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Abstract. In this paper, we study the developable TN, T B, and N B-Smarandache
ruled surface with a pointwise 1-type Gauss map. In particular, we obtain that every
developable T'N-Smarandache ruled surface has constant mean curvature, and every de-
velopable T'B-Smarandache ruled surface is minimal if and only if the curve is a plane
curve with non-zero curvature or a helix, and every developable N B-Smarandache ruled
surface is always plane. We also provide some examples.
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1. Introduction

The fundamental theory of curves, their characterization, and the corresponding
relations between the curves are very interesting and important topics in differen-
tial geometry. Bertrand curves, Mannheim curves, involute-evolute curves, etc. are
some of the most famous examples of such types of curves; please see [20, 21] and
references therein. Moreover, one of the most fascinating examples of such innova-
tive curves are the Smarandache curves, which were first introduced in Minkowski
space-time by authors in [22] and play an important role in Smarandache geometry.
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A Smarandache curve is a regular curve whose position vector is composed of the
Frenet frame vectors of another regular curve. They are the objects of Smarandache
geometry, i.e., a geometry that has at least one Smarandachely denied axiom [3].
An axiom is said to be smarandachely denied if it behaves in at least two different
ways within the same space. Smarandache geometry plays a powerful role in the
theory of relativity and parallel universes. Apart from the Frenet frame, many ge-
ometers studied Smarandache curves by taking different frames such as the Bishop
frame, Darboux frame, etc. [2, 6, 7, 19, 22] and references therein.

In surface theory, a parametrized surface
(1.1) X(s,v) =~(s)+vw(s), se€l, veR,

is called the ruled surface generated by a one-parameter family of lines {~(s), w(s)},
where v(s) is called a directrix of the surface X (s,v) and the vector w(s) defines
the ruling direction [14].

Ruled surfaces have a variety of applications, including CAD/CAGD, architec-
tural design, kinematics, wire electric discharge machining (EDM), and NC milling
with a cylindrical cutter [17, 23]. In addition, ruled surfaces are widely used in me-
chanical industries, robotic designs, and architecture for functional and fascinating
constructions.

Minimal and developable surfaces are two of the most essential types of surfaces.
A surface is minimal if it has zero mean curvature. Plane, catenoid, and helicoid are
examples of a minimal surface [5]. The ruled surfaces that can be transformed into
a plane without any deformation or distortion with vanishing Gaussian curvature
are called developable surfaces. Cylinders, cones, and tangent surfaces are examples
of developable surfaces [1].

In 2021, Ourab [16] defined a Smarandache ruled surfaces whose directrix are
TN, TB, and NB-Smarandache curves derived from Frenet vectors of the curve
in E3, and studied the geometric properties of such surfaces based on the mean
curvature and Gaussian curvature. Recently, in 2022, Senyurt [18] introduced some
new special ruled surfaces with a directrix as the T'N B-Smarandache curve and
studied their geometric properties such as mean curvature and Gaussian curvature
in E3.

On the other hand, the study of finite-type submanifolds in Euclidean spaces
was initiated by Chen in the 1970s [11, 8]. Later, Chen and Piccini [9] introduced
and studied submanifolds whose Gauss map G satisfies

(1.2) AG=\G+0),

where A is a real number and C' is a constant vector. In addition, a submanifold
satisfying (1.2) is said to have a 1-type Gauss map. The study of submanifolds
satisfying (1.2) were continued by many geometers [4, 8, 9].

In 2000, Kim and Yoon [15] generalized (1.2) as
(1.3) AG =[G,
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where f is a smooth function. In addition, a submanifold satisfying (1.3) is said to
have a pointwise 1-type Gauss map. The authors in [15] applied (1.3) to study ruled
surfaces in a three-dimensional Minkowski space and classified them completely. In
2001, Choi and Kim [12] investigated ruled surfaces with (1.3) in E3. They proved
that such surfaces are the open portions of the plane, the circular cylinder, and the
minimal helicoid.

Furthermore, the generalization of (1.3) was given by Chen et al. [10] in 2005
as

(1.4) AG=f(G+0),

for a smooth function f and a constant vector C' is called a pointwise 1-type Gauss
map of the first kind if the vector C' in (1.4) is a zero vector; otherwise, it is said
to be of the second kind. In 2010, Choi et al. [13] classified ruled surfaces in a 3-
dimensional Euclidean space satisfying (1.4). There are several surfaces that satisfy
(1.4), including planes, cylinders, right cones, and catenoids.

