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TUBULAR SURFACES OF WEINGARTEN TYPES IN
GALILEAN AND PSEUDO-GALILEAN

(COMMUNICATED BY KRISHAN L. DUGGAL)

MURAT KEMAL KARACAN! AND YILMAZ TUNCER?2

ABSTRACT. In this paper, we have defined canal surfaces in Galilean and
Pseudo-Galilean 3-spaces.Then, we have studied Tubular surface in Galilean
and Pseudo-Galilean 3-space satisfying some equations in terms of the Gauss-
ian curvature and the mean curvature.We have discussed Weingarten,linear
Weingarten conditions and H K —quadric type for this surface with respect to
their curvatures

1. INTRODUCTION

A surface M in Euclidean space E® or Minkowski space E3 is called a Wein-
garten surface if there is a smooth relation U(kq, k2) = 0 between its two principal
curvatures k1 and ko. If K and H denote respectively the Gauss curvature and the
mean curvature of M, U(ky, ko) = 0 implies a relation ®(K, H) = 0. The existence
of a non-trivial functional relation ®(K, H) = 0 on a surface M parameterized by
a patch z(s,t) is equivalent to the vanishing of the corresponding Jacobian deter-

minant, namely ‘%Zg)‘ =0 [10].

The simplest case when U = aky + bks —c or ® = aH 4+ bK — ¢ (a,b and ¢
are constants with a? 4+ b? # 0 ), the surfaces are called linear Weingarten surfaces.
When the constant b = 0, a linear Weingarten surface M reduces to a surface
with constant Gaussian curvature. When the constant a = 0, a linear Weingarten
surface M reduces to a surface with constant mean curvature. In such a sense, the
linear Weingarten surfaces can be regarded as a natural generalization of surfaces
with constant Gaussian curvature or with constant mean curvature [10].

Several geometers [1,10,14] have studied tubes in Euclidean 3-space and Minkowski
3-space satisfying some equation in terms of the Gaussian curvature, the mean cur-
vature and the second Gaussian curvature.Following the Jacobi equation and the
linear equation with respect to the Gaussian curvature K and the mean curvature
H an interesting geometric question is raised: Classify all surfaces in Galilean and
Pseudo-Galilean 3—spaces satisfying the conditions
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(X, Y)=0
aX +bY =¢

where (X,Y) € {K,H}, X # Y and (a,b,¢) # (0,0,0).If a surface satisfies the
equations

aH? + 2bHK + cK? = constant,a # 0, (1)

then a surface is said to be a HK —quadric surface [8].

In this paper, we have defined canal surfaces in Galilean and Pseudo-Galilean
3-spaces.Then, we have studied Weingarten and linear Weingarten tubular surfaces
and also H K —quadric surface.We have obtained some conditions for that surfaces
in Galilean and Pseudo Galilean 3-space.We show that tubular surfaces are not
umbilical and minimal by using their principal curvatures.

2. PRELIMINARIES

2.1. Galilean 3-Space (3. The Galilean space is a three dimensional complex
projective space, Ps, in which the absolute figure {w, f, I1, Is} consists of a real
plane w (the absolute plane), a real line f C w (the absolute line) and two complex
conjugate points, I, Is € f (the absolute points).

We shall take, as a real model of the space G, a real projective space Ps, with
the absolute {w, f} consisting of a real plane w C G5 and a real line f C w, on
which an elliptic involution € has been defined. Let € be in homogeneous coordinates

w...xg =0, foxg=21=0
€:(0:0:29:23) = (0:0:23: —x2).

In the nonhomogeneous coordinates, the similarity group Hg has the form
T =ain +apr (2)

Y = a91 + G22% + as3 cos + aszsinf
Z = a31 + a3ox — as3sin 6 + aqsz cos b
where a;; and ¢ are real numbers.For a11 = a3 = 1,we have have the subgroup Bs
, the group of Galilean motions:
T = a11 + a2x
y=b+cr+ycosf+ zsinb
Z=d+exr—ysinf+ zcosb.
In G3, there are four classes of lines:

a) (proper) nonisotropic lines - they do not meet the absolute line f.

b) (proper) isotropic lines - lines that do not belong to the plane w but meet
the absolute line f.

