<0_p> and A4—<€p0>, (26)

where e = £1 and p is a smooth non-zero function on M.
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By using Theorem 7 we classify non-planar minimal general rotational surfaces
in E* defined by (5) with pointwise 1-type Gauss map of the second kind.

Theorem 8. Let M be a non-planar general rotational surface in E* defined by (5)
for the rates of rotation a and b. Then,

1. if a®> = b2, then the minimal surface M whose meridian curve is given by (25)
has proper pointwise 1-type Gauss map of the second kind.

2. if a® # b?, then M is minimal and its Gauss map is of pointwise 1-type of the
second kind if and only if the meridian curve of M is given by

z=cat >0 (27)

for some real number ¢ # 0.

Proof. Let M be a non-planar general rotational surface in E* defined by (5). Then
we have an orthonormal moving frame {e1, e, e3,e4} on M in E* given by (6)-(8),
and the shape operators Az and A4 are given by (13). For a? = b?, assume that M
is minimal. Thus we have h3; + h3, = 0 which gives the differential equation
22— 2+ xz' — za _
x2 + 22

that has a general solution given by (25). Also, from the second equation in (9) and
the first equation in (10) we have (h3,)? = (hiy)2. If we put p = h3$;, then h3, = —p
and h}, = ep, where ¢ = 1. Thus, the shape operators A3 and A, are of the form
(26). A direct calculation (or see the proof of Theorem 7) shows that the function
f satisfying (1) is given by f = 8p? = 8x? as p = h$; = & from (9). Since & is not
constant for the hyperbola given by (25), f is not a constant function. As a result
M has proper pointwise 1-type Gauss map of the second kind by Theorem 7. This
gives case 1 of the theorem.

Now, for a® # b? assume that a non-planar general rotational surface M in E*
defined by (5) is minimal and its Gauss map v = ez A ey is of pointwise 1-type of the
second kind. Then, Theorem 7 implies that the shape operators Az and A4 of M

are of the form (26). Hence we have h3; + h3, = 0 and h{, = ch}; = —eh3,, where
€= =xL

From the second equation in (9) and the first equation in (10) it is seen that
hiy, = —eh3, implies the differential equation axz’ = —ebza’ as a® # b%, and its

solution gives (27).
Conversely, suppose that the meridian curve of the rotational surface M is given
by (27). We will show that the shape operators As and A4 of M are of the form

(26).
From (27) if we write z = cx ™%/  then we have axz’ = —ebza’ from which, the
second equation in (9) and the first equation in (10) it is seen that hiy = —ch3,. Now,

let us show that the minimality condition holds, i.e., h$; + h3, = 0 or equivalently,
h$, — eh{y = 0. Using the second equation in (9) and the first equation in (10), the
equation h$, — eh}, = 0 produces the differential equation

’ W/ 5ab(x'z/ _ Zl’l)

T2 =2 A =
a2x2—|—b2z2
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which is expressed as

d 1 /7 d bz

(ot () reg (o (57)) =0 2

ds( a ! +Eds an ax (28)
because of /> + 2> = 1. Since tan~! is an odd function, it is easily seen that the
equation axz’ = —ebza’ which produces (27) satisfies (28). That is, the minimality

condition holds.

If we put p = h3;, then h3, = —p and hi, = ep. Thus, the shape operators
As and Ay are of the form (26). Therefore, M is minimal and its Gauss map is of
pointwise 1-type of the second kind by Theorem 7. By a direct calculation it is easy
to show that the Gauss map is of proper pointwise 1-type of the second kind. This
completes the proof of case 2. O

Here, using (25) and (27) we give two examples of a general rotational surface in
E* which are minimal and have proper pointwise 1-type Gauss map of the second
kind.

Example 1. For ¢; = 0 and ca = —1 in (25) we have the hyperbola 2xz = 1 or
equivalently > — 22 = 1. Let © = coshwu, z = sinhu be the parametrization of the
right-hand branch of the hyperbola x> — 2> = 1. Then, the general rotational surface
M defined by

F(u,t) = (coshucost, coshusint, sinh u cost, sinh usin t)

is minimal in E* with proper pointwise 1-type Gauss map of the second kind. More-
over, following the proof of Theorem 7, the Gauss map v = e3 A ey satisfies (1) for
the function [ = SSech3(2u) and for the constant vector C = —%el A ey — %63 A ey
for some suitable orthonormal frame {e1,ea,es,eq} on M.