Remark 1.1. The Gauss map G of a plane in E? is a constant vector and AG = 0. For
f =0, if we state AG = 0.G, then M satisfies (1.4) of the first kind. If we select a non-zero
smooth function f and C'= —G, then (1.4) holds and M is of the second kind. Hence, a
plane in E? is a trivial surface with (1.4) of the first or second kind.

In view of the above, we study Smarandache ruled surface satisfying (1.4) in E3.
The paper is structured as follows: In section 2, we quote some basic notations on
surfaces in E? that are relevant to the rest of the paper. In section 3, we obtain the
condition for the developable T'N-Smarandache ruled surface satisfying (1.4) in E3.
Section 4 is devoted to the study of developable T'B—Smarandache ruled surface
with (1.4) in E3. In Section 5, we study the developable N B-Smarandache ruled
surface satisfying (1.4) in E3. In Section 6, we present the conclusions of our study.
In Section 7, we provide some examples.

2. Preliminary

Let a = a(s) be a regular unit-speed curve in E? where ‘s’ measures its arc
length, and the triplet (T, N, B) be the Frenet frame of a curve a(s). Then, the
Frenet-Serret formula of the curve «(s) is given as [14]

T’ 0 k 0 T
(2.1) N = -k 0o -~ N |,
B 0 -7 0 B

where k(s) and 7(s) are curvature and torsion of «, respectively.

In [2], authors defined the Smarandache curve according to the triplet (T, N, B)
of the curve a = a(s) as:

(22) Bu(s" () = —(T() + N(o)).



744 S. Tamta and R. S. Gupta

. 1
(2.3) Bals*(9) = 5 (T() + B(s)),
and

e 1
(2.4) Bals™()) = 75 (V) + B)).

and B, B2, and B3 are called T'N-Smarandache curves, T'B-Smarandache curves,
and N B-Smarandache curves, respectively.

In [16], Ouarab introduced the Smarandache ruled surfaces whose directrix are
(2.2), (2.3), and (2.4) in E?, and defined as:

Definition 2.1. Let a = «a(s) be a regular unit-speed curve and denote (7'(s),
N(s), B(s)) as the Frenet frame of a in E3. Then

% (T(s) + N(s)) +vB(s),

(2.6) y(s,v) = % (T(s) + B(s)) +uN(s),

(2.5) x(s,v) =

and

1
(2.7) o) = 5 (N(s) n B(s)) T (s),

are called T'N-Smarandache ruled surface, T'B-Smarandache ruled surface, and N B-
Smarandache ruled surface, respectively.

The Laplacian operator A on a surface is defined by
1 0 0
2.8 A= ——— — ]

where (g;;) is the first fundamental form matrix, the matrix (¢%/) is the inverse of
(gi5) and g denotes the determinant of (g;;).

The Gauss map of a surface X = X(s,v) in E? is defined by

Xy x X
2.9 G(s,v) = =220
29 ) = X
where X, = %—); and X, = %—f are partial derivatives. The relationship between

the mean curvature vector H and the position vector field X of the surface X (s, v)
in E3 is

(2.10) AX = —2H,
where
(2.11) H=HG,

and H denotes the mean curvature of the surface. From (2.10), we obtain the
following: A surface X (s,v) in E3 is a minimal surface if and only if [11]

(2.12) AX =0.
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3. Developable TN-Smarandache ruled surfaces with pointwise 1-Type
Gauss map in E?

In this section, we study the developable T'N-Smarandache ruled surface with
a harmonic Gauss map and a pointwise 1-type Gauss map of the first kind. The
T N-Smarandache ruled surface z(s,v), as given by (2.5) is developable if and only
if a(s) is a plane curve, i.e., 7 =0 [16].

Using (2.9), the Gauss map G of the developable T'N-Smarandache ruled surface
x(s,v) is given by

(3.1) G(s,v) (n@+N@)

_ 1
V2
We have
(32) g11 = <xs> $s> = k2’ gi12 = <=TS7 xv> =0, ga= <=Tv; xs> =0,
922:<$v7$v> =1, g:k2-

Using (2.8) and (3.2), the Laplacian operator A on the developable T'N-Smarandache
ruled surface z(s,v) is computed as:

k Lk? ds kOs? o2l
Using (3.1) and (3.3), we obtain

(3.3) A=

(3.4) AGz&ﬂﬂ@+N@)

Now, we have:

Theorem 3.1. Ewvery developable TN -Smarandache ruled surface x(s,v) has a
pointwise 1-type Gauss map of the first kind .