¢) unproper nonisotropic lines - all lines of w but f.

d) the absolute line f.

Planes x =constant are Euclidean and so is the plane w. Other planes are
isotropic.In what follows, the coefficients a2 and as3 a will play a special role. In
particular, for a1o = agsz = 1, (2) defines the group Bg C Hs of isometries of the
Galilean space Gs.

The scalar product in Galilean space Gs is defined by

T1Y1 , if i #F0 Vyr #0
X, Y). = .
< )as { Toyz +x3y3, if x1=0 Ay =0
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where X = (z1,22,23) and Y = (y1,42,y3) . The Galilean cross product is defined
fOI‘ a = (CL17CL27CL3), b = (bl, b2, bg) by

0 €9 €3
a /\G’3 b= ay az as
by by by

The unit Galilean sphere is defined by [5]
53 = {a € G3| (a,a>G3 = $r2} )
A curve @ : I € R — @3 of the class C" (r > 3) in the Galilean space G is
given defined by

a(x) = (s,y(s),2(s)) ,
where s is a Galilean invariant and the arc length on «.The curvature (s) and the
torsion 7(s) are defined by

_ det(o/ (s),a’"(8),a’"" (5))

k(s) = \/(3/”(3))2 +(2"(s))?, 7(z) = =0

The orthonormal frame in the sense of Galilean space G5 is defined by

T = o(s) = (1,y(s), #(5)) 3)
1 7 o L "(s). 2" (s

N = 5 (5) = ) (0,9"(s),2"(s))

B = —(0.—-2"(s).4"(s))

k(s)
The vectors T, N and B in (3) are called the vectors of the tangent, principal normal
and the binormal line of «, respectively. They satisfy the following Frenet equations

T = kN
N = 7B
B = —rN.

[9].For the treatment of Weingarten surfaces we need the Gaussian and the mean
curvature of a surface. They are defined by

LiiLyy — L3,  eg— f?

K = — 4
e BEG — F?’ (4)
Eg—-2Ff+ Ge
2H = L 2g12L Loy — 29— 2] T =€
gr1la1 +2g12L12 + gaa Lo (BG— F?)
where
_ a3 _ T1T2 _ x3
=gz o 92= T 9127
where
=22 = oz W = _
1= 9u > Y273, = |Z’1l‘2 1'2.T1| .

The coefficients of the second fundamental form (which are the normal components
of z; = 1,2) can be determined from

Lz] — (:L’la:ij;lzijx1> U — (Zzlij;mijaig) U.
The unit normal field U is an isotropic vector obtained by means of the Galilean

cross product
_ T1N\gzx2
U=—w
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[12]. The principal curvatures of the surface can be found by the following equa-
tions

ki =H+VH: - K, ke=H—VH>— K.

2.2. Pseudo-Galilean 3-Space G}. The geometry of the pseudo-Galilean space
is similar (but not the same) to the Galilean space.The pseudo-Galilean space G3 is
a three-dimensional projective space in which the absolute consists of a real plane
w (the absolute plane), a real line f C w (the absolute line) and a hyperbolic
involution on f. Projective transformations which presere the absolute form of a
group Hg and are in nonhomogeneous coordinates can be written in the form

T = a+bx
Yy = c+dx+rcoshf.y+ rsinhf.z
Z = e+ fr+rsinhf.y+rcosh.z

where a,b,c,d,e, f,r and 6 are real numbers. Particularly, for b = r = 1, the
group (4.1) becomes the group Bg C Hs of isometries (proper motions) of the
pseudo-Galilean space G3. The motion group leaves invariant the absolute figure
and defines the other invariants of this geometry.It has the following form

x a+x
Yy = c+dzr+coshf.y+sinhf.z
Z = e+ fx+sinhf.y+ cosh.z.