Example 2. If we choose a = 1, b = 2 and z = x? from (27), then the general
rotational surface M defined by

F(x,t) = (zcost,xsint, x? cos 2t, 2% sin 2t), = > 0

is minimal in E* with proper pointwise 1-type Gauss map of the second kind. Also,
the Gauss map v = es A ey satisfies (1) for the function f = ﬁ and for

the constant vector C' = %61 A ey — %63 A ey for some suitable orthonormal frame
{e1,€2,e3,e4} on M.

Acknowledgments

This work is a part of the second author’s doctoral thesis.

References

[1] K. ArsLaN, B. K. BayraMm, B.BuLca, Y. H. Kiv, C. MURATHAN, G. OzTURK, Ro-
tational embeddings in E* with pointwise 1-type Gauss map, Turk. J. Math. 35(2011),
493-499.



2]

ROTATIONAL SURFACES WITH POINTWISE 1-TYPE GAUSS MAP 81

C. Baikoussis, D. E. BLAIR, On the Gauss map of ruled surfaces, Glasgow Math.J.
34(1992), 355-359.

C. Baikoussis, B.Y.CHEN, L. VERSTRAELEN, Ruled surfaces and tubes with finite
type Gauss map, Tokyo J. Math. 16(1993), 341-348.

C.Baikoussis, B.Y. CHEN, L. VERSTRAELEN, The Chen-type of the spiral surfaces,
Results in Math. 28(1995), 214-223.

B.Y. CHEN, Total mean curvature and submanifolds of finite type, World Scientific,
Singapor-New Jersey-London, 1984.

B.Y. CHEN, On submanifolds of finite type, Soochow J. Math. 9(1983), 65—81.
B.Y.CHEN, P.Piccinni, Sumanifolds with finite type Gauss map, Bull. Austral.
Math. Soc. 35(1987), 161-186.

B.Y.CHEN, M. CHoOI, Y. H. KiMm, Surfaces of revolution with pointwise 1-type Gauss
map, J. Korean Math. 42(2005), 447-455.

M. CHo1, Y. H. Kim, Characterization of the helicoid as ruled surfaces with pointwise
1-type Gauss map, Bull. Korean Math. Soc. 38(2001), 753-761.

M. Cuoi, D.S. Kim, Y. H. KiM, Helicoidal surfaces with pointwise 1-type Gauss map,
J. Korean Math. Soc. 46(2009), 215-223.

F.N. COLE, On rotations in space of four dimensions, Amer. J. Math. 12(1890), 191—
210.

U. DURSUN, Hypersurfaces with pointwise I1-type Gauss map, Taiwanese J. Math.
11(2007), 1407-1416.

U. DURSUN, Flat surfaces in the Euclidean space E* with pointwise 1-type Gauss map
Bull. Malays. Math. Sci. Soc. (2) 33(2010), 469-478.

U.DURSUN, G.G. ARSAN, Surfaces in the Fuclidean space E* with pointwise 1-type
Gauss map, Hacet. J. Math. Stat. 40(2011), 617-625.

Y. H. KM, D. W. YOON, Ruled surfaces with pointwise 1-type Gauss map, J. Geom.
Phys. 34(2000), 191-205.

C. L. E. MOORE, Surfaces of rotation in a space of four dimensions, Ann. of Math.
(2) 21(1919), 81-93.

A.NIANG, Rotation Surfaces with 1-Type Gauss Map, Bull. Korean Math. Soc.
42(2005), 23-27.

G. VRANCEANU, Surfaces de rotation dans E*, Rev. Roumaine Math. Pures Appl.
22(1977), 857-862.

D. W.YOON, Rotation surfaces with finite type Gauss map in E* Indian J. Pure.
Appl. Math. 32(2001), 1803-1808.

D. W.YooN, Some properties of the Clifford Torus as rotational surface, Indian J.
Pure. Appl. Math. 34(2003), 907-915.