Theorem 3.2. There does not exist a developable T N -Smarandache ruled surface
x(s,v) with a harmonic Gauss map.

Proof. From (3.4), we have T'(s) and N(s), which are nonzero unit orthonormal
vectors. We also know that the sum of two orthonormal vectors cannot be zero.
This implies AG #0. O

Theorem 3.3. Every developable TN -Smarandache ruled surface x(s,v) satisfies
the relation Ax = G and has a non-zero constant mean curvature.

Proof. Using (2.5), the partial derivatives of z(s,v) are as follows:

(3.5) T = —(N(s) - T(s)), Ty = B(8), @y =0,
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Using (2.5), (3.3), and (3.5), the Laplacian operator A of the developable T'N-
Smarandache ruled surface z(s,v) is computed as

(3.6) Az = \% (T(s) + N(s)).

From (3.1) and (3.6), we obtain

(3.7) Az =G.

Using the relations (2.10), (2.11), and (3.7), we find that the mean curvature H
of the developable T'N-Smarandache ruled surface x(s,v) is

1
(3.8) H=—

9

which completes the proof of the theorem. [

4. Developable T'B-Smarandache ruled surfaces with pointwise 1-type
Gauss map in E3

In this section, we study the developable T'B-Smarandache ruled surface with
a harmonic Gauss map and a pointwise 1-type Gauss map of the first kind. The
T B-Smarandache ruled surface as given by (2.6) is always developable [16].

Using (2.9), the Gauss map G of a developable T'B-Smarandache ruled surface
is
7T (s) + kB(s)

(4.1) G="=

Then, we have

_ g(kT —1B) _ _ .
(42) GS = W, Gv - Gsv — Gv'u - 07

g (kT —7B) ) g(tT+kB)
Gss—i W‘FQ( k+7’ N—*),
k2 T !
Wheregzm<g> .
Also, we have

k—r
+2k52+27 = \Ys, Yv) = )
k—T1

921 = (Yo, Ys) = & 2= (Yo, yo) =1, g=0>(k* +72).

(4.3) g11 = (Ys, Ys) = (-1
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Using (2.8) and (4.3), the Laplacian operator A on the developable T'B-Smara-
ndache ruled surface y(s,v) is found as

2

(4.4) A=—¢[(ws—(E)wv)%‘FCQ%_\/iw(k_T) 0

V2 0s0v
9?2 9?
‘Hﬁ@ -‘ragw s
where
B 1
B v2(k? —|—72)’
AR+ (k-1 Y (K =) (k—7)°
as = 5 - 7 7 +1/JU( 5 —i—vQ(k:Q—&—TQ))7
as = %((k )2 4202k TQ)).

Using (4.1), (4.2), and (4.4), we find

_ P? 2 2(TY 2
where
_ kk’—i—TT’_(k’—T)

Now, we have:

Theorem 4.1. Let a(s) be a unit-speed space curve with the Frenet frame (T,N,B).
Then, every developable T B-Smarandache ruled surface satisfying (1.4) of the first
kind must have a harmonic Gauss map if and only if the curve «(s) is a heliz.

Proof. Let y(s,v) be a developable T'B-Smarandache ruled surface satisfying (1.4)
of the first kind, i.e., AG = f(G + C), and

(4.6) C=0.
From (1.4) and (4.5), the following holds on y(s,v):

_ _YMasktg’r) 7T
(4.7 as =(C,T) = INCEE=] V2 ¥ 2’
B _ _,(/}2 N/
(4.8) ag = (C, N>—Nﬁ<g) )
— (a7 — g% k) k
R e

(4.9) ar=(C, B) =
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Using (4.7), (4.8) and (4.9), we can express C as
(4.10) C=as5T+agN +arB.
Using (4.6) and (4.10), we obtain
(4.11) as =ag=ay=0.

And ag = 0 gives

(4.12) (%)/ = 0.

(4.13) ay,=0, f=0.

From (4.12) and (4.13), we obtain that the developable T'B—Smarandache ruled
surface that satisfies (1.4) of the first kind has a harmonic Gauss map with a curve
a(s) as a helix.

Conversely, if the space curve «(s) is a helix, then by the property of a helix,
we have

N/
(4.14) (%) = 0.
Using (4.14) in (4.5), we get AG = 0. Hence, the proof is complete. [

Theorem 4.2. Let a(s) be a unit-speed plane curve with nonzero curvature and
with Frenet frame (T, N, B). Then, every developable T B-Smarandache ruled sur-
face y(s,v) has a harmonic Gauss map.