According to the motion group in the pseudo-Galilean space, there are nonisotropic
vectors X (x,y,z) (for which holds x # 0) and four types of isotropic vectors:
spacelike (x =0,y2—2% > 0), timelike (1’ =0,y2 22 < O) and two types of light-
like vectors (x = 0,y = Fz).The scalar product of two vectors A = (a1, az,a3) and
B = (b1,b2,b3) in G} is defined by

a1by , if a1 #0 Vb #0
<A’B>G§ B { asby — asbs , if a1=0 Ab =0.

The Pseudo-Galilean cross product is defined for a = (a1, ag, a3), b = (b1, ba, b3) by

0 —e€gy €3
a /\Gé b= ay as as
b1 by b3

The unit Pseudo-Galilean sphere is defined by [2]
SZZF = {a € Gé’ <O‘vO‘>G§ = :FT2}.

A curve at) = (z(t),y(t), 2(t)) is admissible if it has no inflection points, no
isotropic tangents or tangents or normals whose projections on the absolute plane
would be light-like vectors.For an admissible curve o : I C R — G3 the curvature
k(t) and the torsion 7(t) are defined by

V) - @) B
B T

Y0 () 5" (1)
(O 2(0)
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expressed in components.Hence, for an admissible curve o : I C R — G3 parame-
terized by the arc length s with differential form ds = dx, given by

a(t) = (z,y(s), 2(s)), (5)

the formulas (5) have the following form
2 /()" (5) /" (5)(5)
The associated trihedron is given by
T = d(s)=(1,9(s),7(s))
1 1
N — " — 2 "
50 = 1 OV(5),2"(9)

B = @ (07 ez (S)a ey’ (S))

where € = F1, chosen by criterion det (T, N, B) = 1, that means
('(5)° = ()| = e (0" () = ("(3)°)
We derive an important relation
"' (s) = K'(s)N(s) + r(s)T(s)B(s).

The curve « given by (5) is timelike (resp. spacelike) if N(s) is a spacelike(resp.
timelike) vector. The principal normal vector or simply normal is spacelike if € = 1

and timelike if ¢ = —1. For derivatives of the tangent (vector) T, the normal N
and the binormal B, respectively, the following Serret-Frenet formulas hold

T = kN

N = 1B

B = 7TN.
[6].

A Cr-surface, r > 2, is a subset ® C G} for which there exists an open subset D
of R? and C" -mapping M : D — G3 satisfying ® = (D). A C" surface ® C G}
is called regular if M is an immersion, and simple if M is an embedding. It is
admissible if it does not have pseudo-Euclidean tangent planes. If we denote

Ox dy 0z .
a—m,yi = a—m,zi = a—m,z =1,2
then a surface is admissible if and only if x; # 0, for some i = 1, 2.

Let ® C G} be a regular admissible surface. Then the unit normal vector field

of a surface M (u,v) is equal to

M = M(x(ui,u2),y(ur,u2), 2(ur, uz)), r; =

(0, Tizg — X221,T1Y2 — 332y1)
N(uvv) = W(u 1}) 5

W(u,v) = \/’(xlyQ - x2y1)2 — (2122 — 33221)2

The function W is equal to the pseudo-Galilean norm the vector x1x5 —xox1.Vector
defined by

o (T122 — T221)

N W
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is called a side tangential vector.We will not consider surfaces with W = 0, i.e.
surfaces having lightlike side tangential vector (lightlike surfaces).

Since the normal vector field satisfies (N, N>G§ = ¢ = 1, we distinguish two
basic types of admissible surfaces: spacelike surfaces having timelike surface normals
(e = —1) and timelike surfaces having spacelike normals (¢ = 1). A surface is
spacelike if (z12x9 — xox1) = (T1y2 — z2y1)2 —(z122 — x221)2 > 0 in all of its points,
timelike otherwise.

The first fundamental form of a surface is induced from the metric of the ambient
space G

— — 2
d52 = (xldul + $2d’U,2)2 + ) (Mldul + MgdUg) s
where
5= { 0; if direction duy : dus is non-isotropic
1; if direction du; : dus is isotropic.
By above a vector, the projection of a vector on the pseudo-Euclidean yz—plane is

denoted.The Gaussian curvature of a surface is defined by means of the coefficients
of the second fundamental form

LyyLyy — L3, eg — f?
= 6
BT EG - F?’ (©)
where (N, N)g1 = e = —1 for spacelike surfaces and (N, N)g1 = € = 1 for timelike
surfaces. The second fundamental form IT is given by

IT = Ly du? + 2L15 duydug 4 Loodu?

K=-

where L;; , i;j = 1,2, are the normal components of Mi1; Mia; Mo, respectively.

It holds - . - .
L,L'j — (leij — 1’1‘le> ﬁ — <12Mij — l’m‘Mg) ﬁ
Ea1 T2

The mean curvature of a surface is defined by

EﬂfgLu — 2z129 L1 + 23 Lao (1)
2W2 '

The unit normal field U is an isotropic vector obtained by means of the Galilean

cross product

H=-

Ty /\Gé To

U=—233 "
W

[3,4,13].

3. WEINGARTEN TUBULAR SURFACE IN (GALILEAN 3-SPACE

Our purpose in this section, we will obtain the tubular surface from the canal
surface in Galilean 3-space.If we find the canal surface with taking variable radius
r(s) as constant, then the tubular surface can be found, since the canal surface is
a general case of the tubular surface.

An envelope of a 1-parameter family of surfaces is constructed in the same way
that we constructed a 1—parameter family of curves.The family is described by
a differentiable function F(x,y,z,\) = 0,where \ is a parameter.When A can be
eliminated from the equations

F(z,y,z,A\) =0
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and
OF (z,y,2,\)
o\
we get the envelope,which is a surface described implicitly as G(z,y,z) = 0.For
example, for a 1-parameter family of planes we get a develople surface [11].

:0,

Definition 3.1. The envelope of a 1-parameter family s — 53 (s) of the spheres
in G5 is called a canal surface in Galilean 3-space.The curve formed by the centers
of the Galilean spheres is called center curve of the canal surface.The radius of the
canal surface is the function r such that r(s) is the radius of the Galilean sphere

S2(s).

Definition 3.2. Let o : (a,b) — G3 be a unit speed curve whose curvature does
not vanish.Consider a tube of radius r around «. Since the normal N and binormal
B are perpendicular to «, the Galilean circle is perpendicular o and «(s).As this
Galilean circle moves along «, it traces out a surface about « which will be the
tube about « , provided 7 is not too large.

Theorem 3.3. Leta : I — G3 be a curve in Galilean 3-space. Suppose the center
curve of a canal surface is a unit speed curve o with nonzero curvature . Then the
canal surface can be parametrized

C (s,t) = a(s) +r(s) (N(s)cost + B(s) cost),
where T, N and B denote the tangent, principal normal and binormal of the curve

Q.

Proof. Let C denote a patch that parametrizes the envelope of the Galilean spheres
defining the canal surface. Since the curvature of « is nonzero, the Frenet- Serret
frame {T, N, B} is well-defined, and we can write

C (s,t) —a(s) = a(s,t)T + b(s,t)N + ¢(s,t)B (8)

where a, b and c are differentiable on the interval on which « is defined. We must
have
2 2
B 2 a® =1r4(s),If a(s,t) #0
||C(S,t) Oé(S)HG3 - { b2 4+ 2 = 7ﬂ2(s)7If a(s,t) =0 (9)
Equation (9) expresses analytically the geometric fact that C (s, t) lies on a Galilean
sphere S2 (s) of radius 7(s) centered at a(s). Furthermore, C (s,t)—a(s) is a normal
vector to the canal surface; this fact implies that

(C(s,13)—04(8),(78>G3 =0, (10)

(C(s,t)=a(s),Ct) g, = 0. (11)
Case 1: Let a(s,t) # 0. Equations (9) and (10) say that the vectors Cy and C; are
tangent to S%(s). From (8) and (9) we get