Proof. Let a(s) be a plane curve with k # 0. Since the curve lies on the osculating
plane, we have binormal B, which is a constant.

As B is a constant, we have % = 0 which implies 7 = |%| = 0 at all points of

the curve. Putting 7 =0 in (4.1), we obtain

(4.15) G = B.
Using (4.15) in (4.5), we obtain AG =0. O
Now, using theorems 4.1 and 4.2, we have

Corollary 4.1. Let y(s,v) be the developable T B-Smarandache ruled surface. Then,
the following are equivalent:

(@) the curve a(s) is either a helix or a plane curve
(#) y(s,v) has a harmonic Gauss map

(#i7) y(s,v) is a harmonic surface
(

iv) y(s,v) is minimal.
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Proof. We have two cases:

749

Case 1. Let the curve a(s) be a helix. Then, using Theorem 4.1, we obtain

(ii).

Using (2.6), we find the partial derivative of y(s,v) as follows:

o= =0 k75 + (S50 N9 + 07 Bls) o = N(s) s =
(4.16) Yso = —kT(s) +7B(S), yss = (T/];—&—lf/; —vk’) T(s)+
K T 5 9 kr 72 ,
(E_ E_U(k +7 )) N(s)+ <ﬁ —ﬁ-i—T v) B(s).
Using (4.4) and (4.16), the Laplacian of y(s,v) is
k2 N/
(4.17) Ay = o (E) (rT+kB).

Using (4.14) in (4.17), we obtain (4i7), i.e.,
(4.18) Ay = 0.

From (4.18), we obtain (iv).

Case 2. Let a(s) be a plane curve. Then, using Theorem 4.2, we obtain (7).

Using 7 = 0 in (4.16), we obtain

KNGS, g = N(8), yew = —KT(s),

V2

Yoo = 07 Yss = (ﬁ

(419)  ys=-—vkT(s)+

2 /

— vk’) T(s) + (\];5 — U]CQ) N(s).

Now, using 7 = 0 in (4.4), we find

1 /K 1 0 1\9 V2 9

w20 a=-Z (5 7m) e H0 - 72) 5 ~ v s
10 kx2eh) O
vk 0s? 2v ov2l’

Using (4.19) and (4.20), the Laplacian of y(s,v) is

(4.21) Ay =0.

From (4.21), we obtain (é¢i). Then, from (iii), we obtain (iv).

Hence, the proof is complete. [J
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Theorem 4.3. FEvery developable T B-Smarandache ruled surface satisfies the re-
lation Ay = —g G, and has mean curvature H = %,

Proof. Using (2.6) and (4.4), we obtain the Laplacian operator A of the developable
T B-Smarandache ruled surface y(s,v) as

(rT +kB)

(4.22) Ay=—gi T

Using (4.1) and (4.22), we obtain
(4.23) Ay=—gyG.

Using the relations (2.10), (2.11), and (4.23), we find that the mean curvature
of the developable T'B-Smarandache ruled surface y(s,v) is H = %.

Thus, the proof is complete. [

5. Developable N B-Smarandache ruled surface with pointwise 1-type
Gauss map in E?

In this section, we study the developable N B-Smarandache ruled surface with
a harmonic Gauss map and a pointwise 1-type Gauss map of the first kind. The
N B-Smarandache ruled surface, as given by (2.7) is developable if and only if a(s)
is a plane curve, i.e., 7 =0 [16].

Using (2.9), the Gauss map of the developable N B-Smarandache ruled surface
z(s,v) is computed as

(5.1) G(s,v) = —B(s).

Also, we have

§ —k
(5-2) g1 = (2, 2s) = ) * (vk)z’ g12 = (25, 20) = \ﬁa
—k
921 = (20, 25) = 5,922 = (20, 20) =1, g= (vk)>.

Using (2.8) and (5.2), the Laplacian operator A on the N B-Smarandache ruled
surface z(s,v) is

_—1{(—/{' 1 )a+k(1_ 1)8 V2 9

3) A= _[(Z2__ - )< L DA

(5:3) vk L\vk?  \/202/ O0s 202 8v+ v 81183+
1 92 1 9?
o e ) )

Now, we have
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Theorem 5.1. Let z(s,v) be the developable N B-Smarandache ruled surface. Then
we have the following:

(i) z(s,v) has a harmonic Gauss map
(#4) z(s,v) is a harmonic surface
(ii1) z(s,v) is minimal.
Proof. Using (5.1), we have
(54) Gs = Gv = Gsv = Gss - va = 0

Using (5.3) and (5.4), we find that the Laplacian operator A of the Gauss map of
the developable N B—Smarandache ruled surface is

(5.5) AG=0.