2 2
a*=r
{ aas =11’ (12)
When we differentiate (8) with respect to s and use the Frenet-Serret formulas, we
obtain

Cs = (14as) T + (ak+bs—ct) N + (cs+b7) B. (13)
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Then (9),(12), (13), and (10) imply that
(14 as)a=0. (14)
From (12) and (14), we get
r==(c; — s). (15)
Thus (8) is not a surface.
Case 2: Let a(s,t) = 0.Equations (9) and (10) say that the vectors Cs and C}
are tangent to S3 (s). From (8) and (9) we get
b2+ c? =r?
{ bbs + ccs = rrs. (16)

When we differentiate (8) with respect to ¢ and use the Frenet-Serret formulas, we
obtain

Cy = bN + ¢, B. (17)
Then (11), (16), (17) imply that
bby + cc; =0 (r; = 0). (18)
From (16) and (18), we get
b = r(s)cost, (19)
¢ = r(s)sint.
Thus (8) becomes
C (s,t) = a(s) + r(s) (N(s)cost+B(s)sint) . (20)

The equation (20) means that, the surface is galilean sphere (cylinder) at the
point «(s) with radius in 7(s).

It is easy to see that when the radius function r(s) is constant ,the definition of
canal surface reduces to the definition of a tube.In fact, we can characterize tubes
among all canal surfaces.With the Frenet-Serret system in hand, we can construct
a ”"tubular surface” of radius r = const. about the curve by defining a surface with
parameters s and t:

Tube (s,t) = a(s) +r (N(s) cost+B(s) sint) . (21)
O

Definition 3.4. Let a: I C R — G3 be a admissible curve in Galilean 3-space.
A tubular surface of radius A > 0 about « is the surface with parametrization

M(s,0) = a(s) + A[N(s)cos + B(s)sinf]. (22)

Theorem 3.5. Let (X,Y) € {(K,H)} and let M a tubular surface defined by
(8.15). If M is a (X,Y) -Weingarten surface, then the curvature of « is a non-
zero constant. If a has non-zero constant torsion, then M is generated by a circular
heliz o in Galilean 3-space.

Proof. We have the natural frame {M,, My} of the surface M given by

My = T — (Mrsind) N + (A7 cosf) B,
My = —(Asinf) N+ (Acos@) B.
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The components of the curvatures K and H are
E = 1,F=0,G=)\,
e = M?—kcosO, f=Ar, g= A\
On the other hand, the unit normal vector field U is obtained by
U= —(Ncosf+ Bsin).
According to (4), the curvatures K and H are

—Kcosf 1 — Mk cos@ + A\272
K= —— H=—- 23
A ’ 2 ’ (23)

respectively. Differentiating K and H with respect to s and 6, we get

k' cos 0 Kksin @
K, —— Ky = , 24
00 = B (24)
- —K/ C0892+ 2)\77’7 Hy = ;-zsi2n€7 (25)

Now, we investigate a tubular surface M in Gj satisfying the Jacobi equation
®(X,Y) = 0.We consider tubular surface M in G3 satisfying ®(K,H) = 0, by
using (23) and (24), we have

K,Hy — KgH, = k77’ sinf = 0,

for every 6.Therefore we conclude that 7/ = 0. O

Theorem 3.6. Let M be a tubular surface satisfying the linear equation a K +bH =
c. If (a+a)\272 —1—)\26) # 0, then it is an open part of a circular cylinder in
Galilean 3-space. Let (X,Y) € {(K,H)}. Then there are no (X,Y)-tubular linear
Weingarten surface M in Galilean 3-space.

Proof. We suppose that tubular surface M in Gj3 is a linear Weingarten surface,
that is, it satisfies the equation

aK +bH =c. (26)
Then, by (23) , we have
(—2ar — Abk) cos @ + (b + bA%T? — 2Xc) = 0.
According to the definition of the linear independent of vectors, we have
2ak + bk =0
b4+ bA\2r? —2Xc =0

which imply
K (a + a2+ )\20) =0.

If (a—l—a)\27'2 —I—)\Qc) # 0, then kK = 0 and 7 = 0. Thus, M is an open part of a
circular cylinder in Galilean 3-space. O

Theorem 3.7. The tubular surface M(s,0) is not umblical and minimal.
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Proof. Let ki,ks be the principal curvatures of M(s,0) in G3 . The principal
curvatures are obtained as follows;

o — _1—)\HCOSQ—|—)\2T2+ 1 — Akcosf + \272 2+ncos9 27)
v 2\ 2\ P
b - 717)\/<;cos9+)\2727 1 — Akcosf + \272 2+/£cost9
S 2\ 2) A

Since M has not a curvature diagram such that k; — ko = 0 and k1 + k2 = 0 then
M is not umblical and minimal. [l

Theorem 3.8. Let M be a tubular surface in Galilean 3-space. Then M is a HK —
quadric surface if and only if M is a circular cylinder.

At this point, we conclude that, only H K —quadratic tubular surface in Galilean
3-space is circular cylinder

Proof. Suppose that the surface M is HK —quadric.Then the equation (1) implies
aHH; +b(HsK + HK;) + cKK, = 0. (28)

Then, by substituting (23), (24) and (25) into (28) it follows that

(Sb/\/-i — 2a\*K? — 80/12) cos@sinf + (2aAk — AN KT 4+ 20 N3 kT2 — 4bk) sin @ = 0.

Since the identity holds for every 6, all the coeflicients must be zero. Therefore, we
have

(8b)\/<; —2a\%k% — 80/{2) = 0,
(2aAk — 4bA2 kT2 + 20N k7 — dbK) =

Thus, we get k = 0.Then M is a circular cylinder. O

Now, we illustrated an example of Tubular surface about a admissible curve in
Galilean 3-space.Let us consider a curve:

a(s) = (as,bcos s, bsins) .

In this case, one cancalculate its Frenet-Serret trihedra as

T(s) = (a,—bsins,bcoss)
N(s) = (0,—coss,—sins)
B(s) = (0,sins,—coss).

Thus, we obtained tubular surface as follow:

M(s,0) = (as,bcoss — Acosfcoss + Absinfsins,bsins — Acos@sins — Absinfcos s) .
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FiGure 1. Tubes in Galilean 3-space

4. WEINGARTEN TUBULAR SURFACE IN PSEUDO-GALILEAN 3-SPACE

Theorem 4.1. Let o : I — G35 be a curve in Pseudo-Galilean 3-space. Suppose
the center curve of a canal surface is a unit speed curve o with nonzero curvature
. Then the canal surface can be parametrized

C (s,t) = a(s) +r(s) (N(s) cosht + B(s)sinht),

where T, N and B denote the tangent, principal normal and binormal of the curve
a.

Definition 4.2. Let a:I C R — G} be a admissible curve in Pseudo-Galilean 3-
space. A tubular surface of radius A > 0 about « is the surface with parametrization

M(s,0) = a(s) + A[N(s) cosh @ + B(s)sinh 6] . (29)
Theorem 4.3. Let (X,Y) € {(K,H)} and let M a tubular surface defined by
(29). If M is a (X,Y) -Weingarten surface, then the curvature of v is a non-zero

constant. If a has non-zero constant torsion, then M 1is generated by a circular
helix o in Pseudo-Galilean 3-space.

Proof. We have the natural frame {M,, My} of the surface M given by

M, = T+ (Arsinh0) N + (A7 coshf) B,
My = (Asinh6) N + (Acosh@) B.
The components of the curvatures K and H are
E = 1,F=0,G=-)\,
e = MZ+kcoshf, f=Ar, g= A\

On the other hand, the unit normal vector field U is obtained by
U = (N cosh 4+ Bsinh#).