By taking partial derivatives of (2.7) with respect to s and v, we obtain

(5.6) 2 = k<_\T/(;) + UN(S)), 2 =T(s), zs0 =k N(s),

Zoo =0, Zgs :—(\kﬁ +vk2) T(s) + (_\gz—I—vk') N(s).

Using (5.3) and (5.6), the Laplacian operator A of the developable N B-Smarandache
ruled surface z(s,v) is

(5.7) Az=0.

Using (5.5) and (5.7), the developable N B-Smarandache ruled surface is har-
monic, minimal, and has a harmonic Gauss map. [J

6. Conclusions

On the basis of equation (1.4), we have drawn the following conclusions about
developable Smarandache ruled surface in E2 as follows:

1. Every developable T'N-Smarandache ruled surface and N B-Smarandache ruled
surface satisfy (1.4) of the first kind with f =1 and f = 0, respectively.

2. The developable T N-Smarandache ruled surface has constant mean curvature
and does not admit a harmonic Gauss map.

3. The developable N B-Smarandache ruled surface is always plane, minimal,
and has a harmonic Gauss map.

4. The developable T'B-Smarandache ruled surface satisfying (1.4) of the first
kind has a harmonic Gauss map and is minimal if and only if the curve «(s)
is either a plane curve with non-zero curvature or a helix.
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7. Examples

Example 7.1. Let ai(s) be a regular unit-speed plane curve given by

ai(s) = (a(s) cosIn[a(s)], a(s) sinn[a(s)], o),

where a(s) = (% + 1> and has curvature k(s) = \/EZ(sy

z-axis
o
+

Fia. 7.1: Curve ay(s) with s € [r/4, 7.
The Frenet-Serret frame of ay(s) are as follows:
T(s) = % ( —sinlInfa(s)] + cosIn[a(s)], cosIn[a(s)] + sinIn[a(s)], 0>,

(7.1) ( — coslnfa(s)] — sinln[a(s)], — sinln[a(s)] + cosIn[a(s)], O),
, 0,

osw

1. The T'N-Smarandache ruled surface according to (7.1) is
z(s,v) = (—sinlnfa(s)], cosInfa(s)], v).

Now, we have

1
7.2 Ts = —coslInfa(s)], —sinln[a(s)], 0), xz, =(0,01).
(7.2) \/ia(s)( [a(s)] [a(s)], 0) (0,01)
Putting (7.2) in (2.9), the Gauss map G of z(s,v) is computed as
(7.3) G(s,v) = ( — sinln[a(s)], cosIn[a(s)], O)‘
In addition, from (3.2), we obtain
(7.4) - ! = g2 =0 —1, g=
. 911—2a(8)27 g12 = g21 =Y, g22 = 1, g_2a(s)2'
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y-axis 05

F1a. 7.2: TN-Smarandache ruled surface z(s,v) with s € [7/2,57/2],v € [0,1].

Using (2.8), the Laplacian operator on z(s, v) is

(7.5) A= —3a(s) [% +V2a(s) %].

Using (7.3) and (7.5), we obtain
(7.6) AG= (— sinInfa(s)], cosInfa(s)], 0).

From (7.3) and (7.6), we obtain
(7.7) AG=G.
Thus, x(s, v) satisfies (1.4) of the first kind.

2. The N B-Smarandache ruled surface according to (7.1) is

2(s,0) = % (cos Infa(s)] (\% + v) — sinnfa(s)] (% + v), sinlnfa(s)] (\_/—% + v)

+cosln[a(s)]<% +v), 1).

Now, we have

b = 2a1(5) ( _ sinnfa(s)] <\‘/% + v) _ cosInfa(s)] <% 4 v>,

(7.8) cosInfa(s)] (\_/—% + v) — sinlnfa(s)] <% + v), 0),
2y = L(cos Infa(s)] — sinlnfa(s)], sinlnfa(s)] + cosIn[a(s)], 0).

V2
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Z-axis

F1a. 7.3: NB-Smarandache ruled surface z(s,v) with s € [7/4, 7], v € [1,6].

Using (7.8) in (2.9), we find that the Gauss map of z(s,v) as
(7.9) G=-(0,0,1).

Since G is constant, we get
(7.10) AG = 0.

Thus, z(s,v) has a harmonic Gauss map.