Since (U, U) ¢1 = 1, then the surface M is timelike. On the other hand, according
to (6) and (7), the curvatures K and H are

—k cosh @ - —1+ Ak cosh@ + \272

K:
A ’ 2 ’

(30)



98 MURAT KEMAL KARACAN AND YILMAZ TUNCER

respectively. Differentiating K and H with respect to s and 6, we get

k' cosh @ % sinh 0
K, =TT g , 31
o AL (31)
- k' cosh (92—|— 2)\77"7 o, — I{Si;he’ (32)

Now, we investigate a tubular surface M in Gj satisfying the Jacobi equation
®(X,Y) = 0.We consider tubular surface M in Gj satisfying ®(K,H) = 0, by
using (31) and (32), we have

K ,Hy — KgH, = k77'sinh § = 0.
for every 6.Therefore we conclude that 7/ = 0. O

Theorem 4.4. Let M be a tubular surface satisfying the linear equation a K +bH =
c. If (—2b—|— ar?r? + 2)\0) # 0, then it is an open part of a circular cylinder in
Pseudo-Galilean 3-space. Let (X,Y) € {(K,H)}. Then there are no (X,Y)-tubular
linear Weingarten surface M.

Proof. We suppose that tubular surface M in G} is a linear Weingarten surface,
that is, it satisfies the equation

aK +bH = c.
Then, by (30) , we have
(—2bk 4 Aak) cosh 0 + (—a — 2Xc + aX?7?) = 0.
According to the definition of the linear independent of vectors, we have
—2bk + dak =0
—a—2Xc+aX?m? =0
which imply
K (—2b+ aX*7? + 2)c) = 0.

If (—2b +aX?t? + 2/\0) # 0, then Kk = 0 and 7 = 0. Thus, M is an open part of a
circular cylinder in Pseudo-Galilean 3-space. O

Theorem 4.5. The tubular surface M(s,0) is not umblical and minimal.

Proof. Let ki, ks be the principal curvatures of M(s,0) in Gs . The principal
curvatures are obtained as follows;

P —1+ Ak cosh@ + X272 N —1 4+ Ak cosh @ 4+ \272 2+/<Vcosh9
v 2\ 2X A

ke — —1+ Ak cosh@ + \272 3 —1 4 XAk cosh @ + \272 2+ K cosh 6
2T 2\ 2) A

Since M has not a curvature diagram such that k; — ko = 0 and k1 + ko = 0
then M is not umblical and minimal.
O

Theorem 4.6. Let M be a tubular surface in Pseudo-Galilean 3-space. Then M
is a HK— quadric surface if and only if M is a circular cylinder.
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At this point, we conclude that, only H K —quadric tubular surface is circular

cylinder in Pseudo-Galilean 3-space.

Proof. Suppose that the surface M is HK —quadric. Then the equation (1) implies

aHHy + b(HyK + HEg) + cK Ky = 0. (33)
Then, by substituting (30), (31) and (32) into (33) it follows that
(ksinh ) [(—aX + aX>t® + 2b — 2bA*7%) + (aX’k cosh § — 4bAk cosh 6 + 4ck cosh §)] = 0.

Since the identity holds for every 6, all the coeflicients must be zero. Therefore,
we have

(ksinh6) (—aX 4+ aX’7% 4 2b — 20A*7%) = 0,
(/{2 sinh 6 cosh 9) (a)\2 — 4b\ + 40) = 0.
Thus, we get x = 0.Then M is a circular cylinder. ]

Example 4.7. Now, we illustrated an example of Tubular surface about a admis-
sible curve in Pseudo-Galilean 3-space.Let us consider a curve:

a(s) = (as,acosh %,asinh %) .

In this case, one cancalculate its Frenet-Serret trihedra as

a .. s a s
T(s) = (a, 3 sinh 7D cosh 3)
N(s) = (0, cosh Z, sinh %)
B(s) = (0, sinh %, cosh %) .

Thus, we obtained tubular surface as follow:

M(s,0) = (as, acosh% + Acosh@cosh% -+ Asinh 0 sinh f, asinh > + A cosh 6 sinh s + Asinh 6 cosh f) )

b b b b

FIGURE 2. Tubes in Pseudo-Galilean 3-space
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