3. The T B-Smarandache ruled surface according to (7.1) is given by

y(s,v) = % ( _ sinnfa(s)] (% + v) + cos Infa(s)] (% - v),sin a(s)] (% - v)

+ cosInfa(s)] (% 4 v), 1).

Now, we have

ys = %(S) ( — cosInfa(s)] (% + v) — sinlna(s)] (% - v>,
(7.11) cos Infa(s)] (% - v) — sinnfa(s)] (% 4 v), 0>,

Yo = %(— sinlnfa(s)] — cosInfa(s)], —sinlnfa(s)] + cosIna(s)], 0).

Using (7.11) in (2.9), the Gauss map G of y(s,v) is computed as
(7.12) G =(0,0,1).
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Z-axis

F1a. 7.4: TB-Smarandache ruled surface z(s,v) with s € [r,4x], v € [1,6].
Since G is constant, we get

(7.13) AG=0.
Thus, y(s,v) has a harmonic Gauss map.

Example 7.2. Let az(s) be a regular unit-speed helix given by

L(sin(\/is) — cos(v/2s) s)
val v2 7 v )

az(s) =

80

60

z-axis

J
05
05
g 0

y-axis 05 05 x-axis

FiG. 7.5: Curve ay(s) with s € [v27,20v/27).
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The Frenet-Serret frame of the curve as(s) is given by

T(s) = % (cos(x/és), sin(v/2s), 1),

(7.14) N(s) = ( — sin(v/2s), cos(v/2s), O)),
B(s) = — ( — cos(V/2s), —sin(v/2s), 1).

The T'B-Smarandache ruled surface y(s, v) according to (7.14) is given by
y(s,v) = (—v sin(v/2s), v cos(V2s), 1).

F1G. 7.6: T B-Smarandache ruled surface with s € [m, 37|, v € [0, 1].

Using (2.9), its Gauss map is computed as
(7.15) G = (0,0, 1).
Since G is constant, we get

(7.16) AG=0.

This implies that the T'B-Smarandache ruled surface has a harmonic Gauss map with
a curve a(s) helix.

Remark 7.1. We now show that a non-helical space curve does not admit (1.4) of the
first kind. The non-helical space curve in E® given by

2
V3

with curvature k = v/2 cos s and torsion 7 = /2 sin s.

as(s) = (\_/—; sin v/3s cos s + sin s cos \/gs, cos V/3s cos s + sin s sin \/gs, —% cos s),
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Fic. 7.7: Curve as(s) with s € [0, 47].

The Frenet-Serret frame of as(s) is given by
T= %( — V3 cos s cosv/3s —sin s sin \/gs, —/3 sinV/3s cos s
+ sin s cos \/gs, V2 sin s),
(7.17) N = (\/5 sin v/3s, —v/2 cos v/3s, 1),
B = (—sin\/§5 cos s+ V3 sins COS\/§8, cos s cosV3s +

V3 sin s sin \/gs, V2 cos s)

Sl g)-

The T B-Smarandache ruled surface according to (7.17) is
1

y(s,v) NG

+ cos(V/3s) (sin s + cos s — 2v), V2 (sin s + cos s + v)),

where A(s) = —cos s + sins.

Now, we have

1 .
Ys = %< — 2 sin(V/3s) A(s) + 2v/3v cos(V/3s), 2 cos(V3s) A(s)

(7.18) +2v/3 v sin(v/3s), —\/5/1(5)),

Yo = % (2 sin(V/3s), —2 cos(V/3s), ﬂ)

Using (7.18) in (2.9), we obtain

1 (.
(7.19) G= 7 (sm(\/gs), — cos(V/3s), —\@)

(\/gA(s) cos(v/3s) — sin(v/3s) (sin s 4 cos s — 2v), V3 A(s) sin(v/3s)

757
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=10 10

F1a. 7.8: TB-Smarandache ruled surface of Example 6.2 with s € [0,27] and v €
[0,27] .

From (4.3), we have
(7.20) gi11 = A(s)2 + 207, g12 = —A(s), g21 = —A(s), g2 =1.

Using (4.4), (7.19) and (7.20), we obtain

AG— —1 (M — /3 sin(v/3s), M + /3 cos(v/3s), 0>7

202 v

which can be written in the form of

(7.21) AG= -1 KA(S) cos(v3s) As) Si;(‘/gs) 7 \/6) +3 G] .

202 v

From (7.21), we can say that the developable T'B-Smarandache ruled surface z(s,v)
does not satisfy (1.4) since AG # fG.
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